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ABSTRACT 

 This paper presents the solution to Economic Load Dispatch problem using Particle Swarm 

Optimization Method. Economic Load Dispatch Problem is allocating loads to plants for 

minimum cost while meeting the constraints. It is formulated as an optimization problem of 

minimizing the total fuel cost of all committed plant while meeting the demand and losses. 

In this paper Economic Load Dispatch problem described mathematically as a minimization 

of problem of minimizing the total fuel cost of all committed plants subjected to the 

constraints. This paper presents minimizing the allocation of total fuel cost and 

transmission losses using the PSO. This is a new optimization method which optimizes the 

objective function by using less memory. 

INTRODUCTION 

Economic Load Dispatch problem is 

allocating loads to plants for minimum cost 

while meeting the constraints. Copious 

works had been done to solve this problem 

for plants having continuous fuel cost 

equations. But little work has been done so 

far if the plants have either piecewise 

quadratic fuel cost equations(multiple fuel 

cost equations) or piecewise linear fuel cost 

equations( combined cycle cogeneration 

plant), little work has been done so far. 

Since the fuel cost equations are 

discontinuous and different it is very 

difficult to find a global solution. Though 

some investigations were reported in the 

literature on the multiple fuel options, yet 

much remains to be done. Lin and Viviani
1
  

 

have attempted this problem with 

hierarchical approach of incremental cost 

for various combinations of fuel cost 

equations iteratively. Rajaram and Ramraj
2
 

approached this problem with some 

improvement. RB Kelkar and RC Desai
3
 

tackled the problem with dynamic 

programming . though the procedure of 

finding the global as well as all possible 

solution , it is suffering the curse of 

dimensionality when the number of plants 

is increased. In this paper a unique 

approach is presented to solve this problem. 

The results obtained by the present method 

are given in tables 2 and 3. The results are 

compared in table 4 with the results 
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obtained by other methods. This algorithm 

uses PSO with quadratic programming. 

This paper is divided in to four parts. The 

first part explains the problem, the second 

part outlines the transformation of variables 

technique, third one deals with PSO and 

fourth part is concerned with  numerical 

examples. This algorithm is finding the 

most economic allocation for any  demand. 

The results are compared with other 

existing methods. 

PROBLEM  STATEMENT  

   Consider a power plant with N units and 

m discontinuous quadratic or linear fuel 

cost pieces. For each unit the fuel cost 

equations for ith 
 
plant with jth piece is 

expressed in quadratic form as  

Fci(  =   

 

Uij < Pij <Lij   (1a) 

Aij=0, if it is alinear piece.  (1b) 

Where Uij and Lij are the upper and lower 

limits for th plant and Dis the real power 

demand on the system. 

   To determine the transmission losses 

either load flow or Bmn cosfficients are 

considered. The problem can be formulated 

as minimizing the overall cost function. 

FN(D) = ; Uij≤  ≥Lij 

 

 =      (2) 

TRANSFORMATION VARIABLES 

TECHNIQUE 

     For economic load dispatch of plants 

having continuous fuel cost equations the 

equal incremental cost criteria is used to 

allocate the loads of them. The fixed cost 

does not play any role in that case. But in 

case of plants having discontinuous fuel 

cost equations the fixed cost coefficients 

can play a role to commit a particular piece 

that plant. So some normalization to be 

implemented in such to assign priority 

between them. The following procedure is 

carried out for plants. For any plant piece 

having highest fixed cost (Cij) is chosen 

and fixed costs of other also normalized to 

that value by the following substitution. Let 

the maximum value of fixed cost be Cimax 

for ith plant. Make a substitution Pij = Xij+ 

Kij for all other pieces of that plant such 

that the following relation is obtained. 

  (3a) 

Suppose  is not a real number, and then 

ahoose some other value, which is greater 

or smaller than  which can give 

real value for . Now the problem been 

transformed as below. 

 Rs/Mw/h        

(3b) 
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 (3c) 

From the given data of the piecewise 

quadratic or linear cost functions are 

normalized by transformation of variable 

technique and the incremental cost lines are 

calculated.the incremental cost lines are 

different and continuous. If the Kth plant 

have m quadratic pieces, given as  

  

Table 1  Bmn Coefficients for test system 

0.0000750 0.000005 0.0000075 

0.0000050 0.000015 0.0000100 

0.0000075 0.000010 0.0000450 

 

 

Then the piece having lowest incremental 

cost limit is given a priority level of 1. In 

the same way the quadratic or linear pieces 

are arranged in ascending order based on 

incremental cost limit. Since the 

incremental cost lines are discontinuous and 

different, a Particle Swarm Optimization 

programming method along with 

transformation of variables technique is 

used to find the optimal solution. 

PARTICLE SWARM OPTIMIZATION 

PROGRAMMING 

The PSO is an effective optimization 

method to find the global minimum if the 

objective function is quadratic and the 

constraints are linear. Quadratic 

programming is used recursively from the 

lowest incremental cost region to highest 

incremental cost region to find the 

optimization allocation. Once the limits are 

found and the data is rearranged in such a   

way that the incremental cost limits of all 

the plants are ascending order. 

For meeting any demand the algorithm is 

explained in the following steps 

1. Assume all the plants are operating 

at lowest incremental cost limits 

that is with pieces with priority 

level of 1. 

2. Substitute Pi = Li+( Ui- Li) Xi, 

where 0 ≤ Xi ≤ 1 and make the 

constraints linear by omitting the 

higher order terms. 

3. Solve the Economic Load 

Dispatch using PSO programming 

recursively to find the allocation 

and incremental cost for each plant 

within limits of that plant. 

4. If there is no limit violation for 

plant for that particular piece, then 

it is a local solution. 

5. If for any allocation for a plant , it 

is violating the piece limit, then 

replace that piece by the next piece 

for that particular plant. 

6. Repeat steps 2,3,4 till a local 

solution is achieved. 
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7. Once a local solution is found 

check and compare that the 

incremental cost limit of any other 

piece of that plant can have the 

same incremental cost. If it is so, 

replace the piece with new one and 

find once again a local solution 

using steps 2,3,4,5. 

8. Once all local solutions are found, 

the best allocation giving 

minimum cost is the global 

solution. 

SIMULATION AND RESULTS 

Example 1 

A test system with three two thermal 

plants and one combined cycle 

cogeneration plant is considered
6
. The 

fuel cost equations of the system are 

given below. 

 

 

 

 

 

          =605.67,                 

63.75  

          = 9.18P3 + 6.289,  

82.875  

          = 1452.84,    93.75  

          = 17.62 P3 – 1660, 

 

Table 2  Comparison of results obtained by Micro Genetic Algorithm and Proposed 

method for two thermal plants and one CCCP 

 

                          Micro genetic Algorithm                                      Proposed Method  

Dema

nd 

Pg1 Pg2 Pg3 PI Cost Pg1 Pg2 Pg3 PI Cost 

869 399.

78 

310.6

2 

176.8

4 

18.24 836

8.47 

374.

577 

353.7

64 

157.5 16.8

4 

819

1.8 

750 286.

48 

393.9

9 

80.41 12.55 726

7.82 

308.

100 

296.5

3 

157.5 12.1

3 

707

2.92 

 

This algorithm is applied to this system. It 

is found that this algorithm not only  
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faster it is more efficient , accurate and 

reliable. The new algorithm is applied to 

the above problem. It is compared with 

Micro genetic algorithm
5
 and the results in 

Table 2. 

Table 2  Comparison of results obtained by 

Micro Genetic Algorithm and  

Proposed method for two thermal plants 

and one CCCP. 

Example 2 

A test system having ten plants each with 

three fuel options distributed in three areas 

is considered. The system is found to have 

minimum and maximum generation 

capacity of 1353MW and 3695MW, 

respectively. The load demand is assumed 

to vary between 2400MW and 2700MW in 

steps of 100MW. The results obtained by 

the present method are given in Table 3. 

The results are compared in Table 4 with 

the results obtained by other methods. 

Table 3 Optimum Allocation of proposed method for test system 

plant 2400 2500 2600 2700 

1 189.74000 206.51900 216.54400 218.24400 

2 202.34300 206.45000 210.90500 211.66200 

3 253.89500 265.73000 278.54400 280.72200 

4 233.04500 235.95000 239.09600 239.63100 

5 241.82900 258.01700 275.51900 278.49700 

6 233.04500 235.95300 239.09600 239.63100 

7 253.27400 268.86300 285.71700 288.58400 

8 233.04500 235.95300 239.09600 239.63100 

9 320.38300 331.48800 343.49300 428.52100 

10 239.39600 255.05600 271.98600 274.86600 

Incremental cost 0.42825 0.46276 0.50007 0.53739 

Cost 481.72200 526.23800 574.38000 623.80900 
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Table 4 Comparison with other methods for test system 2 

Demand 

Results of 

Ref.9 

Results 

of 

Ref.1 

Results of 

Ref.3 

Results of Proposed method 

2400 488.46 487.91 481.73 481.720 

2500 526.16 525.69 526.23 526.238 

2600 573.52 574.28 574.39 574.380 

2700 625.22 623.81 623.80 623.809 

 

 

The advantage of the proposed 

method over GA 

It takes comparatively less memory and 

time. 

(1) It is certain to find the global 

minimum since the objective is 

quadratic ally convex function, but 

the GA is not certain to find global 

minimum all the time. 

(2) This method meets all the constraints 

and does not require any penalty to 

be imposed for constraint violation, 

unlike GA. 

 

CONCLUSION 

The advantage of this method is that it is 

straight forward, faster and has the ability 

to find multiple solutions. Since it is robust 

and faster it can be considered for real time 

implementation. 
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Abstract 
A new approach to designing improved broadband passive harmonic filters (IBFs) for such 

applications as direct on-line, adjustable-speed drives is 

proposed, which employs genetic algorithms (GAs). The method is based on frequency 

domain modeling of the system. The success of the method requires accurate representation 

of the load harmonics. By using the proposed 

GAs program, it becomes possible to quickly find the optimized power quality indices that 

will minimize filter size and harmonic resonance problems. The paper illustrates the 

potential performance of optimal IBFs using computer simulation to validate GA-assisted 

filter designs for 5.5 kW and 55 kW ASDs. 

    Index Terms-- ASD, broadband filter, design, Genetic algorthims (GAs), harmonic, 

power factor, rectifier, THD. 

  

I. INTRODUCTION 
     djustable speed drives (ASDs) are 

widely used for driving AC motors in many 

industrial variable-speed applications [1], 

[2].Within these, the 6-pulse diode/thyristor 

rectifier, which is frequently connected 

direct-on-line to provide the input DC 

voltage-bus for the inverter, injects current 

harmonics into the AC power network. The 

harmonics excite resonances in power-

system components, increase distribution 

transformer and line losses, produce voltage 

distortion at the point of common coupling 

(PCC) and cause a number of other 

detrimental effects within the power system 

and within other connected equipment. 

National standards authorities and electric 

power utilities have, therefore, introduced  

 

mandatory standards in an attempt to limit 

the adverse effects of the increasing 

numbers and capacity of nonlinear, rectifier 

loads now being connected [3], [4]. The 

standards essentially place limits on the 

current-harmonic levels that may be 

injected into the AC network. For this 

reason, it is now more important than ever 

for equipment manufacturers and users to 

become adept at designing AC-side filter 

for use before the rectifier of ASDs. 

    Generally, for three-phase rectifier ASD 

systems harmonic mitigation techniques 

can be categorized as shown in Fig. 1. The 

purpose of these is to make the input 

current nearly a pure sinusoidal waveform, 

11
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so as to reduce the overall total harmonic 

distortion (THD). Passive filtering is the 

most widely employed method [5], [6]. 

Active filters are still avoided in most 

applications due to their high cost and 

complexity [7]. Phase multiplication (12 

and 18 pulse) converters have low 

efficiency, large size, and high cost [8]. The 

three-phase boost type (AC-DC) 

PWM rectifier has superior performance 

compared to conventional diode or thyristor 

bridge rectifiers. However, designing a 

proper controller for it is generally a 

challenging task [9]. For PWM- Voltage 

Source Rectifiers (PWM-VSR), benefits 

like power regeneration, low harmonic 

distortion, unity power factor, and 

controlled DC link can be obtained. 

However, the topology complexity and high 

cost are the main drawbacks and make it 

impractical in many applications [10]. 

 

Fig.1. Classification of harmonic mitigation 

techniques for ASDs systems. 

 

Among the various types of passive 

harmonic filters that exist, only the shunt 

tuned and broadband filter structures yield 

high power quality and allow systems to 

meet IEEE 519 and other recent standards. 

Since tuned filters carry the risk of forming 

a lightly damped resonant circuit, their 

application requires a relatively high degree 

of expertise. 

Also the design rapidly increases in cost 

and complexity since multi-stage filters 

(one for each dominant harmonic 

frequency) are required. In contrast, the 

recently developed broadband harmonic 

filters are free of both the harmonic 

resonance problem, and structural 

complexity. Therefore, broadband filters 

appear to be a more practical approach to 

limiting harmonic-current injection. Input 

current Total Harmonic Distortion (THD) 

levels less than 10% and input power factor 

values near unity can be obtained with the 

broadband filter structures. In particular, the 

recently developed improved broadband 

filter (IBF) has superior overall 

performance and its applications have been 

increasing rapidly. However, the design 

process for determining the IBF parameters 

is complex. With input and output power 

quality requirements and filter efficiency, 

cost and size requirements, there are a large 

number of conflicting constraints to be 

optimized which complicate the design 

process and impede reaching the most 

effective design. At the present time, there 

are few publications on IBF design. 

Available material, largely filter 

manufacturer datasheets, does not give 

parameters and only provides performance 

data. One linear optimization searching 

method for the filter parameters was 

introduced in [11]. The linear nature of this 

searching method could be considered as 

the main drawback. This is due to the fact 

that linear method can be easily trapped in 

local optima. 

   Mathematical optimization methods have 

been used over the years in designing 

conventional shunt passive filters. 

However, for IBF topology, the solution 

can not be easily obtained by these 

methods. This is due to multi-objective, 

discontinuous nature of the solution space. 
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Considering the fact that the optimal 

solution can not be simply achieved by 

mathematical optimization techniques, it 

has been essential to use an optimization 

technique with a robust searching 

capability. The genetic algorithm method is 

one of few that have the following features:  

the ability to store and use human 

knowledge to judge the solutions; the 

ability to learn and adapt from one solution  

point to another; a high likelihood of 

searching most of the solution space. 

   In this work, the IBF operating principle 

and its design principles are reviewed. A 

novel design algorithm using GAs is used 

to find the optimal power quality indices 

that can be obtained while keeping the filter 

size small and avoiding harmonic-excited 

resonance. The method is applied to ASDs 

of different power rating and based on 

frequency domain modeling the system. 

Finally, the performance of the IBF filtered 

ASD system is evaluated and its superior 

performance is proven analytically with the 

aid of detailed computer simulations. 

Overall, this paper proposes a new 

approach for the IBF design which reduces 

the filter size (cost) and demonstrates the 

IBF’s superior performance. In order to 

validate the efficacy of the GA method, a 

comparison of the filter size given by a 

previous design method is presented. 

 

II. IBF OPERATING AND 

DESIGN PRINCIPLES 
The basic LC broadband filter, shown on 

Fig. 2(a), involves a simple structure with 

relatively large components [12]. The filter 

is free of the harmonic resonance problem. 

However, in particular at no-load the filter 

output voltage becomes excessive that may 

lead to rectifier or filter failure [13]. Also 

the power factor is largely leading at all 

load conditions. Trade-off relations 

between input current THD and power 

factor are strong. Thus, the filter does not 

yield overall a satisfactory performance. To 

overcome the deficiency of the LC 

broadband filter, the improved broadband 

LLCL filter (IBF), shown on Fig. 2(b), has 

been developed such that the basic LC filter 

problems are eliminated [14], [15]. As 

shown in Fig. 2(b), splitting the L filter of 

the simple LC broadband filter into two 

elements 

(Li and Lf) the filter input-to-output 

behavior is altered. 

Further, a 3-5% smoothing reactor (Lo) is 

inserted between the rectifier terminals and 

the filter output terminals. Filter capacitors 

Cf are usually delta connected and damping 

resistors Rd are connected to Cf (shown 

later in the system equivalent circuits) to 

damp the voltage/current peaks during line-

side switching transients. 

 
Fig.2. Broadband filter configurations (a): 

LC type, (b): LLCL type. 

 

With an appropriate design, at the dominant 

rectifier current harmonic frequencies, the 

large input reactor (Li) provides high 

impedance, with respect to the shunt filter 

impedance, over a wide frequency range 

and gives a high impedance ratio as shown 

in Fig. 3... In consequence, all the rectifier 

current harmonics will be impeded by the 

line and diverted to pass through the shunt 

filter. Not only does Li block the current 

harmonic flow from the rectifier to the 

AC line, but it also minimizes the effect of 

the line voltage harmonics on the rectifier 

(i.e. provides harmonic isolation between 

the source and the rectifier) and on the 
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shunt filter. Therefore, Li blocks the current 

harmonic flow either way. 

 
Fig.3 Line and shunt branch impedances of 

IBF (5.5 kW system). 

 

The filter parallel-resonant frequency fp 

involving Li-Lf- Cf is defined in the 

following. 

   
 

            

               

The parallel-resonant frequency is selected 

between the fundamental frequency and the 

first dominant rectifier current harmonic 

which is the 5th harmonic such that 

harmonic resonance related overvoltage 

stresses are avoided. The filter capacitor Cf 

improves the input power factor while Lf is 

partitioned with Li such that there is no 

overvoltage at the rectifier terminals (unlike 

the LC filter) and no-load to full-load filter 

output voltage change is confined within a 

specified range. 

    Filter components Lf and Cf are 

connected in series to provide very low 

series impedance to the dominant rectifier 

current harmonics and short circuit them 

through its path. 

The series resonant frequency fs is defined 

in the following. 

   
 

      

         

The output reactor (Lo) is a current 

smoothing reactor that makes the rectifier 

current waveform less discontinuous, 

resulting in lower current harmonics. It 

reduces the rectifier current THD 

significantly (4% Lo reduces the THD by 

50%); and, hence, produces less harmonic 

current/voltage stress on the shunt branch 

components Lf and Cf, leading to smaller, 

lower cost and more efficient filter 

structure. 

 

III. IBF DESIGN METHOD 
In the IBF design procedure; there are five 

filter parameters (Li, Lf, Lo, Cf, and Rd) 

that must be determined. 

With various power quality requirements 

along with filter efficiency, cost and size, 

the design is limited. Therefore, the design 

process is a complicated duty. 

    The power quality design constraints 

considered are the input current THD, input 

power factor, and filter output voltage 

regulation, which are all defined in the 

following. 

    
    

  
   

  
       

   
  
 
            

     
           

     

         

In (3) and (4), I1 is the line-current 

fundamental component, Ih terms are the 

line-current harmonic components, and I is 

the line current, all rms values. In (4), 

ϕ is the displacement angle between the 

fundamental line- voltage and line-current 

components. In (5), VO-NL is the no-load 

filter output voltage and VO-FL is its full-

load value, both fundamental frequency and 

rms values. 

   In the design, the first parameter Lo is 

14
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selected as 4% reactor. 

        
   

 

     

       

In the above equation, ωe is the line radial 

frequency. VLR and PR are the rated line-

to-line voltage and power respectively. 

With this choice, the rectifier full-load 

current waveform becomes well defined 

(practically its shape is independent of 

power ratings). Therefore, the rectifier 

current fundamental component and the 

dominant harmonic current components can 

be approximated as shown in Table 

I. 

Closed form formula calculation of the 

remaining filter parameters (Li, Lf, Cf, and 

Rd) based on the performance indices (3), 

(4), and (5) involves extremely complex 

mathematics (if possible at all). However, if 

initial filter parameters are available, it is 

possible to calculate the filter performance 

indices via some mathematical models. 

Then filter parameters 3-D space can be 

scanned efficiently to find the optimized 

performance indices. Due to the nature of 

the design problem, previously explained, 

the GA optimizing searching method is 

utilized. 

TABLE I 

RECTIFIER CURRENT RATIOS 

Current ratios 

(%) 

I(%) 

I1/I1 100 

I5/I1 34 

I7/I1 9.5 

I11/I1 7 

I13/I1 3.5 

Higher order 

terms 

neglected 

 

 

 

 

IV. GENETIC ALGORITHM 

(GA) 
   The GA is a search mechanism based on 

the principle of natural selection and 

population genetics. An increasingly better 

approximation of the desired solution can 

be produced by applying the principal of 

survival of the fittest. In each generation, a 

new set of approximations of the solution 

are chosen according to fitness evaluation. 

The more ‘fit’ the approximation is, the 

higher likelihood it has to be selected to 

reproduce the next generation by using 

operators borrowed from natural genetics. 

Thus, the population of solutions is 

improved from one generation to the next 

with respect to their fitness evaluation. So, 

the least fit individuals are replaced with 

new offspring, which come from a previous 

generation, and which are better suited to 

the evolution of the environment. 

   Fig. 4 shows the Genetic Algorithm 

Flowchart used in this work. In the first 

step, a set of possible random solutions is 

created or initial solutions range can be 

specified. Every solution in the population 

(which can also be called an individual or a 

chromosome) is represented by a string of 

numbers that in turn represent the number 

of variables in the problem. Every variable 

is encoded in a suitable coding format 

(binary, integer, etc.). 

   In the second step, every chromosome is 

applied to the fitness function (also called 

the objective function) to produce an output 

of fitness values. In accordance with their 

fitness values a probabilistic technique, 

such as the 

Roulette Wheel [16], is used to select the 

chromosomes that will contribute to the 

production of the next generation. The 

reason for this selection process is to keep 

the best and most fit chromosomes and 
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increase the number of their offspring in the 

next generation, eliminating the least fit 

chromosome. Having selected the parents, 

the crossover process then takes place by 

the exchange of genetic information 

between the selected chromosomes in order 

to form two new chromosomes (also 

referred to as children or offspring). This 

helps to avoid sticking in local optima. In 

order to ensure that GA will search 

different zones of the search space, a 

mutation is applied by randomly selecting 

and changing the structure of a limited 

number of chromosomes. 

    This process is repeated until all 

solutions converge into one optimum 

solution [17]. 

 
Fig. 4 Genetic Algorithm Flowchart 

 

A. Problem Formulation 

   The main goal of this optimization 

problem is to design the improved 

broadband filter that yields optimal system 

power quality indices, small filter size and 

minimal harmonic resonance problems. The 

power quality indices considered in this 

optimization problem are THD, PF and 

∆V%. The use of these factors facilitates 

obtaining a design with acceptable filter 

parameters. 

   The main filter elements which dominate 

the design size and performance of the IBF 

are the inductances Li, Lf, and the 

capacitance Cf.  

B. Chromosome Encoding and Selection 

   As mentioned before, the values of the 

inductance Li, Lf, and the capacitance Cf 

play a very important role in the design of 

the improved broadband filter and ASD 

system performance. Therefore, they are 

considered in the structure of the 

chromosomes used in this optimization 

problem. 

 

001 110 100 

                                                       

Fig.5 Chromosome structure utilized in GA. 

 

As seen in Fig. 5, the number of variables 

in each chromosome represents the values 

of the line inductance Li, and filter 

inductance Lf, and the filter capacitance Cf, 

respectively. 

 

C. Crossover and Mutation 

   The crossover method used in this study 

is a single point crossover. Different values 

of crossover fraction, varied from 10% to 

100%, and mutation rates from 1% to 10% 

have been used in this research project to 

compare the performance of the proposed 

GA program. A range of population sizes 

from 50 to 200 and different numbers of 

generations varied from 100 to 700 were 

utilized. 

   A relatively wide range of GA operators 

was initially used until experience was 

gained observing their effects. It was found 

that an appropriate mutation rate will speed 
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up the evolution process and shorten the 

searching time of GAs. High crossover 

fractions (80%) and low mutation rates 

(2%) achieve the best convergence. These 

GA operators are applied to 200 

generations with 100 populations for each 

generation. In modern computers, this 

computational requirement is completed in 

a few seconds. 

 

D. Fitness F unction 

The objective of the fitness function 

illustrated by (7) in the proposed GA 

program is to find out the minimum line 

current THD, minimum voltage regulation 

and the maximum line PF. 

 

                           

 

Every chromosome in the current 

generation will be examined by the above 

fitness function. To calculate the filter 

performance indices (THD, ∆Vo and PF) in 

the fitness function via some mathematical 

models, an accurate design method is 

required. 

 

V.ACCURATE 

COMPUTATIONAL METHOD 
The evaluation of the filter performance 

indices for a given set of parameters Li, Lf, 

Cf proposed by the GA solution will be 

through an accurate design method. The 

approach is based on utilizing highly 

accurate filter-ASD system equivalent 

circuits (in the frequency domain) and 

evaluating the filter performance for the 

given set of parameters. Therefore, the 

whole drive system must be modeled 

accurately. For steady-state performance 

investigation, the frequency domain model 

of the total system involving the AC line, 

the broadband filter, and the rectifier is 

established. At steady state the ASD is 

modeled with equivalent impedance or 

current source elements, depending on the 

frequency considered. Fig. 6 and Fig. 7 

show the fundamental frequency model and 

the harmonic model of the system at full-

load (rated power). 

   In the fundamental frequency equivalent 

circuit, the ASD 

is reflected to the AC side of the rectifier as 

an R-L impedance circuit. Since the DC bus 

capacitor of an ASD is typically very large 

and decouples the inverter dynamics from 

the rectifier side, the drive (DC bus 

capacitor, inverter, motor load, etc.) is 

modeled with an equivalent DC resistor. 

This DC resistor, DC bus capacitor, and 

rectifier are all reflected to the filter side as 

the equivalent load resistor RL and inductor 

LL. The equivalent resistor value is found 

from the assumption that the filter is 

lossless and its terminal voltage is equal to 

the nominal voltage. The rectifier 

commutation effect and output voltage drop 

are represented with LL which has been 

found empirically [18]. 

These parameters are defined as follows: 

     
   

 

  
        

 

                 

Fig. 

6 Full-load fundamental frequency model 

of the ASD system. 

The full-load equivalent circuit can also be 

utilized for no-load system modeling by 

setting RL larger than the shunt impedance 

by an order of magnitude. The full-load 
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fundamental-frequency current value is 

calculated as follows. 

            
   

    

        

   In the harmonic equivalent circuit of Fig. 

7, the rectifier side is modeled with a 

harmonic current source and the grid is 

represented with a harmonic voltage source. 

The grid voltage harmonics are selected 

depending on the utility grid properties. The 

rectifier current harmonic ratios are chosen 

from Table I, and the harmonic currents are 

found by multiplying the harmonic current 

ratio with the fundamental component 

current (I1=IR from (10)). For each 

harmonic frequency, the effect of the line-

voltage harmonics and rectifier-current 

harmonics on the circuit is found by 

superposing the magnitude (pessimistic 

approach) of the resulting voltages (or 

currents). The simplified approach yields 

satisfactory results. 

   With the rectifier and its nonlinear 

behavior replaced by linear circuit elements 

and the sources, the steady-state equivalent 

circuit becomes a linear circuit where 

closed form calculations and analysis can 

be made. With all the parameters defined, 

the circuit can be completely analyzed and 

performance predicted. 

Fig.7 Full-load harmonic frequency model 

of the ASD system. 

The damping resistor Rd is neglected in the 

steady-state conditions. Its selection criteria 

are related to transient conditions and are 

explained in [11]. 

The damping resistor Rd is neglected in the 

steady-state conditions. Its selection criteria 

are related to transient conditions and are 

explained in [11]. 

 

VI. GENETIC ALGORITHM 

OUTPUT 

For given ASD ratings and power system 

parameters, based on the system equivalent 

circuits, the filter- component values for Li, 

Lf, and Cf are initially proposed in a GA 

MATLAB M-file [19] based computer 

program. The initial range of values is 

estimated by the linear design method 

utilized in [11]. The program implements 

the derived formulas, calculates the 

impedances, then voltages, and currents 

followed by performance calculation (THD, 

PF, ∆Vo). Based on the performance 

obtained, every set of solution 

(chromosome) in the current generation will 

be examined by the fitness function of (7). 

The filter parameters are varied until the 

objective of the fitness function is met with 

suitable convergence. Fig. 8 shows that the 

optimized solution is obtained in generation 

number 43 and the whole population 

ultimately converges toward the optimized 

solution. The corresponding 5.5kW ASD 

power rating filter parameters obtained are 

Li (10.1mH), Lf (8.1 mH) and Cf (16.6 F). 

The corresponding series resonance 

frequency fs and parallel resonance 

frequency fp values are 250Hz and 167Hz, 

respectively. The fp value shows that the 

harmonic resonance problem risk is 

negligible for the system. Other ASD power 

rating results will be presented and 

compared to the linear method results in the 

next section. 
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Fig.8 Best and mean fitness function values 

in GA for 5.5kW ASD system. 

 

VII. SYSTEM PERFORMANCE 

EVALUATION 
The proposed design method with the GAs 

searching technique was evaluated for 

ASDs of various power rating. 

The utility line was considered to have 3% 

voltage THD. 

The grid impedance was considered to be 

negligible compared to the input inductance 

Li. Best fitness value involves system 

power quality indices of line current THD < 

6.5%, line PF > 0.98 and filter output 

voltage regulation  

< 3.2%. For the same power quality indices 

criteria applied to the linear searching 

method, filter parameters obtained have 

higher values. The filter parameters 

obtained with 

both methods for 5.5 and 55kW power 

rating ASDs are shown in Table II. 

Reductions of (5-15) % in the input 

inductance Li and (15-20) % in filter 

capacitance Cf have been achieved. 

Consequently, the filter inductance Lf will 

increase to keep the series resonance 

frequency (fs) within its desired and 

effective values. Nevertheless, the value of 

Lf is much smaller than Li for all power 

ratings. Since the input inductor is carrying 

the full line-current while the filter inductor 

is carrying only the harmonic-current 

components, a reduction in Li results in 

smaller filter size (cost). The filter capacitor 

reduction is also very effective in reducing 

the size (cost), improving the system power 

factor characteristics, and reducing output 

voltage regulation from no-load to full-

load. 

 

TABLE II. 

IBF C OMPONENT VALUES. 
PR 

(kW) 

5.5 55 

Searchi

ng 
method 

Line

ar 

GA Line

ar 

GA 

Li 

(mH) 

10.6 10.1 1.13

8 

0.99 

Lf 
(mH) 

6.0 8.1 0.59
8 

0.75 

Cf ∆ ( 

F) 

21 16.6 208 180 

 

Tables II and III allows a comparison 

between the performance of the two 

searching methods. As the tables indicates, 

the GA algorithm is capable of finding 

smaller values for the more bulky filter 

components that will achieve better power 

quality indices . 

 

TABLE III. 

PERFORMANCE COMPARISON 
Searchi
ng 

method 

THDI 
(%) 

PF Vo (%) 

Linear 6.5– 6.75 0.95– 0.96 3.75-

4.0 

GA 6.0 - 6.5 0.98- 0.99 3.0- 3.2 

With the filter parameters being 

determined, the IBF based system 

performance is evaluated. IBF performance 

characteristics are obtained based on 

detailed computer simulations utilizing 

Ansoft-Simplorer [20]. For the 5.5kW ASD 

system, the full-load line current and 

rectifier current simulation waveforms are 

shown in Fig. 9, while the full- load line-

current and the supply phase-voltage 
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simulation waveforms are shown in Fig. 10. 

The line current has a 

5.5% THDI value and the line power-factor 

is 0.987 leading at full-load conditions. 

These results are in close correlation with 

the equivalent circuit based estimation 

method results shown in Table III. They 

also verify the accuracy of the parameter 

determination method. 

Fig.9 Full-load line (bold) and rectifier 

current simulation waveforms for 5.5kW 

ASD system. 

Fig. 10 Full-load line current (bold) and 

supply voltage simulation waveforms for 

5.5kW ASD system (current scale: 10x). 

The IBF line-current THD and line power-

factor performance characteristics, from no-

load to full-load, are shown in Fig. 11 and 

Fig. 12 for the power ratings considered. 

From nearly 50% load to full load, over a 

wide range the IBF based system provides 

high overall power quality performance. 

The input-current THD is at an acceptable 

level over the full operating range. The IBF 

based drive is substantially improved in 

terms of the harmonic injection to the 

connected AC network, making the drives 

impact on the connected power-system and 

other users in the vicinity of the PCC 

absolutely minimal. The power factor 

approaches unity at rated load and thus the 

IBF filter aids minimizing the reactive 

power requirement of the drive. 

 

Fig.11 The load current dependency of the 

IBF line current THD. 

 
Fig.12 The load current dependency of the 

IBF line power factor. 

 

VIII. CONCLUSIONS 
The genetic algorithm design method, 

which has been described in this paper, can 

play an important role in the optimization 

of IBFs for industrial motor drives. The 

method allows a high standard of power-

quality indices to be achieved with a set of 

filter components likely to have minimal 

bulk and cost overall. The design case-

studies presented have shown that the 
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method is robust and has produced 

advanced designs, with lower filter size and 

cost, when compared to the results obtained 

by linear searching technique for the same 

power quality system requirements. 

   The new and simple frequency-domain 

equivalent- circuit-based analytical method 

for the improved broadband filter design is 

developed by using the GA. The method is 

efficient, accurate, and results in reduced 

filter size and cost along with less risk of 

harmonic-excited resonance problems. 

   The optimal filter parameters were 

validated in detailed computer simulations 

to obtain the IBF performance. The 

performance characteristics illustrate that 

the IBF had very low input current THD 

(<6%) and near unity power factor at full 

load. 

   The IBF system is a strong candidate for 

improving power quality demanding 

applications. 
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Abstract 
   Lightning Phenomenon is a transient, high current discharge, due to the accumulation of 

charges in clouds. 

This paper discusses the nature and causes of the phenomenon of lightning and Principle of 

lightning.  Using Early Streamer Emission Method to design a lightning protection system. 

Then we start designing the protection system by using the early streamer Emission 

method. Once the level of the protection mainly depending, by the radius of the selected 

area which, measured according the Levels of the protection,   and it found at Level one. 

The radius of the protected area can be covered at this level found equal to   78.58 m, of the 

electrical power systems against direct lightning strokes.  The petroleum plants at Tripoli 

selected as a case study. 

Applying two different techniques of lightning protection systems that can be used to 

protect the site. Then comparing between the two methods. 

By using the protection level and the radius of the protected area of the study case, the 

numbers of protection units  

required to cover the plant are four towers. 

Key words: ESE - Early Streamer Emission Method, NC-Tolerable lightning frequency, 

RSM – Rolling Sphere Method, LAT- Lightning Air Terminal. 

 

 Introduction 
 

Lightning, considered as a spectacular 

meteorological phenomenon, is one of the 

most fascinating events in the world.  

Benjamin Franklin first constituted the 

preliminary scientific and systematic 

understanding of lightning phenomenon in 

1752 that used a kite in order to verify that 

lightning is really a stream of electrified air. 

Interestingly when Benjamin Franklin 

experimented with the electric kite, there 

were no very tall structures and high-rise 

buildings like we observed today. However, 

until today over more than 200 years the 

Benjamin’s lightning rod is still the most  

 

internationally accepted Lightning Air 

Terminal (LAT). [1] 

 

 

Aim of the paper:  
1- To identify the suitable system event the 

direct lightning. 

2- Applying two different techniques used 

for lightning protection. 
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Early Stream Emission and Rolling Sphere 

Methods for design lightning protection 

system for oil storage plant in Tripoli. 

3- Comparing between the two methods of 

design and choosing the suitable system. 

 

Literature review 
Chew,T.P.1979. Discussed the lightning 

protection mechanism and concerned with 

the study of the mechanism of lightning 

protection. The main interest lies in the 

study of the performance of a radioactive 

lightning rod as compared with that of a 

conventional Franklin rod. Corvine, A. 

1982 discussed the lightning protection for 

building structures. And reviews alternative 

arrangements of lightning arresters and 

concludes that the field performance of 

devices using radioactive isotopes. Bent, R. 

B 1986. Present the Lightning protection 

for building, towers, and Personnel. The 

purpose of a lightning rod and the basic 

requirements for lightning protection for 

building and towers are discussed. Other 

types of protection such as an overhead 

wires are discussed a long with radioactive 

systems. In addition to the elimination 

schemes. And the effects of lightning on 

persons and animals are also review. 

Berger, G.2005. Present a comparison 

between Franklin rod and ESE. The 

conventional Franklin rod has been tested 

and then compared to an air terminal using 

an Early Streamer Emission (ESE) 

triggering device designed to enhance the 

Protection area of the Franklin rod. 

Extensive tested have shown that a high 

voltage pulse ESE air. Terminal is more 

effective then the conventional Franklin rod 

commonly used in the standards. 

 

 Methodology. 

1- Study the concept of lightning. 

2- Collecting available data from 

Lightning Meteorological. Authority 

concerning numbers of lightning 

monthly in Libyan. 

3- Site measurement of the case study as, 

site area, oil tank diameters and 

height, and other factors needed for 

design. 

4- Design a suitable of lightning 

protection system for Libyan oil site 

in Tripoli. 

 

Design calculation. 

 Assumption:  
1- The site Located within a space 

containing structures or trees of the same 

height or taller C1 (Environmental 

coefficient) = 0.25  

2- Structure coefficient C was taken C2 

=0.5  

3- High value or particularly flammable the 

site of the sited case C3 Structure contents 

coefficient = 3.0  

4- Site occupation normally occupied C4 

(Structure occupancy coefficient) = 1.0  

5- Consequences on the environment C5 

(Lightning consequences coefficient) = 10.0  

 

1-Using the Early Streamer Emission    

System. 

When Applying ESE method some factors 

must be taken as mansion in the assumption 

such as C1, C2…andC5, to calculate the 

lightning tolerable lightning frequency 

(Nc), and the Expected lightning frequency 

(Nd) as followed  

    :       

       1- Determination of Tolerable 

Lightning frequency Nc: 

     "Nc" = 5.5 * 10
 -3

 / c                (1) 

    C2  = 0.5 ( All structures are metal ) 

 C3 = 3.0 ( Content of tanks is oil, 

which is explosive ) 

 C4 = 1.0 (Tanks are   Normally 

occupied ) 

 C5=10.0 (There is consequences on 

the environment). Let 
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 C=C2.C3.C4.C5=0.5*3.0*1.0*10.0 

   =  15.0 

 

2- Tolerable lightning frequency: 

    "Nc" = 5.5 * 10
 -3

 / C = 367 * 10 
-6

  

 

 3-Determination of expected lightning     

frequency Nd:    

The expected lightning frequency: 

     Nd = Ng max. *Ae*C1* 10
 -6

         (2) 

 a- Ngmax (Lightning flash         density      

(flashes/year/km
2
) can be determined by : 

      Ng max. = 0.04 (T)
 1.25

                   (3) 

 Where:   

  T is the number of    thunderstorm days 

per year. 

The site is located has, 9days 

thunderstorm per year  

(T= 9) therefore, Ng max = 0.6235 

b- The equivalent collection area "Ae" is 

equal to the area of the site plus 25% for 

structures close to the site battery limits. 

The Equivalent collection area "Ae" can 

be determined by: 

     Ae = 400*100 *1.25 = 50000  m
2
   

   c- The site is located within    a   space 

containing structures of the same    height 

or taller C1= 0.25  

From the points a, b, and C, the expected 

lightning frequency Nd, as the following. 

Nd = 7.79375*10
 -3

 

 According to value of (Nd & Nc) we    

found Nd > Nc; this means that the 

protection is    required for the 

concerned site.                                   

   4-Determination of the effectiveness 

factor E by  

 

d

C

N

N
E 1                           

(3)  

E = 0.953 (i.e. the associated Protection 

level is at level one, the initiation distance    

D is, 20 meter. 

 

5- Protection radius Determination Rp.  

The protection radius of an E.S.E. 

Lightning conductor can be determined 

as following: [2] 

ΔLΔl(2Dh)h(2dR P        

(4) 

     Where:    h = 5 m, D = 20 meters and 

    ∆l = 60 (supplier's technical data for        

the E.S.E Lightning conductor) 

Therefore, Rp = 78.58 m, figure 1show 

the location of the ESE tower of the 

case study, and figure 2 present the 

tower installations. 

2-Using Rolling Sphere method: 

Striking distance (R) between the leader 

and the protection system depended on the 

current in the following lightning stroke. 

The striking distance increases with the 

lightning current according to the 

formula.[3] 

R = 10 I 
0.65

                                      (5) 

Where; I in kA, and R in meters. 

 

Table 1 Calculation results of Striking 

Distance 

I0 

(KA) 

R=2*IO 

+30 (1-℮-

I
0
/6.8) 

 

R=9.4 

I0
2/3 

R=10 

I0
2/3 

  20 68.42 69.26 73.68 

40 109.91 109.94 
116.9

6 

60 150.0 144.06 
153.2

6 

80 190.0 174.52 
185.6

6 

100 230.0 202.52 
215.4

4 

120 270.0 228.69 243.2 

140 310.0 253.44 
269.6

2 
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160 350.0 277.04 
294.7

2 

180 390.0 299.67 
318.7

9 

200 430.0 321.47 342.0 

 

1-Calculations: 

By using table 1. 

  1- In the first step we select current I= 10 

KA 

  R= 10(10)
0.67

 

                  R=    46.41 (m) 

2- In the second step we select current I= 

20 KA 

                  R= 10(20)
0.67 

                  R= 73.68 (m) 

  3- In the third step we    select current I= 

40 KA 

             R= 10(40)
0.67

 

             R= 118.4 (m) 

Assume the minimum value of 

lightning current. I= (20KA) the 

system design   (Rolling sphere 

method)   is   shown in Figure 3 The 

radius of imaginary sphere equal to 

(73.68m). 

 

Comparison between two 

methods 
 

  After applying the two methods, ESE and 

RS   on the site. The different between 

them as the following: 

The rolling sphere method is difficult to 

apply and more complex 

1- Structures and result in over 

design. 

2- This method is very expensive 

compared to ESE. 

3- It make partially protection site. 

The advantage of ESE lightning conductor 

compared to Rolling Sphere method the 

protected area is bigger than area of (RS). 

From this we found that ESE the best 

method as it covers a large 

Protected area and cheaper than the Rolling 

sphere method. 

Hence we have chosen the (ESE) method 

for applying in oil site. 

 

Conclusions 
Based on the average data of monthly and 

annual   lightning in different areas over 

Libya obtained by the Libyan 

Meteorological Authority, it has been found 

that. Libya is considered as a low exposed 

area to the lightning strokes compared to 

other area over the world. 

And by comparison the two methods of 

Lightning protection system found: 

1- The estimated method RS results are 

very close to the calculation method 

ESE. 

2- The two results fit the design 

consideration of protection towers. 

3- This means that the design obtained for 

protecting the oil storage tanks site is 

approved by the methods. 

4- This Study of lightning strokes 

protection the first done for Libyan oil 

sites. 
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Fig.1- illustrate the distributions of 4 towers predicted by ESEM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2, show the installations of the tower 
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Fig.3, show the distributions of 4 towers predicted by RSM 
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Abstract 
 This paper proposes a new control strategy of flexible ac transmission system (FACTS) 

devices to improve the transient stability limit of power system. It is proposed to assess the 

ability of FACTS devices damping controllers in enhancing power system stability. The 

paper focuses in two different types of FACTS devices. First is a series device depends on 

thyristor controlled reactor, namely the thyristor controlled series capacitor (TCSC). The 

other one is the most recent developed FACTS devices that depend on voltage source 

converters, namely the unified power flow controller (UPFC). The contribution of these 

two devices, and their damping controllers, in system damping is analyzed from the point 

of view of damping and synchronizing torque coefficients. 

This paper presents a simple method of evaluating the transient stability of a large power 

system in the presence of these two types of (FACTS) devices, which are represented by an 

equivalent circuit model. The model is then carefully interfaced to the power network to 

obtain the system reduced admittance matrix which is needed to generate the machine 

swing curves. The complex voltage at two end buses of the circuit model is also evaluated 

during simulation to implement various existing control strategies of FACTS devices and to 

update the reduced admittance matrix. The effectiveness of the proposed method of 

generating dynamic response and hence evaluating transient stability of a power system in 

the presence of various FACTS devices is tested on the M-IB system. The results obtained 

with various FACTS devices are also compared and discussed  

 

Index Terms: Transient stability, flexible ac transmission system (FACTS), thyristor 

controlled series capacitor (TCSC), unified power flow controller (UPFC). 

 

1. INTRODUCTION 
 

Power flow through an AC line is a 

function of the phase angle, line end 

voltages and line impedance, and there is 

little or no control over any of these values. 

The consequences of this lack of fast and 

reliable control are stability problems, 

power flowing through other than the 

intended lines, the inability to fully utilize 

the transmission resources, undesirable Var 

flows, higher losses, high or low voltages, 

cascade tripping and long restoration times. 

With FACTS devices one can control the 
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phase angle, the voltage magnitude at 

chosen buses and/or line impedance. Power 

flow is electronically controlled and it 

flows as ordered by the control center using 

FACTS devices which include Static Var 

Compensators (SVC), Thyristor Controlled 

Series Capacitors (TCSC), Thyristor 

Controlled Phase Angle Regulators 

(TCPAR), Static Compensators 

(STATCOM), Static Series Synchronous 

Compensators (SSSC), Universal Power 

Flow Controllers (UPFC) [1]. There are a 

amount of work reported in the literature in 

the area of FACTS devices and power 

system operation [2,3,4,5, 6, 7,8]. 

 

2. MATHEMATICAL MODEL 
 

This section describes the machine dynamic 

equations and a simple circuit model of 

FACTS devices.  

In order to establish the relationship 

between the internal quantities of different 

machines in the power system, a common 

reference frame (D, Q) which rotates at 

synchronous frequency of the steady state 

network currents is considered. This 

selection is based on those derived in [9]. 

This selection has many advantages, the 

important one is that the angle  between 

the d-q frame of each machine and the 

selected D-Q frame is itself the rotor angle 

that is between the system slack bus and the 

q-axis of the generators. Each individual 

machine can be referred to the general 

reference frame as:  
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Or symbolically as 
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       (3) 

The dynamics of rotor angle δ and velocity 

ω is described by the so called swing 

equations: 

 

dΔω/dt = (1/2H)(Tm - Te - DΔω(     (4) 

 

  d δ /dt  = ωoΔω 

   

where Δω = ω-ωo is the deviation, in rad/s 

of rotor angular velocity from 

synchronous velocity ωo = 2πf0, H is the 

p.u. inertia constant, D is the damping 

coefficient , Tm and Te are the p.u. 

mechanical and electromagnetic torque, 

respectively.     

    

 The loads are converted to equivalent  

impedances or admittances. Thus if a 

certain load bus has a voltage VL, power PL, 

reactive  power QL, and current IL, flowing 

into a load admittance YL = GL + jBL, then: 

 

PL + j QL = VL IL*                           (5) 

 

Substituting for  IL* 

 

PL + j QL = VL[ VL* (GL -  jBL )]    (6) 

or 

PL + j QL = | VL| ² (GL -  jBL )        (7) 

 

 

    The equivalent load admittances are 

connected between the load buses and the 

references node. Thus the admittance bus 

matrix for each network condition may be 

constructed. 
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2.1 DYNAMIC MODEL OF M-IB 

SYSTEM EQUIPPED WITH 

TCSC 
 

To study the effect of TCSC to damp the 

mechanical modes of a synchronous 

machine, machine connected to infinite bus 

through two parallel transmission lines with 

TCSC, shown in Figure 1, will be studied. 

V1 is the machine terminal voltage and V 

is the infinite bus voltage. The machine is 

equipped with a static exciter, and the 

system data and equations are given in 

Appendix B. Dynamic model of the 

machine and the exciter is established in 

[10].  

Third order model for the machine is used, 

assumptions of this model are found in 

[10]. In this model amortisseur effects are 

neglected, so that the damping controller 

will be designed at the worst case. Also, 

transformed induced voltages are neglected 

compared to the speed voltage terms in the 

stator and network voltage equations, and 

transmission lines transients are neglected.   

 

 

 

 

 

 

 

 

 

 

 

For the line with the TCSC, let Xew = Xe + 

XTCSC, the network equation can be written 

as 

 

abceqabceabcabc iLirvv            (8) 

 

Using Park transformation and the 

assumptions of the third order model of the 

machine [11] 
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Linearizing the above equation we get, 
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Equations 7 and 8 are the machine terminal 

voltage equations that include the effect of 

the TCSC dynamics on the system. 

 

2.2 MODELING OF MACHINE-

INFINITE BUS SYSTEM WITH 

UPFC 
 

Consider the M-IB system shown in Figure 

2. 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: A UPFC installed in a single-

machine infinite-bus power system 
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By applying Park’s transformation [9] and 

ignoring the resistance and transients of the 

transformers of the UPFC, from the phasor 

diagram, the following d-q equations of the 

UPFC are obtained. 
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EqEEdEEdd ΔIxΔIrΔVΔV 

           (16)  

 

EdEEqEEqq ΔIxΔIrΔVΔV   

          (17) 

3.RESULTS 
The machine-infinite bus system Shawn in 

Figs(1,2) studied with the TCSC and with 

the UPFC. Three phase fault is applied at 

the bus 2 for 80 msec and removed without 

any change in network configuration. 

Figs(3,4) show the generator rotor speed 

oscillations with and without FACTS 

device . The addition of FACTS have 

improved the damping of generator rotor 

speed oscillations.       

 
 

Fig. 3: Generator rotor speed oscillation 

damping with and  

without UPFC 

 
Fig. 4: Generator rotor speed oscillation 

damping with and  

without TCSC 

 

The figures clearly indicates that the system 

is more stable with FACTS device also the 

effect of damping control UPFC best of 

TCSC . 

 

 

4. CONCLUSIONS 
A simple and general method of generating 

the dynamic response and hence 

determining the first swing stability of a 

power system in the presence of various 

FACTS devices is presented. First a 
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FACTS devices and their associated 

transmission line are considered and 

represented by an equivalent circuits model 

where the shunt admittances depend on 

control parameters of the UPFC. The 

parameters of the circuits model are then 

carefully evaluated (in each integration 

step) based on the control 

strategy used and interfaced to the power 

network. The circuits model can also be 

used to represent a STATCOM or an SSSC 

by choosing proper values of control 

parameters of the UPFC and TCSC. The 

effectiveness of the proposed method is 

tested on the SMIB system using two 

different control strategies and consistent 

results are found. The proposed method of 

generating the system response is very 

general and can easily be applied to a large 

power system with various FACTS devices 

using different control strategies. 
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Abstract: In this paper, steady state models of the Universal Power Flow Controller 

(UPFC) is investigated. In steady state, model of the UPFC may consists of two equivalent 

voltage sources (with controlled magnitude and phase angle) in series with the 

transformers’ impedance. These sources represent the shunt and the series branches of the 

UPFC. Incorporate of this model in the load flow of the power system will be discussed and 

applied to a sample system. power transfer capacity is investigated for systems with UPFC. 

The combined effects of equipment constraints, system topology and installation locations 

on the UPFC real power transfer is studied. The P-Q characteristics of UPFC operation 

under different sets of constraints are determined. The admissible operational ranges of 

UPFC control outputs are investigated, and the maximum power transfer and the maximum 

admissible range of power flow change are also found.   

  

Key Words: FACTS, UPFC, Power Flow, Modeling, Controls. 

 

1. INTRODUCTION 
 

Power flow through an AC line is a 

function of the phase angle, line end 

voltages and line impedance, and there is 

little or no control over any of these values. 

The consequences of this lack of fast and 

reliable control are stability problems, 

power flowing through other than the 

intended lines, the inability to fully utilize 

the transmission resources, undesirable Var 

flows, higher losses, high or low voltages, 

cascade tripping and long restoration times. 

With FACTS devices one can control the 

phase angle, the voltage magnitude at 

chosen buses and/or line impedance. Power 

flow is electronically controlled and it 

flows as ordered by the control center using 

FACTS devices which include Static Var 

Compensators (SVC), Thyristor Controlled 

Series Capacitors (TCSC), Thyristor 

Controlled Phase Angle Regulators 

(TCPAR), Static Compensators 

(STATCOM), Static Series Synchronous 

Compensators (SSSC), Universal Power 

Flow Controllers (UPFC) [1]. There are a 

amount of work reported in the literature in 

the area of FACTS devices and power 

system operation [2,3,4,5, 6, 7,8]. 
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2. UPFC MODEL FOR POWER 

FLOW SOLUTION 
 

Several publications have appeared in the 

open literature, which describe the basic 

operating principles of the UPFC. In [9], A. 

Nabavi Niaki and M. R. Iravani decoupled 

the sending and receiving ends of the 

UPFC. The former is transformed into a PQ 

bus while the latter is transformed into a PV 

bus. The active and reactive power loads in 

the PQ bus and the voltage magnitude at the 

PV bus are set at the values to be controlled 

by the UPFC. The active power injected 

into the PV bus has the same value as the 

active power extracted in the PQ bus since 

the UPFC and the coupling transformers are 

assumed to be lossless. A standard load 

flow is carried out to determine the nodal, 

complex voltages at the UPFC terminals. 

After load flow convergence, an additional 

set of nonlinear equations, relating the 

various UPFC parameters, is solved by 

iteration. This sequential method is simple, 

however, since the UPFC parameters are 

computed after the load flow converged, 

there is no way of knowing during this 

iterative process whether or not the UPFC 

parameters are within limits.  

C.R. Fuerte-Esquivel, E. Acha and H. 

Amprez-Pêrez introduced a comprehensive 

UPFC model [4]. The UPFC model is a 

straightforward extension of the power flow 

equations and, hence, it is suitable for 

incorporation into an existing Newton 

Raphson load flow algorithm. The UPFC 

equivalent circuit used to derive the steady 

state model is shown in Figure 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The equivalent circuit consists of two ideal 

voltage sources representing the 

fundamental Fourier series component of 

the switched voltage waveform at the AC 

converter terminals. The source impedances 

included in the model represent the positive 

sequence leakage inductances and 

resistances of the coupling UPFC 

transformers. 

The variable phase angle of the series 

injected voltage determines the mode of 

power flow control. If B is in phase with 

the nodal voltage angle k, it regulates the 

terminal voltage. If B is in quadrature with 

respect to k, it controls the power flow, 

acting as a phase shifter. If B is in 

quadrature with the line current angle then 

it controls the power flow, acting as a 

variable series compensator. At any other 

value of B, the UPFC operates as a 

combination of voltage regulator, variable 

series compensator and phase shifter.  
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circuit 
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2.1 MODIFICATION OF THE BUS 

ADMITTANCE MATRIX 

The general transfer admittance matrix is 

obtained by applying Kirchhoff current and 

voltage lows to the electric circuit shown in 

Fig.1 and is given by 
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The original Ybus of the system before 

installing the UPFC is modified to include 

the UPFC model by adding Ybus to it, and 

in this case the number of columns of the 

new Ybus will increased by two 

corresponding to VB and VE. 

Assuming a loss free converter operation, 

the UPFC neither absorbs nor injects active 

power with respect to the AC system. The 

active power demanded by the series 

converter is supplied from the AC power 

system by the shunt converter via the 

common DC link voltage. The DC link 

voltage, Vdc, must remains constant so that 

the stored energy in the capacitor would not 

changed. Hence, the active power supplied 

to the shunt converter, PE, must satisfy the 

active power demanded by the series 

converter, PB, i.e. 

 PE + PB = 0.0                           (3) 
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2.2 FORMATION OF THE JACOBIAN 

MATRIX 

The UPFC linearized power equations are 

combined with the linearized system 

equations corresponding to the rest of the 

network, 

 

     )7()( xJxf                               

                                               

Where [f(x)] = [Pk Pm Qk Qm Pmk 

Qmk (PB + PE)]
T
, [x] is the solution and 

[J] is the Jacobian matrix. 

 

2.3 INITIAL LOAD FLOW SOLUTION 

OF THE UPFC VARIABLES 

Engineering judgment indicates that for the 

simple case in which no controlled buses or 

branches are present, 1 pu voltage 

magnitude for all PQ buses and 0
0
 voltage 

angle for all buses provide a suitable 

starting condition. However, if controllable 

devices are included in the analysis, the 

issue is not as a clear cut as the case above. 

For the UPFC, a set of equations which 

give initial estimates can be obtained from 

the nodal and constraint UPFC power flow 

k 

m 

k m B E 
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equations by assuming lossless converter 

valves and coupling transformers operation 

and null nodal voltage angles [4].  

 

2.3.1 Series source initial conditions 

For specified nodal powers at node m, Pmref 

and Qmref, the solutions of the active and 

reactive power equations at this node give 
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XB is the inductive reactance of the series 

source. 

 

2.3.2 Shunt branch initial conditions 

An equation for initializing the shunt source 

angle can be obtained by solving equations 

(4, 5) and it is given by 
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Where XE is the inductive reactance of the 

shunt source. When the shunt converter is 

acting as a voltage regulator, the voltage 

magnitude of the shunt source is initialized 

at the target voltage value and then is 

updated at each iteration. Otherwise, if the 

shunt converter is not acting as a voltage 

regulator, the voltage magnitude of the 

shunt source is kept at a fixed value within 

its limits. 

 

 

 

3. LOAD FLOW FOR A SIMPLE 

SYSTEM WITH UPFC 
The machine-infinite bus system studied 

last chapter with the TCSC will be studied 

with the UPFC. The system is redrawn in 

Figure 2. UPFC has to control the voltage 

of bus 2 to be 1 pu, and the power flow 

through the line 3-2 to be P32 = -0.5 pu and 

Q32 = -0.1 pu, bus # 1 is the slack bus with 

V1 = 1 pu. The value of the UPFC 

transformers impedance are ZE = ZB = 0.01 

+ J0.025 pu. The solution is obtained after 5 

iterations with a mismatch of 1.5224*10
-6

. 

Load flow results for the system are given 

in Table 1, it is worth noting that the series 

injected voltage value is small compared to 

shunt injected voltage.  

 

To investigate the ability of the UPFC to 

control power flow, the scheduled power 

through line 2-3 is altered for the same 

loading on the system as given in the first 

column of Table 2. The series and shunt 

injected voltages by the UPFC to obtain the 

required level of load flow across the line is 

also shown in the Table 2. 
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Table 1: Load flow output data for the system 

Bus V  P Q UPFC Data 

1 1 0 1.0198 0.4568 VB = 0.056-38.046
o
 

VE = 1.0055-3.0974
o
 

 

2 1 -3.0166
o
 0 0 

3 0.9467 -1.8160
o
 -1 -0.6 

 

 

Table 2: Load flow output data for the system  

with different controlled power by the UPFC 

Initial power V3 2 3 P1 Q1 UPFC Data 

S32 = -0.5 – j0.1 0.946 -3.0
o
 -1.8

o
 1.019 0.456 

VB = 0.0560-38.046
o
 

VE = 1.0055-3.0974
o
 

S32 = -0.6 – j0.2 0.958 -3.6
o
 -1.4

o
 1.020 0.325 

VB = 0.0599-61.535
o
 

VE = 1.0084-3.7777
o
 

S32 = -0.7 – j0.2 0.96 -4.2
o
 -0.9

o
 1.023 0.305 

VB = 0.0779-71.796
o
 

VE = 1.0087-4.3911
o
 

S32 = -0.8 – j0.3 0.971 -4.9
o
 -0.6

o
 1.026 0.182 

VB = 0.0927-84.316
o
 

VE = 1.0115-5.0748
o
 

S32 = -0.9 – j0.4 0.982 -5.5
o
 -0.2

o
 1.032 0.064 VB = 0.1108-92.942

o
 

VE = 1.0141-5.7605
o
 

 

 

 

~ 

0.02 J0.08 

0.02 J0.1 ZB 

V1 = 10 V33 

V22 

SL3 = 1 + J0.6 

Fig. 2: Three bus system with UPFC (All values are in pu) 
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It is noticed that, although the magnitude of 

the series injected voltage is low, the 

required active power flow is achieved. 

This is because the flow of active power is 

most controlled by the series injected 

voltage angle. The value of the series 

injected voltage to transfer power of –0.9-

j0.4 pu is 0.1108-92.942
o 

pu. The limiting 

values of the magnitude of the injected  

 

 

 

voltages are self-explanatory, the series 

injected voltage limit is taken as 0.25 pu 

and that of the shunt branch lies between 

0.9 and 1.1 pu in [7], while in [1] the series 

injected voltage limit is specified as 0.4 pu. 

Both series and shunt voltages’ angles have 

no limitation i.e., 0  B  2 and -  E  

. The ability of UPFC to control the line 

power can be investigated by examining 

Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This figure shows the relation between 

active power flows through the 

transmission line versus the required 

magnitude of the series branch of the UPFC 

at different levels of the line reactive power 

flow. Line active power flow is changed 

form 0 to 1 pu while the reactive power 

flow is varied from 0 to 0.7 pu. If the  
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Fig.3: variation of the line 3-2 power flow w.r.t. the magnitude 

of the series injected voltage from the UPFC 
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magnitude limit of the series injected 

voltage is taken as 0.25 pu, the line power 

flow can be increased to 1 pu when reactive 

power flow is 0.7 pu without violating that 

limit. This illustrates the role of the UPFC 

as a powerful device to control transmission 

line power flow. 

 

 

 

 

 

 

4. UPFC FOR THE MULTI-

MACHINE POWER SYSTEM 
The UPFC for the system shown in Figure 

4. The UPFC is installed to control the 

power through line 4-5 to be -1-0.3i pu, and 

to control the voltage of bus 4 to be 1 pu. 

Load flow with the UPFC is performed and 

solution is obtained after 7 iterations. The 

results are shown in Table 3. The UPFC 

calculated data are given in Table 4.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table  3:  Base case  load f low bus data with the  UPFC  

Bus  

Vt (p.u.)  (degree) Pg (p.u.) Qg (p.u.) Pl (p.u.) Ql (p.u.) 

1 1.0 0.0 0.7672 0.0118 0.0 0.0 

2 1.025 23.7843 1.63 0.0874 0.0 0.0 

3 1.025 13.3389 0.85 0.0263 0.0 0.0 

4 1 -7.5515 0.0 0.0 0.0 0.0 

5 1.0088 16.0638 0.0 0.0 0.0 0.0 

6 1.0247 10.6205 0.0 0.0 0.0 0.0 

7 1.0097 12.7669 0.0 0.0 1 0.35 

8 0.9851 -0.9592 0.0 0.0 0.9 0.3 

9 1.0003 -2.5321 0.0 0.0 0.0 0.0 

10 1.0245 18.2172 0.0 0.0 1.25 0.5 
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Fig 4: System under Study with the UPFC 
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Table 4: Base case UPFC data 

 

 

4. CONCLUSIONS 
The major contributions of paper are 

1-FACTS devices do not provide new 

transmission capability but they certainly 

remove constraints and enable improved 

use of existing transmission network, and 

are capable of fast control. 

2-This paper introduced a detailed analysis 

of UPFC model and how these model effect 

of load flow for both single machine 

infinite bus and multi-machine power 

systems. 

3- UPFC is improved Power System 

Operation. 
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Abstract 
 

Electricity is very different from any other product it is generated far from the point of use, 

fed to the grid and arrives at the point of use . The quality of delivered power at the point of 

use is not an easy task and there is no way that sub

-standard electricity can be withdrawn from the supply chain and rejected by the customer 

due to quality problems. The Quality of Power is therefore of concern to all and it must be 

monitored continuously and its quality established in “real Time".  

Tajoura  Research Center (TRC) is a very strategic research facility and contains many 

important industrial and electrical loads that must to be operated as a group to fulfill the 

requirements and the needs of the Center. Faults on the Electrical or the Industrial system 

can be a malfunction in the questioned system or may be a power quality related problem; 

and a failure of any load such as central ventilation or water circulation system or one of the 

substations have a great diverse effect. 

In Fulfillment to the above and the recent established Power Quality Project at (TRC) ; this 

paper presents faults due to power quality phenomena and how they are assessed using 

Power Quality Indices (PQI) ; so that the operational condition of the REWDRC electrical 

and Industrial network will evaluated; and a recommendation of safe operation against 

power quality disturbances and faults will be pointed out through a continues monitoring of 

PQI as a result of this Project. 

 

Introduction 

 

Electrical power is the most essential raw 

material used by commerce and industry 

today. It is an unusual commodity because 

it is required as a continuous flow it cannot 

be conveniently stored in quantity and it 

cannot be subject to quality assurance 

checks before it is used. Electric power is 

not often thought of as raw materials, but it 

is vital to virtually all types of 

manufacturing. The Quality of Power is 

therefore of concern to all and it must be 

monitored continuously and its quality 

established in “real Time [1]. In reality, of 

course, electricity is very different from any 

other product it is generated far from the 

43

43



 
     طرابلس ليبيا 32/01/3101-32للهندسة الكهربائية والإلكترونية  ؤتمر الدولي العربي الليبي الخامسالم                   

   

point of use, fed to the grid together with 

the output of many other generators and 

arrives at the point of use via several 

transformers and many kilometers of 

overhead and possibly underground 

cabling. The quality of delivered power at 

the point of use is no easy task and there is 

no way that sub-standard electricity can be 

withdrawn from the supply chain and 

rejected by the customer due to quality 

problems.  

 

Power Quality Indices (PQI) 

Characterizing power quality levels on 

power systems has become extremely 

important with increased sensitivity of 

customer load equipment to momentary 

interruptions, voltage sags and transient 

voltages. Calculation of number and 

duration of oversteps of soft and hard limits 

and their consequences make the basis for 

evaluation of Indices of quality (IQ) set for 

a distribution network. By establishing a 

unique system of numerical indices of 

quality and the software tools for their 

evaluation, it is possible to evaluate both, 

operation quality and alternative projects 

quality in the course of network planning 

process [1]. 

For some industries and utility companies 

monitoring systems are often installed to 

determine the energy consumption, but for 

many of these the cost of power disruption 

can overweight the energy costs. Power 

quality indices should be monitored with 

energy consumption, and for these needs 

many new power quality-monitoring 

systems have the capabilities of monitoring 

all indices and all aspect of electrical 

network and plays an important role in total 

quality management system [1]

power quality indices a new technique 

converts accumulated power monitoring 

data into a single number called the power 

quality index, which you can track 

overtime. By trending this index, you get an 

advance warring of deteriorating situations 

that could lead to system failure. 

 

TRC Power Quality Project: 

 

 Tajoura Research Center (TRC) is a very 

strategic research facility and contains 

many important and critical industrial and 

electrical loads that must to be operated as a 

group to fulfill the requirements and the 

needs of the Center in the operation of the 

main research facility of the center which 

 

  a 10 MW reactor. Faults on the Electrical  

or the Industrial system can be a 

malfunction in the questioned system or 

may be a power quality related problem; 

and a failure of any load such as central 

ventilation or water circulation system or 

one of the substations have a great diverse 

effect on the operation of the main research 

facility (reactor). In this Project faults due 

to power quality phenomena will be studied 

and assessed using PO phenomena and PQI 

so that the operational condition of the TRC 

electrical and Industrial network will 

evaluated; and a recommendation of safe 

operation against power quality 

disturbances and faults will be pointed out 

through a continues monitoring of PQI as a 

result of this project. 

 

Measurement Procedure 

 

In choosing a measuring and monitoring 

points; Legislative documents and 

standards prescribe that power quality 

parameters and indices should be monitored 

at the point of delivery to the customers [3] 

(i.e. point of common coupling PCC) so, 

for a large number of substation at the TRC 

(which are 7 substations)  means the 10 kV 

side of the main substation and 30 kV side 

which is also a PCC with General 
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Electricity Company of Libya (GECOL). 

Considering the fact that in TRC there are 7 

such substations, its noticeable such system 

would be a large and a lot of work must be 

done to monitor it at once. The best 

convenient location of measurement 

appears to be as said the 10 kV and 30 kV 

substation and in this way it is possible to 

cover all substations, as well as to collect 

all the information about state of power 

quality that flows into distribution network, 

It is also a point where commonly most 

customers can monitor quality of power 

delivered from transmission system[7]. 

 

 At TRC network in each substation there 

are at the most two transformers, and each 

one can power its part or some selected 

loads, so it is logical to put monitoring 

instruments on secondary side of 

transformers 30/10 kV which is 10 kV 

busbars. A another suitable location for 

monitoring is also the overhead incoming 

lines leading to the 30 kV which is at the 30 

kV busbars in the substation which is also a 

PCC between the National Grid and the 

center network. With what have been stated 

a measurement locations were selected as 

such (30 kV and 10 kV busbars ) and the 

instruments were installed and powered on 

in accordance to their technical 

specifications and setup using the network 

technical diagrams and specifications.  

 Selection of instruments was based on the 

capability, type of measurement and the 

results of the initial survey of power quality 

.Two sets of VQREG-7 (12 channels in 

total) were installed at the 30 kV substation 

busbars and one TRANSNAL-16 (16 

channels) plus one VQREG-7(6 channels) 

were installed at the 10 kV substation 

busbar.  

 

Having arrived to the weekly indices for 

voltage variation, voltage imbalance, THD  

 and power factor, it is then necessary to 

combine theses indices into a single number 

or index that could indicate the overall 

performance of each measured location for 

each week or they can be for each month 

getting the yearly index. To do this, a 

process is necessary to express each of the 

indices with the same unite. Two proposed 

possible methods of doing this are[7]: 

Each index could be normalized with 

respect to the network average value for 

that index. Alternatively, each index could 

be normalized or compared with respect to  

 

the specified tolerance limit value for that 

parameter[4]. Normalization with respect to 

a system average is appropriate if the aim is 

to rank sites across the network, where as 

normalization or comparison with respect to 

specified tolerance limit value is more 

appropriate if the objective is to establish 

conformance with a specified limit value. 

 

Measurement analysis methods 

 

 Based in the above initial consideration 

and the selection of primary indices; it was 

decided to work in the following methods 

of analysis[6]:- 

 Method 1:-From the measured data; 

indices were selected, normalized and 

trended in order to make a comparison 

between measurement locations. 

 Method 2:-From the measured data; 

indices were compared to their limit 

value to check the operational 

condition of the network. 

Method 3:-Examining the time profile 

of some selected measurement 

channels at each location and 

diagnosis any problems that can be 

seen and may be recommended for 

mitigation.  
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 A- Method of Normalization 

 

 Using the data results through the period of 

12-22/05-2008 and using the selected 

indices to be trended, so each index can be 

normalized to substation or substation 

section average value for that index aiming  

 

 

 

to see the trend of each index in each 

measurement location. and also to compare 

these trends between locations. Table (1) 

shows the normalized indices for 30kV 

substation[7]. 

 

Table 1 Normalized Indices for 30 kV 

 

  

For the normalized indices values for the 10 

kV substation and it’s outgoing feeders at 

substation 10k-1st section as were also 

calculated and as shown in table (2) These 

calculated values for the two substations are 

plotted asshown in figure (1) and (2) 

As can be seen from these graphs the 

amplitude of each index to each 

measurement location and the dominant 

index can be seen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Normalized Indices for 30 kV 

 

 

 

 

 30 kV-1ST SECTION 30 kV-2ND SECTION 

 A B C A B C 

THD 0.8122 0.6706 0.7239 1.214 1.0658 0.9774 

Vdev 1.124308 1.070085 1.135374 0.886389 0.886389 0.897455 

P.F 1.089 1.078 1.079 1.11 1.076 1.10 

Vunbal 0.544 0.544 0.544 0.4563 0.456 0.456 

Pst 1.53 1.62 1.65 1.623 1.639 1.608 
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Table 2 Normalized Indices for 10kV-1st section substation Feeders 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Normalized Indices for 10kV substation Feeders 

 

For example in substation 30k we can see 

easily that harmonic index for section 2 is 

higher than section 1 and the voltage 

regulation of section 2 is much better than 

section 1. At 10 kV substation and it's 

outgoing feeders we see higher harmonic 

content at substation #7 and the higher 

THD3% at substation 2. These 

measurement locations they will be re- 

 A B C Sub1 Sub2A Sub3A Sub5-1 Sub7 

THD% 1.54 1.78 1.59 1.60 3.07 2.33 1.95 4.38 

IA AVG 1.64 1.61 1.59 0.46 0.28 0.55 0.33 0.16 

THD3% 1.51 5.26 5.26 2.03 6.96 1.17 5.19 3.56 

THD5% 1.56 1.50 1.50 1.62 2.88 2.41 1.99 3.66 

IR PST 1.01 1.00 1.00 0.99 0.99 0.99 0.99 0.99 
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measured again and a comparison of these 

indices with the new measurement will be 

done and the condition of each location will 

be assessed. As stated previously the aim of 

the normalization method is trending data 

over time and the benefits behind this 

method is to see what are the locations need 

concern or predicative maintenance action; 

i.e. power quality mitigation. Therefore;  

monitoring indices for the 30 kV substation 

, 10kV substation, and feeders of the 

distribution substations at 10kV substation 

were calculated for the first week and they 

will trended for the next measurement 

period, aiming for a monthly index and then 

a yearly index. In this way clearly the 

operating condition from the point view of 

power quality indices is achieved; however 

the more indices are assigned; the larger 

scale of monitoring the operating condition. 

B- Method of Severity Limit  
 

The method of severity limit is a 

comparison of 95% measured values of 

each index with the international standards. 

The aim of this method is to assess each 

index and to know the operation condition 

of the network in general. If the limit of an 

index exceeds the international standards 

then a process of mitigation and correction 

can be done after knowing the possible 

sources leading to higher value of this 

index. Table (3) below shows the indices 

for each measurement location at 30 kV and 

10 kV substations along with the severity 

limits and it’s clearly shown that all the 

indices are below the limit however the 

voltage deviation index exceed the planning 

limit. For the 10kV substation outgoing 

feeders indices of monitoring were selected 

and tabulated as shown in Table (4) 

From the above measurement data and with 

the use of the international standards IEC 

61000-X-X for each index one can draw the 

following statements:- 

The voltage deviation indexes were below 

the severity limit but they exceed the 

planning limit. Harmonic index they still 

below the severity limit at 30 kV; however 

one should be cautious about this measured 

value without real measurement at lower 

voltage level.  

 

 

 Table: 3 REWDRC network Severity limit indices-10kV-1st section substation and 

outgoing feeders 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Index limit A B 

C 

 

 

Sub-1-1-A Sub2-1A Sub3-1-A Sub5-1-A Sub-7-A 

THD% 8% 2.959 2.959 2.987 
5.18 

 

9.965 

 

7.569 

 
6.337 14.206 

THD3% 5% 
0.218 

 

0.501 

 

0.57 

 

1.345 

 

4.594 

 
0.774 3.427 2.353 

THD5% 5% 
2.917 

 

2.374 

 

2.887 

 

5.23 

 

8.854 

 
7.421 6.122 11.25 

10 PST 1.0 
0.479 

 

0.408 

 

0.617 

 

0.236 

 

0.236 

 

0.236 

 

0.238 

 

0.236 
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Table: 5 REWDRC network Severity limit indices-30 &10 kV substation 

 

 

This result is shown when this index is 

measured at the feeders of 10kV substation 

and it's clearly values exceed the limit. 

Voltage Imbalance measured values are 

well below the severity limit. 3% Harmonic 

index, values need special attention at 

substation#2, #5 since they are almost close 

to the alarming level. Pst 99% flicker index 

is higher at the 10kV substation and this is 

due to the switching of circuit breakers and 

transformers tap changer. As can be seen 

the objective of this method is to see where 

the sources are 

of the problems. In analyzing the sources of 

these problem one need to study the load 

types at each substation and perform 

another measurement at each load to see 

which have the higher effect so that 

correction can be made. This will be 

studied briefly at the next analysis method. 

studied briefly at the next analysis method. 

 

C-Method of verifying time profile of the 

measured channels 

 

As stated previously analyzing further to 

the sources of these indices is beyond the 

scope of this paper; however the use of this 

method is to illustrate the severity of some 

power quality problems and to present other 

factors might be of use for mitigation such 

as the time factor. In order to have a grasp 

of what is going on from the time profile or 

from the statistical data one has to know 

what are the load types at each substation. 

Each load type has its own effect; for 

example switching would raise the flicker 

and voltage variation, where as nonlinear 

load would raise the harmonic contents and 

so on.  

 

As stated previously through this research 

an initial survey was performed; this initial 

survey summarizes some problems which 

were power quality related and the load 

 

 

 

 

 

 

 

 

 

Location 

Voltage Deviation 

index 
Harmonic % index 

Vub 
P.F 

 
A B C A B C 

30 kV- 1st Section .058 .055 .059 3.32 2.71 2.93 0.56 .811 

30 kV- 2nd  

Section 
.046 .046 .046 4.97 4.32 3.99 0.47 .794 

10KV- 1st Section .081 .081 .076 2.96 1.77 2.30 0.36 .826 

Severity Limit ± 10% 8% 2% - 
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Fig(3) Measurement time profile of substation #2 

  

types at each substation. Load types and 

identification is very important in order to 

analyze the spectral waveform of the 

measured data. With reference to method of 

severity limits and the origin of the problem 

one could illustrate some finding from the 

time profile of the measurement data. One 

can not illustrate all the events but for 

instance the harmonic content at substation 

#2 which supplies machine tools shop, 

CNC machine, exterior lighting, office 

building and  

 

food service machines (grills, frying 

equipments….etc) clearly the harmonic 

content is justified since all these loads are 

source of harmonic . From the graph one 

can clearly see the content of the 5% and 

3% harmonics and time of occurrence of 

theses contents.  

 

Conclusions  

 

In this paper a brief introduction to the 

power quality phenomena and indices was 

introduced along with the application of 

power quality phenomena and indices in 

assessing the power network at TRC. No 

doubt power quality phenomena and indices 

is a new trend in the industry to assess the 

electrical network using the operation 

parameters and avoiding any problems that 

leads to sudden shutdowns or failure. As it 

have been stated, the work in this research 

was to assign some indices to assess the 

network; however and as it have been 
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known; the most trouble part in any power 

quality project is the huge data collection 

and the way of presenting this data in order 

to give an inside view of the network so no 

matter how many indices you put in there is 

a lot that is left and the most important in 

any work such as this one, you must always 

know your enemy which is 90%  is the 

load.  

Some important indices were assigned to 

assess the network and the selection of 

these indices was based upon an initial 

survey report and from an immediate 

measurement results. This assessment was 

done through assigning indices at each 

measurement location and through the use 

of three methods of analysis aiming to trend 

data over time, checking the severity limits 

and identifying the sources. As it has been 

illustrated some indices were exceeding the 

severity limit where as some need to be 

compared with the next measured 

programme and notice their trending.  In 

conclusion a lot of benefits were gained 

through this work experimentally, 

theoretically and this work is a true 

application of vertical transfer of 

technology hoping for the horizontal 

transfer. 
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Abstract 

In the last few years a variety of utility oriented software based digital devices 

with communication capabilities have emerged. Some utilities have been quick to recognize 

the advantages of these new products and an increasingly large number of these devices are 

being installed in substations toady. In order to make full use of this new technology, a 

means of collecting and organizing the data produced by these new products is needed 

locally in substations furthermore, access to this data must be provided to outside users. 

The source data now available in modern substation consists of fault reports, fault 

locations, metered quantities, equipment status, station alarms and sequence of events 

(SOE) data. This data is required by different utility groups at multiple locations.  

The paper presents and describes the integration of substation protection, control 

and data acquisition. It is a new concept for data integration where the substation field data 

recoded by monitoring and protection equipments. The paper will discuss detailed 

requirement for the integration process and how intelligent electronic devices (IED) is used 

to supplement remote terminal unit (RTU) and data for supervisory control and data 

acquisition system (SCADA). The paper will include the benefits gained and improvements 

on (SCADA) and other applications. The paper discussions will be based on field data as 

set and recorded from a one of the substations provided with the software based devices. 
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Introduction: 

The centralization of network operation 

needs remote access to the electrical 

substations separated over the entire 

electrical grid as power plants or 

Transmission substations for monitoring 

and control via centralized system 

(SCADA). 

SCADA stands for Supervisory Control and 

Data Acquisition system. That based 

originally on collecting data for each feeder 

in the substation consists of switchgear 

status, Alarms and measurements that are 

taken as an output of static relays, 

contactors and sensors (transducers) 

respectively.  The data collected is then 

concentrated in a slave device called 

Remote Terminal Unit (RTU) containing a 

standard communication interfacing 

protocol allowing it to transmit all the 

Substation data through used 

communication media to the master 

centralized control Center usually called 

Regional Control Center (RCC) in which 

all substation data are displayed in a single 

line diagrams and recorded in lists in  

historical archive for the operator to 

monitor the substation  in real time mode 

and responds to the events by sending  back 

some control signals to adjust the substation 

to the operational situation planned and 

needed by the utility. 

The substation static devices have been 

effectively influenced by the development 

of communication technology permitting 

using high speed automated devices called  

Intelligent electronic devices (IEDs) 

connected via reliable high speed 

communication protocols in peer-to-peer 

connection. 

Electric utilities, especially in developed 

countries, as well as for LIBYA, 

continuously encounter the challenge of 

providing reliable power to the end-users at 

competitive prices. Due to several reasons 

such as equipment failures, accidents, 

power disturbances and outages in 

substations occur and often result in long 

service interruptions. Thus, the substations 

should be properly controlled and  

monitored in order to take the necessary 

precautions accurately and in less time. In 

this respect, substation automation, which is 

the creation of a highly reliable, self healing 

power system that rapidly responds to real 

time events with appropriate actions, 

ensures to maintain uninterrupted power 

services to the end users. [1] 

As the equipments and devices in the 

substation became more and more 

microprocessor based devices (protection 

relays, fault recorders …etc). The 

Intelligent Electronic Devices (IEDs) 

communicating over high-speed 

communication links have been introduced 

to the world of substation automation and 

the role of the substation System Integrator 

has changed dramatically. The principal 

cause of this change is the paradigm shift 

from a system with unilateral control of 

slave devices by a single master to one 

implemented by a fully distributed 
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architecture, which includes the capability 

for peer-to-peer communication between 

IEDs and SCADA server via local Area 

Network. 

Centralized SCADA Systems 

SCADA (supervisory control and data 

acquisition) refers to the combination of 

telemetry and data acquisition. SCADA 

encompasses the collecting of the 

information, transferring it back to the 

central site, carrying out any necessary 

analysis and control and then displaying 

that information on a number of operator 

screens or displays. The required control 

actions are then conveyed back to the 

process. 

In modern manufacturing and industrial 

processes and off course power network 

utilities, telemetry is often needed to 

connect equipment (remote node) and 

systems (master station) separated by large 

distances, range from a few meters to 

thousands of kilometers. Telemetry is used 

to send commands and receives monitoring 

information from these remote locations. 

SCADA systems have been introduced as 

there have been control systems. Firstly 

they utilized data acquisition by means of 

panels of meters, lights and strip chart 

recorders. The operator manually operating 

various control knobs exercised supervisory 

control. These devices were and still are 

used to do supervisory control and data 

acquisition on plants, factories and power 

facilities. 

As the requirement for smaller and smarter 

systems grew, sensors were designed with 

the intelligence of PLCs and DCSs. These 

devices are known as IEDs (intelligent 

electronic devices). The IEDs are connected 

on a field bus, to the PC. They include 

enough intelligence to acquire data, 

communicate to other devices, and hold 

their part of the overall program. Each of 

these super smart sensors can have more 

than one sensor on-board. Typically, an 

IED could combine an analog input sensor, 

analog output, PID control, communication 

system and program memory in one 

device.[3] 

Fundamental principles of modern 

SCADA systems 

In the early days of data acquisition, as the 

electronic intelligent devices have been 

introduced and widely used to mange 

different substation equipments and bay 

protection for monitoring and operate 

distance, differential, bus bar protection … 

etc. and With the advent of the CPU and 

other electronic devices, manufacturers 

incorporated digital electronics into relay 

logic equipment. The PLC or 

programmable logic controller is still one of 

the most widely used control systems in 

industry and partially in power network, the 

PLCs were distributed and the systems 

became more intelligent and smaller in size. 

 As the need to monitor and control more 

devices in the power utilities grew, DCSs 

(distributed control systems) are used as 

local substation SCADA systems. [3] 
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RTU H/W configuration and 

functionality 

An RTU can be thought as 

communication equipment that used 

basically as a data concentrator and 

equipped with a communication protocol 

programs to establish path connection with 

the master centralized station.   

RTU configuration 

From the operation point of view, 

the RTU is an electronic device resides in 

the substation (node), equipped with several 

input and output cards in which all 

telemetry Input/output data for that node 

are hardwired. Furthermore RTU is 

microprocessor based equipment containing 

some application programs for digital and 

analog data processing, addressing and 

allocation. It contains as well several 

protocol programs to permit it to 

communicate with the centralized SCADA 

system through a communication card using 

interfacing protocol. Briefly, its main task 

is data concentrator and telecommunication 

interface equipment. 

Small sized RTUs generally have less than 

50 to 75 analog and digital signals, medium 

sized RTUs have less than 300 digital and 

analog inputs. RTUs, having a capacity 

greater than this can be classified as large. 

A typical RTU configuration is shown 

below: 

 

RTU Application programs 

RTU S/W and applications, 

comprises firmware, system configuration 

and setup, Error management, 

communication and protocol interfaces as 

well as RTU database management and 

data allocations normally resides in a non 

volatile RAM. 

 Typical application programs that can run 

in the RTU are: 

• Analog loop control (e.g. PID). 

• Protocol interfaces applications  

• Configuration and diagnostic tools for: 

• System setup 

• Hardware and software setup 

•application code 

development/management/operation. 

• Error logs. 

• Remote and local operation. 

Each module should have internal software 

continuously testing the systems I/O and 

hardware. Diagnostic LEDs should also be 

provided to identify any faults or to 

diagnose failure of components. It is 

important that all these conditions are 
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communicated back to the central station 

for indication to the operator.  

Testing and maintenance 

Many manufacturers provide a test box to 

test the communications between the RTU 

and master stations, and also to simulate a 

master station or RTU in the system. 

The typical functions provided on a test box 

are: 

• Message switches: Toggle switches 

simulating messages that the user wants to 

send to the RTU or master station. 

• Message indicators: Display of 

transmitted data and received controls. 

• Mode of operation: The user selects one 

of three modes of operation, test box in 

eavesdropping mode between RTU and 

master station, test box to RTU, test box to 

master station. An additional self-test mode 

is often provided. 

There are other features provided such as 

continuous transmissions of preset 

messages. Often the test box is interfaced to 

a PC for easier display and control of 

actions. [3] 

Typical requirements for an          RTU 

system 

In the writing of a specification, the 

following issues should be considered: 

 

 

Hardware: 

Individual RTU expandability (typically up 

to 200 analog and digital points) 

• Off the shelf modules 

• Maximum number of RTU sites in a 

system shall be expandable to 255 

• Modular system – no particular order or 

position in installation (of modules in a 

rack) 

• Robust operation – failure of one module 

will not affect the performance of other 

modules 

• Visible status LEDs 

• Local fault diagnosis possible. Remote 

fault diagnostics option 

• Status of each I/O module and channel 

(program running/failed/ communications 

OK/failed) 

• Modules all connected to one common 

bus 

• Ease of installation of field wiring and 

Ease of module replacement 

The RTU is normally installed in a remote 

location with fairly harsh environmental 

conditions considering dust, vibration, rain, 

salt and humidity.  

Software (and firmware) 
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• Compatibility checks of software 

configuration of hardware against actual 

hardware available 

• Log kept of all errors that occur in the 

system both from external events and 

internal faults 

• Remote access of all error logs and status 

registers 

• Software operates continuously despite 

powering down or up of the system due to 

loss of power supply or other faults 

• Hardware filtering provided on all analog 

input channels 

• Application program resides in non 

volatile RAM 

From Remote Terminal Unit to 

Substation Automation 

In case of conventional substation 

control system, this is implemented just by 

adding a remote terminal unit RTU in the 

substation, acting as a node which takes the 

needed data from some marshaling kiosk 

and transfer it to the network control center, 

respective connective commands from the 

network control center to some output 

contacts at the process. The RTU itself has, 

apart from pure communication handling, 

only the tasks to time stamp incoming data, 

and to assure the safety of outgoing 

commands by means of one out of N 

criteria supervision and the select before 

operate principle. So essentially it is just 

digital conversion and serialization device. 

The advances in microprocessor technology 

lead also to more and more functionality of 

control devices, introducing the PLC 

(programmable logic control) that can be 

included within an RTU that became 

programmable using the function charts 

according to IEC 61131 standard 

languages, advances in communication 

technology lead to distributed RTUs. This 

typically consists of some core device 

containing the NCC protocol processing 

and the PLC functionality, and remote I/O 

cards for binary as well as analog data. Also 

a direct connection of CTs and VTs via 

analog inputs can be added to omit 

separation amplifiers and transducers. Thus, 

the RTU becomes a very basic SA system. 

Nevertheless its central or master slave 

related architecture causes some restriction 

to its functional capabilities, performance 

and availability. 

In a complete SA system using DCS 

architecture, the RTU functionality is 

reduced to a station level gateway to the 

network control center (NCC), which could 

run even independent from the station level 

HMI, enhancing the overall system 

availability.  

 Digital Control Systems: 

Substation automation (SA) is used for 

controlling, protecting and monitoring of 

the network[1]. Digital Control System 

(DCS) is a local SCADA system based on a 

main server and HMI Client connected to a 

bay manager in local Area Network via a 

HUB. The bay Computer (manager) 

communicates to the protection relays 
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(IEDs) through serial RS232 or fiber optic 

communication for substation protection 

and measurement data. Substation 

equipments status, controls alarms and CTs, 

VTs  can be directly connected to the bay 

manager. 

 

DCS system configuration 

From a logical point of view, SA 

systems comprise three levels, the station 

level with the substation host, the substation 

HMI and the Gateway (GW) to the remote 

Network Control Center (NCC), the bay 

level with all the control and protection 

units and the process level with more or 

less intelligent process interfaces to the 

switchgear. [5] 

All implemented levels are interconnected 

by serial communication links, whilst fiber 

optic communication link can be used. 

There is not only vertical communication 

between the levels (e.g. between bay and 

station level), but also horizontal 

communication within the level (e.g. in the 

bay level between bay units for functions 

like interlocking). Logical scheme of the 

three levels of a Substation Automation 

system shown in (Figure 4.1) 

 

Figure 4.1 Logical DCS system structure                 

 

 

4.2 SA SCADA functionality  

 SA Operative functions are those 

typical SCADA functions that directly 

enable operator to control the substation. 

4.2.1 Monitoring and Supervisory 

functions 

The monitoring and supervisory functions 

enable operator to: 

1.Show the status of the process (substation 

equipments status). 

2.To alarm about errors and dangerous 

situations. 

3.To archive data for later evaluation of 

process performance or failure analysis. 

4.Reconstruct the system using Disturbance 

recording.  

5.Get time stamp accuracy in ms. (field 

time). 

The typical monitoring functions are: 
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   Event management. 

 Alarm management. 

 Data storage and 

archiving. 

 Disturbance recorder and 

system reconstruction. 

 Log management. 

Control Functions 

 Enables the operator or automatic 

function (e.g. Automatic voltage Regulator) 

to control switchgear equipments to: 

1. Open or close circuit breaker, 

disconnector, or earth switch 

(single and sequence switching). 

The execute command here is subject to 

certain conditions that assure no damage 

accurse if the control action is conducted: 

2. Device supervision will detect 

failures and block the  

A .Hard wired interlocking in process level 

and software interlocking in HMI level 

using (PLC) language that generate a state 

to enable or disable control action. 

A .When closing a breaker, synchrocheck 

function will verify both sides voltages 

synchronism before the breaker is closed. 

b.A controlled object may be blocked if it is 

put into maintenance mode. 

c.The privilege of an operator is checked if 

he wants to control an object.  

d.The substation must be in remote mode to 

enable control from SCADA centralized 

system or in local mode to enable control 

from substation bay level.  

3. Rise or lower transformer taps 

changer (manually or via AVR 

application). 

4. Send a set point to adjust 

generating unit power capacity. 

5. Set Tagging: open/close inhibition, 

work permission and sanction for 

test. 

6. Update not renewed statue or 

missing measurement replacement 

when absence of telemetry data. 

7. Parameterize Authentication and 

user operation area and access 

permissions. 

Benefits of using DCS 

Each utility, in their effort to 

automate existing substations, should focus 

on two considerations that influence the 

optimum control of its power system 

management business.  

Technical point of view 

Technical enhancements built into 

modern automation system IEDs provide 

timely data to support the utility’s business 

functions, facilitate upgrading to add or 

modify IED functions, diagnose and 

remedy problems in a timely manner, and 

maintain accurate documentation of 

substation’s functional configuration.  

 • From a business point-of-view, 

future substations must provide 

accurate, timely, and trusted 

information to the power control 

centers and the information 

technology centers.  

 • Unlike an existing conventional 

system that requires many labor-

intensive changes in the secondary 

equipment to add additional 

functions, new multi-function 

IEDs provide the capability to add 

functions to the existing primary 

equipment without rewiring.  

 • The ability to diagnose in real 

time problems in modern systems, 

and provide accurate information 

60

60



 
 

 

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/2010 

about the system, shortens the time 

required for diagnosis, results in a 

faster restoration time after a fault 

and increases the reliability of the 

substation.  

 • Today, utilities face difficulties 

in documenting all changes and 

upgrades to the network. In other 

words, “As Built” documents that 

reflect the actual site conditions of 

the secondary equipment might not 

be available. New numerical 

systems provide the capability to 

automatically document the 

system configuration during 

installation, and therefore an “As 

Built” electronic documentation is 

updated continuously.[7] 

Financial point of view 

From a business point of view, 

operation and maintenance costs should be 

significantly reduced to justify the cost of 

substation automation. 

Savings in operational cost may be realized 

by  

 • Remote control of substation 

equipment, thereby eliminating the 

need to man the substation for 

local control.  

 • Faster fault location and 

clearance, resulting in shorter 

supply interruption time, which is 

directly related to cost.  

 • Rapid identification of control 

and protection equipment failure, 

allowed by timely remedial 

corrective action. This is enabled 

by sequential switching and expert 

systems that can perform 

sophisticated functions faster and 

more precisely than human 

operator.  

 • Better and more co-ordinated 

network control functions as 

voltage/VAR control, network 

reconfiguration, and supply 

reestablishment after faults.  

Savings in maintenance cost may be 

realized by  

 • Elimination of periodic testing and 

inspection of electromechanical 

relays and meters.  

 • Reducing the time and effort to 

troubleshoot problems associated 

with less-complex wiring schemes.  

 • Software-based equipment testing, 

which if integrated into the 

substation automation system, 

requires less time and effort to 

isolate and fix equipment problems.  

 • Primary equipment condition 

monitoring to reduce regular 

maintenance schedules of primary 

equipment. For example, new IED’s 

may have features that provide 

information about the number of 

times the feeder breaker operated on 

fault conditions and the total current 

that was switched. This information 

can be used to determine when to 

maintain the breaker.  

 • Continuously monitoring and 

diagnosing the entire substation 

installation, and then planning just-

in-time maintenance rather than 

maintenance based on a predefined 

schedule.  

Savings in retrofit installation cost 

(compared to conventional wiring) begins 
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with well-designed automation architecture. 

The use of a substation LAN is the major 

opportunity to reduce installation cost.  

 • Substation automation using 

digital signal processing does not 

require the extensive copper 

cabling 
 

that is required between 

bays in a substation and control 

room in existing conventional 

substations. Only fiber optic 

cabling is needed for 

communication between primary 

equipment and its local bay control 

cubical, either directly or through a 

process bus.  

 • With modern secondary 

equipment, a number of functions 

can be performed in one IED 

whereas in conventional 

equipment many different units are 

required. Using multi-function 

IEDs requires less space than 

using conventional single-function 

IEDs. [7] 

Experience and possibilities for evolution  

Installations  

Table below shows total number of high 

voltage (400 KV, 220 KV) and plant 

substation (11 KV) Substation Automation 

operation per year in Libya.  

 

Table 1.Total number of systems in 

operation  

Of the quantities shown, approximately 

30% corresponds to new substations, and 

70% to refurbishment of existing ones.  

More, and another way of medium voltage 

substations (66/30/11 KV substations), 

GECOL started a new huge project for 

constructing a new 10 distributed Control 

Centers  around the country to enhance the 

distributed  power network performance, 

reduce the maintenance cost and 

respectively the network outages that 

influences on the network grid reliability 

availability. 

In this project each control center will 

control substations relays on its 

responsibility, each substation is equipped 

with new full SA functional protection 

devices (IEDs) using new substation 

communication standards for substation 

equipments inter connections in both 

process and bay levels configuration, All 

telemetry data sent and received in the SA 

are connected to the master control center 

through a gateway as the substation level, 

comprising state of the art communication 

interfaces. 

GECOL is looking forward to enhancing its 

power network grid and associated system 

by installing new and refurbishing existing 

substation with new SA recent technology. 

Using the IEC 60870-5-104 offer the 

opportunity to use the future up coming 

feature of using the WAN (wide Area 

Network) that permit accessing the SA 

through the internet web site for system 

enhancement with more third party 

application, substation browsing on the net 

reducing the maintenance cost and 

satisfying the customer with more efficient 

services. 

Technical experiences  

The main aspects that had to be 

solved at the early stages of the 

implementation of SA systems were:  

2004  2005  2007 2008  2009 Scope 

in 

2010  

19  26 55 59 60 219 
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 a) Lack of knowledge and training of 

the personnel for commissioning, 

operation and maintenance.  

 b) Too long commissioning times due to 

the difficulties of coordinating the many 

different people involved in each 

project.  

 c) Lack of standardization of the new 

substation automation engineering.  

 d) Difficulties to perform complete 

system acceptance tests at the vendor’s 

factory. 

 e) Considerable effort was dedicated to 

debug some minor interoperability / 

interchangeability problems in the used 

protocols due to the mixing equipment 

form different manufacturers in the 

same installation. 

At the present, there still are some 

aspects that can be improved, such as:  

 a) Dependency on the manufacturers for 

reparations and small modifications.  

 b) Replacement parts availability: A 20 

year guarantee is required from the 

manufacturers, but this may not be 

practical taking into account the fast 

evolution of the technology.  

 c) Need for improvement of the 

rudimentary level of tools and utilities 

for graphic design, logic debugging, 

system configuration maintenance, 

automatic back-ups, etc.  

 d) Excessive number of software 

version changes.  

Economical aspects  

A clear aspect is the reduction of the 

investment costs. The main reasons are the 

simplification of racks and panels, the 

reduction of the required space and the 

reduction of inter panel wiring.  

A second real cost reduction aspect 

is the reduced maintenance of the secondary 

side devices, due to the self-monitoring 

capabilities of the systems.  

Other generally supposed economic 

advantages are the opportunities for 

reduction of the maintenance of the primary 

side equipment and exploitation costs. In 

this respect, no evidence of such benefits 

has been experienced, mainly because no 

condition monitoring based maintenance 

applications are being used presently. [2]  

 

 

 

Why do existing substations need to be 

automated? 

1.This is best understood by identifying 

typical modern substation automation 

capabilities and architectures that have the 

potential to improve power delivery 

control, protection and supervision 

functions. Each utility, in their effort to 

automate existing substations, should focus 

on two considerations that influence the 

optimum control of its power system 

management business.  

2.Savings in operational cost may be 

realized by  

Remote control of substation equipment, 

thereby eliminating the need to man the 

substation for local control.  
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• Faster fault location and clearance 

,resulting in shorter supply interruption 

time, which is directly related to cost.  

• Rapid identification of control and 

protection equipment failure, followed 

by timely remedial corrective action. 

This is enabled by sequential switching 

and expert systems that can perform 

sophisticated functions faster and more 

precisely than human operator.  

• It’s more co- ordinate network control 

functions as voltage/VAR control, 

network reconfiguration, and supply 

reestablishment after faults.  

• Savings in maintenance cost may be 

realized by  

• • Elimination of periodic testing and 

inspection of electromechanical relays 

and meters.  

• Reducing the time and effort to 

troubleshoot problems associated with 

less-complex wiring schemes.  

• Software-based equipment testing, 

which if integrated into the substation 

automation system, requires less time 

and effort to isolate and fix equipment 

problems.  

• Primary equipment condition 

monitoring to reduce regular 

maintenance schedules of primary 

equipment. For example, new IED’s 

may have features that provide 

information about the number of times 

the feeder breaker operated on fault 

conditions and the total current that 

was switched. This information can be 

used to determine when to maintain the 

breaker.  

• Continuously monitoring and 

diagnosing the entire substation 

installation, and then planning just-in-

time maintenance rather than 

maintenance based on a predefined 

schedule.  

 

 

 

Conclusion 

The SA infrastructure comprising 

numerical protection and control devices 

allows a new maintenance approach for 

T&D equipment and provides cost effective 

solutions for  

 • On-line monitoring of primary and 

secondary substation equipment  

 • Diagnostics to determine the need for 

maintenance  

 • Reliability-centered maintenance and 

condition based asset management  

 

The benefits are reduction of operation and 

maintenance costs as well as improved 

service quality and overall power system 

availability  

The integration of protection and control is 

a way to minimize installation and 

maintenance complexity by reducing the 

number of IEDs in a substation. Thorough 

research studies have indicated that the 
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integration of protection and control 

functions will even increase the system 

reliability. The improvement arises largely 

from the reduced amount of hardware, 

wiring and interfaces between equipment 

that are enabled by integrated solutions.  
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Abstract: 

This paper presents an automatic system  for the detection and classification of power 

quality disturbances, namely  sag, swell and flicker. A detailed description of the  multi-

resolution wavelet transform technique is presented, and an elaboration on  how it is used to 

detect and classify different disturbance instances is given. Matlab was used in this research 

to implement  the different algorithms. The choice of Mtalab was based on the fact that it is 

one of the best tool for rapid prototyping that is available to researches in the academic 

environment.  

Keywords: Power quality; wavelet transform; Multi-Resolution Analysis (MRA); neural 

network, Monitoring, Pattern  recognitition. 

1) Introduction  

     Recently, Power quality has become an 

important issue in power systems.  Several 

years ago the demand for a good power 

quality has been increased and has become 

a requirement for some industries.. The 

reason is mainly due to the increased use of 

digital  processors in Various types of 

equipment, such as computer terminals, 

Programmable logic controller, diagnostic 

systems, etc. 

     Most of these devices are quite 

susceptible to disturbances of the incoming 

alternating voltage waveform. Poor power 

Quality (PQ) may cause many problems for 

affected loads, Such as malfunction, failure, 

instabilities, short life time, etc. 

     Poor power quality is normally caused 

by power-lined disturbances, such as 

impulses, notches, momentary 

interruptions, wave shape faults, voltage 

swell/sag, harmonic distortion, and flicker, 

resulting in failure of end-use equipment. In 

order to improve power quality, the sources 

and causes of such disturbances must be 

known before appropriate mitigating 

actions can be taken. 

     A feasible approach to achieve this aim 

is to incorporate detection capabilities into 

monitoring equipment so that events of 

interest will be recognized, captured, and 
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classified automatically. Thus, good 

performance monitoring equipment must 

have functions which involve the detection, 

localization, and classification of transient 

events. To monitor electrical power quality 

disturbances, short timed is discrete Fourier 

transform (STFT) is most often used. But 

for non-stationary signals, the STFT does 

not track the signal dynamics properly due 

to the limitations of fixed window width 

chosen a priority thus, STFT cannot be used 

successfully to analyze transient signals 

comprising both high and low frequency 

components.  

    On the other hand, the discrete wavelet 

transform And multi-resolution analysis 

provides a short window for High 

frequencies components and long window 

for low frequency components, thus closely 

monitoring the characteristics of non-

stationary signals. 

     In this paper, we used multi-resolution 

wavelet transform based neural classifier to 

automatically detect, and classify  sag, 

swell and flicker disturbances. The 

structure of  the system that was  used  is 

described below. 

2) Systems components 

The  system’s  hardware  consists of  a 

voltage sensors, National Instruments data 

acquisition card (DAQ) model PCI 260+ 

and a personal computer (PC).  

     The systems software starts with 

acquiring the voltage samples of a specific 

window size from the power lines ,  then it 

extracts the features of the samples data 

from the 12-level resolution wavelet 

transform. , and finally classifies the feature 

vector of the sampled window as a sag, 

swell, flicker or pure.  

 Wavelet technique and program 

designing: 

I. Wavelet Transformer (WT): 

     The wavelet technique is more suitable 

than the Fourier one, especially when 

signals are non-stationary. Wavelet 

algorithms process data on a different scale 

(level) or resolution. In wavelet analysis, 

the scale that we use to look at data plays a 

special role. A basis function varies in scale 

by chopping up the same function or data 

space using different scale sizes.  

The continuous wavelet transform was 

developed as an alternative approach to the 

short-time Fourier transform to overcome 

the resolution problem. By using 

Mathematical Tools where a signal or 

function f(t) can be analyzed or processed 

as expression  in a linear combination of a 

set of orthonormal functions  l (t) 

            

   

                            

     where t is time, l  is an integer index, 

and cl is the expansion coefficients that may 

be calculated, for continuous-time signals, 

by the inner product (or scalar product): 
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or for discrete-time signals, 

                 
 
   

 

    

          

     In wavelet, The continuous wavelet 

transform  (CWT) is defined as follows:- 

    
        

        

 
 

    
        

   

 
          

As seen in the above equation, the 

transformed signal is a function of two 

variables,   and s, the translation and scale 

parameters, respectively, and the function 

(t) is called the mother wavelet.  

In today’s world, computers are used to do 

most computations. It is apparent that 

neither the FT, the STFT, nor the CWT can 

be practically computed by using analytical 

equations, integrals, etc. It is therefore 

necessary to discrete the transforms. As in 

the FT and STFT, the most intuitive way of 

doing this is simply sampling the time-

frequency (scale) plane. 

     Sampling the plane with a uniform 

sampling rate sounds like the most natural 

choice. In the case of Wavelet Transformer, 

a fast algorithm is actually available to 

compute the wavelet transform of a signal, 

the discrete wavelet transform (DWT). 

For the wavelet expansion 

                 

  

              

where j and k are integer indices and j,k(t) 

are the wavelet functions that form an j,k 

orthogonal basis. The set of coefficients cj,k 

is called the discrete wavelet transform 

(DWT) of  f(t) function, and can be 

calculated by  

                   

                                

The DWT analysis the signal at different 

frequency bands with different resolutions 

by decomposing the signal into a coarse 

approximation and detailed information.  

DWT  employs  two   sets  of  functions, 

called    scaling   functions   and   wavelet  

functions, which are associated with 

lowpass and highpass filters, respectively. 

The decomposition of the signal into 

different frequency bands is simply 

obtained by successive highpass and 

lowpass filtering of the time-domain signal. 

     The translation and dilation operations 

applied to the mother wavelet are 

performed to calculate the wavelet 

coefficients, which represent the correlation 

between the wavelet and a localized section 

of the signal. The wavelet coefficients are 

calculated for each wavelet segment, giving 

a time-scale function relating the wavelets 

correlation to the signal.  

From Equation 5 the wavelet expansion has 

the form 
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     where J0  is a non-negative integer. This 

expansion is similar to that by Fourier 

analysis showing a linear combination of 

wavelet coefficients, (      ,     ),  a set of 

basis functions  
    

    , called scaling 

functions, and        . Sets       and       

are the discrete wavelet transform (DWT) 

of  f(t) and can be calculated by 

 

             
    

                   (8) 

                                   (9) 

In practice, the wavelet expansion must be 

truncated at j= J–1  such that 

                
   

     

   

             

 

 

    

  

              

 

     In this expression, the first sum is a 

coarse representation of f(t), where f(t) has 

been replaced by a linear combination of 

    translations of the scaling function  
    

 

. 

     The remaining terms are the detailed 

representation. For each j level,    

translations of the wavelet      is added to 

obtain a more detailed approximation of 

f(t).  

     The DWT is implemented using multi-

resolution analysis (MRA) to decompose a 

given signal into scales with different time 

and frequency resolution. MRA, as implied 

by its name, analyses the signal at different 

frequencies with different resolutions. 

Every spectral component is not resolved 

equally as was the case in the STFT. 

Application Of Discrete Wavelet 

Transformer (DWT) to detect voltage 

variations: 

Multi-wavelet transform is a  new  concept 

in  the  framework  of wavelet transform 

but has some important differences. In 

particular, where as wavelet transformer has 

an associated one scaling (level) function 

and wavelet function, multi-wavelet has 

two or more scaling functions and wavelet 

functions. 

A. Multi-Resolution Analysis technique 

(MRA) :  

     The first main characteristic in DWT is 

the Multi-Resolution Analysis (MRA) 

technique that can decompose the original 

signal into several other signals with 

different levels (scales) of resolution 

Figure(1). From these decomposed signals, 
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the original time-domain signal can be recovered without losing any information. 

 

 

Figure (1) : three-level decomposition tree of MRA 

The recursive mathematical representation 

of the MRA is as follows: 

aj = dj+1   aj+1= dj+1   dj+2   dj+3 

 ……  dj+n   aj+n 

Where:  

aj+1 : approximated version of the given 

signal at scale j+1 

dj+1:detailed version that displays all 

transient j+1 phenomena of the given signal 

at scale j+1 

  :denotes a summation of two 

decomposed signals 

n : is the decomposition level   

     hence, we observe MRA is designed to 

give good time resolution and poor 

frequency resolution at high frequencies 

and good frequency resolution and poor 

time resolution at low frequencies. This 

approach makes sense, especially when the 

signal at hand has high-frequency 

components for short durations and low-

frequency components for long durations. 

Fortunately, the electrical signals that are 

encountered in practical applications are 

often of this type. 

B. Wavelet based feature extraction 

model: 

 

In this paper DWT and multi-resolution 

analysis have been used to build the model. 

By return to equations (5) and (10): 

    

               

     

   

             

 

 

    

                    

where in MRA, any time series f(t) can be 

completely decomposed In terms of the 

approximations, provided by scaling 

functions       and the details, provided 
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by the wavelets  
 
   , where               

and  
   

    are defined as the following: 

         
  
              (11a) 

 
   

     
  
              (11b) 

     The scaling function is associated with 

the low-pass filters with filter coefficients 

h(n), and the wavelet function is associated 

with the high-pass filters with filter 

coefficients g(n). 

                             

 

              

                             

 

              

Where h(n) and g(n), are sequences that 

represent discrete filters and Z is the set of 

all integers. 

g(n)= (-1)
n
 h(1-n)             (12) 

The two Equations represent the DWT 

algorithm. Sequence f(n), the digitalized 

version of  f(t),  is decomposed by the 

MRA where we used MatLab tools box 

version 7.0. 

 

The decomposition procedure starts with 

passing a signal through these filters. The 

approximations are the low-frequency 

components of the time series and the 

details are the high-frequency components. 

     Multi-resolution analysis leads to a 

hierarchical and fast scheme. This can be 

implemented by a set of successive filter 

banks as shown in Figure (2), where h(n) 

and g(n) are the low-pass and high-pass 

filters as defined in (11a-b) & (12). 

The  symbol  2 means  the  down 

sampling with a factor of 2, n is the 

coefficient index at each decomposition 

level. Considering the filter bank 

implementation in Figure (1),   the 

relationship of  the approximation 

coefficients and detail coefficients between 

two adjacent levels are given as 

                       

 

           

      

                 

 

                 

where     and      represent the 

approximation coefficients and detail 

coefficients of the signal at level j, 

respectively. 

     In this way, the decomposition 

coefficients of MRA analysis can be 

expressed as  
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Which correspond to the decomposition of 

signal f(t) as                                

      

                   

                           

                                                  

                                                      

Where Ai(t) is called the approximation at 

level i, and  Di(t)  is  called the details  at 

level i,  Since  both the high-pass filter and 

the low-pass filter are half band, the MRA 

decomposition in frequency domain for a 

signal sampled with the sample frequency fs 

can be demonstrated in Figure (2). 

 
 

 
figure (2) MRA analysis and feature construction 

 

 

In order to reduce the feature dimension, we 

will not directly use the detail Di(t) and 

approximation Ai(t) information for future 

training and testing. Instead, we propose to 

use Ei as a new input variable for (NN) 

Neural Network classification. 

Where Ei is the energy at each 

decomposition level, and Ei is the 

difference in energy distribution between 

the distorted signal and the pure one see 

figure (7). The energy at each 

decomposition level is calculated using the 

following equations: 

 

 Energy equation for details 

decomposition level: 
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 And energy equation for 

approximations decomposition level: 

     
 

 
      

 
 

   

 

  
     

 

 
 

 
 

                             

Where i=1, …,   is the wavelet 

decomposition level from level 1 to level  . 
N is the number of the coefficients of detail 

or approximate at each decomposition 

level. 

 

In this way, for a   level wavelet 

decomposition, we construct a (  +1) 

dimensional feature vector for future 

analysis. Figure (3) shows data flow in the 

proposed wavelet feature extraction. 

Where the feature Ei calculated by 

equation (16a-b): 

E= Edistroted signal - Epure signal                     

(16a) 

 

Form 1 to l level :- 

                                                                 

 
 
 
 
 

    

    

 
    

       
 
 
 
 

    

 
 
 
 
 

   

   

 
   

      
 
 
 
 

        

 
 
 
 
 

   

   

 
   

      
 
 
 
 

   (16b)  

 

Figure (3) Wavelet based feature extraction. 
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C. The Selection Of Wavelet 

     One of the key factors in the application 

of DWT is the selection of the most 

appropriate wavelet function depending on 

the type of disturbance to be detected and 

analyzed. As a general rule shorter wavelets 

are best suited for detecting fast transients, 

while slow transients are better detected 

using longer wavelets. 

     Daubechies wavelet has been applied 

widely since it is sensitive for non-

stationary signal. Because Daubechies 

wavelet has characteristics of orthogonality, 

compact support and fast arithmetic, so 

Daubechies wavelets is very suitable for 

detecting oddity of signal.[10] 

D. Simulation and data generation: 

     The aim of the  simulation  is to produce  

typical power waveforms of different 

disturbances as well as pure AC. One 

advantage of simulation is the ability to 

produce as many as possible waveforms 

that represent different power quality 

disturbance with different level of noise. 

This will enable the classifier to be trained 

(Exposed) to almost every possible 

disturbance that could ever happen. 

Another clear advantage is the ability to test 

the recognition rate of the classifier with a 

huge data set. The different parameter that 

were used for the generation  of  simulated  

signals is shown in Tables 1&2: simulation 

of disturbed signals (pure sinusoid, sag, 

swell & flicker) can be generating by using 

a disturbed signal modeling (parametric 

equations) in tables (1&2): 

Table (1): 
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Table (2): 

 

Data generation by parametric 

equations is very advantageous to test the 

classifier ability to recognize different 

patterns.  It is possible to change training 

and testing signal parameters in a wide 

range and in a controlled manner. The 

simulated signals are very close to the real 

situation. On the other hand, different 

signals belonging to the same class gave 

possibility to estimate generalization ability 

of classifiers based on neural networks. 

MATLAB was used to  generate 

100 different test cases for each disturbance 

type (i.e sag, swell & flicker). 

     These data sets were used to train neural 

network and test its performance. Figure (4) 

shows the generated signals. 

 
Figure (4) shows the signals generated by MATLAB 
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II. Detection  Program  

The  monitoring voltage 

variations, sag, swell and flicker based on 

wavelet analysis can be realized by using 

MATLAB program version 7.0, its consists 

of two parts, part one is simulation part and 

part two to analyzing the data storage of 

real signal to detect and classify the voltage 

variation, sag, swell and flicker. This paper 

also discusses how to apply toolbox of 

MATLAB to made a monitoring program 

that has a detection and classification 

features. 

i. Part one (simulation part) 

The program steps of this part are: 

 Step1: Generating signals close to the 

real situation of pure sinusoid, sag, swell 

and flicker by using the parametric 

equations in table (1), the sampling 

frequency used is 3.2 kHz and 100 

different cases of disturbed signals for 

each type of sag, swell & flicker. 

 

 Step2: Apply MRA on the simulated  

signals to detect the pure sinusoid, sag, 

swell and flicker features represented as 

details & approximation coefficients by 

using Daubechies wavelet (db5) Where 

we used wavedec( ) as wavelet 

decomposition  function  and wrcoef(    ) 

as reconstruction function. Figure (6) 

shows the simulation results of extracting 

feature of flicker and swell as examples. 

 Step3:  Calculate energy at each 

decomposition level based on equations 

(15a-b). 

 Step4: Calculate Ei base on equation 

(16a-b) and save the results to be as 

inputs to Neural network. 

 Step5: Train the neural network by 

feeding input the features generated  

from previous step to its input. Matlab 

provides a complete neural network 

toolbox. MLP type feed-Forward back-

propagation was used in this paper. The 

Matalb code is as follows: 

net = newff(    ); 

net.trainPara

m.epochs = 4850

  

  

net = train( );

  

  

     In this paper, NN is designed to 

recognize the following  types of power 

quality disturbances: pure sinusoidal, 

voltage sag, voltage swell and flicker. The 

training parameters and structure of MLP 

are shown in Table (3). They were selected 

to obtain best performance, such as the 

number of hidden layers, the size of the 

hidden layers and type of the activation 

functions. Figure (5) shows the training 

performance.  

 Final step: saving the training results to 

used it in part two where this part detect 

and classify the data storage of real 

signal. 
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Table (3) Training parameters and the structure of the MLP used in this paper: 

ARCHITECTURE 

The number of layers 4 

The number of neuron on the layers 
Input:13, output:4, hidden 

layers:5 

The initial weights and biases Random 

Activation functions Sigmoid 

TRAINING PARAMETERS 

Learning rule Feed-Forward Back-Propagation 

Train parameters epochs 4850 

Mean-squared error 1E-13 

 

 
Figure (5) The training performance of neural network in this research. 
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Figure (6) simulation results of extracting feature of flicker & swell 
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ii. Part two (analyzing of data storage) 

     This part has not been completed yet and 

it is still being developed. is not finished yet 

and it's still under preparing, Its consists of 

three stages as follows: 

 Stage one: Acquiring the real signal by 

DAC, processing and storing the data. 

 Stage two: Detect the presence of any 

voltage variation and classify as either 

a  sag, swell or flicker. 

 Stage three: Store the detected event. 

 

     This part of program will be displayed 

time and location of voltage variation on 

the signal. 

4. Testing Results of NN: 

  

 After training the computer we have to 

testing the results by generating   new   

different   signals looks like as we have 

done before, where randomly 100 signals of 

each disturbance type entered to testing 

neural networks. Table (4) shows the 

classification performance of NN. 

 

 

Table (4) Classification results for the wavelet-based neural network in this paper: 

 

TYPE 

TESTING 

O
ve

ra
ll 

A
cc

u
ra

cy
   

  
  

%
5

7
.8

9
 

pure sinus-

oidal 

Voltage 

Sag 

Voltage 

Swell 

Voltage 

Flicker 

S
IM

U
L

A
T

IO
N

 

R
E

S
U

L
T

S
 

pure sinusoidal 10 2 0 1 

 

Voltage   Sag 0 97 0 0 

Voltage Swell 0 0 100 0 

Voltage Flicker 0 0 0 98 

Other 0 1 0 1 

accuracy 100% 97% 100% 98%  

 

5. Experimental results and 

conclusions  

 

o Energy distribution 

 

We can categorize two properties of 

energy distribution of the given distorted 

signals: 

 

1) When Sag or Swell occurs, E5, E6 

& E7 will show obvious variations. 

The difference of  them:  

 

 Voltage sag has amplitude between 0.1 

p.u and 0.9 p.u.  

 Voltage swell has amplitude between 

1.1 p.u and 1.8 p.u. 

 

2) When the voltage suffers a transient 

disturbance of the  low-frequency 

elements such as voltage flicker, E1, 

E2 & E3 will show obvious 

variations. 

 

o Parametric equations (Signals 

simulated): 
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1) Signal modeling by parametric 

equations for classifier test was 

advantageous in some aspects. It was 

possible to change testing and training 

signal parameters in a wide range and 

in a controlled manner. 

 

2) Signals simulated in that way were 

very close to reality. 

 

3) During the detecting and classifying 

PQ disturbances, 100 different cases 

for every type of PQ  disturbance  

waveforms  are generated by Matlab 

7.0. The disturbances include voltage 

sudden sags, sudden swells and 

flickers, Before classifying the 

disturbances, we decompose the 

sample disturbance digital signals 

using Daubechies wavelet (Db5). 

 

 

 
 

Figure (7a) Detailed Energy Distribution of pure signal 
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Figure (7b) Detailed Energy Distribution & E of sag, swell and flicker 
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Abstract-This paper employs a hybrid particle swarm optimization algorithm to locate 

shunt capacitors with optimal sizes in an unbalanced radial distribution system 

(unbalanced-RDS).  A discrete version of particle swarm optimization (PSO) is combined 

with a three phase radial distribution power flow algorithm (RDPF).  The former is 

employed as a global optimizer to find the best combination of locations and sizes of shunt 

capacitors, while the latter is utilized to satisfy the power flow equations.  The problem is 

formulated as a constrained nonlinear integer programming problem with both the capacitor 

location and size being discrete values.  The objective is to minimize the cost of the total 

real power loss and that of the installed capacitors while satisfying the operating constraints 

imposed on the system.  A 13 bus-unbalanced radial distribution system (13bus-RDS) is 

tested to validate the proposed method.  The test results show the effectiveness of the 

developed algorithm in solving the optimal capacitor placement and sizing problem. 

 

Index Terms- shunt capacitors, distribution systems, particle swarm optimization.

 

I. INTRODUCTION 

APACITORS are widely installed in 

distribution systems to reduce power 

losses, improve voltage profiles, and 

release the system capacity [1].  Achieving 

such benefits depends greatly on placing 

and sizing the capacitors properly.  Studies 

have shown that about 13 % of generated  

 

 

 

power is consumed as losses [2].  

Moreover, in distribution systems, the 

voltage tends to drop along long feeders 

causing more power losses.  Including 

capacitors in the distribution system will 

boost voltage profiles back within 

allowable limits.  Furthermore, proper 

installation of capacitors will 

release additional kVA capacity.  Capacitor 

placement and sizing are well studied areas 

of research.  The Capacitor Subcommittee 

of the IEEE Transmission and Distribution 

Systems Committee has issued 10 

bibliographies on power capacitors dating 

back to 1950s [2].  In 1968, Duran 

employed a dynamic programming 

technique to solve the capacitor placement 

problem [3]. The goal was to maximize the 

savings due to the loss reduction through 

proper installation of shunt capacitors while 

minimizing shunt capacitors costs.  The 

problem was formulated as one of 

C 
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maximization with a return function of total 

real power loss savings minus the cost of 

the capacitors to be installed.  The only 

constraint considered was the total reactive 

current injection of the node at which a 

shunt capacitor was to be installed. The 

optimal solution was obtained using a 

multistage optimization process.  In [4] , 

Baran obtained the optimal location, type, 

and size of shunt capacitors in two separate 

steps.  The problem was divided into a 

master problem, to optimize the capacitor 

location, and a slave problem, to optimize 

the capacitor size.   The objective was to 

minimize energy loss and real power loss 

while taking the capacitor cost into account.  

The inclusion of energy loss into the 

objective function required accounting for 

load profile variations over a certain period 

of time.  The load profile was assumed to 

change in discrete steps. Considering the 

changes in load profile allowed for 

accommodation of capacitors of switched 

type.  Baran [1] formulated the optimal 

capacitor sizing problem as one of 

nonlinear programming.  The outputs of 

shunt capacitors were optimized such that 

the cost of real power losses was reduced 

while keeping the cost of shunt capacitors 

at a minimum.  A solution method based on 

I-phase-II-phase feasible directions was 

employed. Grainger et al optimized the 

locations and ratings of fixed shunt 

capacitors such that the maximum capacity 

was released [5].  The optimal solution was 

achieved using a new voltage-dependent 

method.   

     Chiang et al reformulated the 

conventional capacitor placement and 

sizing problem [6].   The objective function 

was classified as a non-differentiable 

function adding more challenges to the 

conventional optimization algorithms.  A 

simulated annealing algorithm was applied 

to minimize the constrained non-

differentiable objective function.  Chen 

proposed a systematic approach to 

optimally locate and rate shunt capacitors 

while taking the mutual coupling effects 

into account [7].  The consideration of such 

effects was a step forward towards 

considering the unbalanced nature of 

distribution systems.  The results showed 

that neglecting mutual coupling effects 

would result in oversizing of shunt 

capacitors and thus raising real power 

losses in the system.   Like in many early 

methods, Chen solved the optimal capacitor 

placement and sizing problem by ignoring 

the discrete nature of capacitor banks and 

then the optimal solution was rounded up to 

the nearest integer value.   

     With the arrival of heuristic optimization 

methods, a new era of solution methods to 

the optimal capacitor placement and sizing 

problem had begun.  Huang adopted an 

immune system algorithm to properly select 

the locations and ratings of capacitor banks 

[8]. The objective was to minimize the 

energy loss while keeping bus voltages 

within acceptable operating limits and the 

cost of capacitor banks at a minimum. Das 

applied genetic algorithms to find the 

optimum locations and sizes of fixed and 

switched capacitors while varying the load 

level [9].  The problem was formulated as a 

minimization of the energy loss and the cost 

of shunt capacitors to be installed while 

maintaining voltage profiles within 

allowable limits. Another heuristic 

optimization technique used is the ant 

colony algorithm. Annaluru developed a 

multilevel ant colony algorithm to solve the 

capacitor placement and sizing problem 

[10].  A Newton-Raphson power flow 

method was employed to calculate the cost 

function.  Newton-Raphson method is 

known for its time consumption (i.e. LU 

decomposition and forward-backward 
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substitution of the Jacobian matrix).   

Prakash and Sydulu combined loss 

sensitivity indices with the PSO algorithm 

to minimize real power losses and enhance 

voltage profiles [11].  Loss sensitivity 

factors were used to determine the sequence 

in which candidate buses were considered. 

Incorporating loss sensitivity reduced the 

computational time of the optimization 

process significantly.  Once the potential 

locations of capacitor banks were 

determined, a PSO algorithm was employed 

to find the best locations and ratings of 

capacitor banks.  AlHajri et al proposed a 

discrete PSO algorithm to optimally locate 

and rate a fixed single-phase capacitor in a 

balanced radial distribution system [12].  

The problem was classified as a nonlinear 

integer optimization problem with both 

potential capacitor location and size being 

discrete.  The PSO algorithm was able to 

find the best combination of the capacitor 

location and size simultaneously.  The 

objective was to minimize real power losses 

while bus voltages were kept within 

permissible limits.   

     Heuristic optimization techniques 

provide an attractive feature and that is 

hybridization. For example, a hybrid fuzzy-

genetic algorithm was developed to 

maximize the overall savings [13].  The 

fuzzy algorithm was used to select the best 

locations of shunt capacitors, while the 

genetic algorithm (GA) was utilized to find 

the best ratings of those capacitors.  The 

problem was formulated as a maximization 

programming problem.  The objective 

function 

comprised the savings due to the released 

capacity, released power demand, reduction 

in the energy loss, and reduction in the 

installation cost of shunt capacitors. 

 

II. PROBLEM STATEMENT AND 

FORMULATION 

     The optimal capacitor allocation and 

sizing problem is  formulated as a 

constrained nonlinear optimization problem 

with both the capacitor location and the 

capacitor reactive power injection being 

discrete values.  The objective function 

considered in this research is to minimize 

the cost of the total real power loss in 

unbalanced radial distribution systems 

(unbalanced-RDS) and that of the 

capacitors to be installed while satisfying 

the constraints imposed on the system.  The 

objective function is described by the 

following equation: 

 

 min T P CF F F                                 (1)        

 

Where the first term of (1) stands for the 

cost of the total real power loss and given 

by:     

   

1

Nb

P P i

i

F K Ploss


                                 (2) 

                                                              

Where  

PK : the cost of the total real power losses 

($/kW/year). 

Nb  : the total number of branches in the 

system. 

iPloss : the real power loss of the branch 

i. 

      

     The second term of (1) represents the 

total cost of the shunt capacitors to be 

installed and given by:    

                                                                                      

1

Nc

C C i

i

F K Q


                                       (3)  

                                  

Where   
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CK : the cost of the capacitor to be 

installed ($/kVAR/year). 

Nc : the total number of the capacitors. 

 iQ : the reactive power injection of the 

installed capacitor at node i. 

 

     The objective function mentioned in (1) 

is subject to equality and inequality 

constraints. The equality constraints are the 

nonlinear power flow equations of the RDS 

written in a vector form as: 

 

 ( , ) 0H x u                                          (4) 

 

Where  

x : the state variables vector. 

u : the control variables vector. 

 

The inequality constraints are the bus 

voltages to be maintained within 

permissible limits (i.e. 10 % of the swing 

bus voltage).   

 

 
min max

i i iV V V                                   (5) 

Where  

n : the total number of buses in the RDS.   

 

The inequality constraints associated with 

the shunt capacitors are given by: 

 

0  ,        =1,2,...,iQ LQ L Nc                (6) 

 

Where  

0Q : the smallest capacitor size available.  

    

III. THREE PHASE RADIAL 

DISTRIBUTION POWER FLOW 

     The radial distribution power flow 

algorithm (RDPF) for unbalanced-RDS 

adopted in this study is developed by Teng 

[14]. This algorithm is based on the 

backward-forward sweep technique. 

Moreover, it models the special features of 

RDS such as a radial network topology, 

large number of branches and nodes, and 

high R/X ratio. Two matrices are formed to 

obtain the power flow solution, 

namely[ ]BIBC and [ ]BCBV . The 

[ ]BIBC  matrix represents the relationship 

between the bus current injections and 

branch currents, while the [ ]BCBV  

matrix describes the relationship between 

branch currents and bus voltages.  One 

unique feature of RDPF algorithm is that 

the power flow solution is obtained only by 

using matrix multiplication.  In other 

words, the RDPF algorithm employs the 

Kirchoff’s current and voltage laws KCL 

and KVL to form the two matrices 

[ ]BIBC  and [ ]BCBV  respectively.  

The multiplication of the two matrices 

results in matrix [ ]DLF that is used to 

obtain the power flow solution.  The flow 

chart of the RDPF algorithm is depicted in 

Fig. 1.
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counter=counter+1

No

Yes

Compute power losses, power 

flows,...etc

End

Converged?

Calculate voltage deviation 

vector

Update bus voltage vector

Compute bus current vector

Start  RDPF

Read RDS data

Initialize bus voltage vector

Build BIBC & BCBV and 

obtain DLF

  
 

FiG

1 The flow chart of the radial distribution 

power flow 

IV.PARTICLE SWARM 

OPTIMIZATION 

 

     Particle swarm optimization PSO is a 

meta heuristic optimization technique 

developed in 1995 by Kennedy and 

Eberhart [15].  Like other evolutionary 

technique, PSO is a population based 

algorithm inspired by bird flocking and fish 

schooling.  In its infancy, PSO was used to 

solve unconstrained continuous 

optimization problems.  A lot of research 

has been done since then to improve the 

first version of PSO to handle nonlinear 

constrained optimization problems with 

both discrete and continuous variables [16].   
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     The fundamental idea behind PSO is that 

a randomly generated population called a 

swarm consists of individuals called 

particles, potential solutions.  The particles 

fly through a D-dimensional search space 

with random velocities.  Each particle 

updates its velocity and position according 

to the following equations: 

 
1

1 1

2 2

( )

          ( )

k k k k

id id i id

k k

id

v wv c r pbest x

c r gbest x

    


       (7) 

 
1 1k k k

id id idx x v                                     

(8) 

 

Where  

w  : the inertia weight. 

1c , 2c : acceleration constants. 

1r , 2r  : two random numbers in the range 

of [0,1]. 
k

ipbest : the best position ever visited by 

particle i at the kth iteration. 

1 2( , ,..., ,..., ).k k k k k

i i i id iDpbest pbest pbest pbest pbest

kgbest  : the global best position among 

all the particles. 

1 2( , ,..., ,..., ).k k k k k

d Dgbest gbest gbest gbest gbest  

 

     The basic concept of PSO is illustrated 

in Fig. 2.  Each particle modifies its 

velocity and position according to its own 

flying experience and that of the rest of the 

swarm.  If any particle, say particle i,  is 

randomly placed in a two dimensional 

search space at the point 
k

ix , it flies 

through the problem space with random 

velocity 
k

iv .  This particle remembers its 

best position achieved so far (
k

ipbest ), 

shares the information with the other 

particles, compares its best position with 

those of other particles, and stores the best 

position achieved in the entire swarm as 
kgbest . 

 

 

 

  

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 2 The PSO concept 

 

     Table I lists the main elements of the 

PSO algorithm and their descriptions. 

 

1k

iv

 
gbest

iv

 pbest

iv

 

k

iv

 

1k

ix

 

k

ix
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TABLE I 

THE MAIN ELEMENTS OF THE PSO 

ALGORITHM WITH THEIR 

DESCRIPTIONS 
Element Description 

Particle’s 

position 

ix  

A possible solution represented by 

a D-dimensional vector. 

1 2( , ,..., ,..., )i i i id iDx x x x x

. 

Swarm 

A group of particles initialized 

randomly that tends to cluster 

together as they move towards the 

global best position. 

Particle’s 

velocity  

iv  

The velocity at which the ith 

particle flies in a D-dimensional 

search space. 

 

1 2( , ,..., ,..., )i i i id iDv v v v v

. 

Inertia 

weight  
w  

A control parameter that controls 

how much impact the previous 

velocity has on the current 

velocity of the ith  particle. 

Accelerati

on 

constants 

1c and 2c  

Those parameters that pull the ith 

particle toward ipbest  and 

gbest positions. 

Best 

particle’s  

position 

i
pbest  

The particle’s best position 

associated with the best fitness 

value has ever visited. 

Particle’s 

fitness 

value 

( )if x  

The fitness function that the ith 

particle compares with those of 

the other particles to enhance its 

flying experience. 

Global best 

position 

gbest  

The best position has ever 

encountered by all particles. 

Stopping 

criteria 

The conditions under which the 

search process for the optimal 

solution terminates. 

     The pseudo code of the basic PSO 

algorithm is illustrated in Table II. 

 

TABLE II 

THE PSEUDO CODE OF THE BASIC 

PSO ALGORITHM 

Set PSO parameters 

Set iteration counter 1k   

For each particle { 

                             Randomly generate a position 

vector and a     velocity vector 

                             Measure the fitness value of 

each particle ( )k
if x  

                             Store the best personal 

position as 
k
ipbest  

                             } 

Record the particle with the best fitness value as 
kgbest  

Do { 

       For each particle {  

                                   Update the position vector 

and velocity vector 

                                   Evaluate the fitness value 
1( )k

if x 
and compare it with 

                                   the particle best position 
k
ipbest  

                                    } 

Record the particle with the best fitness value as 
1kgbest 

 

Set 1k k   

} While the maximum number of iterations is 

not reached 

                                 

 

V. HYBRID PARTICLE SWARM 

OPTIMIZATION 

     The developed hybrid particle swarm 

optimization algorithm (HPSO) combines a 

discrete version of the PSO 

algorithm [12] with a radial distribution 

power flow algorithm (RDPF) for 

unbalanced-RDS.  The former is used as a 

global optimizer to determine the best 

combination of the bus location on which a 

capacitor to be installed and the size of that 

capacitor.  The latter is employed to 

minimize the load flow equations, the 
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equality constraints, (i.e. bus current 

mismatch equations).  The inequality 

constraints are handled by preserving a 

feasible search space throughout the 

optimization process (i.e. forcing the entire 

swarm to fly through the feasible region 

only) [17].  

     The developed HPSO algorithm starts 

with generating a swarm of particles 

randomly in the feasible region of the 

search space. As previously stated in 

section IV, each particle is associated with 

two vectors, the position vector and the 

velocity vector.  The position vector of each 

particle represents a potential solution to 

the problem at hand.  The feasible swarm is 

passed to the RDPF subroutine as initial 

guess to minimize bus current injection 

mismatch equations. Each particle recalls 

its best position associated with the best 

fitness value (i.e. the total cost). Each 

particle records the best position achieved 

by the entire swarm.  The update process of 

particles’ positions results in continuous 

values of particles’ positions.  Thus, 

discretization of particles’ position vectors 

is made. Once the updated particles’ 

positions are discretized, the particles go 

through a feasibility check to ensure that no 

particle flies outside the feasible region [18]  

. The flow chart in Fig. 3 illustrates the 

HPSO algorithm that combines the PSO 

algorithm with the RDPF algorithm. 
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Start  HSPO

Randomly generate a feasible discrete 

position vectors velocity vectors

Evaluate the fitness value of each 

particle and store pbest and gbest

Run RDPF subroutine

Stopping criteria met?

Update particle’s position & velocity 

vector

Discretize position vector for each 

particle

Preserve a feasible particle

Feasiblity check

End

iter=iter+1

No

Yes

Yes

No

 
Fig. 3 The flow chart of the HPSO algorithm 

  

VI. TEST RESULTS AND 

DISCUSSION 
     The proposed algorithm (HPSO) was 

implemented in MATLAB® computing 

environment on a Dell Laptop with Intel® 

Pentium® M processor of 1.86 GHz and 

RAM of 1 GB.  The HPSO was tested on an 

unbalanced-13-bus radial distribution 

system (unbalanced-13-bus-RDS) whose 

single line diagram is shown in Fig. 4.  The 

unbalanced-13-bus-RDS consists of single, 

double, and three phase lines and loads. The 

total real and reactive power demand are 

3464.1 kW and 1568.9 kVAR respectively. 

The system loads are of two types, 

distributed loads and spot loads. A 

complete description of the system is found 

in [19].  The MVA base value is 10 and the 

line to line base voltage is the same as the 

feeder nominal voltage 4.16 kV.  
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     The number of shunt single phase 

capacitors to be installed is not to exceed 

five banks of a discrete size of 150 kVAR 

each while maintaining the bus voltages 

within permissible limits (i.e. 10 % of the 

nominal bus voltage). The HPSO 

parameters were tuned to enhance the 

convergence characteristics for the given 

system. A swarm size of 20 particles and 

acceleration constants of 2.0 were selected.  

The cost of real power losses is taken as 

168 $/kW/year, while the cost of the 

installed capacitor is a function of the 

capacitor size [20].  The HPSO algorithm 

selected the phase c of bus 6 to be the 

optimal location for a single phase 

capacitor with an optimal size of 

4 150 kVAR. 
S/SBus 1

Bus 2Bus 9Bus 10

Bus 11Bus 13 Bus 5

Bus 12

Bus 8

Bus 6 Bus 7

Bus 3 Bus 4

S

 

Fig. 4 An unbalanced-13-bus radial 

distribution system 

 

     To investigate the impact of capacitor 

installation on voltage profiles, real power 

losses, and net savings, two cases are 

studied: 

 

 Case 1 represents the system 

before capacitor installation. 

 Case 2 represents the system after 

capacitor installation. 

 

     Results for cases 1and 2 are tabulated in 

Table III.  From the results obtained, 

installing a shunt capacitor of 600 kVAR at 

phase c of bus 6 will reduce the total real 

power losses from 192.4208 kW to 

179.1373 kW and profit the utility 2100 

$/year.  Also, including a capacitor in the 

system will bring the violated bus voltages 

back within the allowable limits. Voltage 

profiles before and after capacitor inclusion 

are reported in Table IV.   

TABLE III 

RESULTS FOR CASES 1&2 
 Case 1 Case 2 

Minimum Bus 
Voltage (p.u) 

0.8944 0.9339 

Maximum Bus 

Voltage (p.u) 
0.9856 0.9993 

Reactive Power 

Injection (kVAR) 
  6 600cQ   

Real Power Losses 

(KW) 
192.4208 179.1373 

Total Cost ($/year) 32,327 30,227 

Net Savings ($/year) 0 2100 

 

 

 

TABLE IV 

               VOLTAGE PROFILES FOR 

CASE 1& CASE 2 ,OF THE OPTIMAL 

PLACEMENT AND SIZING OF ONE 

SHUNT CAPACITOR  

Bus   
Case 1 Case 2 

 (p.u)V    (p.u)V  

1 

a 1.0 1.0 

b 1.0 1.0 

c 1.0 1.0 

2 

a 0.9674 0.9638 

b 0.9812 0.9688 

c 0.9505 0.9919 

3 

a 0.9644 0.9609 

b 0.9792 0.9668 

c 0.9477 0.9892 

4 

a 0.9411 0.9373 

b 0.9602 0.9479 

c 0.9288 0.9703 

5 a 0.9499 0.9413 
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b 0.9845 0.9598 

c 0.8999 0.9837 

6 

a 0.9499 0.9413 

b 0.9845 0.9598 

c 0.8999 0.9837 

7 

a 0.9426 0.9339 

b 0.9856 0.9610 

c 0.8964 0.9801 

8 

a 0.9499 0.9413 

b 0.9845 0.9598 

c 0.8999 0.9837 

9 
b 0.9699 0.9576 

c 0.9539 0.9953 

10 
b 0.9660 0.9537 

c 0.9578 0.9993 

11 
a 0.9485 0.9398 

c 0.8970 0.9808 

12 a 0.9432 0.9345 

13 c 0.8944 0.9782 

 

     The convergence characteristics of the 

proposed HPSO algorithm for case 2 in the 

optimal placement and sizing of one shunt 

capacitor problem is illustrated in Fig. 5.  

Figure 5 indicates the convergence speed of 

the developed solution methodology in 

finding the global optimal solution of the 

capacitor allocation and sizing problem. 
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Fig. 5  Convergence characteristics of the 

HPSO algorithm for case 2 

 

     In order to do more testing on the 

developed HPSO algorithm, the capacitor 

placement and sizing problem is extended 

to multiple capacitors.  Three single phase 

capacitors are considered instead of one 

capacitor.  The maximum reactive power 

injection of these capacitors is not to exceed 

the total reactive demand of the system.   

     A swarm size of 25 particles and 

acceleration factors of 2 each were selected.  

     The developed HPSO algorithm was 

able to find the optimal locations and 

ratings of three shunt capacitors such that 

the overall cost was minimized. The 

simulation results are reported in Table V.  

As can be seen the optimal locations of the 

three shunt capacitors are phase b of bus 5, 

phase a of bus 6, and phase c of bus 6, 

while the optimal sizes of these capacitors 

are 300, 450, and 600 kVAR respectively.  

The proper installation of these capacitors 

results in 14.26 % reduction in the total real 

power loss and 6.831 % improvement in the 

voltage profile. In addition, inclusion of 

three shunt capacitor in the system would 

save the electric utility 4258 $/year. 

 

TABLE V 

RESULTS OF THE OPTIMAL 

PLACEMENT AND SIZING OF THREE 

SHUNT CAPACITORS IN A 13-BUS-

RDS  

 Case1 Case2 

Minimum Bus 

Voltage  (p.u) 
0.8944 0.9555 

Maximum Bus 

Voltage (p.u) 
0.9856 0.9945 

Reactive Power 

Injection 

(kVAR) 
  

5bQ =300 

6a
Q =450 

6c
Q =600 

Real Power 

Losses (kW) 
192.4208 164.9870 

Cost Function 

($/year) 
32,327 28,069 

Net Savings 

($/year) 
  4258 

 

Voltage profiles of the 13-bus-RDS before 

and after installation of three shunt 

capacitors are listed in Table VI. 
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     The convergence characteristics of the 

developed HPSO algorithm for cases 2 in 

the optimal placement and sizing of three 

shunt capacitors problem is depicted in 

Fig.6. 

 

TABLE VI 

VOLTAGE PROFILES OF A 13-BUS-

RDS FOR CASES 1 AND 2,OF THE 

OPTIMAL PLACEMENT AND SIZING 

OF THREE SHUNT CAPACITORS  

Bus   
Case1 Case2 

 (p.u)V   (p.u)V  

1 

a 1.0 1.0 

b 1.0 1.0 

c 1.0 1.0 

2 

a 0.9674 0.9869 

b 0.9812 0.9857 

c 0.9505 0.9804 

3 

a 0.9644 0.9839 

b 0.9792 0.9837 

c 0.9477 0.9777 

4 

a 0.9411 0.9606 

b 0.9602 0.9647 

c 0.9288 0.9589 

5 

a 0.9499 0.9887 

b 0.9845 0.9934 

c 0.8999 0.9610 

6 

a 0.9499 0.9887 

b 0.9845 0.9934 

c 0.8999 0.9610 

7 

a 0.9426 0.9814 

b 0.9856 0.9945 

c 0.8964 0.9574 

8 

a 0.9499 0.9887 

b 0.9845 0.9934 

c 0.8999 0.9610 

9 
b 0.9699 0.9744 

c 0.9539 0.9839 

10 
b 0.9660 0.9705 

c 0.9578 0.9878 

11 
a 0.9485 0.9873 

c 0.8970 0.9581 

12 a 0.9432 0.9820 

13 c 0.8944 0.9555 
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Fig. 6 Convergence characteristics of the 

HPSO algorithm for case 2 in the optimal 

placement and sizing of three shunt 

capacitors 

 

VII. CONCLUSION 

     This paper proposed a hybrid PSO 

algorithm (HPSO) to solve the optimal 

capacitor placement and sizing problem for 

unbalanced radial distribution systems.  The 

HPSO algorithm integrates a three phase 

radial distribution power flow (RDPF) with 

a discrete particle swarm optimization 

algorithm.  The problem was formulated as 

a constrained nonlinear integer 

programming problem with both the 

capacitor location and the capacitor size 

being discrete values.  The developed 

HPSO algorithm was tested on an 

unbalanced-13-bus-RDS. The research 

findings verify the effectiveness of the 

proposed approach in solving such an 

exhaustive nonlinear integer optimization 

problem.   
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Abstract 
 

This paper presents an interactive computer program for three phase’s overhead 

transmission line design using MATALB. This program can be used a self learning tool to 

understand the course material offered in class in order to enhance students understanding 

to the subject of the first introductory course in the field of electrical power engineering. 

This first course is normally given as a core course to all electrical engineering students. 

Most of the existing text books in power system analysis nowadays cover the Electrical line 

design only and describe the line performance very efficiently with very few power text 

books which treat the mechanical line design part. Therefore the electrical engineering 

students with power engineering major are often graduated from school without having 

sufficient background concerning the mechanical line design features such as; line sag, the 

mechanical tension at the tower and the conductor sag due to temperature variations or line 

loading, conductor thermal limit ….etc. This program is also equipped with an additional 

feature to compute the line sequence impedances and the line sequence capacitances. Using 

this program the students will then be able to compute the line sequence parameters for 

both the single circuit as well as the double circuit tower configuration, with and without 

ground wire. This program has been also provided with a built in data base library to most 

of the available power line conductors. Therefore the power engineering students will then 

be able to grasp the transmission line course contents in more depth and to use the program 

as a self learning tool for line design and line modeling performance.  

 

Keywords : Line inductance, capacitance, sag ,  tension, transposition , sequence 

impedances and sequence capacitances, electric and magnetic field. 

 

Introduction 
Visualization of the solution of complex 

problems reinforces the basic principles 

learned via the traditional methods. The 

reinforcement is greater if the students 

from the beginning are exposed to such 

facilities. such as  Graphical representation 

of solving equations that describe the 

physical system. This in turn will reinforce 

and accelerate the students learning and 

understanding to the field concept [1]. The 

effect of changing system parameters, 

topology, boundary and initial conditions 

provides a dramatic reinforcement to the 

mathematical description and to the 
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analytical system knowledge a power 

student acquires in the classroom.  

This new developed program with the new 

added features using MATLAB with the 

graphical user interface facilities is a 

modification to the previous effort that was 

accomplished and published earlier by the 

author and his colleagues in 1989 [2]. The 

previous work was initiated by introducing 

four independent interactive programs for 

power engineering students covering 

mainly four different topics; load flow, 

short circuit , stability and line sequence 

impedances and sequence capacitances 

calculation. This paper will present a 

transmission line program which will help 

students to understand the material given in 

class for the core course taken during their 

undergraduate program.    

The developed program is a user friendly, 

highly interactive during both the data 

entry phase and during the execution phase 

where the user can visualize the input data 

and see it on the screen. He or she can 

check, change, modify or completely erase 

the data so easily. The program solution 

can also be visualized. 

 

A number of applications will be presented 

in a sequential order to present the 

usefulness of the program. Following this 

methodology the program can be very 

useful in class and as well as at home for 

better, faster and user friendly tool. 

 

The subject of transmission line design is 

extensive as is the detailed modeling, since 

the overhead transmission line is a major 

component in power system. Therefore, the 

availability of a well developed and easy 

computer program for students, instructors  

and line designers is very essential. 

 

 

 

Subject background and the need 

for Transmission line program 
The new undergraduate students registering 

for the first time in the first electrical power 

engineering course is very much interested 

primarily to understand the transmission 

line principles such as; the line inductances 

per unit length , the line capacitance per 

unit length and the line  resistance per unit 

length. Once all these line parameters are 

taken in class and understood then the line 

impedance, line admittance can be 

calculated based on a given and know 

system frequency. To model such a line in 

a particular study the line length must be 

also know. Since the line model varies with 

the line length. Different line models are 

available. Therefore students should be 

aware of such line models. The appropriate 

line model selection will depend on many 

factors such as; line length; steady state or 

transient condition, normal or faulted 

situation. 

The three phase transmission line theory is 

given to undergraduate students as a core 

course. In this course the students will be 

exposed to the basic theoretical background 

with some line modeling details. 

The line basic components such as; line 

inductance and line capacitance can be 

easily computed for a given line conductors 

and given tower configuration. Most of the 

time the homework assignments given to 

students during the course are devoted to a 

single circuit tower configuration without 

ground wire and assuming the line is 

completely transposed [3] 

In some cases the undergraduate students 

will be given the appropriate techniques 

and the short cut approach without going in 

deep details in the analysis on how to deal 

with double circuit tower configuration and 

how to take into consideration the influence 
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of ground wire. During the course work the 

undergraduate students are given in class 

enough background to be used to compute 

the positive sequence inductance and 

positive sequence capacitance assuming the 

line is completely transposed. Under such 

condition the effect of ground wires are 

usually neglected [2,3,4] Very often during 

the lecture a brief discussion concerning 

the transposition concept is covered. The 

majority of students in class may or may 

not be familiar with the deep understanding 

of the need for line transposition and what 

are the real impacts on line performance in 

case the line is not transposed. What will 

be the effect on line impedance and line 

capacitance? When the line should be 

transposed? The students may raise many 

other questions such as what are the 

meanings of line sequence impedance, line 

sequence capacitances. Why do we need to 

get such sequence impedances? What do 

we mean by transmission line unbalance 

……..etc?. 

The answers to all these questions and 

others can be shown and explained with 

typical applications as will be described 

below. 

 

Application#1 
The first application will be devoted to 

develop user confidentiality session 

between the students and the program. The 

students will be asked to do the following 

assignments: 

Turn the computer on and do call the 

transmission line program. The student is 

expecting to see a display on the screen 

with four options: these four options are: 

 Electrical Design 

 Mechanical design 

 Thermal limit and line loading 

capability 

 Environmental effects 

 

A decision has to be made by the student to 

choose either a single circuit tower or 

double circuit tower  

Let us now assume that the student selects 

the single circuit option; a new display will 

be shown on the screen as indicated in fig.1 

 

This screen shows a large number of 

information that will guide the students 

step by step to insert the input data. The 

information required to be inserted on the 

screen are in itself very useful and are 

designed in a way to help the student to be 

well guided to accomplish his goal very 

successfully such as: 

 

 
 

Fig.1 A single circuit tower line input 

data parameters. 

 

 Choice of the type of the line 

parameters to be calculated first for 

example; line inductance, line 

capacitance or line impedance: 

 Choice of the type of units to be used 

in the calculation ; metric or English 

 For a single conductor, the student 

must click on single conductor option 

and for the bundle conductor the 

student must click on the bundle 

conductor and then he should insert the 

number of the bundle 

conductors;2,3,4.…etc . The spacing 
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between sub-conductors must be also 

specified. 

 Tower configuration; the student 

should also insert the positions of the 

three phase conductor on tower. 

Therefore the three phase conductors 

should be inserted and specified as an 

(x,y) coordinates .   

The student should also have been selected 

the conductor name from the beginning; 

and from the stored and the available data 

base library in the program an automatic 

display for all the data needed for the 

inductance, capacitance and impedance 

calculation will be shown on the screen 

such as: Conductor geometric mean radius, 

conductor radius, conductor 

resistance….etc 

 

If the circuit has a ground wire, then the 

name of the ground wire should have been 

also selected with the same procedure 

similar to the phase conductor. The 

location of the ground conductor should 

have been decided and an automatic fill in 

information will be displayed at the 

appropriate space provided for the ground 

wire, such as; ground wire resistance, 

ground wire geometric mean radius and 

ground wire radius.  

Let us now be very specific and let us 

assume that the following home work 

assignment is given to the student as: 

 

Application# 2 
A 400kv three phase single circuit 

completely transposed line , is composed of 

a single conductor per phase ACSR 

1,272,000cmil, 45/7 Bittern conductor per 

phase with the tower configuration as 

shown in fig.6 Use the developed program 

and compute the following : The line 

inductance L , The line Capacitance C , 

The line Impedance Z 

 

The required input data to the program are: 

Conductor name: Bittern, CSA 1,272,000    

ACSR 

Single conductor /phase, line completely 

transposed  

Let us go back to the screen display of fig.1 

and select the conductor name as given 

above 

 

Let us also insert the tower configuration 

shown in fig.2 and let us select also the 

completely transposed line option as 

normally mentioned in the course. No 

ground wire information is provided 

therefore; no ground wire exists. Let the 

English units; inches and feet are selected 

for this calculation  

Let us calculate first the Line inductance by 

clicking on the inductance option  

 

 

 
Fig.2 A 400 kv single circuit tower 

configuration. 

 

The solution to this application will be 

shown on the screen as indicated in fig.4 

The students can now compare the 

computed values with the value obtained 

using the formula that he took in class: 

where   

L = 0.2 x ln (GMD/GMR) mH/km 
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Fig.3 A single circuit inductance input 

data. 
 

 
Fig.4 A single circuit inductance results. 

 

 

GMD = ( Dab x Dbc x Dca)
(1/3)   

where Dab  is 

the distance between phase a and phase b 

and Dbc  is the distance between phase b 

and phase c and Dca is the distance between 

phase c and phase a and the GMR can be 

taken from the input data display shown in 

fig.3. The student can now go back and run 

the program again by choosing the 

capacitance option calculation. The 

solution output is displayed on the screen 

as shown in fig.4 

 

The student can now check and compare 

this computer solution output with what he 

learned in class where: 

C= 0.0556 / ln (GMD/r) µ F/km 

GMD is the same value used in the 

inductance calculation. 

Let us continue with the same example and 

let us compute the line impedance Z 

The student can now go back to the same 

input data screen and click the impedance 

option .using the mouse. The computer 

output results are displayed on the screen 

as shown in fig.5 

 

The student can now check this value with 

what he also learned in class Z= R+j(ωL)  

where ω = 2Л f L 

 

 
Fig.5 A single circuit impedance results. 

 

 

Application#3  
Let us replace the single conductor used in 

the previous application by 2 sub-

conductors per phased (ACSR 636,000 

CMIL ROOK) conductors which have the 

total cross sectional area of aluminum as 

one Bittern conductors. Assume the line 

spacing is the same as in the previous. 

Therefore the bundle conductor option will 

be activated. 

These home work objectives are: 

 

 To teach students the benefits of using 

bundle conductors in overhead 

transmission line. The program can be 
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used in this case to compute both line 

inductance as well as line capacitance.  

 The second objective of the program is 

to check the influence of line length on 

the line equivalent circuit. We teach 

students in class that if the 

transmission line length is up to 50mi 

Then the effect of capacitance is 

neglected and only the series 

impedance will be considered [2,3] 

 If the line length is greater than 50mi 

and up to 150mi then the medium 

model  representation is used and in 

case of long line which is greater than 

150mi then the long line representation 

is used.  

 

This exercise will be used to accomplish 

the above objectives. The student should go 

to the same input data screen as described 

earlier and select from the conductor type 

the one with the conductor name ROCK. 

He should then click the mouse and insert 2 

as the number of sub-conductors per phase 

and insert the space between the bundle 

conductors and repeat the same calculation 

for L, C and Z. The relevant circuit model 

will then be displayed on the screen  

 

The student can now run the program by 

changing the line length to 80mi and 200mi 

respectively. Figures.13 and 14 show the 

impact of choosing the medium line length 

on the impedance calculation module 

where the medium line representation T 

and П models will be displayed 

accordingly.. 

 

 
Fig.6 impedance results with bundle 

conductors. 

 

 

Figures.7 show the effect of choosing long 

line length on impedance calculation 

module, and the long line representation П 

model will be displayed. 
 

 
Fig.7   long line П model. 

 

 

Application#4 
This program application will be devoted to 

the mechanical design Part of the 

transmission line where the theoretical part 

of this material is normally given in the 

second course for students specialized in 

electrical power engineering power .in the 

University. Part of the course material 
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deals with the analysis of sag and tension 

subject of the transmission line conductor 

This part is also very important in overhead 

transmission theory. The material of this 

subject is essential and is given only for 

power engineering students major in order 

to complete all the required information for 

transmission line theory..   The continuity 

and quality of electric service system 

depend largely on whether the three phase 

conductors have been properly installed. 

Thus, a design engineer must determine in 

advance the amount of sag and tension of 

the conductor at the support due to line 

load and at a given temperature, maximum 

wind, and possible ice loading. The student 

should be given in class all the 

mathematical background. The equation 

related to tension at the line support and its 

relation with temperature variation 

Normally the students should be aware of 

the following two basic equations [ 4 ] : 

 

Tension equation:  

 

                                                     

(1) 

Where: 

 

          E = modulus of elasticity 

          A=conductor cross-sectional area 

          α=coefficient of linear expansion  

          t1= initial temperature  

          t2=final temperature  

          W1= initial conductor weight  

          W2=final conductor weight  

          T1=initial conductor tension  

          T2=final conductor tension  

          L = Span length  

 

Sag Equation: 

                                                                    

(2) 

The above two equations were 

programmed using MATLAB. Fig.13 

shows the basic mechanical design 

interface screen. 

 
Application#5 
This application is meant to enhance the 

course material relating to sag and tension 

calculation. If for example the student 

selects the ROOK conductor as presented 

in the previous example then the entire 

conductor’s data needed for sag and tension 

calculation will be filled in its exact 

position from the conductor’s data base 

library. Fig.14 shows both the required 

input data as well as the program output 

display where the relation between both sag 

and tension against temperature variation 

are displayed. A second option for the 

output results can be displayed in table 

form giving the values of tension and sag 

versus temperature upon the user request.  

 

 

 
Fig.8 Mechanical design model. 
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Application#6 
The thermal rating of an overhead 

transmission line is also another important 

term used in the power transmission and 

distribution field industry which indicates 

the maximum current that the line or cable 

can transfer without overheating. The 

thermal rating is a function of the weather 

conditions seen along the line, including 

wind speed, wind direction, air 

temperature, and sun radiation. 

The undergraduate students are seldom 

exposed to such types of topic in class 

during their undergraduate studies except 

for a few students who had or will have a 

chance to do their BSC project in power 

system studies during the final semester. 

Therefore preparing the undergraduate 

students to such types of technical terms 

and real life practice will broaden and open 

their minds to further and more practical 

and technical terms in this field. 
 

Heat balance equation 
The conductor thermal current rating in 

wind, neglecting any voltage regulation 

consideration can be expressed by the 

following heat balance equation as given in 

[5]:  

Heat generated [I
2
R conductor power loss ] 

= 

Heat lost by convection (watts/km) + heat 

lost by radiation (Watts/km) – heat gained 

by solar radiation (Watts/km) 

 

I
2
R20 {1+α (t+θ)} = 387(V.d)

0.448
. θ + π.Ec 

.S.d.{(t+ θ+273)
4
-(t+273)

4
}- αs.S.d  

(Watts/km)                    (3) 

 

Where I = conductor current rating in 

ampere 

 = conductor resistance at 20
o
C 

 = temperature coefficient of resistance 

per 
o
C 

= ambient temperature 
o
C 

 = temperature rise ( t1 initial temperature 

and t2 final temperature  

 = solar absorption coefficient ( vary 

from 0.6-0.9) an average value is 0.8 

= intensity of solar radiation watts/km 

= conductor diameter 

= wind velocity normal to conductor in 

m/s 

= emissivity of conductor , typical value 

= 0.3 for  bright conductor  and 0.9 for 

black aluminum ACSR 

The average value is 0.6 

= Stefan Boltzmann's Constant = 5.7 x 10
-

8
 watts/m

2
 

For preliminary design purpose 0.5-0.6 m/s 

wind speeds are used[  ] . Higher wind 

speeds would lead to higher rating  

A practical example will be presented using 

the developed program for the above 

equation to show students the application 

and the results of such type of topic 

through application 7 
 

 

Application#7 
Compute the thermal current rating for the 

overhead line under the following 

operating conditions, the line voltage is 

132kV and the line power is 40 MVA 

Assume the following operating condition:  

Maximum operating temperature =75°C 

Maximum ambient air temperature = 40°C  

Conductor maximum resistance= 0.1441 

ohm/km 

Conductor diameter =1.953cm 

Emissivity = 0.6 

Solar absorption coefficient = 0.8 

Solar radiation intensity = 1000W/m2 

Wind velocity = 0.418 m/s 

Let us input the required data for the heat 

balance equation module and select the 

thermal limit module The program output 

results will be displayed as shown in fig.9 
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Fig.9 Solution of heat balance equation 

and PV curve. 

 

Application#8 
The power versus voltage curve or as is 

normally abbreviated as PV curve is the 

most widely used curve in voltage stability 

analysis today. The PV curve is formed by 

varying system load or power transfer and 

plotting it against voltage for a given power 

factor. The PV curve can provide real 

power and voltage margins using the knee 

of the curve as reference point. PV Curves 

at constant power factor are used to get 

maximum power transfer at critical voltage. 

The application of PV curve in voltage 

stability studies is enormous [6]. 
The objectives of this section to expose the 

both the undergraduate students as well as 

the graduate students to the importance of 

supplying reactive power at the consumer‘s 

location rather than attempting to supply 

reactive power from a great distance. 

Therefore a radial line where at the near 

end there is a voltage support but at the far 

end of the line there is a complex power 

load without a generator or capacitor bank 

to maintain the voltage at the far end. Thus 

the student will see how the voltage at the 

far end of the line varies with the load and 

with the power factor too. 

The program can also be used to draw the 

PV curve for different power factors. In 

this display three power factors are shown 

(0.85 leading, 0.85 lagging, and unity 

power factor) and the results are shown in 

fig.10 

 

 
Fig.10 PV curve results. 

Line Sequence Impedances and 

sequence capacitances calculation  
This section will introduce the students to 

application of the developed program to the 

course material which is normally given to 

graduate students  The background material 

of the course contents can be found in the 

text book ”Analysis of faulted power 

system” by Paul M. Anderson.[7]  The 

developed program computes the 

transmission line impedance matrix and 

capacitance matrix for three phase 

transmission line single circuit and double 

circuit tower configuration with and 

without ground wire and taking into 

account the following option: 

 

 Line not transposed   

 Partially transposed line 

 Completely transposed line 

 Twisted line 

 The sequence impedance and the 

sequence capacitances can be 

obtained for every option of the 

above mentioned cases. 
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 The electrostatic and the 

electromagnetic balance factors are 

also computed for each transposition 

cycle option 

 

With this program the student will be able 

to understand the covered material given in 

class. At the same time the students will be 

able to understand and to practice different 

transposition cycles easily. They will 

understand and grasp the material given in 

class much faster. The impact of 

transposition on the impedance and 

capacitance matrix elements will be 

computed and assessed. The impact of 

transposition on the sequence matrix 

elements will be seen and evaluated. We do 

feel very strongly that explaining such 

transposition cycle options for the 

transmission line cannot be handled and 

understood easily by solving examples on 

the blackboard. Therefore having a 

computer program which has such features 

will help explaining this subject and 

reinforce the classroom lectures. The 

following applications will demonstrate 

this idea. 

 

Application#9 
In this assignment the students will be 

asked to compute the line impedance 

matrix and the line capacitance matrix for 

two types of tower configuration; a single 

circuit tower and double circuit tower 

configurations, with and without ground 

wires. The following cases have to be 

exercised: 

1. A single tower configuration 

calculation 

 Computing the line impedance 

matrix without ground wire 

 The line impedance matrix With 

ground wire 

 Assuming the line partially 

transposed 

 The line completely transposed 

 The line sequence impedance with 

line not transposed 

 The line sequence impedance with 

the line partially transposed 

 The line sequence impedance with 

the line completely transposed  

2. Repeating all of the above for double 

circuit tower configuration  

 

Assignment 9.1 
Compute the phase self and mutual 

impedances of the 69kv line shown in 

fig.11 Assume f=60c/s and the wires are 19 

strands 4/O, hard drawn copper conductor. 

Ignore the ground wire assume the line 

length is 40 mile long. 

 

Fig.11 line configuration of a 69 Kv circuit. 

 

Select the conductor name from the data 

base library and follow the previous 

procedure and insert the conductor 

coordinates as indicated in the appropriate 

locations. Run the program by selecting the 

single conductor option with no ground 

wire.  

Fig.12 shows the Zabc matrix with both 

actual values and with per unit. The line 

sequence impedance matrix is also 

displayed.   

 

The impedance matrix elements for the 

single circuit three phase transmission line 
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without ground wire can be expressed as 

[1] 

 

                                        

(4) 

 

 
Fig.12 impedance results without 

transposition. 

 

 

Where: 

 

       Ω / 

unit length 

            Ω / 

unit length   

Where : 

 = the line resistance per phase  Ω / unit 

length 

( the earth resistivity) = 9.869x10
-4

f     

Ω/km 

  = Conductor  self geometric mean 

radius GMR 

 = 2160 √ ρ/f  ft. Where  ρ is the earth 

resistivity. 

If no actual value exist for ρ it can be 

assumed  100 

 = The distance between conductor i and 

j 

For those who are interested in this subject 

and to get further details should consult 

reference [1]. 

 

The line sequence impedance matrix can be 

expressed as :  

     

      (5) 

 

Where A is the symmetrical components 

matrix and can be expressed as : 

 

                                                  

(6) 

 

                                              

(7) 

 

 

Assignment 9.2  
Compute the Zabc matrix with the line 

partially transposed where; S1=8 miles, 

S2=12 miles, S3=20 

miles.  Fig.24 shows the output results for 

the full Zabc matrix and the sequence 

impedance matrix Z012 

 

When the line is partially transposed the 

mutual elements of the Zabc matrix get 

closer to each other and the difference 

between the mutual elements of the matrix 

get smaller. The same remarks are also 

valid for the sequence impedance matrix  

 

 

Assignment 9.3 
Compute the impedance Zabc matrix and the 

sequence impedance matrix for the same 
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line assuming complete transposition cycle 

where S1=13.333 mile , S2 = 13.333 miles 

and S3=13.333 mile 

Fig.13 displays the full impedance Zabc 

matrix and the full sequence impedance 

matrix Z012 for this case.  

 

 
Fig.13 The sequence impedance results with 

completely transposed line 

 

The student can now compare and see the 

differences between the impedance and the 

sequence impedance matrices elements. 

These differences can be explained as 

follows: 

When the line is not transposed, there 

exists a coupling between the sequence 

impedances matrices elements. The 

coupling between the sequence impedances 

elements vanishes once the line is 

completely transposed. This phenomena is 

strongly needed for system studies. 

 

Assignment 9.4 
Repeat the previous application, taking into 

account the presence of the ground wire. 

Fig.14 shows the output results for the Zabc 

matrix and the sequence impedance matrix 

Z012.With the presence of the ground wire. 

 

 
Fig.14 impedance results without 

transposition and with ground wire. 
 

. 

By comparing both applications we will 

observe the following 

 

 The positive and negative impedances 

Z11 and Z22 are unchanged by the 

addition of the ground wire.  

 The zero sequence impedance is 

changed. The real part R00 is increased 

by about 40% and the imaginary part 

X00 has decreased by about 7%. 

 The off-diagonal terms are changed 

but not by a significant amount. 

 
Similar applications can be also tried for 
double circuit tower configuration as 
shown below: 
 
Application#10 
Compute the impedance Zabc matrix and the 

sequence impedance matrix for the double 

circuit 345Kv un-transposed line shown in 

figure 15 below
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Fig.15 line configuration of a 345 Kv circuit. 

 

 

 

Fig.16 shows the input data for the double 

circuit electrical design module and Fig.17 

shows the output results for the Zabc matrix 

and the sequence impedance matrix Z012. 

 

 

Fig.16 A double circuit impedance 

calculation. 

 

Fig.17 A double circuit impedance results. 

 

Application#11 
This example will present the program 

application to the computation of the self 

and mutual capacitance matrix for a double 

circuit tower configuration. For the case of 

a double circuit line with or without ground 

wires, the problems become complicated 

because of the presence of so many charges.  

 

Using the method of charge images 

simulation 

[ 1 ] we can write the voltage equation in 

terms of potential coefficients matrix as: 
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(8) 

Where: 

 = the voltage vector. 

 = the charge vector. 

 = the potential coefficient matrix. 

The elements of the potential matrix are 

defined as follows: 

                                                

(9) 

                                            

(10) 

Where: 

  and  = the self and mutual potential 

coefficients 

= distance from Conductor i to its image 

i’  

= distance from Conductor i to the 

image of Conductor j 

= distance from Conductor i to 

Conductor j 

= radius of Conductor i. 

 = the permittivity of the medium. 

 

Equation.8 can be written for double circuit 

transmission line as:  

 

  

    (11) 

 

Fig.18 Transmission Line Geometry 

 

The transmission line capacitance matrix C 

can then be determined by taking the matrix 

inversion of the P matrix as: 

  

                                                               

(12) 

 

 
 

The sequence capacitance matrix can be 

obtained with a similar approach to the 

sequence impedance approach discussed 

earlier as: 

C012 = A2
-1

 C A2                                                      

(13) 

Where:   

A2 =  

A 0 

0 A 

                                                                                

(14) 

Conductor i 

Conductor j 

Conductor image 

  

 

112

112



 

 

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE  32-32/01/3101     

The sub-matrix A is the 3 x 3 symmetrical 

components matrix and the sub-matrix  0 is 

a 3 x3 zero matrix.   

                                                            

A2
-1

 =  

A
-1

 0 

  0 A
-1

 

                                                                  

(15) 

The sub-matrix A
-1

  is the inverse of the A 

matrix  

For those who are interested in more 

detailed analysis of this section should 

consult reference [ 1 ]  

 

Environmental Effects 
The importance of minimizing the 

environmental effects of overhead 

transmission lines has increased 

substantially due to increasing use of extra 

and ultra high voltage levels. The overhead 

transmission lines introduce electric and 

magnetic fields, which have to be taken into 

consideration during the line design stage. 

The study of the field effect (induced 

voltages and currents in the conducting 

bodies) is becoming crucial as the operating 

voltage level of transmission line have 

increasing due to the economic and 

operation benefits involved [8]. 

 

The environmental effects model allow the 

user to 

compute the electric and magnetic field 

under the transmission line at ground 

surface or at any point in the space under 

the line, also the model allow the user to 

change many line parameters that effect the 

magnitude of the electric and magnetic field 

levels. 

The electric fields related to the charges on 

the conductors and the magnetic fields 

related o the  currents in the line. Both 

fields induce voltage in objects that are in 

the vicinity of the line corridors.  

 

Electrostatic induction  
The electric field produce by extra and high 

voltage lines induces currents in objects and 

nearby fences which are in the area of the 

transmission lines corridors. The effects of 

electric fields from transmission lines 

becomes of increasing issue as the line 

voltage gets higher. Electric field, related to 

the three phase transmission lines voltage 

are the primary cause of induction to 

vehicle, building, and other objects. Human 

being is also affected with exposure to 

electric discharges from charged objects in 

the field of lines. The resultant electric field 

in the nearby of a transmission line can be 

obtained using the module with this 

developed program. The students can use 

the program and compute and assess the 

magnitude of the electric field to different 

conductor arrangement, different voltage 

levels and also for different tower 

configuration. A demonstrated example will 

show such type of application as presented 

in homework assignment 9. 
. 

Application#12 
Considers a three-phase, single-circuit 

transmission system with the following 

parameters: 

 

 Operating voltage level is 525 kV 

line-to-line rms voltages.  

 Each phase consists of three sub-

conductors  3.3 cm diameter each 

and spaced by 45 cm. 

 Nearest phase conductor to the 

ground is 10.6 m high from the 

ground level.  

  Separation between each two 

adjacent phases is 10 m.  

 

Three tower configurations will be studied; 

namely Flat (Horizontal), Vertical, and 

Equilateral Delta configurations as shown 
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in Figure19 below. Selecting the 

Environmental effect module from the 

program Menu and clicking on the 

appropriate tower configuration for the 

circuit under study. The relevant circuit and 

tower input data for this type of calculation 

should be inserted as indicated Figure 20 

presents the final generated results for the 

electric field variations at ground level. The 

final results for the three selected tower 

configurations are found to be exactly 

similar to the results published in reference 

[8]. The maximum electric field strength 

does occur at a distance just outside the 

outer conductors of the three phase circuit. 

The strength of the electric field decreases 

as we move further from the tower center      

 
Fig.19 Single three-phase circuit 

configurations. 

 

 

 
Fig 20 Electric field profile at the ground level 

for the three-phase single-circuit 

configurations. 

 

 

Magnetic field induction 
The magnetic field strengths are related to 

the three phase current passing through the 

conductors which induce voltage in objects 

that have a considerable length parallel to 

the line, such as fences, pipeline, and 

telephone lines. The students will now be 

able to use this program to compute and to 

check the magnetic field strength due to the 

three phase transmission lines as will be 

shown in the next application   

 

 

 
Fig.21 magnetic field around single 

circuit transmission line model. 

 

 

 

Application#13 
For the three circuit configuration given in 

the previous application, calculate the 

magnetic field at ground level. Assume the 

line is delivering 2400 MVA. 

 

Fig.22 shows the program results for the 

magnetic field profile for the three selected 

circuit tower configuration. It is clear that 

the maximum magnetic field do occur at the 

center of tower and decay fast as we go 

outside the line corridor and further from 

tower center.  
 

vertical 

flat 
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Fig.22 magnetic field density at ground 

level  
 

 

Conclusion 

 
The developed program in this paper 

presents many valuable features which can 

support the instructors in class in order to 

explain and teach the course material 

related to the three phase transmission line 

theory and design very effectively. A 

number of selected topics from the course 

material which are normally given in class 

are programmed and presented to enhance 

and modify the existing classical lecturing 

approach in class to more active one and 

using this program the classroom then 

becomes similar to a laboratory.  This 

developed program will help the instructors 

to present the class material easily and it 

well help the students also to easily 

understand the class lectures effectively.  

Both undergraduate students and graduate 

students will be able to learn and to 

compute the following: Transmission line 

parameters; line inductance and line 

capacitance, line impedance, the effect of 

line transposition, line twisting on the 

computed line parameters. Electrostatic and 

electromagnetic unbalance factors, PV 

curve, line thermal limit, electric field and 

magnetic field calculation and other line 

features can now be computed and assessed 

. The student’s interaction with the 

instructors during the class lectures and 

simulation will make the classroom more 

live. 

Using this program the instructor will be 

able to present many examples in class 

provided a computer is available which will 

be difficult or impossible to be presented in 

class without having such facilities due to 

lecture time constrain. The instructor will 

then be able to assign and defer the longer 

homework problems for students to be done 

at home or through mini projects during the 

course   
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Abstract:   

     High impedance faults (HIFs) are, in general, difficult to detect through conventional 

protection such as distance or overcurrent relays. This is principally due to relay 

insensitivity to the very low level fault currents and/or limitations on other relay settings 

imposed by HIFs. This type of fault usually occurs when a conductor touches the branches 

of a tree having high impedance or when a broken conductor touches the ground. In the 

case of an over current relay, the low levels of  

current associated with HIF are below the sensitivity settings of the relay. Although HIFs, 

is uncommon, must nonetheless be accurately detected and removed. This is more so in 

view of the fact that apart from threatening the reliability of the electric power supply. 

Arcing is usually associated with these faults which poses a risk of fires and endanger life 

through the possibility of electric shock. This paper reviews some of the methods for 

detecting high impedance faults of various areas on power systems

1. INTRODUCTION  

     Rapid growth of electric power systems 

over the past few decades has resulted in a 

large increase of the number of lines in 

operation and their total length. These lines 

are exposed to faults as a result of lightning, 

short circuits, faulty equipments, mis-

operation, human errors, overload, and 

aging. Many electrical faults manifest in 

mechanical damages, which must be 

repaired before returning the line to service. 

The restoration can be expedited if the fault 

location is either known or can be estimated 

with a reasonable accuracy. Faults cause 

short to long term power outages for 

customers and may lead to significant 

losses especially for the manufacturing 

industry. Fast detecting, isolating, locating 

and repairing of these faults are critical in 

maintaining a reliable power system 

operation.  

High impedance fault detection is a long 

standing problem. The fault natures have 

been studied since the early 1970‟s [1] with 
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the hope of finding some characteristics in 

the waveforms for practical detections. The 

high impedance faults result when an 

unwanted electrical contact is made with a 

road surface, sidewalk, sod, tree limb, some 

other surface or object which restrict the 

flow of fault currents to a level below that 

reliably detectable by conventional 

protection devices. Such faults can be 

earthed or phase faults. HIFs on electrical 

transmission and distribution networks 

involve arcing and/or nonlinear 

characteristics of fault impedance, which 

cause cyclical pattern and distortion. 

2. HIFs Characteristics and 

Detection Challenge 

     High impedance faults have two main 

characteristics [1]: the low fault currents 

and arcing. The first characteristic is 

happened because these faults produce little 

or no fault current.  The second 

characteristic of high impedance faults is 

the presence of arcing phenomena as a 

result of air gaps due to the poor contact 

made with the earth or with an earthed 

object. These air gaps create a high 

potential over a short distance and arcing is 

produced when the air gap breaks down. 

However, the sustainable current level in 

the arc is not sufficient to be reliably 

detected. Part of this is due to the constantly 

changing conditions of the surface 

supporting the arc and maintaining high 

impedance. Therefore, a random electrical 

behavior is an associated feature with the 

high impedance faults. As the arcing often 

accompanies these faults, it further poses 

fire hazard and therefore the detection of 

such faults is critically important.  

     Detection of high impedance faults with 

high reliability is a great challenge for 

protection engineers. The protection 

reliability is measured by dependability and 

security. A high level of dependability 

occurs when the faults are correctly 

recognized. On the other hand, a high level 

of security occurs when the faults are not 

falsely indicated. A high dependability 

forces a lower security level and vice versa. 

The dilemma is to find a sensitive high 

impedance detector with conserving on the 

protection security. 

     High impedance faults produce current 

levels ranging from 0 to 50A. Typically, 

HIF exhibits arcing and flashing at the point 

of contact. When the fault current is less 

than 50 A, it is unlikely that conventional 

protection will operate. Table I provides 

typical fault currents for downed 

conductors on different types of surfaces 

[2] where the system voltage is 12.5kV. 

Surface Typical 

fault  

current (A) 

Dry asphalt or 

sand 

0 

Wet sand 15 

Dry sod 20 

Dry grass 25 

Wet sod 40 

Wet grass 50 

Reinforced 

concrete 

75 

Table I. Typical Fault Currents on Various 

Surfaces. 

3. Detection Techniques 

     In a power system, most faults are 

detected by increasing the current flow 
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towards the fault point. This method has 

been successfully used to detect and protect 

against these low impedance faults. For HIF 

on transmission and distribution systems, 

the high impedance fault does not result in 

a substantial increase in current and hence 

they cannot always be detected [1]. 

     Most of the work on high impedance 

faults has focused on the development of a 

sensitive detector to detect and clear such 

faults. Some of the techniques used 

standard relaying inputs and others required 

special equipment [2]. 

3.1 Signal processing Based 

Methods: 

     The availability of powerful 

microprocessors and signal processing 

algorithms has led to a wide range of new 

techniques to identify waveforms 

associated with high impedance faults. The 

fault feature extraction is carried out using 

different filters such as FFT, and Kalman 

Filter, [3, 4]. Although, the network 

waveforms are not stationary due to 

disturbances. Therefore, FFT is not suitable 

for well-timed tracking and it is important 

to use an appropriate signal processing 

technique such as wavelet transform. 

Recently, wavelet analysis has been [3] 

used in several applications in the power 

systems. For example fault detection and 

classification considering high impedance 

types have been enhanced when the wavelet 

analysis is considered. Marek Michalik et-

al [5] introduced an effective algorithm of 

arcing fault detection in distribution 

networks with the application of a wavelet 

transform technique. The protection 

algorithm developed observes the phase 

displacement between wavelet coefficients 

calculated for zero sequence voltage and 

current signals at a chosen high-level 

frequency. The final decision in regards to 

feeder switching off (or alarm issuing) is 

met either with a deterministic logic 

scheme or with the use of a neural net 

trained especially for that purpose. T.M. Lai 

et-al [6] presented a practical pattern 

recognition based algorithm for electric 

distribution high impedance fault detection. 

The scheme recognizes the distortion of the 

voltage and current waveforms caused by 

the arcs usually associated with HIF. The 

analysis using discrete wavelet transform 

yields three phase voltage and current in the 

low frequency range which fed to a 

classifier for pattern recognition. The 

classifier is based on the algorithm using 

nearest neighbor rule approach. C.H. Kim 

et-al [7] described a novel fault-detection 

technique of high-impedance faults in high-

voltage transmission lines using the wavelet 

transform, the techniques is based on using 

the absolute sum value of coefficients in 

multi-resolution signal decomposition 

(MSD) based on the discrete wavelet 

transform (DWT). A fault indicator and 

fault criteria are then used to detect the HIF 

in the transmission line. In order to 

discriminate between HIF and no-fault 

transient phenomena, such as capacitor and 

line switching and arc furnace loads, the 

concept of duration time (i.e., the transient 

time period), is used. Finally, disadvantages 

of using conventional Fourier transform-

based techniques (those which rely totally 

on spectrum analysis of Fourier transform) 

do not possess the inherent time 

information associated with fault initiation. 

Also disadvantages of using wavelet 

transform is more complex than other 

signal processing techniques, and the scale 

coefficients and wavelet coefficients that 

obtained from the wavelet transform have 

no readily discernable physical properties, 
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and this makes it difficult to interpret the 

result.   

3.2 Artificial Intelligence and 

Statistical Analysis Based Methods: 

     There are several artificial intelligent 

(AI) methods such as Artificial Neural 

network (ANN), Fuzzy Logic (FL), Expert 

System (ES) and Genetic Algorithm (GA), 

etc. By using these methods, the time factor 

is substantially reduced and human 

mistakes are avoided. Therefore, many 

researchers used AI based methods in 

power systems fault detections. Ref [3,8,9] 

have applied neural network techniques as 

classifier with fast Fourier transform as 

feature extractor for the high impedance 

fault detection, Fourier  analysis yields low 

order harmonic vectors of the three phase 

residual current, voltage admittance and 

power which are then fed to a neural 

network. However the classification rules 

of neural network are unreadable, so that 

the network cannot be adjusted using 

engineering experience. Ref [10 to 12] 

developed further a practical artificial 

neural network based relay algorithm for 

electrical distribution high impedance fault 

detection. S.M.A Salem et-al [13] presents 

the application of Fuzzy ARTMAP to 

investigate a long outstanding problem of 

arc type fault detection in electric systems. 

Here, a collection of dominant key 

harmonic signals forms the basis for a 

„feature‟ or „diagnostic‟ vector instead of a 

single dominant harmonic signal, but this 

method also requires a long measurement 

data for HIFs identification.   

3.3  Hybrid based method   

     Almost all of the above methods detect 

faults based on one algorithm. Some have 

investigated the use of hybrid methods that 

locate faults based on more than one 

algorithm to achieve a more accurate 

estimation of the faulted section.  

     M.R. Haghifam et-al [14] a novel 

method for high-impedance fault (HIF) 

detection in distribution systems is 

presented, Wavelet transform and principal 

component analysis are used for feature 

extraction. A fuzzy inference system is 

implemented for fault classification and a 

genetic algorithm is applied for input 

membership functions adjustment.  

     M.T. Yang et-al [15] this work presents 

a novel protection scheme by combining 

wavelet transform with neural networks, for 

detecting and identifying normal switching 

operations and HIFs, Discrete wavelet 

transformations are initially applied to 

extract distinctive features of the voltage 

and current signals, and are transformed 

into a series of detail and approximation 

wavelet components. The coefficients of 

variation of the wavelet components are 

then calculated. This information is sent to 

the training neural networks to identify an 

HIF from the operations of the switches.  

     T.M. Lai et-al [16] this paper is used the 

Discrete Wavelet Transform as well as 

frequency range and RMS conversion to 

apply pattern recognition based detection 

algorithm for electric distribution high 

impedance fault detection. The aim is to 

recognize the converted RMS voltage and 

current values caused by arcs usually 

associated with HIF.  

     A.R. Sedighi et-al [17] a new HIF 

detection method that uses wavelet 

transform and statistical techniques is 

presented, Wavelet transform is used for the 
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decomposition of signals and feature 

extraction, feature selection is done by 

principal component analysis and the 

classifier is used for classification.  

     M. Sarlak et-al [18] a new pattern 

recognition based algorithm is presented to 

detect high impedance fault in distribution 

networks, To extract the best feature set of 

the generated time frequency features, two 

methods including Principle Component 

Analysis (PCA) and Linear Discriminate 

Analysis (LDA) are used and then Support 

Vector Machines (SVM) is used as a 

classifier to distinguish the HIFs 

considering with and without broken 

conductor from other similar phenomena 

such as capacitor banks switching.  

     H.M. Jabr et-al [19] a novel wavelet-

FIRANN based technique is proposed for 

detecting High Impedance Faults in 

distribution systems, this technique uses the 

Discrete Wavelet Transform as a 

preprocessing stage for feature extraction 

which prepares the data for the artificial 

neural network stage. The ANN used in this 

work is of the Finite impulse response 

artificial neural network (FIRANN) type. 

The inputs to the FIRANN are selected to 

be the details' coefficients of the voltage 

waveform as measured at the relaying 

point.  

 

    Although the use of hybrid technique can 

enhance the detection of HIFs and 

overcome some limitations of other 

techniques, but it has some disadvantages 

such as system complexity and cost 

incensement. 

 

Conclusion  

     This paper has presented an overview of 

HIFS detection on transmission and 

distribution power system and summarized 

various detection fault strategies. 

     High impedance faults occur on 

transmission and distribution power 

systems when low current faults are not 

detected by conventional overcurrcnt 

protection. Such faults may persist 

indefinitely causing a hazard to personnel 

and equipment. Extensive research on the 

nature of these faults and means to detect 

them has been conducted on utility systems. 

Many research has been conducted to 

reduce the chance of a- high impedance 

fault occurring and to improve the chance 

of detecting those faults which do occur. 

While some progress has been made, a 

complete solution has not been found. 

Regardless of whether it is technically 

possible and economically feasible to 

substantially improve high, impedance fault 

detection. The use of a high impedance 

fault detector could introduce operational 

problems including more frequent and 

longer service outages. These costs must be 

weighed against the benefits of improved 

fault detection. 
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Abstract-The Static Synchronous Series Compensator (SSSC) is a series device of the 

Flexible AC Transmission System (FACTS) family using high power electronics to control 

power flow and improve Power Oscillation Damping (POD) on power grids. POD can 

influence the power system locally, partially, or thoroughly. This paper investigates the 

possibility of using SSSC on a power system in case of weakly coupled networks in order 

to improve POD. To evaluate effects of SSSC, a POD controller is proposed. Several 

scenarios are examined on this system and results are presented. The system is simulated in 

Matlab (Simulink).  The results shows that by using SSSC devices, POD has considerably 

improved and power transfer capability has increased for both normal and contingency 

operations. 

 

Keywords: FACTS, SSSC, POD Controller, Weak power system, Matlab (Simulink) 

1-INTRODUCTION 

A common dynamic phenomenon for any 

power system is the power oscillation 

which can influence the power system 

operation after a disturbance arises. This 

phenomenon increases the risk of instability 

and decreases the power transfer capability 

particularly in a weak transmission system. 

The concept of power oscillations damping 

improvement by means of dynamic series 

compensation was first introduced in [1]. 

After that smith [2, 3] proposed that the 

electromechanical power oscillation can be 

improved by switching a series capacitor in 

and out after fault occurrences 

mechanically. The combination of series 

and shunt compensation schemes can be 

used to improve both static and dynamic 

qualities of an EHV power transmission 

system as stated in [4]. New types of power 

transmission equipment have emerged due 

to advent of the high power semiconductor 

devices such as, the Static VAR 

Compensator (SVC) and the Controlled 

Series Capacitor (CSC) can be materialized 

to damp electromechenical power 

oscillation [6, 7]. Recently, the 

development of Flexible AC Transmission 

System (FACTS) devices increases power 

transfer capability as well as damping 
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performance of the power system [4-11]. 

STATic synchronous COMpensator 

(STATCOM) has the ability to improve the 

system damping as well as voltage profile 

of the power system [7-10]. Static 

Synchronous Series Compensator (SSSC) is 

more capable of handling power flow 

control, improvement of transient stability 

and damping of power oscillation [11, 12].  

The Unified Power Flow Controller 

(UPFC) combines the features of both 

STATCOM and SSSC. Damping 

improvement is usually achieved by the use 

of a Power System Stabilizer (PSS) [13, 

14]. A traditional PSS is a local power 

compensation device and cannot damp out 

all oscillation modes. The most effective 

alternatives are the FACTS devices. Among 

these devices is the advanced Static 

Synchronous Series Controller (SSSC) [11, 

12]. The SSSC was first initiated by Gyugyi 

[15]. The application of SSSC for power 

oscillation damping, stability enhancement, 

and frequency stabilization can be found in 

[16-19]. In this paper the power oscillation 

damping (POD) controller based on the 

establishment of the liberalized Phillips–

Heffron model [20, 21] of a power system 

installed with a SSSC controller is proposed 

in coordination with SSSC for power 

oscillation damping improvement. 

 

2-The SSSC 

The SSSC controller is a Voltage-Source 

Converter (VSC) based compensator that 

consists of a solid-state VSC with several 

Gate-Turn Off (GTO) thyristor switches, or 

any other semiconductor switches with 

turn-off capability valves, dc capacitor or 

storage device, a coupling transformer, and 

a controller. The SSSC is used to generate 

or absorb reactive power from the line, and 

hence can be regarded as a transmission 

line power flow controller. In reality, if the 

losses of the SSSC are neglected, it 

generates a quasi-sinusoidal voltage of 

variable magnitude in quadrature with 

transmission line current on its output 

terminal. Therefore, the injected voltage 

emulates a capacitive or inductive reactance 

in series with a transmission line, which 

increases or decreases the total effective 

reactance of the transmission line, resulting 

in a decrease or increase of the power flow 

in the transmission line. The SSSC can be 

viewed as analogous to an ideal 

synchronous voltage source as it produces a 

set of three-phase voltages at the desired 

fundamental frequency of variable and 

controllable amplitude and phase angle. 

However, the SSSC can be regarded as 

synchronous generator, because it can 

generate or absorb reactive power from the 

power system and can, independently from 

reactive power, generate or absorb real 

power if an energy storage device is 

connected instead of the dc capacitor used 

in the SSSC. The SSSC is typically used to 

provide only reactive power exchange with 

the AC system, neglecting the small amount 

of real power that is used to cover the 

circuit and switching losses. The SSSC can 

be used to exchange real power with the ac 

system if the dc capacitor is replaced with 

an energy storage system. Fig.1(a) shows a 

single line SSSC circuit where a VSC is 

connected to the utility power system 

through a series coupling transformer. Fig. 

2(b) The SSSC is regarded as a controllable 

voltage source.  Fig.1(c) shows the different 

operating modes for real and reactive power 

exchange of the SSSC with the power 

system. 
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Fig.1 The SSSC principle diagram 

 

3-The SSSC Control Strategy 
The four different ways of SSSC operation 

are given [7]. In this paper, automatic, 

power flow mode is used for real power 

control. The injected voltage Vpq is 

perpendicular to the line current Iline and the 

phase angle of  Iline is ahead of  Vpq.  A 

series injected voltage of the appropriate 

magnitude and angle are required to achieve 

real and reactive power flow control [20]. 

This injected voltage can be divided into 

components which are inphase and in-

quadrature with the line current. The real 

power is controlled using the reactive 

voltage and the reactive power is controlled 

using the real voltage. By using Fig. 2 

which show the simplified two machine 

power system, the mathematical 

relationships for of conventional PI 

controller for power flow control and 

voltage of bus C control are developed. 

 

 

 
 

Fig.2 Simplified two machine power 

system 

 

4-Power flow control algorithm 
The real power control can be achieved by 

control of reactive voltage of series injected 

voltage Vpq. The differential equations for 

the current at bus C in the d-q frame are 

given in [20, 21]: 
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Where wb is the base frequency and w0 is 

system frequency. The subscripts ‗D‘ and 

‗Q‘ represent the variables in d-q frame. 

],[],,[, b

Q

c

D

b

Q

b

Dpq vvvvv  and  ],[ d

Q

d

D vv  are 

the components of voltage at buses B, C 

and D resp. For the simplification, it is 

assumed that the sending end voltage VS is 

kept constant at the receiving end or at bus 

D and its approximately equal to that at bus 

C of the system with SSSC, therefore, 

control of power at bus C can be applied. 

The feedback signal is readily available. 

127

127



 
 

 

 

طرابلس ليبيا 32/01/3101-32المؤتمر الدولي العربي الليبي الخامس للهندسة الكهربائية والإلكترونية                                
                        

The real power at bus C in d-q frame of 

reference is: 

 

Q

c

QD

c

Q

c ivivP **    (5) 

 

The injected real and reactive voltage in d-q 

frame can be written as: 
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5-Bus Voltage control algorithm 
 

The voltage at bus C of the simplified 

system shown in Fig. 2 is algebraically 

related to that voltage at bus B and the 

injected reactive power for power flow 

control by the following relationships: 
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The real voltage 
pq

Pe  to be injected to 

obtain the desired voltage at bus C can be 

easily calculated. The SSSC does not 

exchange any real power with the system. 

However, some real power is drawn to 

compensate the SSSC losses. The DC side 

capacitor voltage Vdc is described by the 

dynamic equation as: 

 

dccbdccbc

dc ibwVbwg
dt

dV
*)/(*)/*( 

          (13) 

 

Where gc and bc are the conductance and 

susceptance of the DC capacitor resp. The 

conventional power flow controller block 

diagram can be developed by using the 

equations ‗(1)-(13)‘. Fig. 3 Shows the 

injected series voltage controller. 

                       

 
Fig. 3 Injected series voltage controller 

 

The signals 1  and 2 are applied to 

transform receiving end bus reference to the 

bus B reference. The gain Kse and Kss 

optimized by using Nonlinear Control 

Design (NCD) Matlab block set. By 

adjusting the gain of the feedback system 

damping ratio can be improved. The 

maximum and minimum voltage limits are 

chosen for the safe operation of the SSSC 

under the abnormal condition. 
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6-Power System oscillation (POD) 

Damping Controller 
 

To improve the damping of power system 

oscillations, a damping controller is 

provided [22, 23]. The POD controller can 

be considered as comprising of two cascade 

connected blocks. The speed deviation 

signal is derived from the difference of 

measured power at FACTS device location 

and the set of mechanical input power and 

the error signal is integrated and multiplied 

by 1/M. The second block comprises a 

lead-lag compensator. The transfer function 

block diagram of POD controller is shown 

in Fig.4. 

      

 
Fig.4 Transfer function block diagram of 

POD 

 

The parameters of POD controller is 

optimized by NCD, so as to achieve the 

desired damping ratio of the 

electromechanical mode and compensate 

for the phase shift between the control 

signal and the resulting electric power 

deviation. The output of POD modulates 

the reference setting of power flow 

controller. In Fig.3, the deviation signal 

ΔP2 is replaced by ΔP2+u in order to 

include the POD for improvement of 

dynamic performance and in case of multi-

machine system, the deviation signal ΔP2 is 

replaced by:  

ΔP2+KPOD(Δw1-Δw2), where  (Δw1-Δw2) 

is the difference of speed deviations of 

generator 1 and generator 2. 

 

7-Test System Description 
Fig.5 shows a simple power system 500 KV 

network grid equipped with SSSC rated at 

100 MVA connected in series with 

transmission line L1 designed and 

simulated in Matlab (Simulink). The power 

system grid consists of two power 

generation substation and one major load 

center at bus B3. The first power station M1 

has a rating of 2550 MVA, the other power 

station M2 has a rating of 1400 MVA . The 

load centre is approximately 2200 MVA 

modeled using three-phase series load.  M1 

power station is connected to this load by 

two transmission lines L1 and L2. L1 is 300 

km long and L2 is split into equal segment 

(L2-1 and L2-2) each of 160 km long. M2 

is also to the load centre by 60 km 

transmission line L3. The SSSC is 

connected in series to L1 through B1 and is 

capable of injecting  up to 10% of the 

nominal voltage. The SSSC injects a 

voltage 
Vpq

 in series with the transmission 

line where it is connected. As the SSSC 

does not use any active power source, the 

injected voltage must stay in quadrature 

with line current. Fig.6 shows the  test 

system which is a Matlab-based model of a 

SSSC Connected in series with 

transmission line 1. 

 

 
Fig.5 The single line diagram representing a 

500 kv power system equipped with Series 

SSSC 
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8-Experements 
 Test 1: SSSC is bypass (measure 

the active power P at bus 2). 

 Test 2: SSSC is connected and the 

injected voltage Vinj  is set 0.05 p.u. 

 Test 3: Dynamic response of SSSC. 

The SSSC injected voltage 

reference is setby POD controller 

whose output is connected to the 

Vqref input of the SSSC. Vqref is set 

as follows: Initially Vqref is set 0 

p.u, at t = 0.1 s.  

 Test 4: Power oscillation damping 

of SSSC, to compare the test 

system with and without POD 

control. 

 Test 5: SSSC is subjected to three 

phase faults at the middle of line 2. 

 

 
Fig.6 test system Matlab-based model 

 

9-Simulation Results & Discussion 
The following figures shows the operation 

of our test system when the SSSC is 

connected in series with line at bus B2, with 

and without the POD controller, and the 

effect of POD on the system subjected to 

three-phase faults at B4. 

Fig.7 shows the test system operated 

without SSSC, the total active  power flow 

towards the major load is measured at bus 2 

(P_B2) flow on line 1 is 738 MW. 

 

 
Fig.7 Normal operation of test system 

without SSSC 

 

Fig.8, shows the operation of the test 

system when SSSC is connected in series 

with transmission line 1 and is capable of 

injecting up to 10 % of the normal voltage 

system, as we can see from the figures, the 

transmitted power at B2 is varying between 

740 MW and 820 MW in accordance to the 

reference injected voltage of the SSSC. The 

active power is increased to 788MW. 

 

Fig. 8 SSSC is connected to the test system 

 

Fig. 9, Shows the dynamic response of the 

test system. With POD is still disabled, The 

simulatrd result shows that  the SSSC 

regulator follows very well the reference 

signal depending on the injected voltage. 
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The measured active power flow at B2 is 

incresed to 818 MW. 

 

 
Fig.9 Test system operation with POD 

disabled 

 

 

Fig.10 shows the effect of POD on the test 

system. As we can see from the figure, The 

SSSC with POD controller is a very 

effective tool to damp power oscillation. 

 

Fig.11, Shows the effect of POD controller 

on test system operation when it subjected 

to three-phase faults at the middle of line 2. 

As we can see from the figure, The SSSC 

with POD controller is a very effective tool 

to damp power oscillation. 

 
Fig.10 Test SystemWith SSSC and POD 

 

   
Fig.11 the Effect of POD controller on test 

system operation 

 

10-Conclusion 
This paper presents the transient stability 

improvement by a SSSC controller. The 

proposed controller is based on the 

establishment of the liberalized Phillips–

Heffron model of a power system installed 

with a SSSC controller. The effectiveness 

of the  proposed SSSC controller for 

improving  transient stability performance 

and its design by the methods proposed in 

the paper are demonstrated by a weakly 

connected example power system subjected 

to three-phase fault. The result shows that 

the effectiveness of the proposed controller 

and their ability to provide good power 

oscillation damping. In addition, the 

effectiveness of the proposed SSSC 

controller to suppress power system 

oscillations and to improve the power 

transfer capability of the test system is also 

shown. 
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1. Abstracts 
Waha Oil Company's (WOC) electrical distribution system consists of 138 KV 

transmission lines and 34.5 KV well distribution network, using suspension and tension 

towers. Ohio brass anti fog, open profile and composite insulators are used for insulation. 

Performance analysis of the three types of insulators were performed, where Ohio brass anti 

fog were used in the early 1960's with erection of first tower. Its performance was not 

satisfactory at all. The W.O.C electrical system was subjected to frequent failures primarily 

due to insulators failure attributed to pollution accumulation on its surfaces, resulting in oil 

production loss. Open profile type were introduced in the early 1990's, the failure rate was 

reduced but still is not up to the acceptable level. These two types of insulators required 

continuous costly cleaning and maintenance work in addition to the high cost of loss of 

production. 

In 2003 silicon rubber insulators (SIR) were introduced to the high voltage transmission 

lines for testing period which lasted four years. The insulators proved its excellent 

performance in heavily polluted environment in terms of failures rate (0% without 

cleaning). Therefore, a full replacement program of the old two types of insulators with SIR 

insulators started from 2007 up to now. As of today 90% of 138 KV transmission lines 

insulators and 93% of 34.5 KV wells distribution network insulators have been replaced. So 

far no single failure has been reported due to composite insulators failure. Cost analysis no 

doughtily showed cost saving earned from using the composite type insulators, millions of 

dollars has been earned within one year span. 

 

2. Introduction 
WAHA Oil Company (W.O.C) operates an 

extensive system of oil and gas production 

which produces approximately thirty two 

different reservoirs into fourteen satellite 

processing facilities and eleven main 

processing complexes. 

Once processed, oil production from the 

reservoirs is transported through 

transmission system involving five main 

line pumping stations to the Es-sider 

terminal facility for sale. Additionally 

WOC process associated gas and gas 

condensate, provides water and gas 

injection and oil necessary utilities and 

support services for its production 

operations. The prime motive power for all 

of these activities is electrical consequently 

WOC is entirely dependent on its ability to 

generate and maintain sufficient and 

reliable electrical power to produce, process 

and move its products to market. Without 
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adequate and reliable power, the many 

electrical powered devices from motors to 

heating elements used to produce and 

process its raw products will not operate. 

 

 

3. Description of WOC electrical 

distribution system 
WOC electrical network consist of 138KV 

transmission lines Used to interconnect the 

main generation stations and load stations, 

and 34.5KV well distribution network 

which provides electrical power to all 

electrified wells and other accessory 

equipments. 

 

3.1 Types of overhead line towers used 

Suspension towers (AR). 

Tension towers (ER). 

Dead end towers (well feeder tower). 

Suspension towers with double circuit line 

(AAR). 

Tension towers with double line (EER). 

 

 

3.2  Types of insulators used 

a- Anti fog (smoke 3) Specification: 

 Manufacturer                    Ohio bras 

 Cat. No.                 47316 (smoke 3) 

 fitting                         bull & sockets 

 leakage distance                   18 inch    

 M &E rating               20,000 pound 

ANSI M&E category  15,000 pound 

 

b- Aerodynamic (Open Profile) 

Specification: 

Ball&socket class   ANSI Class 52.5 

Test strength                           80 KN 

Leakage distance                   330mm 

Disk diameter             360 mm 

Ball to socket              146 mm 

Power frequency flashover (dry) 

 75KV 

Power frequency flash over (wet) 

     55 KV 

Corrosion protection      Zinc Sleeve 

Compliance to standard ANSI C29.2 

Factory testing      ANSI C29.1 

 

 

c- Silicon Rubber Insulators (SIR) 

Specification: 

i. 34.5KV well distribution 

type   RODURFLEX, HTV Generation 

             III blue house 

Manufacturer    Lab Insulators GMBH 

       & Co KG Wunsiedel Germany 

Minimum Creepage distance 1850 mm 

arcing distance            approx. 465 mm 

 

Electrical data 

50% lightning imp. flashover voltage 

positive                           300 KV 

50% lightning. imp. flashover voltage 

negative             310 KV 

Power frequency flashover voltage wet 

                        150 KV 

Power frequency flashover voltage dry 

                        170 KV 

 

Mechanical data 

Specified mechanical load tension 

                                     89.0 KN 

Routine test load tension 

                                                 45.0 KN 

Weight approx.                          3.2 KG 

Test acc. To                     ANSI C29.11 

 

ii. 138KV transmission lines 

type  RODURFLEX, HTV Generation 

 III blue house 

manufacturer     Lab Insulators GMBH 

           & Co KG, Wunsiedel, Germany 

minimum Creepage distance  4495mm 

arcing distance         approx. 1330 mm 

Electrical data      

Power frequency flashover voltage wet 

         85 KV 
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Mechanical data 

Specified mechanical load tension 

        120 KN 

Routine test load tension 

                         60 KN 

Weight approx                         6.7 KG 

Test acc. to                         IEC 61109 

 

4. Nature of Electrical Failures 

in Waha Electrical System 
The majority of power failure occurs in 

transmission and distribution systems are 

mainly due to flashover of insulators and 

bushings because of pollution 

contamination [1], climate conditions and 

other causes such as crow nesting on tower 

structure. Most of contanimination 

material is not good conductors in 

completely dry conditions, when 

pollutants become wet by fog, dew or 

mist, the resistivity drops, and the leakage 

currents increase significantly devolving 

high voltage across dry bands which 

eventually flashover increasing further, the 

leakage currents causing further partial 

flashover until a complete breakdown of 

the insulation occurs. These evidently 

leads to damage to the equipment 

(transformers, bushings, 

insulators……etc), loss of oil and gas 

production and Degrading the whole 

electrical system and becoming unreliable. 

Anti fog type insulators were used in the 

early 1960's with the erection of the first 

tower, the performance was not 

satisfactory. WOC electrical system was 

subjected to frequent failure resulting in 

oil and gas production loss. This type of 

insulators requires frequent cleaning and 

maintenance. 

Open profile type insulators were 

introduced to WOC in early 1990’s. The 

Open profile is more suitable for desert 

environment than the anti fog type. The 

failure rate was reduced but not up to the 

acceptable level. These two types of 

insulators required continuous cleaning and 

expensive maintenance work. 

 

5. Performance analysis of the 

composite insulators 
Composite insulators have been accepted 

by many electric utilities around the world 

for use in overhead power transmission 

lines especially in heavily contaminated 

areas to reduce contamination flash over 

rate and maintenance cost in comparison 

with traditional ceramic counterparts [2]. 

Polymer materials such as silicone 

elastomers hydrocarbon elastomers and 

epoxy resins are being increasingly used 

instead of porcelain and glass for out door 

insulation applications, such as line 

insulators, bushings, hollowing core 

insulators, cable terminations, etc. mostly 

due to its advantages such as:                                                         

 Light weight = lower construction and 

transportation costs 

 Vandalism resistance = less gunshot 

damage. 

 High strength to weight ratio = longer 

span/ new tower design (compacted 

towers) 

 Unexplosive housing = improved 

safety for staff in the station and for the 

installation equipment. 

 hydrophobic surfaces = unlike 

porcelain and glass these polymers 

have low surface free energy which 

makes the surface of the polymers 

inherently hydrophobic (water 

repellent) surfaces present a higher 

resistance to leakage current flow than 

porcelain or glass surfaces (hydrophilic 

surfaces) [3]. They also require higher 

current and commensurate energy   

dissipation to initiate the well known 

phenomenon of dry band arcing which, 

ultimately, is responsible for material 
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degradation in form of tracking and 

erosion. The lower leakage current and 

consecutive lower probability of dry 

band formation requires a higher 

applied voltage to cause flash over. In 

one word, due to the hydrophobic 

surface, the polymer materials 

typically offer much better 

contamination performance than 

porcelain and glass. 

 

6. WAHA Field Experience 
In 2003, Waha decided to put these 

insulators on one of the most polluted lines 

which Zaggut- Samah line for actual 

environment conditions for a trial. 230 

silicone rubber RODURFLEX insulators 

were installed on 138 KV Zagut –Samah 

Line, and 840 units were installed at 

different location on Waha 34.5 KV 

distribution system. The purpose of the trial 

was to find out the behavior of these 

insulators on real life operation and see if 

any flash over due to contamination occurs. 

The insulators were checked by field 

operators regularly for any changes or 

damages,  since the installation it was found 

no surface changes nor flash over reported. 

In August 2008 a sample of 34.5 KV and 

138 KV RODURFLEX insulators were sent 

to the manufacturer (Lapp Insulators 

GMBH Co. KG, Wunsiedel Germany) for 

tests and laboratory inspections in order to 

evaluate the performance of installed 

insulators. (The tests were witnessed by co-

writer of this paper). The samples were 

inspected and tested to verify its field 

performance, the following features were 

inspected: 

 analysis and identification of the 

pollution layer, 

 visual inspections and evaluation of 

insulator status, 

 electrical type tests according to IEC 

61109, 

 evaluation of the hydrophobic of the 

silicone housing, 

 verification of SML according to IEC 

61109. 

 

7. Test and Inspection Results  
High temperature vulcanizing (HTV) 

silicone rubber housing of both insulators 

appeared as light- medium polluted in 

general. The pollution layer is not even, 

some parts of the housing are heavily 

polluted. Hydrophobicity transfer 

mechanism is fully active. 

ESDD/NSDD measurements of pollution 

taken from the heavily polluted sides 

showed NSDD = 3, 0 mg/cm
2
 and ESSD = 

0.01 mg/cm
2
. 

No damage, no punctures, no traces of 

tracking and erosion, no signs of aging 

was found. Chemical analysis of pollution 

layer revealed a light composition of Mgo, 

NaCl, K2O and Fe2O3 (from natural 

pollution, sand, soil) an impact of 

industrial pollution is not yet significantly 

visible. 

The results of the electrical type tests 

showed no significant degradation of the 

electrical insulation took place, the 

samples still performing electrically very 

well. 

The results of the mechanical tests showed 

that ultimate tensile breaking loads (UTS) 

were 143 KN for the 138 KV unit where 

the SML = 120 KN, and 109 KN for the 

34.5KV unit with SML = 89 KN, thus no 

mechanical degradation was found. Both 

RODURFLEX insulators performed very 

well in this environment that is 

characterized by heavy to very heavy 

pollution sites. It can be confirmed that 

after more than three years of service in 

these harsh environment, neither 

mechanical and electrical degradations nor 

any other ageing effects (e.g. UV ageing) 

were detected [4]. Accordingly starting 
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from 2008 upward WAHA have changed 

about 90% of 138 KV insulators and 93% 

of 34.5 KV insulators. 

 

8. Effect of Introducing 

RODURFLEX to WAHA 

Electrical System 
Tables (1-3) were prepared by WAHA 

showing the number of outages and the 

consequent oil production losses, and the 

cost of cleaning ceramic insulators. There is 

a considerable gain as a result of replacing 

the old ceramic insulators with silicon 

rubber insulators, the gain comes in two 

ways, the first is due to the huge reduction 

in electric failures which  leads to increase 

in oil production, the second is the saving in 

insulators cleaning which increases as the 

rate of insulators replacement increase. 

Over the period Oct. 07 to Oct. 09, the total 

amount of saving equal to 27,053,407 

LYD[5].  

 

Table (1): number of failures and 

production losses per year for the period 

07 to 09 

Comparison of Electrical FailuresComparison of Electrical Failures

87,80387,8032020136,619136,6193232138 & 34.5 Kv138 & 34.5 Kv
Samah Samah 

FailuresFailures

Oct. 08Oct. 08-- Oct. 09Oct. 09

138 & 34.5 Kv138 & 34.5 Kv

138 & 34.5 Kv138 & 34.5 Kv

138 & 34.5 Kv138 & 34.5 Kv

SystemSystem

215,541215,541111111526,597526,597168168

35,58635,586242432,88332,8832020
DahraDahra

TotalTotal

21,52221,5221313192,331192,3313131Gialo Gialo 

70,63070,6305454164,764164,7648585
WahaWaha

Production Production 

LossesLosses

bblsbbls
FailuresFailures

Production Production 

LossesLosses

bblsbbls

Oct. 07Oct. 07-- Oct. 08Oct. 08

Area Area 
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Fig (1): oil production losses due to 

electric outages for the period Oct. 06 to 

Oct. 09. 

Table (2): production saving due to 

replacement of old insulators by SIR. 

GAIN PRODUCTION SAVINGSGAIN PRODUCTION SAVINGS

311,056311,056

PRODUCTION PRODUCTION 

GAIN  in BBLSGAIN  in BBLS

215,541215,54120092009

21,773,92021,773,920526,597526,59720082008

GIANED GIANED 
EARNINGS IN EARNINGS IN 
LYD LYD 
IBBL=70 LYDIBBL=70 LYD

LOSS LOSS 

PRODUCTION PRODUCTION 

DUE TO DUE TO 

ELECTRICAL ELECTRICAL 

FALUIREFALUIRE

bblsbbls

 
Table (3): reduction in cleaning cost with 

the advance in SIR installation. 

CLEANING COST SAVINGSCLEANING COST SAVINGS

2,348,7952,348,7951,512,8881,512,8883,861,683.4003,861,683.400US$US$

2,001,1742,001,1741,288,9801,288,9803,290,1543,290,154LYDLYD

savingssavings2009200920082008YEARYEAR
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9. Conclusions 
1. RODURFLEX rubber insulators (138 

KV, 34.5 KV) have been used in 

WAHA OIL COMPANY electrical 

system since 2004 without cleaning and 

with no flashover contributed to the 

operation of such insulators. 

2. 27,000,000 LYD has been earned for 

only one year span. 

3. RODURFLEX rubber insulators were 

tested at high voltage plant of the 

manufacturer after three years of 

operation, the test results revealed that 

the insulators performance was as new 

insulators. 

10 Recommendations 
1. It is highly recommended to use 

Silicon Rubber Insulators for all 

Libyan transmission and distribution 

networks that encounter similar 

environmental conditions as WAHA. 

2. It is recommended that all old type 

insulators (Glass, Ceramic) are to be 

replaced with RODURFLEX Rubber 

insulators. 
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Abstract 
 This paper describes   the   methodology   adopted   to deal with the Var dispatch and 

voltage violation problems. This flexible    methodology     combining heuristic   and 

numerical techniques   has been   successfully used to determine a   suitable strategy for the  

operation of the western Algerian transmission  / subtransmission   system.   The    injection   

of   shunt    capacitors   at  target  buses,  optimization  step    and   corrective   actions   at   

specific   transformer  taps and synchronous  generators  with considering  heuristic rules  

allows to  maintain  the  voltages in the whole   network within  the  required  limit  and to 

reduce the  active  power  losses.  Finally,   field results corresponding to the worst case 

reported up to date are analyzed to show the validity of the  proposed  procedure. 

 

Keywords: Voltage problems, heuristic rules, optimization 

 

1. Introduction 
 

Quality and security of electric energy 

supply requires that proper attention be paid 

to Var dispatch and voltage control.  

Reactive power management can be defined 

as the control of the generator voltages, the 

variable transformer tap settings, the 

compensation and switchable shunt 

element, the Var injection in synchronous 

and static Var compensators (eg, Facts 

devices). Additionally when security is not 

concern there is still  an  economic   

incentive  to  reduce  active  power losses 

by rescheduling reactive power sources and 

shifting transformer taps.  

In Algeria, the electric power supply is 

based in three regions: the western, the 

eastern and the central regions. Because of 

its large distance from the main poles, the 

southern region is not connected to the 

main network.  

Presently, the control of the reactive power 

and voltage is  one  of the most  important  

concerns  of the  Algerian electricity  

 

company (Sonelgaz). The Algerian system 

(220 and 60 kV system) possesses many 

buses radially connected to the main grid, 

certain consumption areas being remotely 

located from injection buses. It is also 

characterized by long transmission lines, an 

uneven distribution of reactive power 

reserves among available generators, and an 

insufficient number of shunt capacitors. As 

a consequence, operators are routinely 

facing severe voltage problem, and the Var  

dispatch has become one of the most 

relevant concerns in the control center  for 

the western Algerian transmission system. 

 

A methodology for solving Var/voltage problems in the western 

Algerian transmission system 
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In this paper, we focus our interest on the 

western Algerian network (220 and 60 kV 

system) that is connected to Morocco by the 

Oujda station (bus n°12) at the west and by 

the Oued Sly station (bus n°13) at the 

center. In this network, severe voltage 

problems are traditionally encountered 

(especially in the 60 kV electrical network 

for which operators are routinely facing 

low voltages), as well as local reactive 

power shortages. In order to prevent these 

problems, very efficient optimization 

programs can be used [1], [2], [3]. Besides 

expert systems [4], [5], [6], heuristic (i.e. 

knowledge-based) methods [1], [5], 

Metaheuristic methods [10] and other 

branches of AI technology (e.g. fuzzy 

logic) have also been proposed regarding 

var/voltage control. Our methodology has 

consisted in the development of an 

optimization program that allows two-fold 

control of the system and  the integration 

the heuristic rules. First, if one or several 

emergency voltage limits are violated, then 

identify the most effective shunt capacitors 

and compute the amount of reactive power 

that should be injected, in steps of 5 

MVAR, with considering the heuristic 

rules. Second, reschedule generator reactive 

powers and transformer taps so to minimize 

active-power losses. If other violations 

occur, fine tuning is achieved through 

additional appropriate control steps. The 

advantage of our user-friendly methodology 

combining heuristic and numerical 

techniques  is to establish a practical 

number of control variables, to solve 

efficiently the problem of voltage violations 

and to reduce loss powers.  

In section 2, we present the methodology 

adopted.  Section 3 and 4 describe in more 

detail how voltage problem are solved by 

heuristic method and active power losses 

are reduced respectively. Finally, 

implementation and some results obtained 

on the western Algerian network are 

presented and compared to those of a 

results Sonelgaz company in section 5. 

 

 

2. Overview of the 

methodology adopted 

Var/Voltage optimization and control is one 

the most important security and service 

quality indexes. The system behaves 

differently depending on which limit is 

exceeded. Several papers have presented 

methods for solving Var/voltage problems: 

knowledge-based, sensitivity-based and 

heuristic rule- based [1], [4], [5], [6], [10].  

In the present work, the basic methodology 

for solving Var/ voltage problems is as 

follows:   

1. Load flow by Newton Raphson in polar 

form. 

2. Determine the buses that undergo the 

most severe voltage violations (target 

buses). 

3. Identify the most effective shunt 

capacitor (s) and compute the amount of 

reactive power that should be suitably 

injected, in steeps of 5 MVAR, to solve 

those violations with considering heuristic 

rules. 

4. Optimization process with fixed shunt 

capacitors. 

5. If other less important voltage violations 

occur at buses, use appropriate control steps 

for the adjacent transformer tap and/or the 

nearest reactive power of generator, i.e with 

considering heuristic rules.                
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             (2)      

Where t  is the control step applied of 

transformer  taps and Q the control step 

applied for generator  reactive powers. 

Typical and initial values of  t   and q

are 0.01 p.u .  

6.   Actualize new voltages with a load 

flow. 
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Figure1. Overview of the methodology 

adopted 

3. Heuristic rules for voltage 

problems correction 

To facilitate the resolution of voltage 

violations and to assist the operator, one 

can introduce rules that one call « heuristic 

rules ».These rules are established in a 

particular or general manner according to a 

particular experience. The correction 

process depends on the voltage violations in 

the upper or lower limit and network 

exploitation state (normal or contingency).  

According to the experience acquired, some 

rules of correction of the voltage violation 

have been   determined.  

3.1 Rules correction for voltage violation 

IF there is no voltage violation 

THEN the process ends. 

IF there exists a voltage violation. 

 to identify the largest voltage violation 

 to select voltage according to their level 

of violation 

THEN to correct voltage according to the 

upper or lower limit. 

 

   When the lower limit is exceeded, the 

correction for voltage violation in order of 

preference is as follows: 

 to switch off lines that were formerly 

switched, 

 to disconnect the reactances, 

 to increase the voltage of production 

groups,  

 to connect the condensers, 

 to increase voltage on transformer taps. 

If, the voltage violation persists, a diversion 

of   load has been made. 

 

When the upper limit is exceeded, the 

correction for voltage violation in order of 

preference is as follows: 

 to decrease the voltage of production 

groups 

 to connect the reactances . 

 to open the lines whose disconnection is 

permissible  

 to decrease voltage on  transformer taps 

State 

estimation 

Voltag
e 

violati

on 

Heuristic 

rules for 
voltage 

problems 

correction 

Active 

power 
losses 

minimizati

on and 
corrective 

action 

Implementation 
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Once the process of adjustment is selected, 

the new voltage has to be actualized.  

 

IF it remains no voltage to correct 

THEN the process ends. 

 

Moreover, the treatment of the various 

controls offers an effective and quick 

solution to the following questions: 

 

 

- What is the most adequate control 

to correct a given limit violation? 

- What are the most effective control 

variables?  

- What is the necessary variation of 

the control variable, in order to 

obtain the desired correction 

without inducing new violations? 

- Should we use one control or 

various and simultaneous controls? 

- What coordination between the 

controls is needed in order to 

correct the same violation?  

An answer could be provided to these 

questions by using heuristic and/or 

numerical rules, thus:  

  

- Always use the geographically 

nearest control, until the voltage is 

corrected. If this is sufficient, one 

can move to the next control.  

- Always grant priority to the use of 

generators, to the transformers, and 

then to the batteries, in that order. 

- Establish a criterion, which would 

allow us to classify and compare 

the effectiveness of the various 

controls. 

- Establish an optimisation process 

under certain constraints. 

3.2 Heuristic rules on the means of control 

3.2.1 Production groups 

 

Production groups are well situated to 

satisfy needs in reactive energy 

compensation. Furthermore, their dynamic 

performances allow them to face the abrupt 

demand fluctuations. However, they can 

only partially compensate the reactive loads 

by reason important voltage falls in order to 

create reactive energy transits. Their 

adjustment of the tension and management 

of the reactive power are insured by groups. 

Their action is coordinated in time    

(primary adjustment) and in the space 

(secondary adjustment)   

 

3.2.2 Backup generators 

The main objective of the backup 

generators is to provide energy during rush 

hour or in case of emergency. However, 

connecting the backup generators to the 

network must be undertaken in extreme 

situations in order to produce reactive 

power to increase voltage.  

The general rules for connecting or 

disconnecting the backup generators are as 

follows: 

 

Connection  

IF    kV     min
kV (emergency)   

AND load tendency is favourable, 

AND generator is not in service, 

AND generators, transformers, and  

condenser batteries cannot resolve the 

violation, 

AND when it connected and does not 

consume reactive power, 

THEN connect the backup generator. 

 

If the backup generator is connected to the 

network, it functions in the same way as 

any other generator. 

 

Disconnection 

IF    kV    max
kV (emergency) 
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AND minimum time has elapsed, during 

which the generator has been connected, 

AND load tendency is favourable, 

AND it has been started in order to increase 

the  voltages, 

 THEN disconnection the backup 

generator.    

 

3.2.3 Transformer taps 

Network voltage variations are closely 

linked to the fluctuations of the reactive 

power in the system of production, 

transport and distribution.  

These voltage variations are set out of 

sources of reactive power, and by the 

transformer taps.  

   A transformer taps is a connection point 

along a transformer winding that allows the 

number of turns to be selected. By this 

means, a transformer with a variable turn 

ratio is produced, enabling voltage 

regulation of the secondary side. Selection 

of the tap in use is made via a tap changer 

mechanism. A mechanical on-load tap 

changer (OLTC), also known as under-load 

tap changer (ULTC) design, changing back 

and forth between tap position 2 and 3. 

Because interrupting the supply is usually 

unacceptable for a power transformer, these 

are often fitted with a more expensive and 

complex on-load tap-changing mechanism. 

OLTC may be generally classified as 

mechanical, or as electronic, which in turn 

may be either assisted or solid state. 

The proposed rule determines the tap 

position of the ULTC transformer to 

maintain the voltage within the permissible 

limits as much as possible. 

 

IF iV   min
iV  

AND generators is not capable to solve the 

violation, 

AND load tendency is favourable, 

AND tap position is not adequate,   

THEN change the tap position of the 

ULTC  transformer.  

 

 IF iV    max
iV  

AND load tendency is favourable, 

AND change the tap position does no 

provoke other voltage violation, 

THEN change the tap position of the 

ULTC  transformer. 

 

3.2.4 Condensers 

 

 They allow to insure the maintenance of 

the tension and to limit active losses. 

General rules obeying the connection or the 

disconnection of these elements are as 

follows: 

 

Connection 

IF iV   min
iV  

AND generators and transformers 

utilisation are not capable to solve the 

violation 

AND load tendency is favourable, 

AND connection does no provoke other 

voltage violations  

THEN connect the condensers. 
 
Disconnection 

IF iV    max
iV  

AND load tendency is favourable, 

AND the disconnection does no provoke 

other voltage violation, 

THEN disconnect the condensers. 

 

3.2.5 Reactances 

 

They are used to compensate reactive 

energy provided at slack hours by lines. 

The general rules that govern these devices 

are: 

Connection: 

IF iV    max
iV  
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AND generators and transformers use are 

not capable to solve the violation, 

AND load tendency is favourable, 

AND its connection does not give rise to a 

lower violation more severe than the upper 

violation being solved 

THEN connect the reactance. 

 

Disconnection  

IF iV   min
iV  

AND load tendency is favourable, 

AND its disconnection does not lead to new 

violations, 

THEN disconnect the reactance. 

 

3.2.6  Lines 

 

There exists a very strict condition for the 

opening of some lines. It is the last resort to 

use. During weak demands, the opening of 

the line is made only near the knot where 

the voltage is superior to its limit. 

 

Disconnection 

IF iV    max
iV  

AND load tendency is favourable, 

AND other controllers cannot solve the 

violation, 

AND the transit of a lower power than a 

percentage of its total capacity, 

AND the time from the last switching 

exceeds a threshold, 

THEN open the line. 

 

Connection 
 
IF the line was disconnected to correct 

voltage violation, 

AND load tendency is favourable, 

AND the placement in service does not 

provoke a great voltage to the upper limit 

tensions, 

THEN connect the line.   

 

3.2.7 FACTS devices 

An  attempt will be made to assess whether 

the use of this equipment is interesting and 

profitable in some cases as there are, in this 

domain, no standardised solutions, except 

the FACTS which are commonly used. The 

two principal reasons that justify the 

installation of FACTS devices in electric 

networks are: 

- Increase of dynamic stability limits 

(transitory stability,   voltage stability). 

- Effective  mastering  of   the    low of   

energy and  very Var/voltage problems. 

4. Optimization: formulation 

and solution 

4.1 Formulation of the problem 

Assuming   that the   active power 

generation has been schedule according to 

the economic dispatch solution, it is 

possible    to    minimize     active power    

losses    by properly adjusting, within 

acceptable limits, generator voltage 

magnitudes, transformer taps and 

switchable Var sources.  In this process,   

allowable   bounds on certain dependent 

variables, like the load bus voltages and the 

generator reactive powers, should be 

enforced as well. Although it is customary 

in conventional load flow to consider 

generator    voltage    magnitudes    as   

control variables and the respective reactive 

powers as dependent variables,   the   roles   

of   these   two   variables   can  be 

interchanged  in the  optimization  process, 

as long as the power flow equations are 

satisfied. The advantage of this procedure is 

twofold:  

-All bus voltages magnitudes belong to 

the state vector. There are no present PV 
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buses and no need to distinguish 

between both types of buses. 

- Reactive  power  limits  are  more  

easily modeled when the associated 

variables are explicitly handled. 

Otherwise, functional inequality 

constraint would appear. 

Mathematically, for a  network  with n  

buses, the active power   loss  

minimization    problem   can be  stated  

by resorting to the following set of 

vectors: 

- Dependent  or state   vector:  

composed  of  the  n    bus voltage 

magnitudes v  and of the 1n  bus 

phase angles   relative to the slack 

bus:  

        
],[ vx  : 1)12( n                  (3) 

     - Independent  or  control  vector:      

       composed     of     the gn
       

       
controllable  reactive  power   

 
       injection  and of the tn  

 
  transformer tap changer ratios: 

 

         ],[ tQu  : 1)(  tngn          (4)  

                 

- Parameter  vectors: comprise the 

1)(  gnn  load bus, the reactive 

power injection vector, iQ  and the

1)1( n  active power injection, ip : 

5.2 Method of solution 

The optimization process considered in this 

work, is the minimization of     the  total    

active  power  losses, with shunt        

capacitors        fixed,       ],[ i

g

i tQu 
     

 

and ],[ iiVx  , which can be formulated 

as:                             ),,(   :   tiiVLPMin 

(5)          

Subject to: 

(1) The  net active and reactive power flow 

equations :     
     





n

j

c
iP

g
iPijijBijijGjViVjP

2
 0 - )sincos( 
 

       (6) 





n

j

c
iQ

g
iQ)ijijBijij(GjViVjQ

2
0cossin 
 

     (7) 

(2) The physical limits on the reactive 

power of generators :       
             

g,.....1i                   max,min,
n

g
iQ

g
iQ

g
i

Q   

       (8) 

(3) The physical limits on transformer taps:  

 

             maxmin
ttt 

    tn,.....1i   

(9) 

(4) The voltage magnitude limits at all 

buses:             

niViViV ,....1i    
maxmin                     

(10) 

Where: 

                          

)cos...2
22

.( ijjViVjViV
n

i

m

j ijGLP 

 
(11) 

We use the “Reduced Gradient” (the 

constrained Gradient is obtained from the 

“augmented Lagrangian” function  L and 

the Kun-Tuker conditions for the minimum)  

together with an iterative method. The 

inverse transpose of the jacobian matrix can 

be calculated by using sparse vectors 

techniques. The active power productions 

are considered as fixed (except for the slack 

bus).  From vector Gradient Lu  of    and 

  we obtain the new different values of the 

reactive power generated and the 
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transformer tap. At each iteration, with the 

new values of reactive power and the 

transformer tap, we actualize the new  

voltages with the Newton Raphson power-

flow solution.   

This iterative procedure terminates as the 

the rate of decrease of the objective 

function, evaluated by the load flow, and is 

found to be less than a certain tolerance. 

5. Implementation and results 

The one-line diagram of the western 

Algerian 220/60kV 

transmission/subtransmission system is 

shown  in Fig.2 (appendix). Its main data 

and operational limits are summarized in  

Table I and  Table II. Among the several 

scenarios tested, the worst case has been, 

selected to better illustrate the capabilities 

of the methodology adopted. The weakness 

of the 60 kV portion, predominantly radial  

in the lower right-hand side area, leads to a 

voltage profile which, at peak loading, to 

close to voltage collapse for certain buses.  

 

TABLE I: MAIN DATA OF THE WESTERN 

ALGERIAN SYSTEM  

 

                Parameter                                                 Values 

  

Load buses 64 

Generator buses   4 

Lines 78 

Transformer taps 12 

Shunt capacitors                                                  

8 

Active load demand               871.4 

MW 

Reactive load demand            

541.1MVAR 

 

Total active losses                  

29.18 MW 

 

  

TABLE II: LIMITS OF CONTROL V 

ARIABLES AND BUS VOLTAGES 
 

 

Magnitude 

                                   

        

Lower 

 

             

Upper 

 

Voltage/ 220Kv  

 

 0.99  p.u 

 

1.11 p.u 

Voltage 

/60kV 

0.95 p.u 1.10 p.u 

Taps (20 

steps) 

      0.90 p.u               

1.10 p.u 

Qshunt (10 

steps) 

      0.00 10 MVAR 

Qg
1 -250 MVAR 500 MVAR 

Q
g

9 
-90  MVAR 180 MVAR 

Q
g

23 -30 MVAR 70 MVAR 

Q
g

36 -20 MVAR 36 MVAR 

 

For the considered power system, two cases 

are provided. The first one corresponds to 

the actual data of the Sonelgaz  Company 

(case 1), while the second one is related to 

our simulation results (case 2). For each 

case, we provide the variation of the 

voltage for the different buses (Fig.1.). The 

desired voltage for the 60 kV network has 

to be in the range of 0.95 to 1.1 p.u., while 

for the 220 kV network, this range is 0.99 

to 1.11 p.u.. Figure.1 shows how  the 

voltage magnitudes evolve through  the 

different phases of  the proposed 

methodology, for the 9 buses whose voltage 

is initially below the lower limit. 

From Fig.1c, one can see that a severe 

violation voltage occurs at target buses 46, 

67 and 68 ( 0.759 p.u, 0.765 p.u, 0.697 p.u 

respectively) for case 1. Raising the tree 

voltages whose magnitude is under 0.85p.u 

constitutes the most urgent task. The 

recommendation at this phase consist of 

connecting  10 Mvar, 5 Mvar and 10 Mvar 

at buses 46, 67 and 68, respectively (as 

reported in Table 3). In this case  the 

application of the heuristic rules is 

necessary. Using these data (fixed 

capacitors), we obtained by optimization 

procedure described in section 4, reactive 
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power of the generators (Table 4) and 

transformers tap changes ratios.  

However, we have found that other less 

important voltage violations are still 

observed at buses 17, 24, 60, 64 and 66 

(1.115, 1.131, 0.911, 1.128 and 1,111, 

respectively). To avoid these violations, the 

final procedure of our simulation approach 

is used. In particular, appropriate control 

actions have been applied to 3-17, 9-23 and 

10-24 transformer taps with considering 

heuristic rules. 

 

TABLE III: SHUNT CAPACITORS IN 

[MVAR] 

 

 

TABLE IV: REACTIVE POWER OF 

GENERATION[MVAR] 

 

Bus 

 

Case 

n°1(Mvar) 

 

Case 

n°2(Mvar) 

 

1 

 

405.1 

 

401.4 

9 81.3 38.8 

23 16.8 29.6 

36 36.0 17.6 

   

   

TABLE V: TRANSFORMER TAPS 

 

Buses 

 

Case 

n°1(p.u) 

  

Case 

n°2(p.u) 

   

1-14 0.98 0.93 

2-15 1.00 0.95 

3-16 0.97 0.97 

3-17 0.97 0.92 

4-18 0.97 0.95 

5-19 0.97 0.97 

7-20 0.98 0.94 

8-21 0.98 0.95 

8-22 0.98 0.96 

9-23 1.00 0.99 

10-24 0.98 0.90 

11-25 0.96 0.90 

 

The calculations show that all voltages are 

then in the desired limits  (Fig. 1b, 1c, case 

2) if these control actions are +0.02, -0.03 

and +0.04 for 3-17, 9-23 and 10-24 

transformer taps, as compared to the final 

values given in Table 5.  

Finally, a comparison between case 1 and 

case 2 shows that this operation process 

also results in a decrease of the  total active 

power losses from 29.18 to 23.18 MW 

(20%). 

 

6. Conclusion 

 This paper is focused on the Var/voltage 

control problems of the western Algerian 

transmission/subtransmission system. In the 

last few years, the operators have frequently 

faced widespread voltage violations, 

especially at the subtransmission level, and 

a tool capable of helping them in 

systematically solving those problems is 

clearly needed.        This tool combines 

heuristic rules procedures, mainly intended 

to handle special situations and discrete 

devices, with efficient numerical 

 

Bus 

 

Case 

n°1(Mvar) 

 

Case 

n°2(Mvar) 

 

38 

 

5 

 

5 

46 0 10 

53 10 10 

59 10 10 

         

60 

10 10 

 61 10 10 

 67 0 5 

 68 0 10 
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techniques, in order to determine in which 

sequence, and to what extent , the available 

controllers should be rescheduled. In case 

there are no voltage problems, a list of 

feasible control action are recommended in 

an attempt to reduce active  power losses. 

This procedure is based on  methodology  

that mainly includes three main aspects: 

(i) a suitable injection of shunt 

capacitors in target buses or 

critical buses with considering the 

heuristic rules; 

(ii) an optimization process involving 

two control variables, namely the 

reactive power of  the synchronous 

generators and the transformer taps 

change ratios. 

(iii) a fine tuning process consisting in 

the application of appropriate 

control steps for the transformer 

taps and/ or the reactive power of 

the generators with considering the 

heuristic rules. 

   According to the obtained results, the 

proposed approach gives good results. The 

advantages of this method are: optimal 

solution, flexibility and customized 

solution. 

This procedure allow us to determine a 

strategy that results in keeping the voltage 

within the required limits as well as in a 

significant reduction of the total active 

power losses.  
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Fig.1:   (a) Voltages profile for buses 1-13, 220 kV. 

                                             (b) Voltages profile for buses 14-40, 60 kV. 

                                             (c) Voltages profile for buses 41-68, 60 kV. 
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Fig.2: Western Algerian 220/60kV  transmission/sub-transmission system. 
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Abstract  

     A better understanding of the behaviour of daily load profiles is desirable since the load 

shape, as well as the daily peak load is vital factors in planning the electricity distribution 

networks, optimal production capacity and pricing of electricity. 

This paper presents a method of generating realistic electricity load profile data for the UK 

domestic buildings. The domestic space heating and domestic hot water are excluded in this 

study. The information and results of previous investigations and works that is available in 

public reports and statistics are used as input data when modeling of domestic energy. A 

questionnaire survey was conducted which included questions regarding the following 

aspects: the number of people living in the household, their age, employment and the 

general times of use of appliances and occupancy in the household.  

The daily energy demand load profile of each appliance can be predicted using this method. 

A measured data set is also applied for comparison, and verification. Our analysis shows 

that the generated load profiles have a good agreement with real data. 

The daily load profile from individual dwelling to community can be predicted using this 

method. The analysis shows the power requirements of each electrical appliance and helps 

to determine the suitability of applying renewable energy.  

Keywords: electricity consumption; Load profiles; Domestic buildings; Appliances; 

microgeneration; demand response. 

1.  Introduction 

     The identification of the pattern of 

energy uses of a house and the prediction 

domestic load profile is essential in order to 

match load shape to power generated. In the 

UK, the domestic energy-consumption can 

be divided into three categories: space 

heating, domestic hot water, lighting and 

appliance. The use pattern varies depending 

on many determinants, such as weather, 
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household composition, income, behaviour 

patterns of occupants; etc.  Occupants 

influence the use of electricity of dwellings 

by the number of electrical appliances they 

own and throughout their use of the 

appliances. 

The demand per time interval is the sum of 

many consuming appliances. The demand 

of a typical appliance connected to the grid 

is not continuous over time. Generally, 

appliances will be switched on or switched 

off or will be operated on partial load 

depending on the time of the day, day of the 

week, seasonal influence and activity level 

etc. This results in a fluctuating electricity 

demand during a day and during a week. 

There are such many factors that 

influencing the occupancy pattern such as: 

 The number of occupants. 

 The getting up time in the morning 

and the sleeping time. 

 The unoccupied period during the 

day. 

     There have been numerous 

investigations dealing with domestic 

electricity consumptions and load profiles in 

the UK [1-7]. A monitoring campaign was 

undertaken by Newborough [1] where the 

energy demand data of 30 homes have been 

obtained in order to modulate electricity 

demands emanating from individual 

dwellings to reduce the peak demand. A 

survey data among a sample of more than 

1000 adults has been conducted and a 

questionnaire was designed in the south-east 

of England in order to collect information 

from consumers about environment, 

Ownership of appliances, Usage-patterns, 

and etc [2]. The result of this study, such as 

ownership level, and total energy 

consumption of certain appliances are 

generally used when modeling of domestic 

energy is carried out for the UK. A simple 

method of formulating load profile (SMLP) 

for UK domestic buildings was presented 

by R. Yao and K.A. Steemers [3]. The input 

data of the model was based mainly on 

public reports and statistics, such as the 

composition of households and average 

energy consumption of appliances per 

capita. The UK average size household (3 

persons) was selected as an example of the 

implication of this method. A measurement 

of electrical energy consumption profiles 

for social sector in the UK, obtained over a 

period of 2 years was presented by Kreutzer 

[4]. The measurements were all obtained at 

5 minute intervals. Annual energy 

consumptions, daily and overall profiles 

were derived for the dwellings from the data. 

An occupant survey was undertaken among 

the people living in the monitored dwellings 

in order to create a link between the energy 

consumption profiles and socio-economic 

factors. The monitored dwellings were 

categorised on the subject of floor area, 

number of occupants and ownership level of 

appliances. 

Paatero and Lund [5] presented a method 

for creating domestic electricity load 

profiles at individual household level. It is 

based on a bottom-up model where the  

household load composes individual 

appliances/appliance groups. The input data 

of the model was based mainly on public 

reports and statistics. Yigzaw, et al [6] 

studied The patterns of electricity 

consumption and how occupancy and 

dwelling characteristics affect domestic 

electricity use for 27 homes in various 

locations throughout Northern Ireland (city, 

town and village). The results of this study 

showed that there is a strong correlation 

between average annual electricity 

consumption and floor area. 

The Swedish Energy Agency recorded 

appliance consumption data of individual 

appliances for 400 households in order to 
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understand where and how measures should 

be taken to increase the number of energy 

efficient appliances in the homes. [7]. 

In this study, a method to generate load 

profiles for household electricity 

consumption is presented.  

2.  Methodology  

     The identification of the pattern of 

energy uses of a house and the prediction 

domestic load profile is essential in order to 

match load shape to the power generated, 

and also to predict the possible impact of 

any energy management action directly on 

the daily load profile. The generated Load 

profile is based on engineering assumptions 

as to the kind of appliances owned and 

lighting that are inside the house and when 

the occupants are expected to turn them on. 

The different households have different life 

styles, which mean the shape of total load 

profile will vary from house to house and 

day to day. The inputs of electricity demand 

profile generator are: 

 The Census Demographic results, 

which care available from the UK 

Office for National Statistics 

(ONS) [8]. 

 The annual electricity consumption 

such as ownership level of 

appliances, and total energy 

consumption of certain appliances, 

which can be obtained from the 

results of survey among a sample 

of over 1000 adults which has been 

conducted mainly in the south-east 

of England regarding the socio-

economic aspects of energy use 

[2]. 

     Due to the lack of data about household 

occupancy pattern, it is necessary to make 

assumptions for the most common scenarios 

of household occupancy pattern in the UK. 

An Excel program is developed in order to 

generate domestic load profile for different 

consumption scenarios.  

2.1 Household composition 

     The UK has a population of 61 million in 

2008 and a total of 25 million households 

with an increase of almost 0.6 per cent on 

2006. Since 1971 the population has 

increased by 5.0 million. The average 

household size is 2.4. Table1 and table 2 list 

the UK composition of households in 2008 

and the type of households respectively [8].   

Table 1 Percentage of UK household size 

[8] 

No. of persons in 

the household 

Percentage 

1 29% 

2 35% 

3 16% 

4 13% 

5 2% 

6 or more 2% 

Total 100% 

Table 2 Type of household 

Type of household Percentage 

share (%) 

Single adult 15 

Single retired adult 15 

Two adults 29 

Two adults with 

children 

21 

Two retired 6 

Three adults  or more 14 

Total 100 

2.2 Annual Electricity Consumption 

     The information of the average daily 

consumption for major appliances in the 

UK household carried out by Mansouri [2]. 

The information gives the type and the 
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average annual consumption per household 

per day, the average annual consumption 

per capita per day and the ownership level. 

Table 3 lists the average energy 

consumption of appliances in the UK. 

The database gives the type and the average 

annual consumption per household per day, 

the average annual consumption per capita 

per day and the ownership level. The daily 

appliance energy consumption for different 

types of household can be calculated based 

on per capita daily energy-consumption data. 

Table 3 average energy consumption of 

electrical appliances in the UK [2] 

Appliance Average 

annual 

consumpti

on per 

household 

(kwh/day) 

Average 

annual 

consump

tion per 

capita 

(kwh/da

y) 

Own

ershi

p 

level 

(%) 

Electric hob 1.33 0.39 37 

Electric oven 0.74 0.22 56 

Microwave 

Oven 0.23 0.07 

74 

Refrigerator 0.82 0.33 53 

Freezer 1.9 0.55 55 

Television 0.91 0.27 97 

Video 

recorder 

0.3 0.09 76 

Dishwasher 1.72 0.48 16 

Washing 

Machine 

0.8 0.2 88 

Tumble 

Driers 

0.78 0.28 49 

Electric 0.78 0.28 5 

Kettle 

Iron 0.3 0.09 100 

Vacuum 

Cleaner 

0.15 0.04 100 

Miscellaneou

s 

1.1 0.33 100 

Computers 0.5 0.3 75 

2.3 Domestic appliance Category 

     Domestic appliances could be grouped 

as: brown goods, cold appliances, cooking 

appliances, wet appliances, and 

miscellaneous appliances. The domestic 

appliance categories in the UK are listed in 

table 4.  

 

Table 4 Domestic appliances 

Brown goods Electric 

consumer 

goods : TVs, 

VCRs, etc. 

Cold appliances Refrigerators, 

freezers, and 

combined fridge-

freezer. 

Cooking 

appliances 

electronic ovens, 

electric hobs, 

kettles, and 

microwaves, etc. 

Wet appliances Washing 

machines tumble 

dryers, and 

dishwashers. 

Miscellaneous 

appliances 

Vacuum 

cleaners, irons, 

electric showers, 

PCs, etc. 

Lighting Lights 

The following assumptions have been made 

in order to generate appliances load profile:  
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1. All Cooking appliances are electric 

powered. 

2. All households have an electric kettle, 

freezer and a refrigerator 

3. No appliance is left on standby 

4. Each household has only one of each 

appliances listed above. 

5. The space heating and hot water systems 

are provided by means of natural gas. 

Although the boiler uses electric powered 

burner, the electric consumption of this 

burner is too small and has not been 

considered 

 

2.4 Electric lighting patterns 

     The electric light depends on the 

occupancy pattern and is highly influenced 

by daylight condition (season) and the 

presence of active occupants. The electric 

lighting energy consumption can be 

calculated by using the following equation: 

                                            (1) 

             is the number of light bulbs 

per household distributed between 

bedrooms, kitchen, living room, bathrooms 

and others and      is the energy rating per 

bulb per hour.  

2.5 Occupancy Pattern of Household 

     The usage pattern is associated to the 

occupied period. For example, when there is 

nobody at home; most appliances will not 

be used. In daily appliance electricity 

profile, the occupants use practically low 

power (e.g. fridge-freezer) during the night, 

may wake up and have breakfast, leave the 

house during the morning and then may 

come again around mid-day for lunch, in 

the evening, the meal is cooked, television 

is switched on and showers are taken, etc. 

The total energy load profile can vary 

significantly from day to day and house to 

house depending on each household’s life 

style. The occupancy pattern could be 

influenced by such many factors such as: 

 The number of occupants. 

 The getting up time in the morning 

and the time of going to bed. 

 The unoccupied period during the 

day. 

     Due to the lack of data about household 

occupancy pattern, it is necessary to make 

assumptions for the most common scenarios 

of household occupancy pattern in the UK 

according to the household type. The six 

common scenarios are as follows: 

Scenario 1: single adult household, the 

occupier is a full time working and the 

unoccupied period is from 09.00 to 18.00. 

Scenario 2: Single retired Adult, the house 

is occupied all the time. 

Scenario 3: Two retired, the house is 

occupied all the time. 

Scenario 4: Two adults, the occupants in 

the house all have full-time job. The 

unoccupied period is from 09.00 to 18.00. 

Scenario 5: Two adults with children, one 

occupant has a full time job and the other 

adult may have a part time job in the 

morning in order to take care of the children 

after school. The unoccupied period is from 

09.00 to 13.00. 

Scenario 6: Three adults or more, the 

unoccupied period is from 13:00 to 18:00. 

Two of the members have a full time job; 

the other one has a part time job in the 

afternoon session. 

 

3. Generating a Typical Load                

Profile 
     A typical load profiles for UK average 

size households using different scenarios 

have been performed. The daily electricity 

consumption load profiles of electric 

appliances have been calculated for a winter 

and summer seasons 
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The calculation of daily energy-

consumption of each appliance can use the 

following equation: 

                                           (2) 

Where      is the daily energy-consumption 

of household delivered by appliances; N is 

the number of occupants and A is the 

appliance energy consumption per capita. 

3.1 Allocation of Households 

     In order to allocate a number of different 

household types which represent the 

community, the number of houses was 

assumed based on the national UK 

household percentage share, then the 

number of households for each household 

type was calculated. 

The number of houses is allocated randomly 

and assumed to be equal 400. Table 5 lists 

the projected number of households of the 

assumed community. 

Table 5 the projected number of households 

Type of 

household 

Percentage 

Share 

Projected 

No. of 

household 

Single adult 
15% 60 

Single retired 

Adult 15% 60 

Two adult 

29% 116 

Two adult 

with children 21% 84 

Two retired 

6% 24 

Three adult or 
more 

14% 56 

Total 

100% 400 

 

3.2 Time of Use Probability Profiles 

     In order to create sensible load profiles, 

knowledge of occupancy patterns is 

required. The occupancy information was 

limited, so simpler assumptions have been 

made for each scenario. Although the 

demand for appliances (refrigerators and 

freezers) normally varies during the duty 

cycle of the appliance, the assumption of 

constant load is assumed to be sufficiently 

accurate, the remaining appliances will have 

discrete events where the device is switched 

on and utilised. The usage Pattern and 

Probability of Occurrence of each appliance 

was distributed randomly based on the 

occupancy period. The lighting was dealt 

separately.  

3.3 Electricity Demand Profile Generator 

     The random profile generator is an Excel 

program that aims to simulate the random 

action of the household at half hourly basis 

in order to generate electrical load profiles 

that match the consumption target. The 

electricity demand profile generator is based 

on probability that enable us to predict the 

possibility of each consumer to operate a 

number of appliances on a certain time of 

the day for different occupancy types by 

describing the behaviour of each appliance 

by a normal distribution probability 

between (0& 1). 

Each appliance’s random profile for each 

scenario will be generated using Random 

Number Generator technique (RNG). The 

aggregation of random profiles for all 

appliances will generate a daily electric 

appliances load profile for a known scenario. 

The daily appliance energy consumption for 

different occupancy scenarios can be 

calculated at half hourly basis based on the 

information of daily average end use 

electric appliance energy consumption for 

an average size household, per capita daily 

energy-consumption and the ownership 
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level. An Excel program is developed in 

order to generate the electricity demand 

profile for different household types. Fig 1 

shows the framework of generating the 

community load profile. The inputs of 

generating the domestic load profile are: 

- Daily energy-consumption for each 

appliance; 

- Ownership of each appliance; 

- Occupied period. 

The load profile for the whole community 

was calculated using the equation: 

                  
 
                    (3) 

Where;               the load profile for 

the whole community;      is the half 

hourly load profile of household of type j. 

Fig 1 shows the framework of generating a 

typical community load profile. 

 
 

Fig 1. Framework of producing a typical 

community load profile 

 

3.4 Results of Modelled Data 

     A typical load profile for UK households 

for different common scenarios has been 

performed using the mentioned method. 

The daily energy-consumption load profiles 

of electric appliance and lighting loads have 

been calculated individually for a winter 

and a summer weekday case. The total daily 

electricity demand profile for the 

community is generated by aggregating the 

load profiles of the common six scenarios. 

The average half hourly daily consumption 

for a single household ore each household 

type( scenario)  is calculated by dividing the 

total electricity consumed by the entire 

number of households for each scenario at a 

specific time by the total number of 

households for the same scenario at the 

same time.  

The average load profile for a single 

household for the six scenarios is calculated 

by averaging the summation of the averages 

of all scenarios. The modeling results of the 

half hourly daily electricity consumption 

load profiles for a single adult household 

excluding and including lighting for winter 

season, The modeling results of the half 

hourly daily electricity consumption load 

profiles for each household type, the total 

half hourly daily electricity demand profile 

for the community and the average hourly 

daily consumption for a single household 

are shown in fig 2, fig 3, fig 4 and fig 5 

respectively. 
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Fig 2. Daily electricity load profile for 

single adult households 

  
(Scenario 1) 

  
(Scenario 2) 

    
   (Scenario 3) 

 

 
         (Scenario 4) 

  
(Scenario 5) 
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   (Scenario 6) 

 

Fig 3. Daily electricity consumption load 

profiles for each household type. 

 

Fig 4. Daily Electricity Consumption in      

winter for the whole community 

 

 

Fig 5. Average hourly daily consumption 

for a single household 

4.   Comparison of Generated    

     Profiles with Measured Data 

     During the period between December 

2003 and February 2004, Yigazw G. 

Yohanis and others performed electricity 

measurement using a half-hour load meter 

for 27 dwelling in Northern Ireland to 

obtain an understanding of how occupancy 

and dwelling characteristics affect domestic 

electricity use [6]. When compared the 

average daily consumption for one 

household for the six scenarios (fig.5) with 

the average daily annual electricity 

consumption measured by Yigazw [6], we 

can note that, there is a good agreement 

between the both curves and the general 

patterns are still clearly captured by the 

model, for example, the minimum 

consumption is occurring between 1.00 and 

6.00 am (unoccupied periods), for the latter 

the consumption is almost the same from 

about 9.00 a.m. to mid-night. The maximum 

consumption is occurring between 18.00 

and 22.00. The average daily electricity 

consumption from the generated model data 

is about 11 KWh in the winter season, and 

about 13 KWh from a national load profile 

[3]. The profile from modeled data is 

slightly lower than the national profile; 

because it is related only to the domestic 

appliance and does not include the space 

heating and hot water systems load (the 

assumption is that they are provided by 

means of natural gas). 
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Fig 6. Comparison of the hourly load profile 

5. Conclusion 

This paper presents a method of generating 

realistic electricity load profile data for the 

UK domestic buildings. This method is 

based on the information and results of 

previous investigations and works that is 

available in public reports and statistics. 

 Six scenarios which present the 

behavioural characteristics and common 

occupancy pattern in the UK households 

have been proposed to regenerate the 

diversity in electricity consumption between 

households. The half hourly daily load 

profiles for assumed community of 400 

households have been generated for the 

various scenarios and then the average 

electricity consumption for individual house 

has been calculated. The generated load 

profiles show a good agreement compared 

with the UK households load profiles. 

This method has allowed the creation of 

typical seasonal and lifestyle activity 

profiles from statistical data. These profiles 

could be useful for predicting the future 

electricity demand. The daily load profile 

from individual dwelling to community can 

be predicted using this method. The analysis 

shows the power requirements of each 

electrical appliance and helps to determine 

the suitability of applying renewable 

energy.  
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ABSTRACT:- GECOL is a state owned company in charge of the generation, transmission 

and distribution of electrical power for the entire country of Libya. Today, GECOL: peak 

demand 5282MW (Sept. 2009). Following its strategy to invest and modernize its electric 

network, GECOL commissioned in 2010 its new Distribution Control System, delivered and 

installed by Siemens. This new control center system combines in the same SCADA/DMS 

(supervisory control and data acquisition/distribution management system), the monitoring 

and control facilities for the entire network, from medium voltage 30/66kV substations to 

distribution feeders. This is a real-time information system for all operation activities in a 

modern distribution control room. It improves the information made available to the 

operators, field crew personal, customer service representatives, and, ultimately, to the end 

customers. Nowadays, control and supervision is not anymore an isolated activity, but has 

to be performed aligned with corporate function of planning, assets inventory, 

maintenance, and customer management.  It is within this context that GECOL is running 

new distribution control centers, located at different sites within the country and with a 

complete SCADA/DMS/NA functionality. The paper deals with the development of an 

interface between a SCADA/DMS system and electric network components. The capability 

and applications functions that are supported by the system are explained and broadly 

discussed. It also aimed to share the collaborative experience and present key features of 

this successful project implementation. Finally the paper discusses the benefits envisioned 

by GECOL when operating their network with this new system and the short-term network 

and system evolutions perspectives.   

 

Introduction  

  

 Distribution Automation and Management 

System provides modern tools for the 

distribution power network's security and 

economical operation. It guarantees power 

quality, perfecting facility management as 

well as increasing working efficiency and 

providing a series of solutions for the 

distribution automation system, [1]. 

SCADA systems are globally accepted as a 

means of real-time monitoring and control 

of electric power systems, particularly 
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generation and transmission systems. RTUs 

(Remote Terminal Units) are used to collect 

analog and status telemetry data from field 

devices. SCADA software and operator 

GUI (graphical user interface) are 

engineering applications that act on the 

data, historian software, and other 

components. DMS functionality is 

relatively new; DMS also extends to the 

efficient management of planned work and 

normal electrical operations. DMS is also 

typically associated with receiving real-

time status and analog points from the 

distribution system, and the generation of 

supervisory control commands to 

distribution breakers, switches and recloses, 

switched capacitor banks, voltage 

regulators, and load tap changers (LTCs). 

The importance of DMS will increase as 

additional amounts of customer generation, 

energy storage, and demand response are 

placed on distribution systems. DMS is 

receiving a lot of attention because it can 

provide solutions to many challenges that 

distribution organizations face today. Table 

1 below contains a listing of DMS 

applications, functionality and benefits. 

 

     Table.1 Indicates the Application, Functions and Benefits of DMS Systems 

 

Applications Functions Benefits 

 

Load Flow Analysis 

Determination of Currents and 

Voltages per Phase for the  

entire N.W 

Improve; awareness, asset 

utilization, contingency 

planning. 

 

Load Allocation and 

State Estimation 

Telemetered or Historical 

measurements and calculation 

of power flows 

Improve load flow & State 

estimation calculations 

Notification of Voltage 

violation 

Fault Location Identifying of fault locations .Improve Crew efficiencies 

Switching 

Restoration 

Establishing Isolation and 

Restoration Schemes 

Increase Reliability and 

Operation Efficiency. 

 

Control of Volt/VAR 

Monitoring and Control of 

Capacitors bank, Regulators to 

reduce System Losses 

Improve Voltage Profile 

and reduce Customer 

demand at Peaks. 

Line Unloading Calculation of load Transfer 

Options and Overload 

Reduction 

Longer Equipments 

Lifetime and Higher assets 

Utilization. 

Remote Switching Feeder Reconfiguration Reduce System Losses 
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In order to gain full benefits of the installed 

SCADA/DMS system, GECOL has 

digitally upgraded its protection and 

substation equipments for the entire 

distribution electric network, this is briefly 

described below. 

1.0  Digital Adaptation of Substations 

With the developments of computer 

technologies and electric technologies, the 

real-time and reliable network 

communication technologies satisfying the 

requirements of protective functions and the 

electronic technologies adapting to 

instrument transformers, switches and 

server environment has become mature.  A 

digital substation means a substation whose 

information acquisition, transmission, 

processing and output process has been 

completely digitalized, [2]. Therefore the 

substation adaptation work needed is to 

introduce the concept of integrated 

protection and control for each bay where 

each bay will have feeder manager “FM” 

which will be responsible of all protection 

and data acquiring, also a distance digital 

protection relays were utilized for feeders 

and differential digital protection relay for 

transformers, those devices (FM and digital 

protection relays) were connected through 

standard IEC protocol to a RTU to gather 

all required data for the relative DCC data 

exchange.  

 

 

1.1  Digital Protection Relays  

Traditional distribution electric network 

(DEN) systems comprised of a huge 

number of distribution command panels 

with built-in switches, instruments, and 

buttons and light boards. Sum of 

interlocking and control functions were 

done with separate subsystems. An overall 

remark for those systems was that there 

were a lot of protection, control and 

monitoring subsystems running, a lot of 

wiring made introducing a demanding 

maintenance. So complex systems were 

requesting space what resulted in 

construction of large buildings. Any 

substation adaptation or reconstruction 

work to be done was a big problem due to 

the fact that works would effect a lot of 

subsystem, [3].  

New types of protection relays (devices 

with a microprocessor) did solve a lot of 

practical problems from the past and 

introduced a lot of new features. With their 

open architecture they have enabled parallel 

operation with the relays of different 

manufacturer and operation with existing, 

classic protection devices. New types of 

protection relay are used for the protection, 

control, measuring and supervision of 

medium voltage networks. Having a CPU 

as the most important part, a lot of 

advanced functions are controlled and 

monitored by software modules supporting 

their open architecture.  A block diagram of 

substation SCADA sub-system is shown in 

figure.1 
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Fig.1   Block diagram of a SCADA system incorporating numeric relays 

 

 

2.0  System Hardware Configuration. 

 

The SCADA/DMS hardware configuration 

is based on a redundant high speed Ethernet 

LAN, where all servers, workstations and 

other peripheral equipment (printers, video-

projector…) are connected, [4]. A full 

Windows configuration was chosen, using 

windows operating systems on all the 

servers and work stations. This hardware 

configuration includes the following 

building blocks:   

 

 Two SCADA/DMS servers running in 

hot-standby mode, dedicated to the 

SCADA/DMS functions and to the 

server part of the User Interface 

Subsystem.  

 One Historical server dedicated to the 

long term archiving. This includes a 

total capacity of around 300 GB. 

 One Development server, being the 

repository for the whole system 

(Database, Displays, Source Code). 

From this server the system can be 

100% re-built and delivered.   

 Two Front-End computers, running in 

load-sharing mode, in charge of the 

management of the communication 

links with the RTUs.  

 Workstations (Operator and Engineer 

Consoles).  

In addition, the following LAN/WAN and 

peripheral equipment are used: 

 Printing equipment ( B&W and color 

laser printers).  
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 Two LAN switching equipment, 

allowing up to 24 Ethernet 

connections each.  

 One Firewall Router allowing a 

secure connection with GECOL 

corporate LAN. 

 One VPN router for remote 

maintenance purpose.  

 One GPS clock distributing accurate 

time to all Servers & Workstations.  

 A complete video-projection system 

allowing to call-up SCADA/DMS 

displays from any workstation on the 

wallboard. 

The following diagram, figure.2 provides a 

graphical summary of this hardware 

configuration.   

 

         

 
  

Fig.2. Represents the System Hardware Configuration 

 

 

 

The SCADA/DMS system, provides in the 

same user interface the capabilities to 

annotate the network with tags, to follow up 

work which is done in the field, and to issue 

remote control operations.   

 

3.0  Graphical Modeling Tool  

 

After initial database conversion a 

Graphical Modeler was installed and used 

as central modeling tool for distribution 

network portions. This graphical tool 

allows editing and maintaining at the same 

time SCADA data, network data, and 

graphical diagrams representing the 

network, see figure.3. The network is 

divided into pieces called sub-networks. 

Each sub-network is covered by one 

graphical modeler source file. Each source 

file can be edited separately allowing 

multiple operators to work in parallel. 

The graphical modeling environment uses a 

library of predefined symbols used by the 

operator to build the diagrams. Figure.4 

represents an example of sub-network for 
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Tripoli’s Distribution Control Center 

(DCC). Operators maintain database and 

displays by update drawings of the network, 

using drag/drop to create new components, 

and edit the connectivity graphically, thus 

avoiding errors. Connectivity is maintained 

while objects are moved around in the 

graphical environment. Automatic routing 

facilities with various options are available 

for these connectors. Once the model is 

complete, appropriate tools are available to 

populate the on-line environments with 

updated data and displays.  

 

  

       
 

 
 

Fig.3. Representation of substation’s single line diagram 

  

166

166



 
 

 

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE  23-26/10/2010 

 

       
AL HADBA 220 KV  TP3_0006

TP3_0144

TP3_0093

TP3_0020 TP3_0042TP3_0091 TP3_0038TP3_0019

TP3_0073

TP3_ 0017

TP3_0092

TP3_0068

TP3_0069TP3_0027 TP3_0045  

TP3_0046

TP3_0016

TP3_0044 

TP3_0039

TP3_0011

TP3_0098 

TP3_0219

TP3_0051 

TP3_0063 

TP3_ 0066 

TP3_0003

 

 

Fig.4 Shows an example of of sub-network for Tripoli DCC. 

 

 

 

4.0   System Output and User Interface  

 

Graphical User Interface (GUI) software 

running on the work station is designed to 

leverage the same user interface and is used 

for SCADA and DMS functions. The 

SCADA/DMS system provides the latest 

Web technologies and provides the best 

integration with the Windows environment. 

It provides all the features expected from a 

modern GUI software, like multiple 

viewports management, easy configuration 

and call-up of pre-defined display 

arrangements (rooms), pop-up pictures, 

pull-down menus, multiple fonts, efficient 

panning and zooming, support for scripting, 

etc… 

In the same user interface the capabilities to 

annotate the network with tags, to follow up 

work which is done in the field, and to issue 

remote control operations, figure.5 show a 

snapshot of the system output. 

5.0  Telecommunication Network and 

protocols 

Data acquisition system is composed of a 

set of hardware and software connected 

together and supporting the transfer of 

information from the field equipment to the 

control centers:  

 Two SCADA/DMS servers (master 

and standby), supporting the real-time 

database and data exchange with 

operators consoles. 

 Two communication front end servers 

connected on the same LAN. These 

front-ends are responsible for the data 

polling of the various RTUs. 

 Telecommunication lines : 

 Optical Ground Wire (OPGW) 
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 Under Ground Fiber Optic 

(UGFO) 

 Power Line Carrier (PLC) 

  Various types of Remote Terminal 

Units (RTUs) already installed in 

primary stations and small feeder 

RTUs in MV/LV kiosks.  

 

 

            

 
 

Fig.5 Shows a Snapshot of system output (User Interface). 

 

 

In this system architecture, main 

SCADA/DMS servers are managed 

independently from the communication 

servers. RTU polling task is downloaded 

to the communication front-end 

equipments. The core application within 

front end processors is a powerful server 

whose main purpose is to distribute 

communication processing and to allow 

management of RTU. VoIP technology 

was considered when implementing the 

overall communication system, [5].  

 

Conclusion and Remarks 

 

GECOL derives several gains from this 

new unified system. Improved operation as 

it covers both transmission and distribution 

network and simplified configuration and 

extension.  In addition, GECOL benefits 

from the load flow calculation which allow 

save operation and closer to the limits. This 

will help to solve a situation where network 

extensions of 11% to 13 % per year are 

scheduled. GECOL will also benefits from 
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the Dispatching Training Simulator (DTS), 

which is used to train operators and also for 

network model updates preparation and 

analysis. The system has now been used for 

several months to GECOL satisfaction, and 

a number of further evolutions are being 

discussed.  Implementing state-of-the art 

solutions will enable the utility to meet all 

customer services challenges. Operators 

accepted well the new DCC system. An 

efficient and intuitive user interface helped 

them to quickly get familiar with the 

system’s functionality. The use of dynamic 

network coloring functions of temporary 

modifications and tags has stimulated their 

interest in the system, bringing them a clear 

operation view of their network. To make 

full use of SCADA/DMS functions, the 

developed system should be interfaced to 

spatial data produced by GIS system. 
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Abstract. The aims of this paper are the identification and control of non-linear systems 

using artificial neural networks (RBFN), and comparison between the PID controller 

and RBFN controller. The direct adaptive control method is considered in this work for 

controlling the non-linear dynamic models. Examples of identification and control the 

non-linear system will simulate and the results will discussed revealed that the response 

of the desired signal was fully dependent on the learning factor’s value. The RBF 

network consists of one input layer, one output layer and only one array of hidden nodes 

called centers. The RBF network is a simple architecture and moreover, the training of 

the network is faster than the MLP network. One reason the RBF is very fast, is that 

learning is divided into two stages. Learning in the hidden layer selecting centers and 

widths and the learning in output layer for selecting the weights.  

 

Keywords:  Identification, Control, Non-linear Systems, Radial Basis Function Network 

(RBFN), Hidden layer, Centers, Widths, Learning. 

 

1   Introduction 

The RBF network used for 

identification and controlling of non-linear 

dynamic systems. This type of network 

consists of fully interconnected layers: one 

input layer, at least one hidden layer which 

have an activation function and one output 

layer. Various non-linear plants were tested 

and very good results were obtained. Three 

different plants will used as examples to 

show the properties of the RBF network. 

These examples have been chosen in order 

to get the accuracy of the RBF network. 

Fig.1 is a block diagram of a series-parallel 

model. The output of the plant and the 

network are compared and the resulting 

error is used to update the network 

parameters (centers, width and weights). 

 
Fig.1 Series-Parallel identification schemes 
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The direct adaptive control method is 

considered in this paper for controlling the 

non-linear dynamic models due its 

simplicity and robustness, especially when 

the proper parameters are selected. One 

limitation which might affect the 

performance of the controller is the choice 

of the learning factor (η) which controls the 

convergence of the LMS algorithm.  

 

2. Radial basis function network 

structure 

The RBF neural network has a feed 

forward structure consisting of three layers 

as shown in Fig. 2. 

 
Fig.2 Radial Basis Function Structure 

 

The input layer passes the input data to 

the hidden layer. The hidden layer consists 

of an array of nodes and each node contains 

a parameter vector called a center. The 

output layer is only a set of weighted linear 

combinations of the activation function. 

The only adjustable parameters in the 

output layer are the weights. The output 

vector y is given by: 

 
Where (wj) is the weight of the (j

th
) node 

and (Φj) is the activation function.  The 

hidden node calculates the distance between 

the center and the RBF network input 

vector, and then passes the result through 

the non-linear activation function (Φ) to the 

output layer.  

The Gaussian activation function can be 

written as: 

 
 

i =  1,2,3,…,n,  j = 1,2,3,….,m    

                                                                       

Where (Φj) is the output of the (j
th

) unit in 

the hidden layer, (Xi) is the input data to 

the network, (cj) is the center of the j
th

 unit 

in the input space, (σj) is the width of the 

Gaussian function, (m) is the number of 

centers and (n) the dimension of the input 

space.  

 

3 Learning in the radial basis function 

network 

The first learning stage involves 

selecting the centers and the widths in the 

hidden layer. The second stage is to 

adjusting the weights in the output layer. 

 

3.1 Selection of the centers (c) 

 

The clustering algorithm procedures are: 

1. The objective of clustering algorithm is 

to categorize or cluster the data. 

 The classes must be found from the 

correlation of an input data set.  

2. The clustering is a way of grouping 

similar patterns and separating 

dissimilar (different) ones.    

3. Clustering in such a case involving 

identifying the number of classes 

and assigning individual datum 

membership of these classes. 
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4. The vectors in the same cluster are 

similar which means that they are close to 

each other in the input space.  

 

The K-means clustering algorithm is used 

for selecting the number of the centers, this 

algorithm have been used in this work 

because of its simplicity and ability, to 

produce good results. To show the 

clustering results of this algorithm a 

hypothetical example is considered, with 

one input node, three centers and one 

output node. The input data shown in Fig.3 

and the input data clustered as depicted in 

Fig.3. 

 

 
 

Fig.3 Input data 

 

 
Fig. 4 Clusters data using  

            K-means algorithm 

3.2 Width selection (σ) 

The most common method used is the 

Euclidean distance measure. This method is 

widely used because it is simple to calculate 

and more reliable.  The shortest distance 

between vector X and vector C is the 

Euclidean distance which is defined as: 

Edist= [∑
n 

[xi–ci]
2
]

0.5
 ……….(3) Where n is 

the vector dimension and Edist is the 

Euclidean distance. 

         
 

 

3.3 Output layer learning  (Least Mean 

Squares method) 

The LMS rule for adapting the weights: 

1. Initialization of the weight vector. 

0)1(ˆ jW  

    2. Calculate the network output.      

)())()(()(ˆ)1(ˆ ngtytynWnW jdjj     

Where y(n) is the output of the network, gj 

are the Gaussian output, 
^

W j(n) are the 

previous weights originally set to zero and 

)1(ˆ nW j
 are the updated weights 

 

4 Identification of nonlinear systems 

 

4.1 The plant considered for identification 

is a non-linear model (DC motor armature 

control) governed by the difference 

equation: 

Y(k) = 1.885 y(k–1) – 0.8868 y(k–2) + 

0.00009 u(k–1) + 0.00000923 u(k–

2)……….(4) 
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Fig. 5 Plant output, RBF output  

 

4.2 The plant considered for identification 

is a non-linear model governed by the 

difference equation:  

Y(k)=0.9847Y(k-1)+0.001527U(k-1) …(5)                                       

0 0.5 1 1.5 2 2.5 3 3.5 4
0

0.02

0.04

0.06

0.08

0.1

Samples

A
m

p
li
t
u
d
e

Plant output

RBF output

 
Fig. 6 Plant output, RBF output 

 

 

 

4.3   The plant considered for identification 

is a non-linear model governed by the 

difference equation:  

Yp(t)=0.5yp(t–1)+f[u(t–1)]….(6) 

 

Where the unknown non-linear function has 

the form 

 f[u] = (u – 0.7) u(u + 0.3). 

 

 

4.3.1 Testing the model using random 

centers 

 

The centers of the radial basis function 

network have been set to a random and the 

width parameter (σ) has been set by a guess 

to a value of 1 and the weights were 

adjusted by least mean squares algorithm. 

The plant and the RBF output and the 

difference between them (i.e., the error 

term) are shown in Fig.7 and Fig.8, this 

error is very high and is due to inadequate 

selection of the RBF parameters. This 

procedure, therefore, is undesirable. 
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Fig. 7 plant output, RBF output and the 

error term 
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Fig. 8 plant output, RBF output and the 

error term after the weights were tuned  

 

 

4.3.2 Testing the model using clustering 

centers 

 

Here, the K-mean clustering algorithm 

was used to tune the centers,                                     

the   σ =║Ci – Cj ║ was used to compute 

the widths and the weights were adjusted by 

least mean squares algorithm. The plant and 

the RBF output and the difference between 

the net and the plant output signal (i.e., the 

error term) are shown in Fig.9. 
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Fig.9 Plant output, RBF output and the 

error term 

From the figure (9) we note that the error is 

very small due to adequate selection of the 

RBF parameters. This procedure, therefore, 

is desirable. 

 

5   Nonlinear Systems Control using 

Radial Basis Function 

 

The direct adaptive control (or the on-

line) method is used to overcome the 

problems associated with the off-line 

approach. In this method, the neural 

network learns during the on-line feed 

forward control period. As shown in Fig.10, 

the controller network is placed in front of 

the plant, whereby the net output control 

signal cû  is an input to the plant. 

 

Fig. 10 Direct adaptive control configuration 

 

The control signal can be realized as: 

 )(ˆ tUc
 = RBFNc [X

C 
(t)] 

 

Where: 

The desired reference signal     yr(t + 1) was 

used instead of the unknown y(t + 1), this 

can be rewritten as: 

 

X
C 

(t)=[yr(t + 1),y(t),.,y(t–n+1),       

 u(t – 1),….,u(t – m +1)]
T
 .….(7)                                 
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During the training of the network, the 

centers are assumed selected, presumed to 

have been prior to training and are given as 

Cji = [C11 C12 …. C1n)]
 T

 ….(8)                                                                                               

i = 1, 2… n & j = 1, 2… m 

Where n is the network input space 

dimension and m is the number of centers 

(hidden units) with m ≤ n. It is recommend 

that the width between the centers is also 

selected, remembering that the same 

number of centers and the width value 

obtained during the modeling are used for 

the purpose of controlling the system. 

Therefore, only the weights of the networks 

are adapted using the LMS algorithm to 

decreases the error between the reference 

signal   yr(t + 1) and the actual out put y(t + 

1) in every iteration step. 

After the learning process is finished, the 

connection weights between the output 

layer and the hidden units will have been 

adjusted so that yr(t+1) y(t+ 1) The 

learnt inverse model may then be able to 

take a desired response and calculate an 

appropriate control signal cû
 ,   

X
C 

(t)=[yr(t+1),yr(t),.,yr(t–n+1),       u(t – 

1),…, u(t – m + 1)]
T
…...(9)                                    

The direct adaptive control method is 

considered in our work for controlling the 

non-linear dynamic models due its 

simplicity and robustness, especially when 

the proper parameters are selected. One 

limitation which might affect the 

performance of the controller is the choice 

of the learning factor (η) which controls the 

convergence of the LMS algorithm. Care 

must be taken by the user when selecting 

this value; the correct value can be selected 

according to the experience or by a trial and 

error procedure.  

 

5.1 Simulation examples: 

Here the centers and the width between the 

centers of the RBFNc are selected before 

training. By passing the training input 

signals through the selected 10 RBFNc 

nodes, the network controller is configured 

in the same way as shown in Fig. 11. 

Assuming the optimal width has been 

selected, and then the optimal output layer 

weights are found using the least mean 

square LMS algorithm. The weights vectors 

are initially set to zero and the learning 

factor is varied depending on the behavior 

of the desired input.  

 

 

5.1.1 An electrical model (DC motor 

armature control) 

 

The electric circuit of the armature and the 

free body diagram of the rotor are shown in 

 figure (11). 

 
 Fig. 11 The electric circuit of the Dc motor 

model 

The system described by the following 

open loop transfer function: 

 

   Ω              K 

   V (JS + b) (LS + R) + K
2 

We will assume the following values for the 

physical parameters: 

  The moment of inertia of the rotor (J) = 

0.01 kgm
2  

/ s
2
  

= 
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The damping ratio of the mechanical 

system (b) = 0.1 Nms.  

The electromotive force constant K= 0.01 N 

m / Amp.  

The resistance (R) = 1 ohm.  

The inductance (L) = 0.5 H. 

The input (V) is source voltage. 

The output (Ω) is rotational speed (rad/sec). 

 

5.1.1.1 Design requirements: 

With an input voltage of 1 Volt, the steady-state 

error of the motor speed should be less than 1%, 

settling time less than 0.4 sec and no overshoot.  

 

Fig. 12 Response of DC motor model 

(speed) with RBF and PID controller 

  ِ As shown in figure (12), RBF controller 

satisfied the design requirements. 

5.1.2 The system is subjected to some 

square wave set point. 

 

The plant considered for controlling is a 

non-linear model governed by the equation: 

( 1 – 1.21 Z
-1 

+ 0.374 Z
–2 

 ) Y(t) =Z
–1

(-0.212 

Z
–1 

+0.269 Z
–2

) 

gu(t)……………………(10) 

 

Where   gu(t)=3U(t)–0.315U
2 
(t). 
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Fig. 13 Actual and desired signals 

 

6 Comparison between the PID 

controller and RBFNc 

 

The plant considered for controlling is a 

non-linear model (DC motor armature 

control) governed by the difference 

equation: 

Y(k) = 1.885 y(k–1) – 0.8868 y(k–2) + 

0.00009 u(k–1) + 0.00000923 u(k–

2)……..…(11) 

 

The design requirements for the DC 

motor model that has an overshoot less than 

1%, the steady state error less than 1% and 

the settling time less than 0.3 seconds.   
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Fig. 14 Model response with PID controller 

and RBFNc 

7 Conclusion 

 

The Radial Basis Function Network 

(RBFN) is introduced on-line to 

identification and control of the non-linear 

dynamic systems, where the network 

weights were adapted using least mean 

squares method (LMS) and the network 

centers were selected using K-mean 

clustering algorithm. As a result, the on-line 

RBF algorithm is an effective algorithm for 

identification and control of nonlinear 

systems. Both controllers PID and RBF 

were satisfied the design requirements, but 

the RBF controller has fast response, good 

performance and ability in controlling of 

nonlinear system. The results have also 

shown that the on-line RBF neural network 

controller is an effective and robust 

algorithm. 

 

8 References 

 

[1] Haykin S., (1999), “Neural 

Networks, A Comprehensive Foundation”, 

Prentice-Hall Inc, second edition. 

[2]Sanchez J., (1996), “Adaptive Predictive 

Control”, department of energy    

systems, Technical University of Madrid. 

[3] Moody J. and C. Darken, (1989), 

“Fast learning in Networks of Locally-

Tuned Processing Units”, neural 

computation, Vol. 1. 

[4] Fu L., (1994), “Neural Networks 

in Computer Intelligence”, university of 

Florida.  

[5] Bose K. N. and P. Liang, (1996), 

“Neural Network Fundamentals with 

Graphs, 

Algorithms and Applications”, McGraw-

Hill series in Electrical and Computer   

Engineering. 

[6] Hu H. Y. and J. Hwang, (2002), 

“Hand book of Neural Network Signal  

Processing”, by CRC press LLC.  

[7] Phillips L. C. and H. T. Nagle, 

(1995), “Digital Control System Analysis 

and    

            Design”, third edition. 

 [8] Jax I.  and   K. Jed,    (1992), 

“Numerical Analysis”, first edition. 

 [9] S  ِ oderstro  ِ m T. and P. Stoica, 

(1989), “System Identification”, London. 

[10] Mammone J. R., (1994), 

“Artificial Neural Networks for Speech 

and Vision”, New    

            Jersey, USA. 

 

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

A
m

p
li
tu

d
e

Samples

Desired signal

Actual signal

180

180



 
T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE  32-32/01/3101     

 

 

 

Identification of Nonlinear Systems using parametric and                     

Non-Parametric Methods 

 
Tripoli - Libya 
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Abstract.  The aims of this paper are the identification of non-linear systems (a dual tank 

system) using parametric and non-parametric methods such as reaction curve method, over 

damped 2
nd

 order system method, Auto-Regressive Exogenous (ARX) model, Auto-

Regressive Moving Average Exogenous (ARMAX) model, Box-Jenkins (BJ) model, 

simple least squares (SLS) method and compare between them; and design a graphical user 

interface (GUI) to implement the results. 

 
Keywords: System identification, Non-linear System, Parametric, Non-Parametric, 

Graphical User Interface. 
 

 
1. Introduction 

 
System identification is a problem that 

arises in many disciplines where a 

mathematical model is researched for a 

physical system; system identification is a 

basic problem in control theory, because in 

almost any application of control, the 

model is not completely specified. Since 

most processes in the real world are 

nonlinear to some extent, nonlinear models 

may be required to achieve acceptable 

prediction accuracy. From engineer's points 

of view, a good nonlinear modeling should 

have good model structure and good 

flexibility as well.  

In recent years, there have been 

proposed many nonlinear modeling and 

identification methods. In this paper there is 

a good nonlinear modeling Box-Jenkins 

model. The goal of the identification is to 

search mathematical model of real plant, 

when we have a measured signal of the dual 

tank system, some parametric and non-

parametric methods are applied on the 

filtered signal to obtain the mathematical 

model of the dual tank system. 

 
2. Problem Formulation 

The system in consideration consists of 

two interconnected water tanks linked 

together by an orifice. The water is fed into 

the system using an electrical water pump, 

the pump switched ON to move the water 

level in tank one to certain level. As a 

result, the water level in tank two will rise 
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with a certain rate until it reached a steady 

state level. The scheme of the system is 

given in Figure 1. The inlet water quantity 

is denoted by qi, the outlet quantities are q1 

and q2 respectively. The water levels are 

denoted by L1 and L2. The cross sections of 

a dual tank are A1 and A2. The cross 

sections of the tubes are denoted by R1 and 

R2. 

 

 
Fig. 1 Block diagram representing   a dual 

tank system 

 

The goal of the identification is to search 

mathematical model of a real plant. It is 

achieved by a step response. As input we 

have pump which works with the same 

efficiency during all the time. It simulates a 

step function. In output, we have level of 

liquid of tank two. As shown in Figure 2, 

two signals are obtained; the first one was 

the measured signal from the dual tank 

system. As we notice, the measured signal 

is noisy, in order to remove noise from the 

measured signal we have used  polynomial 

curve fitting algorithm, In this case the 

seventh order polynomial is used which is 

quite good approximation as we can notice 

in second signal . 
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Fig. 2 measured signal from a dual tank 

system and signal after approximation 

 
3.  Identification of a dual tank 

system using Non parametric 

methods: 

 

3.1   Identification using reaction 

curve method  

 
Once the model structure is defined, 

the next step is to choose the correct value 

for the parameters using reaction curve 

method. Matlab program have been used to 

compute the reaction curve method, where 

step input is applied to the process and the 

output is recorded.      

The step response of the process is shown 

in Figure 3.  
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Fig. 3 Reaction curve method 

 

    

   The measured signal for a dual tank 

system and the model response which is 

identified by using reaction curve method 

are shown in Figure 4. 
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Fig. 4 meas. signal of a dual tank system 

and reaction curve method 

 

Error is counted:  

δ = measured signal – model response = 

0.5722 

 

The reaction curve method is probably one 

of the most popular methods used in 

industry for identifying objects. From the 

Figure above we see that the reaction curve 

method can describe the process dynamics. 

 
3.2 Identification using over 

damped 2nd order system with no 

time delay  
 

Figure 5 demonstrates a graphical method for 

determining the system parameters.  

 

 
Fig. 5 over damped 2

nd
 order 

system with no time delay 

 

So, by using the Figure 5 and some 

procedures the model system parameters 

can be obtained and when the value of ζ 

near to zero and then reduce the system to 

first order system: 
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The measured signal for a dual tank system 

and model response which is identified by 

using first order system is shown in Figure 

6. 
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Fig. 6 meas. signal & 1st order model response 

    

   Error is counted: 

 δ = measured signal – model response = 

1.6279 

 

From the Figure above, this method can 

describe the process dynamics but it is 

worse than another identification methods. 

 
4.  Identification of a dual tank 

system using parametric methods: 

 
4.1 Identification using 

autoregressive exogenous input 

model (ARX). 

 
This section describes how identification of 

the dual tank system using ARX model, 

where the model is usually written as  

 
A(z).(t)=B(z).U(t–nk)+d(t)….(1) 

                                                             

The measured signal for a dual tank system 

and the response of the model which is 

identified by using ARX model are shown 

in Figure 7. 
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Fig. 7 meas. signal &ARX model response 

Error is counted: 

   δ = measured signal – model response = 

0.3974 

 

From the Figure above we see that the ARX 

method worse the Box-Jenkins method (see 

figure 9), but it is better than another 

identification methods. 

 

4.2 Identification using 

autoregressive moving average 

exogenous input model 

(ARMAX). 

 
This section describes how identification of 

the dual tank system using ARMAX model, 

where the model is usually written as 
A(z ).Y(t) = B(z ).U(t – nk ) + C(z  ).d(t).....(2)     

The measured signal for a dual tank system 

and the response of the model which is 

identified by using ARMAX model are 

shown in Figure 8.   
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Fig. 8 meas. signal & ARMAX response 

 

Error is counted: 

   δ = measured signal – model response = 

0.9979 

 

From the Figure above we see that the 

ARMAX method can describe the process 

dynamics but it is worse than ARX and 

Box-Jenkins methods. 

 
4.3 Identification using Box-

Jenkins model (BJ).  

 
This section describes how identification of 

the dual tank system using Box-Jenkin model, 

where the model is usually written as: 

 
The measured signal for a dual tank system 

and the response of the model which is 

identified by using Box-Jenkins model are 

shown in Figure 9.   
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Fig. 9 meas. signal & B-J model response 

 

Error is counted:  

δ = measured signal – model response = 

0.2973 

 

From the Figure above, if we compare this method 

with others identification methods, it is better one. 

 
4.4 Identification using simple 

least squares method (SLS). 

 
Consider a real plant and it is mathematical 

model shown in Figure 10.  

 
Fig. 10 Real plant and it is 

mathematical model 
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The real plant involves unknown aspects to 

the designer; it is a dynamics are expressed 

as G (Z
 -1

). Suppose that the plant dynamics 

can be approximated by the following 

transfer function: 

 

G(z-1)= (Ŷ z-1)/U(z-1) ……….(4) 

 

Y(N) = Φ(N) θ + e(N) ….….(5)                                                                                               

Where: 

 Y(N) is output vector 

 Φ(N) is measurement matrix. 

 θ is parameter vector to be 

estimated. 

 e(N) is error vector. 

 N is the number of data points. 

 

The system considered is a dual tank 

system;  

Let us assume second order model: 

kŶ  = –a1 y(k–1) – a2 y(k–2) + b1 u(k–1) + b2 u(k–2)       (6) 

Therefore a second order model can 

describe the process dynamics as shown in 

Figure 11, and the model that is used for 

controller design is  

kŶ  = – a1Y(k–1) – a2 Y(k–2) + b1U(k–1) + b2 U(k–2)……… (7) 

kŶ =0.74Y(k–1)+0.23Y(k–2)+ 0.2U(k–1)–0.18U(k–2)……(8)                                            
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Fig. 11 meas. signal& SLS model response 

 

Error is counted:      

δ = measured signal – model response = 

2.73 

 

From the Figure above and error, if we compare 

this method with others identification methods, it 

is not good method for system identification. 

 

5 Design a graphical user 

interface (GUI): 
 

 The components of the GUI such as 

buttons, text fields, sliders, and menus. 

When the GUI is designed, it should be 

intuitively obvious to the user how its 

components function; for example, when 

you change any value and click an OK 

button, your settings are applied and the 

dialog box is closed. Fortunately, most 

computer users are already familiar with 

GUIs and know how to use standard GUI 

components. When you run GUI and then 

click on the first part of GUI (Measured 

Signal & signal after approximation button) 

results as shown in Figure 12.  
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Fig. 12 GUI 

 

6 Conclusion 

  
In conclusion, the system in consideration 

was the dual tank system; the system 

exhibited the industrial processes. At the 

beginning of this paper, the data obtained 

from the dual tank system was filtered 

using polynomial curve fitting algorithm to 

remove the noise, and then two non-

parametric methods and four parametric 

methods has been used in system 

identification, and then the response of 

Box-Jenkins (B.J) model shows the (B.J) 

model is an accurate method of modeling 

system behavior, that is mean when the 

results of these methods were compared; 

the winner was Box-Jenkins model. 
The Graphical User Interface (GUI) has been 

used to implement and present the results of the 

identification methods, the GUI enable the user 

to operate the application without knowing the 

commands would be required by a command 

line interface.  

 

7 Future Work 

 
To get an in-depth view of system 

identification, more realistic view of the 

capabilities of system identification can be 

reached; in addition other models should 

also be explored, such as the Output Error 

(OE) and others.  
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Abstract: The paper presents an adaptive intelligent control method to overcome effects of 

some indeterminate and undealt factors that a DC .drive is suffered. In the speed loop, we 

use a three-layer neural networks through a backpropagation (BP) algorithm out of line 

learning to realize the fuzzy-control tactics. We use unit neuron through Hebb algorithm 

on-line dynamic learning to realize adaptive mechanism. The simulation is based on a 

MATLAB6.0 neural networks toolbox with simulink. The results of the simulation show 

that adaptive intelligent control method enables the system to have good dynamic and 

stability performance. The proposed method develops the use of simulink in the field of 

electrical drive of adaptive intelligent control. 

Key words: DC motor, neural networks, and adaptive control. 

 

 1 Introduction 

   The performance of a DC drive 

system is effected by some indeterminate 

and undeal factors, for example, the 

changes of moment of inertia, the change 

of amplificative multiple for controlled 

object and driving device, etc. How does 

the Controller automatically change 

self-parameters to keep good 

performance of a system? One of many 

methods is to use adaptive intelligent 

control. In order to check correctness and 

effectiveness of the scheme, we use 

simulation experimentation. The senior 
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languages BC or VC can be used for our 

simulation. Also, we can use MATLAB 

directly for simulation. The paper uses 

MATLAB6.0 to realize Simulation. 

 

2 Scheme Design of Adaptive 

Intelligent Control  

2.1 Adaptive Intelligent Control 

System 

   The construction of adaptive 

intelligent control for a DC drive system 

is shown in Fig.1. 

 

 

 

 

Where, PI is the current regulator 

controller, the speed regulator is 

Combined by adaptive intelligent 

controller with switch controller. When 

the motor is in starting stage, the switch 

controller acts on. After the speed reaches 

a given value, adaptive intelligent 

controller acts on.  

 

2.2 The Construction of 

Adaptive Intelligent Controller 

   The construction of an adaptive 

intelligent controller is shown in Fig.2. 

 

 

 

 

 

 

 

 

 

 

Where, intelligent controller is realized 

by fuzzy-neural networks controller 

(FNC),the adaptive mechanism consists 

of the neuron predictor, 

model-distinguish and adaptive 

algorithm. 

 

3.2 Design of Adaptive 

Intelligent Controller 

3.2.1 Intelligent controller 

   Intelligent controller uses a 

three-layer front neural network of 3-4-1 

construction. Two inputs are the speed 

deviation (e) and the rate of the deviation 

(ec). The output is current-giving value ir. 

The neural networks determine their 

weight values through the BP algorithm 

out-line learning. The training data of 

neural networks are determinated by the 

system specifications following 
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performance and resist-disturbance 

performance through fuzzy control rules. 

 

3.2.2 Adaptive Mechanism  

   Adaptive mechanism is the most 

characteristic part of all links for a DC 

drive system. Its main function is that the 

system can automatically change 

self-parameters and control rules to 

maintain high performance. For example, 

if moment of inertia is changed in a large 

scope, or mathematical models of 

controlled object is changed, output 

speed keeps unchanged. This function is 

not able to realize if only depends on the 

control of front-series controller 

(intelligent controller). Because the 

summarization and inference of mankind 

experience, dividing language variables 

into group, selecting membership 

function of language variables, learning 

of neural networks, etc. Can not avoid 

having large or small errors, during 

design and realization of intelligent 

ontroller. Therefore, control rules of 

intelligent controller can not suit 

controlled object. After introduced 

neuron adaptive mechanism, as the 

system operates, the models-distinguish 

is more and more approximative 

controlled object. Control rules are also 

modified more and more suitale to 

controlled object. So that, the system 

itself is able to regulate to satisfactory 

working condition.  

   Since adaptive mechanism 

uninterruptedly distinguishes controlled 

object on-line during system operation, 

selecting the construction of neural 

networks is required to suit working 

performance on line learning and to learn 

fast. Therefore, the system uses the 

neuron dynamic learning to realize 

distinguishing function on line. The 

construction of neuron predictor and 

model-distinguish is shown in Fig.3. 

 

 

 

 

                      

                            

Fig.3. Neuron of adaptive mechanism 

Where: 

 x1, x2: are the inputs of the neuron  

 Os: is the output of the neuron. 

 We use linear simulative function. 

Its slope equals 0.1; its characteristic can 

be represented as: 

X2 

 

Os 

 

X1 
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           Os=0.1(w1x1+w2x2) 

if         Os >1   then Os=1 (1) 

Os <-1  then Os=-1 

   Because the neuron of adaptive 

mechanism needs uninterruptedly learn 

on-line during system operation. The 

Hebb algorithm was selected as a 

learning supervisory algorithm. 

     ∆w2 = η2 (d-Os) x2 Os 

     ∆w1 = η1 (d-Os) x1 Os (2) 

                                 

                                 

                  w1 = w1+∆w1 

           w2 = w2+∆w2    

Where: d is ideal output of the neuron i.e. 

teaching signal; η 1, η 2 are learning 

factor.  

The following equations describe the 

learning factors: 

Working process is divided into 

distinguishing and modifying processes. 

For example, during the k order 

distinguishing process, input sample of 

the neuron is the speed ng(k-1) without 

adaptive control and the speed n(k-1), 

expectance output is the speed n(k). We 

use [ng (k-1), n(k-1), n(k)] as training 

samples and use supervisory Hebb 

learning algorithm to realize dynamic 

study. In equations (1) and (2), we use 

x1=ng(k-1) ,  x2=n(k-1) , d=n(k) instead. 

After dynamic learning, we can get 

modified weight values w1 and w2. Thus, 

the information of mathematic models 

about controlled object are kept in these 

weight values. 

   Modifying process is divided into two 

stages. Thus are predictive stages and 

error reverse-transfer stage, (or adaptive 

algorithm stage). For example, in 

predictive stage of the k order the neuron 

is in positive calculating condition  

n(k+1)=0.1[w1ng(k)+w2n(k)]            

(3) 

Where: ng (k) is output of front intelligent 

controller; n (k) is the k-order speed 

output of the system. 

   In error-reverse transfer stage the 

output of adaptive mechanism is 

determinated according to predictive 

error between predictive speed n (k+1) 

and speed giving value nr. 

nx=-0.1(Os-d) w1   (4) 

Where:  Os=n (k+1), it is predictive 

value, 

d=nr , it is speed giving value. 

   The final output of the K-order for 

adaptive intelligent controller is the sum 

of the k-order control value for front 
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intelligent controller and the k-order 

output of adaptive mechanism. 

n (k) =ng (k) +nx (5) 

   In summary, neural networks adaptive 

mechanism regulates control rules 

according to modifying the output of 

front intelligent controller. Thus, the 

design of adaptive intelligent controller is 

completed well. 

 

3 Simulation for realizing control 

tactics  

   The requirement of dynamic 

performance for a DC drive system is to 

be as high as the development of science 

and technology. Thus, modern control 

technology is widely used in the field. 

Consequently, the paper uses adaptive 

intelligent control. The Simulink and 

neural networks toolbox based on 

MATLAB 6.0 plat form provide better 

environment for building models and 

simulation of complex and 

high-performance dynamic system. 

 

3.1 Simulation Construction Drawing  

A block diagram of the system simulation 

construction drawing of adaptive 

intelligent control in simulink is shown in 

Fig.4. 

 

 

 

 

 

 

 

 

Building adaptive intelligent 

controller needs to design through neural 

networks toolbox and transfers into the 

model block in simulink environment. 

First, we use net= newff function to build 

three-layers front Bp networks of an 

intelligent controller, then we 

sequentially need to use net. train Parma. 

goal to establish training objective error, 

to use net=init (net), net=train (net, p, t) 

(where p,t is input and output sample 

vector data) to train neural networks. 

After finishing training, we use sim 

function and sample data to simulate 

trained neural networks. Finally, we use 

gensim function to transfer designed 

object of neural networks into simulink 

type. 

   In the same way, we can build the 

neuron of adaptive mechanism and 

transfer it into simulink type. Then, we 

193

193



 
 

 

             طرابلس ليبيا 32/01/3101-32المؤتمر الدولي العربي الليبي الخامس للهندسة الكهربائية والإلكترونية      
    

take simulink types of intelligent 

controller and adaptive mechanism to 

build subsystem in simulink, as neural 

networks model unit in Fig.4. 

3.2 Simulation Results 

  We carried out the simulation 

corresponding to general PI control and 

adaptive intelligent control for speed 

controller under the following situations: 

Motor parameter  

(as the resistance) changes from Ra to 

(1+10%)Ra, supply voltage changes from 

rated value UN to 50% UN, the load of the 

motor suddly changes from zero to rated 

value, speed giving value equals 

3800rpm.  

One Part of simulation curves are shown 

in Fig.5 and Fig.6 

 

 

 

 

 

 

 

 

Fig.5. Speed simulation response in general PI 

control 

(nr = 3800 rpm, when t = 2.3 s , ∆TL = TLN) 

 

 

 

 

 

 

 

 

Fig.6. Speed simulation response in adaptive 

intelligent control 

 (nr = 3800 rpm, when t = 2.3 s , ∆TL = TLN) 

Table 3.2 shows a comparison between PI 

control and adaptive intelligent control. 

 

Table.3.2. Anti-interference Performance 

Comparison. 

 

PI control 
Adaptive Intelligent 

control 

∆Cmax(rpm) tf (s) ∆Cmax(rpm) T s) 

∆TL= TLN 

 

∆Ud=½UN 

28 rpm 

 

10.36 rpm 

0.49 

 

0.21 

9 

 

4 

0.19 

 

0.1 

Where: ∆Cmax is maximum dynamic 

speed drop, tf is recovery time. 

The results of the simulation show that 

the speed of the motor can be kept in 

t/s 
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stability level when operating conditions 

of the motor change. After we use 

adaptive intelligent control the system 

has better adaptive stability 

The reason behind that is in PI control the 

parameters of speed regulator can not be 

changed with the changes of operating 

condition. While, in adaptive control they 

can automatically change. Because neural 

network has these functions which were 

trained before they are used as speed 

regulator. Except for this reason, attached 

component nx (refer to fig.2) can 

compensate the change of the speed 

deeply. 

 

4 Conclusion  

   In this paper, neural networks toolbox 

and a simulink are combined to 

successfully carry out the simulation of 

an adaptive intelligent control method for 

a DC motor drive system. 

 The results of the experiments 

conducted in this research show that the 

adaptive intelligent control method used 

in a DC motor drive system has a high 

performance and the system keeps in a 

steady-state. 
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Abstract 

 
Despite the PID controllers are the most popular controllers used in industrial control 

process. They don’t perform well, or even failed to control the plant with significant time-

delays. Consideration of this problem led to the development of predictive control 

strategies. Predictive control dose not mean a specific controller design, but it gives a set of 

ideas to develop control strategies. The predictive control technique that has the most 

attention in the control of long time delayed plants and used almost exclusively in the 

process industries is the Smith Predictor Controller. 

The air-cooled heat exchanger system based on PI plus Smith Predictor Controller was 

implemented. Comparative evaluation with respect to classical PI and Fuzzy controls was 

presented to validate the controller design. The fuzzy controllers with seven membership 

function and forty nine rules were used as an attempt to observe the performance over the 

classical PI controller used. During design and evaluate the Fuzzy PI- Smith Predictor 

Process Controller with the effect process parameter uncertainties and/or disturbances, the 

fuzzy logic controller achieved much smoother response with higher accuracy. It proved 

better solutions and faster response over the conventional control design techniques. The 

simulation results are presented to test the robustness of each designed method used.  

 

Keywords: fuzzy control design, Smith Predictor Controller. 

 
1- Introduction 

 
  A fuzzy control system is a control system 

based on Fuzzy logic - a mathematical 

system that analyzes analog input values in 

terms of logical variables that take on 

Continuous values between 0 and 1, in 

contrast to classical or digital logic, which 

operates on discrete values of either 0 or 1 

(true and false). Fuzzy logic is widely used 

in machine control. The term itself inspires 

certain skepticism, sounding equivalent to 

"bogus logic", but the "fuzzy" part does not 

refer to a lack of rigour in the method, 

rather to the fact that the logic involved can 

deal with fuzzy concepts - concepts that 

cannot be expressed as "true" or "false" but 
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rather as "partially true". Although genetic 

algorithms and neural networks can 

perform just as well as fuzzy logic in many 

cases (in fact, certain neural networks can 

be shown to be mathematically equivalent 

to certain fuzzy logic systems, fuzzy logic 

has the advantage that the solution to the 

problem can be cast in terms that human 

operators can understand, so that their 

experience can be used in the design of the 

controller. This makes it easier to 

mechanize tasks that are already 

successfully performed by humans. Fuzzy 

control is very simple conceptually. They 

consist of an input stage, a processing 

stage, and an output stage. The input stage 

maps sensors other inputs to appropriate at 

membership function, and truth values. The 

processing stage is based on a collection of 

logic rules in the form of IF-THEN 

statements, where the IF part is called the 

"antecedent" and the THEN part is called 

the "consequent".  The output stage 

converts the combined result back into a 

specific control output value. Typical fuzzy 

control systems have dozens of rules. 

The input variables in a fuzzy control 

system are in general mapped into by sets 

of  membership functions similar to this, 

known as "fuzzy sets". The process of 

converting a crisp input value to a fuzzy 

value is called "fuzzification".    A control 

system may also have various types of 

switch, or "ON-OFF", inputs along with its 

analog inputs, and such switch inputs of 

course will always have a truth value equal 

to either 1 or 0, but the scheme can deal 

with them as simplified fuzzy functions that 

are either one value or another. 

Given "mappings" of input variables into 

membership functions and truth values, the 

microcontroller then makes decisions for 

what action to take based on a set of 

"rules", each of the form: 

IF first input is large AND second input is 

not very fast THEN output is slightly 

decreased. 

The two input variables that have values 

defined as fuzzy sets. The output variable is 

also defined by a fuzzy set that can have 

values like "static", "slightly increased", 

"slightly decreased", and so on. This rule by 

itself is very puzzling since it looks like it 

could be used without bothering with fuzzy 

logic, but remembers the decision is based 

on a set of rules: 

All the rules that apply are invoked, using 

the membership functions and truth values 

obtained from the inputs, to determine the 

result of the rule. This result in turn will be 

mapped into a membership function and 

truth value controlling the output 

variable.These results are combined to give 

a specific ("crisp") answer, the actual 

output, a procedure known as 

"defuzzification".This combination of fuzzy 

operations and rule-based "inference" 

describes a "fuzzy expert system". 

Traditional control systems are based on 

mathematical models in which the control 

system is described using one or more 

differential equations that define the system 

response to its inputs. Such systems are 

often implemented as "PID controllers" 

(proportional-integral-derivativ controllers). 

They are the products of decades of 

development and theoretical analysis, and 

are highly effective. If PID and other 

traditional control systems are so well-

developed, why bother with fuzzy control? 

It has some advantages. In many cases, the 

mathematical model of the control process 

may not exist, or may be too "expensive" in 

terms of computer processing power and 

memory, and a system based on empirical 

rules may be more effective. 
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Furthermore, fuzzy logic is well suited to 

low-cost implementations based on cheap 

sensors, low-resolution analog-to-digital 

converters, and 4-bit or 8-bit one-chip 

microcontroller chips. Such systems can be 

easily upgraded by adding new rules to 

improve performance or add new features. 

In many cases, fuzzy control can be used to 

improve existing traditional controller 

systems by adding an extra layer of 

intelligence to the current control method. 

 

In this work the fuzzy PI controller will be 

considered instead of classic controller. 

The PI smith predictor controller in 

comparison with fuzzy PI- smith predictor 

is also investigated. 

 

 

2- Smith predictor Controller 

 
The dynamic behaviour of many industrial 

processes contains inherent time-delay. 

Processes with time-delay are inherently 

difficult to control. i.e.  It is difficult to 

achieve satisfactory performance. Much 

effort has been expended in to researching 

the design of effective control techniques 

for time-delay plants. As PID type 

controllers fails to control such plants. 

Perhaps the best known alternative 

technique in the control of long time 

delayed plants is the smith predictor 

controller. Smith (1959). proposed the PI 

plus smith predictor approach which 

represented an important breakthrough for 

controlling systems with time delays. 

Smith’s approach enabled larger loop gains 

to be used and allows conventional PI 

controllers to be tuned to the levels which 

could have been attained when using a PI 

controller on the plant without time-delay. 

The attractive feature of this technique is 

that it eliminates the time delays from the 

characteristic equation of the closed-loop 

system and thus converts a time-delayed 

control problem into one without any time-

delays. This is basically achieved by the 

inclusion of a mathematical model of plant 

in a minor feedback loop around the 

conventional controller to stabilize the 

system and to predict the effect of current 
control actions on the actual plant outputs. 
However, when mismatches in the model 

occur, the smith predictor controller can 

exhibits very poor stability properties. This 

important problem motivated several 

researchers to develop techniques that 

quantify the Smith predictor controller 

robustness to modelling errors. 

The robust stability and robust performance 

of the Smith predictor controller is 

investigated by. Designing Fuzzy PI - smith 

predictor controller for process plants 

uncertainties. This research considers the 

commonly used controller and plant model 

in process control. The PI controller and the 

stable first-order plus dead-time model 

because of their wide spread usage in 

industries. 

Apredicative controller lies in the 

requirement of an assumed model of the 

process to be controlled. 

 
3- Smith Predictor Controller 

Configuration and Analysis.   

 
Since the great majority ofindustrial 

processes have an associated time-delay, 

due either to distance-velocity lags, that 

exist for instance in heating system, 

transportation equipment (conveyors. 

pipelines), or by the time required for 

chemical reactions to occur etc, these kind 

of processes are significantly more difficult  

to control. 
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ddd

dD 

Early researchers addressed the problem of 

controller design for process plants with 

time-delay by correlating PID controller 

setting with model gain, time- constant and 

time-delay. Low loop gains were required 

to avoid instability when time constant 

were small compared to time-delay, leading 

to poor system performance. The shortfalls 

of PID-type controller to control long time-

delayed processes, argued the researchers to 

look for alternative control techniques. 

Perhaps the best-known alternative 

technique that has received the most 

attention in the control of long time-delayed 

plants is the Smith predictor. The common 

configuration of smith predictor control 

system is shown Fig. (1) where C(s) 

denotes the transfer function of the 

controller, P(s) is the actual time-delayed 

plant, M(s) is the model of the plant without 

time-delay and D(s) is the model time-

delay. In order to construer the smith 

predictor controller shown in Fig. (1), it is 

necessary to select a process model and to 

design the controller C(s). The controller 

C(s) is usually taken to be a PI or PID 

controller or any lead-lag network and it 

must be designed so that the system is 

robust with respect to errors between the 

actual process and the model. The first 

order lag plus dead-time model has been 

used to represent the process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1) Smith Predictor Control System 

 

 
From Fig. (1) the closed loop transfer 

function is expressed by: 
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Where 

 K and Km denote gain; Tp and Tm denote 

time constant; Td and Tdm denote the pure 

time delay.   

The primary controller adopted in this 

design is a conventional PI-controller of the 

form: 
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When the model of the plant M(s) and the 

corresponding time-delay D(s) matches the 

actual time-delay plant P(s), then the over 

all transfer function of the closed loop from 

r(s) to y(s) is given by: 
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(3) 

 
From the above transfer function, it can be 

observed the characteristic equation does 

not contain the delay term and the 

controller can be designed as if the system 

was delay-free. 

In order to discuss the relationship of the 

smith predictor controller with the classical 

feedback control, evident that  

system as shown in Fig. (3), where the 

relationship between C(s) and the standard 

feedback controller k(s) is given by: 
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Fig. (3) Feedback Control Systems 

 

4-   System Modeling. 
    

 
Fig. (4) Step response of the system model     

 

 
Therefore, the estimated transfer function 

model is:  
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5- Fuzzy PI-Smith Predictor Controller. 

The response as shown in Fig. (4) indicates 

some time delay and exponential response 

which could be first order model. 

The outlet liquid temperature y (t) can be 

controlled by varying the speed of the 

cooling fan as shown in Fig. (4). 

The system model represented by the air-

cooled heat exchanger system.  

The fuzzy logic control designed to control 

the air- cooled heat exchanger system, it 

utilizing seven membership functions, and 

forty nine rules as show in Fig. (5).  

 

The inputs to the fuzzy system are error2 ( 

e2 (k)) and changes rate of error (ec2). 

Where    

(e1(k)= r(k)-ep(k)) ,   (e2 (k) =e1(k)-ym) ,   

(ec2(k)= e2 (k)- e2 (k-1)/Ts)               (6) 

Ts= sampling time and the output of fuzzy 

system is u (k).The fuzzy output is used for 

Smith Predictor as shown in Fig. (6). The 

error, change rate of error, and output 

membership function as shown in Fig. (7), 

Fig. (8) and Fig. (9) respectively.  
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Fig. (5) Rule base table 
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Fig. (6) Fuzzy-PI Smith Predictor Control System 
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Fig. (7) Error membership function 
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Fig. (8) Change rate of error membership 

function 
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Fig. (9) Output membership function 

 

Fig. (10), shows the simulation response for 

PI / Fuzzy PI-smith predictor controller.   
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 Fig. (10) PI / Fuzzy Controller response 
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6- Effect of Disturbances on Air- 

Cooled Heat Exchanger System  
The air- cooled heat exchanger system 

designed is based on classical and fuzzy 

control to stabilize the system. To check the 

system performance and robustness of 

fuzzy logic control system, the comparison 

with classical control method is designed 

under the effect of disturbances. 

 
 

The disturbances d(s) is added to the model 

as shown in Fig. (11). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (11) Smith Predictor Control System 

 
The disturbances model is defined by the 

equation (7) and as shown in Fig. (12) 
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Fig. (12) Disturbances response 

 

The system under the effect of disturbances 

as shown in Fig. (13) . 
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Fig. (13) System response by adding 

disturbances 

 

 

 

 

+ 
d(s) 

e1(s) 
P(s) 

 

  

M(s) 

 
D (s) 

 

_ 

e2(s) 

 
  

+ 

_ 

_ 

ymd ym + 

u(s) 

ep 

r (s) 

 
+ 

y(s) 
C(s) 

+ 
 

 
 

 

 

204

204



 

 

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE  32-32/01/3101 

 

7- Evaluation of Fuzzy PI- Smith 

Predictor Controller  
 

An evaluation the performance of fuzzy PI 

desirable was carried to control simple air- 

cooled heat exchanger model. Here 

comparison of a fuzzy controller with that 

of classical controller is shown  

 

To show the benefit of fuzzy PI controller 

several types of system parameter 

uncertainties were considered as shown in 

Table (1).  

Table (1) several types of system parameter 

uncertainties 

Case1 K and TP Changed by 10% 

Case2 K and TP Changed by 50% 

Case3 K and TP Changed by 100% 

 
The simulation results of PI / Fuzzy PI-

smith predictor controller for the cases 

from1 to3 are shown in fig (14) to fig (16)  
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Fig. (14) Case 1 
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Fig. (15) Case 2 
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Fig. (16) Case 3 

 

8- Conclusions 

 
The classical and fuzzy logic controls 

design with smith predictor controller was 

used to investigate the performance and 

robustness of a model under the effect of 

uncertainties and disturbances.   

Smith predictor controller as a form of 

model based predictive control has been 

carried out, SPC constitute an alternative 

approach for controlling long time delay 

plants. 

The system has been designed using two 

approaches, first designed by a combining 

of classical PI control and smith predictor 

control for air-cooled heat exchanger 

system. Second was based on fuzzy 
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controller and smith predictor for the same 

system. 

The robustness of fuzzy logic controller 

designed for air-cooled heat exchanger 

model, the comparison with classical PI 

controller has been carried out with the 

system uncertainties and under the effect of 

disturbances. 

To test the benefit of fuzzy logic controller, 

several types of uncertainties has been 

considered. 

 From the simulation results, the proposed 

robust controller (Fuzzy logic Controller), 

has a better performance achieves a much 

smoother response, and provides a higher 

accuracy of process model compared to a 

classical PI controller. 
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Abstract - In many cases it is desirable to turn on or off some appliances, such as air 

conditioning and heating units before arriving home, this is known as home automation 

systems. This project uses the Dual-Tone Multi Frequency (DTMF) technique used in 

touch tone telephones, to control multi- electronic devices from long distances using the 

mobile phone.  A practical application case for this system was implemented to control four 

electronic devices. A test to detect the DTMF signal received from different mobile phones 

was also carried out. The DTMF decoder was tested for accurate detection of the presence 

of these tones under various conditions. The automation features of  this work makes it 

possible for homeowners to remotely control a large number of appliances, indoor and 

outdoor lamps and lights, landscape sprinkler timers and more using their mobile phones. 

1.Introduction 

 The remote control used in home 

automation systems, is a wonderful feature 

that everyone would like to enjoy, if they 

were not expensive to install, maintain, and 

able to be used from long distance. The 

mobile phones and Touch-Tone telephones 

use the DTMF. That was developed 

initially for telephony signaling. Each key-

press on the phone keypad generates DTMF 

signal consists of two tones that must be 

generated simultaneously. Using the DTMF 

technology, the system in this project will 

control multi electronic devices from long 

distance using the mobile phone. This 

system allows the user to control and 

known the present state of home appliances 

by cell phone, it can be done by send signal 

over the cell phone (Control Phone) to 

other cell phone in the home (Home-Based 

Phone), this cell phone is connected to an 

interface circuit detects the DTMF signals 

and give it the access to a control unit 

which controls the home devices and turn 

the power of these devices On or Off.  A 

design of a home applia-nces control 

system using cell phone presented in this 

project is shown in Figure 1. 

 

Figure 1 Appliances Control Using Mobile 

Phone 

Home 

Controller 

Mobile network  

Electric Appliances  
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     The Home Controller divided into two 

units which is, the DTMF detection unit, 

and the device control unit, these units 

consists of many sub-circuit blocks, 

beginning with the DTMF decoder, 4-16 

line decoder/de-multiplexer, some D-flip-

flops, relay driver circuits, feedback 

circuitry, etc. 

2. DTMF Detection Unit 

      DTMF detection is the main object 

before starting to control the appliances. 

We discuss below the DTMF signaling and 

detection, and later we will show the 

integrated circuit we use in this project, and 

how to get its output on 16 different output 

line. 

     DTMF generation is based on a 4×4 grid 

matrix shown in Figure 2. This matrix 

represents 16 DTMF signals including 

numbers 0–9, special keys * and #, and four 

letters A–D. The letters A–D are assigned 

to unique functions for special 

communication systems.  

    

 

 

 

 

Figure 2 Telephone keypad matrix 

     The DTMF signals are based on eight 

specific frequencies defined by two 

mutually exclusive groups. Each DTMF 

signal consists of two tones that must be 

generated simultane-ously. One is chosen 

from the low-frequency group to represent 

the row index, and the other is chosen from 

the high-frequency group for the column 

index [2]. 

     The implementation of a DTMF signal 

involves adding two finite-length digital 

sinus-oidal sequences with the later simply 

generated by using look-up tables or by 

computing a polynomial expansion [1]. By 

pressing a key, for example number 3, it 

will generate a dual-tone consist of 697 Hz 

for the low group, and 1477 Hz for the high 

group, as shown in Figure 3. 

 

 

 

 

 

Figure 3 Symbol “3” [697,1477]Hz 

     The decoder must detect the DTMF 

signals under various conditions such as 

frequency offsets, power level variations, 

DTMF reception timing incons-istencies, 

etc. DTMF decoder implementation 

requirements are detailed in ITU-T Q.24 

recomm-endation. 

     The implementation of DTMF decoder 

involves the detection of the DTMF tones, 

and determ-ination of the correct silence 

208

208



 

 

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE  32-32/01/3101     

between the tones. In addition, it is 

necessary to perform additional 

assessments to ensure that the decoder can 

accurately disting-uish DTMF signals in the 

prese-nce of speech. For North America, 

DTMF decoders are required to detect 

frequencies with a tolerance of ±1.5%. The 

frequencies that are offset by ±3.5% or 

greater must not be recognized as DTMF 

signals. For Japan, the detection of 

frequencies has a tolerance of ±1.8 %, and 

the tone offset is limited to ±3.0 %.   

Another requirement is the ability to detect 

DTMF signals when two tones are received 

at different levels. This level difference is 

called twist. The high-frequency tone may 

be received at a lower level than the low-

frequency tone due to the magnitude 

response of the communication channel, 

and this situation is described as a forward 

(or standard) twist. Reverse twist occurs 

when the received low-frequency tone has 

lower level than the high-frequency tone.  

The final requirement is that the receiver 

must avoid incorr-ectly identifying the 

speech signal as valid DTMF tones. This is 

referred as talk-off perform-ance [2].   

The integrated DTMF decoder is the device 

that receives the incoming DTMF data and 

converts it into a respective 4-bit binary 

coded decimal (BCD) numbers as shown in 

the Table 1.  

 

 

 

 

 

Table 1  The respective DTMF data into 

BCD digits  

Flow Fhigh Key Q4 Q3 Q2 Q1 

697 1209 1 0 0 0 1 

697 1336 2 0 0 1 0 

697 1477 3 0 0 1 1 

770 1209 4 0 1 0 0 

Flow Fhigh Key Q4 Q3 Q2 Q1 

770 1336 5 0 1 0 1 

770 1477 6 0 1 1 0 

852 1209 7 0 1 1 1 

852 1336 8 1 0 0 0 

852 1477 9 1 0 0 1 

941 1209 0 1 0 1 0 

941 1336 * 1 0 1 1 

941 1477 # 1 1 0 0 

697 1633 A 1 1 0 1 

770 1633 B 1 1 1 0 

852 1633 C 1 1 1 1 

941 1633 D 0 0 0 0 

     The CM8870 is a full DTMF receiver 

that integrates both band split filter and 

decoder functions into a single 18-pin DIP. 

Its filter section uses switched capacitor 

technology for both the high and low group 

filters and for dial tone rejection. Its 

decoder uses digital counting techniques to 

detect and decode all 16 DTMF tone pairs 

into a 4-bit BCD code. External component 

count is minimized by provision of an on-

chip differe-ntial input amplifier, clock 

generator, and latched tri-state interface 

bus. Minimal external components required 
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include a low-cost 3.579545 MHz crystal, a 

timing resistor, and a timing capacitor. It 

can also inhibit the decoding of fourth 

column digits. 

  To have the BCD output on 16 different 

lines, we feed the DTMF decoder output to 

a 4-16 line decoder like IC74154. This IC 

takes the BCD number and decodes. 

According to that BCD number it selects 

the active low output line from 1 to 16 

which is decimal equivalent of the BCD 

number present at its input pins. To get a 

logical high output, the output of the 

IC74154 needs to get inverted. This 

inversion is carried out by an inverter, like 

the hex inverter IC 7404. This IC inverts 

the data on its input terminal and gives 

inverted out-put. 

3.Control Unit 

     The Device Control unit designed for 

this project consists of device switching 

section, device status feedback section, and 

relay driver circuit.  

     The Device Switching section consists 

of a tri-state buffer and flip-flops. The tri-

state buffer contains independent gates each 

of which performs a buffer function. The 

outputs have the 3-STATE feature. When 

control signal is at high state, the outputs 

are nothing but the data present at its input 

terminals. When control signal is at low 

state, the outputs are held at high 

impedance state, so no output will be 

available at the output terminal. 

 

     The main object of the device switching 

section, is giving access to the relay drive 

circuit when needed to turn On/Off the 

controlled devices.  

     Before and after changing the present 

status of the device On/Off, it’s important 

to check the status of the device. The 

control unit will give a feedback tone after 

switching On any device, this help us to 

check the device status.  

     This status feedback circuitry, utilizes a 

dual input AND gate, When the both inputs 

are high that indicates that the device is 

switched ON, then the output of the AND 

gate goes logic high state. This output is fed 

to the beep generator. When we press the 

key the feedback tone is heard. This 

feedback tone is heard only when the 

device is switched ON. After switching 

OFF the device, this tone is not heard. 

     The beep tone generator produces a beep 

tone of audible frequency. This unit is 

constru-cted using a 555 timer chip. Here it 

is wired as an astable multi-vibrator with a 

few external com-ponents like resister and 

capacity-or, required along with the timer 

555 chip set. This frequency comes in the 

audible range betw-een 40 to 650 Hz. It 

should be less than 650 Hz otherwise it will 

mix up with the DTMF tone. 

     In order to switch the appliances On or 

Off, small board type relays were used. 

Since the output of the D flip flop is 

normally +5 V or it is the voltage of logic 

high state, we cannot use this output to run 

the device or appliances. Therefore here we 

use relays which can handle a high voltage 

of 230 V or more, and a high current in the 

rate of 10 A to energize the electromagnetic 

coil of the relays +5 V is sufficient. We use 

four SRD-05VDC- SL-C relays to switch 

On/Off four different devices. 
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4.Overall System Design  

    A Design of a home appliances control 

system using cell phone presented in our 

project is referring to Figure 1 as a block 

diagram, let's begging with the two cell 

phones one remote cell phone which called 

Control phone, this phone control the 

system after a call is made by only press the 

buttons that generate the DTMF signal; and 

the other home cell phone which called 

home-based phone because it’s based in the 

home with the home controller board; the 

home controller is divided into two parts, 

DTMF detection unit, and the control unit. 

     

 

 

 

 

 

 

Once the user call to the home-based 

phone, in order to control the home 

appliances, the home-based phone answer 

the call automatically, if the user is the one 

who is recorded in the white list program, 

that we use for the system security. 

     After that the user can accesses to the 

system, check the current status of the 

devices, and change the state of any device 

(On/Off).  

The overall system design is shown in 

figure 4.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4 Home Controller Block Diagram 
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     As discussed before, the DTMF 

detection unit constructs of DTMF decoder, 

4-16 line Decoder/de-multiplexer, and inv-

erter to invert the output of the 4-16 line 

Decoder/de-multiplexer.    

    The control unit consists of device status 

check section, device switching section, 

device status feedback section, and relay 

driver circuit. 

     Before switching On/Off any device, to 

avoid any confusion about the device 

present status of the output, we can check 

the status of any device by fed the BCD 

decoder inverted output (the button that the 

user pressed) and the output line of the 

respective device (from the relay circuit) to 

independent block of And gates, where the 

output of the And gates is connected to the 

beep tone generator (B), that generates a 

beep if the respective device in the ON 

state. 

     After checking the device status, the tri-

state buffer mode can be changed by 

making the control input high. This is done 

by pressing the “0” key. When this key 

is pressed the output of the 4-16 line 

decoder goes low. This gives a triggering 

pulse to the monostable multi-vibrator 

which is built around the LM555. This will 

keep the output high for about 5 seconds. In 

this time interval the output of the tri state 

buffer will be the signal at its input 

terminal. Now the device code of the 

chosen relay (1, 2, 3 or 4) whose status is to 

be altered is again pressed. The output of 

the tri-state buffer is latched by using a D 

flip-flop. After a period of 5 s the output of 

the LM555 monostable multi-vibrator goes 

low and puts the tri state buffer in the high 

impedance state. Therefore to change the 

status of any other device to be done we 

must press again “0” key to make the tri-

state buffer act as input–output state and the 

respective code of the device is pressed. 

     The output of the tri-state buffer is 

latched by using a D flip-flop. This D flip-

flop is used in the toggle mode. For each 

positive going edge of the clock a pulse will 

trigger the flip flop. The output of the tri-

state buffer is connected to the clock input, 

and the inverted output connected to the D 

input, this will make the D flip-flop invert 

its output each time a trigger pulse applied 

from the tri-state buffer. The main reason to 

use the D flip-flop is to keep the status of 

the tri-state buffer output after it disabled. 

The beep tone generator constr-ucted using 

a 555 timer chip wired as an astable multi-

vibrator with a few external components, 

required along with the timer 555 chip set. 

5. The System Features 

     This system can control up to 10 

devices, it may be any electric or electronic 

appliances, and each device is given a 

unique code.  There is no risk for false 

switching, it makes accurate switching any 

false switching the device are not done.  

This system doesn’t cost a lot of money, 

and it’s easy to implement. Before 

changing the state of the device we can 

confirm the present status of the device.   

The system gives an acknowledgement tone 

after switching on the devices to confirm 

the status of the devices.   Its highly secured 

system using the white list programs on the 

home-based phone to block any other call 

from controlling the home appliances.  This 

system can be controlled by multi users, 

this feature refer to user choice. 
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6. Future Work 

     For a future work it will be useful to 

develop programs for the mobile devices to 

give more control options and security 

control. And we suggest devel-oping the 

system using PLCs or Microcontrollers 

instead of the control unit, to give more 

reliab-ility and control options, as temp-

erature control, security and more 

computational work so the sys-tem can do 

more than just turn On/Off the devices.  
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Abstract 
 

     This paper studies a resonant silicon sensor whose elementary sensing component is the 

E-type round diaphragm, and the final sensing component is the silicon beam resonator is 

attached to the E-type round diaphragm. The relationship between the basic natural 

frequency of the beam resonator and the measured acceleration are calculated and 

simulated by using the above finite element modeling and Matlab. Because of the fact that 

beam is located on the different position on the E-type round diaphragm and the length of 

the beam, the outer radius of the E-type round diaphragm are varied respectively. The 

related analyses and investigations are carried out. Some important results on the 

relationship between the basic natural frequency of the beam resonator and the measured 

acceleration are obtained. Finally, based on the differential output scheme of the resonant 

sensor and some related criteria, a set of appropriate parameters for the above sensing 

structure of the sensor is determined for measuring the acceleration. 

 

 

1. Introduction 
 

     Silicone resonant sensors have 

developed rapidly in past decade. Many 

experts in sensor paid special attention to 

this technology.  

The main advantage of the silicon 

microstructure resonant sensors is the 

advantage of generalized resonant sensors, 

such as direct digital output (without A/D 

converters), because the sensors whose 

output is in the form of variable frequency 

are called quasi-digital because it is very  

 

 

easy to obtain a digital output from them. 

The output of digital sensors is in the form 

of discrete steps or states. The output of 

digital sensors does not require an 

Analogue to Digital convector and their 

output is easier to transmit than analog 

sensors. The output of digital sensors is also 

more repeatable, reliable, and has long-term 

stability. They have low hysterics and high 

repeatability which is often more accurate 

and precise .The advantages of silicon 
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material is that they have excellent 

mechanical properties, posses high strength, 

no mechanical hysterics. Moreover they 

have ability to batch process at low cost and 

the compatibility of mechanical and 

electrical properties. Meanwhile, due to 

their high working frequency, the dynamic 

characteristics of silicon resonant sensors 

are much better than those of conventional 

resonant sensors[1]. 

 

2. Structural Sketch and Sensing 

Mechanism of Microstructure 

Silicon Accelerometer 
 

     Fig.1 shows the structural sketch of a 

microstructure silicon resonant sensor for 

measuring acceleration. Fig 2 shows the 

mathematical model of the sensing 

structure. The preliminary sensing unit of 

the microstructure silicon accelerometer 

micro-sensor for measuring the acceleration 

is an E-type round diaphragm, where A is 

the outer radius, B is the inner radius, and 

H is the thickness of the diaphragm, 

respectively.  

     The measured acceleration within    

 (-100,+100)
2/m s , (a<0 F>0 ,a>0 F<0) 

acts perpendicularly to the lower plane of 

the E-type round diaphragm and yields the 

radial and circular stresses of the 

diaphragm.       The final sensing unit is one 

pair of beams (resonator beam1 and beam2: 

L is the length of the beam, b is the width 

of the beam, and h is the thickness of the 

beam, see Fig.2) which are attached to the 

upper plane of the E-type round diaphragm. 

The location of the beam1 and beam2 are 

along the radial direction of the E-type 

round diaphragm. Beam1 is located at the 

outer edge and beam 2 at the inner edge. 

As compared with the round or 

square diaphragm, the E-type round 

diaphragm is one of the advanced 

elementary sensing units in silicon 

microstructure resonant sensors. Its major 

advantages are such that the stress 

concentrations on the effective annular 

sensing area, flexible stress distribution 

designing, easier to achieve the differential 

measuring scheme in order to increase the 

sensitivity and reduce some disturbances 

such as temperature, random vibration, etc. 

In addition, the advantage of the above 

sensing structure is that the beam resonator 

of very high Q factor because they can be 

packaged within a vacuum housing. 

 

     The location of beam 1 and beam2 are 

along the radial direction of the E-type round 

diaphragm (see Fig.1). beam l is located at 

the outer edge r(A-L ~ A) , and beam 2 at 

the inner edge r(B~B+L). However, it is 

very important for the silicon resonant sensor 

to design and select the optimal parameters of 

the sensing structure to measure the different 

acceleration ranges. Based on the sensing 

mechanism of the sensor, the FEM model of 

the sensing structure is established in details 

in [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1 : The structural sketch of  a 

silicon resonant sensor for 

measuring acceleration 
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Fig. 2: The mathematical model of 

sensing structure 

 

 

3. Stresses On The Upper Plane of 

The E-Type Round Diaphragm 
 

     The differential equation of the round 

diaphragm which is measuring by a 

acceleration can be written as following[2]: 

 

1 d dwd Q
r

r dr drdr D

  
  

  

             (1) 

 

Where        
)1(12 2


EH

D               

r

F
Q

2
  , 

 maF  ,     

)( 22 HABHm s   

 

     Where w is the normal displacement of 

the E-type round diaphragm, D is the 

flexural rigidity of the diaphragm, Q is the 

shearing force of the circle of radius r of the 

diaphragm, r is radial coordinate of the 

diaphragm in polar coordinate, F is the 

inertial force caused by the measured 

acceleration a, m is the effective sensing 

mass, Hs is the height of the sensing 

cylinder and E ,ρ, μ are Young’s modulus, 

density  and Poisson ratio of the sensing 

structure respectively. It should be pointed 

out that the positive direction of the 

measured acceleration a and the 

corresponding inertial forces are shown in 

Fig 2. If the amount of the above both 

variables is a positive, the actual direction 

of the above variable is the same with that 

in Fig 2. And if the amount of the above 

both variables is a negative, the actual 

direction of the above variable is opposite 

from that in Fig.2. The boundary conditions 

at the inner and outer edges of the E-type 

diaphragm are as follows[3,4]: 

 

0
dr

dw
Br                     ( 2-a) 

0
dr

dw
wAr               ( 2-b) 

 

From equ9ations (1) and (2,a,b), the normal 

displacement of the E-type round 

diaphragm w can be obtained. Then the 

radial stress  r r and circular stress 

 r  of the E-type round[5]. 

 

 S
H

F
rr )1(

4

3
)(
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F
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4. Reckoning Model of The Beam 
 

     Fig. 3 shows the mathematical model of 

the beam. The axial and normal vibrating 

displacements u(s,z,t) and w(s,t) of beam at 

an arbitrary point in Cartesian coordinate 

can be written as[4]: 

 

 
 

Fig. 3:  The mathematical model of the 

beam 

 

 

tCos
ds

sdw
ztzsu 

)(
),,(          (4-a) 

tCosswtsw )(),(                    (4-b) 

 

 

Where s , z are axial and normal 

coordinates of the beam in Cartesian 

coordinate, ω [rad/s], w(s) are natural 

frequency and its corresponding vibrating 

shape along the axial direction of the beam.   

Energy expressions of the beam resonator 

are as follows[5] : 

 

 

 

 

The potential energy:                                                                   

 

ds
ds

swd
MU

s

2

2

2 )(
 








                    (5) 

Where   
24

22 tCosEbh
M


  

 

and S is the integrated length of the beam. 

 

 The kinetic energy                                                          

                                             

  dsswXT
s

2

)(                           (6) 

Where  
2

22 tSinbh
X


  

 

and ρ is density of the sensing structure In 

addition, the initial potential energy of the 

beam, which is caused by  0

s s , is 

                        

ds
ds

sdw
NU

s

o

so

2
)(








                 (7)                

Where  
2

2 tCosbh
N


  

 

From Fig.2and equations(3,a,b), according  

to the above analyses 

)()( SRs os

o

s                           (8) 

Then the total potential energy of the beam 

is                                        

U U UoT
                                    (9) 

In equation (7) if  0

s s  is a constant, we 

can directly obtain the analytic relationship 
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between the frequency and the initial axial 

stress can be directly obtained from 

equation (10). In this thesis, we present the 

FEM equation to solve the relationship 

between the natural frequency of the beam 

resonator and the measured acceleration. 

 

21 VV                                  (10) 

 

Where 
5.0

2 12

4.22
1 












E

L

h
V  

5.0

2

2

295.012 














hE

L
V

o

s
 

 

Beside on the above related equation we 

can divide the element along the axial 

direction of the beam (Fig.4, N is the total 

number of the beam element.) Introducing 

the dimensionless length: 

  

  ,js S   /   and  10.5 .j jS S      

 

 

 

 

 

    

      Fig. 4: Dividing element  along            

           the beams axial direction  
 

Then map of domain 1,j js S S 
    

is  1, 1    . For the displacement of 

the jth element, introducing the second 

order Hermite interpolation. 

 

    2 2

O

j j jw s w x X G  a         (11)  
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 From equation (5) ~ (9),( 11) we can obtain 

the element potential energy, kinetic energy 

and initial potential energy caused by the 

initial stress, in the domain  

1,j js S S 
   : 

 

dxaGXXGaAU j
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j

j
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2

2

2

22

1

1
1     (12) 
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Then we obtain the element stiffness 

matrix: 

dxGXXGAK
TTj

2

2

2

2

22

1

1
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Where 

3

3

5
12t
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The element mass matrix:                                                       


1

1
2222 dxGXXGbhtM oToTj       (16)                                        

 

The element initial stiffness matrix:                                                                          

dxGXXGA
t

bh
K

TTj

o 2

1

2

1

22

1

1
4       (17) 

 

The element total stiffness matrix: 
j

o

jj

T KKK                                (18)    

 

From equation (18) and (16), we can obtain 

the assembly stiffness matrix K and 

assembly mass matrix M in the local 

domain   ],0[ Ls . Then the finite 

element equation is the follow:                                     

  02  aMK                          (19) 

 

Where the assembly nodal vector a consists 

of all
a j . 

 

  For actual structural feature of Fig 2, the 

boundary conditions of beam are as 

follows: 

0)()(,

0)()(,0

'

'





swswLs

swsws
                (20) 

 

From equation (19) and (20), we can obtain 

the natural frequency and the corresponding 

vibrating shapes[6,7]. 

 

5. Calculations The Location of 

The Beam 
      

     The main investigations are the varying 

laws of the measured acceleration -

frequency relationship for the beam 

resonator as the thickness H, outer radius A 

for the E-type round diaphragm and the 

corresponding length of the beam L are 

varied accordingly. In order to get some 

generalized results of the measured 

acceleration frequency relationship for the 

beam resonator, some related parameters 

are selected follows: 

Referenced value for the inner radius of the 

E-type round diaphragm is as 
31.4 10B m  . Referenced values for 

the width and the thickness of the beam are 

as 
650 10b m   and 

65 10h m  . 

And the thickness of the E-type round 

diaphragm is as H=
630 10 m .The 

sensor is made of silicon, E= 1.3 x
1110 pa, 

ρ = 2.33xl0
3
 kg/

3 ,m μ =0.17.  

Basic Natural Frequency for zero 

acceleration a = 0 
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Table1 and Fig.5 shows the basic natural 

frequency f(0)of beam with the measured 

zero acceleration a = 0. From this Table and 

fig, we can get results: the basic natural 

frequency of the beam, for the zero 

acceleration a = 0, decreases with increasing 

the length of the beam L as the inner radius 

of the E-type round diaphragm B is a 

constant. 

Table 1 :The basic natural frequency of 

the beam with  a=0   for the different L 

L
310  

m 0
.4

0
 

0
.4

5
 

0
.5

0
 

0
.5

5
 

0
.6

0
 

f(0) 

( Hz) 

2
4
4
7
4
5
 

1
8
9
1
3
4
 

1
5
3
5
6
1
 

1
2
6
9
1
4
 

1
0
6
6
4
8
 

 

 

 

 

 

 

 

 

 

 

 

   

   

 

Fig. 5: basic natural frequency of beam 

with a=o for different L 

 

Then, the length of the beam L should be 

increased if it is required to decrease the 

basic natural frequency for the zero 

acceleration a = 0. From the below Tables 

and the below Figures, we can get the 

following results: 

     The variation of the basic natural 

frequency of the beam decreased with 

increasing the length of the beam, while the 

relative variation (sensitivity) of the basic 

natural frequency increases with increasing 

the length of the beam for the given 

parameters of the E-type round diaphragm.  

     The variation of the basic natural 

frequency of the beam and the relative 

variation (sensitivity) of the basic natural 

frequency of the beam is increased with 

increasing the outer radius of the E-type 

round diaphragm as the inner radius of the 

E-type round diaphragm is constant. 

 

The variation of the basic natural 

frequency of beam2 is more than that of 

beam1 And the above tendency decreases 

with increasing the ratio B/A and decreases 

with increasing the length of the beam 

[8,9]. 
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Table 2 :The variation frequency (Hz) of Beam1 for the different A,L 

  

310A m

 

              THE LENGTH OF THE BEAM (
310L  m) 

0.4 0.45 0.50 0.55 0.60 

    3.5 4354 4123 3790 3654 3498 

    3.6 4489 4240 3878 3719 3567 

    3.7 4521 4387 4115 3968 3811 

    3.8 4611 4456 4343 4190 4047 

Table 3: The variation frequency (Hz) of Beam2 for the different A,L 

 

310A m

 

          THE LENGTH OF THE BEAM (
310L  m) 

0.4 0.45 0.50 0.55 0.60 

    3.5 -4867 -4732 -4587 -4310 -4165 

    3.6 -5032 -4898 -4778 -4521 -4282 

    3.7 -5499 -5389 -5181 -4942 -4679 

    3.8 -5921 -5765 -5594 -5352 -5083 

 

 

         Table 4: The relative frequency variation (sensitivity) of Beam1 for the different A,L 
    

310A m

 

         THE LENGTH OF THE BEAM (
310L  m) 

0.4 0.45 0.50 0.55 0.60 

    3.5 1.778% 2.150% 2.487% 2.879% 3.279

% 

    3.6 1.834% 2.240% 2.525% 2.930% 3.345

% 

    3.7 1.847% 2.319% 2.680% 3.127% 3.573

% 

    3.8 1.884% 2.356% 2.828% 3.301% 3.795

% 

 

 

       Table 5: The relative frequency variation (sensitivity) of Beam2 for the different A,L 
    

310A m

 

               THE LENGTH OF THE BEAM (
310L  m) 

0.4 0.45 0.50 0.55 0.60 

    3.5 -1.988% -2.501% -2.987% -3.396% -

3.905

% 
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    3.6 -2.056% -2.601% -3.112% -3.562% -4.01% 

   

  3.7 

 

-2.246% 

 

-2.849% 

 

-3.374% 

 

-3.894% 

 

-

4.387
% 

    3.8 -2.634% -3.048% -3.643% -4.217% -

4.766

% 

 

Table 6: The variation frequency (Hz) of Beam1 for the different A,L 

310A m

 

              THE LENGTH OF THE BEAM (
310L  m) 

0.4 0.45 0.50 0.55 0.60 

3.5 -4277 -4167 -3822 -3755 -3532 

3.6 -4310 -4245 -3987 -3858 -3716 

3.7 -4576 -4378 -4234 -4114 -3980 

3.8 -4789 -4567 -4489 -4364 -4236 

 

Table 7: The variation frequency (Hz) of Beam2 for the different A,L 

 

310A m

 

          THE LENGTH OF THE BEAM (
310L  m) 

0.4 0.45 0.50 0.55 0.60 

    3.5 5076 4954 4312 4211 4034 

    3.6 5134 5099 4620 4342 4270 

    3.7 5376 5177 4994 4719 4452 

    3.8 5743 5470 5378 5085 4814 

 

 

Table 8: The relative frequency variation (sensitivity) of Beam1 for the different A,L 
    

310A m

 

         THE LENGTH OF THE BEAM (
310L  m) 

   0.4     0.45     0.50     0.55    0.60 

3.5 -1.747% -2.203% -2.487% -2.964% -

3.311

% 

3.6 -1.761% -2.244% -2.596% -3.040% -

3.484

% 

3.7 -1.869% -2.314% -2.757% -3.242% -

3732

% 

3.8 -1.956% -2.414% -2.923% -3.439% -
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3.972

% 

 

 

Table 9: The relative frequency variation (sensitivity) of Beam2 for the different A,L 

    

310A m

 

               THE LENGTH OF THE BEAM (
310L  m) 

   0.4     0.45     0.50     0.55   0.60 

    3.5 2.073% 2.619% 2.808% 3.317% 3.782

% 

    3.6 2.097% 2.695% 3.009% 3.421% 3.826

% 

    3.7 2.196% 2.737% 3.252% 3.718% 4.175

% 

    3.8 2.346% 2.892% 3.502% 4.007% 4.514

% 

                                              

                                                                     

 

 

 

  

 

 

 

 

 

 

 

 

 

Fig. 6 : The relationship between the  relative frequency variation 

   (sensitivity)  of beam1 and the length of beam 
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Fig 7: The relationship between the relative frequency variation                          

      (sensitivity) of beam1 and the outer radius of diaphragm A 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8:The relationship between the  relative frequency variation  

(sensitivity)  of beam2 and the length of beam 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9: The relationship between the  relative frequency variation  

(sensitivity) of beam2 and the outer radius of diaphragm 
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Fig. 10 :The relationship between the  relative frequency variation  

 (sensitivity)  of beam1 and the length of beam 

 

 

 

 

 

 

 

 

 

 

 

         

Fig. 11: The relationship between the    relative frequency variation 

                         (sensitivity)   of beam1 and the outer radius of diaphragm A 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: the relationship between the relative frequency variation  

(sensitivity)   of beam2 and the length of beam 

 

226

226



 
 

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/2010 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Fig 13 the relationship between the relative frequency variation 

(sensitivity) of beam2   and the outer radius of diaphragm A 

 

 

6. Conclusion 
      

        The modeling and simulation for a 

novel resonant silicon micro-sensor are 

carried out in this paper. The elementary 

sensing component of the micro-sensor is 

the E-type round diaphragm and its final 

sensing component is the beam resonator 

which is attached to the E-type round 

diaphragm. 

The sensor is made of silicon,  

E = 
11103.1  pa, 

33 /103.2 mkg ,  

17.0 . The inner radius is as B = 

m3104.1     and the thickness of the E-type 

round diaphragm is as mH 61030  .  

The width and thickness of the beam are 

mb 61050    and 
6105 h .  

Assuming the measured acceleration    
2/)100,100( sma    , corresponding 

inertial force are NF 210)3.1,3.1(    to 

NF 210)304.1,304.1(    

as the outer radius of the E-type round 

diaphragm are  

 

 

 

mA 310)8.3,7.3,6.3,5.3(   and the 

frequencies of the beam are                 

ƒ(0)= (244745,189134,153561,126914, 

106648) Hz  

for  measured acceleration a=0 as the length  

of the beam L = (400, 450, 500, 550, 600)  
610 m respectively. 

 

Then the simulation results are as    

follows: 

     The frequency range for Beam1 is 

(149327~ 157675)Hz  which located at 

the outer edge the measured acceleration 

as within    (-100,+100) 
2/m s  ,the 

frequency range for Beam2 is (158555~ 

148380)Hz  which located at the inner 

edge the measured acceleration as within 

(-100,+100) 
2/m s .  In addition to the 

variation and relative variation or the 

sensitivity of the basic natural frequency 

of the beam1             Δf(-100
2/m s ) = -

4234 Hz, Δf(+100
2/m s ) = 4115 Hz,       
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 β(-100
2/m s )=-2.757%, 

β(+100
2/m s ) = 2.680%, 

ƒ(0)=153561Hz. And the variation and 

relative variation or the sensitivity of the 

basic natural frequency of the beam2                    

Δf (-100
2/m s ) = 4994Hz, 

Δf(+100
2/m s ) = -5181 Hz,  

 β(-100
2/m s )=3.252% 

β(+100
2/m s )=-3.374% 

ƒ(0)=153561Hz. Moreover, as the 

differential frequency output of the above 

accelerometer between Beam1 and 

Beam2 is  

(-9228, 9295)Hz 
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Abstract 
     To study the effects of noise for any MIMO systems, it's necessary to have a model for 

it, that will describe the system behavior, this could be done by a system identification 

process, which is used for a construction of a different models structure for a certain 

system, and then compared with each other to choose the best model of them. 

In this paper the principle of the SI techniques is used for a nonlinear MIMO system (5-

inputs, 3-outputs) which is a( Process of Ethane-Ethylene Destillation ) and also to see the 

effects of noise for the models produced. 

 

I. Introduction 
     The requirement of SI from operating 

input-output data, is basically for estimating 

the system, or the parameters of the system, 

or to build a model that will adequately 

describe the system behavior.      

To construct a model for any system from 

it's input/output data by a SI techniques, it's 

involves 4-basic steps: 

 

1.The data:  

The input-output data are sometimes 

recorded during a specifically     designed 

identification experiment.  

In other cases the user may not have the 

possibility to affect the experiment, but 

must use Data from Normal operation of 

the system. 

2. A set of models: 

a set of candidate models is obtained by 

specifying within which collection of 

models that are going to look for a suitable 

one. This is the most important, and at the 

same time, the most difficult choice of the 

system identification procedure . In most 

cases linear models are used, without 

reference to the physical background of the 

system. Such a model set, is called a black 

box model. 

3. Model validation process:  

In this process the data is divided in two 

parts, one for estimation and the other for 

validation, and from the compression 

between the models which use the 

estimation data by a validation data set, it 

could be decided  that the model is accepted 

or not.  

4. Determining the "best" model:  

From a set of models which can reproduce 

the measured data with an acceptable level. 

 

II. MIMO Systems 
     The systems with the input signal has m-

components, and output signal has p-
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components are called multivariable 

systems. 

If the p-components of the output signal is 

collected with a p-dimensional column 

vector )(ty  and similarly construct an m-

dimensional input vector )(tu , also let the 

disturbance )(te be a p- dimensional 

column vector. 

Then the basic system description becomes 

as in the following equation: 

)()()()()( teqHtuqGty               (1) 

where, the )(qG is the transfer function 

matrix of dimension mp and )(qH has 

dimension pp , this means that the ji,

entry of )(qG which denoted by )(qGij  is 

the scalar transfer function from the input 

number j to the output number i . 

 

III. MIMO System Identification 
      The following system is a chemical 

system with five inputs and three outputs, 

the system is a process to distillate the 

ethane-ethylene component from each 

other, by using a SI technique wants to 

construct a model for this system, which 

will describe the system behavior, and 

during this operation the effect of noise will 

be discussed. 

 

 Process of Ethane-Ethylene 

Distillation   (destill. system)                                                    

System Description: 

     The number of data samples is (90-

sample), 5-inputs, 3-outputs system as 

shown in fig(1), the system consists of 4 

series, the 1
st 

series is free of noise, the 2
nd

 

series is with 10% additive white noise, the 

3
rd

  series is with 20% additive white noise, 

and the 4
th

 series is with 30% additive white 

noise    and want to construct a model for 

each series, then discus the results obtained. 

 
Where: 

Number of data Samples: 90 

Sampling Time:  15 S. 

Inputs: 

           a: ratio between the reboiler duty and 

the feed flow. 

           b: ratio between the reflux rate and 

the feed flow. 

           c: ratio between the distillate and the 

feed flow. 

           d: input ethane composition. 

           e: top pressure. 

Outputs: 

            f: top ethane composition. 

            g: bottom ethylene composition. 

            h: top-bottom differential pressure.  

The system equation is: 

)2(
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and the transfer of the system matrix is: 
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the block diagram of the system is shown in 

fig(2). 
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fig(2) Block Diagram of the 

 Ethane-Ethylene System 

 

A. System Without Noise:  

(Original System) 
     The original data for the destill. System 

is a data taken as a free of noise and want to 

construct a model for it. 

the data is divided into  a matrix of  90 rows 

× 9 column as follows: 

Column 1: time-steps. 

Column 2: Input A. 

Column 3: Input B. 

Column 4: Input C. 

Column 5: Input D. 

Column 6: Input E. 

Column 7: Output F. 

Column 8: Output G. 

Column 9: Output H. 

 

 

 

 System Analysis: 

     1
st
 by examining the data to remove any 

trends and outliers, and select    useful 

portions of the used data.  

 

1.Examining the data: 

To check the data by plotting the  

outputs with the inputs, as shown in 

fig(3), and fig(4). Plot(zaa(:,1,1)) plot 

the input U1 vs. 1
st
 output Y1. 

 
    fig(3) The input U1 vs. output Y1 

  

Plot(zaa(:,1,3)) plot the input U3 

vs. the 1
st
 output Y1 

Plot(zaa(:,2,4)) plot the input U4 

vs. the 2
nd

 output Y2 
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fig(4) The input U1 vs. output Y1 &U1    vs. 

Y3 

 

As seen from the figures above, there is no 

trends or any outliers in data may effect on 

constructing the system model.  

 

 Preliminary Analysis of Data: 

     The Preliminary Analysis of Data, is 

used by estimating the Non-Parametric 

Models, for the system to try to know any 

information may help the user, to choose 

the suitable parametric model, and during 

the work for the black-box models, so the 

Preliminary Analysis of Data will not give 

any information about the system.  

 

 Parametric Analysis of Data: 

     The simplest way to get started on a 

parametric estimation routine is to build   a 

state-space  model  where   the   model-

order  is  automatically determined, using a 

prediction error method. To estimate a 

model using the pem technique, yields:   

mp = pem(zaa(1:60)); where mp is the 

state-space model. 

State-Space model: X(t+Ts) = A x(t) + B 

u(t) + k e(t) 

Y(t) = C x(t) + D u(t) + e(t) 

A =  

          
                           
                          
                       
                          

  

  
B =   
            
                              
                             
                              
                              

 

   

C = 
          
                              
                            
                            

 

 

D =  

         

          
       
       
       

 

 

K = 
        
                 
                    
                    
                  

  

 

x(0) = 

         

               

         
          
        
        

 

 
Estimated using PEM from data set z            

Loss function 4.07423e-021 and FPE 

3.6668e-020 

Sampling interval: 15 s. 

The following figure(5) shows the 

comparison between the state-space model 

mp, and the validation data set. 

 Compare (zv,mp) the validation data 

with the state-space model mp. 
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fig(5) Simulation of model output 

compared vs. validation data set 

 

As seen from the fig(5),the model is 

acceptable  at the output y1 for the 

validation data, and does a reasonable job   

also   for y2   but  it's far from y3. 

And this, is due to the number of data 

samples    very      low  90     samples. 

 Single-Input-Single-Output (SISO) 

Models: 

     Due to the number of data samples 

is very low (90), and also the state-

space model obtained dose not give a 

good results  , this will cause, the user 

must try to found an acceptable models 

better than state-space model. The 

ARX models is obtained as follows: 

 Estimating using ARX models: 

Knowing the delays for each 

input/output and by selecting the best          

orders, the suitable arx model with 3-

poles, 2-zeros, and zero delay will be 

constructed. 

As seen from the following figure, 

mm1, mm2, and mm3 gives the best 

arx models for the system.  

          mm1 = arx(ze(:,1,3),nn); %ARX 

models 

          mm2 = arx(ze(:,2,4),nn); 

          mm3 = arx(ze(:,3,5),nn); 

          where nn = [3 2 0] 

     fig(6)Comparing the arx models with the 

validation data set 

 

Also the same work is done for the other 

models structure (ARMAX; OE; BJ): 

Finely, compare these models with the 

MIMO model mp and with the measured 

data (validation data set) as it clear in a 

following figure. 

compare(zv,mp,mm1,mm2,mm3,mb1,mb2,

mb3,md1,md2,md3,mo1,mo2 

,mo3) 

 fig (7) Comparing the predictions of 

models (arx,armax,oe,bj,mp) 

on validation data set 

 

Conclueding Remarks: 

     In this case for a dealing with the 5-

input, 3-output system, It's clear that the 

prediction error method gives an acceptable 

state-space model structure, this due to the 

number of data samples is low, only 90 

samples. But a SISO  models structure give 

a better conclusion for all the outputs.   
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From the comparison between the models 

used it could be seen that mm1 (ARX) and 

md1(ARMAX) models gives the best fit of 

the first output (top ethane composition), 

while mb2 (BJ) and mm2 (ARX) models 

gives the best fit of the second output 

(bottom ethylene composition) and mo3 

(OE) and mm3 (ARX) models gives the 

best fit of the third output (diff. pressure 

between top and bottom). 

 

B. System With 10% Noise: 
     A 10% additive white noise is added to 

the system, then by the same work which is 

done in part A, the models is constructed as 

it seen in fig(8).  

 
fig (8) Comparing the predictions of 

models (arx,armax,oe,bj,mp) 

on validation data set 

 

From fig(8), It's clear that the prediction 

error method gives a good state-space 

model only on the output Y2 but it's not 

acceptable for both Y1&Y3, this is due to 

the effect of  10% added white noise, but 

still dealing with 60 samples for estimation, 

and we expect that this model will improve, 

if the no. of estimation data is increased up 

to 62 samples instead of 60, on the other 

hand by a looking for the other models, 

found that mm1 (ARX) model gives the 

best fit of the first output (top ethane 

composition), while mm2 (ARX) and mo2 

(OE) models gives the best fit of the second 

output (bottom ethylene composition) and 

mb3 (BJ) and mo3 (OE) models gives the   

best   fit   of  the third output (diff. pressure 

between top and bottom.  

     

C. System With 20% Noise: 

 fig(9)Comparing the predictions of models 

(arx,armax,oe,bj,mp) on the validation data 

set 

 

It's clear that the prediction error method 

(mp)gives a good state-space model for all 

the outputs, this is due to increasing the no. 

of data samples at estimation, and the effect 

of the added 20% noise cause that the 60 

samples are not suitable for the estimation, 

and the number of the estimation data must 

increase by 2 data samples to get an 

acceptable results, on the other hand by a 

looking for the other models, it could be 

found that mo1 (OE) and mb1 (BJ) models 

gives the best fit of the first output (top 

ethane composition), while m02 (OE) and 

mb2 (BJ) models gives the best fit of the 

second output (bottom ethylene 

composition) and mb3 (BJ) and mo3 (OE) 

models gives the   best   fit   of  the third 

output 
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D. System With 30% Noise: 

 fig(10) comparing the predictions of 

models (arx,armax,oe,bj) with the 

validation data set. 

 

when the percent of noise reach 30% the 

prediction error model(mp) cannot follow 

the system by any change of the no. of 

estimation data samples, and this due to  the 

effect of noise which causes to increase the 

range of error between ze & zv . on the 

other hand, the SISO models gives a good 

fit  for the system, and the effect of added 

noise is still small.  By looking to fig(10) it 

found that  mo1 (OE) model gives the best 

fit of the first output (top ethane 

composition), while mb2 (BJ) model gives 

the best fit of the second output (bottom 

ethylene composition) and mb3 (BJ) and 

mo3 (OE) models gives the   best   fit   of  

the third output (diff. pressure between top 

and bottom). 

 

IV. Conclusion 
     This paper interested to study the 

principles of system identification   for 

MIMO systems, the deferent methods used, 

how to choose the best model from a set of 

candidate models, and the effect of noise 

for a construction of model structure.  

 The key conclusion in multi-variable 

system identification is the kind of data 

used, which it depends on, (the number 

of data samples, the effect of noise), 

and the number of inputs and outputs 

for the system.  

 The nonparametric methods is seen as 

preliminary experiments, to know the 

time-domain performance like delay 

time, settling time, …. etc, and what 

the model order to be selected, this will 

help  the user for what the suitable 

parametric method should be used. 

 In the parametric model estimation, 

there is no a closed form used to 

calculate the model parameters, but the 

work is done from an algorithms.  

 In constructing parameter estimates for 

a dynamic models that include noise, 

the least squares method is not good 

scheme, in this case Maximum- 

likelihood is the suitable method used. 

 The State-space model is the best 

model used to represent MIMO  system 

identification, due to, it is not give 

information about the system 

parameters only, but also gives a good 

information about the state and will 

give a good results when the number of 

data samples are high, and the percent 

of noise is low. 

 The results obtained from the OE & BJ 

models are approximately the same, 

this is due to the kind of noise used 

(white), while BJ will give a more 

accurate models when a hard noise is 

used. 
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 Abstract  
This paper examines disturbance effect on both load and input voltage on the behavior of 

buck DC-DC converter. The converter utilizes sliding mode control technique to achieve 

stability and operating in continues conduction mode (CCM). Sliding mode controller 

design procedure for the converter haven outlined. System simulation model was built and 

tested; results based on these simulation shows excellent performance and good robustness 

against load variation as well as input voltage variation. 

 

Key words Sliding Mode Controller; Disturbance; Converter 

 

1 Introduction 
 

Sliding Mode Control (SMC) methodology 

which is a particular type of Variable 

Structure Control System (VSCS) that was 

initiated in former Soviet Union in the late 

1950's and is considered as one of the most 

popular approaches to control variable 

structure systems (VSS). Sliding mode 

controller application to power converter 

goes  

 

back to 1983, where Bilalovic et al. applied 

SMC to DC/DC converters and in 1985 

Venkataramanan et al. presented a 

comprehensive study on the application of 

SMC to the three basic topologies (Buck,  

 

 

boost and buck boost). Detailed SMC 

literature review is presented in [1]. 

 

2 Sliding Mode Controllers 
The general system with scalar control can 

be represented in the following form [2]: 

 

),,( utxfX                                       (1) 

 

Where x  is a column vector and f  is a 

function vector both of these vectors are of 

dimension n  ,  u is the control input that 

can influence the system motion. If f  is 

discontinuous on the manifold given by 
0),( tXS , thus f  can be rewritten as: 
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0)(),,(

),,(

xSforutxf

xSforutxf

utXf
      (2) 

 

while the scalar discontinuous control input 

is given by:  

 

0)(

0)(










xsforu

xsforu
u

                    (3) 

Then the system is in sliding mode if its 

representative point RP moves on sliding 

surface given by: 0),( txS . 

In second-order system case such as buck 

converter, the sliding manifold can be 

chosen as a linear combination of state 

variables, which will results in a simple 

controller for practical implementation [2].   

 

 0)( 211  XXCXS                       (4)                                                                                             

 

Where 1C is a positive parameter known as 

the sliding coefficient. Three conditions 

must be obeyed in order for sliding mode 

can be achieved, namely, existence 

condition, reaching condition, and stability 

condition [1]. 

 

2.1 Existence condition 
Sliding-mode existence condition requires 

phase trajectories of the two substructures 

corresponding to the two states of the 

control input u ={0, 1} to be directed 

toward the sliding manifold [2]; in other 

words the distance from the RP to the 

sliding line must be decreasing with time in 

both sides of the sliding manifold (S>0 and 

S<0) . In mathematical terms this 

condition is expressed by: 

 

0. SS                                                 (5) 

 

2.2 Reaching condition 
Reaching condition (reachability) is 

guaranteed if the representative point, RP  

located in the phase plane region that is 

reserved of one substructure has its steady 

state placed on the region reserved for the 

other substructure and vice versa [2]. 

Therefore, RP will eventually hit the sliding 

manifold 

 

2.3 Stability condition 
Since system dynamic in sliding regime is 

confined to the sliding manifold Eq. (4); 

system stability is granted by choosing a 

positive sliding coefficient 1C . This can be 

proved by realizing the fact that at the 

sliding manifold 0),( txS , hence; 

 

0

0

111

211





XXC

XXC


                                  (6) 

The solution for this first order deferential 

equation is given by: 

 
)(

011
01)()(

ttC
etXtX


                        (7) 

 

Therefore, for )(1 tX  to decay to zero 

(equilibriums point); the sliding coefficient 

1C  must be positive. Furthermore, in the 

SMC operation, sliding coefficient is very 

crucial since it sets the dynamic response of 

the system with a first order time constant 

system equal

1

1

C
 . 
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3 Equivalent Control 
 

Performance of variable structure system 

VSS operating in sliding mode control; can 

be significantly simplified through 

equivalent control method [3], [4]. This 

method is based on replacing the 

discontinuous control signal u   with an 

equivalent continuous low-frequency 

control signal equ , which will maintains 

system progress on the sliding surface. The 

method of obtaining equivalent control is as 

follows [1]. 

When the system ),,( utxfX   is in 

ideal SM operation, the representative point 

RP will always be moving along the sliding 

manifold; 

0),(0),(  txStxS  . 

Therefore, if the equivalent control 

produces a trajectory which is exactly 

equivalent to the trajectory’s motion of an 

ideal SM operation; then the state trajectory 

equation can be expressed as: 

0),,(.),(  equtxfGtxS             (8) 

Where 
x

S
G




  is a gradient vector. 

System motion equation can be obtained by 

solving (8) for equ and substituting in 

system equation. 

 

),,( equtxfX                              (9) 

 

4 Mathematical model of buck   

converter 
 

Buck DC/DC converter shown in Fig. (1) is 

non-linear time varying system; it is the 

simplest among DC/DC converters 

topologies (Buck, Buck boost and buck 

boost). Designing a SMC for such converter 

requires state-space model description of 

the converter in terms of suitable control 

variable (state variable). For simple 

practical implementation; controllable 

states are chosen as output voltage error and 

its derivative which is the voltage error 

dynamics [5]. These states are continuous 

and accessible for measurement; therefore 

they are quite suitable for SMC application.  

 
Fig. 1  Basic buck converter under  

Sliding mode controller 

The mathematical model of buck converter 

in terms of the following state variable: 

 

refo VVX 1                                    (10) 

C

I

dt

VVd

dt

dX
X crefo





)(

1
2

      (11) 

Is expressed as:  

 

21 XX   

LC

uV

LC

V

RC

X

LC

X
X inref .21

2    (12) 

 

4.1 SMC for buck DC-DC 

converter 
SMC methodology for buck converter is  

based on cascade control structure; where 

two control loops are used [4]; one for 

output voltage (outer loop), and the second 

for inductor current (inner loop); 

combination of these two loops represent 

the Sliding Mode Controller; design 

procedure can be summarized in the 

following steps: 
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Step one Select suitable system’s state 

variable and derive the mathematical 

model. 

Step two choose a logic control signal u  

which will enforce representative point RP 

toward the sliding manifold 0),( txS , 

and consequently enforce inductor current 

to track reference current. 

0)(

0)(

0

1










xS

xS

for

for
u                  (13) 

Step three: Based on the selected state 

variable chosen in step one; the control 

criterion, which is the desired steady state 

output of the converter should be set. 

Obviously the control criterion is to achieve   

zero output error; therefore at steady state, 

state variable will be:  

0

00

22

11





XX

C

I
XX c




         (14) 

 

Step four: Constructing the sliding function, 

since control criterion require zero current 

through the capacitor, thus, at steady state 

inductor current must equals to load 

current; therefore the sliding function can 

be expressed as the difference between 

inductor current lI  in the dynamic region 

(nonlinear control part) and desired 

(reference) steady state inductor current 
*

lI  

( linear control part). 
*)( ll IIxS   

   
*

lRc III   

   dt
L

V

R

V
CX lo

2
 

  






 dt

L

uVVX

R

VX
CX

inrefref ))(()( 11

2
     (15) 

Where oinl VuVV  ( ) is the voltage 

across the inductor. 

 

Step five: Derive the expression for 

equivalent control equ by solving 

0),( txS  and using control criterion 

equation (14).  

0
)(

),(
1

12 



L

VXuV
XXCtxS

refeqin  

in

ref

eq
V

V
u                                           (16) 

Step six: by substituting Eq. (16) into Eq. 

(15) sliding function in terms of state 

variables is obtained. 




 dtXK
R

VX
CXtxS

ref

1

1

2

)(
),(      (17) 

Where LaK   is the linear sliding 

coefficient (proportional gain), L is the 

inductor value in Henries and ( a ) is a 

constant. Choosing low value for ( a ) will 

reduce the overshoot but will increase 

steady state error; therefore this value must 

be set by the designer depending on the 

application and beast performance. 

 

Step seven: Eq. (17) is used to construct the 

SMC shown in Fig. (2). 

 
Fig. 2  SMC structure for buck DC-DC 

converter 

 

5 Simulation results and 

discussions  
Simulation model for buck DC-DC 

converter is designed according to Eq. (25). 
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Selected converter parameters [4] are given 

in table 1  

 

Table 1 Buck Converter parameters 
Parameter Symbol Value 

Input  voltage 
inV  20 volts 

Output voltage 
oV  12 Volts 

Capacitor C 10 F  

Inductor L 1 mH 

Load resistance  R 2.4   

Switching 

frequency sF  100 kHz 

 

Before any disturbance can be applied to 

the system, a number of simulation tests 

were done under different linear sliding 

coefficients K till finest performance 

(shortest transient time and minimum state 

error) is achieved as shown in Fig. (3). 

 

 
Fig. 3 Linear sliding coefficient (K) effect 

on system transient response. 

 

 

5.1 Load disturbance  
Simulation model was tested under load 

variation, where the load resistance is 

altered from 2.4 Ω to 8.4 Ω for 10 ms. 

starting at t=0.01sec. , Fig. (4) Shows 

output voltage, inductor current and load 

wave forms. It can be observed that system 

exhibit overshoot of about 8V and settling 

time of about 0.001sec before reestablish 

stability at 12Vand 1.43A as expected. 

However, when load is back to nominal 

value at time t=0.02sec, inductor current 

and output voltage experience smaller 

disturbance before stabilizing at 5A and 

12V respectively.   

 

 
Fig. 4 Load disturbance’s effect on buck 

converter’s performance under SMC 

method. 

 

5.2 Input disturbance  
Input disturbance’s effect on buck converter 

dynamic behaviour, under sliding mode 

control is simulated. A step-up input from 

nominal value 20V to 25V at time 

t=0.050sec. Also step-down input from 

nominal value 20V to 15V at time 

t=0.054sec. Simulation result is shown in 

Fig. (5a) and Fig. (5b) respectively; from 

these two figures, it’s clear that the control 

signal’s instant switching frequency 

changed to accommodate for input 

disturbance before its effect reaches the 

output. Therefore, neither the output 

voltage nor inductor current was affected by 

input variation. 
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Fig. 5a Step-up input effect on buck 

converter output behavior using SMC 

 

 

 
Fig. 5b Step-down input effect on buck 

converter output behavior using SMC 

 

6 Conclusions 
Sliding mode control represents a powerful 

tool to enhance performances of power 

converters, such as buck DC-DC converter. 

In this paper a buck converter simulation 

model is designed based on a sliding mode 

controller. The model was tested under load 

as well as input disturbance. Simulation 

results showed that Load disturbance has 

high effect on buck output voltage behavior 

before stabilizes to desire level where as 

input disturbance has negligible effect on 

output voltage as well as load current. 
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Abstract load and line Perturbation’s effect on buck Dc-Dc converter’s performance 

under PID controller is presented in this paper. The procedure to stabilize the converter; by 

selecting and designing a suitable compensator type based on open loop frequency response 

is introduced in details. The K-factor approach to place Compensator’s poles and zeros is 

explained. Finally, a simulation model is designed using the presented approach, simulation 

showed a high performance system with sufficient stability margin and good disturbance 

rejection. 
Key words Buck converter; PID compensator. 

 

1. Introduction 

The buck converter circuit is shown in fig.1 

[1] is a class of switching converters, which 

are widely used to supply well regulated 

power in electrical power systems. This 

type of converters offers high efficiency as 

compare to linear regulators. 

 
 

Fig.1 Buck DC-DC converter. 

Feedback control loop of buck converter 

shown in fig. 2 [1] consists of three stages; 

power stage )(sGp , Pulse Width 

Modulation stage (PWM) stage (these two 

stages are commonly grouped as the 

modulator) and the compensator 

stage )(sGc . Many papers were published 

on buck stability and optimization [1], [2], 

[3]. This paper investigate load and line 

perturbation effect on buck performance 

through computer simulations model. 

 
 

Fig.2 Buck converter feedback loop. 
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2. Modulator transfer function 

Modulator transfer function )(mod sA  can 

be expressed as [1]. 
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Assuming esro RR  and 

RRo  where )2)1(1 RDDRR   

and D is the duty cycle. The term in the 

brackets in the denominator is in the form 

of second order characteristic equation 

( 02 2
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2   SS ) from which two 
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11
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Plus a zero which introduced by ESR 
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z
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CR
f
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z
2

1
                (3) 

Typical buck modulator open loop 

frequency response is shown in Fig. 3. [1]. 

The figure shows that bellow 
pf gain is 

constant and minimum phase shift. From  

pf  to
zf , gain falls at -40 dB/decade due 

to the effect of complex conjugate poles 

introduced by LC filter, meanwhile phase 

tends toward -180 degrees. Beyond zf  the 

zero introduced by esrR  will cancel the 

effect of one pole, therefore gain curve will 

fall at -20 dB/decade only while phase 

curve toward -90 degrees. 

 

 
Fig. 3 Typical Gain/Phase buck modulator 

open loop response. 

 

Buck converter specifications are given in 

table 1 

 

Table 1 Buck parameters 

Description Parameter Value  

Input  voltage 
inV  20 V 

Output voltage 
oV  12 V 

PWM saw tooth  
stV  2.0V 

Capacitor C 10 F  

Inductor L 1 mH 

Load resistance  
oR  2.4   

Equivalent series 

resistance esrR  
0.07  

Switching Freq. 
sF  100 kHz 

 

3. Stability criterion 

In order to accomplish precise and tight 

output voltage regulation; feedback loop 

with suitable compensator network )(sGc  

must be incorporated. The compensator 

should accomplish the following stability 

criterion [4]: 

 

A) High gain at low frequency region 

to guarantee accurate output 

voltage regulation and to 

minimize the steady state error. 
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B) Crossover frequency cf should be 

in the range scs fff 2.01.0  ; 

where sf  is converter switching 

frequency to insure fast response 

to transients, such as sudden load 

change 

C) Typical phase margin range from 
45  to 

60  for fast stable 

system. 

 

4. Compensator design using K 

factor approach. 

 
Compensator’s objective is to stabilize the 

feedback system (converter) in addition to 

quickly response to regulate the output 

voltage against input or load variation. 

Therefore, compensator Gain/Phase ought 

to be shaped such that when integrated with 

open-loop gain/phase will satisfy stability 

requirements. Type III (PID) compensator 

is the most suitable for stabilizing buck 

converter; its implementation will result in 

superior transient response. The 

compensator transfer function includes one 

pole at the origin and two zero-pole pairs; 

however, for optimum performance 

consideration, coincident zero-pole 

placement form will be implemented. This 

form enhances the phase boost curve by 

making it narrower and the amount of 

phase boost is increased. Fig. 4 [1] shows 

compensator network and its frequency 

response (un-coincident form) Fig. 5 shows 

frequency response in coincident zero-pole 

placement form. 

 

 
Fig.4  Type-III (PID) compensator network 

and its frequency response 

 

 
Fig. 5  Type III (PID), frequency response 

of coincident zero-pole placement form. 

Compensator transfer function in coincident 

zeros poles form is given by: 

2

2

).(

)(
_

p

z

in

out

SS

S
GComp

V

V










           (4) 

where; 
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                   (5) 

The K factor method [3],[4],[5] is a 

powerful mathematical stabilization tool 

which places pole(s) and zero(s) to 

crossover at a particular frequency with a 

precise phase margin, the concept was 

introduced in 1980s by D. Venable. It is a 

measure of gain  reduction at low 

frequencies and increase of gain at high 

frequencies by controlling the position of 

pole(s) and zero(s) of the compensator 

networks, the procedure requires choosing  
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the desired crossover frequency cf  and the 

amount of phase margin needed at cf  then 

by applying the K factor concept, locations 

of poles and zeros can calculated such that 

cf  is the geometric mean between their 

respective locations where phase boost is 

maximum. For type III compensator the 

two zeroes are placed below crossover by a 

factor of  K , and the two poles above 

crossover by the same amount as illustrated 

in Fig. 6 [5]. 

 
Fig. 6 Zeros and poles placement in Type 

III compensator using K factor approach.  

 

Total Phase boost from coincide zeros at 

Kff z   and coincide poles at 

Kff cp /  is given by [5]: 

)]
1

(tan)([tan2 11

K
Kboost

        (6) 

Using the trigonometric identity: 

011 90)
1

(tan)(tan  

X
X                  (7) 

Equation (6) can be expressed as: 
01 180)(tan4   Kboost                   (8) 

By solving for K yields: 

20 )]45
4

[tan(  boostK


                    (9) 

Compensator design procedure can be 

summarized as follows: 

 

Step 1: From open-loop bode plot; 

determine the phase shift PS and modulator 

gain margin mG  at the selected crossover 

frequency cf . 

Step 2: Determine required Compensation 

G at the chosen crossover frequency which 

is given by: 

 
 20/

10 mG
G


                                      (10) 

 

Step 3: Calculate the total Phase boost 

( boost ) required by the compensator which 

is equal to: 

 

boost =PM-PS-90                                (11) 

 

Step 4: Determine K factor from equation 

(9) and calculate compensator network 

components using table 2 [2]: 

 

 

Table 2: Compensator’s components value 
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5. Buck simulation model using 

type III (PID) compensator 

 
Switching frequency is set at 100 kHz; 

crossover frequency15 kHz, and phase 

margin PM 60 degrees. From modulator 

open loop bode plot shown in Fig. 7; at 

crossover frequency the phase shift is PS= -

152 degrees and the gain 

margin 6.19mG , using equation (10) 

and (11), G=9.5499, boost =122 degrees. 

Therefore, Appling equation (9) K=14.95., 

1R was set to 5k, 2R and 2C  were 

calculated using table 2; compensator gain 

is calculated from equation (5). 

Compensator transfer function is given:  

 

2

2

)56443.3.(

)43474.2(
73457.1

eSS

eS
e

V

V

in

out






  (12) 

 

 
Fig. 7 Converter uncompensated Open loop 

bode plot 

 

Fig. 8 shows compensated open loop 

frequency response where phase margin is 

60 degrees at crossover frequency response 

as expected. 

 
Fig. 8 Converter compensated Open-loop 

bode plot. 

 

6. Simulation results and 

discussion 

Simulation model is designed to simulate 

load and line perturbation effect on buck 

converter performance. The model is shown 

in Fig. 9. 

 

 
Fig. 9 Simulation model for buck converter 

using PID controller. 

 

The Simulation model for buck converter 

using PID controller is tested under load 

and line perturbation as follow: 
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Case 1: Load variation 

 
Simulation started with nominal load 

resistance of 2.0  , then after system 

reached stability a step load change to 8.4 

  at time=0.01 sec. Simulation 

waveforms for; input voltage, output 

voltage, load resistance and inductor 

current are shown in Fig. 10. From this 

figure, its is clear that output voltage 

experience high overshoot when step load 

is applied, however system was able to 

recover rapidly to steady state (12 volts) in 

about 0.0025 sec. due to fast dynamic 

response. Inductor current waveform also 

shows undershoot but recover to new 

steady state value of about 1.43A as 

expected. 

 

 
Fig.10 Load variation’s effect on buck 

converter behavior. 

 

Case 2: Line variation 
 

In this case simulation started with nominal 

input voltage of 20 volts, then at time=0.04 

sec. a step change is introduced into the 

input voltage; where the input was step-up 

to 25 volts. Simulation result is shown in 

fig. 11. As it can be seen from this figure 

that both; the output voltage and inductor 

current exhibit an overshoot when the input 

is up, then stabilized to the expected values 

12 volts and 5 A respectively in less 0.005 

sec. Also from the same figure one can 

observe that, when the input is back to 

nominal value at time=0.06 sec, both output 

voltage and inductor current waveforms 

experience undershoot before stabilizing 

back to steady state values. 

 

 
Fig. 11 Input voltage variation’s effect on 

buck converter behavior. 
 

7.  Conclusion 

This paper focused on type III (PID) 

compensator design for buck DC-DC 

converter in order to minimize load and line 

perturbation effect on converter 

performance. The chosen Compensator 

type has two zero-pole pair in addition to a 

pole at the origin, and for optimum 

performance; it is designed such that there 

are two coincident zeroes and two 

coincident poles symmetrically placed 

around crossover frequency. The K factor 

approach is used to place compensator’s 

poles and zeros.  Results from simulation 

module showed good dynamic response 

and system was able to promptly reestablish 

steady state performance following 
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disturbance that is caused by either input or 

load variation. 
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Abstract 

The paper describes applications of feedforward neural network and back propagation 

learning method for calculation of mathematical model for Stanford robot. The model is 

based on the Lagrange-Euler formulation and described by a set of nonlinear differential 

and algebraic equations. A numerical example has shown the comparison of neural model 

and robot manipulator. 

Keywords: Stanford robot, dynamic model, neural nets. 

 

1   Introduction 

 The model of Stanford manipulator is 

nonlinear, and subject to structured and 

unstructured uncertainties.  Structured un-

certainties are caused by imprecision in the 

manipulator link properties like length and 

unknown loads, whereas unstructured un-

certainties are caused by friction and dis-

turbances [10]. Due to such problems men-

tioned previously, it is very hard to ap-

proximate the parameters of the real robot 

precisely. 

 The capability of the neural network 

(NN) to approximate arbitrary nonlinear 

functions and to learn through examples 

makes it the main tool of many useful ap-

plications in robotics and control engineer-

ing [6,8]. For this reason, employing neur-

al net is a proper tool for the calculation of 

robot models. This approach has great ad-

vantage of easy and quick modeling of 

nonlinear functions that are inherent in the 

robot manipulator. 

 In this article, the model of Stanford 

type robot has been approximated using 

neural net technology. In section 2, La-

grange-Euler equation is presented for 

model of robot dynamics. In section 3, the 

feedforward neural net proposed for model 

approximation is structured and explained. 

In section 4, the numerical results are pre-

sented for evaluation. The last section is 

devoted to remarks and conclusions. 
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2   Model of robot manipulators 

 The dynamic equation of a robotic 

manipulator with n-degree of freedom can 

be described by a differential nonlinear 

matrix Lagrange-Euler or Newton-Euler 

equation [1,2,3]. 

          )(),()( yGyyDyyM              (1) 

where 
nRy  is the vector of joint posi-

tion, 
nR  is the vector of generalized 

torque inputs,  
nnRyM )(  is the 

symmetric positive definite inertia matrix, 
nRyyD ),(   is the vector characteriz-

ing Coriolis and centrifugal forces, 
nRyG )(  is the gravitational force vec-

tor, y  and y are vectors of joint velocity 

and joint acceleration respectively. In re-

ality, a robotic manipulator is always af-

fected by unknown factors such as fric-

tions and disturbances but in our equation 

these factors have been ignored.  

 The following equation is a discrete 

time model of robot derived from the 

above Lagrange-Euler equation: 
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and 
nRA , 

nRB , 
nnRC   are 

matrices whose entries are nonlinear func-

tions with unknown parameters. The de-

rivatives were approximated using the fol-

lowing rectangular forward/backward ap-

proximation: 
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where Tp is sampling time,  t=kTp, and k is 

discrete time. 

 In order to obtain the output position 

of robot model (2), the unknown model 

parameters A, B and C should be approx-

imated by using the neural network.  

3   Feedforward neural network 

 The feedforward [5] type neural net-

work has been constructed with nonlinear 

and linear neurons in the first and second 

layer, respectively as shown in Fig. 1. We 

have used one of the most typical activa-

tion functions (sigmoidal tangent function) 

for nonlinear neurons [6,9]. 

             1
1

2
)(

2





 ve
vfy              (4) 

where 

                  



n

k

kkk bxwv
1

          (5) 

and xk, wk, bk are input signals to the net-

work, weights and biases of the neuron 

respectively. 

 We have used the back propagation 

method [10] for the calculation of the 

model parameters of Stanford robot with 

six degree of freedom. The mathematical 

basis for the back propagation algorithm is 
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the optimization technique known as gra-

dient descent [4]. The Standard of the ro-

bot parameters are given in [1]. During the 

learning stage of the network, the refer-

ence positions   and the torque of the robot 

were applied as input signal to the network 

whereas the predicted model output yn was 

obtained from NN as shown in the Fig 1. 

The back propagation rule was applied for 

network learning according to algorithm 1. 

Algorithm 1. 

Step 1.  Initialize weights (wk) and biases 

(bk) for the neural network (set to 

small random values).  

Step 2.  Apply the sequence of reference 

positions and torque 

{y(1),τ(1),……,y(N),τ(N)} as the  

input signal to the neural net, 

where N is the length of the in-

put signal.   

Step 3.  Calculate network output yn(k), 

(k=1,2,……,n), where yn denotes 

the approximated model output. 

Step 4.  Using back propagation learning 

rule for calculation of network 

parameters minimizes the per-

formance index. 

                    

 



N

k

n kykyJ
1

2
)()(

2

1
          (6) 

After learning, we have tested the obtained 

neural net. During the testing, the refer-

ence position y(k) and torque τ(k) was ap-

plied as input and based on the calculated 

parameters AN(k), BN(k), and CN(k) the 

predicted positions of the robot yn(k+1) 

was obtained as the output from the net-

work according to NN structure presented 

in Fig. 1. 

4   Numerical results 

 The robot Stanford with six degree of 

freedom was approximated by using neural 

network with one hidden layer nonlinear 

and output layer linear neurons. The num-

ber of neurons in the input layer was 8 

neurons and the number of neurons in out-

put layer depends on the number of ele-

ments in matrices C, A and B which are 36, 

6, 6 neurons respectively as shown in Fig. 

1. In order to show the generalization ca-

pability of neural network, the input data 

for the neural network has been grouped 

into two data sets for (i) learning and (ii) 

testing of the neural net respectively. The 

learning stage lasted for 500 learning itera-

tions and the network had to simulate the 

output of robot neural model time t=5 

[sec] with sampling time Tp=0.01 [sec], 

then the length of input data is 500. The 

input trajectory for learning and testing 

was described as the follows: 

Learning data: 

           ))cos(1()( tAtyi         (7) 

Where ω=1/3, A=114.6 and i=1,2,.....6 

Testing data: 

         )cos( tAyi                        (8) 

Where ω=π, A=114.6 and i=1,2,.....6 

The input (ref. signal) and output (torque) 

from the robot, obtained according to 

scheme of robot control system and then 

could be used to learn the NN as shown in 

Fig.2. and 3. The approximated positions 

of the robot can be obtained from the net-

work and compared with the reference 

positions of the robot manipulator move-

ment as depicted on Fig. 3.and Table 1. 

When the network had been learned, one 

can observe that the output of the NN 

tracks the reference signal (7) as shown on 
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Fig. 3. From Table 1, you can notice that 

the maximum error between the reference 

position of joint number 2 (e.g) and the 

approximated position for the same joint 

not exceed 0.0.866
o
 which is acceptable 

error. The other group of data set (8) was 

used for neural net testing as mentioned 

previously. In this case the trajectory posi-

tion of robot has been applied to the net-

work and the output from the network can 

be recorded and compared with the posi-

tion of robot model (2). One can notice 

from Fig. 4 that the approximated output 

of the NN model can follow the reference 

positions of the robot precisely. Table 2 

shows that the maximum error for joint 

number 2 and the approximated position 

for the same joint after testing the network 

not exceed 3.61
o
 which is satisfactory error 

for NN under the testing stage. 

 

5   Concluding remarks 

 One can see that employing the neural 

network it is quite possible to obtain robot 

neural model which output is very close to 

the real robot, in spite of nonlinearity phe-

nomena of the robot manipulator. It seems 

that in order to use the presented algorithm 

effectively, the neural network should be 

learned with rich data and more learning 

iteration should be done. We would like 

also to mention that an increasing number 

of neurons should give smaller errors and 

lead to improvement the results of robot 

neural model. It was easy to train the neur-

al net to model the parameters of the real 

robot because we need only the informa-

tion about the position of the robot mani-

pulator which can be measured by position 

sensors and the control signal (torque) 

from the regulator. We plan further re-

search to synthesize the control system 

based on the approximation robot parame-

ters obtained from NN.  
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Table 1. Maximum error between (y) and (yn) after 500 learning iterations (Learning stage) 

 

 

 

 

 

 

Table 2. Maximum error between (y) and (yn) after (Testing stage) 

 

 

 

 

 

 

 

 

 

 

 Fig. 1. The structure of feedforward neural network (D is a delay) 
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Fig. 2. Input torque=τ to Stanford robot, set of learning data. 
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Fig. 3. The reference position (y) and (yn) output of NN (learning stage). 

 

Fig. 4. The reference position (y) and (yn) output of NN (Testing stage). 
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Abstract 
 

     While digitalizing the document, Most of the individuals are using the OCRs (OCR: 

Optical Character Recognition) technique and researchers proposed techniques for OCRs, 

they are trying to reduce inconvenience while digitalizing the data. They use OCRs which 

is saving relevant documents to Data Base DB. However, there are inconveniences in 

general OCR. That is, text should be entered to Data Base and processed after classifying 

text segments, text sentences, one by one is realized, and whole document is recognized 

through OCR. While performing so, the noise/ reverse Image of the text/ content in 

background of the front text, which is acting as an obstacle for OCR engine, resulting in 

time consuming performance, if background noise / reverse images are improperly filtered. 

In other way it is advantageous when the front text is completely bypassed after its content 

is recognized and concentrated only on the back ground text/ Reverse Image text. In order 

to overcome this obstacle, we made an effort to recognize the Reverse-Printed characters, 

using Advanced Fuzzy Logic Control algorithm and discussed i.e. on, Reverse-Printed-

Characters-Recognization (RPCR) / Mirror-Image-Character-Recognition (MICR) OCR 

technique. This OCR system saves abstracted characters to DB after extracting only 

equivalent and necessary characters from a large amount of documents by using Gaussian 

membership based Fuzzy Logic Control algorithm, that is one of Artificial intelligent 

network. This recognization produces the same output pattern regardless of the orientation, 

position, and size of the input pattern on both the sides of the document. The recognization 

has the advantage of being simple. This makes it computationally efficient and fast, which 

in turn makes it appropriate for on-line and offline implementations. In the process of 

development of the algorithm the preprocessing, segmentation, character recognition and 

post-processing modules were discussed.  

 

Key words: 

OCR, Fuzzy based ORC, RPCR, MICR Document, DBs 

 

Background; The motivation 
 

 Imaging if someone wants to know or read 

or listen to the stuff in set of papers 

enclosed in the cover or in a book without 

turning the pages around, by just keeping 

the papers set or the book closed beneath  
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the set of sensors. It may be possible to 

listen to the content of the stuff which is 

enclosed in the cover or in the book. How? 

if we keep the set of papers beneath the 

array of the sensors or the Imaging camera/ 

photogrammetry camera, we can obtain the 

skeleton image of the text, on the top page, 

when this image is processed by the OCR 

engine the text is recognized and displayed 

on the monitor which can be read aloud by 

the text to speech converter in the system 

also. The skeleton of the text image is 

obtained for bottom layer page too, the top 

page text would be easily recognized by the 

OCR-engine, but the difficulty arises when 

the image in reverse direction or the text 

appears as it is appearing in the mirror and 

the texture stuff may be in different 

direction and orientation (in different 

quadrants). As shown in the figure 1.  

 

1. Introduction  
 

     In this paper we have concentrated on 

processing of the reverse characters Mirror 

Image Text which is appearing as printed 

on both sides of transparent or semi-

transparent sheet. We are interested in 

discussing character recognization engine 

in four different quadrants i.e. quadrant 1-4, 

where the processing of the text is required 

depending upon orientation, direction of the 

text etc. 

 

OCR implementation 
interested region 

 

 

OCR implementation 
interested region 

 

OCR implementation 
interested region 

 

 

 

3rd Quadrant 

 

2nd Quadrant  

 

4th Quadrant 

1st Quadrant 

 
. This paper describes the suppression of 

front layer 1
st
 quadrant components or the 

top layer characters first quadrant text, and 

enhancement of the bottom layer 2
nd

 

quadrant components or back layer or 

second quadrant text, in which the reverse 

image of the text or the character is seen. 

This technique is based on independent 

component analysis (ICA). Similarly the 3
rd

 

and 4
th

 quadrant components also. The 

concept of Mirror Image Text (MIT) 

detection or Reverse Text (RT) layer 

detection is introduced to detect and 

identify the text character appears as in the 

mirror image or back layer of the paper, 

when seen from the front side or the front 

layer is completely bypassed  like having 

the printouts on both sides of transparent 

sheet 

 

2. Earlier Work  
 

     Many researchers done considerable 

amount of work behind processing of 

camera-held images [1] online, offline 

character recognization OCRs. Many 

Figure 1; OCR Implementation areas, 

Quadrant 2,3and 4 where the text is in 

reverse and appearing as in mirror 

image 
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researchers have proposed their own 

methods for character, text detection, and 

methods for character, text location, and 

extraction of the text from images [2]. 

Experience in optical character recognition 

(OCR) of the text in images suggests that 

one doesn‟t get good recognition accuracy 

without proper enhancement of the imaged 

text. Several image enhancement 

techniques [2, 3] have therefore been 

developed. Many of these techniques have 

been modeled as the binarization problem 

that classifies image pixels as either 

background or foreground pixel [4]. Some 

other techniques considered through and 

other effects to model the enhancement 

problem as multi-class one.  

 

     .Execution of ICA gives foreground, 

middle layer and background as 

independent components. Foreground 

(more specifically character parts) 

information contained in each component is 

then identified and integrated Though use 

of ICA in digital signal processing is 

widespread, its use in image processing, in 

general, and document image analysis, in 

particular is also most common. ICA-based 

approaches have already been implemented 

to give encouraging results in different DIA 

tasks [5 - 7]. This paper presents an 

advancement of ICA research where an 

ICA-based approach models the image 

enhancement as a 1-class problem. Pixels 

are assumed to belong to one of two 

sources namely, foreground layer, and 

background layer.  Since the mixing 

patterns for these pixels are not known, 

their separation into different classes is 

viewed as a blind source separation 

problem.  

 

 

 

 

 

3. Working Methodology:  

 

     The image containing text has been 

processed under the three main following 

processes, i.e. pre processing, processing 

and execution of the selected text image as 

shown in the figure 2. 

1. Text in image detection/ identification,  

2. Text layout or orientation identification,  

3. Quadrant classification of the text based 

on the orientation of the text 

4. Segmentation 

5. Character processing applying the 

Gaussian Fuzzy process 

6. Post Processing/ Analysis 
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The whole word has been divided in the 

small characters by over segmenting it.  

These characters can be as small as 

possible.  As per the analysis, the 

probability of error-some recognition is 

more if the character segment size is more 

and will continue to be less, as the character 

size is lesser But the processing time is 

inversely proportional to the character size. 

Figure 3.1 to 3.3 shows the examples where 

various Characters with different sizes have 

been shown. 

  

 

 

Figure 3.1 Single layer Telugu texts in all 

four quadrants which is not in data base of 

the OCR 

 

 
Figure 3.2 Single layer alphanumeric texts 

in all four quadrants 

 

Figure 2 process flow diagram 

Acquire the text images from, source, 

scanner/image file, etc 

1-Pre process the image 

Examine the intensity of images based on the no 

of pages 

Extract image Layer by layer based on the 

intensity and alignment of the character 

2-Processing of the image 

Page by page single page is selected 

The character orientation is checked  

Categorization of the page quadrant is done based 

on the character orientation, alignment 

Conversion of the text to 1st quadrant is done by 

using Rotation, Mirroring, or / and Reverse 

Mirroring  

3-Post processing of the image 

Image text readability for 1st quadrant 

compatibility is checked 

If the readability is not passed the process no 2 is 

repeated 
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In figure 3.1 a text of south Indian Telugu 

language is shown which would be rejected 

by the OCR, because it is not in the OCR 

engine database. The system fails in early 

stage. In figure 3.2 alpha numeral is shown 

which would detected by the OCR engine 

because the English is in the OCR engine 

database. In figure 3.3 text in English 

alphabets is shown which is in four 

different quadrants. 

The figure contains 3 different processed 

images.  

The first/ top one is processed and tried to 

show only top layer of the text in 4 

quadrants. Here OCR is needed to process 

directly in first Quadrant and make 

orientation and layer adjustments in 2
nd

 3
rd

 

and 4
th

 quadrant.  

   

     

The second image is processed and tried to 

show both the front layer and back layer of 

the paper in 4 quadrants totally the OCR is 

needed to process 2 + 6 = 8 quadrants, two 

direct implementation and six times OCR 

need to process the Image orientation and 

other things  

 

     3.1 The text in front layer First 

Quadrant here text is in normal position no 

OCR image adjustments are needed, text in 

top position present in top (TOP-TOP) 

position and bottom of the text is in bottom 

(BOTTOM-BOTTOM) position. Here OCR 

image text adjustments are not needed. 

 

     3.2 The text in front layer 

Second Quadrant is Mirror image of 

First Quadrant text which is not in direct 

readable form, which is appearing as if it is 

seen in the mirror with text in top position 

present in top (TOP-TOP) position and 

bottom of the text in bottom (BOTTOM-

BOTTOM).position Here OCR image 

adjustments are needed.  

 

     3.3 The text in the front layer 

third Quadrant is Mirror image of 

second Quadrant text which is not in direct 

readable form, which is appearing as if it is 

seen in the mirror with text in top position 

present in bottom (TOP-BOTTOM) 

position and bottom of the text in top 

(BOTTOM-TOP).position Here OCR 

image adjustments are needed 

 

     3.4 The text in the front layer 

fourth Quadrant is Mirror image of 

third Quadrant text which is not in direct 

readable form, which is appearing as if it is 

seen in the mirror with text in top position 

present in top (TOP-TOP) position and 

bottom of the text in top (BOTTOM-

Figure 3.3 Dual layer texts in 

four quadrants front layer of text 

highlighted in top figure, two 

layers 4 quadrants shown in 

middle figure , back layer 4 

quadrants shown in bottom 

figure figure. 
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BOTTOM).position Here OCR image 

adjustments are needed 

 

  This is all text direction adjustments in 

front layer of the text of four quadrants 

similarly the OCR is needed to process the 

text image depending upon the orientation 

of the direction and rotation of the text 

 

     3.5 The text in back layer First 

Quadrant is Mirror image of second 

Quadrant text of back layer which is not in 

direct readable form, which is appearing as 

if it is seen in the mirror with text in top 

position present in top (TOP-TOP) position 

and bottom of the text in bottom 

(BOTTOM-BOTTOM).position Here OCR 

image adjustments are needed. Text is in 

reverse direction left to right o OCR image 

adjustments are needed 

 

     3.6 The text in back layer 

Second Quadrant here text is in normal 

readable position no OCR image 

adjustments are needed here text in top 

position present in top (TOP-TOP) position 

and bottom of the text in bottom 

(BOTTOM-BOTTOM) position. Here OCR 

image text adjustments are not needed.  

 

 

     3.7 The text in the back layer 

third Quadrant is Mirror image of back 

layer second Quadrant text which is not in 

direct readable form, which is appearing as 

if it is seen in the mirror with text in top 

position present in bottom (TOP-

BOTTOM) position and bottom of the text 

in top (BOTTOM-TOP).position Here OCR 

image adjustments are needed 

 

     3.8 The text in the back layer 

fourth Quadrant here text is Mirror 

image of back layer third Quadrant text 

which is not in direct readable form, which 

is appearing as if it is seen in the mirror 

with text in top position present in top 

(TOP-TOP) position and bottom of the text 

in top (BOTTOM-BOTTOM).position Here 

OCR image adjustments are needed 

 

4. Implementation 
 

     One may ask where and how fuzzy logic 

is implemented. here with the quadrants 

location and quadrants differentiation 

method the set of rules are known and 

which are the feeds for fuzzy logic 

controller [8 - 9] fuzzification rules, these 

cases and conditions would be implemented 

as the if cases and for each individual 

quadrant the processing action is to be done 

is written as the then-corresponding action 

Fuzzy-neural network having the four 

layers (input, fuzzification, inference and 

defuzzification) have been used.  

 

4.1 Fuzzy sets 
 

     Can be effectively used to represent 

linguistic values such as low, young, and 

complex. A fuzzy set can be defined 

mathematically by assigning to each 

possible individual in the universe of 

discourse a value representing its grade of 

membership in the fuzzy set to a greater or 

lesser degree as indicated by a larger or 

smaller membership grade. The fuzzy set is 

represented as where x is an element in X 

and μA(x) is a membership function of set 

A which defines the membership of fuzzy 

set A in the universe of discourse, X 

 

4.2 Fuzzy Membership Functions 
 

     A fuzzy set is characterized by a 

membership function which associates with 
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each point in the fuzzy set a real number in 

the interval [0, 1], called degree or grade of 

membership. The membership function 

may be triangular, trapezoidal, Gaussian 

etc. A triangular membership is described 

by a triplet (a, m, b), where „m‟ is the 

modal value, „a‟ and „b‟ are the right and 

left boundary respectively. The trapezoidal 

membership function (shown in Figure. 4) 

is defined as follows. 

 
Figure 4. Trapezoidal Membership 

Function for μ Z (xk, γ k) 

Another fuzzy membership function that is 

often used to represent vague, linguistic 

terms is the Gaussian which is called 

Gaussian membership function (shown in 

figure 5) is defined as 

follows.

 

Figure 5. Gaussian Membership Function 

for μ Z(xk, γ k) 

4.3 Gaussian Bell curve sets 
 

     Give richer fuzzy system with simple 

learning laws that tune the bell curve 

variance. The Gaussian Function is 

represented by “(equation 1),” 

Where ci is the center of the i
th

 fuzzy set 

and σi is the width of the i
th

 fuzzy set. 

 

 
Figure 6. Representation of DATA Cost 

driver using Gaussian Membership 

Function 

 

 

     We define a fuzzy set for each linguistic 

value with a Gaussian shaped membership 

function μ is shown in Figure 5. We have 

defined the fuzzy sets corresponding to the 

various associated linguistic values for each 

variable / parameter of interest it may be 

character intensity, orientation, layout or 

anything. 

 

      In this research, a new fuzzy effort 

estimation model is proposed by using 

Gaussian function to deal with linguistic 

data or text image quadrant position 

analysis, and to generate fuzzy membership 

functions and rules for further processing 

the membership functions Primitives have 

been added to find form a character, which 
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is part of the lexicon. The word is not said 

to be recognized till it is tested with lexicon 

containing root words with an efficient 

algorithm [7]. The system working model is 

designed as shown in the flowchart Figure 

no 2, the process no 2 is repeated till the 

whole text is reached to quadrant no1, i.e. 

till the text is arranged page by page in 

readable mode.  

 

5. Discussion 
     The proposed algorithm presented, got 

the versatility in implementation while 

constructing an OCR system, our system 

can scan the text in different directions and 

orientation, there is no need to change the 

layout of the scanning textured image every 

time. The scanning of multiple papers at a 

time is permitted.  

 

     The proposed method is an effective 

method and outperforms the other methods 

in the complex textured background 

situation. Disturbances due to the textured 

background are well avoided or considered 

as an advantage, in our method than the 

other ones. So that binarised image can be 

better recognized by OCR. 

 

6 Future scope 
 

     The 4 quadrant reverse text image 

recognization/ reverse character image 

recognization can implemented in any 

scanner/ virtual instrument if the text image 

is readily available, it can be implemented 

either using the math tool or the LabVIEW 

VI GUI 
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Abstract

 
     The DC motor drives still in competition in industrial application, because of it's high 

performance, robustness, and its lower cost compared with AC drives. Ponteryagin 

Minimum principle is applied in this paper to study the optimal parameters of the 

separately excited DC motor at steady state mode of operation, where the minimum losses 

are accomplished. The dynamic behavior of the separately excited DC motor also studied 

applying Fuzzy Logic Control (FLC) taking the optimal steady state results as a boundary 

condition for starting and final operation points.  Also the fuzzy logic dynamic results will 

be compared to proportional integral differential (PID) controller. Also the sensitivity 

analysis are performed to assure the system stability. The expected results will be of value 

to many industrial applications for reducing energy consumption and enhancing the DC 

drive performance. 

 

1. Introduction 
     In recent years, fuzzy logic controllers 

which are based on fuzzy set theory have 

been used in growing numbers of 

application in artificial intelligence 

computer science, control engineering, 

decision theory, pattern recognition, 

robotics and aircraft control. A fuzzy 

control system is implementing a part of a 

human operator's expertise which does not 

lend itself to being easily expressed in PID-

parameters or differential equations but 

rather in situation or action rules. FLC dose 

not require parameter estimation [1,2]. In 

this paper, a fuzzy logic controller is 

designed to control the speed of a 

separately-excited DC motor. In some 

applications, DC machines are much more 

adaptable to adjustable speed service than 

AC machines. Indeed, the ready 

susceptibility of DC motors to adjustment 

of their operating speed over wide ranges 

and by variety of methods is one of the 

important reasons for the strong 

competitive position of DC machinery is 

modern industrial applications[3,4]. 

 

2. Formulation of Optimal 

Control  Problem   
     A steady state optimal control for the 

separately excited DC motor applied 

voltage to minimize the energy losses it 

found for any desired state operating 

conditions, which is defined by  a given  

motor speed and load torque demand. The 

pontryagin state function from optimal 

control theory is used in this analysis. The 

steady state optimal control problem can be 

formulated as follows: To find the optimal 

applied voltages to DC motor, which 
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produce minimum motor losses, at a given 

motor shift speed and load torque.  

Following the optimal control procedure a 

performance index or a quadratic function 

representing the motor power losses in 

terms of the applied voltages. The various 

losses for DC motor, and the direction of 

energy flow, are shown in figure 1 [5]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

Fig 1: Direction of power flow in DC 

motor 

 

The major losses consist of  copper losses  

cuP , brush losses Pe and iron losses Pfu. 

Since the iron and brush contact losses are 

more less than copper losses then will 

negligible. Consider  the function L for the 

total losses is defined as 

 

22
ffaas IRIRPL           (1)  

 

where cI , fI , aR  and fR  are the 

armature and field current and resistance. In 

steady state the electromagnetic torque can 

be considered equal to the load torque   

 

fatLe IIKTT                  (2)                                                           

Where Kt  is  torque constant . This 

equation is used as constraint that must be 

satisfied for all time during steady state. 

Also at steady state all terms containing the 

time derivative operator vanish. Thus the 

motor currents are expressed in terms of the 

applied voltage [6]. 
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Using last equations the loss function and 

the torque can be expressed in terms of the 

motor applied voltage as following 
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Equation (5)  is used as a constraint for the 

optimization problem , which can written as 
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The pontryagin H-function is formed as  
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gLH                               (7)  

 

Where   is a Lagrange multiplier. 

Substituting (4) and (6) for L  and g  in (7) 

yields 
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The state function H is a function of the 

speed   , the Lagrange multiplier   and 

the applied voltage Va .  The Lagrange 

multiplier  is a real number chosen in 

such a way that the optimality conditions 

are satisfied. 

 

3. Necessary and Sufficient     

     Conditions For Optimality                
      The optimum values of the voltage are 

obtained by minimizing the value of the 

H -function. from equation (7) if the 

constraint is satisfied, then LH   , and 

the minimum of L  is then found when the 

minimum of H  is obtained [7].                                

To determine the minimum of  H  , the 

extremals for H  are found and these are 

checked to see if they minimize H  the 

necessary conditions for minimum H  are: 
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From equation (8) the necessary conditions 

can writes as :  
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After the above equations are solved for 

extremals of H  , then these are checked to 

see if they satisfy sufficient conditions for 

minimum H .  From equations (11) and 

(12) 

tV
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RR 22
                              (13) 

Substituting (13) in (10) we get      
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4. The System (Model) and 

Results   

     A hp15  rpm2000  separately 

excited DC motor, the field circuit 

resistance is 147fR , the armature 

circuit resistance is   25.0aR , and 

the voltage constant of the motor is 

sradAVKK tV //7032.0  . 

The viscous friction is negligible and the 

armature current may be assumed 

continuous and ripple free.  Find the 

optimal values of the voltage that giving the 

required speed at this bounders  

( srad /100 - srad /200 ).   The next 

figures shows the analysis was done over a 

speed range from srad /100   to 

srad /200 . The figures 2 and figure 3 

shows the relation between optimal 

armature voltage and speed at different 

values for the field voltage and the torque 

respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 : Optimal armature    voltage 

at    different field voltage 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

Fig. 3 : Optimal armature voltage at  

different load torque 

 

5- DC Motor Model 
     The DC motor is supplied from DC 

chopper. The motor parameters used in 

simulation program are given in table 1 [8]. 

 

Table 1 : DC Motor parameters used in 

simulation 

 

The simulation time is taken s0.4 . The 

motor started at full-load without control. 

The motor speed and the motor current are 

shown in figure 4 and 5 respectively. From 

the speed figure 4 we note that, there is 

overshot , and there is disturbance in the 

speed and the current figures. The function 

of the FLC is to minimize the speed 
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overshoot and maintain the speed nearly 

constant specially during the disturbance 

period. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig. 4 : Motor speed at  full load 

                   without  control    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

     Fig. 5 : Motor current without control 

 
 

6. Speed Control Using FLC 

     To improve the motor speed response, 

FLC is used to control the duty cycle by    

,where   is the angular value that 

determining the duty cycle of DC-DC 

converter as shown in figure 6. From this 

figure, the power circuit consist of  DC 

chopper that drives a separately-excited DC 

motor. The speed loop has a voltage limiter 

to limit the armature voltage around 

V205 . 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 6 : Block diagram of speed  

control system 

The FLC scaling factors Ke , 'Ke  and 

K  are tuned several times  using the 

knowledge about the nature of e  & 'e  and 

also by  using trial and error until the best 

or optimal performance is achieved. The 

scaling factors are set at:     150/1Ke        

1'Ke       15000K . Each fuzzy 

variable e , 'e  and   is quantized to 

seven triangular membership  functions  









BMS

SMB

PandPP

ZNNN

,

,,,,
 with over 

lapping as shown in figure 7 and the  table 

2  shows the controller rules:  

 

 

 

 

 

 

 

273

273



 

 

 طرابلس ليبيا 32/01/3101-32للهندسة الكهربائية والإلكترونية  ؤتمر الدولي العربي الليبي الخامسالم

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 : Membership functions for the 

fuzzy variable 

 

Table 2 : Rule table for the speed control 

system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7. Design Fuzzy Logic Controller 

With Matlab 
     The matlab and simulink are one of the 

most popular and worldwide used 

simulation software packages. Since matlab 

contains the fuzzy logic toolbox (FLT) that 

allows the designer to create and test new 

fuzzy control designs. Matlab FLT is a 

program tool for working with fuzzy logic 

systems. FLT contains fife main tools: FLS 

editor, membership functions editor, rule 

editor, rule viewer, and surface viewer. 

 

7.1 FIS Editor 

     The FIS editor is a tool in FLT, where 

the number of inputs, names of input, and 

output variables, as well as the type of 

fuzzy controller (Mamdani or Sugeno) is 

determined as shown in figure 8. Selection 

of a Mamdani-type fuzzy controller 

assumes that linguistic values of the output 

variable are regular fuzzy sets. Selection of 

a Sugeno-type fuzzy controller assumes 

that linguistic values of the output variable 

are singletons. In this work Mamdani-type 

was used. 

The FIS editor also serves for selection of a 

fuzzy inference method and it enables the 

choice of aggregation operator that gives a 

different type of a compositional output 

fuzzy set [9] 

 

 
 

Fig. 8: FIS Editor 
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7.2  Membership Function Editor 

      Membership function editor shown in 

figure 9 of DC motor drive system 

controller enables definition of membership 

function forms for the inputs and the 

output, and allows setting of boundary 

parameters for each membership function. 

The designer can choose from eleven 

standard  

 

 

 

 

 

 

 

 

 

 

Fig. (9-a) : Error Input 

Functions (triangle, trapeze, bell, Z-shape, 

S-shape, Gauss,etc..).The tool allows 

definition of the functions range, name of 

functions, and the range of display. Also, 

new membership functions can be added 

[9]. 

 

 

 

 

 

 

 

 

 

 

 

Figure(9-b) Change of Error Input 

 

 

Figure (9-c) Output 

 

7.3 Rule Editor 

The rule editor for editing the list of rules 

that defines the behavior of the system. 

Rule editor shown in figure 10 serves for 

insertion of new fuzzy rules. Rules can be 

inserted in forms of text, symbols. Before 

insertion of rules, fuzzy membership 

functions must be defined [9]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10: Rule Editor 
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7.4 Rule Viewer 

    Rule viewer shown in figure 11 is a tool 

that provides a more detailed insight into 

the fuzzy inference process of a system 

controller. Row represents one fuzzy rule 

containing tow input membership functions 

and one output membership function. In 

this way all fuzzy rules create a table with 

tow corresponding columns. Actual values 

of fuzzy controller inputs, depending on 

selected features of fuzzy inference, yield 

different contributions to the crisp fuzzy 

controller output, which can be 

simultaneously registered in the rule viewer 

window. This tool allows the designer to 

make analysis of the inference system and 

decide about the controller parameter 

setting [9]. 

 

 

Fig. 11: Rule Viewer 

7.5 Surface Viewer  

     The surface viewer is used to display 

the dependency of the output on the input 

that is, it generates and poles an output 

surface map for the system. Figure 12 

shows the surface viewer. 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

 

 

Fig. 12: The Surface Viewer 

 

The figure 12 shows the operation map of 

the FLC according to the results that 

defined for a certain system operation. If 

any rules are changed according to any 

operating condition, then this map is 

changed as well [9]. 

 
 

8. Simulation Model and Results 
     The simulation model of the DC motor 

drive system control  using FLC and PID 

controllers are shown in the next figures 13 

and 14 respectively also this figures shows 

nonlinear signals as saturation ,  backlash 

and random signal to assure the system 

stability. The motor speed using FLC and 

PID during simulation time is shown in 

figure 15 and 16 respectively. Compared 

with the motor speed without control shown 

in figure 4, FLC controls the speed at a 

required constant value with more less than 

overshoot and rise time. Also the 

comparison between FLC and PID is shown 

in the next table 3, where note that the rise 

time, setting time and speed overshoot at 

using FLC are best.  
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Table 3: Performance comparison of 

FLC and PID controlled drive system 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13:Simulation model of DC motor  

control system using FLC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 Fig. 14 : Simulation Model of DC Motor       

          Control System Using PID. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15: Motor speed with FLC 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Fig. 16 : Motor speed with PID 

controller 

 

 

 9. FLC Sensitivity   

     Study was conducted to demonstrate the 

effect of non-linearity signals on the 

performance of FLC, using the same DC 

motor drive and FLC & PID parameters. 

And then compared FLC with PID by 

effecting this signals. The comparison 

results are shown in the next figures. From 

this figures note that the DC motor 

performance with FLC was not effected by 

the nonlinear signals.     
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Fig. 17 : FLC with random signal 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

Fig. 18 : PID with random signal 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19 : FLC with dead zone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.20 : PID with dead zone 

                 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 21 : FLC with backlash 

 

                         

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22 : PID with backlash 
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10. Conclusion 

Speed control of motor drives is an 

important concern in many industrial 

applications and research in this aspect 

focuses on application of different speed 

methods that can results in a higher motor 

drive performance during steady state and 

dynamic modes. This paper concentrates on 

application of fuzzy logic controller to  DC 

motor drives based on optimum boundary 

conditions at steady state operating mode. 

The steady state optimal voltages and 

speeds of separately-excited  DC motor are 

derived using open-loop control and 

Lagrangian function method for 

optimization. The results are used as a 

boundary condition in motor dynamic 

simulation applying fuzzy logic control. A 

DC-DC converter (chopper) is also used in 

the system model as controlled power 

supply. The simulation is based on Matlab 

AND simulink that simulates the motor 

drive system with fuzzy logic controller. 

The simulation results of the motor drive 

system shows a higher motor performance 

that compared with the conventional PID 

controller when FLC is applied.  The motor 

performance shows better stability and 

robustness.   
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Abstract: 
 

The purpose of this paper is to present a modeling and control of the active suspension 

system using Proportional Integral Sliding Mode Control (PISMC) techniques. The 

objective of designing the controller for the car suspension system is to reduce the 

traditional design as a compromise between ride and handling by directly controlling the 

suspension forces to suit the road and driving conditions. In this paper a new mathematical 

model is presented which will give a much more complete mathematical representation of 

active suspension system for the half car model. In order to achieve the desired ride comfort 

and road handling and to solve the mismatched condition, a proportional integral sliding 

mode control will be utilized to deal with the system uncertainties. Mathematical analysis 

for reach ability and stability of the controller will be derived. Finally, a simulation of a 

half-car active suspension system will be carried out using a MATLAB/SIMULINK 

software.  

Keywords: Half car suspension system, proportional-integral sliding mode control, 

mismatched condition

 

1.   INTRODUCTION 
 

A vehicle suspension system is a 

mechanism that separates the vehicle body 

from the wheels of the vehicle so that the 

handling and the comfort of the driver can 

be improved and the road noise, bumps, 

vibrations can be isolated reasonably well. 

The objective of a suspension system is to 

maximize the passenger ride comfort and 

vehicle road quality. The performance of 

the suspension system can be evaluated the 

characteristics above. These characteristics  

deal with regulation of the body movement, 

the regulation of suspension movement and  

the force distribution. Ideally the suspension 

should isolate the body from road 

disturbances and inertial disturbances 

associated with cornering and braking or 

acceleration. Furthermore, the suspension 

must be able to minimize the vertical force 

transmitted to the passengers comfort. 

These are the major challenges currently 

faced by the automotive industry. To 

overcome the above problem active 

suspension system has been proposed by  
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various researchers [1-3]. Active suspension 

system is more effective to ride comfort of 

passengers. This type of suspension systems 

has the capability to adjust itself 

continuously to changing road conditions. It 

"artificially" extends the design parameters 

of the system by constantly monitoring and 

adjusting itself, thereby changing its 

character on an ongoing basis. The main 

difference between the active suspension 

system and the conventional suspension 

system is that it is able to inject energy into 

the system, as well as store and dissipate it. 

In the past years various control strategies 

such as backsteeping method [2], sliding 

mode control [4], LQR [5], H∞ control [6] 

and fuzzy control [7] have been proposed to 

meet such needs as the balance between ride 

comfort and road handling robustness 

against model uncertainty. In this paper we 

will consider a model of half car active 

suspension system and discuss the 

performance of the PISMC technique in 

terms of body acceleration and wheel 

deflection. To demonstrate the effectiveness 

and robustness of the proposed control 

scheme, computer simulation was 

performed and presented in this paper. 

2.   DYNAMIC MODEL OF 

THE ACTIVE 

SUSPENSION SYSTEM 

The model of the half-car active suspension 

system that shown in figure 1 has been used 

by [7], in the design of active suspension 

system. From figure 1 it can be observed 

that the active suspension system for half 

car model is consists of the front and rear 

wheels and the axles that are connected to 

the half portion of the car body, while the 

tyers are modeled as simple spring without 

damper and two actuators connected to each 

front and rear suspensions. 

Figure 1 A half car 

active suspension model 

where Ib is the mass moment of inertia for 

the vehicle body, mb is the mass for the 

vehicle body, mwf   and mwr are the mass of 

the front and rear wheels, respectively, Zbf 

and Zbr are the vertical displacements of the 

vehicle body at the front and rear 

suspension locations, respectively. Zwf  and 

Zwr are the vertical displacements of the 

vehicle body at the front and rear wheels, 

respectively, θ0 is the rotary angle of the 

vehicle body at the center of gravity, ff and 

fr are the active controls at the front and rear 

suspensions, respectively, wf and wr are the 

irregular excitations from the road surface, 

Lf and Lr are the distances of the front and 

rear suspension locations, respectively, with 

reference to the center of gravity of the 

vehicle body, and Lf + Lr = L. 

By applying Newton’s second law and 

using the static equilibrium  position as the 

origin for both the displacement of the 

center of the gravity and angular 

displacement of the vehicle body, the 

motion equations for the active suspension 

system of the half car model can be derived 

as follows,  

bfz  

bfw
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The state space representation of active 

suspension system of the half car model 

may be written as: 

)()()()( twGtuBtzAtz hmhmhmhmhmhmhm             

(5) 

where,  Ahm(t) , Bhm(t),uhm(t),Ghm(t) and  

whm(t) are: 

 

Ahm=      

































00001000

00000100

00000010

00000001

0000

0000

48474443

3837363534333231

26252221

1817161514131211

hhhh

hhhhhhhh

hhhh

hhhhhhhh

aaaa

aaaaaaaa

aaaa

aaaaaaaa

            

                                                           (6) 

 

 

 



































00

00

00

00

0

0

42

3231

21

1211

h

hh

h

hh

hm

b

bb

b

bb

B
  (7)  

hmu (t)= [ff     fr ]
T 

       (8)                                        

 

 

 

hmG

































00

00

00

00

0

00

0

00

42

21

h

h

g

g











r

f

hm
w

w
tw )( (9)                                                                                                            

 

 

From the equations (7-9) the elements of the 

disturbance input matrix Ghm is not in phase 

with the actuator input matrix Bhm, i.e. Rank 

[Bhm] ≠ rank [Bhm , Ghm], therefore the 
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system does not satisfy the matching 

condition.  

The system state variables are assigned in 

the following:  bfzz .

1   is the front body 

displacement,  wfzz .

2   is the front body 

velocity, is the front wheel displacement, is 

the brzz .

3   front wheel displacement, 

wrzz .

4   is the front wheel velocity, 

bfzz 51 is the rear body displacement, 

wfzz 6  is the rear body velocity,  

brzz 7  is the rear wheel displacement,  

wrzz 8  is the rear wheel velocity, 

ffz 9  is the front actuator force, and 

rfz 10  is the rear actuator force. For 

more details for the state equations of the 

half car model and non-zero elements for 

Ahm ,Bhm and Ghm as shown in Appendix A. 

3. CONTROLLER  DESIGN 

Linear Quadratic Regulator (LQR) and a 

proportional integral sliding mode control 

(PISMC) schemes are employed to compare 

the performance between the two 

controllers for the active suspension 

systems. 

3.1 LQR CONTROLLER 

DESIGN 

Linear Quadratic Regulator (LQR) 

is a powerful concept of optimally 

controlling linear system commonly used 

for vehicle system control. This technique 

results in a simple control structure with an 

optimal state-feedback controller which can 

easily be obtained from the solution of the 

algebraic Riccati  equation. 

First of all let us consider a state variable 

feedback regulator: 

Kxu                                                                

(10) 

Where K is the state feedback gain matrix, 

the optimization procedure consists of 

determining the control input u, which 

minimizes the performance index J. The 

performance index J, represents the 

performance characteristic requirement as 

well as the controller input limitations. 

The performance index J penalizes the state 

variables and the inputs; thus, it has the 

standard form: 

()ZXCZXZXCXCZczxCZZcZXcZ                

(11) 

 

Where Q and R are positive definite, being 

called weighting matrices. 

The gain matrix K is computed form: 

 

K= R
T
 B

T
 P        (12)                                                    

Where the matrix P is evaluated being the 

solution of the Algebraic Riccati Equation 

(ARE): 

AP + A
T
 P – PBR

-1
 B

T
 P + Q = 0     (13)                      

Then the feedback regulator is:  

u = -(R
-1

 B
T
 P)x    (14)                                                   

    Equation (5) for the optimal closed-loop 

system, being used for computer simulation, 

can be written in the form of: 

 GwxBKAx  )(  (14) 

                            





0

)()()()( dttRututQxtxJ TT
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3.2 PISMC CONTROLLER 

DESIGN  

The Proportional Integral Sliding 

Mode Control (PISMC) method which is 

consists of combination of the proportional 

integral sliding surface and the controller 

design which is designed to control MIMO 

system, the MIMO system is represented by 

the active suspension system for half car 

model.   

The design procedure of the Sliding Mode 

Control can be broken into two parts. 

3.2.1 Sliding Surface Design  
The proportional integral Sliding surface for 

a half car model is defined as: 

 dxKBCACtxCt
t

hhhhhhhh  
0

)(][)()(

  (16) 

Where Bh is the input matrix, Ch and Kh are 

constant matrices, Ch is nonsingular, while 

Kh is chosen such that: (A+BK) less than 

zero. For half car model the active 

suspension system has two sliding surfaces. 

Let the sliding surface for front and rear 

suspensions be defined as; )(thf  and 

)(thr , respectively. 

 

3.2.2 Controller Design 

The control law is broken into the linear 

part and the nonlinear part. The linear part 

is equal to the equivalent control uheq and 

the nonlinear part is equal to the switching 

input control uhs.   For the half car active 

suspension model, the control input of the 

sliding mode control can be written as: 

)()()( tututu hsheqh    (17)              

),(][)( 1 txfCBCtxKu hhhhhheqh

  

Where the equivalent control )(tuheq is, 

),(][)( 1 txfCBCtxKu hhhhhheqh

    (18) 

Then the switching control )(tuhs   is 

selected as follows: 

))(sgn()()( 1 tBCtu hhhhhs 

  (19) 

Obviously form equation (19), the switching 

control is nonlinear and discontinuous. So, 

the chattering effect caused by 

the ))(sgn( th function may be 

replaced by the continuous function. Hence 

the switching control becomes: 

hh

h
hhhhs

t

t
BCtu







 

||)(||

)(
)()( 1

          

(20) 

Where δ is the boundary layer thickness 

which is selected to reduce the chattering 

problem and h  is the design parameter 

which is specified by the designer. 

Therefore, the proposed conventional 

sliding mode controller for the half car 

active suspension model is given as follows: 















||)(||

)(
)(

),(][)()(

1

1

t

t
CB

tmCfCBtKxtu b

      (21) 

Where ρ > 0, and the appropriate value for 

the matrix C in equations (20) and (21) are 

chosen by trial and error approach. 
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4. SIMULATION RESULTS 

AND DISCUSSION 

The mathematical model of the system as 

defined in Eq. (5) and the proposed 

proportional integral sliding mode 

controller (PISMC) in Eq. (21) were 

simulated on computer. For comparison 

purposes, the performance of the active 

suspension system using PISMC controller 

is compared to the linear quadratic regulator 

(LQR) control approach and also with the 

passive suspension system. 

The numerical values for the model 

parameters are taken from [6] and are as 

follows: 

bm    = Mass of the car body = 1794.4 kg 

  

bI     = Moment of inertia for the car body 

= 3443.05 kgm
2
 

 

wfm  is Mass of the front wheel = 87.15 kg 

wrm  is Mass of the rear wheel = 140.04 kg 

 

  bfk  is Stiffness of the front car body 

spring = 66824.2 N/m 

 

brk  is Stiffness of the rear car body spring 

= 18615 N/m 

 

 wfk  is Stiffness of the front car tyre = 

101115 N/m  

  

  wrk  is Stiffness of the rear car tyre = 

101115 N/m 

 

  bfC is Damping of the front car damper 

1190 Ns/m 

   

brC  is Damping of the rear car damper 

1000 Ns/m 

 Lf   is Distance of the front suspension 

referenced to the center of gravity of the 

gravity of the car body (m) = 1.271 

 Lr is Distance of the rear suspension 

referenced to the center of gravity of the car 

body (m) = 1.713 

In the study, the following typical road 

disturbance is used: where ( a = .055m ) 

denotes the bump amplitude (see Fig. 2).  

)8cos1()( ttw f    if 

75.05.0  t       (22) 

)8cos1()( ttwr   if 

25.33  t        (23) 

This type of road disturbance has been used 

by [2,8] in their studies. Furthermore, the 

maximum travel distance of the suspension 

travel used is ±11cm as suggested by [2]. 

The value of the matrix gain K for LQR and 

PISMC controllers are chosen as [see 

Appendix A]. 

And matrix C for PISMC is, C= 








 

145122021

51112047.10842.11941.00532.11
 

1000hf   , 10hf   , 

10hr   , 1hr  
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Figure 2 Typical Road Disturbances 
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Figure 3 Front Body 

Accelerations 
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Figure 5 Front Wheel Deflection 
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Figure 6 Rear Wheel Deflections 
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              Figure 7 Front Suspension Travel 

 

 

Figure 4 Rear Body Acceleration 

287

287



 
 

طرابلس ليبيا 32/01/3101-32للهندسة الكهربائية والإلكترونية  ؤتمر الدولي العربي الليبي الخامسالم  

Figure 8 Rear Suspension Travel 

 

In order to fulfill the objective of designing 

an active suspension system, to increase the 

ride comfort and road handling, there are 

two parameters to be observed in the 

simulation. The two parameters are the 

body acceleration and wheel deflection. The 

body acceleration for the front and rear 

suspensions for the active suspension 

system using LQR and PISMC controllers 

and also the passive suspension system are 

shown in Figures 3 and 4.The results show 

that the PISMC technique perform much 

better as compared to the LQR and the 

passive suspension, we can see that from the 

peak limitation of the acceleration in the 

sliding mode case is less than 0.2 (m/s
2
). 

That’s insure the force driven to the 

passenger is very small. Thus, the passenger 

comfort performance is much better.  

Figures 5 and 6, show that the PISMC 

approach has a better tyre deflections to 

road surface contact, hence directly 

improved the car handling as compared to 

the LQR method and the passive suspension 

system. Since the ride comfort is trade-off 

with the tyre deflection so the car handling 

is slightly improved an accepted.  

Figures 7 and 8 show the front and rear 

suspension travel of the active suspension 

system using LQR and PISMC and the 

passive suspension system. The results 

show that the PISMC technique performed 

better as compared to the LQR and the 

passive suspension. Furthermore, the 

suspension travel of both controllers is 

within the distance of ± 8 cm.  

5. CONCLUSION 

This paper is presented new 

methods which are LQR and PISMC that 

has been designed for the half car active 

suspension system. The proposed PISMC 

approach is capable in improving the ride 

comfort and road handling of the active 

suspension for the half car model as 

compared to the LQR approach and the 

passive suspension system. Increasing the 

ride comfort will make the driver and 

passengers of that particular car more 

comfortable and relax through a journey. 

Whereas, increasing the road handling will 

make the car more stable and can avoid 

skidding especially when the car is 

cornering and breaking. Furthermore, the 

proposed proportional integral sliding mode 

controller showed great achievement in 

enhancing the ride comfort and road 

handling of the active suspension system for 

the half car model. 
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LQR, 

            K = 














5472.1237956.476052.31987.158391.465343.401521.01670.3

9735.57904.162562.1213249.710674.09295.29965.374527.20
 

 

PISMC, 

             K = 














27565024037095990227961900576006806610

2426040980164210392703405140702021320
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ABSTRACT 

          In this paper a new approach to the design of power system stabilizer (PSS) for a 

synchronous generator is presented. The approach is based on a robust  control for 

power system stabilization. The uncertainties in power system modeling and operations are 

considered at designing of PSS. The bounds of power system parameter are determined 

over a wide range of operating conditions. These bounds are used to design a robust  

power system stabilizer. A sample power system, composed of a synchronous generator 

connected to infinite bus-bar through transmission line is simulated. The digital simulation 

results show that the proposed robust  PSS can achieve good performance over a wide 

range of operating conditions. Moreover, a comparison between power system   responses 

at a variety of operating conditions using the PSS based on linear quadratic regulator (LQR) 

approach and the proposed robust   is presented. 

1. INTRODCTION 

Power system stabilizers (PSSs) have been 

widely used as supplementary controllers to 

provide extra damping for synchronous 

generators in electrical power system. 

Conventional power system stabilizer 

(CPSSs) are used to damp out small signal 

oscillations and they are designed based on 

a model which is linearized around a 

particular operating point. Conventional 

design tunes the gain and time constants of 

the PSS, which are mostly lead-lag 

compensator, using modal frequency 

techniques [1].  Such designs are specific 

for a given operating point; they do not 

guarantee robustness for a wide range of 

operating condition [2].  

Modern control methods were 

extremely successful because they could be 

efficiently implemented on computers, they 

could handle multi-input-multi-output 

system, and they could be optimized[ 3 ]. 

This paper proposes a robust  output 

feedback controller design for damping 

power system oscillations.  
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The robustness can be defined as 

the ability of the controller to maintain the 

stability of the system over a wide range of 

operating condition. One way of ensuring 

system robustness is to take into 

consideration at the design stage, the 

various uncertainties that arise in the 

system due to inaccuracy of the 

mathematical model, the system parameter 

variations, neglected dynamics etc. Modern 

robust controls theory such as and 

theory can be used to damp power 

system oscillations with system uncertainty.  

One of the important in optimal control 

design is the choice of the weighting 

functions. Weighting function are necessary 

to achieve a trade-off between the 

conflicting design requirements such as 

small sensitivity and complementary 

sensitivity.  However, there is no systematic 

procedure yet available for selecting these 

weighs [ 1 ]. 

The  formulation and solution 

procedures are explained on how to choose 

proper weighting functions that reflect the 

robustness and performance goals. Also, 

synthesis is carried out in two stages. 

First, in what is called the formulation 

procedure to robust for modeling errors and 

weighting. Second, in what is called the 

solution procedure,  and the weights are 

iteratively modified until an optimal 

controller.  Time response simulations are 

used to validate the results obtained. The 

effectiveness of such controllers is 

examined at different extreme operating 

conditions. The present paper uses robust 

 approach to design a robust power 

system stabilizer applied on synchronous 

machine connected to an infinite bus 

through a transmission line.  The essential 

feature of the proposed  power system 

stabilizer PSS is that it is simple, easy to 

implement, and it is not sensitive to the 

external disturbances and power system 

parameter variations[3-7]. 

 

2. POWER SYSTEM MODEL 

The linearized model of the 

studied power system consisted of 

synchronous machine connected to an 

infinite bus through a transmission line is 

obtained in a an interconnected power 

system between automatic voltage 

regulation and load frequency control. The 

state space formulation can be obtained as 

follows : 
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where; 
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The parameters and coefficients of A matrix 

and B vector are defined in ref. [ 2 ]. 

3.   Power System Stabilizer Design 

The H  solve the small-gain infinity-norm 

robust control problem; i.e., find a 

stabilizing control K(S) for a system plant 

P(s) as shown in Fig.2. The compensation 

configuration depicted in Fig.1 will be 

referred to as the standard compensator. 

The objective is to design a controller K(s), 

for the plant P(S) such that the input/output 

transfer characteristics from the external 

input vector w to the external output z is 

desirable, according to some engineering 

specification. Then, the following 

fundamental relations: 

      (8) 

The complementary transfer function  

 

Also, the sensitivity transfer function 

 

         The following set of weighting 

function is chosen to define the desired 

robustness and performance goals. 

Augmentation of the weightings system  

(state-space form) into 

two-port plant can be calculated by calling 

MATLAB function “augment” as follows: 

[A,B1,B2,C1,C2,D11,D12,D21,D22]=aug

ment(sys_g,sys_W1,sys_W2, 

sys_W3,DIM)      (9) 

Where: 

Sys_W1:=[aw1 bw1;cw1 dw1] 

Sys_W2:=[aw2 bw2;cw2 dw2] 

Sys_W3:=[aw3 bw3;cw3 dw3] 

Sys_g : power system parameters. 

Any of the above weightings can be 

removed by setting sys_W1  or sys_W2 or 
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sys_W3 equals to zero, a non dimensional 

state space. Also, the DIM is a dimension 

of the system under study and weightings 

W1, W2, W3 as : 

      

Where xg : no. of  states of the system 

,    

             xw1 : no. of states of ( W1(s)=0, if 

sys_w1=[zero] ) 

 xw2 : no. of states of W2(s)….etc…,. after 

computing of the system TSS_P and SS_U 

by using the MATLAB function  

as   follows :  

 

Computes the  controller  and the 

controller parameterization using the 

loop shifting formulas formed by wrapping 

feedback  

Around  as : 

[SS_CP,SS_CL,HINFO,TSS_K]=Hinf(TSS

_P)   (10) 

the  output data : 

               Controller  ,     

          Closed loop = SS_CL and feedback  

TSS_K 

 

Fig. 2: Standard compensation 

configuration 

5.       LQR Control Feedback 

The design of the power system 

stabilizer based on linear-quadratic 

regulator LQR control for continuous-time 

systems as follows: 

[K,  S,  E] = LQR (A, B, Q,    R, N)                                                                                                                          

(11) 

The optimal gain matrix K is calculate such 

that the state-feedback law  u= -Kx 

minimizes the cost function 

dtuNXRuuQXXIntegralJ )*2( ''' 
 Subject to the state dynamics 

.
.

BuAXX   

The matrix N is set to zero when omitted. 

Also returned are the Riccati equation 

296

296



 

 

   T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/2010 

solution  S and the closed-loop eigenvalues 

E: 

,0)()( ''1'   QNSBRNSBSASA

                                                 (12) 
 

)*( KBAEIGE                  
(13) 

7.  DIGITAL SIMULATION RESULTS 

Choosing the machine parameters at 

nominal operating conditions as ref. [2] ; 

The A matrix at nominal load (P=1.0, 

Q=0.25 pu.)  is evaluated and calculated sa 

Eqn.(7). By selecting the weights  W1, W2 

and W3   to give  best performance after the 

iteration of MATLAB program. 

The weights W1, W2, and W3 to give best 

performance as following :                   

 ,              

 

 

Solving Eqn.(11), for the controller 

feedback K(S) using U(S)=0 (default) and 

by using Riccati equations the performing 

 existence tests: 

1.  D11 is small enough 

2.  State-feedback (P) Riccati  A-B2*F  is stable   

(P >= 0) 

3.  Output- injection (S) Riccati  A-G*C2 is 

stable (S >= 0) 

After applying the robust controller to 

the interconnected power system represents 

in Eqn.(8), the feedback controller matrix 

Tss_K can be calculated from Eqn.(11). 

Fig.2 depicts the power system model in a 

block diagram after adding the proposed 

controller. Using the value of feedback 

matrices obtained in Eqn.(11), the dynamic 

stability of linearized studied power system 

subjected to load disturbances is simulated 

on the computer using the  program in 

Matlab Package. Moreover, the feedback 

LQR controller using for comparison  is 

calculated from Eqn. (12) . Figs 2,3 show 

the rotor speed  deviation response and 

rotor angle deviation  response due to 

0.01pu. load disturbances with both LQR 

and robust controller at lead power 

factor load(1,-0.25). The eigenvalues of the 

studied power system at variety of 

operating conditions with and without 

controllers is shown in table [1]. 
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Fig.(2): Rotor speed dev. Response due to 0.05 pu load  

disturbance with and without ( LQR & H_INFINITY ) 

controller at (P=1, Q=-0.25pu) 

Fig. (3): Rotor angle dev. Response due to 0.05 pu load disturbance with 

and without ( LQR & H_INFINITY ) controller at (P=1, Q=-0.25pu) 

0 1 2 3 4 5 6 7 8 9 10
-0.03

-0.02

-0.01

0

0.01

0.02

0.03

0.04

time in Sec.

R
ot

or
 s

pe
ed

 d
ev

. i
n 

pu
.

 Rotor speed dev.  (P=1.0,Q= -0.25 pu.)  

 

 
W/O -CONTROL

LQR-control

Hinf- CONTROL

 

 

 

0 1 2 3 4 5 6 7 8 9 10
-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.5

time in Sec.

R
o
to

r 
a
n
g
le

 d
e
v
. 

in
 r

a
d
.

 Rotor angle dev.in rad.  (P=1.0,Q=-0.25 pu.)  

 

 

W/O -CONTROL

LQR-control

Hinf- CONTROL

 

 

Xd =1.6;  Xq=1.55 ;   Xd'=0.32 ;  Xe= 0.4p.u , M=10; Tdo= 6;  D=0; TA=0.06 ; KA=25; 

Tt=0.27 ; Tg= 0.08 ; R=1/(Tg*6.86) ;.
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Table 1: Eigen values calculation with and without (LQR & ) controllers. 

Operating point Without controller 
With LQR controller 

 

With H infinity 

controller 

 

P=1, Q=-0.25 

pu. 

Lead power 

factor 

 

 

 

 

 

 

 +0.1033 + 6.3047i 

  + 0.1033 - 6.3047i 

 -14.9008           

 -12.4804           

  -2.4303           

  -3.7285 

 

unstable 

-14.9060           

 -13.1803           

  -0.4950 + 6.3372i 

  -0.4950 - 6.3372i 

  -2.2020           

  -4.1167        

  -398.49           

  -300.00           

  -300.00           

  -13.03 + 30.84i 

  -13.03 -.3.084i 

  -49.08           

  -31.41 +12.67i 

  -31.41 – 12.67i 

  -15.01           

  -0.67 + 6.80i 

  -0.67 – 6.80i 

  -0.08 + 1.00i 

  -0.08 – 1.00i 

  -2.12           

  -0.92           

  -1.51    

 

8. CONCLUSION 

The present paper introduces a 

new application for design of a robust 

PSS Based on . The proposed PSS 

needs only bounds of system parameters. 

The sample single machine –infinite bus 

connected to load frequency control  

power system is simulated to the study of  

the effectiveness of proposed robust - 

PSS for subjected to variety of load and 

system parameters variations. A 

comparison between the control action of 

PSSs designed  using  

 

 

 

 

robust  and LQR controller are 

studied and obtained. The digital results 

show the powerful of the proposed 

robust -PSS in sense of fast damping 

electromechanical oscillations and small 

settling time with change of system  

operating conditions and parameters. 
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LQR Based a UAV Pitch Controller System Design 

Mustafa R. Abozaid 

 

Abstract 
 In this paper, an automatic control system design based on Linear Quadratic Regulator has 

been implemented on longitudinal flight dynamics of an UAV. It has been aimed to 

suppress the sustained oscillations resulted from the very close complex conjugate poles 

pair to the imaginary axis. In the following parts, the open loop response of the full mode 

longitudinal flight dynamics of the desired UAV is studied and then LQR controller has 

been designed. 

  

Keywords—LQR, UAV, Longitudinal Flight Dynamics,, Short period mode 

 

Introduction   

In recent years, the desire of obtaining 

information about unreachable, distant 

places has increased. This desire sometimes 

has risen as a need of observation of 

damage caused by natural phenomenons 

(such as storms, earthquakes, floods …), 

sometimes as a need of commercial issues, 

sometimes as a need of strategic location 

and border security of countries. As a result 

of these necessities, solutions have also 

occurred in scientific environment 

immediately and perhaps one of the most 

important results of this need is the design, 

modeling and automatic control system 

design of Unmanned Aerial Vehicles 

(UAVs) [1].  

In daily life, starting from agriculture up to 

defense related issues; UAVs have a wide 

range of application areas. Even if, in the 

recent years they have been used in defense 

technologies or combat missions, they have 

also been widely used in observatory 

purposes such as determining the damage 

caused by natural phenomenon’s or  

 

exploration of arctic places where human-

being cannot reach. Moreover, they have 

also been extensively used in 

reconnaissance and intelligence gathering 

issues as well. In this kind of events 

precision, functionality and stability of the 

vehicle is playing a vital role in 

accomplishment of the mission. 

Longitudinal Model of UAV— The first 

step in designing a controller for any 

physical system is to characterize the 

dynamics of that system. The dynamics of 

any aircraft can be decoupled into lateral 

dynamics and longitudinal dynamics [2,6]. 

The lateral dynamics are the aircraft’s 

response along the roll and yaw axes. The 

lateral modes are generally excited with 

aileron and rudder inputs. The longitudinal 

dynamics are the response of the aircraft 

along the pitch axis. The aircraft’s response 

in velocity to thrust is also included in the 

longitudinal dynamics.  

Since pitch control is a longitudinal 

problem so, only the longitudinal dynamics 

will be considered in this paper.  
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The longitudinal dynamics mode of interest 

here is the short period mode. Nearly all of 

the aircrafts are experiencing different kind 

of forces and moments as a result of 

external disturbances during the flight. 

Some of these disturbances are happening 

in a very short     period of time and could 

have a great effect on the system itself. 

Considering that this kind of short period 

oscillations occurs in such a short period of 

time, the forward velocity of the aircraft 

could be assumed constant. The equations 

of motion for short period approximation in 

longitudinal taken from [ 3]  
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Where,  

   u  =    perturbation velocities in X axis, 

    u’ = u/u0 = Change of velocity in 

longitudinal flight, 

 α’= w/u0= Change of angle of attack in 

longitudinal flight, 

θ = Change of pitch angle from equilibrium 

condition. 

Cxu     = Change in Fx due to change in 

forward velocity. 

Cxa  = Change in Fx due to change in 

angle of attack. 

Czα = Change in Fz due to change in angle 

of attack. 

eCz 
 = Elevator displacement with 

respect to y 

Czq = Change in Fz due to change in 

pitching velocity. 

Czu   =  Change in Fz due to change in 

forward velocity 

Cmα    =  Change in pitching moment due to 

change in angle of attack 

Cmq = Change in pitching moment due to 

pitching rate. 

The characteristics properties of Hezarfen 

UAV and stability derivatives are presented 

in the tables below [1]. 

 

Table 1: Characteristic Properties of 

Hezarfen UAV. 
Symbol Description Value Unit 

m Mass   5 kg 

U0 Velocity 20 m / sec 

g Gravity 9.807 m /sec2 

S Wing Area 0.4205 m2 

b Wing Span 1.7 m 

c  Chord 

length 

0.235 m 

ρ Air Density 1.226 Kg / m3 

Iyy Moment of 

inertia 

0.1204  Kg. m2 

q Dynamic 

pressure 

245.2 Kg / m. 

sec2 

AR Aspect 

Ratio 

6.8728  
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 Table 2 Stability Derivatives and inputs  

               Hezarfen    UAV         

 
Symbol Value Symbol Value 

Cxu - 0.0264 Cmad - 0.0348 

Cxa 0.4367 CD 0.0132 

Czu - 0.9512 CL 0.4756 

Cza - 0.1381 CW - 0.4756 

Czad - 0.0348 
exδC  

0 

Czq - 3.3 
eδzC  

-1’70 

Cma - 0.0312 
eδmC  

-0.71 

Cmq - 3.3   

 

For homogeneous solution and by inserting 

numeric values Eq.(2) becomes 

 

 

0

)s0.01942s(0.00497)0.0312s(0.0002

s0.9505)0.1381s(0.9701











































θ(s)

(s)α'
  

 (3)                       

 

Where the determinant of Eq.(3), which 

yields to the characteristic equation of short 

period approximation, is as 

 

 

0)6.7292 s3.9583(

00323.0019.00048.0

2

23





ss

sss
 (4)                            

   

A closer look at Eq.(4), shows a presence of 

a pole at the origin, which is leading 

the system to be a marginally stable one. 

The natural frequency and damping values 

of short period approximation were 

obtained as in Eq.(5). 
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    (5) 

From Eq.(5), it can be said that the short 

period approximation behavior of the UAV 

is satisfactorily damped and the natural 

frequency is noticeably good. 

From Eq.(3), and by using the 

Cramer’s Rule, the following 
)(
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(6) 

 

The open loop transfer function consists of 

aircraft transfer function in series with the 

servo actuator transfer function 
)

10

10
(

s  

for the approximated short period   mode is 

found to be as follows:  

 

 ) 67.29 + s 46.31 + s 13.96 + s(s 
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The corresponding bode plot is shown in 

Fig.(1).  The presence of the pole at 0S  

in Eq.(7) mathematically represents a pure 

integration. As a result, if  δe is  a step then, 

the output  θ will  be the integral of this 
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constant and will approach infinity as time 

approaches infinity. 

 

        Figure 1:  Bode Plot of   

spae s

s
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From the plot of the step response of 
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shown in Fig.(2), the effect of 

pole at the origin can be clearly seen which 

caused the system to be easily unstable. So, 

some kind of control is needed to move the 

pole away from the origin and hence 

maintain the system stability, 

 

   Figure 2:  Step response of   

spae s

s
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Linear Quadratic Regulator 

(LQR) 
This section of the paper depicts the 

application of linear quadratic regulator to 

the longitudinal flight motion of an 

unmanned aerial vehicle (UAV) for the 

pitch control.  The principle objective for 

LQR control is to minimize certain cost 

function which is called performance 

index[4]. The design of quadratic optimal 

controller based on such quadratic 

performance index requires the 

determination of the elements of the matrix 

feedback gain matrix “K” by using the 

following Matlab command: 

 

       R)Q,B,lqr(A,ES,K,          (8)              

  Where 

          Q   is the state cost matrix 

          R   is the performance index matrix 

          A, B are the state space 

representations of the     

                 system. 

 

Eq.(8) calculates the optimal gain matrix K 

such that the state-feedback law  u =-k x 

minimizes the quadratic cost function J(u),  

which is described by[4]: 

 

        dtuRuxQxuJ
0

TT




        (9)                                                       

In addition to the state-feedback gain K, lqr 

returns the solution S of the associated 

Riccati equation[5]. 

 

  

0BRBQAA T1T  
PPPP

    (10)                 

 

and then solving for the controller gain K 

 

          K= - R
-1

 B
T
 P                              (11)                                                                        

 

Where P is  a positive definite matrix. 

The state space representation of the pitch 

to elevator deflection is obtained by 

converting the transfer function, relating the 

pitch angle to the elevator deflection its 

state space form. 

305

305



 
 

 

 

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE  32-32/01/3101 

 

 

 

LQR Controller Design  
The first step in designing LQR controllers 

is to put the desired plant into its state space 

form.  The open loop transfer function was 

transformed to state space form using an 

associated Matlab command and the state 

space form of the  

 

approximated short period mode is found to 

be as follows: 
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            Rank ( Ot )  =  4       

      

With such observability and controllability 

analyses, it has been proved that the short 

period mode of the longitudinal UAV 

system is both controllable and observable, 

which grants the opportunity to use an 

observer in the control system design 

process. 

 

 9.1578.13989.2265.11K          

(15)                                                                  

              

Fig.( 3) shows the response of the LQR 

controller, from which  it is clearly 

noticeable that the LQR controller meets 

the desired requirements with a maximum 

percentage  overshoot of about  6, settling 

time of about  0.7sec and almost  zero 

steady state error. 

   

 
Figure 3 :  LQR Controller for Short 

Period Mode 

 

To test the system reliability, a step input 

signal with varying amplitude was applied 

to the system input and the system behavior 

was observed. From Fig.(4), it is clear that  

the tracking of the LQR controller 

acceptable and that the LQR  controller 

responses very well 
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Figure 4: Tracking Signal of LQR 

Controller 

 

A way to investigate the performance of the 

system is to disturb the system and 

observing the system behavior. The 

disturbance and the system response are 

shown in Fig.(5), from which it is clear that 

the disturbance affects the system instantly, 

but the LQR controller responses very well 

and returns the system to the desired 

situation 

 

 
Figure 5: Disturbance Rejection Of LQR 

Controller 

  

Table (3) lists the calculated eigenvalues 

with and without the LQR controller. From 

the table, it is clear that the presence of the 

LQR controller moves the poles of the 

system to the left away from the imaginary 

axis and hence improves the damping as 

shown in Table (3), and hence a good 

robustness of the LQR controller was 

achieved. 

 

Table 3 Calculated  Eigenvalues of the 

Short Period Mode 
Without Control With LQR Control 

 

0 

-10.0000 

-1.9792 + 1.6769i 

-1.9792 - 1.6769i 

 

-0.1099 

-13.0810 

-6.1379 + 8.4930i 

-6.1379 - 8.4930i 

 

 

Conclusion 

 
The Linear quadratic Regulator (LQR) 

controller was designed for the UAV  based 

on the mathematical model. Open and 

closed loop computer simulations were 

conducted to analyze the response of the 

mathematical model and to aid the 

controller design. 

 From the closed loop time domain results, 

it is clear to note that the optimal LQR 

control system design is able to shape the 

open loop dynamics so that the settling time 

and the percentage overshoot lie within the 

desired limits with almost zero state error.  

Due to its well response in getting optimum 

response in tracking sudden changes in  the 

system ant due to its robustness in 

improving the system stability. LQR 

controller  may be used instead of  the old 

control techniques used in designing UAV 

autopilots, 
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Abstract 
 This article presents a new non-linear PID adaptive controller algorithm incorporating a 

radial bases function (RBF) neural network based generalised  learning model (GLM) . 

The GLM assumes that  the unknown non-linear plant is represented by an equivalent 

model consisting of a linear time-varying sub-model plus a non-linear RBF neural 

networks sub-model. The parameters of the linear sub-model are identified by a recursive 

least squares algorithm with a directional forgetting factor, whereas the unknown non-

linear sub-model is modelled using the RBF neural network resulting a new non-linear 

controller with a generalised minimum variance performance index. In addition, the 

proposed controller has a PID structure and overcomes the shortcomings of other linear 

designs and provides an adaptive mechanism which ensures that both the closed-loop poles 

and zeros are positioned  at their pre-specified places. It can track set-point changes with 

the desired speed of response, penalises excessive control action, and can be applied to 

non-minimum phase systems and unstable systems. Example simulation results using a non-

linear plant model demonstrate the effectiveness of the proposed controller.  

 
Keywords: PID control, zero pole-placement control, self-tuning control, Nonlinear control, Neural 

networks. 

   

1.  Introduction 
Since the inception of self-tuning 

control (STC) by Astrom and Wittenmark 

[1] and Clarke and Gawthrop [2], much 

attention has been devoted to control system 

based on linear models. These linear self-

tuning controllers have been remarkably 

successful in controlling many non-linear 

processes by treating them as time-varying 

linear processes.  

 

Despite these successes, linear self-tuning 

controllers may not perform well for rapid, 

large changes in the operating point of the 

plant. 

   Over the last two decades or so, there 

has been much progress in modelling and 

controlling nonlinear systems with neural 

networks [3,4]. This is due to their proven 

ability to learn arbitrary non-linear 

mappings [5] which has been effectively 
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utilized to represent the controller non-

linearity. Other advantages inherent in 

neural networks such as their robustness, 

parallel architecture and fault tolerant 

capability act as further incentives. 

   In particular, the neural network 

technique is highly effective for controlling 

complex non-linear systems when we have 

no complete model information, or even 

when considering a controlled plant as a 

black box [6]. 

On the other hand, significant work to-

date has also been done on the conventional 

linear, generalised minimum variance 

controller (GMVC), which was originally 

developed by Clarke and Gawthrop [2]. It 

was extended to achieve pole-placement by 

Allidina and Hughes [7] and modified to 

have a PID structure by Cameron and 

Seborg [8] and Yusof et al. [9]. More 

recently, in work by Zayed [3-5], the 

GMVC has been modified to a robust 

controller which can be used either as a PID 

controller or as an adaptive pole-placement 

controller through the use of a switch. 

         In industrial sectors, many machines 

and processes need optimal control (e.g., 

the steel industry, food industry, chemical 

industry, textile industry). The difficult 

problem in the control of these industrial 

processes is the non-linearity of their 

models and it cannot be solved by 

traditional generalised minimum variance 

control techniques. The application of linear 

control theory to these plants relies on the 

key assumption of the small range of 

operation in order for the linear model to be 

valid. When the required operation range is 

large, a linear controller is likely to perform 

unsatisfactorily. For this reason, it seems 

appropriate to extend generalised minimum 

variance control to plants with non-linear 

models and with plant/model mismatch. 

This can be done by incorporating the 

inherent non-linearity of the process into the 

control design.  

However, in spite of developed 

modern control techniques like fuzzy logic 

controllers or neural networks controllers, 

the so called three-term proportional-

integral-derivative (PID) controllers are still 

considered as the dominant controllers in 

the process control industries. The 

domination of PID controllers is owing to 

the simplicity of their structure, robustness 

and the ease of implementation.[3,4,5, 

9,10,11]. 

For this reason, current trends in the area 

adaptive control  are towards incorporating 

the flexibility of nonlinear minimum 

variance control and the simplicity of PID 

control structures.  

In this paper a new nonlinear PID 

control algorithm is proposed which builds 

on the works of Zayed et al. [3, 10] and Zhu 

et. al. [11, 12]. In the proposed controller 

an unknown non-linear plant is represented 

by an equivalent generalised learning model 

(GLM), consisting of a linear time-varying 

sub-model plus a non-linear sub-model. 

Models of this type (GLM)  have previously 

been shown to be particularly useful in an 

adaptive pole-placement based control 

framework by Zhu et al.[11]. In this work, 

the non-linear controller is designed to  

incorporate a new PID zero-pole placement 

structure, in which the parameters of the 

linear sub-model are identified by a 

standard recursive algorithm, whereas the 

non-linear sub-model is estimated using  the 

Radial Basis Function (RBF) neural 

network. 

The paper is organised as follows: the 

derivation of the control law is discussed in 

section 2. In section 3, a simulation case 

study is carried out in order to demonstrate 
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the effectiveness of the proposed controller. 

Finally, some concluding remarks are 

presented in section 4.   

 

2.  Derivation of the new control 

law                      
In deriving the control law it is 

considered that the plant being investigated 

can be described by: 

),()()()()( 0
11 UYftuzBztyzA k               

(1) 

Where )(ty  and )(tu  are respectively the 

measured output and the control input at the 

sampling instant t , k  is the integer-sample 

dead time of the process, and ),(0 UYf  is 

potentially a nonlinear function. Therefore 

the equivalent model is a combination of a 

linear time varying submodel plus a non-

linear submodel as shown in figure(1). The 

polynomials )( 1zA  and )( 1zB  are 

respectively of orders an  and bn . The 

polynomial )( 1zA  is assumed to be 

monic. In what follows, the 1z  notation 

will be omitted from the various 

polynomials to simplify the presentation. 

The generalised minimum variance 

controller minimises the following cost 

function: 

}(.,.)))()()({( 2
0HftRwtQuktPyEJ    (2) (2) 

Where )(tw  is the set point and ),( 1zP  

)( 1zQ , )( 1zR  and )( 1z H  are user-

defined transfer functions in the backward 

shift operator 1z . {.}E  is the expectation 

operator. 

The control law which minimises J  is: 

)(

(.,.)])()()()([

)(

0
'

'

QEB

fEHty
P

F
tRw

tu d







(3)  

where 'E  is of order ),1( k  and the order 

of 'F  is )1( 
dpa nn  where )(

d

n

P

P
P   

and 
dpn  is the order of dP . 

The polynomials 'E  and 'F  are obtained 

by solving the least square identity  
'' FzEAPCP k

dn
                  (4) 

equation (3) can also be expressed as: 

q

fHtyFtwR
tu

(.,.)])()([
)( 0

''' 
    (5) 

where














)( ''

'

'

EHPH

QPBEPq

RPR

d

dd

d

           (6) 

'R , q  and 'H  are still user defined 

transfer functions since they depend on the 

transfer functions R , Q and H , 

respectively.  

We further assume that q  can also be 

expressed as [4,5]: ][
d

n

q

q
q             (7) 

We can see clearly from equations (4) and 

(7) that the controller denominator has now 

conveniently been split into two parts: 

1) An integrator action part (  ) required 

for PID design. 

2) An arbitrary compensator (
d

n

q

q
) that 

may be used for pole-placement and 

pole-zero zero placement design. 
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2.1 Pole zero-placement design  

If we substitute for )(tu  given by equation 

(5) into the process model given by 

equation (1) and make use of equations (6) 

and (7), we obtain  

 )()()( '' twBRqkztyBFqkzAq ddn  

            (.,.))( 0
' fqBqHz nd

k        (8) 

It is obvious from equation (8) that at steady 

state the output )(ty  equals the constant 

reference command )(tw  when: 

 
1

''




z
FR  and )1( 1'  zH               

(9) 

If we assume BqB d  and AA  , then 

equation (8) becomes:  

  w(t)BRqz)y(t)BFzA(q d
kk

n
''       

(.,.))( 0fqBqz nd
k          (10) 

We can now introduce the identity: 

T)BFzA(q k
n   '                          (11) 

where T  and dq  are respectively the 

desired closed loop poles and zeros, and 

nq is the controller polynomial. For 

equation (11) to have a unique solution, the 

order of the regulator polynomials and the 

number of the desired closed loop poles 

have to be [3, 4, 5]: 
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1

1

knnn

knn

nn

baT
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n
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Where ,an  ,
b

n  
dqn  and 

nqn  are the 

orders of the polynomials ,A ,B  dq and 

,nq respectively, Tn  and k  denote the 

number of desired closed loop poles and the 

time delay. Also, bqb
nnn

d
  and 

.1 aa nn  By using equation (10) and 

(11) we obtain: 





w(t)
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BRqz
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k '

)(  

               ).,.(
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T

Bqzq d
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n


      (13) 

As can be seen from equation (13) above, 

clearly, the closed loop poles and zeros are 

in their desired locations. We can also see 

clearly from equations (3), (10) and (6) that 

the transfer functions nP , dP , Q , R  and 

H  change at every sampling instant in 

order to satisfy the condition in 

equation (11). However, it is not necessary 

to explicitly calculate these user-defined 

polynomials [3,4,5]. 

The pole-zero placement can also be 

achieved by assuming that: 

nqq   and 

1''
0

' )]1()[1(  ddd qFqRqR         (14) 

where dq  is the desired closed loop zeros. 

By using (5), (6) and (14) the closed loop 

system becomes: 

  w(t)RBqzB)y(t)FzA(q d
kk

n
'
0

'    

(.,.))( 0fqBz n
k               (15) 

Now we can introduce the identity: 

TB)FzA(q k
n   '                         (16) 

It is obvious that the order of the 

polynomial nq  becomes:  

1 knn bqn
                      (17) 
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It is clear from equation (15) and (16) that 

both closed loop poles and zeros are now at 

their desired positions. 

As can be seen in figure (1), a recursive 

least squares algorithm is initially used to 

estimate the parameters A and B (equation 

(1)) of the linear sub-model. Then a Radial 

Basis Function (RBF) neural network is 

used to approximate the non-linear part 0f̂ . 

The actual non-linear function is detected as 

follows: 

)(ˆ)()()(ˆ)((.,.)ˆ
0 tttytytyf T            

(18) 

where   is the parameter vector, m  

is the data factor and )(ˆ ty is the output of 

the RLS estimator. 
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g


               (23) 

yyx ˆ~                                         (24) 

where jw is the hidden, w  is the change 

in weights,   is the learning rate, ix is the 

inputs, jc is the mean, ba nnl  , jg  is 

the input of hidden layer and 0f̂  is the 

output of  RBF neural networks.   

 

2.2 Nonlinear PID control Design  

As a result of the robustness, 

simplicity of their structures, ease of 

implementation and remarkable 

effectiveness in regulating a wide range of 

processes, it is highly desirable to use PID 

control as a means of introducing the 

procedures employed in pole-zero 

placement derived above. 

The most commonly used PID controller is 

the velocity form [4,5,8,9,10] which can be 

expressed as: 

 )2)(][)()( tyKKKtwKtu DIPI

 )2()1(]2[  tyKtyKK DDP     (25) 

For more details about the derivation of the  

above equation (25), see [5].   

If we assume that the degree of )( 1zF  is 

equal to 2 

2
2

1
10

1)(   zfzffzF           (26)    

and switch off the pole-placement and zero 

placement polynomials nq  and  dq  

respectively, we then can easily show that 

[9, 12]: 

)2( 21 ffKP                              (27a) 

210 fffK I                              (27b) 

2fKD                                             (27c) 

It can be seen from (24) that if the order of 

)( 1zF  is one then a PI controller is 

achieved. In the situation where )( 1zF  is 

of order two then  a PID controller is 

obtained. A PID controller plus additional 

control action is then achieved if its order is 

more than two [5].       
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Figure (1): control system structure
 

 

2.3 Non-linear Controller 

Algorithm summary: 

The proposed non-linear pole-zero 

placement based control algorithm can be 

summarised as:  

step 1.  Select the desired closed-loop 

system poles and zeros 

polynomials T  and dq .  

step 2.  Read the new values of )(ty  and 

).(tw  

step 3.  Estimate the process parameters Â  

and B̂  using least squares 

algorithm. 

Step 4.  Compute 'F̂  and nq̂  using (11) or 

(16). 

Step 5. compute the PID parameters using 

(27a), (27b) and (27c). 

 Step 5.  Compute 'R  using (9) or (14). 

Step 6.  Compute )(ˆ)((.,.)0 tytyf  , 

where )(ˆ ty  is the output of the 

linear sub-model. 

Step7.  Apply the RBF network to obtain 

(.,.)ˆ
0f  by using equations (18-24). 

Step 8.  Compute the control input using 

(5).  

Steps 1 to 7 are to be repeated for every 

sampling instant.  

 

3.  Simulation Results 
The objective of this section is to 

study the performance and the robustness of 

the closed loop system using the technique 

proposed in section 2.1. A simulation case 

study is carried out in order to demonstrate 

the ability of the proposed algorithm to 

locate the closed-loop poles and zeros at 

their desired locations under set point 

changes. The simulation example was 

performed over 600 samples with the set 

point changing every 100 sampling instants. 

Consider the following non-minimum phase 

and unstable process treated previously by 

Zhu et al.[11,12]:  







22 )2()1(1

)1()]1(sin[5.1
)(

tyty

tyty
ty  

                  

)2(2)1(2.1)1(1.1  tututy     (28) 

 

The set point changes from 5 to 10. The 

desired closed loop poles polynomial and 

zeros were selected as follows: 
165.01  zT  and 17.01  zqd .  

A RBF neural network is used to 

approximate the model error (.,.),0f which 

has three layers, the hidden layer with 6 

neurons and the output layer with one 

neuron. The forgetting factor was selected 

as: .98.0 All the initial condition 

weights are selected to be small. 

Comparative evaluation with well-

established nonlinear PID pole placement 

controller proposed by Zhu and Warwick 

[11]. 
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In order to see clearly the effect of the 

zeros in the performance of the closed loop 

system, the controller is arranged to work as 

either a PID pole-placement (PIDPP) 

proposed in [11] or as PID zero pole 

placement (PIDZPP) proposed in this paper 

, as follows: 

a) From (0
th

 up to 250
th

 sampling time) only 

the pole placement controller is on-line. 

b) The pole-zero placement controller is 

switched on from (251
th

 to 600
th

 sampling 

time). 

The output and the control input are shown 

in the figures (2a) and (2b).  

It is clear from the figures (2a) and (2b) 

that, the transient response is shaped by the 

choice of the polynomial T  and ensures 

steady state error to zero. It is also obvious 

that excessive control action which resulted 

from set-point changes, is tuned after using 

zero-pole placement from the sampling 

interval 251, onwards. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2b): the control input using suitable 

dq  

In order to see the effect of the zeros 

on the closed loop performance, the desired 

closed-loop poles polynomial is fixed as 

before and only the closed loop zeros is 

changed as follows: 168.01  zqd . The 

output and control input are shown in 

figures (3a) and (3b). Figure (4) shows the 

estimates of the non-linearity (.,.).0f   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

Figure(3a): the output using unsuitable dq  

 

 

Figure (2a): the output using suitable 
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Figure(3b): the control input using 

unsuitable dq  

 

 
Figure(4): the estimates of the nonlinearity 

(.,.)0f  

It is clear from figures (3a) and (3b) that 

changing the polynomial dq  significantly 

affects the closed loop performance.  

Excessive control input results if an 

unsuitable dq is selected. 

 

Therefore, the closed loop performance is 

determined by selecting the user-defined 

polynomials )( 1zT  and )( 1zqd . The 

transient response is shaped by the choice 

of the desired closed loop poles polynomial 

T , while the desired closed zeros 

polynomial dq  can be used to reduce the 

magnitude of control action or to achieve 

better set point tracking [15,16,17]. 

 

4.  Conclusions 
In this article, a new non-linear 

algorithm  is developed which combines the 

benefits of both the PID and pole-zero 

placement along with GLM framework. In 

the GLM the unknown non-linear plant is 

assumed to represented by an equivalent 

model composed of a simple linear sub-

model plus a non-linear sub-model. The 

parameters of the linear sub-model are 

identified by a standard recursive least 

squares with a directional forgetting factor 

algorithm, whereas the non-linear sub-

model is approximated using radial bases 

function RBF neural network. The resulting 

adaptive controller provides an adaptive 

mechanism, which ensures that both the 

closed loop poles and zeros are placed at 

their pre-specified positions. The non-linear 

PID control design was successfully tested 

on simulated non-linear model. The results 

presented here indicate that the controller 

tracks set point changes with the desired 

speed of response, penalises the excessive 

control action, and can deal with non-

minimum phase systems. The transient 

response is shaped by the choice of the pole 

polynomial )( 1zT , while the zero 

polynomial )( 1zqd  can be used to reduce 

the magnitude of control action or to 

achieve better set point tracking 

[9,13,14,15]. 

In addition, the controller has the ability to 

ensure zero steady state error. 
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Abstract:- 
The limitations or eventually the impossible use of conventional control techniques over 

modern life needs increase, gives a continuous, and speedup encourages for research 

centers to look for a reliable non-conventional control system design that can cope with 

most of limitations of available conventional control techniques. In the last few years, the 

idea of using model-based self-tuning predictive control, neural-based control, and fuzzy-

based control, which are all a non-conventional techniques, becomes a promise and give 

encourages for research centers to give more effort and importance to such research studies. 

The work in this approach has been presentenced in my Thesis work which has been 

done at the Newcastle Open Tyne University [1]. The Thesis presents an approach to the 

development of neural-based control which is suitable for solving non-linear control 

problems.  In this sense, the inefficiencies of using fixed learning parameters search 

techniques within back-propagation learning algorithm are analyzed and it demonstrated 

with the aid of a number of test problems to justify the investigation of more robust and 

powerful new recursive self-tuning back-propagation algorithm using on-line tuning 

strategies. 

 

The paper elaborate the idea of using neural-based fuzzy control strategies and aims to 

obtain a frame of work by which the conventional model-based predictive control technique 

which is directly incorporates plant models (i.e. forward and inverse) in a conventional 

internal model control structure IMC [8] to provide a non-conventional non-linear IMC 

structure. The procedure involves training a back propagation feed-forward neural network 

to represent a plant inverse, then the learnt plant inverse net is used with its inverse model 

as a direct inverse controller in a model-based predictive control strategy to form a neural-

based IMC (ANNIMC) control system. Because, the closed loop performance characteristic 

of any conventional IMC structure (such as settling time) is related directly to controller 

parameters; this gives the possibility for on-line tuning using fuzzy logic strategy for both 

plant model and inverse. Finally, the proposed control structure is compared in simulation 

level with a conventional non-linear GPC [11] to confirm robustness. The obtained results 

were very attractive. 
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1.0: Introduction 

 

IMC technique [8] has been developed to 

provide an alternative to the classical 

feedback control structure with an 

advantage that the closed loop stability of a 

control system is assumed simply by 

choosing a stable IMC controller. Also, the 

closed loop performance characteristics 

(such as settling time) is related directly to 

the controller parameters which makes on-

line tuning of the IMC controller very 

convenient, [2, 3]. Consider the familiar 

feedback control arrangement shown in 

figure-1. The P(z) and C(z) blocks 

represents the discrete form for the plant 

and controller transfer functions, 

respectively, where, w(z) and (z) are the 

set-point and disturbance added to the 

closed loop system, respectively. 
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Figure-1:- Discrete-time feedback control 

structure. 

 

For an entirely equivalent step, if we 

modify the feedback control structure given 

in Figure-1 by a one given in Figure-2, the 

obtained control structure is a conventional 

internal model control (IMC) structure. The 

shaded area represents the IMC control 

algorithm loop to be designed by software 

or hardware. 
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m
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P(z)p (z)
w(z)
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Figure -2:- Conventional IMC structure. 

 

Therefore, any conventional feedback 

control system can be restructured to the 

IMC control structure.  Furthermore, any 

IMC can be put back into a conventional 

feedback control format by defining: 

)z(P )z(P1

)z(P
)z(c

mc

c


                        (1) 

The advantage over conventional structure 

is that the IMC controller Pc(z), is much 

easier to design than the classical feedback 

c(z) [8]. Also, in the IMC structure, the 

robustness can be design in a very explicit 

manner this is partly due to the feedback 

signal e(z) which is: 

)z())z(P ))z(P)z(P(1()z(e 1
cm     (2) 

Therefore, when a perfect model exists the 

feedback signal e(z) is equal to just the 

disturbance . This demonstrates that the 

IMC system is an open loop control 

strategy in a deterministic environment 

(i.e., no model uncertainty and/or unknown 

input noise), and the feedback signal is only 

needed because of the uncertainty problem 

[3]. Also, the closed loop performance 

characteristics (such as settling time) is 

related directly to the controller parameters 

which makes on-line tuning of the IMC 

structure is very convenient. 

In this paper, we consider that: The control 

signal u(z), and the corresponding plant 

output y(z), may be represented 

respectively as: 

))z(e)z(w(
) )z(

m
P)z(P )(z(

c
P1

)z(
c

P
)z(u 




 

 (3)

 

))z(e)z(w(
) )z(P)z(P )(z(P1

)z(p )z(P
)z()z(y

mc

c 




                                                                                                 

                                                            (4) 
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Now, if we assume; )z(P)z(P m , then, 

P(z) will give a perfect control action if   

)z(P

1
=)z(P 

m

c
                                     (5) 

 

According to the above properties, if a good 

plant model is available, the closed loop 

system will achieve exact set-point tracking 

despite unmeasured disturbances acting on 

the plant. In practice, however, a perfect 

model can never be obtained, also under 

model uncertainty the infinite gain which 

may be required for perfect control would 

lead to sensitivity problems. However, to 

cope with such problems, a linear filter is 

usually added to conventional IMC 

structure to keep the control system robust 

[4], but it will move away from perfect 

control action. All such design problem can 

be eliminated by using non-conventional 

techniques like neural and fuzzy control 

structures. 

The idea of using neural networks as a non-

linear IMC control system was proposed by 

many authors, like [5]. However, none of 

them appears to have fulfilled the basis of 

the conventional IMC design steps given by 

[8] which based on that, the real plant 

output must be use to obtain the true 

inverse representation rather than that of 

using the plant model output, and that, the 

plant model be the inversion of the plant 

inverse. 

In this study, we relate our design steps to 

those given by [8]. The obtained control 

system is a non-linear form of an IMC 

structure. 

Although, for non-linear systems, general 

guidelines are not available on how to 

design a feedback control system with a 

stable closed loop performance, the IMC is 

significant because the stability and 

robustness properties of the structure can be 

analyzed and manipulated in a transparent 

manner, even for non-linear systems.  Thus 

the IMC structure provides a general 

framework for linear and non-linear system 

control.  The ability of using conventional 

IMC structure for non-linear systems 

control has been demonstrated by [7], see 

the non-linear IMC structure given in figure 

-3. 
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Figure-3:- Non-linear conventional IMC 

control structure. 

 

A very important difference between linear 

and non-linear systems may be emphasized 

in that:- For linear systems, disturbances are 

usually added at the output, and it can be ( 

=0, 0 ) because of the Superposition 

Principle which states that:- 

 Pu~PPu)~u(P , with  

 P                                     (6) 

Therefore, in the non-linear IMC case, 

when discussing robustness, not only 

modeling errors but also the expected 

disturbances have to be considered. 

 

It is intuitively obvious that a feedback 

controller with infinite gain is necessary to 

achieve the performance stipulated by the 

property of perfect control in the IMC 

structure.  Hence, the control system 

suggested by (5) will suffer from stability 

problems.  That is, in the non-linear IMC 

design procedure the control gain should be 

reduced by employing an IMC filter F(z), in 

series with the non-linear IMC controller 

figure-3 [7].  The primary reason for adding 

a non-linear filter element is to introduce 

robustness in the overall IMC structure by 
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appropriately reducing the loop gain.  

Moreover, when the plant is non-linear, by 

definition the inverse operator is defined in 

the range of the operator space; 

consequently the inverse operator is not 

defined for inputs outside the range of the 

operator space.  Hence, there is no assertion 

that the error signal will belong to the 

operator space.  The non-linear filter 

element has been introduced to filter the 

external noise and to perform some type of 

on-line tuning by rapidly changing signals 

in order to reduce the transient response. 

 

2.0: Neural-based IMC Control 

(ANNIMC) Design 

 

The characteristics of back propagation 

feed-forward neural networks (FFNN) are 

relevant to provide a general framework for 

non-linear IMC control structure because of 

the following features [1]: 

(i)- It is able to represent arbitrary non-

linear relations. 

(ii)- It can adapt and learn in both off-line 

and on-line stages. 

(iii)- It can transform information internally 

by allowing data fusion with both 

quantitative and qualitative signals. 

(iv)- It allows fast processing for large scale 

dynamic systems because of their parallel 

distributed processing architecture. 

(v)- The internal architecture provides a 

degree of robustness through fault tolerance 

and noise filtration. 

Such above features are a motivations for 

using FFNN for learning both the input and 

output relationship of any non-linear plants 

governed by the NARMAX model. The 

direct extension of a classical IMC structure 

to an artificial neural network IMC 

(ANNIMC) is addressed in this paper, the 

obtained structure is as in figure-4. The 

non-linear operators P, NNm, and NNc 

represent the real plant, plant model, and 

controller, respectively. 

Based on the possibility of using real plant 

output to obtain the true inverse 

representation rather than that of using the 

plant model output as outlined in [1] is 

governed in this paper work. Moreover, it is 

imperative that the plant model be the 

inversion of the plant inverse. 
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m
NN    (z)

P(z)NN  (z)
w(z) y(z)

c

 (z) ~

m

 
Figure-4:- Simplified structure of an 

ANNIMC control structure. 

 

However, according to conventional IMC 

properties, if a good plant model is 

available, the closed loop system will 

achieve exact set-point tracking despite 

unmeasured disturbances acting on the 

plant.  Therefore, the ANNIMC structure 

provides a direct method for designing a 

non-linear feedback control system if a 

neural-based plant model is exist.  Note that 

the non-linear filter block F(z) in figure-3 is 

considered to be a trivial element, that is 

because the neural-based controller NNc is 

inherently acting as a non-linear filter, [1]. 

 

2.1: ANNIMC Design Steps 

 

To achieve a robust ANNIMC control 

system, the real plant output signal must be 

used for learning the plant inverse.  Then 

the perfect control signal may be obtained if 

the controller is a true inverse 

representation of the plant model.  Hence, it 

is imperative that the plant inverse be learnt 

from the plant itself.  Now, if we denote, P 

as a plant, M as a plant model, and C as a 
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controller, then, the following relationship 

must exist: 

 
M

1
C                                                 (7)    

Corollary:  Using the feed-forward 

identification approach, the condition in (7) 

cannot be met because the plant model 

cannot give the exact output value for 

implementing the system inverse [1].  

Hence, in ANNIMC, the Plant model is 

chosen as the inverse of the controller. 

 

Equation-11 can be rewritten as: 

 
C

1
M                                               (8) 

and 

 
P

1
C                                                 (9) 

In other words, it is proposed that the plant 

inverse in the ANNIMC design structure 

must be determined directly from the real 

plant.  Hence, using (7) the controller must 

be known in advance to get the plant model 

However, in this work, the two design steps 

that have been described previously in the 

conventional IMC design [8] are followed 

for the ANNIMC implementation.  The first 

step involves designing a direct inverse 

controller for optimal set-point tracking 

(inverse modeling).  Then the second step is 

to use the direct inverse control structure to 

train the plant operator model (forward 

modeling).  Finally, the learnt plant models 

(plant model and its corresponding plant 

inverse) are incorporated to form the 

ANNIMC control system 

 

2.2: Plant Inverse Identification 

 

Using (7), if the plant is invertible then the 

inverse model (controller) of the plant can 

be obtained to some desired approximation 

by a neural model, NNc , network structure. 

The procedure for system inverse 

identification is very important step, and is 

the basic step for control design strategy. 

The learnt inverse model NNc is then can 

be used as a direct inverse controller, figure 

-5. 

w (t+1)



+

-

e(t+1)

c

u(t)

plant
y(t+1)

Non-linear 

TDL

TDL

e(t+1)





NN


+

+

Figure-5:- On-line inverse model 

identification. 

 

Here, the TDL represents a tapped delay 

line.  It corresponds to all input-output data 

lags of the non-linear plant.  This gives: 

T
1)]mu(t.,

1),..u(t1),+ny(ty(t),....,1),+[w(t(t)
c
on

V






 (10)                          

Where-n represents plant order, and mn.  

The controller output therefore may be 

represented as: 

 

)]1mt(u),...,1t(u),1+nt(y.,

),.t(y),1+t(w[NN)t(u c



 (11) 

Conceptually, the direct inverse controller 

monitors the difference between desired 

and actual output data of the plant as a cost 

function to manipulate the control signal by 

adjusting connection weights of the neural 

controller structure in order to minimize the 

error difference that may make the plant 

output converge towards the desired output.   

Here, the topology of the neural-based 

controller structure is of one hidden layer 

feed-forward net. Number of input, hidden, 

and output nodes is function of the input 

data vector given in (10), [9]. Thus, if the 

number of hidden nodes is denoted by N, 
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then the controller network output u(t), (11) 

may be rewritten as: 

i

N

1i
i

c

xu(t) 


               (12) 

Here, the subscript c indicates those 

parameters are related to the controller.  N 

is the total number of hidden nodes, and i 

represent the connection weights between a 

hidden unit-i and the output.  The variable 

xi represents the activated output of the 

hidden nodes.  For example for hidden 

node-i, the activated output may be 

represented as: 

)x(tanhx jj

mn

1j

c
ji     





 

(13) 

Where xj represents the jth input from the 

input data vector (10).  βj represents the 

node threshold for the hidden node-j. 

However, using (11), the inversion problem 

can be formulated as a problem of solving 

an operator equation in which the given 

operator represented by an inverse model 

NNc maps the input data vector 

T1)]mu(t1),...,u(t

1),+ny(ty(t),....,1),[w(t




 

to u*.  Therefore, the problem is to solve 

the equation which is represented by: 
**

c  w u . NN           (14) 

An iterative method was used to solve (14). 

In this method, at each time instance t, the 

objective of the controller is to find an input 

u* which will produce plant output y(t+1) 

equal to the desired output w*=w(t+1). The 

recursive form of the control signal 

therefore, may be represented as: 

1))y(t1)(w(t+1)-u(tu(t)  (15) 

Where, Ψ is the learnt weight gain to be 

selected by the updating algorithm using 

fuzzy strategy on-line. Fuzzy strategy has 

been based on the internal relation between 

learning parameters which has been 

mentioned in my Thesis work [1].   

 

2.3: Plant Model Identification 

 

Previously, we chose to use the plant 

inverse rather than the plant model inverse 

as a controller for the reasons described 

before.  The learnt inverse is then used for 

training the plant model figure -6. Recall 

that, the TDL represents the tapped delay 

line for the input and output data lags.  It 

corresponds to all input and output data lags 

for the non-linear plant [1].  The NNc and 

NNm represent the neural network 

controller (plant inverse) and the plant 

model, respectively. 

w (t+1)



+

-

c

u(t)

plant

y(t+1)
Non-linear 

TDL
TDL

e(t+1)






m

e(t+1)

NN
+

+
NN

 
Figure-6:- On-line Plant model 

identification. 

 

The general form of the input data vector 

is:- 

T

m

1)]m(tu , (t),....u 1),ny(t,

 .... 1),y(ty(t), [(t)V




(15) 

The output of the neural-based model 

ŷ (t+1) may then be represented as: 

)]1mt( u, ),....t( u),1nt(y, 

),....t(y [NN)1t(ŷ mm




(16) 

The topology of the neural-based plant 

model NNm is of one hidden layer feed-

forward net. The number of hidden nodes is 

denoted by N, and the plant model output 
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by ym (t+1), equation -16 may be rewritten 

as: 

m
i

N

1i

m
im

m

x1)(ty 


                      (17) 

Here, m subscript indicates a parameter 

related to the plant model, and i represent 

the connection weight between hidden unit-

i and the network output.  The variable xi 

represents the activated output of the 

hidden nodes.  For example for hidden 

node-i, the activated output may be 

represented as: 

)x(tanhx jj

mn

1j

m
ji     





                  

(18) 

The error difference between the actual 

system output y(t+1) and the model output 

ym(t+1) is thus:- 

)]1mt(u,

),...t(u),1nt(y,

),...1t(y),t(y[NN

)]1mt(u,

),...t(u),1nt(y,

),...1t(y),t(y[f)1t(e

m

m













(19) 

The output of (19) is to be used for 

optimizing the connection weights of the 

identification model, NNm to minimize the 

specified cost function governed by: 

















    

)J(  
(t)1)(t

i

m
i

m
i          

(20) 

Where ε represents the learning rate 

parameter, and ],...,,[ n21   is the 

connection weigh matrix. 

 

 

 

 

2.4:  ANNIMC Control Mechanism 

 

The plant inverse network NNc and the 

plant model network NNm are incorporated 

in the given IMC frame to form the 

ANNIMC control system structure as it is 

illustrated in figure -7.  The control 

objective is then to find a control signal (u) 

which will produce a model output ym(t+1) 

equal to the desired output w(t+1) by 

minimizing the prediction error ( e) which 

is the error difference between plant output 

and model outputs.  That is 

1)(ty1)y(t  1)e(t m               

(21) 

From the representation given in figure-7, if 

the exact plants model, NNm, and the 

inverse, NNc, exist, the recursive control 

signal which may keep the prediction error 

at each time instance asymptotically 

minimum is: 

1))(e(t1)u(tu(t)              

(22) 

Therefore, the control signal is 

automatically evaluated by selecting the 

optimum control gain, Ψ, of the control 

performance surface which is represented 

by the weight matrix of the inverse model. 
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Figure-7:- The ANNIMC structure. 

3.0: Simulation Study Results 

 

Two different non-linear plants were used 

as examples to show the performance of the 

ANNIMC compared to conventional non-

linear control techniques. 

Example-1:- A first order non-linear plant 

governed by the difference equation: 

1)]f[u(t1)(ty0.8(t)y pp
        (23) 

Where the unknown non-linear function in 

the plant is assumed to be: 

0.5)0.8)u(u(uf[u]         (24) 

The control objective is to control the 

relationship between the controlled input 

and the controlled output of the non-linear 

system so that the controlled output tracks 

the desired output (set-point changes).  The 

desired output was selected to be a square 

wave function with a frequency of 50 Hz. 

To compare the ANNIMC behavior with 

other non-linear control strategies, the non-

linear generalized predictive controller 

(NLGPC) algorithm [11] was selected in 

this case.  In NLGPC, the approach taken 

was to employ a one-step Newton-Raphson 

method to calculate iteratively the non-

linear roots and then to apply the linear 

GPC [6] for the rest of the control problem.  

The overall cost function was governed by: 

2u
N

1j

2

N

Nj
21

]1jt(x[)j()]jt(w

)jt(y[)N,N(J
2

1



 





(25)

 

Here, N1 and N2 represent the minimum 

and the maximum prediction horizons.  λ, is 

a cost applied to the control input, and w 

the desired output.  The signal x(t) is 

obtained by minimizing (25).  The linear 

control signal is considered to be governed 

by [12]: 

)hw(g)1t(x)t(x T              (26) 

Where g is the first row of 
T1T GI)G(G  .  For more details see  

[14] . Although, the control signal x(t) acts 

as a solution to the linear predictive control 

problem, it is an output of a non-linear 

polynomial operator f(.) where 

f{u(t)}x(t)          (27) 

Where, u(t) is the required control signal 

for the linear part of the system.  Hence, the 

problem is to solve equation -27.  The 

solution was obtained by using the Newton-

Raphson recursive method so that : 

(t)}{uf

x(t)}(t)f{u
(t)u(t)u

n

n
n1n




         (28) 

The subscript-n denotes the order of 

iteration. The first 800 samples of the set-

point, system output, and the controlled 

input signal of the NLGPC simulation for 

example-1 are shown in figure -8. 
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(c): The controlled input signal. 

Figure-8: Example-1:  The non-linear GPC 

responses.  

 

It can be reported that the control strategy 

using the Newton-Raphson method [11] 

was not successful in such class of non-

linear systems. 

 

The ANNIMC was then implemented after 

the plant model NNm(4-12-1) and the plant 

inverse NNc(4-12-1) nets were learned.  

The number of hidden nodes was calculated  

according to the topology discussed [9].  In 

this case, the hidden nodes required were 

12 for each of the plant model and its 

inverse. The following are the ANNIMC 

settings used:- 

1- The learning rate parameter, ε, was set 

initially to 0.009. 

2- The initial weights were set initially to 

0.3. 

3- The momentum learning factor was set 

to 0.5. 

4- The maximum jump factor for the 

steepest descent was set to 1.5. 

5- The learning rate jump factor was set to 

0.03. 

 

The first 500 samples of simulations for the 

desired output, actual output, and the 

controlled input signal of the ANNIMC are 

shown respectively in figure-9.  It can 

easily be seen that the ANNIMC strategy 

has effectively tackled the problem of non-

linearity for such non-linear systems. 
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(b): The actual output. 
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(e): The control performing surface. 

Figure-9:  Example-1: The ANNIMC 

responses. 

 

The robustness of the ANNIMC structure 

was observed by adding a sinusoidal signal 

(0.05 sin (20t)) to the plant output of 

example-1.  Figure -10 shows the first 500 

samples of the desired output, the actual 

output, and the control signal when a 

disturbance is added between 100-300 

samples.  It can be clearly seen that the 

ANNIMC performed well. 
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(b): The actual system output. 
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 (c): The controlled input signal. 

 

Figure-10: Example-1, The ANNIMC,  

with external noise (0.05 sin (20t)). 

 

Example-2: A second order non-linear 

system governed by the following 

difference equation: 

f[u(t)]
(t)y1

(t)y
(t)y

2
p

p

p 


               (29) 

Here, the unknown non-linear function in 

the plant is assumed to be 
3uf[u(t)]        (30) 

The same control objective given in 

example-1 was also considered for this 

example. The desired output was selected to 

be a square wave function with a frequency 

of 50 Hz.  The results using NLGPC for the 

first 800 samples of iteration are shown in 

figure -11. 
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(a):The desired output. 
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(b): The actual system output. 
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(c): The controlled input signal. 

Figure-11: Example-2: The NLGPC 

responses. 

 

In this non-linear system, example-2, the 

behavior of the NLGPC was also not 

satisfactory; this is due to the system non-

linearity. The results obtained with the 

ANNIMC with the same system are shown 

in figure-12. 
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 (a): The desired output. 
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(b): The actual system output. 
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(c): The controlled input signal. 
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(d): The prediction error. 
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Figure -12:  Example-2:  The ANNIMC 

responses. 

 

Now, in order to show how can fuzzy 

control helps for on-line tuning of system 

models it is important to control the effect 

of parameterization (parameters tuning). 

Here, two parameters are very important for 

tuning; the learning rate-ε, and the 

excessive use of neurons in hidden layers. 

The simulation results of the effects of the 

two above mentioned parameters for both 

system examples are shown (example-1) in 

figures 13, 14. 
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(a): The actual system output. 
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 (b): The controlled input signal. 
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(c): The prediction error. 

Figure-13: Example-1: With ε=0.052. 
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(a): The controlled input signal. 
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(b): The prediction error. 

Figure -14:  Example-2:  With e=0.002. 

 

The excessive use of neurons in hidden 

layers is shown in figure-15. 
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(c): The actual system output. 
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(d): The controlled input signal. 

Figure-15: The effects of over-

parameterization with example-1. 
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4.0: Conclusion 

 

The idea of using artificial neural networks 

with fuzzy thinks is presented in this paper 

[10]. The idea is mainly based on how 

model-based predictive control strategy 

which directly incorporates plant models 

(i.e. forward and inverse) in a control 

structure can be provided by conventional 

IMC. The technique has been developed to 

provide an alternative to the classical 

feedback control structure with an 

advantage that the closed loop stability of 

the control is assumed simply by choosing a 

stable IMC controller.  The design steps 

were based on the possibility of using real 

plant output to obtain the true inverse 

representation rather than that of using the 

plant model output. Finally, the two 

obtained nets (plant and inverse models) are 

incorporated in linear IMC structure to 

form a non-linear IMC (ANNIMC).  The 

performance of the proposed non-linear 

control system has been compared with 

other well known non-linear controllers; 

Newton-Raphson non-linear GPC [11]. 

Finally, the on-line tuning using fuzzy 

techniques has been liked to assess the 

merits of the ANNIMC strategy, additional 

analysis was made to the overall 

performance and robustness of the control 

system.  In this analysis, the effects of 

external noises and the effects of the 

excessive use of hidden nodes, and learning 

rate were discussed. 
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Abstract 
 

 The fuzzy logic strategy is a part of intelligent control theory and is applied to many 

industrial systems. Recently, this design methodology has been applied successfully to 

synthesize robust controllers for various aerospace applications. In this paper, we want to 

prove that the fuzzy pd controller can deal with the perturbations caused due to the effect of 

structured and un-structured uncertainties. In addition, this design method can also deal 

with the kinematics coupling and keep the nominal performance without significant 

degradation. Genetic algorithm is presented here in order to improve the system nominal 

performance where the settling time and steady state error are reduced. The linear and 

nonlinear simulation results for the launch vehicle’s attitude control motion showed the 

effectiveness of this design method in comparison with classical pd design. 

 

Keywords: fuzzy control design, genetic algorithm, flight dynamics, linear control design. 

 

Nomenclatures 
 

 :         mass 

  :        mass propellant 

 :         gravitation force 

         diameter and surface area 

 

 

           acceleration due to gravity 

vT ,      propellant force and launch 

             vehicle speed. 

 ,   : angle of attack and sideslip  

             air density. 

Q             dynamic pressure;  

                    25.0 vQ   

 

yC              aerodynamic lift force  

                     coefficient due to   

zC              aerodynamic side force  

                     coefficient due to   

xC
              

 aerodynamic drag  

                     coefficient. 

L              aerodynamic lift force, 

                     
ySCvL 25.0 . 

D              aerodynamic drag force,  

                     
xSCvD 25.0   
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Y              aerodynamic side force,  

                     
ySCvY 25.0  

 ,,
        

 pitch, yaw, and roll  

                     angles 

  ,              path and heading angle. 

prq ,,
        

 body axis pitch, yaw, and  

                    roll rates. 

prq  ,,    elevator, rudder, and  

                    aileron deflection angles 

yz mm ,

   
  damping moment 

                    coefficient  

                    due to angle of attack and  

                    sideslip angle respectively 

 
p

x

r

y

q

z mmm ,, damping moment  

                   coefficient due to pitch,  

                   yaw and roll rates zyx JJJ ,,
   

moment of inertia about  

                  body axis yx, and z  

ii BA ,        the inputs fuzzy sets  

 k     control moment coefficient 

ppq ,
  

 damping moment coefficients 

               due to pitch rate and angle of  

               attack respectively 

 

I Introduction 
     A fuzzy logic controller proposed by 

Zadeh [1] incorporates uncertainty and 

abstract nature of human decision-making 

into an action mechanism. Reasoning by 

fuzzy logic, such system flexibility 

implements functions in near human terms, 

i.e. IF-THEN linguistic rules, it also 

provides a good reliability and capability in 

dealing with nonlinear systems that are ill-

defined or time varying [2]. Several studies 

had been proved that, the fuzzy logic 

controller is an appropriate method for 

controlling complex systems [3], [4], [5]. 

Fuzzy logic control for missile autopilot 

design has also been studied and it was 

applied to improve the system robustness 

when the effect of the parameter variations 

is considered [6]. Recently, the fuzzy 

control scheme is proposed to design a 

high-angle-of-attack flight system for a 

super-maneuverable version of an F-18 

aircraft, where its hybrid structured can 

meet both given robustness and 

performance requirements [7].Genetic 

algorithm  is used to automate and 

introduce objective criteria in defining 

fuzzy controller parameters [8], [9], [10]. 

This approach is more powerful and high-

dimensional searching spaces in 

comparison with other techniques such as 

neural networks [11]. 

Based on the previous work as 

mentioned above, we focused to emphasize 

that under the nominal case where there 

were no perturbations, the fuzzy pd control 

design method can achieve a high nominal 

performance. In addition, the degradation 

on the performance due to the effect of 

structured, un-structured uncertainties and 

kinematics coupling can also be reduced. 

However, the genetic algorithm for fuzzy 

parameters optimization is presented in 

order to improve the system nominal and 

robust performance. To test the 

effectiveness of fuzzy pd controller, the 

linear and nonlinear simulation results for 

attitude control motion of the launch 

vehicle are presented at the end of this 

paper.  

 

II Plant Model  
     The equations of motion used in this 

paper to carryout the linear and nonlinear 

simulation are written below. These are 

derived according to the assumption that 

the earth is flat, non-rotating, no 
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disturbances included, and the launch 

vehicle motion is symmetrical. 

Fig.1 shows the body frame [        ] and 

the wind frame [         ] geometric 

diagram for the considered launch vehicle, 

and according to the Newton’s law of 

translation and rotation motions, the 

following nonlinear equations of motions 

are summarized: [12] 

 

p
dt

dm
      (1) 

 sincos mgDTvm      (2) 

YTmv   sincos     (3) 

 cossin mgLTmv 
         

(4) 

q
dt

d



     (5) 

                  (6) 

  

  
                             (7) 

                  (8) 

p
dt

d



  (9) 

The rotation equation of motion can be 

written as a combination of linear and 

nonlinear contributions: 
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And the kinematics’ coupling considered in 

this paper can be expressed by the 

following simple three equations. 

qp
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Fig.1 Vehicle coordinates system 

 

III Fuzzy Control Logic 
     The schematic diagram of the fuzzy pd 

controller for pitch, yaw and roll autopilots 

is shown in Fig.2 below. These three 

autopilots are considered in order to 

stabilize the launch vehicle in three planes 

and to carryout the effect of kinematics 

coupling on the nominal system 

performance as well. The all crisp variables 

of errors ],,[  eee , and change of errors 
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],,[  eee  are first converted into the 

fuzzy variables to serve as conditions for a 

rule-base or an inference engine. In three 

fuzzy pd controllers, the control actions 

],,[  uuu are inferred from the 

interpretation of the membership functions 

of errors AND/OR those of change of 

errors. So as illustrated in the block 

diagram shown below, the inputs to fuzzy 

controllers are errors, change of errors, and 

the outputs are control actions to the three 

actuator models. According to the 

symmetrical assumption and due to the 

existence of roll autopilot which keep the 

roll angle and roll rate to be nearly zeros, 

therefore, the pitch and yaw autopilots are 

approximately identical.  

For the purpose of simplicity, and due 

to the concentration on the attitude 

stabilization problem, the rest of this study 

will continue with the assumption that only 

the results and design procedures that 

related to the pitch fuzzy autopilot of the 

launch vehicle are presented.  

To design fuzzy pd controller, the 

following three stages are required. 
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Fig.2 General block diagram of fuzzy pd controller for three channels.

1-Fuzzification interface 
     In this level, main idea is to design 

membership functions of inputs e , and e
. The membership functions of these two 

inputs are selected here as a triangular type 

with maximum value is equal to one. Seven 

fuzzy subsets are used to accomplish this 

design, which  

 

can be expressed by the following seven 

linguistic variables. 

 

NB:  Negative Big 

NM: Negative Medium 

NS:  Negative Small 

ZE:  Zero 

PS:  Positive Small 
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PM: Positive Medium 

PB:  Positive Big 

 

2- Decision making logic 
     The decision making logic is the kernel 

of the proposed controller. And according 

to the designed membership functions, 49  

fuzzy rules 
49R  must be decided. These 

rules can be represented by the following 

general statement: 

iiii CisuthenBiseandAiseifR  ,: 
 

Where, the ""and logic can be realized by 

the following minimum operation, i.e.

 iii BA ,min
 

 

3-Defuzzification interface 
     The next and last step is the 

defuzzification process which computes the 

output value by the center of area method 

written in (14). [13] 

 

i

n

i

iiC

u







 1    (14) 

Where, iC  denotes the center of the 

membership function of the consequent rule

i , and n  is total  number of  rules. In case 

of conventional pd controller, the control 

action can be represented mathematically as 

 ekeku dppd
        (15) 

 

Where pk and dk  are the proportional and 

derivative gains to be adjusted until the 

desired values of gain and phase margins 

are satisfied. And in order to carryout the 

nonlinear simulation presented at end of 

this paper, these gains are designed at 

different linearized operating points along 

the trajectory envelope. 

Genetic Algorithm 
     A simple genetic algorithm has four 

steps, population size, Reproduction, 

Crossover, and Mutation. Reproduction is a 

process in which a new generation of 

population is formed by random selection 

from the existing population. Crossover is 

responsible for producing new trial 

solutions. Under this operation, two strings 

are selected to produce new off-spring by 

exchanging portions of their structures. 

These new off-springs may then replace 

weaker individuals in the next generation. 

Mutation is applied with a low probability 

ranging from 0.001 to 0.05, and the main 

function of the mutation is to add 

perturbation to find a new solution in the 

searching space. 

The index called integral of absolute 

control signal and error is considered here 

where its minimum value at one given 

generation number reflects the optimal 

values of the parameters that need to be 

obtained. The general mathematical model 

for such an evaluation cost function is given 

as  

     



n

k

kukuwewJ
1

21 1
    (16) 

 

With 1w , 2w are the scaling weighting 

functions and k  denotes the iteration 

parameter. Then the fitness function can be 

defined as  

 oJ
F




1
     (17) 

 

Where; o represents the small positive 

constant used to avoid the numerical error 

of dividing by zero. 

The genetic algorithm operators that are 

selected to achieve our design requirements 

can be explained briefly as follows. 
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1- Generation gap selection   

 method 
     In this method of selection, a proportion 

of the existing population is replaced by 

newly created offspring. For example a 

generation of 0.5 means that, 50% of the 

present generation is replaced by other new 

formed offspring, where the individuals to 

be replaced may be chosen randomly or 

based on their evaluations, so that the worse 

members of the population are being 

replaced by good ones. 

 

2- Uniform crossover 

     In this type of operator, there is a 

probability  cp  that the offspring will take 

a real value from the corresponding 

positions of either parent. For example, 

when 5.0cp  the offspring take on 

values from parents with equal likelihood, 

while 10  cc porp  creates offspring 

that are closes to the parents. 

 

3- Gaussian mutation 

     In this type of mutation,  if the value 

kx'  is selected for mutation from the 

following chromosome  

lk xxxxX ,........,,........., 21  

Where kx have values in the constraint

 kk UU maxmin , , so the mutated value kx'   

can be calculated as follows 

 

 1,06

62
'

12

1

minmaxmaxmin






















rr

UUUU
x

i

i

kkkk

k

 

   

And the new chromosome after mutation 

will be 

 

 lk xxxxX ,.......'.,,.........,' 21  

 

IV Simulation Results 
     In this study, the tasks for both the 

classical and fuzzy pd controllers were to 

track the step command in linear simulation 

and desired angle of attack trajectory in the 

case of nonlinear simulation. The 

comparison between them is accomplished 

based on the following linear and nonlinear 

analysis. 

 

1- Linear Analysis 

     Under the case, when the short period 

motion is considered, the relation between 

angle of attack   and  input elevator 

deflection q  at one selected operating 

point  sec5t can be expressed by  

following transfer function 

 









psps

k

qq 


2
    

 

With;        

 

3588.48k , 2066.0qp , and 

1196.1p
 

 

In fuzzy pd control design, the parameters 

including the widths and centers of the 

membership functions for the error e  and 

change of error e  with the fuzzy rule 

centers are adjusted until the step response 

of the angle of attack with high 

performance is achieved. For the case when 

the classical pd controller is used, the 
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parameters pk  and dk  are tuned in order 

to obtain the desired phase margin, 
oPM 40 , and gain margin, dbGM 26 . 

The values of pd gains which can satisfy 

these required margins are, 

149.0,49.1  dp kk . The step 

response of the angle of attack using both 

design methods is shown in Fig.3, where it 

is observed that the fuzzy pd controller can 

provide a high performance level in 

comparison with the classical pd design. 

This is due to the lower settling time, 

minimum steady state error and zero 

overshoot that can be obtained using fuzzy 

pd control design method. 

 

The genetic algorithm is considered to 

optimize the fuzzy pd parameters in order 

to obtain a better level of performance. 

Where after 200 numbers of generations as 

shown in Fig.4, the optimized membership 

functions for the error e  and change of 

error e  are obtained as shown in Fig.5 

and Fig.6 respectively. In addition, the rule 

centers are also optimized and they are 

tabulated in two dimensional fuzzy relation 

matrix as shown in Table (1). Consquently, 

the step response of the angle of attack 

under the nominal case before and after 

optimization is shown in Fig.7 where it is 

seen that, using genetic algorithm this 

response is optimized in which minimum 

settling time and lower steady state error 

are obtained.  

Based on these design parameters for 

classical and fuzzy pd controllers the effects 

of the following three perturbations on the 

nominal system performance are 

considered. 

 

 
Fig.3 step response under the nominal case 

 
Fig.4 fitness function versus number of 

generations 

 

 

Fig.5 membership functions for error e  
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Fig.6 membership functions for 

change of error e  

 
Fig.7 step response before and after 

optimization 

 

Table (1) optimized fuzzy relation 

matrix 

NB

NM

NS

NB NM NS 0 PS PM PB

PS

PM

PB

8.951  9.414 7.029 8.489 4.170 3.826

9.406 7.771 9.143 5.696 2.842 3.827-

9.500 9.799 4.959 2.017 2.842- 4.170-

7.444 6.773 1.766 0 2.017- 5.696- 8.489-

5.406 1.032 1.766- 4.959- 9.143- 7.029-

3.638 1.032- 6.773- 9.799-  7.771- 9.414-

 3.638- 5.406- 7.444- 9.500- 9.406- 8.951-

0

0

0

0

0

0

0e

e

 
 

 

 

 

 Structured Uncertainty 
     One parameter variation is considered 

here in order to carryout this type of 

uncertainty, that is due to the damping 

moment coefficient qp . The effect of this 

parameter on the system nominal 

performance when it is fluctuated from its 

nominal value can be illustrated from the 

angle of attack trajectories shown in Fig.8. 

It is concluded that, the fuzzy pd controller 

keeps high performance, where a significant 

degradation in the performance due to large 

overshoot is observed in case of classical pd 

design. 

 

 Unstructured Uncertainty 
     This type of uncertainty includes the 

input actuator model error dynamics, which 

can be represented by the two 

multiplicative transfer functions with time 

constants   s05.0  and s1.0  respectively. 

The primary effects of these uncertain 

dynamics are an additional phase lag and 

high frequency gain attenuations, which 

cause the degradation in the nominal 

performance and may cause instability. The 

effect of the first multiplicative transfer 

function for both design methods is shown 

in Fig.9 where the fuzzy pd controller can 

achieve better performance than classical 

pd one. The second multiplicative transfer 

function destabilizes the system in case of 

classical pd design where as in the same 

time fuzzy pd controller is found to be more 

robustly stable and it can keeps the system 

stability as shown in Fig. 10.   

 

 Kinematics Coupling 
The kinematics coupling based on the 

model written in (13) is another serious 

perturbation effect on the system 

performance. And its effect on both design 

methods can be seen in Fig.11 where it is 
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observed that fuzzy pd controller can keep 

the system performance in the acceptable 

level while a large degradation in the 

nominal performance occur in case of other 

design method. 

 

2- Nonlinear Analysis 

In order to carryout nonlinear 

simulation, the equations of motion written 

in section II are simulated according to the 

data given for the considered launch 

vehicle. And to carryout this type of 

analysis, a typical angle of attack trajectory 

between 
o4   to 

o2  is presented here. 

In this simulation only the nominal case and 

effect of worst un-model dynamics due to 

the multiplicative transfer function with 

time constant s1.0  is considered. From 

Fig.12 it is seen that, both design methods 

can achieve a command tracking, where 

fuzzy pd can satisfy a high tracking 

accuracy especially when there is a peak 

variation of the desired angle of attack 

trajectory. The effect of the multiplicative 

transfer function with time constant s1.0   

is illustrated in Fig.13. It is observed that 

the fuzzy pd can keep tracking without 

degradation while instability occurs in case 

of classical pd design method. 

 
Fig.8 step response due to structured 

uncertainty 

 

 
Fig.9 effect of the un-structured 

uncertainty with  time  

constant s05.0  

 
Fig.10 effect of the un-structured 

uncertainty with time constant s1.0
 

 

 
Fig.11 step response under the effect of the 

kinematics coupling 
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Fig.12 non-linear simulation in nominal 

case 

 

 
Fig.13 non-linear simulation under the 

effect of un- structured uncertainty with 

time constant s1.0  

 

VI Conclusion 
     A fuzzy pd control design method is 

presented in this paper. From the linear and 

nonlinear simulation results, it was 

concluded that this design method can 

achieve a higher robust performance under 

the effect of the structured, un-structured 

uncertainties and kinematics coupling in 

comparison with the classical pd design. 

Furthermore, the nominal performance has 

been improved by optimizing the fuzzy pd 

parameters by using genetic algorithm 

optimization method. This study 

encourages to apply fuzzy control logic in 

flight control design where the high 

performance and robustness are the main 

requirements under the nominal and 

perturbed conditions. 
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Abstract. Dynamic inversion is a feedback linearization control law design in which 

feedback is used to simultaneously cancel the system dynamics and achieve a desired 

dynamics response characteristic. Robust dynamic inversion obtained by coupling  -

synthesis with dynamic inversion through the inner/outer loop is presented here in order to 

achieve a large robustness to the uncertainties. In this paper, this design methodology is 

used to tolerate the uncertainty due to effect of the kinematics coupling, and remove the 

requirements of gain scheduling during all flight envelope. To demonstrate the 

effectiveness of this design method, the comparison with gain scheduling design is carried 

out from the robust point of view. This can be achieved by testing the effect of the 

kinematics coupling on the system nominal performance when the linear and non linear 

simulations are carried out. 

 

1- Introduction 

 
Robust dynamic inversion has been widely 

studied in flight control designs. It has been 

used as a design method for controlling 

super-maneuvering control law for the F18 

high angle of the attack research vehicle [1]. 

Many of the other researchers are focusing 

their attention on applying this technique 

for different flight control problems such as 

in [2], where control of the aircraft using 

feedback linearization and  - synthesis 

techniques to achieve a high performance 

and robust to parameter variation has been 

studied. In [3], the dynamic inversion yields 

a better performance with minimum control 

deflections comparing to the gain 

scheduling “GS”. 

Robust dynamic inversion obtained by 

coupling  -synthesis with dynamic 

inversion can improve the robustness and 

reduce the complexity that results due to 

the requirement of robust controller 

scheduling. The basic philosophy of this 

paper is to carry out the comparison 

between GS and robust dynamic inversion 

based on the effect of the kinematics 

coupling on the system nominal 

performance. In addition, it has been 

proved that, by using a nonlinear simulation, 

one controller is sufficient to achieve the 

nominal and robust performance 

requirements in complete trajectory 

envelope. 
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2 Plant Model 

 
The simplified equations of motions due to 

the assumption that, the earth is flat, no 

disturbances included, and the flight vehicle 

is symmetrical can be written as  

 

 sincos mgDTvm           (1) 

 cossin mgLTmv 
           

(2) 

    cossin
1

mgLT
mv

q      (3) 

And  

 

p
dt

dm
      q

dt

d




        

p
dt

d




 
where m represent the mass, p  the 

propellant flow rate, v the launch vehicle 

speed, T the propellant force,   the angle 

of attack, D the aerodynamic drag force, 

g the acceleration due to gravity,   the 

flight path angle,   the pitch angle, L the 

lift force, q the pitch rate, p  the roll rate 

and   the roll angle.  

Due to a symmetrical assumption, and 

existing of the roll autopilot which 

stabilizes a roll motion to make the roll rate 

0p  and roll angle  0 , the 

equation of motions for the yaw dynamics 

and moments are neglected and we assume 

that both the pitch and yaw autopilots are 

approximately identical. 

The pitch and roll moment equations can be 

written as in the following form: 

 
z

qz

q

zz

J

MqMM
q

q
 



 
x

px

p

x

J

MpM
p

p



   

Where
pq  ,  represent the elevator, and 

aileron deflections.
pq

xz MM


, the 

aerodynamic pitch and roll moments due to 

q and p deflections,
p
x

q
z MM ,  the 

aerodynamic moments due to pitch and roll 

rates respectively and zx JJ , are the 

moment of inertia about body axis x and z . 

 

3 Robust Dynamic Inversion   

2    Control Law Structure 

Due to a limited space, the design 

procedure using  -synthesis and GS are 

omitted and the reader should refers to [2], 

[4], and [5] for more details. And due to the 

same reason, the simulation results related 

to the roll autopilot are not included as well. 

The robust dynamic inversion control law is 

derived here to obtain a closed loop system 

which can satisfy the robust performance 

and stability requirements. The structure of 

the robust dynamic inversion for pitch 

autopilot can be illustrated by the block 

diagram shown in Fig.1, where the roll 

autopilot has the same configuration with 

different weighting functions that needed to 

design the robust controllers K and pK  

in order to achieve the stability and 

performance requirements for  
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Fig.1.Structure for pitch autopilot using robust dynamic inversion 

 

 

the roll motion. The weighting function 

qW 
is designed to reflect the effects of 

uncertainties, the weighting function 
pW  

is considered to reflect the relative 

importance of the various frequency ranges 

for which the performance of angle of 

attack is desired, and the weighting 

function W is design to achieve the 

frequency domain of   in order to limit 

the pitch rate amplitude. ,d and 

dq represent the desired angle of attack 

and pitch rate obtained from the outer and 

inner loop respectively. All the weighting 

functions and the input/output variables 

]~,,,,[  qq wzwz   are shown here in 

order to design the robust controllers K , 

qK  and they are not considered during the 

design procedures for the inner and outer 

loop dynamic inversion as we will see in 

the next two subsections. For more details 

about how to design K , qK and , the 

reader again refer to [2], and [4] as 

mentioned before. 

3.1 Outer Loop Dynamic 

   Inversion 

This represents the first stage of dynamic 

inversion, where the angle of attack , and 

roll angle   can be written in the following 

general state form:  

 

fhRx              (4) 

 

With    TT
pqRx  , , 

 







 


0

cossin1  mgLT

mv
h f

 

So the outer loop pseudo-control input can 

be defined as 

xux       And  fx hRu     (5) 
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Now the body rate inner loop command 

cR  can be computed by an outer loop as  

  fx

T

ddc huR     (6) 

With   xxKu cxx 

  Tcccx 

  Tx KKK   

Where, K  and K  are the outer loop 

robust controllers for pitch and roll 

autopilots respectively which are designed 

by using  synthesis, and d
  represents 

the desired roll angle. 

3.2  Inner Loop Dynamic  

 Inversion 

 
In this case a dynamic inversion involves 

the body angular rates q  and p  . An inner 

loop pseudo control input is defined by  

 

RuR 
    ,       

 ̂,, RxfuR   

So the body angular rate dynamics can be 

approximated as  
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Performing an approximate dynamic 

inversion, the control input ̂  is  

 

  RxFuB R

p

q
,ˆˆ

ˆ

ˆ
ˆ 1 












 




    (8) 

   RRKpqu cR

T

ddR  
  

(9) 

With  Tccc pqR 

 and  pqR KKK   

 

Where qK  and pK  are the inner robust 

controllers for pitch and roll autopilots 

obtained by using  -synthesis, and dp  

represents the desired roll rate. 

 

 

 

4 Simulation Results 

 

4.1 Linear Analysis 

 
In order to carryout a linear analysis, the 

nonlinear model given in section 2 is linear 

zed at different operating points on the 

trajectory envelope [6]. And consequently, 

both the angle of attack and roll angle 

transfer functions are obtained. And their 
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dynamics at some instant operating point 

are given by  

 

607.39125.0

35.48
2 


ssq



 8570.0

93.19




ssp



 

The actuator model for the elevators is 

considered as the first order transfer 

function with time constant 0.01 sec. The 

simplified model dynamics of the 

kinematics coupling used here can be 

expresses as  

 

rq    
  

qr  
 

qp  
 

With r ,  represent the yaw rate, and yaw 

angle respectively. And due to the 

symmetry assumption, so we assume 

that  qr  , . 

Under the nominal case, the robust 

dynamic inversion can achieve a high 

performance where the response with zero 

overshoot and very small steady state error 

in comparing to GS design can be obtained 

as shown in Fig.2 and Fig.3 respectively. In 

addition, the effect of the kinematics 

coupling on the system performance in both 

design methods is considered. In case of 

robust dynamic inversion, this effect can be 

tolerated and good tracking performance 

can be achieved as shown in Fig.2. Where, 

under the same amount of coupling, a large 

degradation in performance due to 

overshoot and large settling time is 

observed in GS design as illustrated in 

Fig.3. 

 

Fig.2 Linear simulation in robust dynamic 

 

Fig.3. Linear simulation in GS 

 

4.2   Nonlinear Analysis 

 
The nonlinear model in section 2 is 

simulated based on some available typical 

data [6]. The main objective here is to 

prove that, one controller is sufficient to 

achieve a required performance during 

complete flight trajectory in case of robust 

dynamic inversion, a typical trajectory of 

angle of attack is considered in order to 

carryout the nonlinear simulation. Where, 

only one robust controller is considered 

during all trajectory envelope and can 

achieve a high robust performance under 

the effect of the kinematics coupling. 

Fig.4 shows that, the robust dynamic 

inversion can deal with the effect of 

coupling and keep an accurate tracking in 
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comparing to the design using GS in which 

a large degradation in the tracking accuracy 

is observed as shown in Fig.5. 

 

 

Fig. 4 Nonlinear simulation in  

robust dynamic inversion 

 

Fig.5 Nonlinear simulation in GS Design 

 

5 Conclusion 

Robust dynamic inversion methodology has 

been presented in this paper. Where, a 

higher robust performance and stability can 

be achieved in comparison to GS design 

method. This design procedure has been 

carried out by incorporating  - synthesis 

through the inner/outer loop structure of 

dynamic inversion in order to enhance the 

performance and robustness goals of the 

closed loop system. The main advantage of 

this design approach that, it can minimize 

the degradations on the system nominal 

performance obtained due to effect of the 

kinematics coupling. In addition, the design 

complexity of the high order  robust 

controllers can be reduced by removing the 

requirements of gain scheduling where one 

controller is sufficient during all flight 

trajectory. 
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Digital and Analogue PID Controller for Heat Process System Based on 

a Microcontroller 
Mahmoud Ali Osman 1        Mahmoud Mansour Al-Fandi 2 

1-Department of computer engineering, 2-Department of Electrical & Electronic Engineering, 

Faculty of Engineering, Al-Fateh University , Tripoli, Libya 

Abstract:-This paper presents an application of real time control for controlling a PT326 

Process Trainer laboratory equipment. Firstly, an interfacing data acquisition card is 

developed based on microcontroller.  Secondly, a conventional three term controller PID is 

implemented based on Zeigler-Nichols tuning method. Control of the process has been 

implemented in real time using the Matlab environment. Experimental results regarding the 

performance of the real time control are included in a comparative study.  

Keywords: - Real Time Control Systems, Data acquisition, Microcontrollers  

I – Introduction  
The PIC is a good choice for producing 

interesting, but achievable, projects which 

incorporate a good balance between 

hardware and software design. 

Microcontrollers are important because 

they make electronic circuits cheaper and 

easier to build. Hardware circuits can be 

replaced with a microcontroller and its 

software, reducing the number of 

components required. The software element 

(control program) can be reproduced at 

minimum cost, once it has been created. So 

the development costs may be higher, but 

the production cost will be lower in the 

long run. Serial communication is the most 

common low-level protocol for 

communicating between two or more 

devices. Normally, one device is a 

computer, while the other device can be a 

modem, a printer, another computer, or a 

scientific instrument such as an 

oscilloscope. As the name suggests, the 

serial port sends and receives bytes of 

information in a serial fashion - one bit at a 

time. These bytes are transmitted using 

either a binary (numerical) format or a text 

format. The data acquisition hardware is 

connected to the computer using a serial 

port, this device is composed of a PIC 

micro controller 16F876A, and MAX232 

which is used to make compatible the 

signals transmitted by the PIC to the 

computer, in others words it translates the 

binary signal sent by the PIC into RS232 

protocol[11]. The serial port is harder to 

interface than the parallel port. In most 

cases, any device is connected to the serial 

port will need the serial transmission 

converted back to parallel and this can be 

done by using UART(univeral 

asynchronous reciver transmitter). On the 

software side, there are many more registes 

to attend to than on a standard parallel port 

[1]. 
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Microcontrollers have in built SCI ( serial 

communication interfaces ) which can be 

used to talk to the outside world. Serial 

communication reduces the pin count of 

these PIC’s. Only two pins are commonly 

used, transmit data (TXD) and receive data 

(RXD) compared with at least 8 pins for an 

8 bit parallel method [1],[11]. Many PIC 

chips incorporate analogue inputs so that 

they can be used in control systems with 

input sensors which produce a voltage, 

current or resistance change in response to 

an environmental variation[10].  

II- Process Trainer PT326 (Feedback's 

Process Trainer PT326 ) 

The PT 326 is a self-contained process 

control trainer. The PT 326 which is built 

by Feedback Instruments Ltd. (UK). 

Process Trainer PT326 which available at 

the department of computer Engineering as 

shown in Figure (1), it incorporates a plant 

and control equipment in a single unit. In 

this equipment, a blower draws air from the 

atmosphere and forces it through a heater 

grid. The air temperature is detected 

downstream of the grid by a bead 

thermistor before being returned to the 

atmosphere. The detecting (bead 

thermistor) and correcting (heater) elements 

have been placed sufficiently far apart to 

facilitate the investigation of "lag" time.  A 

bead thermistor fitted to the end of a probe 

can be inserted into the air stream any of 

three points along the tube, spaced by 

28mm, 140mm, and 279 mm from the 

heater. The control action corresponds to a 

signal from o to + 10 volts which is 

converted in a variable power supply to the 

grid. The  desired temperature may be set in 

a range from 0C to 80C. A toggle switch 

provides an internal step increase to the 

desired temperature signal. The PT 326 

may be configured to run with either open- 

or closed-loop control. The process trainer 

also allows the connection of an external 

controller[3].  Process control simulator 

PCS327 (Feedback UK ) as shown in  

Figure (2) provides multi – propose 

controller with full package it perform the 

three main kinds of controller(P,PI,PID) 

and give real simulate to what actual can be 

happen, its useful in this work in the 

comparison between the real time control 

system of the heat process trainer PC326 

and PCS 327.The interfacing between the 

heat process PT326 and the computer was 

handled by data acquisition card developed 

by the authors, this card is based on 

PIC16F876A microcontroller which is 

programmed to convert from analog to 

digital and the opposite. 

 

Figure (1)  Data Acquisition Card 

Connected by Serial Port of  the PC and 

PT326 
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Figure ( 2)  PID Analogue  Controller PCS 

327 

III- Serial Port Interface  

The original serial port interface standard 

was given by RS-232, which stands for 

Recommended Standard number 232. The 

term "RS-232" is still in popular use, and is 

used when referring to a serial 

communication port that follows the 

TIA/EIA-232 standard. RS-232 defines 

these serial port characteristics: 

 The maximum bit transfer rate and 

cable length. 

 The names, electrical 

characteristics, and functions of 

signals. 

 The mechanical connections and 

pin assignments. 

Primary communication is accomplished 

using three pins: the Transmit Data pin, the 

Receive Data pin, and the Ground pin. 

Other pins are available for data flow 

control, but are not required. Other 

standards such as RS-485 define additional 

functionality such as higher bit transfer 

rates, longer cable lengths, and connections 

to as many as 256 devices. Serial ports 

consist of two signal types: data signals and 

control signals. To support these signal 

types, as well as the signal ground, the RS-

232 standard defines a 25-pin connection. 

However, most PC's and UNIX platforms 

use a 9-pin connection. In fact, only three 

pins are required for serial port 

communications: one for receiving data, 

one for transmitting data, and one for the 

signal ground [10],[11]. 

The device MAX-232 includes a charge 

pump, which generates + 10 V and – 10 V 

from a single 5 V supply. This I.C. also 

includes two receivers and two transmitters 

in the same package which is handy in 

many cases for someone only wants to use 

the Transmit and Receive data Lines.   

 

IV  Hardware development  based on  

microcontroller. 

Data acquisition channel is divided into two 

parts one is an input data acquisition 

channel and the other is an output data 

acquisition channel, the data acquisition 

channel hardware has digital inputs, analog 

inputs, digital outputs and analog outputs. 

The full circuit as shown in Figure (4) 

containing input and output circuit which 

consists of a microcontroller PIC16F876A 

and  Max232. Max232 is important to 

connect between the microcontroller and 

the serial port, because process trainer 

PT326 voltage range between 0-10Volt and 

the microcontroller does not take more than 

5Volt, there are two circuits using 

operational amplifiers to decrease the 

voltage to the half before it get into the 

microcontroller and increase the voltage to 

double after get out the microcontroller 

Figure (3) shows these circuits. The amount 

of the resisters depend on the required rate 

for example        and         to 

decease the voltage to the half and  f  in 

to give double the voltage Vin [2] . 
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Figure (3) Multiplier and Divider Circuits 

Using Operational Amplifier 

 

 

 

 

 

Figure (4) Hardware Interfacing Using 

Microcontroller PIC 16F876A 

 

V  The MATLAB commands for writing 

and reading data from serial port:  

The main commands used in this work are 

summarized as follows [9]: 

• Create a serial port object  — 

create the serial port object s 

associated with serial port COM1.  

               s = serial (‘COM1’); 

• Configure property values  — 

configure the input buffer to 

accept a reasonably large number 

of bytes, and configure the baud 

rate to the highest value supported 

by the scope.  

         s.InputBuffer s.BaudRate = 0044 

• Connect to the device  — Connect 

s to the Heat process PT326. 

Because the default value for the 

ReadAsyncMode property is 

continuous ,data is asynchronously 

returned to the input buffer as soon 

as it is available from the 

instrument. ,fopen(s( 

• It can be verified the number of 

values read with the 

BytesAvailable.,s.BytesAvailable

property 

Reading Binary Data  

The using of the fread function is to read 

binary data from the device. Reading binary 

data means that it will return numerical 

values to MATLAB. The use of fgetl, fgets, 

and fscanf functions to read data from the 

device, and format the data as text. ,out = 

fread(s,69); 

Writing Binary Data  

The use of the fwrite function is to write 

binary data to the device.  The fwrite 
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function is used to write text data to the 

device as follows .,fwrite(s,out); 

Disconnect and clean up 

 When there is no need to  s, it has to be 

disconnected  from an instrument and it has 

to be removed from memory and from the 

MATLAB workspace and this is done as 

follows . ,fclose(s(,delete(s(, clear s 

VI Digital PID Controller 

In order to form a basis of comparison the 

process was first controlled using an 

analogue three term controller. This was 

achieved by connecting the heater process 

and the analogue controller, since they were 

specifically designed for use with each 

other. The analogue controller could then 

be replaced by a digital controller, and the 

response to a step input compared with the 

response of the analogue controller. The 

three terms controller are set in accordance 

with Zeigler-Nichols tuning rules. Most  

process loops where the plant transfer 

function has not been completely defined 

are controlled by the PID algorithm or one 

of its variations. There were a number of 

possibilities all of which derived from the 

basic continuous algorithm [4],[7],[8]. 

               
 

  
            

  

  
  

    ……  (1) 

Where,  KP = Proportional gain,  TI  = 

Integral time constant, TD  = Derivative 

time constant ,e(t) = Error signal, 

 U(t) = Controlled output signal, UO  = U(0) 

is the controlled output at t = 0. 

The terms TD is related to KD and TI is 

related to KI as follows:    KD = KP TD  ,  

     
  

  
   

Hence equation (1) reduces to equation (2) 

                            
  

  
  

   …       (2) 

Some algebraic manipulation was required 

to obtain a convenient solution, hence the 

continuous algorithm shown in equation (2) 

can be written as : 

                  
  

 

 
       

  −1+        −  −1 …  (3) 

Where  TS = sampling period ,   KI = 

Integral gain, KD = Derivative gain,  n = 

1,2,3,…, k 

This form of algorithm most convenient 

one for microprocessors and 

microcontrollers use[5]. The variable en-1 is 

the value of the previous sample of the 

error. The new value en then replaces the 

old en-1 at the next sampling interval. The 

counter timer circuit interrupt time of the 

microcontroller as a real time clock was 

used to provide a variable sampling rate TS.  

The minimum permissible sampling rate 

was found to be 40 m.sec and from 

equation (3) if we define the term  by 

                            KF = KI * TS  ………    

(4) 

However, in order to make KF as small as 

possible, and consequently the smaller the 

sampling period is, the only chance 
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available to us is to vary KI while TS is kept 

as a constant, 

Where,    TS = 40 m.sec. ,Hence     

 KF  reduces to KF = 40 x 10
-3

 * KI  …..   (5) 

Where KI  has to be smaller by a factor than 

the Ziegler- Nichols recommended settings 

thereby enabling us to obtain an equivalent 

system response to both digital controller 

and the equivalent continuous         

 (analogue ) controller under the same 

process conditions. 

VII  Real Time Results  

In order to test the data acquisition card 

developed by the authors a comparison 

between continuous (analogue )  and digital 

control was made based on the continuous ( 

analogue)  simulator PCS327 . The 

experimental results  were taken when the 

temperature input was 40
0
 which is equal to 

5V, and detector probe is inserted in the 

third position (279mm) and sampling rate 

of the digital controller was 60 m.sec. and 

the initial value of the error was zero, the 

fan velocity and the ambient temperature 

were assumed constant. Figures (5), (6), 

and (7) show comparison between PCS327 

PID continuous or analogue controller  and 

digital controller of the  real time control 

system that was performed in this work 

based on the Ziegler-Nichols tuning, as a 

reference PCS327 was a little bit better than 

the real time 

 From these results comparison can be 

made between the digital controller and the 

continuous controller and it concludes that 

the integral gain KI ( TI ) of the digital 

controller has to be smaller than the 

Ziegler-Nichols recommended settings, 

therefore the smaller the sampling period is, 

and the closer the system response to the 

continuous one,    But generally speaking, 

the difference is small and the real time 

control system has proven that it's 

capability of performing high level PI(PID) 

controller in relative to analogue controller 

PCS327 

. 
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Figure(5) Digital P Controller versus Analogue P controller, KP=1 

 

Fig (6) Output time response of Digital 

PI Controller versus Analogue PI controller 

PI Continuous controller( Kp = 1.3 , TI=0.8), PI Digital controller (KP=1 , KI = 0.5) 

PCS372 Analogue P Controller 

Digital P Controller (Real Time Control) 

PCS327 PI Analogue 

Controller 

Digital PI Controller  
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Fig (7) Digital PID Controller versus Analogue PID controller 

 

Analogue PID controller ( KP =1.5, TI =0.7 

, TD =0.2) , PID Digital Controller (kp =1.5, 

kI=0.3 , KD =0.15) 

 

V III Conclusions 

A very flexible basic controller has been 

developed using microcontroller 16F867 

system which could be implemented with 

very little effort on any suitable process to 

provide single loop direct digital control. 

Minor modifications would be required to 

the software to convert this generally 

applicable unit into one for specific use, 

such as standby or multi-process control. A 

comparison between continuous and digital 

control was made. It is therefore the digital 

controller developed which provides very 

effective control. 

It is possible to use microcontroller 

16FXXX chips system facilities for real 

time operation by using an interrupt signals 

provided by the counter timer circuit 

(CTC). It is possible by using a PID 

controller and by selecting the adequate 

values for their respective gains through the 

PC keyboard to have a zero steady state 

error and very fast response for the stated 

sampler interval.  
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1. Introduction. 

Induction motors are the most 

popularly and most widely used electrical 

machines, because of their relatively low 

manufacturing cost, robust construction and 

ease of control.   It  have dominated the 

field of electromechanical  energy 

conversion by having 80% of  the motors in 

use [Wan, 2001]. In fact, induction motors 

are the critical component of many 

industrial processes. They are often used in 

hostile environments and sensitive 

applications such as nuclear plants, 

aerospace and military applications, where 

the reliability must be at high standard. 

Although induction motors are reliable, 

they  may encounter several failures due to 

Prof. B. M. saied  

Dr Y. M. Y. Ameen 

Electrical Dept., Engineering college, Mosul University  

 

Stator faults count a high percentage of three-phase induction motor problems. 

In fact, the detection of this type of faults in its early stages is not easy, and many of 

detection tools may be considered inefficient tools. Identification of fault needs human 

expert and continuous interpretation of extracted fault feature. In order to automate the 

on-line diagnosis process and to avoid the requirement of the expert human, intelligent 

techniques can be used and developed. In this paper, an intelligent fuzzy inference system 

(FIS) based on both the magnitude of the voltage unbalance percentage, UV%, and 

current unbalance percentage, UI%, is proposed and implemented. The proposed FIS is 

used to diagnose the inter-turn short circuit faults of three-phase induction motor. The 

system takes into account the current unbalance due to unbalance problem in the supply 

voltage, and the current unbalance due to deterioration in the stator windings. The 

proposed system is implemented and verified by developing an automatic computerized 

on-line diagnostic system  which is acquiring motor line voltages and currents. A three-

phase 1.1 Kw, 380 V, 50 Hz squirrel cage type induction motor is re-wounded  such that 

many taps are obtained, in order to perform many deliberately different fault conditions. 

The proposed FIS is effectively detected the low-level deterioration (approximately 0.5% 

and upwards) of stator winding turns under normal and abnormal supply voltage 

condition. The proposed method can be used, with other techniques, to increase the 

reliability of the diagnosis system. 
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operating conditions. These failures of the 

induction motors may lead to harmful 

consequences such as: additional 

maintenance costs and unscheduled 

downtimes that result in lost production and 

financial income. In order to reduce these 

consequences and preventing occurrence of 

the catastrophic fault, on-line condition 

monitoring and fault diagnosis techniques 

are used. In recent years, the condition 

monitoring and fault diagnosis of the 

induction motors have moved from 

conventional techniques toward artificial 

intelligent (AI) techniques, which have 

many advantages. When AI techniques are 

used, fault diagnosis can be achieved 

without an expert human. In addition, on-

line diagnosis processes can be fully 

automated [Saied, 2006].  

In general, induction machine 

failure surveys have found the most 

common failure mechanisms in three-phase 

induction machines as shown in Figure 1. It 

can be categorized according to the main 

components of machine, stator related 

faults, rotor related faults, bearing related 

faults and other faults [Thomson, 2001]. In 

fact, about 28% of all reported induction 

machine failures fall in to stator faults 

category. The incipient of stator winding 

faults, in its early stage, is often due to 

insulation breakdown between two adjacent 

turns in a coil for the same phase; this is 

called a turn-to-turn or inter–turn short 

circuit fault. Therefore, this  type of fault 

will produce an extra heat, and imbalance 

in magnetic filed of the machine. The local 

extra heat between two shorted turns or 

more will cause further damage to the 

neighbor turns insulation until occurrence  a 

catastrophic failure, such as phase failures, 

phase to phase failures, phase to ground 

failures , or phase to phase to ground 

failures. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Condition monitoring based on 

symmetrical 

components techniques. 
For a three-phase induction 

motor the symmetrical component 

technique is used to analyze  the unbalance 

in  machine circuit, supply voltages or/and 

currents by converting the unbalance 

system to three balance system called 

positive sequence, negative sequence and 

zero sequence. The positive sequence 

components (VA1,VB1,VC1) have equal 

magnitudes and are displaced by 120
o
 with 

vector relation A-B-C. The negative 

sequence components (VA2,VB2,VC2) also 

have equal magnitudes and phase 

displacement by 120
o
,   but out of  phase 

rotation is C-B-A. Zero sequence 

components (VA0,VB0,VC0) have equal 

magnitudes with no phases  displacement. 

The phase value is the vector of its positive, 

negative, and zero sequence components as 

expressed in the following equations. 

10%

38%

12%

40%

Stator faults Rotor faults

Bearing faults Other types of faults

Figure 1: General classification  

of three phase induction motor faults 
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Where the magnitudes of the 

symmetrical components are equal 

and therefore they are as follows: 
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The above equations are also true 

for current by replacing  I instead of  

V. Also these equations can be 

simplified by making proper 

substitutions, as follows:- 
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Where :  

866.05.0

866.05.0

2402

120

jea

jea

j

j




 

The sequence components can be 

obtained by solving the last matrix 

and become  as: 
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Thus, if the three-phase voltages and 

currents are known, then the 

symmetrical components can be 

calculated. Generally, the presence 

of a negative sequence component 

indicates some level of unbalance. 

The magnitude of this unbalance is 

usually represented as a percent of 

unbalance based on the positive 

sequence value. Therefore, the 

voltages unbalance factor (UV) and 

current unbalance factor (UI) given 

as shown below [Kohler, 2002]:  

%100*
1

2

V

V
UV      ... (5) 

 

%100*
1

2

I

I
UI   ... (6)          

     
  

While the existence of a zero-sequence 

component indicates some level of neutral 
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current flowing   during line-to-ground 

fault.  
On the other hand, if the stator 

circuits are not symmetrical, and are 

connected to a symmetrical voltage supply, 

the stator currents will be unbalanced. In 

this case each phase can exhibit a different 

impedance to each current sequence. 

Because of the neutral point of a wye-

connected induction motor is normally not 

grounded, or the motor is delta connected, 

therefore only positive and negative 

sequence impedances are existed, while the 

zero sequence impedance is not presented.  

Since induction motor normally 

operates at slip less than 5 percent, 

therefore the negative sequence impedance 

of the induction motor is much less than 

the positive sequence impedance. 

Consequently, a low level of negative 

sequence voltage will produce a high level 

of negative sequence current relatively. For 

induction motor fault detection based on 

negative sequence current monitoring, the 

last point is considered a significant 

problem. The negative sequence current 

will change with changing of the supply 

unbalance percentage due to switching of 

single-phase loads or for other reasons 

unrelated to incipient failure in the motor.  

However, it is well known that the 

machine deterioration in its early stages 

produces small levels of negative sequence 

current. Therefore, more than one source 

changes the negative sequence current 

level. The last reason makes using of this 

technique alone an unreliable tool [Sottile, 

2002]. 

 

 

3. Inter-turn short circuit 

Diagnosis Based On 

Fuzzy Inference System. 

                   In order to overcome the weak 

point of using negative sequence current 

monitoring alone and to automate the 

diagnosis processes ,  a diagnosis system  of  

inter-turn short circuit  fault of the 

induction motor stator circuit   is proposed  

and implemented in this study  by utilizing 

Mamadani-type  fuzzy inference system. 

The magnitude of the voltage unbalance 

percentage, UV% and current unbalance 

percentage, UI%, are defined as input 

variables for the Fuzzy based diagnosis 

system. They are first of all "fuzzified" and 

translated in the interval [0,2.5]for the first 

input, UV%, and [0,10] for the second 

input, UI% . The input variables are 

assigned the names UV and UI. Trapezoidal 

Fuzzy membership functions are defined to 

handle the input variables as illustrated in 

the Figures 2a and 2b. The limits of 

each function are adjusted based on the 

behavior of the input variables UV and UI 

determined experimentally by symmetrical 

components analysis for both machine 

voltages and currents as illustrated in  the 

next section.  

The linguistic values for the  

first input set, UV, are defined as being: 

zero(ZE), very low (VL), low (LO),  

medium (ME), high (HI), and  very high 

(VH).  While the linguistic values  for the  

second  input set, UI, are defined as : 

zero(ZE), very low  (VL), low (LO), high 

low (HL),  medium (ME), high (HI), high 

high (HH),   very high (VH), and X high 

(XH), XXhigh (XXH).   

In terms of Fuzzy terminology, the 

variables UV and UI are the antecedent ( 

input variables ) and the number of stator  

shorted  turn is the consequent ( output 

variable). The latter is associated to nine 

membership functions which map the 

output of the following Fuzzy set (linguistic 

values): healthy or zero turn defected (ZE),  

three turns defected (3TURN), five turns 
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defected (5TURN), nine turns 

defected(9TURN),thirteen turns defected 

(13TURN), seventeen  turns defected 

(17TURN), twenty two  turns defected 

(22TURN), twenty seven turns defected 

(27TURN), thirty or more turns defected 

(30TURN). The linguistic fuzzy relation 

rules between the input and the output 

fuzzy sets are described in Table 1. Sixty 

rules are deduced for this application 

according to our knowledge base and 

experience from the practical simulation of 

the inter-turn short circuit faults as 

described lately in the previous section.  

       Trapezoidal membership functions are 

also defined for the output variable 

(Short_Turn) as can be seen in Figure 2c. 

The output range for this variable is defined 

between  the ranges [0-30]. A three-

dimension plot for output variable 

(Short_Turn) at different input fuzzy sets is 

shown in Figure 3. For the defuzzification 

process of this system, the Centroid method 

is used. 

4. Experimental Verification. 

An automatic computerized on-

line monitoring system is developed to 

acquire motor line voltages and currents. 

Firstly, a three-phase 1.1 Kw, 380 V, 50 

Hz squirrel cage type induction motor is 

re-wounded  such that many taps are 

obtained, in order to perform many 

deliberately different fault conditions. The 

rewinding motor specifications are listed in 

Appendix A. However, the motor is 

considered as a model to study and analyze 

the motor performance under stator  inter-

turn short circuit faults. After that, the 

motor is connected to three-phase variable 

voltage supply, then the three-phase 

voltages and currents are sampled, 

acquired, and recorded  by using data 

acquisition card type Advantech PCI-1710 

. A computer function is written in  

MATLAB programming language and 

used to compute the RMS magnitude and 

phase angle for each phase voltage and 

current signal. Another computer function 

is written to receive   the calculated values 

from the first function in order  to deduce 

the symmetrical components for both 

voltages and currents. 

 However, several tests are performed on 

the model by shorting different number of 

turns. Table 2 shows sample of these tests 

and their corresponding voltage unbalance 

percentages, UV%, and current unbalance 

percentage, UI%. The calculated values of 

UV% and UI%, are fed as input variables 

for the proposed fuzzy system.  The output 

results of this system are compared with the 

corresponding database, which obtained 

experimentally. Figure 4 shows an example 

sample of, sixty rules with their 

membership functions at values of  the 

input  variables, (UV%=0.19 and  

UI%=1.56). The output  defuzzified value 

is the number of defected inter-turn 

(Short_Turn≈3). 

The input values of  the Fuzzy 

systems can be seen in the second and third 

column of Table 2 and corresponding 

values for the output variable Short_Turn 

are shown in the fourth column. The 

associated linguistic values are in the fifth 

column of this Table.  In this connection, it 

is clear that the value of (UI) for the normal 

case is relatively somewhat high (UI=1.1) 

although the value of the UV is low, i.e. the  

supply voltage is balanced; this is due to 

some   asymmetry in the stator winding as a 

result of the manual re-winding  of the 

machine. From the results shown in table 2, 

it is clear that the proposed FIS is 

effectively detected the low-level 

deterioration (approximately of 0.5% and 

upwards) of stator winding turns per phase 

under normal and abnormal supply voltage 

condition. The proposed method can be 

368

368



 

 

 

طرابلس ليبيا 32/01/3101-32للهندسة الكهربائية والإلكترونية تمر الدولي العربي الليبي الخامس المؤ               

                     

used, with other techniques, to increase the 

reliability of the diagnosis system. 

 

4. Conclusion. 
From these results, it can be concluded that 

the proposed Fuzzy system based on the   

voltage unbalanced percentage and current 

unbalanced percentage can be  considered 

an acceptable reliable diagnosis tool for the 

inter-turn fault detection and its severity 

evaluation. The proposed FIS is effectively 

detected the low-level deterioration 

(approximately 0.5% and upwards) of total 

stator winding turns per phase. The system 

take into account the current unbalance due 

to supply voltage unbalance problem, and 

the current unbalance due to deterioration 

in the stator windings. The presented 

method can be used, with other techniques 

such as park vector approach, effective 

negative impedance and motor current 

signature analysis (MCSA), to increase the 

reliability of the diagnosis system. 

Diagnosis based on FIS is automated and 

on-line decision compared with 

conventional approaches, which need to a 

person  operates the diagnosis and detection 

processes and  who is very well aware of 

different kinds of faults occurring in the 

machine. The practical results show using 

FIS technique, accurate decision for 

evaluating number of inter-turn short 

circuit, which is difficult to be perform with 

other techniques. It is clear that the error in 

evaluation of the number of defective turns 

is less than (0.5 turn) for the worst case, 

which is considered a reasonable error.    
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Output Inputs 

No. 
No. Of deffected 

turns(Short_Turn) 

Current unbalance 

percentage (UI%) 

Voltage 

unbalance 

percentage(UV

%) 

ZE ZE,VL ZE 1,2 

3 Turn LO ZE 3 

5 Turn HL ZE 4 

9 Turn ME ZE 5 

13 Turn HI ZE 6 

17 Turn HH ZE 7 

22 Turn VH ZE 8 

27 Turn XH ZE 9 

30 Turn XXH ZE 10 

ZE ZE,VL,Lo VL 11-13 

3 Turn HL VL 14 

5 Turn ME VL 15 

9 Turn HI VL 16 

13 Turn HH VL 17 

17 Turn VH VL 18 

22 Turn XH VL 19 

27 Turn XXH VL 20 

ZE ZE,VL,LO,HL,ME LO 21-25 

3 Turn HI LO 26 

5 Turn HH LO 27 

9 Turn VH LO 28 

13 Turn XH LO 29 

17 Turn XXH LO 30 

ZE ZE,VL,LO,HL,ME,HI ME 31-36 

3 Turn HH ME 37 

5 Turn VH ME 38 

9 Turn XH ME 39 

13 Turn XXH ME 40 

ZE 
ZE,VL,LO,HL,ME,HI,

HH 
HI 41-47 

3 Turn VH HI 48 

5 Turn XH HI 49 

9 Turn XXH HI 50 

ZE 
ZE,VL,LO,HL,ME,HI,

HH,VH 
VH 51-58 

3 Turn XH VH 59 

5 Turn XXH VH 60 

 

Table 1: The linguistic fuzzy relation rules between the input and 

the output fuzzy sets 
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Figure 3: Three dimension plot for 

Short_Turn  output with  

UV and UI 
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    Figure 4: Rules and memberships distribution for certain inputs. 
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Output Input 

Actual 

condition Diagnosis 

condition 
Short_Turn UI UV 

No defected 

Turn 
0.48 1.10 0.18 

Health (No 

defected turn) 

3 Turn defected 2.81 1.56 0.19 3 Turn defected 

5 Turn defected 5.44 1.7 0.22 5 Turn defected 

9 Turn defected 9.22 2.25 0.15 9 Turn defected 

13 Turn 

defected 
12.70 2.95 0.18 

13 Turn 

defected 

17 Turn 

defected 
16.52 3.66 0.21 

17 Turn 

defected 

21 Turn 

defected 
21.3 5.84 0.21 

22 Turn 

defected 

26 Turn 

defected 
26.2 7.29 0.16 

27 Turn 

defected 

29 Turn 

defected 
29.3 9.10 0.23 

30 Turn 

defected 

 

Table 2: Input and out put values for the proposed  fuzzy based diagnosis system for 

inter turn short circuit 
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Appendix A 

Specification of the Inter-Turn Short Circuit Induction Motor Model 

 
Manufacture:  Siemens. 

Input Voltage 3-phase 380V. 

Delta Connected Connection. 

Full load Current =2.8A. 

Supply Frequency= 50Hz. 

No. of Poles = 4 pole. 

Rated speed = 1410RPM. 

Rated Motor Power =1.1Kw. 

No. of Stator Slots =36 slot. 

No. Rotor Slots= 28 bars.  

Back Motor Bearing: A6004. 

No. of Turns per Slot=100 turn. 

Turns per phase=600 turn 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure A.1: Top and Front view of   

the inter-turn short circuit induction motor 

 model (different taps) 
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Figure A.2: The taps terminals of the phase R turns 
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Abstract—The electric propulsion is considered as a promising technology because it 

allows proposing a solution technically feasible and economically viable. This technology 

appears in three main groups of Electric Vehicles (EV): Battery Electric Vehicles (BEV), 

Fuel Cell Electric Vehicles (FCEV) and Hybrid Electric Vehicles (HEV). These types of 

vehicles require extended-speed, constant-power operation from the propulsion system 

(Flux-weakening operation). This paper investigates, in first time, the analysis of this 

phenomenon for the permanent magnet motor. And in the second time, it proposes a 

structure of rotor, adapted to this type of operation, using Flux2D software. 

Keywords—electric vehicle, hybrid electric vehicle, motor drives, permanent magnet 

motors, flux weakening, extended speed, constant- power, Flux2D software.

 

I. INTRODUCTION 

Environmental and economical issues are 

the major driving force in developing 

electric vehicles for urban transportation 

[1][2]. The exhaust emissions of the 

conventional internal combustion engine 

(ICE) vehicles are the major source of 

urban pollution that causes the greenhouse 

effect leading to global warming [1]. 

 

In this paper, firstly, we analyze the 

phenomenon of flux weakening by 

presenting a theoretical study which will 

enable us to know the various parameters, 

the various limits of operation. Then, by 

using the Flux2D software, two structures 

of motor have been done. The first 

describes a structure of bicycle motor 

which we know its parameters. The second 

comprises modifications with an aim of 

having a correct operation in mode of 

demagnetization. 

 

Finally, we give the results obtained by 

comparing the two studied motors and by 

showing the influence of the parameters on 

the flux density and torque. 

II. MOTOR RATING AND DESIGN 

The tractive force ( TF ) in an electric 

vehicle is supplied by the electric motor in 

overcoming the road load ( RF ) [1][8]. The 

equation of motion is given by 

RT

x

m FF
dt

dv
mk    (1)            
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Where mk  is the rotational inertia 

coefficient and it has typical value between 

1.08 and 1.1 dimensionless. 
dt

dvx
 is the 

acceleration of vehicle. 

The desired power rating of the electric 

motor can be calculated from the above 

equations based on the system constraints 

of initial acceleration, vehicle rated velocity 

and vehicle maximum velocity. The desired 

torque at the wheels of the vehicle can be 

obtained from the power relation: 

 

xTwhT vFTPower    (2)            

Where TT  is the tractive torque in (N.m) 

and wh  is the angular velocity of the 

wheel in (m/sec). The angular velocity and 

the vehicle speed related by 

 

whwhx rv     (3)            

Where whr  is the radius of the wheel in 

meters. 

The torque-speed profile of an electric 

motor has three regions; constant torque, 

constant power and natural characteristics 

regions as shown in figure 1. The constant 

torque region extends up to the rated or 

base speed of the motor when the rated 

power condition of the motor is reached. 

The constant power region is the field 

weakening region that helps extend the 

operating speed of the motor beyond its 

rated speed. The motor fails to maintain the 

rated power beyond this region and the 

speed drops according to the natural 

characteristics of the motor [3][6][7]. A 

good efficiency in the field weakening 

region is of extreme importance in electric 

vehicles. 

 
FIG. 1: Torque-Speed curve 

 

The advantages of permanent magnet 

synchronous motor (PMSM) compare to 

other types of motor are high and constant 

torque even at stillstand, higher efficiency 

and better cooling conditions resulted from 

very low rotor losses; the main drawback is 

the relatively high cost [5]. Nowadays, due 

to the continuously reduction of the prices 

of PMSM’s and theirs easier control  

algorithms especially in low speed range, 

this type of the motor is more and more 

popular in several vehicle applications of 

very wide power range [9][10]. 

III. FLUX-WEAKENING 

In order to modeling the PMSM, the 

machine equations in the rotor reference 

frame are used. The flux, current and 

voltage equations of the PMSM model may 

be written shortly in space vector notation 

as [4][8]: 

 

mddd iL     (4)            

qqq iL    (5)            

)exp( edqqddq jijiii   (6)            

)exp( edqqddq jvjvvv  (7)

             

qs

d

dsd
dt

d
iRv 


 (8)             
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ds

q

qsq
dt

d
iRv 


 (9)             

Where di , qi , dv , qv , dL , qL , d  and 

q  are the d-, q-axis components of the 

stator current, voltage, inductance and flux 

linkages, respectively, m  is the flux 

linkage due to the rotor magnets linking the 

stator, R  is the stator resistance, s  and 

e  are the electrical angular velocity and 

the electrical angle of rotor position. 

 

The electric torque equation of the PMSM, 

neglecting the damping effect, is: 

])([
2

3
qddqqme iiLLi

p
T    (10)        

Where p is the number of pole pairs. 

For operation above the base speed, the air-

gap flux is weakened by the demagnetizing 

effect due to the d-axis armature reaction 

[1][9]. 

 

There are constraints when a PMSM is fed 

through an inverter. These constraints can 

be expressed as [8]: 

 

max

22 Iiii qds                           (11) 

max

22 Vvvv qds                         (12) 

 

Where maxI and maxV are the available 

current and voltage of the inverter and 

motor. 

IV. DESIGN WITH FLUX2D 

Flux2D is a computer program to analyze 

and design of devices, based on the finite 

elements method. It treats the magnetic, 

electric or thermal states. These states give 

access to many global or local variables as 

like field, flux, potential, energy, force, etc. 

 

In this section, two PMSMs have been 

integrated in the Flux2D software. The first 

is a reversed structure bicycle motor (the 

rotor is external). Its rotor magnets are 

surface mounted and radial flux as shown 

in figure 2. 

 

 
FIG. 2: The bicycle motor 

 

This contribution proposes some 

modifications on the bicycle motor to 

obtain a second motor. The modified motor 

has a structure very close to that of the 

bicycle motor. Figure 3 shows this new 

structure. 

 

 
FIG.3: The modified PMSM 
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We preserved the diameters of the rotor and 

stator cylinder.  The thickness of magnet 

was decreased. We added barriers of flux 

between the magnets and a magnetic ring 

following the same principle adopted by 

[8]. The thickness of the air-gap did not 

change and the material used for the ring is 

identical to that of the rotor cylinder. 

 

These modifications make it possible to 

reduce the resulting flux by applying a 

current id, to increase the value of reactance 

Xd, and to have a ratio of (Lq/Ld) lower than 

one, therefore a good power-factor, a 

relative sufficient armature reaction and 

finally to protect the magnets against 

demagnetization. 

V. RESULTS AND DISCUSSION 

In order to execute the simulation under 

Flux2D, some steps should be done before. 

These steps are geometry description, 

circuit description, mesh realization, 

physical properties, and parameters 

definition [11]. 

 

Figures 4 and 5 show a comparison of flux 

lines between the bicycle motor and the 

modified motor. The new structure has flux 

lines less than the bicycle motor at the teeth 

level.  

 
FIG. 4: Flux lines – bicycle motor 

 

 
FIG. 5: Flux lines – modified motor 

 

Figures 6 and 7 illustrate a comparison of 

flux density between the two motors. The 

modified motor is less saturated but the 

thickness of magnet is lower a millimetre 

(thickness of magnetic ring). 

 

 
FIG. 6: Flux density bicycle motor 

 
FIG. 7: Flux density - modified motor 

 

We can observe the influence of stator teeth 

on the values of flux density in the air-gap 

as shown in figures 7 and 8. Where (ha) is 
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the thickness of magnet and (ent.) is the air 

gap length. The shape of flux density curve 

depends on the relative position of the rotor 

compared to the stator. 

 

 
FIG. 8: Flux density - bicycle motor 

 

 
FIG. 9: Flux density - modified motor 

 

The static torque depends directly on the 

structure of the motor but also on the 

dimensioning and the energy supply [12]. 

Figures 9 and 10 present a comparison of 

the variation of the static torque according 

to the rotor position at rated current and 

with various values of magnet thickness. 

 

 
FIG. 10: Torque - bicycle motor 

 
FIG. 11: Torque - modified motor 

 

Figure 11 shows the variation of inductance 

according to the position of the rotor for the 

bicycle motor. We can see that this 

structure has an inductance not depending 

on the position of the rotor (the inductance 

of the d-axis is equal to the inductance of q-

axis).  

 

 
FIG. 12: Inductance - bicycle motor 

The inductance of the modified motor 

depends on the rotor position as shown in 

figure 12. This enables us to make the flux 

weakening operation. It was not the case 

with the first motor. 

 

 
FIG. 13: Inductance - modified motor 
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VI. CONCLUSION 

The flux weakening operation of the 

permanent magnet synchronous motor was 

very interesting because it touches all the 

fields of electrical engineering as well the 

study of the machines as the study of the 

speed variation using power electronics.  

In this paper, we have limited our study to 

simulation by using Flux2D only. Cost 

involved in design, development and 

control of motors with extended speed 

operation was not considered in this paper. 
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Harmonic distortion phenomena related to power electronic Loads in 

Distribution System 
Abdul wahab Ibrahim Naser 

7th April University- Faculty of  Engineering- Electronic & Electrical Engineering 

Department 

Abstract 
 All business types, commercial, industrial, goverment and energy / utility have a 

concern with power quality. The reliable and continuos delivery of " expected quality" 

electricity is critical for proper daily operations.from a manufacturing facility to a 

brokerage frim, the need for utility grade or better power exisits.Further , with more digital 

technologies instaled on the load,"highnine" type power requirerments keep increasing . 

Environments in harmonic content can place serious burdens on power distribution 

systemes and the equipments to which it is connected. The problem of harmonics 

penetration in Libyan local distribution systems has been significantly growing during the 

last few years due to increased of nonlinear loads, such as arc furnaces, static power 

convertors, electronic rectifiers and inverters, ( include computers, adjustable speed drives, 
and UPS systemes, TV’s ,Video recorders, Printers, Micro wave ovens, etc.) which 

generate harmonic currents that may produce excessive harmonic distortion on the supply 

system. 

An assessment of the harmonic found in office distribution systems such Dat Elemad 

complex(in Tripoli capital) as a case study yielded sevreal conclusions useful in power 

quality and in the design of electrical distribution systems Spcially power factor. This paper 

describes the status of new source casuing harmonic distortion through the uitilites 

distribution system and consumers. Measurements on several of  power common coupling 

(PCC) at several substations of GECOL (General Electrical Company Of Libya  ) supplying 

the complex has been caried out to determine significant amounts of harmonic currents or 

voltages existed in the distribution system. Subsequent calculations and load profile 
analysis for the case study appeared sigificant levels of harmonics, power analyser used to 

record waveforms and give the magnitude of harmonics compeared with (IEC) standrads, 

harmonic mitigation has been pointed out thertically to decrease the impacts. 

 Key words – harmonic sources, standrads, limits, harmonic analysis, harmonic mitigation. 
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1. Introduction 

The Important items of Harmonic 

distortion phenomena. 

- Harmonic : Is a sinusoidal component 

of periodic wave which has a frequency 
that is an integral multiple of the 

fundamental frequency " Figure (1.1) .To 

the electrical engineer, harmonics are 

voltages and currents, which appear on the 

electrical system at frequencies that are 

integral multiples of the generated 

frequency 

h  =  n p   1   ,,,   Ih  = 
h

I l  

Where :                                                       

h : Harmonic order , Ih : Harmonic current 

.                                         P : Number of 

pulses or rectifires ,,  

Il: Load current 

 
Fig(1.1) shape of a distorted wave 

- Inter-Harmonic: “ Between the 

harmonics of the power frequency voltage 

and current, further frequencies can be 

observed which are not an integer of the 

fundamental ". 

-Total Harmonic Distortion (THD),  " 

Is the  RMS  values of individual harmonic 

currents, voltages expressed as a 

percentage of the fundamental RMS 

current , voltage ". 

 
2.Impactes of harmonic distortion 

 Harmonics can lead to power system 

inefficiency. Some of the negative ways 

that 

harmonics may affect plant equipment are 

listed as: 



1-Conductor Overheating: a function of 

the square rms current per unit volume of 

the conductor. Harmonic currents on 

undersized conductors or cables can cause 

a “skin effect”, which increases with 

frequency and is similar to a centrifugal 

force. 2.Capacitors: can be affected by 
heat rise increases due to power loss and 

reduced 

b- Power system harmonic model 

 

life on the capacitors. If a capacitor is 

tuned to one of the characteristic 

harmonics such as the 5th or 7th, 

overvoltage and resonance can cause 

dielectric failure or rupture the capacitor. 

3.Fuses and Circuit Breakers: harmonics 

can cause false or spurious operations and 
trips, damaging or blowing components for 

no apparent reason. 

4.Transformers: have increased iron and 

copper losses or eddy currents due to stray 

flux losses. This causes excessive 

overheating in the transformer windings. 

Typically, the use of appropriate “K 

factor” rated units are recommended for 

non-linear loads. 
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5.Generators: have similar problems to 

transformers. Sizing and coordination is 

critical to the operation of the voltage 

regulator and controls. Excessive harmonic 

voltage distortion will cause multiple zero 

crossings of the current waveform.  

Multiple zero crossings affect the timing of 

the voltage regulator, causing interference 

and operation instability. 

6.Utility Meters: may record 

measurements incorrectly, resulting in 
higher billings to consumers. 

7.Drives/Power Supplies: can be affected 

by misoperation due to multiple zero 

crossings. Harmonics can cause failure of 

the commutation circuits, found in DC 

drives and AC drives with silicon 

controlled rectifiers (SCRs). 

8.Computers/Telephones: may 

experience interference or failures.[ 
Bulletin No. 8803PD9402, August, 1994]  

3- Power factor implementation. 
Voltage and current harmonics produced 

by nonlinear loads increase power losses, 

and therefore have a negative impact on 

electric utility distribution systems and the 

exact components. 

 

 
 

 

 

 

 

 

 

 

 
 

a-Flow of harmonic currents in a 

distribution network 

 

 

 

 

 

 

 

 

 

 

b - non-linear load and power supply 
modeling 

While relationship between harmonics and 

losses is very complex and difficult to 

generalize, the well established concept of 

power factor does provide some measure 

of the relationship, and it is useful when 

comparing the relative impacts of 

nonlinear loads–providing that harmonics 

are incorporated into the power factor 

definition. The power factor in sinusoidal 

situations could be explained as the 
concept of power factor originated from 

the need to quantify how efficiently a load 

utilizes the current that it draws from an 

AC power system. Consider, for example, 

the ideal sinusoidal situation shown in 

Figure (3-1)[4]. 

 
Fig.(3-1)  Power System with Linear Load 
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The voltage and current at the l 

 v(t )V1 sin  (ωot 1 ………… (3-1) 

 i(t)  I1 sin (ωot  1 ) …………...(3-2) 

Where: 

 V1: peak values of the 50/60 Hz voltage.  

 I1: peak values of the 50/60 Hz current. 

1 : relative phase angle. 

1 :relative phase angle. 

The true power factor at the load is defined 

as the ratio of average power to apparent 

power, or: 

rmsrms

avgavg

true
IV

P

S

P
PF     ......... (3-3) 

For the purely sinusoidal case, (3-3) 

becomes: 
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disptrue

  

(3-4) 

Where: 

 PFdisp : displacement power factor.  

)( 11  :  power factor angle.  

Therefore, in sinusoidal situations, there is 

only one power factor because true power 

factor and displacement power factor are 

equal[4]. For sinusoidal situations, unity 

power factor corresponds to zero reactive 

power Q, and low power factors 

correspond to high Q. Since most loads 

consume reactive power, low power 

factors in sinusoidal systems can be 

corrected by simply adding shunt 

capacitors. 

Now, consider nonsinusoidal situations 

as shown in figure ( 3-2), where network 

voltages and currents contain 

harmonics[4]. 

 

 
Fig. (3-2)   Power System with Nonlinear 

Load 

 

 While some harmonics are caused by 

system nonlinearities such as saturation, 

most transformer harmonics are produced 

by power electronic loads such as 

adjustable-speed drives and diode bridge 
rectifiers. The significant harmonics 

(above the fundamental, i.e., the first 

harmonic) are usually the 3rd, 5th, and 7th 

multiples of 50/60 Hz, so that the 

frequencies of interest in harmonics studies 

are in the low-audible range. When steady-

state harmonics are present, voltages and 

currents may be represented by Fourier 

series of the form: 

)(tv )(sin
1

ko

k

k tkV  




…….(3-5) 

whose  rms (root mean square) value of 

voltage can be shown to be: 











1

2

1

2

2 k
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k

k
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V
V ….(3-6) 

The average power is given by:  

...,)cos( 321

1






avgavgavgkkkrms

k

krms PPPIVPavg   (3-7) 
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where we see that each harmonic makes a 

contribution, plus or minus, to the average 

power. Frequently-used measure of 

harmonic levels is total harmonic 

distortion (or distortion factor), which is 

the ratio of the rms value of the harmonics 

(above fundamental) to the rms value of 

the fundamental, times 100%, or: 

%100
1

2

2








rms

k

krms

v
V

V

THD [4]   (3-8) 

Power factor (P.F) is comprised of two 

components. The first is the phase shift 

induced between the sinusoidal input 
voltage and current due to either the 

inductive or capacitive nature of the load 

and is referred to as the displacement 

power factor (DPF). DPF is defined as the 

cosine of the phase shift angle phi (φ). The 

second component is due to non-linear 

characteristics of the load and is referred to 

as the distortion factor. It is expressed as a 

function of the load’s total harmonic 

distortion (THD). The load’s power factor 

is the product of its distortion factor and its 
displacement power factor. 

 )cos(
1

1
.

2


THD
FP


  …….(3-9) 

Where:  

P.F :  Power factor. 

THD :  Total harmonic distortion . 

cos Ø :  Displacement power factor (DPF). 

 

Basic electronic ballasts are non-linear 

loads with high levels of THD and a low 
power factor. This can be corrected with 

additional electronic circuitry added to the 

ballast, but with a number of trade-offs. 

Historically, most hard wired lighting 

ballasts have been power factor corrected 

to 0.9 P.F. since it was considered likely 

that large commercial buildings will result 

in a dense aggregation of ballasts.  

Typically these densely ballast 

populated commercial buildings were 

illuminated with fluorescent lamp ballast 

systems with a high input Watt rating per 

fixture and potentially a high input VA 

rating [19]. 
 

4.Implementation of standards and 

application criteria: 

In the area of power quality has become 

very evident on GECOL networks, 

harmonic distortion is one of the key issues 

in the design of many types of circuits . 

There are two distinct thought processes 

that can be applied to limit the amount of 

harmonics that are presented in power 

systems, favored by: 1- International 

ElectroTechnical Commission (IEC) is a 

series of limits that is appropriate for 

application at the terminals of any 

particular nonlinear load labeled under 

IEC 1000-3-6, EN61000-3-2, Harmonic 

Current. 2- Institute of Electrical and 

Electronics Engineers (IEEE) and the 

basis for IEEE 519-1992 [2]. These new 

techniques consist of non-linear 

components that are used to control the 

load current. The current became distorted, 

i.e. deviates from the ideal sinusoidal 
waveform, and can be described by 

harmonic and interharmonic currents[2]. 

Mostly  new electronic devices are more 

sensitive to voltage variation than linear 

loads[2]. 
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5. Arc Furnace standards and 

application criteria 
Under unbalanced condtions of electrode 

arcing , there could be significant occur 

under balanced conditions could be 

incrased under unbalanced arcing, amounts 

of third harmonic and their multiples. 

Also, fifth ,seventh harmonics 

6. Transformers and derating standards 

and application criteria  

Saturation of iron magnetic circuit of 

transformer is its only inherent 

characteristic that tends to distort the wave 

shape of power system . If saturation 
exisits, the application of sinusoidal 

voltage to a transformer will produce 

nonsinusoidal exciting current. linear 

capability , depending on harmonic  in 

transformer load current . 

 

 

Simplified Schematic of the ac EAF Arc 

Circuit [8] 

 

 
Equivelent circuit for analysis harmonic 

voltages and currents due to satusration in 

a transformer. 

The increased use of nonliner loads on 

electric power systems has caused concern 

for possible reduces transformer life . By 

using transformer derating factor, the 
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transformer will have capability to supply 

nonliner load current with out lossing 

normal life expectancy . That is  the 

capability of transformer with a given 

nonlinear load which causes heating in the 

hottest spots equal to the value at rated 

linear load . In another way , the 

transformer operates at a certain 

percentage of its

 

Measurments and monitoring of 

harmonics in transformers load currents in 

local distribution system  must be caried 

out frequently for calculations and 

statistical analysis of   the   K  factor 
variation for various transformers .More 

detailed calculation of  K factor rating 

transformer  and more detailes are 

explained in chapter three.  

 The ANSI/IEEE C57.110-1986 

(IEEE Recommended Practice for 

Establishing Transformer Capacity Where 

Supplying Nonsinusoidal Load Currents) 

states that a transformer subject to 

nonsinusoidal load current having more 

than 5% total harmonics distortion needs to 
be derated. Also  uniform methods for 

determine the capacity of transformers to 

supply nonsinusoidal load currents of 

known characteristics  without loss, normal 

life expectancy was established [11]. 

The effect of harmonic current on 

transformer is namely derating factor (K),  

expressed     mathematically as :               
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h : Harmonic order.  

N : Maximum hrmonic order.  

Ih : Harmonic current . 

K: Derating factor. 

And the  maximum permissible rms 

nonsinusiodal load current per unit  of rated 

rms load current . 

rec

rec

MaxPK

MaxP
UPI










1

1
).(max

…(6-2) 

Where: 

K  :                  Derating factor  

Max Pec-r  :   The eddy current loss in the 

area of maximum loss density in per unit of 

rated   secondary winding  I2.R  loss . 

I max (P.U )  :      Maximum permissible rms 

nonsinusiodal load current per unit  of rated 
rms load current . And the winding eddy 

current losses for exisiting transformer. 

7-  Offices Load Results 

Dat Elemad -Offices Complex, Libyan 

central bank are chosen as good examples 

to illustrate the total harmonic distortion 

limits belongs such load type of non linear 

load. 

7-1 Dat Elemad -Offices Complex 

The results has been obtained regarding to 

common coupling points chosen according 
to voltage levels 11KV,0.4KV.   

7-1-1 High Voltage Side : Three sites of 

high voltage 11KV has been chosen: 

1. PCC1  ( Main input feeder from 

Elwatania 30KV substation) 

 The current drawn at delta side 

approximately  balanced, steady state 

voltage received, Maximum Total 

harmonic distortions equal  (3.6%) 

recorded at 3:36 AM, it is within the limit 
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which is equal ( 5% ) figure (4-3), optimum  

Power factor, the total harmonic  distortion 

on  phases L1, L2 extremely high about ( 

5.54%) recorded at 6:21 AM on 

19th/o5/2005 that is because of 

disconnected high inductive and capacitive 

load type  , as the resistive  load type 

increases the value of total harmonic 

distortion decreases . 

Spectrum of voltage harmonic 

 

( VTHD%)distortion percentage of 

voltage Field measurments of total 

harmoni 

 
Max THD% : (3.6%), - IEEE limit = 5 % 

  THD% of PCC1  ( Main input feeder    

from Elwatania 30KV substation) Dat 

Elmaed Complex-7day 
 

2. PCC2  (Main input feeder from 

Elfanadek 30KV substation) 

Maximum Total  harmonic distortion 

shown at early mooring about (4.51%)  
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      Max THD% : (4.07%), - IEEE limit = 5 

% THD% of PCC3  (Main out Feeder 11kv 

from complex substation to towers 4,5)- 

7days 

7-1-2 Low Voltage Side: Tow sites of low 

voltage 0.4KV has been chosen. 

1. PCC4 ( Main out put feeder low 

voltage side of tower number 1 

transformer) 

Maximum total harmonic distortion 

percentage above limits it's  about ( 7.03% ) 

recorded at 5:15AM on 24th/05/2007 figure 

VTHD IEEE 

19.8 5 

Harmonic 
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% of fund . IEEE 

5 12 3% 
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(4-6), all phases inducing harmonic 

distortion approximately  equal  increased 

at night period specially when the resistive 

load switched off where multi of electronic 

devices still  connected even at night,  the 

current drawn seems to be unbalancing that 

is because some of new  load modification 

has been installed with unbalanced 

distributed  , at the weekend  the drawn of 

current reaches to minimum values 

certainly at night this one of the factors 
contributing the transformer of high 

capacity ( 1000)KVA emission percentage 

of harmonic distortion  ,also  with 

unbalanced phases the ability of flowing 

neutral current to high values about (220 

amps)  causing  undesirable harmonic 

orders induced, good power factor, most of 

unwanted orders induced ( 3rd,5th,7th) that is 

because hundreds of single and three phase 

electronic devices with different pulses. 
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Max THD% : (7.03%), - IEEE limit = 5 % 

THD% of PCC4 ( Main out put feeder 

low voltage side of tower number 1 

transformer)-4days 

 

2 . PCC 5 ( Main out put feeder low 

voltage side of tower number 3 

transformer) 

Maximum total harmonic distortion 

percentage above limits it's  about ( 7.42% )  

recorded at 5:34AM on 25th/05/2007 figure 

(4-7), other observations seems to previous 

tower because they are same design and 

extremely same load. 
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 Max THD% : (7.42%), - IEEE limit = 5 % 

THD% of PCC4 ( Main out put low voltage 

feeder side of tower 3 transformer )-4 days 

 

7-2 Libyan Central Bank 

This case study has been chosen to show 
perfectly how much the values of total 

harmonic distortion increases effected by 

the type of electronic offices loads, the 

maximum total harmonic distortion THD%  

reaches ( 93.03%) figure (4-8),  this results 

were taken along one week period and  no 

filters were connected,  from observations 

and investigations related the reason behind 

hugh new electronic devices under 

installation as central control of all Libyan 

banks was the reason behind , anther reason 

makes THD% increases types of  special 
electronic printing and photocopy  

machines used. 
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8- Harmonic Mitigation 

There are many ways to reduce harmonics, 

ranging from variable frequency drive 

designs to the addition of auxiliary 

equipment, two main points discussed first 

the types of mitigation could be used for 

minimizing the influence of affected 

harmonic distortion in the networks, second 

solutions and mitigation methods used to 

over come the THD% found through 

measurements[29].    

8-1  Power System Design [30] 
 Harmonics can be reduced by limiting the 

non-linear load to 30% of the maximum 

transformer’s capacity. However, with 

power factor correction capacitors installed, 

resonating conditions can occur that could 

potentially limit the percentage of non-

linear loads to 15% of the transformer’s 

capacity. By using the following equation 

to determine if a resonant condition on the 

distribution could occur by : 

C

SC
r

KVAR

KVA
h      …………..(5-1) 

hr  :  Resonant frequency as a multiple of 

the fundamental frequency. 

kVASC  :  Short circuit current at the point 

of study. 

kVARC  :  Capacitor rating at the system 

voltage. 

If  hr  equals or is closed to a characteristic 

harmonic, such as the 5th or 7th, there is a 

possibility that a resonant condition could 

occur. 

8-2  Pulse Converter Front End [30] 

 
Typical Twelve-Pulse Front End Converter 

for AC Drive 

5-1-3 Pulse Converter Front End 
In this configuration, the front end of the 

bridge rectifier circuit uses twelve diodes 

instead of six. The advantages are the 

elimination of the 5th and 7th harmonics to 

a higher order where the 11th and 13th 

become the predominate harmonics. This 

will minimize the magnitude of harmonics, 

but will not eliminate them. The 

disadvantages are cost and construction, 

which also requires either a Delta-Delta and 
Delta-Wye transformer, “Zig-Zag” 

transformer or an autotransformer to 

accomplish the 30phase shifting 
necessary for overall drive system 

efficiency rating because of the voltage 

drop operation. This configuration also 

affects associated with the transformer 

configuration requirement. Figure (5-1) 
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illustrates the typical elementary diagram 

for a 12-pulse converter front end. 

8-3 Delta-DeltaandDelta-Wye 

Transformers [30] 

This configuration uses to separate utility 

feed transformers with equal non-linear 

loads. This shifts the phase relationship to 

various six-pulse converters through 

cancellation techniques, similar to the 

twelve-pulse configuration. 
8-4  Isolation Transformers [30] 

An isolation transformer provides a good 

solution in many cases. The advantage is 

the potential to “voltage match” by 

stepping up or stepping down the system 

voltage, and by providing a neutral ground 

reference for nuisance ground faults. This 

is the best solution when utilizing AC or 

DC drives that use SCRs as bridge 

rectifiers. 

8-5 Line Reactors [30] 

More commonly used for size and cost, the 

line reactor is the best solution for 

harmonic reduction when compared to an 

isolation transformer. AC drives that use 

diode bridge rectifier front ends are best 

suited for line reactors. Line reactors 

(commonly referred to as inductors) are 

available in standard impedance ranges 

from 1.5%, 3%, 5% and 7.5%. 

8-6 Harmonic Trap Filters [30] 

It´s used in applications with a high non-

linear ratio to system to eliminate harmonic 

currents. Filters are tuned to a specific 

harmonic such as the 5th, 7th, 11th, etc. In 

addition, harmonic trap filters provide true 

distortion power factor correction. Filters 

can be designed for several non-linear loads 

or for an individual load, as shown in 

Figure (5-2)[29]. 

 
Typical Harmonic Trap Filter 

Configuration 
 

8-7  New Technique of The Passive 

Filter Design  

The main objective of a filter, in general, is 

that the value of the quality factor of the 

filter must be optimum at lowest costs and 

lowest losses. These factors are usually 

contradicting. The objective of our study is 

to put a technique to optimize the design 
criteria of the filter, hybrid active power 

filter configuration shown in figure (5-3).   

The mathematical analysis aiming at 

derivation of equations to obtain the cost 

and the losses of the filter as a function of 

quality factor. 

 
Hybrid active power filter configuration. 

 

8-7-1  Types of Filters 

Harmonic filters are the most common 
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solution to prevent the unwanted harmonic 

currents from flowing back through the 

power system by diverting them through a 

low impedance shunt path with a very little 

flowing back into the rest of the system. 

Thus minimizing the voltage distortion 

caused by any nonlinear loads. It is 

probable to use more than one filter to keep 

the harmonic distortion under its allowable 

limit [10]. Shunt filters are shown in figure 

(5-4-a,b,c) such as: 
●- Single tuned filter. 

●- High-pass filter. 

Single tuned filter absorbs nearly all the 

harmonic currents of tuning frequency with 

low harmonic distortion. In principle, a 

single tuned filter is installed for each 

harmonic to be limited. They are connected 

to the bus bars for which harmonic voltage 

reduction is specified. Together they form a 

filter bank. 

   

       ( a )                  ( b )                ( c ) 
High-Pass-Filters (a ) For 1st- order 

(b) For 2nd- order  (c) For 3rd- order 

Conclusion 

Traditional power electronic system are 

the main reason for harmonic pollution. 

Most variable speed drive applications get 

its power via AC to DC convertor. 

Normally phase controlled thyristor 

convertors have been extensively used 

because of their control simplicity. 

However, the line currents drown by such 

convertors have distorted waves those 

posses harmonics. On the other hand the 

harmonic contents vary randomly because 

they are load dependent. Clearly there is 

need to reduce eliminate these harmonics 

associated with the existing traditional 
power electronics schemes. Harmonic 

current components increase power system 

losses, cause an excessive heating in 

rotating machinery, can create significant 

interference with communication circuits, 

and cause an excessive heating in power 

systems components such as cables, 

capacitors and transformers. Harmonic 

measurements for different load types and 

different bus voltages are studied. 

Proliferation of non-linear loads the makes  
power harmonics are more apparent and 

ascendant . Controlling and monitoring 

industrial system designs and their effects 

on utility distribution systems are a 

potential problem for the industrial 

consumer, who is responsible for 

complying with the IEEE 519-1992 

recommended practices and procedures. 

Industrial facilities should include a system 

evaluation, including a harmonic distortion 

analysis, while planning facility 

construction or expansion. Vendors of non-
linear loads such as variable frequency 

drives can provide services and recommend 

equipment that will reduce harmonics in 

order to comply with the revised IEEE 519-

1992 guidelines. 
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Recommendations 

1. It is advised for the General  Electric 

Company (GECOL) to do a harmonic study 

for customers with nonlinear loads which 

produce harmonics then  recommend and 

encourage  customers to install a harmonic 

filters if the harmonic results exceed the    

standard-limits. 

 It is advised also, that if the customer does 

not install a harmonic filter, GECOL         

must enforce the customer to pay a penalty. 
2. Customer with nonlinear loads that 

produce harmonics should perform 

harmonics study to find out if their systems 

exceeding the limit of the harmonic 

standards or not .  
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Abstract: 

 
     Current spectrums of a four pole-pair, 550 kW induction machine were calculated for 

the cases of full symmetry and static eccentricity. The calculations involve integration of 93 

electrical plus four mechanical ordinary differential equations. Electrical equations account 

for variable inductances affected by slotting and eccentricities. The calculations were 

followed by Fourier analysis of the stator currents in steady state operation. Zooms of the 

current spectrums, around the 50 Hz fundamental harmonic as well as of the main slot 

harmonic zone, were included. The spectrums included in the full contribution will refer to 

both calculated and measured currents.  

 

Key words: 
     Induction machine, diagnostics, current spectrum, harmonics. 

 

1. Introduction 
 

     Induction machines are responsible for 

conversion of about 65% of electrical 

energy produced all over the world into 

mechanical energy. Hence, diagnosing such 

machines is a very important issue. 

Mature procedures have been elaborated by 

many researchers [1], [2], [3] dealing with 

diagnosing cage asymmetries. Development 

of these procedures can be supported by 

induction machine models recognizing only 

the fundamental harmonic. In contrast to 

this, the models admitting static or/and 

dynamic  

eccentricities have to be based on poly-

harmonic models. 

 

     The calculations presented in this paper 

as well as in [4], [5] are based on the poly-

harmonic model accounting for static and 

dynamic eccentricity, stator and rotor 

slotting, parallel branches as well as cage 

asymmetry. In addition, in [6] the effect of 

the polluted supply voltage on the current 

spectrum was accounted for as well. 

This paper, will present the effect of the 

static eccentricity on the spectrum of the 

induction machine stator currents. The 

paper will also present the spectrum in case 

of healthy machine and demonstrate the 

difference between the two cases via 
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comparing the harmonics contained in 

stator current spectrums in each case. The 

spectrums presented in this paper rely on 

calculations performed with special 

software (AS2).  

     The program for dynamic simulation 

consists of four base classes [7]: 

- Class Pa1 calculates mainly leakage 

inductances. 

- Class In16 calculates self and mutual 

main inductances accounting for true stator 

winding configuration as well as for 

slotting and eccentricity. 

- Class De18 calculates derivatives of the 

inductances, with respect to rotor angle. 

 

2. Full Symmetry 
 

     In order to provide reference basis the 

calculations have been performed for the 

case of fully symmetrical machine (no 

eccentricity). The full spectrum of the stator 

line current is shown in figure 1. It contains 

the 50 Hz fundamental harmonic as well as 

the main slot harmonic Slh, of the 

frequency of about 1140 Hz, and amplitude 

of about -33dB. The frequency of the main 

slot harmonic can be predicted by the 

following formula [8]: 

 

  snsNRhf  11          (1) 

 

Where: the supply frequency f1 =50 Hz, the 

parameter h =1 [9], NR = 88, the slip s = 

0.00846, and the synchronous speed ns = 

f1/p = 12.5 revolutions per second. In 

addition, the spectrum contains the second 

slot harmonic, of the frequency of about 

2130 Hz, which is out of our interest. 
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Figure1. Spectrum of the stator current (full symmetry) 

 

3. Static Eccentricity 
 

     In this case the spectrum of the stator 

line current iA will be demonstrated, 

considering that the rotor axis is shifted by 

a certain value of the geometrical air gap 

thickness toward the first coil group of the 

stator phase A [10], [11]. 

Fig. 2.a refers to the case of 50% static 

eccentricity. The spectrum of the stator line 

current contains a pair of harmonics in the 

main slot zone, as compared to just the 

main slot harmonic Slh in the case of full 

symmetry (fig.1). This new twin harmonic 

(tw) is spaced by about 100 Hz to the left of 

the main slot harmonic Slh, as shown in fig. 

2.b. Its frequency is about 1040.7 Hz and 

its amplitude about -75 dB that gives clear 

evidence for the static eccentricity. The 

frequency of the twin harmonic, tw, can be 

predicted by the following formula [8]: 
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  snsNRhf  11  (2) 

 

Where: the supply frequency f1 = 50 Hz, the 

parameter h = 1 [9], the no. of rotor slots 

NR = 88, the slip s = 0.0084558, and the 

synchronous speed ns = f1/p = 12.5 

revolutions per second. 
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g.2.a Spectrum of the calculated stator 

current 

(50% static eccentricity) 

 

900 950 1000 1050 1100 1150 1200
Frequency (Hz)

-100

-80

-60

-40

-20

0

St
at

or
 li

ne
 c

ur
re

nt
 (d

B)

Slh

tw

Fig.2.b Zoom of the main slot harmonic 

zone 

(50% static eccentricity) 

Further calculations were performed for the 

cases of 60% and 70% static eccentricity. 

The spectrum of fig.3 refers to the case of 

60% static eccentricity. In this spectrum the 

twin harmonic tw is clearly visible, to the 

left of the main slot harmonic Slh, having 

now higher amplitude (-70 dB) as 

compared to (-75 dB) in the previous case 

of 50% static eccentricity. In practically the 

same manner, the twin harmonic tw is 

present; to the left of the main slot 

harmonic Slh, in the spectrum of fig.4, 

which refers to the case of 70% static 

eccentricity. The amplitude of the twin 

harmonic again increased, reaching now the 

level of about -65 dB, as a result of 

increment of the static eccentricity degree. 

That proves the possibility of relying on the 

twin harmonic as a clear sign for existence 

of the static eccentricity. 
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Fig.3 Spectrum of the calculated stator 

current 

(60% static eccentricity) 
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Fig.4 Spectrum of the calculated stator 

current(70% static eccentricity) 

 

4. Case Studies 
     Spectral analyses have been performed 

for a number of currents really registered in 

the industry. The currents analyzed refer to 

a number of four pole pairs, 550kW 

induction machines, labeled in the industry 

as WS. The registered currents have been 

taken from the data base owned by the 
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Chair of Electrical Machines, AGH 

University of Science and Technology. 

Among all the cases analyzed, there were 

some cases found to show up some static 

eccentricity. In the following there are two 

examples of the really measured currents, 

referring to the WS, 550 kW, machines, 

(files names 1WS2U2 of 22.09.2005 and 

3WS2U2 of 19.10.2005).  

These two cases were classified as static 

eccentricity ones, due to the presence of the 

twin harmonic tw, to the left of the main 

slot harmonic Slh, as shown in figs. 5c and 

6.c. It delivers clear evidence for the static 

eccentricity in these cases. Hence, these 

two cases were classified as showing up 

pure static eccentricity.  
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Fig. 5.a Spectrum of the measured stator 

current 

(1WS2U2 of 22.9.2005) 
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Fig. 5.b Zoom around 50 Hz of the 

measured stator current (1WS2U2 of 

22.9.2005) 
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Fig. 5.c Zoom of the main slot harmonic 

zone of the measured stator current 

(1WS2U2 of 22.9.2005) 
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Fig. 6.a Spectrum of the measured stator 

current  

(3WS2U2 of 19.10.2005) 
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Fig. 6.b Zoom around 50 Hz of the 

measured stator current (3WS2U2 of 

19.10.2005) 
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Fig. 6.c Zoom of the main slot harmonic 

zone of the measured stator current 

(3WS2U2 of 19.10.2005) 

 

 

5. Conclusions 
 

1. The main slot harmonic is present 

in all calculated current spectrums, 

referring either to the symmetrical 

or asymmetrical machines, 

practically independent on 

whether the machine is affected by 

static eccentricity. 

 

2. The experience gathered from 

performing a lot of calculations 

allowed to conclude that to secure 

visibility of the harmonics bearing 

information about static 

eccentricity, it is recommended to 

calculate the current spectrums 

down to   -100 dB with respect to 

the 50 Hz fundamental harmonic. 

 

3. The calculations proved that the 

main slot harmonic zone is, from 

diagnostic point of view, the most 

important zone, as it contains 

diagnostic information, in form of 

the most important diagnostic 

harmonic. In addition, the main 

slot harmonic zone is cleaner as 

compared to the fundamental 

harmonic zone, normally polluted 

by many other harmonics like 

higher harmonics of the supply 

system.  

 

4. Pure static eccentricity is 

characterized by a pair of 100 Hz 

spaced harmonics in the main slot 

harmonic zone. This pair of 

harmonics consists of the main 

slot harmonic which is always 

present, independently of the static 

eccentricity, and the twin 

harmonic which gives evidence for 

the static eccentricity. 

 

5.  The amplitude of the twin 

harmonic is affected by the degree 

of the static eccentricity, and 

generally, it is quite conspicuous 

whenever the degree of the static 

eccentricity trespasses 50% of the 

air gap length. 
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Abstract: 

Three phase induction motors are at the core of most engineering processes. In general, 

they are inherently reliable because of their mechanical simplicity and require very little 

attention, except at infrequent intervals when the plant is shutdown for inspection. 

Nevertheless, like any electromechanical system, electric motors do fail. Unanticipated 

failure can lead to consequential damage and very costly downtime. Hence, early and 

accurate fault detection and diagnosis through a reliable condition monitoring system are 

key.  

Supply voltage fluctuations or imbalance between the phases can cause operational 

problems such as overheating which leads to winding insulation over-stress. There are a 

number of common methods based on vibration and power parameters which provide an 

indication of such incipient faults.   

In the research work presented here an air-borne acoustic based monitoring technique is 

investigated and used to detect three phase induction motor phase imbalance and evaluate 

its severity. A novel method based on the short-time Fourier transform (STFT) and energy 

contained in selected frequency bands is proposed. The reliability and repeatability of the 

proposed method is examined and compared with the vibration and power parameter based 

methods. The experimental work was carried out using a 1.1kW variable speed three phase 

induction motor with varying output load (No load, 25%, 50%, 75% and 100% load) at 

varying phase imbalance (5, 10, 15, 20 and 25 V drops).  

It was concluded the proposed method offers a reliable and inexpensive condition 

monitoring tool which can be implemented with real-time monitoring systems. 

 

1. Introduction  

Condition monitoring  and condition 

based maintenance aim at increasing 

machine availability, performance, 

reducing consequential damage, increasing 

machine life, reducing spare parts 

inventories and reducing break-down 

maintenance. Induction motor faults such as 

winding faults, unbalanced stator and rotor, 

broken rotor bars, eccentricity and bearing 

faults have been studied. Several studies 

have shown that 30%-40% of induction 

motor failures are due to stator winding 

breakdown. Slow fluctuations in the supply 

voltage or even imbalance between the 

phases can cause operational problems such 

as overheating which leads to winding 
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insulation over-stress. As a thumb rule, for 

every 3.5% voltage unbalance per phase, 

the winding temperature increases by 25% 

in the phase with the highest current. 

Transient voltage conditions result in 

reduced winding life [1]. There are a 

number of common vibration and power 

parameter based methods for detecting such 

faults and to provide an indication of 

incipient faults. The concept of using the 

motor as a transducer and measuring the 

current consumed from each phase has been 

used in condition monitoring. It has the 

major advantage that it does not required 

direct access to the motor being monitored. 

The line current can be easily monitored 

with either a current (clamp-on) 

transformer or a Hall-effect transducer. 

This method is commonly called motor 

current signature analysis (MCSA) [2]. 

Several researchers have used per-phase 

current to detect and diagnose eccentricity 

[3], broken rotor bar [4-6] and bearing 

problems [7, 8]. Park’s vector approach and 

finite element method techniques were used 

by Benbouzid to investigate MCSA [9].  In 

ref. [10] Acosta et al., combined MCSA 

and extended Park’s vector approach 

(EPVA) for fault detection and diagnosing 

induction motor stator and rotor related 

faults.  

The measurement of machine vibration 

has long been one of the most popular 

techniques for machine condition 

monitoring. Structural vibration has a long-

established theoretical background through 

traditional dynamics and control theory. 

The vibration of either the motor stator core 

or    end-caps can be easily monitored by an 

accelerometer which is usually mounted on 

the motor. There have been many practical 

demonstrations of the capability of 

vibration monitoring to detect a wide range 

of motor faults; these include shaft 

eccentricity/ misalignment [11,12], bearing 

faults [12], looseness [13], rotor imbalance 

[6], and broken rotor bar [6,12,13]. In ref. 

[14] Liang et al showed that both current 

spectra and vibration spectra are able to 

reveal broken rotor bars faults. 

Conventional techniques involving 

vibration may not be able to detect a 

growing fault due to the low impact energy 

generated by the small relative movement 

of components. As an alternative to 

accelerometers, the acoustic emission (AE) 

technique has been widely used in the fault 

diagnosis. AE is a high frequency analysis 

technique which was initially developed as 

a non-destructive testing (NDT) tool to 

detect crack growth in materials and 

structures. Today AE is increasingly being 

used as a means of monitoring the health of 

industrial machines. Rao [15] has provided 

a review on the state-of-the-art of AE 

technology in machine condition 

monitoring. Yoshioka [16] has shown that 

AE techniques can detect defects before 

they appear in the vibration acceleration 

range and can also identify possible sources 

of AE generation during a fatigue life test 

of thrust ball bearing. 

Microphones are commonly used as 

transducers in acoustic monitoring to 

acquire data on acoustic signals and/or 

noise waveforms in many condition 

applications, including induction motors. 

Microphones are sensitive devices with the 

advantages of wide frequency response 

range and easy installation.  

Analysing the measured signal using 

conventional signal processing techniques 

such as fast Fourier transforms (FFT) does 

not always achieve adequate results. E.g. 

time information is lost when transforming 

to the frequency domain. When looking at a 

Fourier transform of a signal, it is 

impossible to tell when a particular event 

took place. In an effort to determine when 
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and at what frequencies a signal event 

occurs, Gabor [17] derived the short-time 

Fourier transform (STFT). 

The STFT represents a sort of 

compromise between the time and 

frequency based views of a signal. It 

provides some information about both 

when and at what frequencies a signal event 

occurs. STFT is based on application of a 

time window in determining the 

localisation of the spectrum in the time 

domain [17]. In ref. [18] Jorado et al., 

concluded that the discrete STFT is more 

suitable for harmonic analysis and by 

selecting a small window length, the STFT 

is able to detect transients within noisy 

data. Wang et al., presented a comparative 

study of two types of time-frequency 

domain analysis methods to the ultrasound 

pulse-echo signals of steel pipe defects 

[19]. In ref. [20] an experimental study 

showed that using the STFT for fault 

diagnosis and classification in induction 

motors, where the faults were broken rotor 

bars and broken end rings, increased 

accuracy rates.  

It was noted that much of the work 

carried out has dealt with detecting phase 

imbalance faults at higher degrees of 

severity, e.g. voltage drops of 10% and 

over. The novelty of this work lies on 

detecting very low phase imbalance related 

faults.  

This paper is organized as follows. In 

the second section the proposed signal 

processing technique is introduced. 

Numerical simulation and method 

validations are presented in Section 3. 

Section 4 describes the test rig, the 

instrumentations and data collection. 

Results discussions and conclusions are 

presented in Sections 5 and 6 respectively.  

2. Conventional and the proposed 

signal processing technique  

Measurements taken by sensors are 

usually raw data; therefore to extract some 

machinery condition information one has to 

use signal processing techniques. In 

general, there are three main signal 

processing techniques: time domain, 

frequency domain and time-frequency 

domain.  

2.1 Time domain  

One of the simplest detection and 

diagnostic approaches is to analyse the 

measured signal in the time domain. A 

number of statistical parameters can be 

extracted such as root mean square (RMS), 

peak, crest factor, kurtosis, skewness, etc. 

The choice of such approaches depends on 

the nature of the signal and the required 

information.   

2.1.1 Root mean square (RMS) 

The RMS value of the signals is 

expressed in Equation 1.  

       (1)      

Where xi is the i-th member of signal x 

and N is the number of points for signal x  

2.1.2 Crest factor  (CF) 

It is defined as the peak value of the 

signal divided by the RMS value of the 

signal. The CF measures the spikiness of a 

signal and is used to characterise signals 

containing repetitive impulses in addition to 

a lower level continuous signal.  

2.1.3  Kurtosis 

It looks at the fourth moment of the 

spectral amplitude difference from the 

mean level. A mathematical definition of 

kurtosis is given by [21]. 
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           (2)          

where  is the mean value of the 

samples.  

  2.2 Frequency domain  

The signal could be transformed into 

frequency domain using Fourier analysis. 

Analysing data in the frequency domain is 

especially valuable as signal frequency 

features are directly interpretable in terms 

of machine components.  

Spectrum analysis is the usual method 

in transforming raw data into frequency 

domain. Its mathematical formula is:    

          

(3) 

Where x(t) is the signal in the time 

domain, X(f) is its Fourier transform and f 

the frequency. 

Therefore, the FT determines the 

strength/energy of a particular frequency 

component.  In practical applications, the 

measured signal is not continuous, but 

sampled at time intervals (sampling 

frequency). Therefore discrete Fourier 

transforms (DFT) are required.  

For real-time measurements, Fourier 

transforms have three main hardware 

limitations. First, the captured sensor 

signals are not free of noise. Second, the 

data only has a finite number of samples. 

Third, a digital computer can only evaluate 

the Fourier transform at a finite size of 

frequency interval.  All of these hardware 

limitations reduce the accuracy in analysing 

the various frequency components of a 

signal.  

 

 

2.3. Time-Frequency domain  

Clearly, true signal representation in 

joint time and frequency domains is 

desirable and will maximise condition 

feature extraction capabilities. It is possible 

to view both time and frequency 

information simultaneously in the time-

frequency plot. Hence the change in 

particular frequency components may be 

related to particular instances in time, 

allowing the possibility of improved fault 

location. There are many algorithms for 

achieving a time-frequency plot such as the 

STFT, Wigner-Ville distribution and 

wavelet transform. 

2.3.1 Short-time Fourier transform 

(STFT):  

As described in the previous section, the 

FFT provides the frequency information of 

a signal, however without time information. 

One way of getting a time-frequency 

representation is to apply the short-time 

Fourier transform STFT. The principle of 

the STFT is to divide a time signal into 

equal length sub-blocks by using a sliding 

window function and perform the Fourier 

transform on each of the sub-blocks 

separately (Eq. 4) 

      

(4) 

where ω(t) is the window function. 

As a result the STFT can extract the 

frequency information of a signal while 

maintaining time information. However, the 

STFT reduces the frequency resolution of 

the signal because the STFT divides the 

signal into smaller sub-blocks with less 

observation time. Hence the frequency and 

time resolution of the STFT technique 

depend on the length of the window. A 

longer window means higher frequency 

resolution but lower time resolution, while 
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a short window means lower frequency 

resolution but higher time resolution.  

2.4. The proposed method 

Most studies for condition monitoring 

are focusing on conventional techniques 

which are based on statistical analysis of 

the signal in the time domain to detect any 

damage in the induction motor. RMS, crest 

factor, kurtosis and figures of merit 

parameters have been considered for this 

technique. Each parameter has been defined 

in detail in the references [21, 22]. 

The proposed method is based on using 

STFT and subsequently calculating the 

energy levels of certain frequency bands; 

rotor frequency, power supply frequency 

and their sideband zones. Equation 5 

mathematically expresses this novel 

method: 

 

where TE is the frequency band total 

energy level, f1 and f2 are the lower and 

upper frequency boundaries, respectively 

3 Numerical simulation  

Conventional analysis using statistical 

parameters and the Fourier transform of a 

periodic, stationary and deterministic 

signal, cannot take into account the 

temporal variation of the spectral 

characteristics of a non-stationary signal. 

Consider the two signals shown in Figure 

1. The first signal is represented in 

Equation (6):  

(6)   )1502sin(

)902sin()252sin()(1
t

tttf








 

This signal has frequencies of 25, 90 

and 150 Hz at any instant in time; therefore 

it could be described as a stationary signal. 

Figure 1(a) represents a 1000ms period of 

this signal and its frequency spectrum is 

shown in Figure 1(b).  

 

 

Figure 1 Time and frequency domain 

representation of the two signals f1 and f2. 

(a) f1 in time domain, (b) f1 in frequency 

domain, (c) f2 in time domain and (d) f2 in 

frequency domain 

A non-stationary signal 2f contains the 

same frequency components as f1 but in 

three discrete and different time intervals.  

 

 

 

 

 

 

A 1000ms length of this signal is plotted 

in Figure 1 (c) and its spectrum is plotted in 

Figure 1 (d).  The time interval 0 to 350 ms 

contains a 25 Hz sinusoid, the interval 350 

to 700 ms contains a 90 Hz sinusoid, and 

the interval 700 to 1000 ms contains a 150 

Hz sinusoid as described in Equation (7).  

(7) 

1000700)*150**2sin(

700350)*90**2sin(

3500)*25**2sin(

)(2

























ttpi

ttpi

ttpi

tf







     

 Comparing the signals represented in 

Figure 1, both of the signals include the 

same frequency components, but while 

Figure 1 contains all three signals at all 
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times, the second contains the signals over 

different time intervals, the time domain 

representations are completely different. In 

the frequency domain, apart from the 

jagged noise along the bottom of the scale 

(introduced due to the sharp transition from 

one frequency to the next), 2f  is almost 

identical to 1f . This is because the Fourier 

transform does not take time information 

into account. The Fourier transform simply 

identifies all frequencies contained in the 

signal, but it does not provide the 

information regarding the time when those 

spectral components appear. Therefore, the 

Fourier transform is not a suitable 

technique for non-stationary signals. 

 

Figure 2 Time and frequency domain 

representation of the two signals f1 and f2 

(a) 1f time domain, (b) f1 time- frequency 

domain, (c) f2 time domain and (d) f2 time- 

frequency domain 

In order to accurately represent the 

frequency information contained in a 

nonstationary signal, a technique that 

presents time information and frequency 

information needs to be used, producing a 

signal spectrum in the time-frequency 

domain.  

Time-frequency analysis is a novel 

signal processing method making it 

possible to see both the time and frequency 

information at the same time. It displays the 

combined results from the time and 

frequency analysis in a two or three-

dimensional way which plots the 

amplitudes against time and frequency axes 

as shown in Figure 2. Comparison of Figure 

2(b) and Figure 2(d) reveals that signals 1f  

and  2f  can easily be distinguished.  

Comparing the signals represented in 

Figure 3, both signals include the same 

frequency components and both have an 

amplitude “spike” inserted at the same 

instant. Figure 3(a) contains all three 

signals at all times, while Figure 3(b) 

contains the three signals in sequence. I.e., 

the time domain representations are 

completely different. In the frequency 

domain 2f  is very similar to 1f  because 

the Fourier transform does not take time 

information into account. When time-

frequency analysis used, see Figures 4(b) 

and 4(d), that signals 1f  and  2f  can 

easily be distinguished and the time 

information on the presence of the spikes is 

presented.  

 

Figure 3 Time and frequency domain 

representation of the two signals f1 and f2 

with spike. (a) f1 in time domain, (b) f1  in 

frequency domain, (c) f2  in time domain 

and (d) f2 in frequency domain    

 

 

 

 

 

 

 

Figure 4 Time and frequency domain 

representation of the two signals f1 and f2 

with spikes. (a) f1 time domain, (b) f1  time- 
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frequency domain, (c) f2 time domain and 

(d) f2 time- frequency domain. 

Using this technique to analyse 

vibration and airborne acoustic signals 

emitted by electromechanical machinery 

enables us to link every event observed in 

the time-frequency plane to one excitation 

source. It is then possible to measure the 

energy of each event and to quantify the 

part of each excitation mechanism in the 

emitted signals to those sources on the 

outer surfaces of the machinery. 

To describe this temporal variation of 

induction motor airborne acoustic signals, 

an evaluative spectral analysis must be 

performed using time-frequency methods. 

Such methods are a good tool for 

describing the spectral contents of a 

transient signal, by their nature normally 

highly nonstationary, as a function of time. 

They enable several patterns superimposed 

in time and/or in frequency, within the 

same transient signal, to be located and 

separated in the time – frequency plane.  

An efficient time-frequency method 

should allow us to: 

1- Locate at each point of the 

structure the responses inherent to 

each source of excitation, 

2- Analyse the frequencies 

associated with each source of 

excitation, and 

3- Measure the contribution of 

each source of excitation in terms of 

energy.  

4  Instrumentation and data 

collection  

The schematic diagram for the test rig 

and instrumentations is shown in Figure 5. 

It comprises a 1.1kW variable speed 

induction motor, a DC Generator and a 

resistor bank to act as a load and to 

dissipate the electrical energy. The 

instrumentation consisted of an 

accelerometer, current transducer and a 

condenser microphone. The current sensor 

module of (PR 30) measuring range was 

from 0 to 30A, output sensitivity is 

100mV/A, resolution ±1mA. 

Accelerometer sensitivity is 100mV/g. The 

output of the accelerometer is filtered and 

amplified via a charge amplifier. The 

measured data is then transferred to the 

computer using 24-bit resolution data 

acquisition. The sampling frequency was 

set to 50k Hz.  

The developed Labview based system 

allows the user to monitor and store 

machine variables, and subsequently a 

Matlab code was used for further signal 

processing. 

 

Figure 5 Schematic diagram of induction 

motor test rig 

5 Experimental Result 

The motor was tested at 1500 rpm and 

100% load in a healthy condition and then 

under four different phase imbalance 

voltage of 5, 10, 15, 20 and 25 V; these 

represented 2%, 4%, 6%, 8% and 10% 

respectively, of the main nominal voltage 

level. A number of statistical methods were 

applied to the measured current, vibration 

and acoustic signals; see Figure 6. The 

applied statistical signal processing 

includes RMS, CF and Kurtosis. No 

sufficient and reliable condition related 
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information can be observed even in the 

case of 10% voltage imbalance.  

The measured signals were transformed 

into the frequency domain, where the 

frequencies of their main components were 

indentified; see Figures 7 to 9. Three 

frequency components could be determined 

within the vibration signal. The current 

spectrum, Figure 7, doesn’t show condition 

related information in all cases and the 

spectrum was mainly dominated by the 

50Hz mains frequency and its harmonics. 

In Figure 8 (vibration) the first frequency 

component is at 25 Hz, rotor rotation speed. 

The second is at 50 Hz, due to the power 

supply or the second harmonic of rotor 

running speed. The third was at 100Hz, 

which could be the second harmonic of 

power supply frequency or fourth harmonic 

of the rotor frequency. There was a slight 

increase in the amplitudes of these 

components. 

 

 

 

Figure 6 Time domain parameters 

Figure 9, represents the spectral domain 

analysis of the measured acoustic signals, 

frequency components similar to those in 

the vibration signals are seen. These 

amplitudes are not significantly different 

from those of the normal motor harmonics. 

Clearly, spectral analysis of the measured 

current, vibration and acoustic signals has 

failed to provide sufficient information 

about the motor condition and the severity 

of the phase imbalance.  

 

 

 

 

 

 

 

Figure 7 Measured current signal in 

frequency domain, at 100 % load 

 

 

Figure 8 Measured vibration signal in 

frequency domain, at 100 % load  

 

Figure 9Measured acoustic signal in 

frequency domain, at 100 % load 
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In an effort to extract phase imbalance 

severity information the method described 

above was applied to the measured acoustic 

signals. Figures 10 and 11 present the STFT 

analysis of the acoustic signals when 

running at 1300 rpm and 1500 rpm 

respectively. The frequency components 

identified are the same as those identified in 

the acoustic and vibration spectral domain; 

however STFT is more sensitive and has 

better localisation capabilities than 

conventional Fourier analysis.  

 

 

 

 

 

 

 

 

  

Figure 10 STFT acoustic signals at 100% 

load, various imbalance phase faults at 

1300rpm 

 

 

 

 

 

 

Figure 11 STFT acoustic signals at 100% 

load, various imbalance phase faults at 

1500rpm 

The energy levels were calculated for 

the motor running frequency (20 to 40 Hz), 

supply frequency (45 to 60 Hz) and the 

frequency band from 80 to 100 Hz. Figures 

12, 13 and 14 show the energy for all cases. 

It can be seen that there is a direct 

relationship between the fault severity and 

the energy levels for both speeds. The curve 

gradually rises as imbalance phase 

increased; it is a linear increase between 

2% to about 7% fault severity especially for 

the speed of 1300rpm.  

 

Figure 12 Energy levels of twice power 

 

 

Figure 13 Energy levels of rotor rotation 

speed frequency band 
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Figure 14 Energy levels of power supply 

frequency band 

 Conclusion  

In this work the results of raw data 

obtained from physical machine parameters 

are presented. FT and STFT are used to 

present the results in the frequency domain 

and joint time-frequency domain. Time 

domain analysis could be used to obtain the 

motor condition qualitatively using RMS 

value, crest factor and Kurtosis. For 

primary investigation, time domain analysis 

provides a rough assessment and is not 

appropriate for fault classification and 

ranking. Frequency domain analysis of the 

acoustic signals provides detailed 

information of the spectrum and may reveal 

some hidden features of short duration. The 

alternative approach to such non-stationary 

signals is the STFT that provides useful 

information about any signal in the time 

domain for different bands of frequencies. 

It is concluded there is a big advantage in 

using STFT and the energy levels 

calculations as a voltage imbalance severity 

evaluator. 
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Abstract 

     Solid oxide fuel cell (SOFC) is considered extremely suitable for electrical power plant 

applications. The high temperature (HT) and intermediate temperature (IT) SOFC 

performances are calculated using numerical models that are built in Aspen customer 

modeller and  integrated in Aspen Plus
TM

 for the internally reformed (IR) fuel cells. In this 

study, two types of combined cycles are proposed and investigated: a combined cycle 

consisting of a two-staged combination of IT-SOFC and HT-SOFC, and another consisting 

of two stages of IT-SOFC. Moreover, the effects of various parameters such as operating 

temperature, current density, fuel recirculation rate, and cell pressure on the system 

performance are evaluated. The simulation results show that the cycle efficiency increased 

when cell pressure, fuel utilization rate and fuel recirculation rate increase. Furthermore, 

two stages IT-SOFC system together with gas turbine can lead to highly efficient power 

cycle. 

Keywords: SOFC; Combined cycle; Performance; Cycle analysis  

1. Introduction 

     Fuel cells convert chemical energy into 

electrical energy and have the advantage of 

a continuous supply of reactant gases. Fuel 

cells used for stationary energy production 

are typically high temperature cells. A 

combined cycle consisting of two or several 

stages of SOFC is recently being 

investigated as a means to increase the 

SOFC share of power production and thus 

increase the efficiency of the cycle. The 

United States Department of Energy (DOE) 

has investigated ways to achieve a power 

generation efficiency of 80% and has 

proposed a multi-staged fuel cell system 

with five serial stages of fuel cells in order 

to reduce the regenerative heat for fuel and 

air, and to extend the operating temperature 

range of fuel cells.  Power generation 

system consisting of two-staged externally 

reformed SOFCs with serial connection of 

low and high temperature SOFCs is 

investigated. The results show that the 

power generation efficiency of the two-

staged SOFCs is 50.3% and the total 

efficiency of power generation with gas 

turbine is 56.1% under standard operating 

conditions [1]. This demonstrates the 

advantages of the proposed two-staged 

SOFC cycle.  

The operating temperature of HT-SOFC 

is between 950 and 1000°C because the 

YSZ solid electrolyte has low ionic 

conductivity at lower operating 

temperatures. The high operating 

temperature causes many serious problems, 

such as physical and chemical degradation 

of the electrode materials, and so it is 
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desirable to develop SOFCs operating at or 

below 800°C. Such operating temperatures 

can be achieved by using an extremely thin 

but dense YSZ electrolyte or a more 

conductive electrolyte [2]. Several recent 

works focused on intermediate temperature 

SOFC.  

 Hydrogen is not freely available in 

nature. As a result hydrogen is most of the 

time produced from fossil fuels. Due to the 

high temperature in the high temperature 

fuel cells (SOFC or MCFC) and the water 

production during the electrochemical 

reaction, SOFCs can allow for internal 

reforming. This means that natural gas is 

directly fed into the fuel cell, where it will 

convert to hydrogen. The heat necessary for 

this reforming reaction is delivered by the 

electrochemical reaction in the cell. In 

previously paper [3], the performance of 

internal and external reforming molten 

carbonate fuel cell (MCFC) systems was 

investigated. The simulations show that the 

internal reforming MCFC system is more 

efficient than the external reforming MCFC 

system.  

    In this paper, thermodynamic models for 

internally reformed intermediate and high 

temperature SOFCs are developed. These 

fuel cells are combined in different ways in 

order construct single-staged and two-

staged fuel cell systems combining different 

cell types. The aim of the paper is to find 

the best configuration for a single-staged or 

a two-staged combined internally reformed 

system.  

2. Cycles description 

  The SOFC cells currently in operation 

are fuelled with natural gas. The high 

temperature inside the cell stacks allows for 

reforming the methane directly inside the 

cell if steam is provided at the inlet. The 

heat necessary for this reforming reaction is 

delivered by the electrochemical reaction in 

the cell. The pure methane (CH4) fuel is 

provided at atmospheric conditions. Part of 

the anode gases is recycled in the cycles 

because the anode gases contain the steam 

needed for the reforming reaction. This is a 

way of avoiding a steam generator in the 

cycles as it was adopted by [1]. The 

characteristics of the systems are given in 

Table 1.  

2.1 IT-SOFC/HT-SOFC combined cycle 

     Figure 1 is a diagram of the combined 

cycle consisting of IT-SOFC and HT-

SOFC. In this cycle the anode flows of the 

IT-SOFC and HT-SOFC are connected in 

parallel while the cathode flows are 

connected serially. Methane is admitted 

into the heat exchanger H/E2 to preheat the 

methane. The preheated methane is split 

into two equal parts, one of which is mixed 

with the recycling anode gases of the IT-

SOFC stack; the mixture is supplied to the 

anode side of IT-SOFC stack. The other 

part of the preheated methane is mixed with 

part of the recycling anode gases of the HT-

SOFC stack and then delivered into the 

anode side in the HT-SOFC stack. The 

compressors (C1 and C2) are used to 

compensate the pressure drop through the 

SOFC stacks. In both SOFC stacks the 

remaining part of anode gases is recycled to 

the combustor. The heat released in the 

combustor is used to heat the burned gas, 

which then passes to heat exchangers H/E3 

and H/E1, the gas turbine, and heat 

exchanger H/E2, respectively. The 

compressed air from the compressor (AC) 

is supplied to the heat exchanger (H/E1). 

The hot burned gas in the heat exchanger 

H/E1 provides the heat necessary to preheat 

the cathode inlet gases of the IT-SOFC 

stack. The composition of the cathode gases 

at the IT-SOFC outlet was taken as the HT-

SOFC inlet condition. In the heat exchanger 

H/E3, the cathode outlet gases of the IT-
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SOFC stack are heated further before 

flowing into the cathode side of the HT-

SOFC stack. The cathode gases of the HT-

SOFC stack are recycled to the combustor.  

2.2 Two-stage IT-SOFC combined cycle  

     The two-staged IT-SOFC combined 

system is similar to the IT-SOFC/HT-SOFC 

combined cycle (Fig. 1) but does not 

include heat exchanger H/E3. Instead of the 

HT-SOFC stack, there is another IT-SOFC 

stack.  

Table 1: Input parameters and the 

assumptions made for the SOFC systems 

Setting parameter Value 

Current density 0.250 
Acm-2 

Active cell area 250 m² 

Total fuel utilisation rate 85 % 

Steam-to-carbon ratio 2 

Fuel recirculation rate 55 % 

Gas turbine  and pump isentropic  
efficiencies 

85 % 

Compressors isentropic  

efficiency 

80 % 

Pressure drop in combustor 0.2 bar 

Pressure drop in SOFC 0.01 bar 

Pressure drop in heat exchangers  0.02 bar 

Gas turbine  and compressors 

mechanical efficiencies  

98 % 
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Fig. 1-  Configuration of the IT-SOFC/HT-SOFC combined cycle (AC: air compressor; FC: 

fuel compressor; GT: gas turbine; H/E: heat exchanger). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2- Configuration of the single-staged HT-SOFC/GT system
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2.3 Single-staged HT-SOFC cycle  

     The single-staged HT-SOFC system 

(Fig. 2) is similar to the IT-SOFC/HT-

SOFC combined cycle (Fig. 1) but there is 

no IT-SOFC stack. The combustor exit gas 

is sent to a gas turbine, heat exchanger 

H/E1, and heat exchanger H/E2, 

respectively. In heat exchanger H/E2, the 

hot effluent of burned gas provides the heat 

necessary to preheat methane, which is split 

into two parts. The first part is mixed with 

the recycling anode gases and supplied to 

the anode side of the stack. The remaining 

part of the preheated methane is introduced 

into the combustor. The compressor (C1) is 

used to compensate the pressure drop 

through the SOFC stack.  

  3 Thermochemical aspects: water gas 

shift reaction and methane reforming 

   In the models, the chemical reactions 

are assumed to be in equilibrium, i.e. that 

they occur instantaneously and reach the 

equilibrium condition spontaneously at 

each position.  

For SOFC models the electrochemical 

reactions are as follows:  

  2

22
1 2 OeO cathode               (1)                                                          

  eOHOH 22

2

2
anode          (2)                                                                                    

OHOH 222
1

2  overall reaction  (3)                                                                               

     The high temperatures inside the HT-

SOFC and the IT-SOFC stack can make it 

possible to reform the methane directly 

inside the cell if steam is provided at the 

inlet. The chemical reactions of fuel 

reforming and water-gas shift are as 

follows: 

224 3HCOOHCH               (4)                                                                                              

222 HCOOHCO                    (5)    

    The electrochemical and water-gas shift 

reactions are exothermic, whereas fuel 

reforming is a strongly endothermic 

reaction.                                       

4. Description of the HT-SOFC and IT-

SOFC models  

  The fuel cell is treated as a single 

control volume to which the steady state 

flow energy equation is applied with the 

assumption of negligible change of kinetic 

and potential energy. In order to determine 

cell performance, the overpotential must be 

deducted from the Nernst potential ( E ), 

which represents the ideal performance.  

losscell VEV                        (6)  

where  

 















OH

OH

p

pp

F

RT
K

F

RT
E

2

2
1

22ln
2

ln
2

                                                                       

4.1 Evaluation of the overpotential HT-

SOFC  

 The overpotential, which is a very 

important parameter in the analysis of fuel 

cell performance, is expressed by activation 

( actV ), ohmic ( ohmV ) and concentration 

( concV ) overpotentials. Activation 

overpotential, which estimates losses due to 

slow electrochemical kinetics, is calculated 

as follows: 











T

b
aiVact exp                       (7)                                                                                      
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     In this equation, a = 2.83×10
-4

 Ωcm
2
 and 

b = 8360 K are the coefficients obtained by 

Solheim from experimental data from 

Umimura [4]. 

 Ohmic overpotential, which estimates 

losses associated with ionic and electronic 

resistance throughout the fuel cell, can be 

calculated according to [5]. 

tohm iRV                                  (8)                                                                                       

     The resistance of all materials used in 

the SOFC components can be calculated as 

follows: 

A

T

b
a

Rt












exp

                       (9)                                                                                    

Where a and b are constants that are 

specific to the materials.   is the 

equivalent thickness of the diffusion layer, 

and A is the active area.  

     Concentration overpotential, which 

estimates losses due to mass transport 

limitations, becomes significant when 

amounts of current are drown from the cell, 

it can be calculated according to [5].  











Le

conc
i

i

Fn

TR
V 1ln                (10)                                                                                     

4.2 Evaluation of the overpotential in IT-

SOFC  

  The model of the IT-SOFC stack used 

in this paper is based on an existing IT-

SOFC model [2]. In this model the cell 

utilises an electrolyte with a thickness of 25 

μm, a 50-μm thick cathode, and a 250-μm 

thick anode. The cells are assumed to be 

stacked between bipolar interconnect plates. 

In contrast to HT-SOFC, which uses a 

ceramic interconnect, the IT-SOFC uses a 

lower operating temperature that allows the 

use of metal alloys.  

  It is difficult to break down reported 

cell characteristics in these individual 

contributions, and in the present context 

where the aim is stack and system 

modelling, all cell losses are lumped 

together in one equivalent resistance. The 

cell resistance is assumed to have the 

following temperature dependence [2]: 















T
Rtot exp                 (11)                                                                                        

Where T represents the cell operating 

temperature and  is the Boltzmann 

constant. The activation energy 

(
191001.1  J) and the pre-

exponential factor (
41098.2  ) were 

chosen to fit the experimental data reported 

by [2]. 

4.3 Electrical power of the fuel cells  

     The electrical power produced by the 

fuel cell is calculated by: 

IVW cell                            (12)                                                                                                 

    The heat lost to the environment at 

equilibrium can be determined by 

evaluating the entropy rate balance for a 

control volume. 

 cvcv STQ                  (13)                                                                                          

Where: 
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The „thermodynamic‟ entropy production, 

which is actually the irreversibility, is 

related to the electrochemical overpotential 

as [5]: 

losscv V
T

F2
                           (14)                                                                                                               
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5. Cycle performance variables 

  The steam to carbon ratio is defined as 

the ratio between the mole flow rate of 

steam and the CH4 mole flow rate to the 

anode.  

4

2/
CH

OH

n

n
CS




                      (15)                                                                                                

 The fuel utilisation factor is defined by:  

inCHCOininH

consumedH

f
nnn

n
u

42

2

4 




      (16)                                                                                     

     The fuel cell efficiency ( FC ) is defined 

as the ratio of power produced by the fuel 

cell (IT-SOFC or HT-SOFC) to the lower 

heating value ( LHV ) of the total amount 

of fuel ( LHVmQ tottot  ) supplied to 

the system. 

tot

FC
FC

Q

P
                              (17)                                                                                                                                                                                   

The net cycle efficiency ( net ) is 

defined as the ratio of the power produced 

by the fuel cells ( FCsP ) and the turbine, 

minus the total compressor power, to the 

( LHV ) of the total amount of fuel ( totQ ) 

tot

compturbFCs

net
Q

PPP 
            (18)                                                                                         

6. Results and discussions 

6.1 Performance of the IT-SOFC/HT-

SOFC combined cycle 

  In these simulations the effects of 

changing several operating parameters 

(such as operating temperature of IT-SOFC, 

current density, cell pressure, total fuel 

utilisation rate and fuel recirculation rate) 

on the efficiencies of IT-SOFC stack, HT-

SOFC stack, and IT-SOFC/HT-SOFC 

combined cycle are investigated. In the  

analyses, the low line (-) indicates the 

efficiency of the HT-SOFC stack , the 

multiplication sign (×) indicate the 

efficiency of the IT-SOFC stack, the solid 

squares (■)indicate the efficiency added by 

both IT-SOFC and HT-SOFC, and the 

triangles (▲) indicate the net efficiency of 

the IT-SOFC/HT-SOFC combined cycle. 

  

6.1.1. Operating temperature of the IT-

SOFC 

 In the IT-SOFC/HT-SOFC combined 

cycle, increasing the operating temperature 

of the IT-SOFC decreased the electrolyte 

resistance in both SOFC stacks and 

increased the efficiencies of both IT-SOFC 

and HT-SOFC (Fig. 3).  

 

Fig. 3- Effect of operating temperature on 

net efficiency of IT-SOFC/HT-SOFC 

combined cycle. 

 The overpotential is lower in the IT-

SOFC than in the HT-SOFC, and so the 

efficiency of IT-SOFC is higher than that of 

the HT-SOFC. In the gas turbine cycle, an 

increase in the operating temperature of the 

IT-SOFC led to a decrease in the turbine 

inlet temperature. Thus, turbine inlet 

temperature decreased with decreasing 
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turbine output. Since the increase in the 

efficiency of both SOFCs is larger than the 

decrease in the efficiency of the gas turbine, 

there is a net increase in the efficiency of 

the IT-SOFC/ HT-SOFC combined cycle. 

6.1.2. Current density  

  Fig. 4 shows the changes in the net 

efficiency of the cycle with mean current 

density and gives an idea about the 

contribution of each cell and the gas turbine 

to the net efficiency in the IT-SOFC/HT-

SOFC combined cycle. In the IT-

SOFC/HT-SOFC combined cycle, 

increasing the current density increased the 

overpotential of SOFC, resulting in 

decreased efficiencies of IT-SOFC and HT-

SOFC. In the gas turbine cycle, as the outlet 

temperature of the SOFC stacks increased 

with the increase of current density, the gas 

turbine inlet temperature increased together 

with the increasing turbine output. Because 

the decrease in the efficiency of both 

SOFCs is larger than the increase in the 

efficiency of the gas turbine, the net 

efficiency of the IT-SOFC/HT-SOFC 

combined cycle goes down. 

 

Fig. 4- Effect of current density on net 

efficiency of IT-SOFC/HT-SOFC 

combined cycle. 

6.1.3. Cell pressure  

 Fig. 5 shows the changes in the net 

efficiency of the cycle with cell pressure. 

Raising the cell pressure caused an increase 

in the Nernst potential. Also increasing the 

operating pressure led to some decrease in 

the overpotential, resulting in an increase in 

the net efficiency in the IT-SOFC/HT-

SOFC combined cycle. An increase in the 

compressors‟ outlet temperature due to the 

increase of the operating pressure caused an 

increase in the turbine inlet temperature, 

and consequently raised gas turbine output. 

 

Fig. 5- Effect of cell pressure on net 

efficiency of IT-SOFC/HT-SOFC 

combined cycle. 

6.1.4. Total fuel utilisation rate 

      Fig. 6 shows the changes in the net 

efficiency of the cycle with total fuel 

utilisation rate. The energy converted at the 

SOFC stacks increased with rises in the fuel 

utilisation rate. Due to the rise in the fuel 

utilisation rate, the electrical output of the 

SOFC stacks goes up. Therefore, the net 

efficiency of the cycle increased with 

increasing fuel utilisation rate. 

6.1.5. Fuel recirculation rate 

       Fig. 7 shows the changes in the net 

efficiency of the cycle with fuel 

recirculation rate. Increasing the fuel 

recirculation rate lowered concentration in 

the outlet of the SOFC anode.  
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Fig. 6- Effect of total fuel utilization on net 

efficiency of IT-SOFC/HT-SOFC 

combined cycle. 

 

Fig. 7- Effect of fuel recirculation rate on 

net efficiency of IT-SOFC/HT-SOFC 

combined cycle. 

     This means that an increase in the mass 

flow rate of steam resulted in moving the 

reforming and gas shift reaction equilibrium 

to the H2 side. Increases in the fuel 

recirculation rate led to increased electrical 

output of the SOFC stacks, and a slight 

increase in net efficiency of the cycle. 

6.2 Comparison of performances 

between the combined cycles and the 

single-staged HT-SOFC cycle 

 The simulation of the single-staged 

SOFC cycle is done at 875°C and under the 

same standard operating conditions (Table. 

1) used with the combined cycles.  

 Fig. 8 shows the changes in the total 

power of the cycles. The total power of the 

cycle is the power produced by the fuel 

cells and turbine, minus the compressors‟ 

power. Increasing the current density 

increased the fuel cell stacks overpotential, 

resulting in a decrease of the cell voltage. 

Since the increase in the current density is 

larger than the decrease in the cell voltage, 

the electrical outputs of the fuel cell stacks 

go up (Fig. 9). The two-staged IT-SOFC 

combined cycle has a higher total power 

than the IT-SOFC/HT-SOFC combined 

cycle. This is because the electrical output 

of the second stage IT-SOFC in the two-

staged IT-SOFC cycle is higher than that of 

HT-SOFC in the IT-SOFC/HT-SOFC 

cycle. 

 

Fig. 8- Total power of the cycles as a 

function of current density. 

 

Fig. 9- Fuel cell stacks and gas turbine 

(GT) powers as a function of current 

density. 

 Also, the electrical output of gas 

turbine in the two-staged IT-SOFC system 
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is higher due to the increased turbine inlet 

temperature. The reason that the turbine 

inlet temperature of the IT-SOFC/HT-

SOFC system is lower than the two-staged 

IT-SOFC system is that much heat is 

required to further increase the inlet cathode 

gas temperature in the IT-SOFC/HT-SOFC 

system. 

 

Fig. 10- Total fuel consumption in the 

cycles as a function of current density. 

The total fuel consumption in both 

combined cycles is similar (Fig. 10). As 

efficiency is the ratio of total power to total 

fuel consumption, the efficiency is higher in 

the two-staged IT-SOFC combined cycle 

(Fig.11). Though the fuel consumption is 

lower in the single-staged SOFC cycle (Fig. 

10), the total power is also lower, causing 

the reduction in efficiency. 

 

Fig. 11- Change of the net efficiency of the 

cycles with mean current density. 

 

 

7. Conclusion 

   Two types of combined cycles are 

proposed and investigated: a combined 

cycle consisting of two staged combination 

of IT-SOFC and HT-SOFC, and another 

consisting of two stages of  IT-SOFC. 

Moreover, the effects of changing several 

operating parameters such as operating 

temperature of IT-SOFC and current 

density on the efficiency of IT-SOFC/HT-

SOFC combined cycle are evaluated.  

     The simulation results show that the 

cycle efficiency increased when cell 

pressure, fuel utilisation rate and fuel 

recirculation rate increase. Moreover, the 

two-staged SOFC system gave much higher 

net efficiency than the system with the 

single-staged SOFC. Two stages IT-SOFC 

system together with gas turbine can lead to 

highly efficient power cycle. 

Nomenclature 
F faraday‟s constant   (96487 kC kmol

-1 

) 

i current density (A cm
-2

) 

Q  heat (kW) 

p partial pressure (Pa ) 

h specific enthalpy            (kJ kmol
-1

 ) 

n molar flow (mol s
-1

 ) 

s specific entropy (kJ kmol
-1

K
-1

) 

PFCs fuel cell stacks electrical power (kW) 

Rt ohmic resistance of HT-SOFC 

material (Ω m²) 

iL limiting current density              (A 

cm
-2

) 

Rtot cell resistance of IT-SOFC satck  (Ω 

cm
-2

) 

Acell active cell area (m²) 

uf total fuel utilization 

Vcell cell voltage (V) 

actV  activation overpotential (V) 

ohmV  ohmic overpotential (V) 

concV  concentration overpotential (V) 
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R  universal gas constant (8.314 kJ 

kmol
-1

K
-1

) 

S/C steam-carbon ratio 

Greek letters  

  efficiency (%) 

cv  entropy production in a control 

volume (kW K
-1

) 

Subscripts and Superscripts 

0 at standard temperature and pressure 

 i initial 

p product 

R reaction or reactants 
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Abstract— this paper presents simulation of stand-alone of self-excited induction 

generator driven by variable speed prime mover. The proposed dynamic model consists of 

induction machine, excitation capacitor and inductive load expressed in stationary reference 

frame with the actual magnetizing saturation curve of the induction machine. The aim of 

this paper is to develop and design stand-alone self-excited induction generator and to 

describe its loading analysis using Mallab/Simulink. Using the Matlab/Simulink 

environment in model development features high flexibility and makes it possible to adapt 

the model whatever is needed. The system has been simulated to verify its capability such as 

build-up voltage and stator flux-linkage response, stator phase current, electromagnetic 

torque and variation of magnetizing inductance both during dynamic and steady state with 

variable speed prime mover. 

I. INTRODUCTION 

HE Self Excited Induction Generator 

shown in Fig. 1  has gained considerable 

attention due to its application as a stand-

alone generator using conventional and non 

conventional energy sources.  

 

Fig .1 Self-excited induction generator. 

Induction machine modeling has 

continuously attracted the attention of 

researchers not only because such machines 

are made and used in largest numbers but  

 

 

 

also due to their varied modes of operation 

both under steady and dynamic states. 

Induction machines operate both in 

motoring and generation modes. Recent 

exploitation of renewable energy systems 

such as wind and small hydro has led to use 

of grid connected and self excited induction 

generators. The essence of simulation of 

such complex machines such as Self 

Excited  

 

Induction generator involves solving of 

complex equations of high order. 

The induction generator self-excitation 

phenomenon has been well known since the 

beginning of the last century [1-2].  In 

recent years, self-excited induction 

generator has been widely used as suitable 

T 
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power source, particularly in renewable 

power generating systems, such as in 

hydroelectric and wind energy applications, 

[3-6]. Self-excited induction generator 

offers certain advantages over a 

conventional synchronous generator as a 

source of isolated power supply. Reduced 

unit cost, brushless rotor (squirrel cage 

rotor), absence of DC power supply for 

field excitation, small seize, source, and 

ease of maintenance are among the 

advantages. Due to change emphasis on 

energy problems, development of suitable 

isolated power generators driven by 

unconventional energy sources such as 

wind, biogas etc., has recently assumed 

greater importance. The disadvantages of 

this type of generator are its relatively poor 

voltage and frequency regulation, and low 

power factor [7]. 

A three-phase induction machine can be 

operated as a SEIG if its rotor is externally 

driven by a suitable speed and a three 

capacitor bank of a sufficient value is 

connected across its stator terminals. When 

the induction machine is driven at the 

required speed, the residual magnetic flux 

in the rotor will induce a small e.m.f. in the 

stator winding.  If the induced emf is 

sufficient, leading currents through the 

capacitors will circulate. The magnetic flux 

produced due to these currents would assist 

the residual magnetism in magnetizing the 

iron core of the induction generator. This 

would increase the machine main magnetic 

flux and larger emf will be induced. This in 

turn will increase both the currents and the 

flux. The induced voltage and the current 

will continue to rise until the reactive power 

supplied by the capacitors is balanced by 

the reactive power required by the induction 

machine, a condition which is essentially 

decided by the saturation of the magnetic 

cores. This process is thus cumulative and 

the induced voltage keeps on rising until 

saturation is reached [7-10].  

The frequency and magnitude of voltage 

generated by the SEIG is highly influenced 

by the rotor speed, the excitation and the 

load [11-12]. The steady state analysis of 

the isolated SEIG has been extensively dealt 

with over the last decades. However, the 

literature on the analysis of the dynamic 

performance of the isolated self-excited 

induction generator, particularly under 

different loading conditions, appears to be 

somewhat sparse. This paper presents the 

design, simulation and analysis of the 

dynamic performance of stand-alone three-

phase SEIG feeding general inductive load 

connected to its terminal using 

Mallab/Simulink. This method is applicable 

during both dynamic and steady-state of 

SEIG driven with variable speed prime 

mover. This method is based on the analysis 

of the dynamic α-β reference frame model 

of the SEIG with a general inductive load 

connected to its terminal. The mathematical 

modeling of SEIG, presented in section II, 

is based on stationary reference frame. A 

simulation Simulink Model consisting of 

the induction generator, the excitation 

capacitor, and inductive load is presented in 

section III. To validate the proposed model, 

simulation results is presented in section IV. 

Finally conclusions of the work are given. 

II. MATHEMATICAL MODELLING 

OF THREE-PHASE SELF-EXCITED 

INDUCTION GENERATOR  

Although the behavior of the induction 

machine may be described in any of the 

commonly used reference frames.  [13] The 

voltage equations for each of them can be 

obtained from the voltage equations in 

arbitrary reference frame by assigning the 

appropriate speed to ω. For the stationary 

reference frame, ω=0, for the synchronous 
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reference frame, ω=ωe, and for the rotor 

reference frame, ω=ωr. Generally, the 

conditions of operation will determine the 

most convenient reference frame or analysis 

and/or simulation purposes. The stator 

reference frame is used when the stator 

voltages are unbalanced or discontinuous 

and the rotor applied voltages are balanced 

or zero. The rotor reference frame is used 

when the rotor voltages are unbalanced or 

discontinuous and the stator applied 

voltages are balanced. The stationary frame 

is used when all (stator and rotor) voltages 

are balanced and continuous.  In this paper, 

the stationary reference frame ω= 0 is used 

for simulating the self-excited induction 

generator (SEIG). With all rotor parameters 

quantities are referred to the stator. Fig. 2 

shows the α-β equivalent circuit of the 

SEIG in stationary frame. 

 

Figure.2 SEIG equivalent circuit (a) α-axis  

(b) β-axis. 

The dynamic model of SEIG in the 

stationary α-β coordinate system attached to 

the stator is expressed by the following 

equations.  

The stator voltage differential equatons: 

 ssss
dt

d
iRv    .….…..(1) 

 ssss
dt

d
iRv     ..……..(2) 

The rotor voltage differential equations: 

  rrrrrr
dt

d
iRv     ….(3) 

  rrrrrr
dt

d
iRv  ….....(4) 

Where: 

rs RandR  denote stator and rotor 

resistances referred to the stator, 

 rrss vvvv ,,, denote the    axis 

components of the stator, and rotor voltages 

referred to the stator respectively,  

 rrss iiii ,,, represent the   axis 

component         of the stator, and rotor 

currents referred to the stator respectively; 

  rrss ,,, represent the     

axis components of the stator, and rotor 

fluxes referred to the stator respectively; 

and r  is the angular speed of the rotor. 

 

The stator and rotor flux linkages expressed 

in terms of the stator and rotor current space 

vectors: 

 rmsss iLiL      …..........(5) 

 rmsss iLiL      .….........(6) 

 smrrr iLiL      …….…..(7) 

 smrrr iLiL        ……….(8) 

Substituting equations (5-6) into equations 

(1-4) then  
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 rmsssss i
dt

d
Li

dt

d
LiRv   ..(9) 

 rmsssss i
dt

d
Li

dt

d
LiRv    ..(10) 

  rrsmrrrrr i
dt

d
Li

dt

d
LiRv  .….(11) 

  rrsmrrrrr i
dt

d
Li

dt

d
LiRv  …(12) 

For a self excited induction generator, the 

voltage-current equations of the excitation 

capacitor are expressed in the stationary 

reference frame as: 

  occc Vdti
c

V 

1
                  .…...(13) 

  occc Vdti
c

V 

1                    ….…..(14) 

Where C denotes excitation capacitor. 

The components of rotor flux linkage in the 

stationary reference frame can be written as 

follows: 

orsmrrr iLiL         …...(15) 

orsmrrr iLiL        ….….(16) 

Where: 

oror and     are the remnant or 

residual rotor flux linkage along  axis 

respectively. 

Then with an electrical rotor speed of r , 

the rotational voltage in the stationary 

reference frame can be described as 

follows:  

orrsmrrrrrr iLiL      ...(17) 

orrsmrrrrrr iLiL       ....(18) 

Using the equivalent circuit of SEIG given 

in figure.1 and from last equations the 

following matrix model for SEIG could be 

formulated as follows: 
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The above equation can be written in the 

state space equations as follows: 

0 VBIApI          ……..(20) 

Where  










































rrrmr

mrrmr

s

s

rm

rm

ms

ms

RLL

LRL

R

R

B

LL

LL

LL

LL

A





0

0

000

000

,

00

00

00

00

 















































0

0

,





















rr

rr

c

r

r

s

s

v

v

V

i

i

i

i

I  

Using matrix inversion, equation (20) can 

be written as follows: 

VABIApI 11                (21) 

From last equation, a set of first order 

differential equations in term of the stator 

and rotor currents can be obtained as 

follows: 

])([)( 0   rrrrrsmr
m

cssr
r

s iRiLiL
L

L
viR

L

L
pi 




                                                

..(22) 

])([)( 0   rrrrrsmr
m

cssr
r

s iRiLiL
L

L
viR

L

L
pi 




                                                                       

…(23) 

])([)( 0   rrrrrsmr
s

cssr
m

r iRiLiL
L

L
viR

L

L
pi 

                                                               

……,,,,,,………(24) 
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])([)( 0   rrrrrsmr
s

cssr
m

r iRiLiL
L

L
viR

L

L
pi 

                                                                                              

..(25) 

Where: 

dt

d
p         and 

2

mrs LLLL        

mlrrmlss LLLandLLL   

Where: 

Lls and Llr = stator and rotor leakage 

inductance respectively. 

Lm = magnetization inductance. 

The above differential equations given in 

equations (22) to (25) are also used when 

the generator is loaded. And for RL load the 

differential load voltage equation can be 

written as follows: 

)(
11

 lscl ii
C

i
C

pv      …..(26) 

)(
11

 lscl ii
C

i
C

pv      ……..(27) 

Where  lsc iii      and    

 lsc iii   

Also the differential load load current can 

be written as follows: 

)(
1

 LL

L

l Rv
L

pi            …….. (28) 

)(
1

 LL

L

l Rv
L

pi           ……..(29) 

 

 

III. CHARACTERISTICS OF 

MAGNETISING INDUCTANCE 

In the SEIG the variation of magnetizing 

inductance, Lm is the main factor in the 

dynamics of voltage build-up and 

stabilization of generated voltage for 

unloaded and loaded conditions. For the 

machine under investigation the 

magnetizing inductance characteristic as a 

function of magnetizing current is shown in 

fig 3. and it is a nonlinear function of 

magnetizing current, which can be 

represented by fifth order polynomial curve 

fit as in [14]. 

)(]365.53662.19387.25074.11918.11175.0[
120

1 2345 HIIIIIL mmmmmm 


         .....(30)                     

Where the magnetizing current is given by: 

22 )()(  rsrsm iiiiI      ...(31) 

 

Fig .3 Variation of magnetizing inductance 

with magnetizing current. 

Using equations (22) to (25) and (30) the 

electromagnetic torque developed by the 

SEIG can be computed using magnetizing 

inductance equation (30) and current 

components in equation (31) and can be 

expressed by:.  

)(
2

)
2

3
(  rsrsme iiiiL

P
T       ..(32) 

Where P is the number of poles 
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IV. DESIGN OF CAPACITOR BANK 

OF SEIG 

The value of the excitation capacitance 

must be greater than a minimum limit so 

that the magnetization current is sufficient 

for the operation in the nonlinear portion of 

the magnetization curve. For sustained self-

excitation the value of L
m 

must be less than 

its unsaturated value and therefore the 

unsaturated value of L
m 

gives the minimum 

value of excitation capacitance below which 

the excitation takes place. 

The capacitance of the capacitor bank is 

defined as follows: 

mr L
C

2min

1


   …………(33) 

Therefore by substituting equation (30) into 

equation (33), the minimum capacitance 

required for build-up voltage at the rated 

speed and under no-load can be calculated 

and found to be 65 μF.   

V. SIMULINK MODELING OF 

THREE-PHASE SELF EXCITED 

INDUCTION GENERATOR 

SIMULINK has a wide selection of 

dynamic systems for modeling, analyzing 

and simulating. It also offers a graphical 

user interface for creating block diagram 

models. A system is configured in terms of 

block diagram representation from a library 

of standard components. In the middle of a 

simulation, algorithms and parameters can 

still be changed to get intuitive results, thus 

providing the user with a ready access 

learning tool for simulating many of the 

operational problems found in the real 

world. It also provides immediate access to 

the mathematical, graphical, and 

programming capabilities of MATLAB 

[15]. Here, the simulation of the three-phase 

induction generator has been done by 

considering the mathematical model of the 

generator given in Section II. The equations 

from (22) to (32) have been implemented in 

MATLAB/SIMULINK using different 

blocks. In order to have the induction 

generator self-excited, there must be a 

remnant magnetization in the machine. This 

is represented in the model by adding a 

constant magnetization value corresponding 

to the remnant value.  In this paper the step 

by step modeling of SEIG using 

SIMULINK has been described. For 

simplicity reason the simulation program 

was built up modularly, using several sub-

systems. In the framework of the simulation 

program there are several switches back and 

forth between simulation in SIMULINK, 

respectively computation and visualization 

taking the full advantages of the program. 

The main window of the simulation 

program is given in Fig. 4. Due to the lack 

of space here not all subsystems of the 

model can be presented in details.  

 

 

Fig. 4 Simulink  Model of SEIG. 
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Fig. 5 Su-bsystem blocks of the SEIG model
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Fig . 6 Sub-system blocks of the stator and rotor currents. 
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I. SIMULATION RESULTS 

 

Matlab/Simulink simulation software is 

used to predict the generated voltage from a 

given three phase self-excited induction 

machine rotating at a given speed with 

appropriate capacitors connected at the 

stator terminals. In this simulation prime 

mover speed is variable from 1000 rpm to 

1500 and the capacitance is fixed. The 

SEING used for this purpose is a 1.5kW, 

220/380V, 3-phase, 4-pole, start connected, 

50 Hz, Rs =1.66Ω, Rr = 2.74Ω, Lls 

=Llr=11.4 mH, Lm=180mH. The simulation 

result shows that self-excitation can be 

identified and the effects of different values 

of initial conditions on self-excitation 

investigated. 

It can be seen that the magnetizing current 

increases until its peak value, then start to 

decrease until reaches its saturated value as 

shown in figures 7. and 8. Figure 9. shows 

that the electromagnetic torque increases 

from 0 to -5 Nm during start-up processes. 

Figure 10. shows build up of stator 

generated voltage at the terminals of the 

SEIG   during the start of self excitation. 

The start-up time is about 0.8. Figure 11. 

shows the effect of varying the drive speed 

of the stator terminal which seen it 

decreases by about 20% when the speed of 

the prime mover decreased by 10%.  Fig 12. 

shows the phase current during start-up 

processing and at full-load.  

 
Fig. 7  Magnetizing current Im (A). 

 

 
Figure. 8 Variation of magnetizing 

inductance with voltage buildup. 

 

 
Fig. 9 Electromagnetic torque. 

 

 
Figure .10 stator phase voltage build-up at 

speed 1500 rpm and no load. 
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Figure .11 stator phase voltage build-up at 

speed 1350 rpm and no load. 

 

 
Figure .12 stator phase current with 

Resistive inductive load (RL) and at 1500 

rpm. 

II. CONCLUSION 

An analysis on the dynamic performance of 

stand-alone self-excited induction generator 

driven by variable speed prime mover and 

feeding three-phase RL static loads is 

presented. The dynamic models of the SEIG 

as well as the models of RL load in the  α−β 

axis stationary reference frame are given. 

The proposed dynamic model consists of 

induction machine, excitation capacitor and 

inductive load expressed in stationary 

reference frame with the actual magnetizing 

saturation curve of the induction machine. 

The connection of a load onto the SEIG 

terminals causes its excitation to decrease 

and thus, the SEIG to operate at lower 

magnetizing flux. The SEIG output voltage 

is highly influenced by the impedance and 

the power factor of the load. The simulation 

results have shown that, variation of 

magnetizing inductance and magnetizing 

current, electromagnetic torque, build-up 

voltage and current under speed variation.  

The model gives good dynamic and steady-

state performance of SEIG. It is expected 

that the model presented in this paper would 

be widely applicable in any system where 

the induction machine is used as a 

generator. 
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1. Abstract 
This paper deals with two samples of silicone rubber insulators have been exposed to the 

natural pollution for 6 years in continuously energized line working in Libyan transmission 

network. The test line is connecting between Khomes power station to Khomes switching 

substation, the site is considered to be the most polluted site in Libya .Several tests have 

been done on this type of insulators to the effect of Libyan environment on these insulators 

to decide if this insulator is suitable for working in the Libyan electrical grid. 

   

2. Introduction  
The first composite insulators, for which 

extensive use was made of polymeric 

materials appeared in the late 1960's. 

They are of the long rod design, have a 

better strength-to-weight ratio, and can 

be manufactured in longer length than 

their porcelain counterparts. 

Although the cost of the insulators is a 

relatively small percentage of the cost of 

building a new transmission line, failure 

of this small component can result in 

serious economical consequences. A 

consequence resulting from the selection 

of an insulator of inferior quality or an 

insulator with characteristics not 

matching the service requirements can be 

far more than the cost of its premature 

enhancing coatings or frequent washing 

all have a significant economic impact. 

The repair and the daily cost of the 

unavailability of an important power line 

can reach hundreds of thousands of 

dinars. 

 

The growth in the population density and 

the corresponding higher industrial and 

agriculture production increased the 

amount of pollution imposed on 

insulators. This made environmental 

stress one of the most critical factors to 

be considered in the selection of 

insulators. Moreover, modern electronic 

equipment and apparatus need a quality 

and continuity of supply not required 

previously, it is imperative that modern 

insulators have the highest achievable 

level of performance. 

Libya is a wide geographical area and 

demographic distribution. It is divided to 

desert, mountain, and coastal regions. 

Therefore supplying the electric energy 
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to these regions requires long 

transmission lines at different voltage 

levels, with different weather condition 

and types of pollutions are encountered. 

These factors have to be taken in 

consideration when choosing the electric 

insulators. It is well known that the 

performance of an electric system are 

strongly affected by the accumulation of 

pollution on the insulator surface, 

moreover humid weather condition 

sometimes cause the insulators to flash 

over which leads to interruption of 

electric power or at least fluctuation in 

electric voltage. As a result decrease of 

the reliability of electric grid and in 

general a reduction in the electric power 

quality. The goal of this paper is to 

contribute in solving this problem. 

 

3. Insulator materials 

Consideration of the properties of the 

insulating materials to be used is 

important in the insulator design process. 

Not only dose the material have to be 

capable of accommodating high electric 

stresses over a long term, but it must also 

withstand often severe environmental 

effects imposed, such as ultraviolet 

radiation, contamination and lightning 

over-voltages. Further, it must possess 

sufficient tensile, compressive and 

cantilever strength to support the loads 

applied and maintain its mechanical 

integrity over the life of the installation 

in question. The common materials used 

in suspension insulators are porcelain, 

toughened glass and composite 

insulators. 

3.1 Polymer Composites 
The term 'composite' refer to insulators 

with a fiberglass core, which provides 

the mechanical strength, covered by a 

housing to protect the core from the 

environment and to yield the required 

electric characteristics. A wide variety of 

constructions and materials are used in 

the production of composites and thus 

generalizations of their characteristics 

can be misleading. 

The two main families of housing 

materials used today are those which are  

ethylene propylene diene monomer 

(EPDM) based and those which are 

silicones (SIR), however, have a higher 

resistance to ultraviolet degradation and 

have the unique property of maintaining 

a hydrophobic (water repellent) surface 

even when severely contaminated. They 

are thus more popular for use in areas of 

significant marine and industrial 

pollution [1]. 

The positive features of composite 

insulators are: 

-  High tensile strength-to-weight ratio. 

- Improved performance in highly 

polluted areas (silicone rubber type). 

- An unattractive target for vandals and 

very resistant to projectile damage. 

- Flexibility, providing better seismic 

capabilities and preventing cascade 

failure of post units. 

- For apparatus bushing, avoidance of 

damage to surrounding equipment in the 

event of explosive of equipment. 

 

The limitations of composite insulators 

are: 

- Subject to leakage current erosion if 

incorrect material and/or dimensioning 

used. 

- Possible electrical weakness (in some 

technologies) at the mould line (moulded 

construction only). 
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- Special care needed in design and 

manufacture to ensure the elimination of 

moisture ingress at interfaces. 

- Deflection under load in certain 

applications[4]. 

 

 

4. Insulators Used in GECOL'S 

Network 
In Libyan transmission line electric 

network there are two levels of voltages 

first is 220 kV which about 13000 km 

long and the second is 400 kV which is 

new network, it is about 400 km, figures 

(1 - 2) shows the geographical maps of  

the above levels of voltages. 

 
Figure (1): geographical map of the 

Libyan 220 kV network 

 

 
Figure (2): geographical map of the 

Libyan 400 kV network 

 

As it illustrates in the geographical maps 

transmission line net work covers a long 

distance with different environments so 

it should perform will in all 

environmental conditions. 

Both glass and porcelain are commonly 

used materials for insulators and have 

given good service history backed by 

years of manufacturing experience. 

There is little difference in the cost or 

performance between glass and 

porcelain. Toughened glass has the 

advantages for overhead lines that 

broken insulators tend to shatter 

completely upon impact and are 

therefore more easily spotted during 

maintenance inspections. In practice, the 

type to be used on overhead lines will 

depend partly upon the existing spares 

holdings and spares rationalization 

practices employed by the particular 

electricity company. 

On the other hand, glass insulators are 

rarely used in substation practice since 

on shattering they leave only some 15 

mm between the top metal cap and the 

pin. Porcelain insulators, which may be 

chipped or cracked but not shattered, are 

therefore preferred for substation use 

since access for replacement may require 

a busbar outage. 

 

5. Flash-Over Statistics on a 

Western Libyan 220 kV 

Network for the years 2008 and 

2009 
Flash over on electric transmission lines 

can occur by many reasons, some of 

them related to insulators contaminations 

and many of another problems [2]. The 

data of lines outage for the western, 

southern and medial of 220 kV Libyan 

network for 2008 and 2009 has been 

taken from western control center. Also 

determined the time of the year and 

hours of the day where the insulators 

causes more problems. Figures (3 - 4) 

illustrate the number of monthly outages 

for the years 2008 and 2009. While 
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figures (5 - 6) shows the relation 

between the number of outages and the 

time of the day of its relation 

occurrence[6].  
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Figure (3): Number of lines outage due 

to insulators and other reasons in the 

year of 2008. 
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 Figure (4): Number of lines outage due 

to insulators and other reasons in the 

year of 2009 
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Figure (5): relations between the number 

of outages and the time of the day of 

outage in 2008. 
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Figure (6): relations between the number 

of outages and the time of the day of 

outage in 2009. 

 

From the figures (3 - 4) it’s clear that the 

most of flash over in the transmission 

lines occurs between May and 

September, because the relative humidity 

is very high. Also from the western 

control center data figures (5 - 6) it’s 

noted that most of outage due to 

insulator pollution occurs mainly on the 

coastal lines, and between med night and 

6:00 A.m. Most of the outages occur 

between 5:00 – 6:00 Am. Where it is the 

highest during September due to the high 

relative humidity during this period of 

the year. 

  

 

6. GECOL’S Remedy for 

Pollution Problems on T.L 
 (GECOL) adapted hand cleaning 

technique on high voltage transmission 

line insulators on disconnected line as 

shown in figure (7) , and by using fixed 

spry washing systems for insulators used 

in electric substations as shown in figure 

(8).   
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Figure (7): hand washing of 220 kV line 

insulators 

 

 
Figure (8) fixed spry washing system in 

Tripoli east 220 kV S/S  

 

To avoid the pollution problems GECOL 

created 12 departments for transmission 

line operation and maintenance allover 

the country, the main job of these 

departments is to maintain the electric 

transmission line.  

 

7. Cost of Electric Transmission 

Line Network's Dry Hand Cleaning. 

Regarding to the information from main 

department of transmission line 

operation and maintenance, there are 12 

department in GECOL for operating and 

maintenance the Libyan high voltage T/L 

network, each of department has 30 

people, to evaluate  the cost the 

following hypotheses are used[7]:- 

- There are 12 department each has 30 

technician, the   salary of each employee 

is approximately 400 LD per month. 

- Each department have approximately 

five vehicles each one costs 50,000 LD.  

- Each employee needs special clothes, 

safety belt, clamping stack, safety tools, 

they cost approximately 500 LD.  

 

- All cleaning works done energized line, 

the average of 220 kV line capacity is 

approximately 80 MW. The line under 

cleaning is stay disconnected from 7 to 

10 hours per day for 10 days, this is for 

100 km lines. 

From the previous data, the approximate 

cost of insulator cleaning in Libyan 220 

kV network can be calculated as follows. 

The salary of 30 employees per month is  

   30 * 400 = 12000 LD              … 1 

 

The salary of 12 department employees 

per month is 

      12 * 12000 = 144,000 LD    … 2 

        

The price of employee’s equipments  

  30 * 12 * 500 = 180000 LD      … 3 

 

The cost of vehicles for 12 departments 

is 

5 * 12 * 50000 = 3000000 LD      …4 

 

The cost of line disconnection during 

insulator cleaning if the average price of 

kWh is 0.03 LD 

80000(kW) * 0.03(LD/kWh) * 8(h/day) 

* 10(days) = 192,000 LD ... 5 

 

The insulator cleaning consumes about 

50 % of department of transmission line 

operation and maintenance effort, so the 

salaries per year are 

144000/2 * 12 = 864000 LD      …6                   
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The employees’ equipments are replaced 

every five years so its cost per year is 

 180000/5 = 36000 LD                …7                          

 

The validity of vehicles are five years so 

it’s cost per year become 

 

  3000000 /5 /2 = 300000 LD     …8                              

 

There is no reliable data for calculation 

of energy loss during insulators cleaning 

of all Libyan 220 kV network but the 

calculation is made only for one line 

about 100 km long. The cost of energy 

loss is as for eq. (5) multiplied by the 

number of cleaning times per year which 

is from 2 to 3 times, therefore the cost 

per year is. 

 

192,000 * 3 =576000 LD   

         

This cost can be reduced or omitted if the 

disconnected line exists in ring network, 

so this calculation is true only when the 

network configuration is radial. 

From eq. (6 – 8) we can calculate the 

cost of cleaning per year. 

 

864000 + 36000 + 300000 = 1,200,000 

LD                … 9 

 

The previous calculation shows that the 

insulators’ cleaning costs GECOL about 

1,200,000 LD per year, this is just the 

cost of cleaning services, excluding the 

cost of energy loss and the power quality 

problems, due to the forced outage. 

Accordingly, GECOL has to look for a 

solution for this problem, in year 2002 

erected test line equipped with silicone 

rubber insulators. After 6 years of 

operation without any cleaning no 

flashover reported what so were. 

  

 

8. Results of Insulator Testing 
The General Electricity Company of 

Libya (GECOL) used silicone rubber 

insulators in a 220 kV test line. This line 

connects El-khoms power station with 

switching station it is 8.5 km long. The 

plan is test two samples of these 

insulators after five years in operation to 

understand the aging process. The 

insulators were inspected and tested at 

the laboratories and test facilities in the 

manufacturing company in Germany. 

Visual inspections, electrical type tests, 

pollution measurements and material 

tests were performed. 

 

8.1 Material Investigations 
The following points are checked 

1- Fiber Reinforced Polymer (FRP): 

Glass Transition point Tg: is 108.3
o
C, it's 

o.k. [spec. 100…115
o
C]. 

2- FRP: Interlaminar Shear Strength 

(ILS): is 70.8 MPa it's o.k. 

[spec.>65MPa].  

3- FRP: High Voltage Water Diffusion 

Strength (HD): class 2 (leakage current 

98 μA) identical to IEC 61109, o.k. 

[Spec. HD2]. 

4- FRP: Dye Penetration Test: Passed 

acc. to IEC 61109, o.k. [Spec. 

IEC61109]. 

5- High Temperature Vulcanized silicone 

rubber (HTV): Hydrophobicty Test: 

Wettability Class (WC) =1-2. 

 

 The Wettability is the ability of a 

surface to be wetted by a liquid (e.g. 

water). The appearance on the insulator 

surface after mist exposure has to be 

identified with one of the seven 

wettability (hydrophobicity) classes 

(WC), which is a value between 1 and 7.  

A surface with the WC value 1 is the 

most hydrophobic surface and a surface 
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with the WC value 7 is the most 

hydrophilic surface. 

Two visual criteria are used to judge the 

WC value: 

a) The shape of droplets; 

b) The percentage part of the surface 

which is wetted. 

 

8.2 Pollution Measurements 
ESDD and NSDD were measured from 

pollution taken from failed insulator (lab. 

No. 3356/1-2). The determination was 

performed by means of the procedures 

described in IEC 60815-1 (2008).the 

results are visualized in figure 9. 

 
Figure (9): Results of ESDD/NSDD 

measurements Lab. No. 3356/1 and Lab. 

No. 3356/2 

 

8.3 Specified Mechanical Load 

(SML) Verification Test 
The SML verification test is in 

accordance with IEC 61109 (sample test) 

have been performed on both units 

together with the test for tightness of 

sealing and interfaces. Both tests were 

passed successfully for the SML=160kN. 

Test results[8]: 

 UTS = 181 and 181kN. 

 All four (4) sealing are 

sound and tight in acc. with 

IEC 61109. 

Figure 10 shows the mechanical failure 

modes after SML verification test. 

 
Figure (10): Lab. No. 3356/1-2: 

Mechanical failure modes after 

SML verification Test, UTS =181, 

181kN, ball breakage, low scatter. 

 

8.4 Visual Examination 
The results of the visual inspection are 

recoded in the following pictures. No 

traces of  ageing were found. No 

signs of electrical activity, corona or 

other surface discharges have been 

observed. No signs of tracking and 

erosion were found. The markings are 

still legible and not degraded. No ultra 

violet (UV) aging took place at the 

housing. The hosing of both insulators is 

fully sound, the end fitting zinc 

galvanization is still exceeding 85μm 

(IEC 61109). All four sealings were 

proven to be fully intact by means of IEC 

61109 tightness test. the insulators could 

have remained in service for at least 

another 25 years. Life expectancy is > 30 

years. 
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Figure (11): Appearance of insulator 

shank end fittings, both components are 

covered with fine dust and sand (Lab No. 

3356/1). 

 
Figure (12): Appearance of insulator 

housing, both covered with fine dust and 

sand. The pollution has a very strong 

adhesion to the blue silicone rubber (Lab 

No. 3356/1). 

 

 
Figure (13):  Lab.No. 3356/1 marking is 

still well legible. No UV degradation, no 

cracking or other traces of ageing. 

 

 

 
Figure (14): Lab.No. 3356/1 sealing area, 

sealing is full sound and intact. 

 

 

 
Figure (15): Lab.No. 3356/1 

Hydrophobicity EC=1-2 in acc. with IEC 

62073. 

8.5 Electrical Type Tests 
Electrical type tests in accordance with 

IEC 61109 / IEC 60383 were repeated in 

order to evaluate the residual electrical 

insulation performance. 

These tests are: 

1- Lightning impulse test. 

- Dry lightning impulse withstand 

voltage, positive. 

- Dry lightning impulse withstand 

voltage, negative. 

- 50 % Dry lightning impulse withstand 

voltage, positive. 

- 50 % Dry lightning impulse withstand 

voltage, negative. 

2- Wet switching impulse test. 
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- Wet switching impulse withstand 

voltage, positive. 

- Wet switching impulse withstand 

voltage, negative. 

- Wet switching impulse flashover 

voltage, positive. 

- Wet switching impulse flashover 

voltage, negative. 

3- Power frequency test. 

- Wet power frequency withstand 

voltage. 

- Wet power frequency flashover 

voltage. 

- dry power frequency withstand voltage. 

- Dry power frequency flashover voltage. 

All the above tests are implemented on 

the two insulator test samples Lab N
O
. 

(3356/1-2). The results are recorded in 

the Tables (1 - 3). Only a slight /minor 

decrease in wet switching impulse 

withstand voltage by -4.4%/-5% and in 

wet power frequency withstand voltage 

by 22.5%/25% have been found. The 

reductions which are caused by the 

VERY HIGH / EXTREME surface 

pollutions are not critical for long-term 

insulation performance of the 245kV 

OHTL. 

Table (1) lightning impulse test 
Test type Nominal 

values, 

or values 

acc. to 

specifica

tion 

Test 

result 

Lab. 

No. 

3356/1 

Test 

result 

Lab. No. 

3356/2 

Dry 

lightning 

impulse 

withstand 

voltage, 

positive 

1800 kV 
1938 

kV 
1953 kV 

Dry 

lightning 

impulse 

withstand 

1800 kV 
1960 

kV 
1985 kV 

voltage,neg

ative 

50 % dry 

lightning 

impulse 

withstand 

voltage, 

positive 

--------- 
2016 

kV 
2031 kV 

50 % dry 
lightning 

impulse 

withstand 
voltage, 

negative 

-------- 
2038 

kV 
2064 kV 

 

Table (2) wet switching impulse test 
Test type Nominal 

values, 

or values 

acc. to 

specifica

tion 

Test 

result 

Lab. 

No. 

3356/1 

Test 

result 

Lab. 

No. 

3356/2 

 Wet 

switchig 
impulse 

withstad 

voltage, 
positive 

1050 

kV* 

1006 

kV 
990 kV 

Wet 

switchig 
impulse 

withstad 

voltage, 
negative 

1050 

kV* 

1004 

kV 

1005 

kV 

 Wet 

switchig 

impulse 
flashover 

voltage, 

positive 

--------- 
1092 

kV 

1074 

kV 

 Wet 
switchig 

impulse 

flashover 
voltage, 

negative 

-------- 
1089 

kV 

1090 

kV 

 

*) Values acc. to IEC 60071 -1, table 3  
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Table (3) power frequency test 
Test type Nominal 

values, 

or values 

acc. to 

specifica

tion 

Test 

result 

Lab. 

No. 

3356/1 

Test 

result 

Lab. 

No. 

3356/2 

  Wet 
power 

frequency 

withstand 
voltage 

800 kV 620 kV 602 kV 

 Wet power 

frequency 

flashover 
voltage 

-------- 715 kV 708 kV 

 Dry power 

frequency 

withstand 
voltage 

-------- 1026 kV 
1012 

kV 

  Dry power 

frequency 
flashover 

voltage 

-------- 
>1026 

kV 

>1012 

kV 

 

 

It is clear from Tables (1 - 3) that the 

silicone rubber insulators showed no 

decrease or degradation in their 

performance after five years of operation 

in very hostile environment.  

 

9 conclusions 
The conclusions of this study are 

summarized in the following points: 

 

1- Electric insulators are one of the main 

parts of over head transmission lines, 

they must meet two requirements, first is 

the electric insulation for the conductors, 

and the second is to provide mechanical 

support for the over head lines. 

 

2- Insulators are subjected to various 

electric stresses of different origin such 

as operating voltages and an electric 

stroke waves due to lightning storms. 

 

3- Most insulator types used in Libyan 

transmission network are porcelain and 

glass. These conventional insulators have 

encountered some problems when it 

operates in highly polluted areas. 

 

4- The line outage statistics date of 2008 

&2009 of western area show that there 

are many reasons of lines outage such as 

insulator pollutions, electric faults, over 

voltages, over currents ...etc. 

 

5- Line outage due to insulators pollution 

problems mainly occurs between May 

and September, because in this period 

there are many sand storms blows 

(Gibly) and less rain falls and relative 

humidity is very high especially in the 

coastal area. 

 

6- The time of the day of line outage due 

to pollution problems is between 12:00 at 

med night and 6:00 PM. 

 

7- GECOL uses the hand washing 

techniques for transmission line 

insulators cleaning and fixed spry 

washing techniques for substation 

insulators. 

 

8- Insulators cleaning costs GECOL 

approximately 1,200,000 LD per year. 

 

9- The General Electricity Company of 

Libya (GECOL) used silicone rubber 

insulators in a 220 kV test line.  This line 

connects El-khoms power station with 

switching station it is 8.5 km long. Two 

samples of these insulators tested after 
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five years in operation. Lab. No. 3356/1-

2 were allocated to the sample  

 

10- The silicone rubber insulators 

performed very well in OHTL. No 

failure (flash over or ageing damages) 

were observed or reported. The 

insulators show excellent service 

performance under extreme service 

pollution condition encountered in 

Khomes area. A minimum life-time of 

30 years is expected. Mechanical and 

electrical performance was verified by 

the relevant type and sample tests. 

 

11- These tests showed that silicone 

rubber insulator performs well in Libyan 

environment. 

12- Adding to resistance to 

contamination there are many another 

feature of silicone rubber insulators 

when compared with conventional 

insulators (porcelain and glass), such as 

cost, lightweight, less maintenance, gun 

shooting (vandalism). 

 

10 Recommendations 
After 5 years of operation of silicone 

rubber insulators in Libyan electric grid 

in Khomes area the test results proved 

the superiority of this type of insulators 

above the regular insulators without the 

need of cleaning, which mean a valuable 

reduction in outages and maintenance 

cost. Therefore it's strongly 

recommended use of this type of 

insulators in Libyan high and medium 

voltage networks. 
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Abstract 
   The developments in the technology of high power Light Emitting Diodes (LEDs) offer 

alternative replacement of the conventional street lighting lamps such as mercury vapour 

high pressure sodium types, with energy saving up to 90 % and a considerable reduction in 

carbon emissions. 

   LEDs offer a number of advantages when compared with the conventional street lighting 

lamps such as high energy saving, long life, high color index, no dust absorption and instant 

starting. 

   In this work a new street lighting lamp using a LED type is designed with its control 

circuit and implemented at the same street lighting pole and fixture. The model is tested to 

show its efficiency and power saving when compared with the high pressure mercury 

vapour street lighting lamp. 

Can be supply this type from Solar Cells this type suppose renewable energy . 

 

 

 

1-Introduction 

 

During the last hundred years, electrical 

lighting sources have gone through a series 

of technology transitions. From early 

carbon filament lamps to the ever present 

tungsten filament incandescent lamps to the 

use of plasma discharge sources, such as 

fluorescent lamps, high pressure mercury 

vapor lamps(HPMVL), and metal halide 

lamps. A solid-state light emitting diode 

(LED) is bringing a new light source with 

different operating characteristics. 

  

  

 

 

 

 

 

 

Recently, this type of lightsource has 

been commercially available for street 

lights as replacement for (125) watts high 

pressure mercury lamps at the same fixtures 

and poles [1]. 

 

LEDs were first introduced in the early 

1960s as indicator lights and had efficiency 

of only (0.01) lumens per watt. By the 

1980s, red LED performance had increased 

to more than (20) lumens per watt, and 

today produces more than (30) lumen per 

watt. LEDs are now used in many of 

applications and are available in several 
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colors and packages [2]. 

 

LEDs for street lighting applications 

packages a number of LED chips onto a 

coated printed circuit board and enclosed 

them in housing suitable for the 

environment. The LED fixture requires no 

ballast or capacitors like conventional street 

lights, rather it converts the line voltage to 

low voltage direct current with a small 

electronic power supply, either in the 

enclosure or mounted on the printed circuit 

board. LEDs have many advantages over 

conventional electric light sources, 

including low power requirements, long life 

time, small size, optical control and 

operating characteristics [3]. In many 

applications where LEDs are used today, 

the energy saving are at least 50% and up to 

90% for applications where they replace in 

candescent or HPMV lights. The life time 

of the LED is up to 60000 hours. This is 

several times greater than the operating life 

time of conventional lights [3]. 

 

 Internationally cities through out 

USA, Europe, China and South Africa now 

beginning to investigate and implement 

programs to try and make public street 

lighting more efficient by replacing 

traditional high intensity discharge lights 

with more energy efficient and longer life 

time white LED lights. White LEDs are 

very small, extremely efficient and robust 

as they do not 

produce much heat and do not a fragile 

filament when compared with conventional 

high intensity discharge lights. Each LED 

area is usually smaller than one cm
2
, so 

hundreds of them are used in an array to 

produce enough light for large applications 

[3]. 

 

Due to the above reasons, this paper 

deals with replacing the conventional high 

power street lamps, such as (125) w HPMV 

lamp, with a very low power white LED 

lamp. The LED lamp can be classified as 

low power LED (3 volts and up to 50 mA 

D.C. power) and high power LED (3 volts 

and up to 350 mA D.C. power). The 

selection of LED over head lamp units are 

designed to replace existing Mercury and 

Sodium street lamps using the same 

fixtures, poles and extended arms to hold 

the luminiares. 

 

The developments in high power LED 

lighting technology offer a viable 

alternative to conventional street lighting 

with energy saving up to 90% and a 

considerable reduction in carbon emissions. 

High power LED offers a number of 

significant benefits [4]: 

1. High lumen output: High power LED 

offers up to eight times more brightness 

than incandescent lamps. 

2. Tremendous energy saving: High 

power LED light sources are extremely 

efficient returning at least 80% saving 

over conventional Sodium or Mercury 

lamps. 

3. Long life: Operating for an average of 

10 hours per day, LED has a life period 

of up to 13 years, or 50000 hours. 

4. High color index: White LED has a 

unique color index providing brightness, 

true colors during the night time hours, 

and reducing glare or strobe effects 

common in conventional street lighting. 

5. No dust absorption or yellowing: 

Because LED operates at low voltage 

and temperature; there is no reduction in 

brightness or yellowing over the life 

period of the LED. 

6. Instant starting: Unlike Sodium lights, 

LED lights do not require a time delay 

to reach optimum brightness levels. 

In this paper a new street lighting lamp 

using a LED type is designed with its 
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control circuit. This lamp is implemented 

and tested, to show the validity of the new 

model and the amount of power saving 

when compared with the conventional 

HPMV street lighting lamps. 

The following sections deal with white 

LED lamp back-ground, types, 

characteristics, connections, colors, control 

circuit design, practical measurements and 

conclusions. 

 
(a) Part of an LED 

 

 
(b) The inner working of an 

LED 

Figure (1) The LED construction 

and inner operation 

2-LED lighting back-ground 

   The LED is discovered in the early 20
th

 

century, and introduced as a practical 

electronic component in 1962. All early 

devices emitted low-intensity red light, but 

modern LEDs are available across the 

visible, ultraviolet and infra red 

wavelengths, with very high brightness [5]. 

 

     LEDs are based on the semiconductor 

diode, which consist of two semiconductor 

materials layered on a substrate. Powered 

by a low D.C. voltage (2-4 V), electrons 

released from the negative N-type layer 

combine with holes from the positive P-

type layer. When electron-hole pairs 

combine, a photon of light is emitted from 

the active layer. The semiconductor is often 

called a chip. The chips can be packaged in 

variety of optical refracting forms to 

enhance the light output. The most common 

type has been the bullet-shape that incase 

the chip in area less than 1 cm
2
 epoxy 

package [6]. 

 

     The first practical visible-spectrum red 

LED is developed in 1962 by N. Holonyak, 

while working at General Electric Company 

[7]. M. George Craford, a former graduate 

student of Holonyak, invented the first 

yellow LED and improved the brightness of 

red and red-orange LED by a factor of ten 

in 1972 [8]. In 1976, T.P. Pearsall created 

the first high-brightness; high efficiency 

LED for optical fiber by inventing new 

semiconductor materials specifically 

adapted to optical fiber transmission 

wavelengths [9]. As the LED materials 

technology became more advances, the 

light output is increased. The invention and 

development of the high power white LED 

led to use for illumination [10]. In 1995, 

Alberto Barbieri at the Cardiff University 

investigated the efficiency and reliability of 

high-brightness LED demonstrated a very 
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impressive result by using a transparent 

contact made of Indium Tin Oxid (ITO) on 

Aluminium-Gallum-Indium 

Phosphide/Gallium Arsenide (Al Ga In P/ 

Ga As) LED. The existence of blue LEDs 

and high efficiency LEDs quickly led to the 

development of the first white LED, which 

employs a phosphor coating to mix yellow 

light with blue to produce light that appears 

white [11]. With the development of white 

lighting, high efficiency and high power 

LEDs, it has become possible to 

incorporated LEDs in illumination and 

street lighting, to replace the conventional 

light bulbs. 

3-LED LIGHTING CONSTRUCTION AND 

TYPES 

1) LIKE A NORMAL DIODE, THE LED 

CONSISTS OF A CHIP OF 

SEMICONDUCTING MATERIAL DOPED 

WITH IMPURITIES TO CREATE A P-N 

JUNCTION AS SHOWN IN FIGURE (1-A). 

THE CURRENT FLOWS EASILY FROM THE 

ANODE TO THE CATHODE. THE CHARGE 

CARRIERS (ELECTRONS AND HOLES) 

FLOW INTO THE JUNCTION FROM THE 

ELECTRODES WITH DIFFERENT 

VOLTAGES. WHEN AN ELECTRON MEETS 

A HOLE, IT FALLS INTO A LOWER 

ENERGY LEVEL, AND RELEASES ENERGY 

IN THE FORM OF PHOTON AS SHOWN IN 

FIGURE (1-B). THE WAVELENGTH OF 

THE LIGHT EMITTED AND ITS COLOR 

DEPENDS ON THE BAND GAP ENERGY OF 

THE MATERIALS FORMING THE P-N 

JUNCTION [12]. IN SILICON OR 

GERMANIUM DIODES, THERE IS NO 

OPTICAL EMISSION BECAUSE THESE 

MATERIALS ARE INDIRECT BAND GAP. 

THE MATERIALS USED FOR THE LED 

HAVE A DIRECT BAND GAP WITH 

ENERGIES CORRESPONDING TO NEAR-

INFRARED, VISIBLE OR NEAR-

ULTRAVIOLET LIGHT [13]. ADVANCES 

IN MATERIALS SCIENCE HAVE MADE 

POSSIBLE THE PRODUCTION OF DEVICES 

WITH SHORTER WAVELENGTHS, 

PRODUCING LIGHT IN A VARIETY OF 

COLORS. 

  

 THE MAIN TYPES OF LED ARE SHOWN IN 

FIGURE (2) AND CAN BE CLASSIFIED AS [14]: 

1) MINIATURE (LOW POWER) LED 

WITHOUT LENS. 

2) MINIATURE (LOW POWER) LED WITH 

LENS. 

3) HIGH POWER LED WITHOUT LENS. 

4) HIGH POWER LED WITH LENS. 

5) IN ALL THESE TYPES, THE 

OPERATING D .C. VOLTAGE 

APPROXIMATELY 3 VOLTS, BUT THE 

RATED CURRENT IS (50 MA) IN THE LOW 

POWER LEDS AND (350 MA) IN THE 

HIGH POWER LEDS. THE PERFORMANCE 

CHARACTERISTICS FOR EACH TYPE ARE 

TESTED AND STUDIED IN THE 

FOLLOWING SECTION. 

  

  

   

4-LED LIGHTING CHARACTERISTICS 

THE 4-TYPES OF LED LIGHTING CLASSIFIED 

IN THE PREVIOUS SECTION ARE USED IN THIS 

PROJECT FOR STREET LIGHTING LAMP 

DESIGN. THESE 4-TYPES ARE TESTED TO 

PREDICT THEIR PERFORMANCE 
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CHARACTERISTICS. FIGURE (3) SHOWS THE 

PHOTOGRAPH OF THE EXPERIMENTAL TEST. 

THIS PHOTOGRAPH CONSIST OF VARIABLE 

D.C. POWER SUPPLY (1→12 V, 0→1A), 

DIGITAL AMMETER, DIGITAL VOLTMETER, 

FLUX METER, LED MODEL INSIDE A 2-

INCHES DIAMETER OF PLASTIC TUBE AND 

WIRING CONNECTIONS. THE LED IS 

INTRODUCED INSIDE A WHITE PLASTIC TUBE 

FROM A CLOSED SIDE AND THE FLUX METER 

IS SUPPORTED AT THE OTHER END OF THE 

TUBE TO MEASURE THE LED OUTPUT 

LUMENOUS FLUX IN A LUX. THE TUBE HAS 

ONE FOOT LENGTH. A SUITABLE SERIES 

RESISTANCE (400→600Ω) IS CONNECTED IN 

SERIES WITH EACH TYPE OF TESTED LED, TO 

PROTECT THE WHITE LED FROM THE 

CURRENT FLOWS THROUGH IT DURING THE 

OPERATION. 

FIGURES (4-7) SHOW THE PERFORMANCE 

CHARACTERISTICS OF THESE 4-TYPES OF 

WHITE LEDS. FROM THESE FIGURES, THE 

FOLLOWING POINTS CAN BE CONCLUDED: 

1. HIGH POWER WHITE LED WITH A 

LENS (FIGURE.4) HAS A HIGH 

LUMINOUS FLUX AND HIGH POWER 

THAN THAT OF HIGH POWER LED 

WITHOUT A LENS (FIGURE.5), DUE TO IT 

HAS A LOWER DIODE RESISTANCE 

(APPROXIMATELY 45 Ω AT 3 V), HIGH 

DIODE CURRENT AT THE SAME DIODE 

VOLTAGE. THE LUMINOUS FLUX 

DEPENDS ON THE DIODE CURRENT 

BEFORE THE SATURATION. 

2. LOW POWER WHITE LED WITHOUT 

A LENS (FIGURE.6) HAS A HIGH 

LUMINOUS FLUX AND HIGH POWER 

THAN THAT OF LOW POWER WHITE 

LED WITH A LENS (FIGURE.7), DUE TO 

THE LOW POWER LED WITHOUT A 

LENS HAS A LOWER DIODE RESISTANCE 

THAN THAT OF LOW POWER LED WITH 

A LENS AT THE SAME DIODE VOLTAGE. 

3. THE LUMINOUS EFFICIENCY OF 

HIGH POWER WHITE LED WITHOUT A 

LENS IS HIGHER THAN THAT OF HIGH 

POWER LED WITH A LENS. ALSO THE 

LUMINOUS EFFICIENCY OF LOW POWER 

LED WITH A LENS IS HIGHER THAN 

THAT OF LOW POWER LED WITHOUT 

LENS. 

DUE TO THE LUMENOUS FLUX OF THE LED 

IS THE IMPORTANT FACTOR IN THE DESIGN 

OF LED STREET LIGHTING LAMPS, IN THIS 

PROJECT, THE HIGH POWER WHITE LED 

WITHOUT LENS IS USED AS THE  

PREFERRABLE CHOICE. 

 

 5-LED LIGHTING COLORS AND 

MATERIALS [5] 

  THE CONVENTIONAL LEDS ARE 

MADE FROM A VARIETY OF INORGANIC 

SEMICONDUCTING MATERIALS. TABLE (1) 

SHOWS THE AVAILABLE COLORS WITH THE 

CORRESPONDING WAVELENGTH RANGE, 

VOLTAGE DROP ACROSS THE DIODE AND THE 

MATERIAL TYPE. 

  IN THE STREET LIGHTING A WHITE 

LIGHT IS USED TO OBTAIN A HIGH 

RENDERING INDEX [1, 2, 3, AND 4]. THERE 

ARE TWO WAYS OF PRODUCING HIGH 

INTENSITY WHITE LIGHT USING LEDS. ONE 

IS TO USE INDIVIDUAL LEDS THAT EMIT 

THREE PRIMARY COLORS-RED, GREEN AND 

BLUE, AND THEN MIX ALL THESE COLORS TO 

PRODUCE WHITE LIGHT. THE SECOND 

METHOD IS TO USE A PHOSPHOR MATERIAL 

TO CONVERT THE BLUE OR ULTRAVIOLET 

LIGHT OF LED TO A WHITE LIGHT LED IN 

THE SAME WAY OF A FLUORESCENT LIGHT 

BULB WORKS. THE PHOSPHOR METHOD OF 
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PRODUCING WHITE LIGHT IS STILL THE MOST 

POPULAR TECHNIQUE FOR MANUFACTURING 

HIGH INTENSITY WHITE LEDS. 

  

 TABLE (1) THE LED COLORS, 

WAVELENGTH, VOLTAGE DROP AND 

MATERIAL. 

A. COL

OR 

B. WA

VELENG

TH [NM] 

C. V

OLTA

GE [V] 

D. SEMI

CONDUCT

OR 

MATERIA

L 

E. INFR

ARED 

F. Λ > 

760 

G. Δ
V < 

1.9 

H. GALL

IUM 

ARSENIDE 

(GAAS) 

ALUMINI

UM 

GALLIUM 

ARSENIDE 

(ALGAAS

) 

I. RED 

J. 610 

< Λ < 

760 

K. 1.
63 < 

ΔV < 

2.03 

L. ALU

MINIUM 

GALLIUM 

ARSENIDE 

(ALGAAS

) 
GALLIUM 

ARSENIDE 

PHOSPHID

E 

(GAASP) 

ALUMINI

UM 

GALLIUM 

INDIUM 

PHOSPHID

E 

(ALGAIN

P) 

GALLIUM

(III) 

PHOSPHID

E (GAP) 

M. ORA

NGE 
N. 590 

< Λ < 

O. 2.

03 < 

P. GALL

IUM 

610 ΔV < 

2.10 

ARSENIDE 

PHOSPHID

E 

(GAASP) 

ALUMINI

UM 

GALLIUM 

INDIUM 

PHOSPHID

E 

(ALGAIN

P) 

GALLIUM

(III) 

PHOSPHID

E (GAP) 

Q. YEL

LOW 

R. 570 

< Λ < 

590 

S. 2.
10 < 

ΔV < 

2.18 

T. GALL

IUM 

ARSENIDE 

PHOSPHID

E 

(GAASP) 

ALUMINI

UM 

GALLIUM 

INDIUM 

PHOSPHID

E 

(ALGAIN

P) 

GALLIUM

(III) 

PHOSPHID

E (GAP) 

U. GRE

EN 

V. 500 

< Λ < 

570 

W. 2

.18 < 

ΔV < 

4.0 

X. INDI

UM 

GALLIUM 

NITRIDE 

(INGAN) / 
GALLIUM

(III) 

NITRIDE 

(GAN) 

GALLIUM

(III) 

PHOSPHID

E (GAP) 

ALUMINI

UM 

GALLIUM 

INDIUM 

PHOSPHID

E 
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GG. PU

RPLE 

HH. M

ULTIPLE 

TYPES 

II. 2.
48 < 

ΔV < 

3.7 

JJ. DUA

L 

BLUE/RED 

LEDS, 

BLUE 

WITH RED 

PHOSPHO

R, 
OR WHITE 

WITH 

PURPLE 

PLASTIC 

KK. UL

TRAVIOL

ET 

LL. Λ < 

400 

MM. 3
.1 < 

ΔV < 

4.4 

NN. DIA

MOND (C) 

ALUMINI

UM 

NITRIDE 

(ALN) 
ALUMINI

UM 

GALLIUM 

NITRIDE 

(ALGAN) 

ALUMINI

UM 

GALLIUM 

INDIUM 

NITRIDE 

(ALGAIN

N) — 

(DOWN TO 

210 NM) 

OO. W
HITE 

PP. BR

OAD 

SPECTRU

M 

QQ. Δ

V = 

3.5 

RR. BL

UE/UV 

DIODE 

WITH 

YELLOW 

PHOSPHO

R   

  6-LED CONNECTION [15] 

 A-CALCULATING THE LED SERIES 

RESISTOR VALUE: 

  LEDS MUST HAVE A RESISTOR IN 

SERIES TO LIMIT THE CURRENT FLOWS 

THROUGH THE LED TO A SAFE VALUE; 

OTHERWISE IT WILL BURN OUT ALMOST 

INSTANTLY. FROM FIGURE (8) AND BY USING 

THE OHM’S LAW, THE SERIES CURRENT 

LIMITING RESISTANCE CAN BE CALCULATED 

AS: 

  

          

 
I

VV
R Ds 

   (Ω) 

……………………………………………

…… (1) 

 WHERE: 
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  VS=SUPPLY VOLTAGE      (V) 

  VD=LED VOLTAGE         (V) 

  I= LED CURRENT            (A) 

  R= CURRENT LIMITING RESISTANCE 

(Ω) 

  IF THE CALCULATED VALUE IS NOT 

AVAILABLE, CHOOSE THE NEAREST 

STANDARD RESISTOR VALUE WHICH IS 

GREATER, SO THAT THE CURRENT WILL BE A 

LITTLE LESS THAN THE RATED VALUE BUT 

THIS MAKE THE LED LESS BRIGHT. 

 

R

DV

RV
Vs

I

 

 FIGURE (8) LED CONNECTION 

  

 B-CONNECTING LEDS IN SERIES AND 

PARALLEL: 

  IF SEVERAL LEDS ARE REQUIRED 

TO BE ON AT THE SAME TIME, IT MAY BE 

POSSIBLE TO CONNECT THEM IN SERIES. THIS 

PROLONGS THE BATTERY LIFE BY LIGHTING 

SEVERAL LEDS WITH THE SAME CURRENT 

AS JUST ONE LED. AS SHOWN IN FIGURE (9), 

ALL THE LEDS CONNECTED IN SERIES PASS 

THE SAME CURRENT, SO IT IS BEST IF THEY 

ARE ALL THE SAME TYPE. THE POWER 

SUPPLY MUST HAVE SUFFICIENT VOLTAGE 

TO PROVIDE THE NECESSARY VOLTAGE 

ACROSS EACH LED (ABOUT 3 VOLT) PLUS 

THE VOLTAGE DROP ACROSS THE CURRENT 

LIMITING RESISTOR. TO WORK OUT A VALUE 

OF CURRENT LIMITING RESISTOR (R), IT 

MUST ADD UP ALL THE LED VOLTAGES AND 

THIS IS USED AS VD IN EQUATION (1). 

  

 

R

Vs

 

 FIGURE (9) LEDS SERIES CONNECTION 

  CONNECTING SEVERAL LEDS IN 

PARALLEL WITH JUST ONE RESISTOR SHARED 

BETWEEN THEM IS GENERALLY NOT GOOD 

IDEA. IF THE LEDS REQUIRE SLIGHTLY 

DIFFERENT VOLTAGES ONLY THE LOWEST 

VOLTAGE LED WILL LIGHT AND IT MAY BE 

DESTROYED BY THE LARGER CURRENT 

FLOWING THROUGH IT. ALTHOUGH 

IDENTICAL LEDS CAN BE SUCCESSFULLY 

CONNECTED IN PARALLEL WITH ONE 

RESISTOR, THIS RARELY OFFERS ANY USEFUL 

BENEFIT, BECAUSE RESISTORS ARE VERY 

CHEAP AND THE CURRENT USED IS THE SAME 

AS CONNECTING THE LEDS INDIVIDUALLY. 

IF LEDS ARE IN PARALLEL CONNECTION, 

EACH ONE SHOULD HAVE ITS OWN RESISTOR, 

AS SHOWN IN FIGURE (10). 
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 FIGURE (10) LEDS PARALLEL CONNECTION 

  

 

  IN THIS PROJECT, THREE 

SCHEMATIC DIAGRAMS ARE DESIGNED, 

IMPLEMENTED AND TESTED TO OBTAIN THE 

SUITABLE STREET LIGHTING LAMP. THE 

FIRST DIAGRAM IS SHOWN IN FIGURE (11), 

WHICH CONSIST OF (84) LOW POWER LEDS 

WITHOUT LENSES IMMERSED IN SERIES AND 

PARALLEL GROUPS INSIDE THE STREET LAMP 

FIXTURE. THE SECOND DIAGRAM CONSISTS 

OF (84) LOW POWER LEDS WITH LENSES 

IMMERSED INSIDE THE LAMP FIXTURE IN 

SERIES AND PARALLEL GROUPS, AS SHOWN 

IN FIGURE (12). THE THIRD DIAGRAM OF 

STREET LIGHT LED LAMP CONSISTS OF (84) 

LEDS OF HIGH POWER WITHOUT LENSES AS 

SHOWN IN FIGURE (13).  

  

7-Designn and Implementation Of The 

Control Circuit For Street Lighting LED 

Lamp 

 

 The schematic diagram of control 

circuit is shown in figure (14). The circuit 

consists of the following parts: 

1. A step-down transformer 220/18 

V, 1 A is connected to 220 V, 50 

Hz, single-phase A.C. power 

supply. 

2. A bridge rectifier type 

LTKBJ408G to convert the 

transformer output into a D.C. 

voltage. 

3. Smoothing capacitor of 25 V, 100 

μF to smooth the converted output 

voltage of the bridge rectifier. 

4. Stabilizer type 7812 with 

adjustable output voltage to feed 

the LED lamp from the A.C. 

supply during the night, through 

points 2 and 3 of the D.C., 12 V 

relay. The relay operation is 

indicated by a red LED lamp. 

5. Stabilizer type 7812 with a 

constant output voltage to charge 

the D.C. supply battery. The 

capacity of the battery is 12 V, 12 

AH, which is enough to feed street 

lighting LED lamp in case of 

emergency, when the A.C. supply 

voltage is disconnected. Also, the 

battery is used to feed the control 

circuit (comparators, transistor and 

relay) by a D.C. signal. 

6. Two operational amplifiers type 

LM358 are used as comparators. 

The first comparator is used to 

compare the output voltage of the 

third stabilizer type 7812 (as 

reference signal) with that 

obtained from the light dependent 

resistance (L.D.R.) during the 

night. The output of the first 

comparator will be delayed about 

1 minute before reaching the 

second comparator as an input 

signal. The delay circuit consists 

of resistance (1MΩ) and capacitor 

of 47 μF, and the time delay can 

be calculated as: 

 

                

τ=R*C……………………………………

………………………………. (2) 

 The output signal from the delay 

circuit will compared with the reference 
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signal of the second comparator. 

7. A transistor of NPN type BD137 is 

used as a switch to control the 

operation of the second relay. The 

output signal from the second 

comparator will feed to the 

transistor to make it ON, and this 

will operate the LED lamp (from 

the A.C. supply or the D.C. 

battery) through the contacts of the 

second relay. 

8. The operation of the first 

comparator is indicated by a red 

LED connected between the 

comparator and delay circuit. 

9. The benefit of the delay circuit is 

to prevent the street lighting LED 

lamp from the disconnection 

during the night, when an 

abnormal light comes from a car 

or any source of light, which leads 

to a L.D.R. operation. 

 

 

8- PRACTICAL MEASUREMENTS 

 IN THIS PROJECT FOUR SAMPLES OF 

LAMPS HAVE BEEN MADE FOR STREET 

ILLUMINATION, AND A COMPARISON HAS 

BEEN MADE TO PROVE THE EFFICIENCY OF 

EACH SAMPLE IN ORDER TO SELECT THE 

BEST ONE. THE COMPARISON HAS BEEN 

MADE BY MEASURING THE LIGHT AND THE 

POWER CONSUMED OF EACH LAMP. THE 

FOLLOWING FOUR SAMPLES ARE: 

 

1. THE FIRST SAMPLE: A STREET LED 

LAMP WITH (84) LEDS WITHOUT 

LENS, WHITE COLOR, AND THE 

LEDS ARE CONNECTED AS SHOWN 

IN FIGURE (11) FASTENED ON THE 

FIXTURE, THE FIXTURE IS MOUNTED 

ON THE ARM OF THE POLE, SIX 

METERS ABOVE THE GROUND. THE 

LAMP POWER IS (4) WATT, 12 V 

DC, SUPPLIED FROM A CONTROL 

CIRCUIT AS IN FIGURE (14). THE 

LIGHT INTENSITY THAT REACHES 

THE STREET WAS MEASURED USING 

THE LUX-METER, THE LIGHTING 

WAS (40) LUX UNDER THE LAMP 

FIXTURE. FIGURE (15) SHOWS A 

PHOTO OF THE LIGHT WHEN THE 

LAMP OPERATED DURING NIGHT. 

2. THE SECOND SAMPLE: A STREET 

ILLUMINATION LAMP HAS (84) LOW 

POWER LEDS WITH LENS AND A 

WHITE COLOR. THE LEDS 

CONNECTED AS IN FIGURE (12) AND 

FASTENED INSIDE THE FIXTURE. 

THE FIXTURE IS MOUNTED ON THE 

ARM OF THE LIGHTING POLE. THE 

POLE IS SIX METERS IN HEIGHT. THE 

LED LAMP POWER IS (5.25) WATTS, 

12 V DC, A CONTROL CIRCUIT 

SUPPLY IT AS IN FIGURE (14). THE 

LIGHTING REACHES THE STREET 

WAS MEASURED BY THE LUX-

METER, IT WAS (38) LUX UNDER 

THE LAMP FIXTURE. FIGURE (16) 

SHOWS A PHOTO OF THE LIGHT 

DURING THE LAMP OPERATION IN 

THE NIGHT. 

3. THE THIRD SAMPLE: A STREET 

LIGHTING LAMP WITH (84) LEDS 

WITH HIGH POWER WITHOUT LENS, 

WHITE COLOR, THE LEDS 

CONNECTED AS IN FIGURE (13), 

FASTENED IN THE FIXTURE AND 

MOUNTED ON THE LIGHTING POLE. 

THE POWER OF THE LED LAMP IS 

(5.5) WATT, 12 V DC SUPPLIED 

FROM THE CONTROL CIRCUIT. THE 

LIGHT INTENSITY REACHES THE 

STREET UNDER THE LAMP IS (50) 
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LUX. FIGURE (17) SHOWS THAT IN 

A PHOTO DURING THE LAMP 

OPERATION IN THE NIGHT. 

4.  THE FOURTH SAMPLE: A 

CONVENTIONAL STREET LIGHTING 

LAMP, MERCURY VAPOUR, HAS A 

POWER OF (125) WATT, 220 V, 

FASTENED TO THE FIXTURE, AND 

MOUNTED ON THE LIGHTING POLE 

SIX METERS IN HEIGHT. THE LIGHT 

REACHES THE STREET UNDER THE 

LAMP IS (45) LUX. FIGURE (18) 

SHOWS THE LIGHT IN A PHOTO 

DURING THE LAMP OPERATION IN 

THE NIGHT. THE FOLLOWING TABLE 

SHOWS A SUMMARY FOR THE 

READINGS TAKEN FROM THE FOUR 

SAMPLES MENTIONED BEFORE. 

 

 

TABLE (2) SUMMARY OF THE PRACTICAL 

READINGS 

 MODEL TYPE 
LAMP POWER 

(WATT) 
LIGHT INTENSITY (LUX) 

1 

 

LOW POWER LED LAMP 

WITHOUT LENS 
4.4 40 

2 
LOW POWER LED LAMP 

WITH LENS 
5.25 38 

3 
HIGH POWER LED LAMP 

WITHOUT LENS 
5.5 50 

4 
CONVENTIONAL  

MERCURY VAPOUR LAMP 
125 45 

 

 THROUGH COMPARISON OF THE 

RESULTS IN THE TABLE, WE FIND THAT THE 

THIRD SAMPLE IS THE BEST AMONG THE 

OTHER SAMPLES IN CONSUMING POWER AND 

LIGHTING EFFICIENCY REACHES THE STREET. 

 

9- CONCLUSIONS: 

 IN THIS RESEARCH THREE SAMPLES 

HAVE BEEN MADE OF WHITE LEDS LAMP, 

EACH SAMPLE HAS (84) LEDS DISTRIBUTED 

ON THE SURFACE AREA OF THE 

CONVENTIONAL STREET LIGHTING FIXTURE, 

BUT WITH DIFFERENT REFLECTORS. THE 

POWER CONSUMED HAS BEEN MEASURED 

FOR EACH LAMP AND THE INTENSITY OF 

LIGHT REACHES THE STREET. 

 A COMPARISON HAS BEEN MADE 

FOR THE THREE SAMPLES TO MEASURE THE 

POWER, EFFICIENCY AND THE LIGHT 

INTENSITY BY USING THE PERFORMANCE 

CHARACTERISTICS FOR EACH ONE. A 

COMPARISON HAS BEEN MADE AMONG THE 

THREE SAMPLES TYPE LED LAMP WITH 

CONVENTIONAL STREET LIGHTING LAMP 

TYPE MERCURY VAPOUR WITH (125) WATT, 

220 V, USING THE SAME FIXTURES, POLES 

AND STREET. 

 THE COMPARISON SHOWED THAT 

LED TYPE LAMPS ARE BETTER THAN THE 

CONVENTIONAL LAMPS, WHICH HAVE HIGH 

POWER CONSUMED. THE LED LAMPS POWER 

IS BETWEEN (4-5.5) WATTS IN COMPARISON 

WITH (125) WATT FOR THE MERCURY 

VAPOUR LAMP. THIS SAVES POWER OF 95%, 

AND IN THE OTHER HAND THE LIGHT 

INTENSITY AND COLOR RENDERING OF 

LIGHT, SHOWED THAT LED LAMPS ARE 

BETTER THAN CONVENTIONAL LAMPS, 

ESPECIALLY HIGH POWER LED LAMP 

WITHOUT LENS, THE LIGHTING REACHES THE 

STREET IS (50) LUX WHILE MERCURY 

VAPOUR LAMP IS (45) LUX, AND THE LIGHT 

WAS WHITE FOR LED LAMPS, YELLOW FOR 

THE CONVENTIONAL MERCURY VAPOUR 
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LAMP LIGHT. 

 THE OUTCOME INTENSITY OF 

LIGHTING FOR LED LAMPS CAN BE 

IMPROVED BY IMPROVING REFLECTORS 

USED IN MANUFACTURING THE LAMP. WE 

NOTICED THAT THE REFLECTORS OF 

MERCURY VAPOUR LAMPS WERE BETTER 

THAN THE REFLECTORS MANUFACTURED 

FOR SPECIAL SAMPLES FOR LED LAMP, 

WHICH CAN SPREAD THE LIGHT OVER THE 

STREET AREA IN A BETTER WAY. 
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FIGURE (2) THE MAIN TYPES OF LED 

 

 

FIGURE (3) THE EXPERIMENTAL TEST 
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FIGURE (4) PERFORMANCE CHARACTERISTICS OF HIGH 

POWER LED WITH LENS 
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FIGURE (5) PERFORMANCE 

CHARACTERISTICS OF HIGH POWER LED 

WITHOUT LENS 

Miniature (low 

power) LED 
without lens 

Miniature (low power) LED 

with a lens 

High power LED 

without lens 

High power LED with 

a lens 
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FIGURE (6) PERFORMANCE 

CHARACTERISTICS OF LOW POWER LED 

WITHOUT LENS 
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FIGURE (7) PERFORMANCE 

CHARACTERISTICS OF LOW POWER LED 

WITH LENS 
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FIGURE (11) LED LAMP DIAGRAM OF (84) 

LEDS OF LOW POWER WITHOUT LENS 
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FIGURE (12) LED LAMP DIAGRAM OF (84) 

LEDS OF LOW POWER WITH LENS 
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FIGURE (13) LED LAMP DIAGRAM OF (84) 

LEDS OF HIGH POWER WITHOUT LENS 
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FIGURE (14) SCHEMATIC DIAGRAM OF THE 

CONTROL CIRCUIT  

 

FIGURE (15) PHOTOGRAPH OF THE LOW 

POWER LED LAMP WITHOUT LENS MOUNTED 

IN THE FIXTURE ON THE POLE DURING THE 

NIGHT 

 

FIGURE (16) PHOTOGRAPH OF THE LOW 

POWER LED LAMP WITH LENS MOUNTED IN 

THE FIXTURE ON THE POLE DURING THE 

NIGHT 

 

FIGURE (17) PHOTOGRAPH OF THE HIGH 

POWER LED LAMP WITHOUT LENS MOUNTED 

IN THE FIXTURE ON THE POLE DURING THE 

NIGHT 
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FIGURE (18) PHOTOGRAPH OF THE HIGH 

POWER LED LAMP WITH LENS MOUNTED IN 

THE FIXTURE ON THE POLE DURING THE 

NIGHT 
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energy sources? 
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Abstract- This paper presents an investigation related to exploitation of renewable energy 

sources for meeting energy requirements of remote locations. This investigation is based on 

a practical project which was executed in collaboration between academia and industry. It 

is funded by the U.K. government, industry and local community. It involves design and 

installation of a prototype integrated renewable energy system which includes two 15 kW 

wind turbines, electrolyser and fuel cells together with the associated control equipment. It 

was installed at the furthest island of Shetland located at the north of Scotland, U.K. The 

philosophy upon which the design of this system based is summarised as follows: During 

times of high wind, the electricity generated by wind turbines is normally greater than that 

required by site electrical load. The excessive amount of generated electricity is stored into 

Hydrogen by utilising an electrolyser. On the other hand at times when wind is low which 

results in either no electric power or only a fraction of load demand, the remaining electric 

power required by load is obtained from the electricity generated by fuel cells using the 

stored Hydrogen as their input. 

I.   Introduction 

The oil crisis of 1973 due to Arab-

Israeli conflict has led to sharp increase in 

oil prices. This in turn has led industrial 

countries, for the first time, to seriously 

consider exploitation of renewable energy 

sources such as wind, solar, marine etc. In 

order to make this happening appropriate 

legislations have been put in place. For 

example in 1978 Public utility Regulatory 

Policies Act (PURPA) has been published 

in the USA. This act has established the 

right for power producers (whether 

individuals or group of people) to use 

utilities’ transmission and distribution 

networks to transmit electrical energy to 

another location. The UK Energy Act 

which is similar to PURPA was published 

in 1983. Such legislations and other 

encouragement for competition have 

resulted in rapid increase of using 

renewable energy sources to drive small 

and medium electrical generators which are 

largely connected to utilities’ distribution 

networks. However under certain 

circumstances such generators are also 

utilised to supply isolated networks. The 

latter is particularly common in remote 

locations which are far away form the Grid 
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and consequently its connection to the grid 

is expensive. 

Exploitation of renewable energy 

sources (RES) has attracted and still 

continues to attract the attention of many 

countries world-wide. This is also helped 

by environmental pressures aiming at 

reducing CO2 emission, which has recently 

become an important incentive for 

developing renewable energy sources 

globally. Recently it has been reported by 

the International Energy Agency that 46% 

global electricity would be from RES by 

2050 [1], while Greenpeace International 

and European Renewable Energy Council 

forecasted the share of global electricity 

from RES would reach 77% by 2050 [2]. 

The share of global electricity from wind, 

according to Global Wind Energy Council 

would be 21-30% [3]. As with regard to 

solar, it was projected by Greenpeace 

International that electricity from solar 

would increase from 16 GW in 2008 to 180 

GW of solar PV worldwide by 2030 [4]. 

Large percentage of electricity generated 

from RES would be non grid-connected. 

For example according to Greenpeace 

International about 40% of the 180 GW 

forecasted power systems solar electricity 

by 2030 would be non grid-connected. 

In recent years several renewable 

energy systems have been developed to 

electrify remote locations in different parts 

of the world [5-6]. This paper presents an 

investigation related to exploitation of 

renewable energy sources to meet energy 

requirements of remote locations. This 

investigation is based on a practical project 

which was executed in collaboration 

between academia and industry. It was 

funded by the U.K. government, industry 

and local community. It involves designing 

and installation of a prototype integrated 

renewable energy system which includes 

two 15kW wind turbines, electrolyser and 

fuel cells together with the associated 

control equipment. It was installed at the 

furthest island of Shetland located at the 

north of Scotland, U.K.  

The philosophy used in designing this 

system can be summarised as follows: 

During times of high wind, the electricity 

generated by wind turbines is normally 

greater than that required by site electrical 

load. Consequently the excessive amount of 

generated electricity is stored into 

Hydrogen by utilising an electrolyser. On 

the other hand at times when wind is 

quite/low which results in either no electric 

power or generation of only a fraction of 

load demand, the remaining electric power 

required by the load is obtained from the 

electricity generated by fuel cells using the 

stored Hydrogen as their input. 

II. Site of the project 

The system was developed and installed 

in Unst; the most northern island in 

Shetland located 200 miles from Scotland 

mainland. This makes it a truly remote area 

which is characterised by (i) having high 

wind energy resource. Fig. 1 shows a 

comparison between wind energy resource 

in Shetland and other locations in the UK 

and Denmark. It demonstrate that wind 

energy resource in Shetland is as twice as 

high the UK and Denmark locations [7] (ii) 

far from the grid and (iii) the cost of oil 

related products such as petrol and diesel 

could be as high as 20% more the UK 
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mainland. This has led to opting wind 

turbine as power source for the considered 

system. 

 
Fig. 1 Comparison between wind energy resource in Shetland, Cornwall (UK) and 

Denmark.  

III. The design philosophy  

The philosophy upon which the design 

of the system is based is summarised as 

follows: During times at which wind is high 

the electricity generated by system wind 

turbines is normally more than needed by 

electrical loads. The excessive amount of 

generated electricity is stored into 

Hydrogen by utilising an electrolyser. At 

times when wind is low and consequently 

the resultant generated electricity 

constitutes only a fraction of load demand. 

The remaining electric power required by 

the load is obtained from the electricity 

generated by fuel cells which uses the 

stored Hydrogen as their input. The 

Hydrogen generated by the system can also 

be used for other applications such as 

powering the project site small electric car. 

 

IV. System Components 

Fig. 2 shows the details of the system. It 
basically consists of (i) a renewable energy 
system which comprises from two wind 

turbines, 15kW each, (ii) back-up energy 
system based, on fuel cell technology where 
the adopted fuel cell is rated at 5kW, (iii) 
electrolyser for hydrogen production, (iv) 
hydrogen storage system and hydrogen 
dispenser, (v) two electrical load; the first in 
a form of electrical heating system which 
can be directly supplied from unregulated 
DC supply and the second is an AC load and 
(vi) energy management control system.  

The unregulated AC power generated by 
the two wind turbines is rectified and 
smoothed to provide a DC supply of up to 
30kW on a common DC bus. The 
unregulated DC bus power is then used to 
either supply the 9KW inverter, the storage 
heating system, or the electrolyser 
depending on weather and load 
requirements. 
The management control system is 
specifically developed to prioritise the flow 
of power generated by the turbines. During 
periods of low electrical demand and high 
electrical energy, generated by the turbines 
during high wind, surplus energy is directed 
to the electrolyser for generating hydrogen 
which is stored in the pressurised storage 
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system. When the energy balance is 
reversed, the consumption of the load 
exceeds the electrical energy generated by 
the wind turbines. In this case, the fuel cell 
is operated. The fuel cell maintains the 
power supply to the AC circuit consumer 
unit through a 5kW inverter. During the 
time when the fuel cell is in operation, the 
electrolyser is switched off to minimise the 

parasitic loss in the system during light 
periods. However the wind turbine even in 
the event of low renewable power 
generation continue to system during light 
wind periods. However, the wind turbines 
even in the event of low renewable power 
generation continue to maintain the supply 
to the heating system. The latter is switched 
off only when there is no wind. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Electrical Load 

(Heating) 
Electrolyser  

Electrical Load 

(AC Power) 

Fuel Cell 

Auxiliary Battery 

Hydrogen 

Dispenser 

Hydrogen 

Storage 

Management 

Control 

System 
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Fig. 2 Basic components of Unst integrated renewable energy system 
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V. Extracted mechanical power from 

wind 

Theoretically the wind power available 

to be harvest by wind turbine is given by 

equation (1): 

3
wth Av

2

1
P   (1) 

Where, Pth is the theoretical wind power 

that can be converted to mechanical power 

by wind turbine, ρ is the air density 

[kg/m3], A is the area swept by wind 

turbine blade and vw is the wind speed 

[m/s]. 

The rotor diameter of wind turbines 

used in this project is equal to 9.4m 

resulting in a swept blade area of 69.4 m
2
. 

The actual mechanical power that can 

be extracted from wind is equal to 

theoretical wind power multiplied by the 

power coefficient of wind turbine such that 

[8]: 

),(CvR
2

1
P p

3
w

2
w pitch  (2) 

Where, Pw is the actual extracted power 

from wind, R is the radius of wind turbine 

blade [m], and Cp is the power coefficient 

which is a function of tip speed ratio, λ, and 

blade pitch angle, pitch [deg], where λ is 

given by: 

wv

R
   (3) 

Where,  is the angular speed of wind 

turbine blade. 
Figs. 3 and 4 show the power curve and the 
power coefficient curve specific to the 
adopted wind turbines [9]. It can be seen 
from Fig. 4 that the optimum designed 

power efficiency for the selected wind 
turbine occurs at wind speed of 8 m/s. The 
efficiency of wind turbine below this 
optimum speed is not of great importance as 
there is not much energy available to be 
extracted from airflow. On contrary at high 
wind speeds wind energy in excess of the 
design limits of electrical generator must be 
shed by the turbine. The process of power 
shedding can be understood by examining 
Figs. 3 and 4 related to the turbine power 
curve and the efficiency respectively. It is 
evident from these two curves that by the 
time the turbine reaches its rated power of 
15kW at approximately 10 m/s, its 
efficiency has dropped considerably which 
ensures regulating the turbine output. 
Having low turbine efficiency is particularly 
important at high wind speed region where 
wind energy is high and the extracted 
amount of energy must be limited to the 
rated power of generator otherwise it would 
be damaged. 
The best way to demonstrate how the two 

curves work together is by reference to Fig. 

5 which shows a sample of a record of wind 

speed versus time at the project site and the 

corresponding wind turbine output [10]. It 

can be seen that although wind speed 

between hours 25 and 30 continues to 

increase the turbine output remains almost 

constant at 14 to 15kW. During the same 

period wind speed varies between 17 m/s to 

26 m/s. Referring to the efficiency curve of 

Fig. 4 it can be seen that the corresponding 

turbine efficiency is 7.5% to 2%. This 

means huge amount of wind energy is shed 

for the sake of protecting the generator 

from damage. 
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Fig. 3 Power curve for 15kW Proven wind turbine 
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Fig. 4 Power Coefficient, Cp for 15kW Proven wind turbine 
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Fig. 5 Time-series wind speed and the corresponding simulated wind turbine power output.

VI. Renewable energy system for Middle 

East applications 

The lessons and experience learned from 

Unst prototype renewable energy system 

[7] can be used for the development and 

installation of similar systems anywhere in 

the word including Middle East after taking 

into account local dominant renewable 

energy resource. It is obvious that the 

dominant renewable energy resource in 

Middle East is solar radiation which is 

available in huge quantity almost 

everywhere. Similar to Unst island 

coloration between the energy demand and 

energy resource also exists in Middle East. 

However the energy demand in case of 

Middle East is in a form of cooling during 

summer time as opposed to heating during 

winter in case of Unst. Therefore a 

renewable energy system that suits Middle 
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East environment would be similar to that 

shown in Fig. 4 but with replacing the wind 

turbines and its interfacing AC/DC 

rectifiers by Photovoltaic arrays, which 

normally generate DC voltage, and DC/AC 

inverters respectively. Further modification 

may be introduced depending whether there 

is a need for hydrogen applications. If this 

is not the case the back-up system based on 

generation of hydrogen and fuel cell 

technology may be replaced a back-up 

system based on batteries. Final decision 

regarding which of the two options is to be 

adopted should consider factors such a 

safety issues, economical considerations 

and staff training. 

VII. CONCLUSION 

Development of a prototype clean 

renewable energy system for electrical 

generation suitable for remote areas has 

been presented. The system was installed in 

Unst island which is located 200 miles from 

UK mainland which is characterised by 

having high wind energy resource 

compared to other locations in UK 

mainland and Europe. The system basically 

consists of a primary electrical generation 

source comprising of two 15kW wind 

turbine and a back-up electrical power 

source based on fuel cell technology. The 

latter is essential to meet the deficiency in 

the primary electrical power generation 

normally experienced at times when wind 

speed is low. 

Modification of Unst renewable energy 

system to suit the clean energy resource 

available in Middle East which is solar 

radiation has also been discussed. This 

means the primary electrical generation 

source needs to be replaced by one which is 

based on photovoltaic solar panels. The 

back-up power source may be also by 

another one based on batteries depending 

on factors including whether the hydrogen 

is needed, safety issues and economical 

consideration. 
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Abstract: 

     Although Libya has a vast amount of Oil and natural Gas reserves for the energy need of 

the country and also for the export purposes, they will be over sooner or later; hence there 

is a need for an alternative sustainable energy source which is clean, efficient and cost 

effective. Lot of renewable energy sources like Biomass, solar PV cells, Hydro electric etc, 

are there but most of them are either not suitable for Libya or are not cost effective hence 

the third generation technologies like Concentrated Solar Power and Wind energy are the 

natural choices as they are clean, cost effective and are well suited for the Libyan 

conditions. Furthermore the countries geographical conditions are best suited for these 

technologies as Libya has plenty of sunshine hours thought the year and also the wind 

speed especially along the coast is sufficient for the wind energy to be developed. 

 

 

1. Introduction 

     Libya is located on the northern edge of 

Africa(Approximately from 19
0
 north to 

@33
0
 N) with about 88% of its area 

considered to be desert. As an oil exporting 

nation Libya does not have any energy 

crisis immediately but the location and the 

availability of Solar insolation and wind 

speed makes Libya the natural choice for 

the renewable energy production, which can 

for the domestic consumption as well as for 

export purpose, and there is a huge demand 

from the European countries for the power 

which can be supplied from Libya. 

 The most ideal place for 

generation of solar energy is places where 

you get minimum of 2000kWh of sun light 

radiation /m2 annually which are usually 

near the equator up to 30
0
 north and south 

and which has free land for the unit. 

 Renewable energy technologies 

like Hydro Power and Bio-Mass 

combustion is not viable for Libya as it 

lacks the resources , continuous flow of 

water and bio-mass supply. Photovoltaic's is 

not cost effective when the energy 

production on large scale is considered . 

That leaves us with two options i.e. 

Concentrated Solar Power  and Wind Power 

which are ideal for Libya as it is located 

near the equator and lies below 30
0
  N along 

with having a large part as Sahara desert . 

 

 

2. Technology Assessment 

 

     There are four types of Concentrated 

Solar power technology namely 

1.Parabolic trough 

2.Central receiver (Power Tower) 
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3.Parabolic Dish 

4.Fresnel Linear Reflector.  

Concentrating Solar Power Plants produce 

energy / Electric power by converting the 

Sun's energy into high temperature heat 

using various mirrors or Len's  

configuration to concentrate Sun's rays to a 

Temperature of about 400
0
 to 1000

0
 C. For 

Solar Thermal Systems the heat is 

transmitted to a turbine or engine for power 

generation. Thermal plants consists of two 

major subsystems: one that collects solar 

energy and converts it into heat, and 

another that converts heat energy to 

electricity. 

 

 

2.1 PARABOLIC TROUGH SYSTEM: 

 

     Parabolic trough systems comprise rows 

of trough shaped mirrors which direct solar 

insolation to a receiver tube along the focal 

axis of each trough.  the focused radiation 

raises the temperature of the heat transfer 

fluid usually molten salt , which is used to 

generate steam. the steam is then used to 

power a turbine generator to produce 

electricity. 

 
Fig. 1 Parabolic trough System. 

 

 

2.2 CENTRAL RECEIVER (POWER 

TOWER): 

 

     Power tower systems consists of a field 

of thousands of sun tracking mirrors which 

direct insolation to a receiver atop a tall 

tower. A heat transfer fluid usually molten 

salt is heated in the receiver and is piped to 

a ground based steam generator. The steam 

drives a steam turbine-generator to produce 

electricity. 

Fig. 2 Central receiver (Power Tower) 

 

     All CSP systems make use of direct 

normal component of solar radiation, that 

is, the radiation that comes directly from the 

sun and not the diffused sun light. Direct 

normal insolation (DNI) is available only 

on sunny days. Concentration of DNI 

allows a solar system to achieve a high 

working fluid temperature. The need to 

focus DNI requires that collector systems 

track the sun. Parabolic trough systems use 

single axis trackers to focus radiation onto a 

linear receiver whereas power towers 

systems use two axis trackers to track the 

sun . These trough and tower plant systems 

are best suited  for relatively large plants 50 

MW or larger.  

 

 

2.3 PARABOLIC DISH: 

 

478

478



 

 

   T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/2010 

     Parabolic dish systems use a dish shaped 

arrangement of mirror facets to focus 

energy onto a receiver at the focal point of 

collector. A working fluid such as hydrogen 

is heated in the receiver, and drives a 

turbine  or sterling engine. These are 

modular in nature, with single units 

producing power in the range of 10 kW to 

35kW.These could be used in remote areas 

or may be used in a group for larger 

requirements. 

 

Fig. 03 Parabolic dish. 

 

     Fresnel linear Reflectors are similar to 

parabolic trough systems as they also 

radiate the solar insolation to a receiver tube 

along the focal axis but in this case they use 

flat mirrors arranged in parabolic curve 

instead of trough shaped mirrors. This 

system are economical compared to trough 

systems as the installation cost is very low. 

     The solar flux concentration ratio 

typically obtained at the focal plane varies 

between 30-100 suns for the trough 

systems, 500-5000 suns for tower systems, 

and 1000-10,000 for dish systems. Higher 

concentration ratio's imply lower heat 

losses from smaller receivers and, higher 

attainable temperatures at the receiver. 

 

3. Renewable energy Scenario 

      For the adoption of appropriate 

Sustainable Renewable energy production 

system it has to satisfy  the following  few 

things  

3.1. Technology 

3.2. Resources. 

3.3 Cost effectiveness. 

3.4 low Maintenance.  

3.5 Environmental impact. 

 

3.1 Technology: 

      The third generation technologies like  

CSP and wind turbine are still under 

development but are also adopted by a lot 

of countries, at the end of 2008 CSP 

provided only 436MW but by 2011 it may 

go up to 1000MW and by 2017 it is 

expected to increase by 17,000MW as 

Spain and USA are adding 10,000MW & 

7,000MW. The current Electricity 

production using CSP is 560 MW and 

another 984MW plants are under 

construction and @7463MW of plants 

already been announced to be complete by 

2014. Hence the Technology is available for 

the Production of Electricity using CSP. 

 

3.2 Resources 

 

     Libya is located on the northern tip of 

Africa and lies between 19
0
 N and 32

0
 N 

latitudes, and @88% of land is considered 

to be desert with an daily average solar 

radiation on a horizontal plane of 

7.1kWh/m2/day in the coastal region and 

8.1 kWh/m2/day in the southern region 

with an average sun duration of more than 

3500hours /year and the average wind 

speed at 40 meter height is between 6.75m/s 

to 7.5m/s. So the required resources and 

open land are available for Libya. 
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Fig. 4 Global Irradiation  levels 

 

 
Fig. 5. Wind map of Coastal Libya 

 

     Using the 300kW reference turbine the 

measured data from Sirte gives 100% 

production of 613MWh/a and a capacity 

factor of 20%. which is similar to an 

average German site. Hence Libya has the 

Much needed Solar irradiation for the CSP 

and the wind speed along the coast for the 

wind Mill, hence it can plan Hybrid systems 

along the coast for better efficiency and 

pure CSP (Central Tower and Trough 

systems) along the southern border.   

 

3.3 Cost Effectiveness 

 

     The production costs for CSP today is 

about 15cents/kWh in USA and may come 

down to 7cents/kWh in the coming years. 

The IEA (international Energy Agency) and 

for wind energy it is from 7cents/kWh to 15 

cents/kWh study on cost competitiveness of 

selected renewable power technologies  

suggest that after small Hydro and Biomass  

the CSP ,Geo thermal and wind energy are 

the technologies that produce electricity 

within the retail consumer price range the 

figure below gives an idea of cost 

competitiveness which was conducted in 

2006 but now the production cost for CSP 

has come down to about 15cents/kWh and 

is expected to reduce further to 7cents/kWh. 

 
Fig. 6 Cost competitiveness of Renewable 

technologies 

 

     The levelized  electricity costs for CSP 

and Photovoltaic's are indicating that the 

CSP is more cost effective that the 

photovoltaic in North Africa even with a 

50% cost reduction in photovoltaic's and no 

cost reduction in CSP. For Libya the 

levelized electricity cost for CSP is around 

0.12Euros/kWh where as the for 

photovoltaic's it's around 0.35euros/kWh 

and even with a 50% cost reduction it may 

come down to 0.18euro's/kWh which is 

higher than the present day cost of CSP. 

With more and more plants being under 

construction the  levelized cost is expected 

to come 

down.

 
Fig. 07 Levelized Electricity costs 
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    As the USA experience shows that the  

levelized cost of production will come 

down  with increase in the production. the 

SEGS Plant LEC Experience curve shows a 

reduction in the production cost with 

increased cumulative megawatts installed.  

Hence as more plants are added in future 

and the cumulative capacity increases  the 

cost will come down. 

 
Fig. 08 Levelized  cost of CSP in USA 

 

3.4 Low maintenance 

     The CSP trough system plants need very 

less maintenance  and the environmental 

impact is almost nil in comparison with the 

fossil fuel based production these units will 

not pollute the environment and are clean 

technologies.  

 

4. Conclusion 

     After a detailed study of the technology 

available and the suitability for the country 

one can come to a conclusion that the 

possible options of sustainable renewable 

energy for Libya are CSP (Concentrated 

Solar Power) as Parabolic trough and Power 

tower and then Wind energy . The Southern 

part of the country has a large potential for 

CSP and along the coast hybrid systems can 

be proposed. CSP and wind energy along 

the coast of Libya can provide a sustainable 

continuous power supply for the domestic 

and export purposes.  

 
Fig. 09 Proposed HVDC grid for  Europe. 

 

     The picture shows the possibility of a 

combination of Conventional AC grid with 

High voltage DC grid (HVDC) which can 

be used in the transmission of electricity to 

trans-European Electricity scheme. As 

Europe needs electricity and Libya has a 

huge potential for the production from 

renewable energy sources like CSP and 

wind energy, it can be a potential energy 

exporter to the European market. 
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Abstract 

     The national plan in Libya adopted 10% target of renew-able energy to be brought into 

electricity production stream by 2020. Libya can tap the huge received solar energy 

resources by using Parabolic Trough technology which is the only mature and commercial 

CSP technology. In order to estimate reliably the required capacity to meet this target, 

forecasting scenarios for the electricity production have been built, based on historical data 

of electricity production for the last seven years. The required amount of electricity 

production to meet 10% target by 2020 is 5442GWh according to the first forecasted 

scenario with 6% annual growth rate, and 6939GWh according to the second one with 8% 

annual growth rate. SAM software provided by (NREL) is used to simulate the proposed 

100MW Parabolic Trough unit with either water or dry cooling systems at Tripoli and other 

comparator locations in North Africa and Southern Europe. The annual electricity output 

for each proposed unit in Tripoli is about 224GWh and at the Southern part (Al Kufra) the 

net electricity output, taking in account the 3% transmission losses through HVDC lines, is 

more than 50% higher than for a unit in Tripoli. The total required capital cost for the 

proposed number of installed units in Tripoli is (8.65 – 11.8) billions US$ for both 

forecasted scenarios, whereas in Al Kufra the required capital cost is more than 50% lower 

than Tripoli. The levelized cost of energy is about 4¢/kWh lower in Tripoli than Palermo 

and Athens, whereas in Al Kufra this cost, in addition to HVDC transmission cost (about 

1.5 ¢/kWh), is less than half of the cost in Palermo and Athens in the Southern Europe. 

 

1)  INTRODUCTION 

1.1. Study Background 

The existing electricity gene-ration 

technologies are mainly dependent on 

burning fossil fuel which is probably 

considered the main contributor to GHG 

emissions. Currently, a big movement 

towards renew-able energy resources has 

been recorded since Kyoto Protocol 

establishment in (11 December 1997) and 

targets has been set to achieve GHG 

emissions re-duction by tapping the 

available renewable resources. 

 

The huge amount of energy received due to 

solar irradiation on the earth is the largest 

renewable energy resource, which can 

supply many times the present demand for 

the whole globe if it is utilized and tapped 

sensibly. Currently, two methods of solar 
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energy utilization are available in the 

energy market. The first method is using 

photovoltaic solar systems which convert 

the scattered and diffuse sunlight to 

electricity directly. The second method is 

using Solar Thermal Systems which convert 

the direct sunlight into heat to produce 

steam for driving the turbine to generate 

electricity. The Sunbelt regions which 

mainly have the desert-like climatic 

conditions are the most suitable places to 

install these technologies. Figure 1.1 shows 

the world's best locations for concentrating 

solar power such as inland of Australia, the 

Middle East, the Sahara desert of North 

Africa, the South-western United States and 

the Atacama Desert of Chile (SCHTOTT, 

2008). 

 

 

Fig (1.1): The availability of implementing CSP over the world (Source: Schott Solar) 

 

A study carried out by German Aerospace 

Centre (DLR) suggests a promising 

scenario for the future of solar thermal 

technology, if utilized in the Sunbelt area. 

Figure 1.2 introduces this scenario; the 

biggest red square on the left (300 km × 

300 km) shows an area of desert that, if 

covered with concentrating solar power 

plants, would provide electricity that would 

be equivalent to the entire current world 

energy consumption. The middle-sized 

square (126 km × 126km) shows a 

corresponding area for the European Union 

(as it was with 25 countries in 2004). The 

smallest square is the corresponding area 

for the Middle East and North Africa (55 

km x 55 km) (TREC, 2008).
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Fig (1.2): DLR future scenario of CSP in North Africa  

(Source: German Aerospace Centre (DLR), 2005) 

 

1.2. Potential of Solar Energy in Libya 

     There is a huge potential of renewable 

energy sources in Libya due to its 

geographical and climatic conditions. The 

most important renewable energy source is 

solar energy, since Libya enjoys as shown 

in figure (1.3) the daily average solar 

radiation on a horizontal plane about 

(7.1kWh/m
2
/day) on the coast and 

(8.1kWh/m
2
/day) in the South, and the 

average annual sun duration is more than 

3500 hours per year (MEDELEC, 2008).

 

 
Fig (1.3): Solar Radiation Availability (Source: Renewable Energy in Libya, 2008) 

 

1.3. Electricity Production in Libya 

     The existing 10 electricity generation 

plants provide 6612 MW total installed 

generation capacity in 2007, and most of 

these are installed on the coast which is 

considered the most inhabited area in 

Libya. The electricity production reached 

25,514 GWh in 2007 with 6.34% growth 

rate in com-parison with 2006, and is set to 

increase in the coming years. Table (1.1) 
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shows the growth of electricity production 

from 1998 to 2007 (GECOL annual report, 

2007).

 

Table (1.1):- The generated electricity over the last ten years 

Year Electricity 

Production 

(GWh) 

Growth 

Rate (%) 

1998 025,31 - 

1999 0,5,11 25,1 

2000 0,5,52 15,2 

2001 025000 2551 

2002 015,20 1510 

3002 0155,3 151, 

3000 315313 252, 

3002 335,,1 00521 

3002 325553 2511 

3002 3,5,0, 252, 

 (Source: GECOL annual report, 2007) 

 

1.4. Schematic & Components of 

Parabolic Trough Systems 

     Parabolic trough system as shown in 

figure (1.4) consists of long parallel rows of 

reflectors (typically, glass mirrors) that are 

curved to form a trough which are used to 

concentrate sunlight on the receiver 

(EUROPEAN COMMISSION, 2007). 

 
Fig (1.4): The main components of 

Parabolic Trough system 

(Source: H. Price, 2006) 

 

The receiver tube fixed at the focal line of 

the reflector to absorb the reflected 

sunlight, and this receiver takes the form of 

a pipe treated with a low-e coating encased 

in a glass cylinder, the space between the 

pipe and glass cover is evacuated. Trough 

technologies are based on the principle of 

single-axis sun tracking, and in the typical 

design of this system the receiver is fixed to 

the Trough. These rows are arranged along 

a north-south axis and they rotate from east 

to west over each day. Parabolic troughs 

can achieve concen-tration ratios (ratio of 

solar flux on the receiver to that on the 

mirrors) of between 10 and 100. A heat 

transfer fluid or HTF (typically, an oil), 

which also called Heat Collection Element 

(HCE), is circulated through the receiver to 

absorb the solar heat. The HTF can be 

heated to temperatures of up to 400-500 
º
C 

(GREENPEACE, 2005). Then this fluid is 

pumped to a heat exchanger where its heat 

is transferred to water or steam. The 

parabolic trough can collect up to 60% of 

the incident solar radiation and has 
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achieved a peak electrical conversion 

efficiency of 21% (net electricity generation 

to incident solar radiation) (F.M.Tellez, 

2006). 

 

Parabolic Trough Plants has different 

configuration structure such as solar only, 

solar with thermal storage system or solar 

hybrid with fossil fuel. Hybrid solar thermal 

power plants can use fuel in addition to 

solar energy to generate heat; in this system 

solar fields feed their heat energy into a 

conventional generation unit with a steam 

turbine, so they can be com-bined without 

any problem with fossil fuel (hybrid power 

plants). However, the possibility of 

including thermal energy storage system 

(TES) to the Parabolic Trough Plants 

indicates this Schematic structure as the 

most attractive configuration, since it is a 

100% renewable system and can generate 

electricity during periods of no or low solar 

radiation. Figure 1.5 shows the structure of 

Parabolic Trough Plant with Thermal 

Storage. Also, there are two kinds of 

cooling systems that can be attached to 

Parabolic Trough Plants; the first kind is 

water cooling system which is suitable for 

locations near the sea or water sources. The 

second kind is called (Dry Cooling) without 

using water for cooling which is considered 

the most suitable type, since the most 

promising locations for implementing CSP 

technology are arid areas where water is 

scarce. 

 

 

 
Fig (1.5): Schematic of a parabolic trough power plant with thermal storage 

(Source: A guide for installers, architects and engineers, 2005) 

Currently most of the existing, under 

construction or planned CSP plants are 

adapting Parabolic Trough technology due 

to the well-proven experience from SEGS 

plants in California. In Spain and the US at 

present a large number of plants, many at 

50 MW or bigger are being constructed or 

planned. Also CSP projects are underway in 

Italy (Archimedes project) and several 

states in Northern Africa and the Middle 

East, including Egypt, Algeria, Morocco 

and Abu Dhabi (A. Maccari, 2006). 

 

1.5. The objective of the study  

     An evaluation of the 10% planned target 

of renewable energy share in the electricity 

generation sector in Libya, and to what 

extent can Parabolic Trough technology 

with thermal storage system (the only 
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comm.-ercial solar thermal technology) 

contribute in this scenario by 2020, based 

on the current electricity generation 

capacity and anticipated demand. 

 

2) - SCOPE OF WORK 

2.1. Introduction 

     The process of this study is divided into 

two parts which are combined at the end to 

gain the final results. In the first part 

historical data of the Libyan electricity 

production are used to forecast the required 

electricity quantities in Libya by 2020. In 

the second part a computer simulation tool 

(SAM software Version 2.5) will be used as 

the main method to analyse the use of solar 

thermal technology in the study area and 

determine the amount and cost of the 

energy output. 

 

2.2. Data Collection 

     The required data for this study are 

divided into two kinds of secondary data 

obtained from different sources. The first 

type of data is historical data of the 

electricity demand and production of Libya. 

The second is meteorological data in 

computer format for some locations in 

Libya or com-parative locations. 

  

2.2.1. Historical Data of Electricity 

production  

     All the available data about the 

generated electricity in Libya throughout 

the period (2002 to 2007) are collected 

from the published annual reports by 

GECOL. These reports provide us with 

adequate information about the generated 

electricity and the recent increase rate, since 

the electricity market in Libya is dominated 

by GECOL (monopoly). A calculation 

based on these historical data and adoption 

of a flat increase rate which has been 

recorded in this period can help us to 

anticipate the future electrical production 

for 2020. Also, we gather all the available 

studies of the fore-casting scenarios about 

the future electricity generation of Libya. A 

comparison of all these scenarios is useful 

for choosing a suitable increase rate to 

calculate the total electricity production in 

2020 and con-sequently the 10% share of 

renewable energy. 

 

2.2.2. Meteorological Data 

     The meteorology data is an essential 

element in the evaluation of any renewable 

energy resource or project. The 

meteorology data base gives a variety of 

climate parameters such as the wind speed, 

direct normal irradiation and the number of 

sunny hours per day which can affect the 

energy output. In this research weather data 

in EnergyPlus weather format are used with 

Solar Advisor Model software to carry out 

the simulation for the suggested locations. 

This weather data are available for 1042 

locations in the USA, 71 locations in 

Canada, and more than 1000 locations in 

100 other countries throughout the world. 

The weather data are classified by World 

Meteorological Organization (WMO) for 

many regions and countries as following: 

 Africa (WMO Region 1)  

 Asia (WMO Region 2)  

 South America (WMO Region 3)  

 North and Central America (WMO 

Region 4)  

 Southwest Pacific (WMO Region 

5)  

 Europe (WMO Region 6)  
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This weather data for these regions and 

countries are available and can be down-

loaded from U.S Department of Energy, 

Energy Efficiency and Renewable Energy, 

EnergyPlus Energy Simulation Software. 

Figure 2.1 shows the Energy-Plus data from 

weather station in the study area 

Tripoli/Libya (U.S Department of Energy, 

2009). 

 

 

Fig (2.1): the Energy Plus data from 

weather station in the study area 

Tripoli/Libya (Source: GoogleEarth, 2009)  

 

2.3. Comparison between Libyan & 

Egyptian Locations 

     The available EnergyPlus 

meteorological data in a computer format 

for Libya is limited just to the capital city of 

Tripoli. The problem of the scarcity of 

meteorological data for different locations 

in Libya can be overcome by considering 

comparative locations which have the same 

climate and weather conditions in the same 

region. As an example, a comparison 

between Al Kufra in the South of Libya and 

Aswan in the South of Egypt is shown in 

Figure (2.2). The Monthly Averaged Direct 

Normal Radiation (kWh/m2/day) are seen 

to be quite similar at both locations. 
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Fig (2.2): The Monthly Averaged Direct 

Normal Radiation for Al Kufra and Aswan  

(Source: ATMOSPHERIC SCIENCE 

DATA CENTER, 2009) 

  

2.4. Methods and techniques 

     The methodology process of this 

research is divided into two parts which are 

combined at the end to gain the final 

results. In the first part a historical data of 

the Libyan electricity demand and 

production will be used to forecast the 

required electrical demand and production 

of Libya by 2020. In the second part a 

computer simulation tool (SAM software 

Version 2.5) will be used as the main 

method to analyse the use of solar thermal 

technology in the study area and determine 

the amount and cost of the energy output. 

 

2.4.1. Anticipating Scenarios of the 

Electricity production by 2020 
     A simple calculation is carried out to 

anticipate the electrical demand for Libya 

by the year 2020 based on the historical 

data for the growth of the electricity 

demand during the last seven years. 

According to this data an average growth 

rate 7.5% has been recorded during this 

period. Adopting 8% growth rate of the 

electrical demand can give more realistic 

scenario for forecasting the electrical 
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demand by 2020. The results of this 

scenario can be compared with other ready 

scenarios to conclude the suitable scenario 

which will be used to calculate the 10% 

share that comes from renewable energy by 

2020.  

 

2.4.2. Solar Advisor Model simulation 

tool (Version 2.5) 

     Solar Advisor Model (SAM) is 

simulation software for solar energy 

technologies which has been developed in 

2006 by National Renewable Energy 

Laboratory (NREL), in con-junction with 

Sandia National Laboratory and in 

partnership with the U.S. Department of 

Energy (DOE) Solar Energy Technologies 

Program (SETP). Figure 2.3 shows the 

main interface of SAM software.  

 

 
Fig (2.3): The main interface of Solar 

Advisor Model (SAM) software (Version 

2.5) 

(Source: Solar Advisor Model user guide, 

Version 2.5, 2008)  

 

Several types of solar power technologies 

can be simulated by Solar Advisor Model in 

different financing types from residential to 

utility-scale. The current available 

technologies represented by SAM are 

concentrating solar power (CSP) as 

parabolic trough and dish-Stirling systems, 

in addition to Photovoltaic (PV) flat plate 

and concentrating systems. More 

technologies to be added in future versions 

such as residential solar water heating and 

CSP solar tower systems. (NREL, 

2009).SAM software is considered as one 

of the most important elements with some 

market factors in supporting the program's 

Solar America Initiative (SAI) and planning 

for the Solar Energy Technologies Program 

(SETP). The use of SAM as a simulation 

tool does not required a complete 

knowledge of all the program components, 

since the designer of this software had set 

technical and cost default values which 

represent baseline values of these 

components. These default cost values for 

Parabolic Trough systems is likely to be 

realistic because of the limited number of 

installed plants which means limited cost 

data as well.  The analysis of all solar 

technologies by SAM is carried out using a 

consistent methodology with financing and 

cost assumptions. SAM offers several 

performance and financial output 

parameters that help the solar developers 

and decision makers to evaluate any solar 

project. The most important parameters are 

Levelized Cost of Electricity (LCOE), 

system annual and monthly output, System 

capital and operating and maintenance 

(O&M) costs, Peak and annual system 

efficiency and Hourly system production 

(NREL, 2009). 

   

2.5. Configuration of the proposed CSP 

plant with SAM 

     The structure of SAM simulation tool is 

divided into three parts (program, 

Environment and System) which are 

illustrated in the following tables and 

graphs. Table 4.1 shows the economic and 
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financing parameters for the proposed 100 

MW Parabolic Trough Plant in our 

research. The third part of the proposed 

configuration with SAM simulation tool is 

related to the technical side of the proposed 

Parabolic Trough Plant in this study.  

 

3) - RESULTS 

3.1. Results of Forecasting scenario for 

the Libyan future electricity production  

     The results of the first part is represented 

the electrical production of the study area 

(Libya) in two scenarios with different 

growth rate. A summary of the final results 

of these two scenarios for the forecasted 

electrical production are included in table 

(3.1).

 

Table (3.1): The Three Forecast Scenarios of Electrical Production at 2020 

Scenario 1 2 

Annual Growth Rate 6% 8% 

Forecasted Electricity Production by 2020 (GWh) 54419.53 69389 

10% RE Share of 2020 Electricity Production (GWh) 5442 6938.9 

 

 

3.2. Results of SAM simulation for 

Tripoli  

     This section illustrates the results of the 

simulation of the proposed 100MW 

Parabolic Trough Plant in the study area 

(Tripoli) with two configuration cases the 

first one with water cooling system and the 

second one with dry cooling system. 

        

3.2.1. Levelized Cost of Energy (LCOE) 

     The simulation case of Tripoli by SAM 

comes up with LCOE results which are 

illustrated in figure (3.1). For the water 

cooling configuration case the difference of 

LCOE between the real and nominal is 4.68 

¢/kWh, and for the Dry cooling 

configuration this LCOE difference is 

higher 5.01 ¢/kWh. Also, the real LCOE is 

higher with the dry cooling configuration 

with 1.21 ¢/kWh, and it is the same for the 

nominal LCOE is higher as well with 1.54 

¢/kWh. 

 

 
Fig (3.1): A comparison of the LCOE for 

the two configurations 

 

 

3.2.2. Annual Energy Flow 

     The annual energy flow results are 

illustrated in figure (3.2) in MWh starting 

from the received solar radiation incident 

on the collector (Qdni) and ending with the 

Net Electricity Generated Availability 

which is one of the most important key 

results. There is a huge difference between 

received solar energy and the net utilized 
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energy due to the heat losses through 

conversion cycle. Also, this difference is 

higher in the dry cooling configuration 

which means that the amount of the net 

electricity generated is lower than the water 

cooling configuration. 

 

 
Fig (3.2): Distribution of the annual energy 

flow for both configurations 

 

3.5. Comparison of SAM simulation 

results for different locations in Southern 

Europe and North Africa 

     The same proposed con-figuration of 

Parabolic Trough Plant with SAM software 

has been applied  on different locations in 

Southern Europe region (Palermo & 

Athens) and in North Africa (Cairo & 

Aswan), in addition to Tripoli the main 

location of our study. The comparison of 

the results output of the electricity amount 

and cost at these locations, which is shown 

in figure (3.3), gives an idea about the 

difference of electricity   generation by CSP 

technology between Europe and North 

Africa. The big difference of the output and 

cost will encourage the European countries 

to co-operate with their neighbours and 

open a new era for these countries of clean 

electricity export instead of oil and gas. 

 

A comparison of LCOE for the suggested Locations
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Fig (3.3): LCOE cost for different locations 

in Southern Europe & North Africa 

4) – CONCLUSIONS 

     Based on the historical data of electricity 

production and some other published 

scenarios, a forecasted scenario for the 

required electricity production in 2020 has 

been built with two different annual growth 

rates (6% and 8%). The required amount of 

electricity production to meet the 10% 

target by 2020 is 5442GWh according to 

the lower forecasted scenario with 6% and 

6939GWh according to the higher 

forecasted scenario with 8% annual growth 

rate. 

 

SAM software is used to simulate our 

proposed 100MW Parabolic Trough unit 

with water and dry cooling systems at 

Tripoli and other comparator locations in 

the Southern part of Libya such as Al 

Kufra. As data for this part of Libya is 

sparse, this was simulated using an 

available data set for Aswan in Egypt, 

which was demonstrated to have similar 

climatic con-ditions and almost identical 

latitude. Also the same simulation case is 

applied for two locations in Southern 

Europe (Palermo & Athens) in order to 

compare the cost of the generated electricity 

per KWh on both sides of the 
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Mediterranean Sea by the proposed 

technology.  

 

The key conclusions of this study, which 

were obtained as a result of building the 

forecast scenarios and applying the 

simulations, are:  

 

 The annual electricity output for each 

proposed unit (which has 470.30 m
2
 of 

Solar Collector Assembly (SCA) area 

and the total solar field area is 871,936 

m
2
) in Tripoli is 223.7GWh with water 

cooling system, and the required 

number of units to produce the required 

electricity for the 10% target is 24.33 

units for first forecasted scenario or 31 

units for the second scenario. With dry 

cooling system the electricity output is 

slightly lower with 209.2GWh per unit 

annually and 26 units for first scenario 

or 33.2 units for the second scenario 

are required. At the Southern part (Al 

Kufra) the net electricity output, taking 

in account the 3% transmission losses 

through HVDC lines, is more than 50% 

higher than Tripoli (353 GWh) 

although the used configuration is 

limited to dry cooling because of water 

scarcity there. The required number of 

installed units is less than Tripoli and it 

is 15 units for the first forecasted 

scenario and 19 units for the second 

scenario. 

 

 The capital cost for one proposed unit 

is about 355 million US$ and, 

therefore, the total required capital cost 

for the proposed number of installed 

units in Tripoli is (8.65 – 9.25) billions 

US$ for the first forecasted scenario 

and (11 – 11.8) billions US$ for the 

second scenario. This required capital 

cost is approximately equal to the 

Libyan oil export revenue for (9.2 – 

12.6) days/year for the proposed ten 

years period. For a site in the Southern 

part of Libya the required capital cost 

is more than 50% lower than Tripoli 

with (5.33 – 6.75) billions US$ which 

is equal to the Libyan oil exports 

revenues for (5.7 – 7.2) days/year for 

the same period. 

 The levelized cost of energy is about 

4¢/KWh lower in Tripoli than Palermo 

and Athens, whereas in Al Kufra this 

cost in addition to HVDC transmission 

cost (about 1.5 ¢/KWh) is less than half 

of the LCOE in Palermo and Athens in 

the Southern Europe. This cost 

difference can be increased 

significantly if this electricity could be 

exported to central Europe which will 

increase interest in exporting clean 

electricity generated in North Africa 

desert to Europe. 

 

References: 

 

[1]. A. Maccari, 2006, "The Thermo-

dynamic Solar Project," ENEA  

 

[2]. ATMOSPHERIC SCIENCE DATA 

CENTER, Surface meteor-ology and Solar 

Energy, A renewable energy resource web 

site, NASA's Earth Science Enterprise 

Program, http://eosweb.larc.nasa.gov/cgi-

bin/sse/sse.cgi 

 

[3]. EU Commission, 2007, Concentrating 

Solar Power FROM RESEARCH TO 

IMPLEMENT-ATION,  

 

[4]. F.M.Tellez, 2006, '' High Concentrating 

Solar Power Technologies,'' in AECI 

[5]. GECOL, 2007, General Electricity 

Company of Libya Annual Report, GECOL  

  

[6]. Google Earth, 2009, [accessed in 18-

07-2009], 

493

493

http://eosweb.larc.nasa.gov/cgi-bin/sse/sse.cgi
http://eosweb.larc.nasa.gov/cgi-bin/sse/sse.cgi


 

 

طرابلس ليبيا 32/01/3101-32للهندسة الكهربائية والإلكترونية  ؤتمر الدولي العربي الليبي الخامسالم  

http://www.energyplus.gov/weatherdata/1_

africa_wmo_region_1/zip/LBY_Tripoli_IW

EC.zip 

 

[7]. GREENPEACE, ESTIA, September 

2005, Solar PACES, EXPLOITING THE 

HEAT FROM THE SUN TO COMBAT 

CLIMATE CHANGE, Concentrated Solar 

Thermal Power – Now!  

 

[8]. H. Price, 2006, Parabolic Trough 

Technology Overview, (NREL) National 

Renewable Energy Laboratory, USA 

  

[9]. MEDELEC, 2008, General Electricity 

Company of Libya (GECOL),   THE 16
th

 

ANNUAL MEETING Casablanca 20-21 

March, 

www.auptde.org/NewSite/UploadFiles/Acti

vityfile/158.ppt 

 

[10]. National Renewable Energy 

Laboratory (NREL), Science & 

Technology, Solar Advisor Model (SAM), 

[accessed in 12-06-2009], 

https://www.nrel.gov/analysis/sam/ 

 

[11]. Planning and Installing Solar Thermal 

Systems, A guide for installers, architects 

and engineers, 2005 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[12]. Renewable Energy in Libya: Present 

Situation & Future Initiatives, 

www.auptde.org/NewSite/UploadFiles/Acti

vitypaperfile/369.pdf 

 

[13]. SCHOTT, 2008, SCHOTT 

memorandum on solar thermal power plant 

technology, SCHOTT AG, Mainz  

 

[14]. Solar Advisor Model user guide, 

Version 2.5, 11/12/2008 

 

[15]. TREC, 2008, CLEAN POWER 

FROM DESERTS, the ‘DESERTEC’ 

scenario for Europe, the Middle East and 

North Africa—EUMENA, Developed by 

the ‘TREC’ inter-national network of 

scientists and engineers  

 

[16]. U.S Department of Energy, Energy 

Efficiency and Renewable Energy, 

EnergyPlus Energy Simulation Software, 

[accessed in 15-06-2009], 

http://apps1.eere.energy.gov/buildings/ener

gyplus/cfm/weather_data.cfm 

494

494

http://www.energyplus.gov/weatherdata/1_africa_wmo_region_1/zip/LBY_Tripoli_IWEC.zip
http://www.energyplus.gov/weatherdata/1_africa_wmo_region_1/zip/LBY_Tripoli_IWEC.zip
http://www.energyplus.gov/weatherdata/1_africa_wmo_region_1/zip/LBY_Tripoli_IWEC.zip
http://www.auptde.org/NewSite/UploadFiles/Activityfile/158.ppt
http://www.auptde.org/NewSite/UploadFiles/Activityfile/158.ppt
https://www.nrel.gov/analysis/sam/
http://www.auptde.org/NewSite/UploadFiles/Activitypaperfile/369.pdf
http://www.auptde.org/NewSite/UploadFiles/Activitypaperfile/369.pdf


 
 

 

   T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/2010 

 

 

 

CO2 Emission Factor for the electricity generation systems in Libya 
 

Prepared by: Eng. Mohammed R.Zaroug 

Planning & studies department in Renewable Energy Authority of Libya (REAOL) 

Tel: +218 926456185     Fax: +218 213408602 

E-mail: Mohmnl1037480@yahoo.com 
 

Abstract 

The generation of electricity in Libya relies on the burning of fossil fuels (oil & natural 

gas). National statistics indicate that the electricity sector is one of the main emitters of 

carbon dioxide (CO2). Up to date, the CO2 emissions from electricity system are only 

estimated and a few of power plants have continuous emissions measuring capability, this 

shows the need to calculate the CO2 emission factor for Libyan power system to know the 

real amount of CO2 emitted by power plants. In this study the calculation based on one of 

international methodologies which approved by The Clean Development Mechanism 

Executive Board, and using most recently available information which have been collected 

and reviewed by General Electricity Company of Libya (GECOL).  The results of this study 

can be used to calculate the exact amount of CO2 emitted by power plants in Libya, and 

also to estimate the amount of emission reductions that will be realized by Clean 

Development Mechanism (CDM) projects in power sector. 

 

 

1. Introduction 
Electricity can be generated from a different 

primary energy sources, two-thirds of the 

world’s electricity comes from burning of 

fossil fuels. The combustion of fossil fuels 

release CO2 and other greenhouse gases 

(GHG) to the atmosphere, the amount of 

emissions varies from one fuel type to 

another (coal, oil or natural gas) and they 

are calculated using the emission factors 

which expressed in kg of CO2 per KWh or 

tons per MWh of electricity produced. 

In general, there are several options to limit 

the CO2 emissions from electricity 

generation include: 

 

 Increasing the use of renewable energy,  

 Use fuels with lower CO2 emission per 

KWh produced, 

  Increase the efficiency of both electricity 

production and end-use. 

 

In Libya, the electricity is generated by 

thermal power plants using oil and natural 

gas, national statistics indicate that the 

power sector is responsible for more than 

(38%) of total emissions in the country.    In 

this study, the CO2 emission factor for 

Libyan power system is made in 

accordance with “Consolidated baseline 
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methodology for grid-connected electricity 

generation from renewable sources” and    “ 

Tool to calculate the emission factor for an 

electricity system”. In this methodology the 

CO2 emission factor is determined by 

calculating the combined margin emission 

factor (CM) of the electricity system.  

 

2. Electricity Sector Overview  

The electricity system in Libya is run by the 

state-owned General Electricity Company 

of Libya (GECOL). GECOL is responsible 

for generation, transmission and 

distribution of electricity in Libya.  In 2009, 

the total electricity produced is around 30 

TWh comes from 14 main power plants 

with overall installed capacity of 6.2 GW. 

Fig (1) shows the growth of electricity 

generation in Libya during last decade 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (1) Electricity generation in Libya (2001-2009)  

 

The electricity is generated by thermal power plants using natural gas (NG), light fuel oil 

(LFO) and heavy fuel oil (HFO) as shown in     Fig (2). The last annual report of GECOL 

indicates that, the residential sector is the main consumer of electricity in the country 

followed by the industrial , commercial  and agriculture sectors  as shown in Fig (3)[1].  
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Fig (2) Electricity generation by fuel type  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (3) Electricity consumption per sector  

 

Although Libya is a large country with a 

relatively small population, access to 

electricity in Libya is almost 100%. In 

recent years, the growth rate of Libya's 

electricity demand is increased rapidly; the 

peak demand reached 5.28 GW in 2009 [1], 

and is expected to reach 6 GW in 2010 and 

18 GW in 2020. The growth of electricity 

demand is driven mainly by increase in 

residential consumption, economic growth 

and the large projects announced by the 

government. With regarding to the 

environmental issues, the power sector is 

one of the main emitters of CO2 in Libya 

and responsible for more than (38%) of 

total emissions [2].  

 

3. Methodology used  

  In this study the CO2 emission factor for the 

electricity system in Libya was calculated 

using “Consolidated baseline methodology 

for grid connected electricity generation 

from renewable sources    (ACM0002)” [3] 

and “Tool to calculate the emission factor 

497

497



 
 

طرابلس ليبيا 32/01/3101-32للهندسة الكهربائية والإلكترونية  ؤتمر الدولي العربي الليبي الخامسالم                            

                           

for an electricity system, version 02” [4] 

which approved by The Clean Development 

Mechanism Executive Board of United 

Nations Framework Convention on Climate 

Change (UNFCCC). In this methodology the 

CO2 emission factor is determined by 

calculating the combined margin emission 

factor (CM) of the electricity system. The 

CM is the result of a weighted average of 

two emission factors; the operating margin 

(OM) and the build margin (BM) of the 

electricity system. This methodology 

provided four options to calculate the 

operating margin emission factor, the choice 

depending on availability of data. However, 

in this study the simple operating margin 

method is used and the main data needed 

include:  

 

 Type and amount of fuel  consumed by 

power plants; 

 CO2 emission coefficient of fuel  and  

  Net electricity delivered to the grid. 

 

  For build margin additional informations are 

required so as to identify power plants 

capacity additions in the electricity system 

that comprise 20% of the system generation 

and that have been built most recently. 

 

 3.1. The Simple Operating Margin (OM) 

Method  

The simple operating margin (OM) Method 

can only be used if low-cost/must-run 

resources (hydro, wind, solar and nuclear) 

constitute less than 50% of total grid 

generation, The simple OM emission factor is 

calculated as the generation-weighted average 

CO2 emissions (kg of CO2 per KWh or tons 

per MWh) of all generating power plants 

serving the system not including low-

cost/must-run power plants [5].  

 

The calculation based on fuel type, total fuel 

consumption and the net electricity supplied 

to the grid as explained in equations (1), (2). 

 

 

 

Using the data of Libyan power system 

which given in Annex (1)    for natural gas 

in year 2007 and specifications of natural 

gas which given in Annex (4). 

 

 CO2 emission (natural gas)   = 3,539.26 X 

42 X 15.3 X 0.995 X 3.66 = 8,298,262 

tCO2 

 

Repeating for fuel oil, the CO2 emission is 

12,734,888 tCO2, taking the total for year 

2007 to 21,033,150 tCO2. Then, 

 

 

CO2 emission for operating margin = 

21,033,150  23,266,536  

 

                       =0.904 tCO2/MWh 

 

This is repeated for years 2008 and 2009 

using the data which given in Annexes 

(2),(3) and the results are summarized in 

table (1). 

(1) 

(2) 

498

498



 
 

 

   T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/2010 

 

Table (1) The average OM emission factor 

 For Libyan power system  

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. The Build Margin (BM) Emission 

Factor  

The build margin emission factor is 

calculated as the generation-weighted 

average emission factor (tCO2/MWh) of 

the sample of build margin power plants, 

where the sample group consists of either: 

 

 The five power plants that have been 

built most recently, or 

 The power plants capacity additions in 

the electricity system that comprise 20% 

of the system generation (in MWh) and 

that have been built most recently [5]. 

 

In this study, the first option was chosen 

.Therefore, the chosen build margin sample 

group is; Khoms Gas Turbine, Tripoli 

South, West Mountain, Zawia and 

Benghazi North power plants. And the CO2 

emission for the build margin is obtained 

using total fuel consumption and  the  net 

electricity supplied to the grid for build 

margin sample group in year 2009 as 

explained in equations (3),(4).   

 

Table (2) Build margin power plants  
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The build margin emission factor for Libyan 

power system is calculated for five power 

plants that have been built most recently 

which indicated in table (2). Using equations 

(3) , (4) and the data of Libyan power 

system which given in Annex (3) for natural 

gas in year 2009 and specifications of 

natural gas which given in Annex (4). 

.  

 

CO2 emission (natural gas) 

                                              = 2,343.11 X 

42 X 15.3 X 0.995 X 3.667 

                             

                                              = 5,493,731 

tCO2  

  

 

 

Repeating for fuel oil, the CO2 emission is 

9,104,966 tCO2, taking the total for year 

2009 to 14,598,697 tCO2. Then, 

 
CO2 emission for build margin   = 

14,598,697  19,948,205 

 

                                               = 0.732 

tCO2/MWh 

 

Therefore, the build margin (BM) emission 

factor for Libyan power system equals to 

(0.732 tCO2/MWh). and the results are 

summarized in table (3). 

 

Table (3) The BM emission factor 

 For Libyan

power system  
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3.3. The Combined margin CO2 emission factor 

 

Using emission factors which calculated 

above for the operating margin(OM) and 

build margin(BM), the combined margin 

emission factor(CM) is calculated using the 

default OM: BM weighting of 75% : 25% 

as: 

 

 

 

 

 

 

 

 

Using the equation (5) and the results of 

operating margin and build margin which 

indicated in tables (1), (3). 

 

CO2 emission factor 

 for combined margin =   0.849 X 0.75 + 

0.732 X 0.25 

 

                                     =    0.82 tCO2/MWh 

 

 

Therefore, the CO2 emission factor for 

electricity system in Libya is (0.82 

tCO2/MWh)  

 

4. Conclusion and recommendations  

 

 The emission of CO2 per kWh electricity 

produced varies among countries and 

depends on the mix of energy sources 

used to produce electricity. 

 

 The statistics of International Energy 

Agency (IEA) for year 2007 show that, 

the average of CO2 emission factor for 

electricity systems in the world is 

(0.507tCO2/MWh), Africa 

(0.627tCO2/MWh) and Middle East 

(0.678tCO2/MWh), and Annex (5) 

gives the emission factor for electricity 

system in other countries. 

  

 The CO2 emission factor for electricity 

generation system in Libya is (0.82 

tCO2/MWh). 

 

 Based on the CO2 emission factor 

for electricity system which 

calculated in this study, The CO2 

emitted by electricity system in 

Libya in 2009 is around (24,000,000 

tCO2). 

 

 The results of this study can be used to 

calculate the CO2 emission reductions 

of Clean Development Mechanism 

(CDM) projects   in power sector. 

 

 It is necessary to establish a database for 

all units of power plants in Libya in 

order to facilitate the access to required 

data.  

 

 Since the data of electricity generation is 

changing yearly, that is why it is 

recommended to update this study every 

year. 
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Annex (1) Data of Libyan power system (2007)  

Source - GECOL 
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Annex (2) Data of Libyan power system (2008) 

Source - GECOL 
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Annex (3) Data of Libyan power system (2009)  

Source - GECOL 
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Annex (4) Specifications of natural gas and fuel oil 

Source - GECOL & Intergovernmental Panel on 

Climate Change (IPCC) Reference Manual 
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Annex (5) CO2 emissions per MWh from electricity 

Source - International Energy Agency (IEA) 
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Abstract 

     Monte Carlo (MC) modeling of a linear accelerator is a prerequisite for Monte Carlo 

dose calculations in external beam radiotherapy. In this study, a simple and efficient model 

is developed for the Elekta SL-25 linear accelerator head using MCNP4C Monte Carlo 

code. A photon source model is developed in order to reduce the run time taken by the 

simulation of the electron beam source. Energy spectra and angular distributions of photons 

produced by electron interactions in the target are used for the new photon source 

description to the code. Using this model, percent depth doses (PDDs), and beam profiles 

are calculated for different field sizes. The results of MC calculations are compared with 

measurements. There is a good agreement between MC calculations and measurement for 

PDD curves. However, for beam profiles, differences range from 1to 2% in the flat region 

and up to 20% difference is seen for the out of field region. These results were acceptable 

according to the recommended criteria. Using the photon source model, the run time on a 

two GHz computer is decreased from days to hours in comparison to the  

 

electron source model. Our study showed the presented model to be accurate and effective 

for MC calculations in radiotherapy treatment planning.  

 

Introduction 
     The Monte Carlo (MC) method is 

widely accepted as the most accurate 

technique for calculating dose distributions 

in radiation therapy (the treatment of cancer 

tumors with ionizing radiation). In the MC 

method particles (neutrons, photons, 

electrons, etc) full description in terms of 

position, energy, direction, and tracks are  

 

 

 

randomly selected. Particle collision 

physics is relied upon in the process of  

determining the probability density function 

required for random sampling. The particle 

faith is decided accordingly. A large 

number of particle histories are run in order 

to obtain reliable statistics determined by 

the variance. The primary goal of radiation 

therapy is to maximize the dose to the 

tumor cells and to minimize the exposure of 
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the healthy tissue surrounding the tumor to 

radiation. The MC method is a statistical 

simulation technique for particle transport 

whose capabilities have progressed into 

many different areas of application since its 

introduction in the 1940s. Simulating the 

particle transport through the treatment 

head of a linear accelerator (linac) utilizing 

a MC based code is both a widespread and 

practical approach to determining detailed 

clinical beam characteristics such as the 

energy, angular and spatial distribution of 

particles which are needed to properly 

quantify dose. One particular and versatile 

MC code, the Monte Carlo N-Particle 

(MCNP) radiation transport code, 

developed by Los Alamos National 

Laboratory has been extensively used to 

model ionizing radiations for medical 

physics applications [1].  

     There are many papers about the Monte 

Carlo simulation of medical linacs 

(Verhaegen and Seuntjens, 2003) [2]. 

However, such linacs differ a great deal 

depending on the model and manufacturer 

and end user facility (Sheikh-Bagheri, D., 

Rogers, D.W.O., 2002 [3]; Fix et al (2001); 

[4]; Solberg TD et al., 2000, [5]).  There is 

only one unpublished study in which the SL 

25 linac at the TMC is simulated using the 

EGS code (Karima and tawfiq [6]). 

However, this code has its shortcomings 

and is incomparable to the capabilities of 

MCNP. Using the electron beam as a 

source is a time consuming task.  Mesbahi 

(2006) used a simple point photon source 

model to replace the electron beam model 

for a similar linac [7]. This is far from real 

since photons are produced in at least four 

components of the linac and can not easily 

be approximated by a point source. Such 

volumetric sources are the subject of our 

model. 

 

 

Modeling and simulation: 

     In this paper, a more realistic model is 

developed using the MCNP4C code for the 

Elekta SL-25 linear accelerator used by the 

radiotherapy department at the Tripoli 

Medical Center (TMC). The material 

composition of the linac head components 

is as follows: (a) Target (90% Tungsten and 

10% Rhenium). (b) Base is a 100% Copper. 

(c) Collimators consist of 90% tungsten, 

5% iron, and 5% nickel. (d) Flattening 

filters are made of highly pure stainless 

steel. (e) Two types of jaws: the top one has 

the same composition as the collimator and 

the lower one consists of an equal mixture 

of lead and antimony. A 6 MeV electron 

beam is produced, and bended orthogonal 

to at the linac head where photons (p) and 

electrons (e) are produced by different types 

of interactions.  The resulting photons are 

mostly emitted  downward through the head 

components until they finally reach their 

intended destination (the tumor).  The 

photon spectra are characterized in a 

standard 10 x 10 cm2 field and subsequent 

dose calculations are made in a virtual 

water phantom. It is normally used in 

radiotherapy because it resembles the 

human tissue in terms of composition and 

radiation interaction characteristics. Energy 

fluence, percent depth dose (PDD) and 

beam profiles are calculated in the water 

phantom and are compared to 

measurements performed at the TMC linac. 

Collimators are made of shielding materials 

characterized by a strong absorption of 

gamma ray photons and their shape allows 

for the collimation of the emerging photons 

leaking from the target in a cone around the 

z-axis.. The conic shape of the flattening 

filter reduces the pencil like beam to a flat 

shape producing a uniform dose distribution 

at the tumor volume.   The jaws are also 

supposed to absorb the unwanted side 

photons in order to protect the healthy 
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tissue. Figure 1 is a schematic 

representation of the SL 25 head and 

phantom. 
     Electrons interact with matter via elastic 

and inelastic scattering, Bremsstrahlung, 

and annihilation radiation. The first two 

types are predominant at low and 

intermediate energies and are associated 

with small energy losses and electron 

deflections. Bremsstrahlung photons 

emerge when high energy electrons are 

accelerated or decelerated in the atomic 

electric field of a high Z (atomic number) 

material e.g. tungsten. Two annihilation 

photons are emitted in two opposite 

directions upon the interaction of electrons 

and positrons with minimum energy of 

0.511 MeV each. Photons on the other hand 

interact via mainly three mechanisms. First, 

photo electric absorption: the photon 

disappears completely and an orbital 

electron is emitted. Second, Compton 

scattering: the photon is scattered by a free 

electron resulting in loss of energy and 

direction. Third, pair production: the 

incident photon with minimum energy of 

1.022 MeV interacts with the electric field 

of the atomic electrons leading to the 

annihilation of the photon and the creation 

of an electron and positron pair emitted in 

opposite directions. Therefore, electrons 

produce photons and photons produce 

electrons and hence the mode of interaction 

is a photon-electron (p-e) throughout the 

particle transport.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     The field area represents the tumor 

position. According to the size of the tumor 

the field size can be varied by altering the 

window size drawn by the motion of the 

jaws in the x and y directions. Therefore, 

different field sizes can be produced. In 

fact, complicated curved contours can be 

made to surround the area of the tumor in 

order to prevent healthy tissue from 

radiation damage. In this study a simplified 

variable size square fields are used. Figure 

2 shows a field drawn by controlled 

opening of the jaws.   

 

Electron beam 

Target and base 

Primary  

collimators 

Flattening 

filter 

Ion  

chamber 

jaws 

Water  

phantom 

Figure 1- Schematic diagram for the 

axial view of  the SL 25 head and 

water phantom for M C simulation 
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Measurements and calculations are 

performed in a water phantom. The 2mm 

radius 6 MV electron beam incident on the 

head of the Elekta SL-25 linac is simulated 

using MCNP4C MC code. Beam radius 

used in this study is recommended by many 

authors in previous studies [8]. Figure 3 and 

4 are produced by the MC code and they 

clearly show the target (starting from top of 

figure 3), collimators, filter, ion chamber, 

and mirror in addition to jaws and phantom 

in figure 4. 

Photon source model: 

     Two approaches are adopted for the 

source definition to MCNP: electron beam 

source and anisotropic photon source. The 

first one is of course more realistic. 

However, its prohibitive length of 

simulation time makes it unattractive. The 

run may take many days because of 

electron energy losses are so small during a 

collision. In the second one, the energy and 

angular dependence of photons and 

electrons  

 

 
 

 

 

 

 

 

 

emerging from electron beam interactions 

in the target and base are computed. The 

energy and angular distributions of 

scattered and un-scattered electrons 

emerging from target and base (figures 5 

and 6) are used as a new source in order to 

produce the photon energy and angular 

distributions in the collimator and flattening 

filter. It was found that the amount of 

photon production in the collimator, and 

filter are of negligible importance as 

compared to that produced in the target. 

x 

z 
y 

Square 

field 

Jaws in 

the x-

direction 

Figure 2- A square field size drawn 

by jaws motion 

Figure 4- MC simulation plot of the Elekta 

SL25 head and virtual water phantom 

(bottom) 

Figure 3- MC simulation plot of the Elekta 

SL25 head 
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Therefore, only the target and base are 

considered as a volume sources for photons 

replacing the electron beam in the particle 

transport. The target collisions flatten the 

spectrum and further base collisions brings 

it to the lower end as shown in figure 5. 

Figure 6 shows that most of the electrons 

are scattered in the forward direction.  

 

 
 

 

 
 
 
     Direction is mainly determined by the 

polar angle (θ) and the azimuthal angle (φ). 

The azimuthal angle is sampled uniformly 

between 0 and 2π since photon emission is 

almost independent of this angle. 

Conversely, it is highly dependent on the 

polar angle in mainly the forward direction; 

therefore, the probability distributions in 

the cosine cones (µ=cosθ) are calculated. 

Ten angular bins of one degree each are 

taken in the forward direction and larger 

bins in the rest of the 4π space. Figure 7 

simplifies this argument.  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     

     Figure 8 and 9 show the energy and 

angular distributions of such photons in the 

base and filter. Photons have a bottom 

peaked energy distribution and are 

forwardly directed. These distributions are 

used in the description of the photon source 

in the MCNP input file. Test runs are 

performed for the photon sources with and 

without energy cut off. Photon and electron 

energy cut-offs of 10 and 500 keV 

respectively are used in order to reduce 

drastically the simulation time. Early 
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Figure 5- Energy distribution of electrons 

in the target and base 

 

Figure 6- angular distribution of electrons 

in the target and base 

 

μ=-1(-z) 

Figure 7- Polar cosine bins for photon 

source simulation 
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optimization studies led to the conclusions 

that the particle energy contributions to the 

overall dose become insignificant below 

such values. Otherwise, the particles will be 

tracked indefinitely as long as they are not 

absorbed leading to such long simulation 

times.  

 

 

 
 

 

 

 

     By introducing energy cut offs a particle 

is killed by Russian roulette (randomly) and 

its weight is distributed between living 

particles (conservation of weight). Run time 

is reduced from hours to minutes. 

 
 

 

 

Percent depth dose and beam profile 

curves: 

     The percent depth dose (PDD) curve is 

obtained by recording the radiation dose for 

the field size of interest in the water 

phantom axially around the beam 

centerline. The appropriate voxel size 

should be determined by calculating doses 

in voxels of variable size. The effect of the 

size of the voxel on the value of the 

recorded dose is shown in figure 10. It can 

be concluded that a cylindrical voxel radius 

equal to the one tenth of the beam profile 

width is reasonable. That is a width of 2cm 

by 2cm in the x-y dimensions and a height 

of 2 mm in the z dimension is used for a 10 

cm by 10 cm field. A peak appears just 

below the phantom surface in the PDD 

curves. It is caused by the build

short range. The location of the peak is 

dependent on the electron energy. In this 

case, it is around 1.6 cm below the surface. 

The PDD curve is obtained by normalizing 

all values to the maximum value at the 

peak.  
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Figure 8- Energy distribution of photons in 

the target and base 

 

Figure 9- angular distribution of photons 

in the target and base 
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     The exact mean energy of the electron 

beam incident on target is usually unknown 

and must be determined by calibrating the 

calculated PDD curve against the one 

obtained by experimental work. The 

primary electron beam energy exiting the 

flight tube is varied until the PDD curve for 

the standard 10×10 cm2 field size becomes 

within 1% from the experimental one. A 

final value for the primary beam energy of 

6.2 MV satisfies this condition. The PDD 

curves are shown in figure 11. These results 

are obtained by the source models 

discussed above. The run times for 

achieving accuracy of less than 1% relative 

error are incomparable. The time required 

to complete a run using the electron of in a 

source model exceeds few days with a two 

GHz computer, while the photon model 

takes less than an hour. 

  

 
 

 

 

 

PDD curves for 4×4 cm2, 10×10 cm2, 

and 25×25 cm2 field sizes are calculated 

and compared with measured data 

(figure 12 and 13). Notice that at smaller 

field size calculated and measured data 

depart from each other at lower depths. 

This is due to the diverging nature of the 

photon beam given a small voxel size of 

the 4 by 4 field.            Beam profiles are 

calculated at a depth corresponding to 

the position of  the peak in horizontal 

voxels perpendicular to the beam axis. 

The voxel size is 4×4×2 mm. Dose 

profiles are obtained by normalizing all     

values to the maximum value at the peak 

in a similar fashion to the PDD curve. A 

uniform distribution of dose in the 

specified field implies that a uniform 

dose is imparted to the tumor. 
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Figure 11- The percent depth dose for 

6 and 6.2 MV electron beams and 

experiment in a 10×10 field size. 
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The calculated and measured beam profile 

for a 10×10 field is presented in figure 14. 

Differences between calculation and 

experiment in the off-axis region range 

from 1% to 2% for both the electron source 

and photon source models. On the other 

hand, differences are quite high in the 

penumbra tail region (boundary between 

tumor and healthy tissue). However, 

calculation points fall quite sharp as 

compared to experimental ones, a more 

preferred behavior. Other profiles and PDD 

curves are also produced and there is no 

need to present them all here.  

 

 
 

 

 

 

 

 

CONCLUSION 

     Precise modeling of the Linac head and 

a sufficiently large number of particle 

histories are required in order to reduce the 

statistical uncertainty and obtain accurate 

results in Monte Carlo dose calculations in 

radiotherapy. In this study, the Elekta SL-

25 Linac head is simulated using published 

data. A volumetric photon source model as 

an alternative to the electron beam source 

model is proposed. It is found that MC 

calculations are in reasonably good 
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Figure 12- The calculated and measured 

PDD curves for 4×4 field size at 6.2 MV  

 

Figure 13- The calculated and 

measured PDD curves for 25×25 

field size at 6.2 MV 

 

Figure 14- The calculated and 

measured beam profile curves for 

10×10 field size at 6.2 MV 
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agreement with experimental results for the 

PDD curves and dose profiles. Our results 

are also in good agreement with the 

recommended criteria for photon beam 

models for dose calculation in radiotherapy 

[8]. In comparison to the electron beam 

model, the photon source model reduced 

the MC simulation runtime drastically from 

days to hours. 
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Abstract 
Electrochemistry is a compatible mode of detection for chip based microscale analytical 

systems. Features such as sensitivity, inherent miniaturisation and compatibility with 

advanced microfabrication technologies enable portable applications at the point of care 

(bedside diagnostics, near patient monitoring). We have adopted a multi-disciplinary 

approach to the establishment of core platform technologies, bringing together physical 

chemistry, biochemistry, surface science and microfabrication/semiconductor technology, 

leading to production of innovative nano/microsensors for in vitro blood/urine diagnostic 

testing. Nano/microscale devices offer advantages of small sample volume, rapid response 

together with bio-functional adaptation leading to multianalyte determination for a range of 

disease states. This review will outline the approach taken with respect to the fabrication of 

thin film electrochemical cells with subsequent surface modification for analyte capture and 

signal transduction. Essential elements include the use of nano-materials as stable 

immobilisation matrices for chemical and bio-reagent entrapment (nanoassembly, 

nanosphere lithography), synthesis and functionalisation of nanostructured materials which 

act as catalytic surfaces within the sensing element, and finally microfluidic channel 

integration for sample handling. The determination of relevant parameters is achieved using 

a combination of experimental approaches such as cyclic and rotating disk voltammetry, 

surface characterisation (scanning electron microscopy, transmission electron microscopy), 

thus ensuring optimisation of the charge transport/kinetic properties of the films and overall 

analytical performance of the devices.  

 

Introduction 

Electrochemical sensors can be employed 

to detect a wide range of molecules, with 

applications in areas such as 

environmental/biomedical analysis and 

industrial process control. An 

electrochemical reaction is one involving 

the transfer of charge as part of a chemical 

reaction. Typical electrochemical reactions 

such as corrosion involve metal dissolution 

(oxidation) and oxygen reduction. Cyclic 

voltammetry [1]
 
is the most widely used 

technique for acquiring qualitative 

electrochemical information. The power of 

cyclic voltammetry results from its ability 

to rapidly provide considerable information 

on the thermodynamics of the redox 

process and the kinetics of heterogeneous 
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electron transfer, coupled chemical 

reactions or adsorption processes [2]. It is 

often the first experiment performed in an 

electrochemical study. In particular, it 

offers rapid location of the redox potential 

of an electroactive species and convenient 

evaluation of the effect of media on the 

redox process.  

 

In a typical experiment three electrodes are 

normally immersed within a cell containing 

an electrolyte. The working electrode (WE) 

acts as a transducer converting the transfer 

of electrons to/from the species in solution, 

into a detectable signal. The reference 

electrode (RE) provides a constant potential 

against which the potential of the WE is 

varied and the counter electrode (CE) 

provides an alternative route for the current 

to pass through the circuit (Figure 1). 

 

Cyclic voltammetry involves applying a 

triangular wave form (Figure 2) to the 

electrode and recording the corresponding 

current. 

 

 
Figure 1: Potentiostat control unit. 

 

This consists of sweeping the potential, at a 

constant rate in an unstirred solution, from 

an initial to a final potential, chosen to 

enable measurement of the formal potential 

E
o
, of the analyte of interest. The current is 

then recorded as a function of potential.  

 

 

Figure 2: Potential-time excitation signals 

in a cyclic voltammetry experiment. 

 

Amperometric electrochemical cells are 

based upon the detection of current 

produced by an electroactive compound 

during a non-spontaneous redox reaction. 

The application of an external potential (via 

a potentiostat control unit), causes 

oxidation/reduction of the analyte and the 

transfer of electrons, which are recorded as 

current, the magnitude of which is directly 

proportional to the concentration of the 

electroactive species.  

 

Microsensors 

A miniaturised electrochemical cell is 

referred to as a microsensor when the 

dimensions are reduced from mm to m 

scale (microelectrode dimensions typically 

< 100 m). During a redox reaction, the 

analyte is consumed in the area directly 

adjacent to the surface of the working 

electrode. To retrieve analytical data, the 

reaction must be sustained for a pre-
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determined period of time and the 

consumed analyte replenished. Diffusion is 

the spontaneous movement of a species 

down a concentration gradient established 

within a defined region (diffusion layer) 

and the interface of the electrode and the 

electrolyte (Figure 3 (a)). As the diffusion 

layer increases and its dimensions exceed 

those of the working electrode, spherical 

diffusion dominates (Figure 3 (b)). Due to 

the increased quantity of species diffusing 

across the layer, a steady state is established 

where the rate of consumption can equal the 

rate of replenishment resulting in a 

sigmoidal voltammogram typical of a 

microelectrode response (Figure 3). 

 

 
 

Figure 3: Comparison of diffusion profiles 

and corresponding cyclic voltammetric 

shapes for (a) macroelectrode and (b) 

microelectrodes.  

 

Microelectrodes have several advantages 

over larger macroelectrodes e.g. rapid 

establishment of a steady state current, 

enhanced mass transport, improved S/N 

ratio and low ohmic drop. 

 

Microfabrication  

Fabrication of thin film microsensors 

involves the formation of permanent 

structures (25-250 nm thick) on a prepared 

substrate. Metallic thin films may be 

deposited over a template using sputtering, 

evaporation or electro deposition with the 

aid of standard photolithographic techniques 

[3,4]. Sensor configurations vary and some 

typical designs are shown in Figure 4. In 

particular, disk shaped microelectrodes 

display a spherical diffusion pattern while 

being compatible with standard 

microfabrication techniques.  

 

 

 

 

Figure 4: Commonly employed 

microelectrode (a) Disk (b) Ring (c) Band 

(d) Disk array (e) Interdigitated array 

A working electrode array 64 individually 

addressable Pt microelectrodes (custom 

designed on a silicon substrate) has been 

developed in our laboratory using physical 

vapor deposition (scanning electron 

microscope image Figure 5). 

Electrochemical testing resulted in typical 

sigmoidal cyclic voltammograms with an 

increased current density due to the 8x8 25 

m Pt working electrode disk array (Figure 

6). As confirmed experimentally, the 

current density achieved for such electrode 

arrays increases by a factor of N, where N 

is the number of electrodes within the array.  

 

 
 

Figure 5:  Scanning electron microscope 

image of an 8x8 microelectrode array (Pt 

 

t1 

t2 

t2 t1 

Linear Diffusion Spherical Diffusion 

(a) (b) 

I 

V 

I 

V 

Sigmoidal Peak Shaped 

Voltammogram Voltammogram 

 

(a) (b) (c) (d) (e) 

521

521



 
طرابلس ليبيا 32/01/3101-32للهندسة الكهربائية والإلكترونية  ؤتمر الدولي العربي الليبي الخامسالم                            

                           

working electrode in centre surrounded by 

Ag/AgCl reference and Pt counter 

electrode).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Corresponding cyclic 

voltammogram for thin film 

electrochemical device shown in Figure 5. 

Testing was carried out in 5 mM potassium 

ferricyanide as redox probe in 0.1 M KCl/ 

phosphate buffer at 100 mV/sec scan rate 

vs. Ag/AgCl. 

 

Further recent work in our laboratory 

involved fabrication of an alternative  linear 

design with disk shaped working, reference 

and counter electrodes via deposition of Cr 

(20 nm) and Pt (150 nm) metallic thin 

films, deposited on silicon by RF sputtering 

and resistant heated thermal evaporation 

respectively. This was followed by 

deposition of Ag on the reference electrode 

(250 nm) using chamber resistant heated 

thermal evaporation. Once the fabrication 

of counter, reference and working 

electrodes, contact pads and 

interconnections was completed, 

passivation was required to prevent 

galvanic corrosion of the metal multilayers 

and in order to delineate the active area of 

the device.  The Ag thin film reference 

electrode was transformed to a Ag/AgCl 

layer using ferric chloride to oxidise the 

silver and form an insoluble layer of AgCl. 

This was required for a functioning 

reference system (maintenance of a stable 

potential was dependent on a constant 

chloride ion concentration in solution). 

Figure 7 shows the three electrode silicon 

microchip prior to microfluidic channel 

integration. The surface of the device can 

be modified with chemical/biological 

catalysts enabling a range of sensing 

applications (see below) while integrated 

sample delivery can be achieved via 

microchannels which enable 

mixing/filtration as required prior to 

analysis. 

 

 
 

Figure 7: Microchip electrochemical cell in 

linear arrangement (0.0314µm
2
 working 

electrode) scaled against an index finger. 

 

Microfluidics 

Microfluidics can be defined as the 

management, manipulation and analysis of 

fluids in structures on a micrometer (and 

lower) scale. The introduction of 

microfluidics offers several advantages 

including reduction in the reagents 

consumed, waste produced, cost per 

analysis, energy consumption and faster 

analysis time. The flow of fluid through a 

microfluidic channel is laminar, resulting in 

predictable fluid transport with no 

convective mixing (mass transfer is via 

diffusion only). The term “Lab-on-a-chip” 

was coined to describe an integrated 

microfluidic and electrochemical 

microsensor device which can execute 

multiple laboratory type functions on a 
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single planar platform. Advantages include 

the fact that tiny volumes of 

analytes/reagents are required, rapid 

analysis can be achieved with high 

reproducibility possible due to automation 

and mass production. 

 

Lab-on-a-chip configurations include single 

or multiple channels/sensors [5,6]. Other 

components such as valves, pumps, 

switches may also be integrated and a 

recent review [7] charts the recent 

developments in micro total analysis 

systems. 

  

Hydrodynamic flow is the primary method 

used to deliver a fluid sample in a 

microfluidic channel, where a pressure drop 

is created across the inlet and outlet of a 

channel via syringe pumps [8-13]. A recent 

review of micropumps outlines future 

prospects [14] in this area. Other delivery 

methods based on electroosmotic [15,16] 

and thermal-pneumatic flow [17], require 

additional components to be added to the 

microchannel device such as heat 

sensors/transducers, thus adding 

complications to the final device. 

 

Microfluidic Channel Fabrication 

For the implementation of the microfluidic 

system a reliable bonding process which 

does not affect the performance and 

properties of the components is required. 

Polydimethylsiloxane (PDMS) is an 

elastomeric material widely used in 

microfluidic devices [18,19]  and the 

suitability of PDMS for the facile 

fabrication of a microfluidic enzyme 

modified electrochemical sensor has been 

demonstrated [20]. The advantage of 

electrochemistry for chip based analysis is 

that alignment of the electrodes with 

microfluidic elements is simplified and 

often directly microfabricated into channels 

using the same technology as the channels 

themselves. In addition, electrochemical 

detection does not require much off the chip 

instrumentation. Recent work within our 

group has involved the development of 

PDMS single channels (Figure 8) integrated 

with electrochemical cells for glucose 

detection – see further information below. 

 

 
 

Figure 8: Filled PDMS microchannel 20 

m wide, 115 m high. Total volume is 35 

pm
3 
for a 1.5 mm length channel. 

 

Figure 9 shows the linear three electrode 

thin film microsensor (Pt disc 200 m), as 

shown in Figure 7), formed within a 

channel patterned on the chip using 

photoresist (SU-8-50) with subsequent 

PDMS sealing. Alternatively, 

microchannels may be formed within an 

overlaid PDMS layer with inlet and outlet 

forming the required fluidic connections.  

To form a defined microchannel within the 

PDMS layer positioned onto the planar 

microchip device, a silicon wafer with 

patterned SU-8 photoresist was used as a 

mould on which a prepolymer of PDMS 

was poured. Following curing, the PDMS 

layer was peeled-off from the master to be 

placed onto the electrode chip and sealed 

(see Figure 10). 

 

523

523



 
طرابلس ليبيا 32/01/3101-32للهندسة الكهربائية والإلكترونية  ؤتمر الدولي العربي الليبي الخامسالم                            

                           

 
 

Figure 9: Components of the µ-fluidic chip 

prior to electrochemical testing. 

 

The volume of the flow channel depended 

on the mould employed which ranged from 

500-1000μm for a 14mm microchip. Once 

the PDMS layers are completed, two holes 

were drilled for insertion of needles 

allowing fluid delivery from a peristaltic 

pump (as employed during continuous 

monitoring glucose application – see further 

details below). A schematic of the total 

device is shown in Figure 11. 

 
Figure 10: Preparation procedure for the  

PDMS microfluidic channel. 

 

 
 

Figure 11: Exploded view of the three 

electrode system, (a) SiO2 substrate, (b) 

Cr/Pt layer, (c) Ag Layer (d) SU8-5 

passivation layer and (e) PDMS seal. 

 

Microsystems and Miniaturisation 

In analytical separation methods such as 

capillary electrophoresis (CE) or liquid 

chromatography physico-chemical 

characteristics that differ from one 

compound to another are exploited to effect 

separation of sample components into 

discrete zones before reaching the detector. 

CE separation is based on the differential 

electrophoretic mobilities of compounds in 

an electric field, determined by charge-to 

mass ratios of the compounds being 

analysed. This technique has been the 

primary method investigated for microchip 

separation platforms [21,22]. 

Electrochemical detection features 

sensitivity together with inherent 

miniaturisation of the detector and control 

instrumentation [23,24]. PDMS channels 

sealed onto planar glass slides with 

integrated on-chip electrochemical 

detection (see Figure 12) have been 

employed by our group for the separation of 

biologically and environmentally relevant 

species (endocrine disrupting compounds) 

[25,26].   
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Figure 12: Microchip capillary 

electrophoresis device showing separation 

and injection microchannels together with 

4x40 m Au band electrochemical 

detection system. 

Nanomaterials and Nanosensors  

Nanotechnology can be defined as 

„engineering at a very small scale‟ and this 

rapidly growing area may be applied to 

many areas of research and innovation. As 

biotechnology is also experiencing rapid 

growth, this creates exciting opportunities 

for new and highly applicable sensing 

strategies. Nanotechnologies involve the 

design, characterisation, production, and 

application of structures, devices, and 

systems by controlling their shape and size. 

Application areas include drug screening 

technologies, biocompatible materials, 

degenerative disease studies, self-

assembled bio-structures, advanced medical 

imaging and bio-nano-sensors. 

Micro/nanosensors can be fabricated using 

“top-down” e.g. nanolithography, energy 

beams or “bottom up” approaches e.g. 

molecular assembly, layer by layer 

chemistry. Key drivers in nano(bio)sensors 

is in increased sensitivity, accuracy and 

precision.  

 

This area takes advantage of advanced 

semiconductor technology which 

encompasses moving components as well 

as electrodes and electronics on a single 

chip. This also results in higher component 

density and chip functionality enabling 

multianalyte capability with lower power 

and high speed. At the nanoscale, surface to 

volume ratio increases and the more surface 

exposed, the more active the material 

becomes. If these properties are harnessed 

or new features imparted to them by 

chemically modifying their surfaces with 

specific molecules, these materials can be 

incorporated into larger devices e.g. sensors 

which can detect and measure e.g. pollution 

or key messengers within blood or urine.  

 

Nanomaterials cross the boundary between 

nanoscience and nanotechnology and it is 

recognized that the size range that provides 

the greatest interest is <100 nm. For 

example, 2 g of 100 nm diameter spherical 

Al nanoparticles contains sufficient 

particles to give every human on the planet 

300000 particles each [27]. Nanoparticles 

are known to exist in diverse shapes 

(spherical, star shaped, triangular, cubical, 

pentagonal, hexagonal, rod-shaped, shells, 

ellipsoidal) and cover a wide range of 

materials, polymers, metals, and ceramics.  

 

Organic based particles include fullvarenes, 

carbon nanotubes, nanoshells and rods, 

dendrimers and liposomes, while inorganic 

include quantum dots, metal nanorods and 

nanoparticles. By optimising conditions 

during formation/synthesis, scientists and 

engineers can tune the resulting properties 

and, ultimately, design new and exciting 

materials.  

 

Biosensors are analytical devices which 

incorporate a biological material such as an 

enzyme or antibody, integrated within a 
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physicochemical transducer which can be 

electrochemical. They yield a digital 

electronic signal which is proportional to 

the concentration of a specific target 

compound. The devices can be configured 

to enable continuous measurement 

(applications in diabetic control) or single 

use low cost strips for “one-shot” 

biosensors. The integration of recognition, 

signal transduction and processing on the 

nanoscale will enable increased sensitivity, 

selectivity, speed of analysis and 

miniaturisation with associated power 

saving. Design considerations for 

nanosensors are similar to those for 

traditional devices with respect to interface 

requirements, interferences and noise.  

 

Nanomaterials offer excellent prospects for 

achieving bioanalysis with high sensitivity 

multiplexing capability. The formation of 

nanoparticle – biomolecule assemblies 

provide the basis for ultrasensitive detection 

while bioaffinity (e.g. immunoassays) or 

nanoprobes offer great potential for 

simplified detection of biomolecular 

interactions. Nanoprobes and 

nanobiosensor technology can enable 

detection within single cells allowing the 

study of cellular systems at the molecular 

level. Silicon based nanowires [28] could 

test nl volumes of blood for key 

biomarkers, or be employed as a basis for 

electrical communication with enzyme 

molecules [29]. Recent work in our group 

has involved an electrocatalytic approach to 

biomolecule detection with pM detection 

limits within a millisecond time domain 

[30, 31].  

 

Nanosized magnetic materials have gained 

increasing interest for their properties, 

which have promising applications in 

various technologies such as information 

storage [32] medical diagnosis [33], and  

cell separation [34] Among these materials, 

magnetite (Fe3O4), an Fe
2+ 

and Fe
3+

 

complex oxide, is one of the most 

commonly studied super-paramagnetic 

nanoparticles, with unique mesoscopic 

physical and mechanical properties. 

Magnetite particles may be easily separable 

in solution and substances to which they 

have been attached can be readily separated 

from a reaction medium, or directed by an 

external magnetic field to site-specific drug 

delivery targets. They have been widely 

used for in vivo examination including 

magnetic resonance imaging, contrast 

enhancement, tissue specific release of 

therapeutic agents, hyperthermia, magnetic 

field assisted radionuclide therapy, as well 

as in vitro binding of proteins and enzymes 

[35-37].  Fe3O4 has recently been employed 

in biosensors for glucose, ethanol, and 

acetaminophen [38-40]. Magnetic 

nanoparticles have been functionalised with 

both amino-silanes and polyamidoamine 

(PAMAM), the latter type of binding 

introducing a dense outer amine shell 

through a cascade-type generation, enabling 

the coupling of biomolecular entities with 

enhanced stability [41,42]. 
 

Recent work in our group has involved the 

synthesis and functionalisation of magnetite 

nanoparticles (Figure 13 and 14), which 

enabled subsequent covalent attachment of 

cholesterol oxidase and cholesterol esterase 

for novel sensing of both cholesterol and its 

esters. The clinical analysis of cholesterol 

in serum samples plays a key role in the 

diagnosis and prevention of a large number 

of clinical disorders such as 

hypothyroidism, nephrosis, diabetes 

mellitus, myxedema, and obstructive 

jaundice. The desired total plasma 

cholesterol for an individual is less than 5.2 

mM with elevated levels > 6.2 mM. Plasma 

cholesterol levels increase with age, and are 
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generally less in females relative to males 

[43].  

 

Magnetic nanoparticles were synthesised by 

the thermal co-precipitation method using 

ferric and ferrous chlorides, and 

functionalised using 3-

aminopropyltriethoxysilane (APES) and 

PAMAM with subsequent covalent 

attachment of cholesterol esterase and 

cholesterol oxidase. The enzyme 

attachment was analysed by FT-IR and UV 

spectroscopy, and confirmed by SEM 

surface analysis and by electrochemical 

investigations.  

 
 

 
 

Figure 13: Attachment of enzymes to 

dendrimer modified magnetite 

nanoparticles. 

 

 
 

Figure 14: SEM image of PAMAM-

magnetic nanoparticles bound to cholesterol 

oxidase, magnification X5.0 K, accelerating 

voltage of 18 kV, resolution 10 µm 

 

Detection of free cholesterol and total 

cholesterol using the magnetite-modified 

biosensors offers the possibility of an 

alternative approach to cholesterol 

measurement. The best analytical 

performance for the free cholesterol 

biosensor was obtained using APES-

functionalized magnetite with a sensitivity 

of 3.2 µA/mM when operated at 37 
0
C. In 

the case of the total cholesterol biosensor, 

the best analytical performance was 

obtained using PAMAM dendrimer-

modified magnetite with a sensitivity of 

2.32 µA/mM (see Figure 15 for typical CV 

response) The 3-

aminopropyltriethoxysilane and especially 

the polyamidoamine dendrimer‟s ability to 

form a dense outer amine shell resulted in 

an efficient enzyme binding. The 

incorporation of mediators within the 

functionalised material is the focus of 

further related work in our group. 
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Figure 15: Cyclic voltammograms obtained 

for total cholesterol biosensor using the 

PAMAM-functionalized nanoparticles in a 

solution of 0.1 M KCl/PBS vs. Ag/AgCl at 

scan rate 5 mV/s, in the absence (solid line) 

and presence of 1.2 mM Cholesteryl 

palmitate (dotted line) 
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Another area of current interest within our 

team is NanoSphere Lithography (NSL) 

[44], a patterning tool for nanofabricated 

electrochemical surfaces, based on the self-

assembly of polymeric (i.e. polystyrene) 

micro/nanobeads followed by e.g. 

evaporation of a metal layer and subsequent 

removal of the beads to reveal the patterned 

surface. The size and distance between the 

metal nanodots so formed may be 

manipulated by changing the diameter of 

the beads and the evaporation conditions. 

Recent work by researchers at ITT-Dublin 

has demonstrated this technology to deposit 

multi-element nanodots and nanomeshes 

(see Figure 16) using aluminum based on 

initial monolayer bead formation as 

confirmed using SEM (Figure 17). 

 

Figure 16: SEM image of Al patterned 

silicon via nanosphere lithography 

 

 
 

Figure 17: Monolayer of 500 nm 

polystyrene beads (0.4%w/v) ) on a Ag 

sputtered layer on silicon wafers. 

 

These surfaces are currently being 

evaluated as high surface area 

microelectrode arrays for biomedical 

applications such as glucose determination. 

 

Glucose Sensors 

The fabrication of a glucose sensor is an 

important area of research due to the fact 

that determination of blood and urine 

glucose levels in a rapid, convenient and 

precise manner is necessary for the 

diagnosis and management of diabetes 

mellitus [45, 46] Diabetes is a growing 

public health issue with no known cure. It is 

the fastest growing disease in the world and 

is expected to double in prevalence by 2050 

(8% of all US citizens and 18% of all senior 

citizens are affected).  

 

The most widely studied group of enzymes 

for electrochemical sensors are the 

oxidases, which under aerobic conditions, 

allow hydrogen peroxide from the reduction 

of dioxygen to be monitored 

amperometrically during the enzymatic 

reaction sequence. As the responses of 

oxygen/hydrogen peroxide based sensors 

are affected by fluctuations in the 

concentration of dissolved oxygen, electron 

mediators [47] e.g. quinones [48,49] 

ferrocenes [50] viologens [51] and Ru 

[52,53], have been employed to facilitate 

the electron transfer between the enzyme 

and electrode and to decrease the applied 

potential used to follow the enzyme 

catalysed reaction. Recently, we have 

synthesised and electrochemically 

evaluated the potential of a number of new 

osmium based complexes to act as 

mediators for glucose oxidase [54-56].  

 

The application of enzymatic biosensors 

has been hindered by the inherent fragility 

of enzymes in addition to complex 

immobilization procedures which may 

528

528



 
   T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/2010 

further decrease the stability of the 

biocomponent. Glucose oxidase (GOx) is 

widely used in the fabrication of glucose 

biosensors and though quite stable 

compared with other enzymes, is subject to 

thermal and chemical deformation during 

fabrication, storage or use.  

 

A number of studies have been conducted 

to alleviate the drawbacks of enzymatic 

glucose sensors. Some research has focused 

on retaining and increasing the activity of 

the enzyme, whereas others have focused 

on the development of nonenzymatic 

catalysts [57-60]. Park et al [61] have 

reviewed this area recently and many non-

enzymatic glucose sensors have been 

explored, but the selectivity and sensitivity 

of e.g.  Pt-based sensors [62] are still a 

critical issue for practical applications. 

Many pure metals (including platinum) 

exhibit unsatisfactory sensitivity, selectivity 

and are affected by poisoning by adsorbed 

intermediates. It has been reported that that 

platinum surfaces modified by some heavy 

metals such as Ir/IrO2, Pd, Pb, and Bi
 
[63-

67] showed good stability, increased 

sensitivity and catalytic activity for glucose 

oxidation. However, the dissolution and 

toxicity of the heavy metal elements 

prevent this method from being put to 

practical use.  

 

Recent work in our laboratory [68] has 

involved synthesis of nanocomposites of 

ethylene glycol protected platinum 

nanoparticles prepared in the presence of 

activated carbon (AC), multi-walled carbon 

nanotubes (MWNTs) and carbon nanofibres 

(CNFs) at 20 % (w/w) Pt loading and their 

potential in non-enzymatic glucose sensing 

evaluated. Physical and electrochemical 

characterisation of these hybrid materials 

was enabled using transmission electron 

microscopy (TEM), X-Ray diffraction 

(XRD), thermogravimetric analysis (TGA) 

and cyclic voltammetry. The average 

platinum nanoparticle diameters, as 

determined from TEM & XRD 

measurements, were 2±1 to 3±1 nm. Figure 

18 (a) and (b) shows transmission electron 

microscope (TEM) images of Pt decorated 

carbon nanofibres and multiwalled carbon 

nanotubes respectively, showing uniform 

distribution of nanoparticles and 

consistency of size achieved.  

 

 
 

 
 

Figure 18: TEM images of (a) Pt 

nanoparticle decorated carbon nanofibres 

and (b) multiwalled carbon nanotubes. 

 

Figure 19 shows the electrochemical 

characterisation of the typical Pt features 

confirming the presence of stable 

(a) 

(b) 
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nanoparticles on the surface of the support 

material. The electrochemically active 

surface area of the platinum nanoparticles 

were found to be 91, 78 and 128 m
2
 g

-1
 for 

Pt-C, Pt-MWCNT and Pt-CNF 

respectively, as determined by the hydrogen 

adsorption/desorption phenomenon, using 

cyclic voltammetry in H2SO4. The 

nanomaterials were applied to the direct 

non-enzymatic quantization of glucose over 

its physiological range in the absence of 

enzyme glucose oxidase.  

 

Hydrodynamic amperometry at Eapp = 0.55 

V vs. Ag/AgCl in phosphate buffer (pH 7.4) 

was employed and the materials responded 

linearly to glucose (at pH 7.4 298 K) over 

the range 0-20 mM (R
2
=0.99) with 

sensitivity 1.07, 1.10 and 0.52 A mM
-1

 

cm
-2 

for Pt-C, Pt-MWCNT and Pt-CNF 

respectively. 

 
Figure 19: Cyclic voltammetry for (a) Pt-C, 

(b) Pt-CNF and (c) Pt MWNT in 0.1 M 

H2SO4 with hydrogen adsorption/desorption 

evident -0.2-+0.1 V vs. Ag/AgCl. 

 

Applications of integrated 

electrochemical microchip for continuous 

glucose monitoring. 

 

The linear arrangement thin film 

microsensor designed in our laboratory 

(Figure 11) was fabricated as described, and 

tested for continuous monitoring of glucose 

levels over physiologically relevant ranges. 

The completed microfluidic device, 

following curing of the outer PDMS layer, 

was connected to a peristaltic pump 

(Ismatec model PCI) via metallic needles. 

The flow rate was initially adjusted to 

49.9μL/min and a phosphate buffer solution 

flow through the microchips was monitored 

for approximately an hour to ensure the 

systems sealing properties (see image 

Figure 20). Tests were also performed using 

variable flow rates between 43μL/min – 

250μL/min. Prior to integration, the Pt disk 

working electrode was modified with 

crosslinked glucose oxidase together with a 

deposit Pt nanoparticles, enabling a unique 

combination of enzymatic and non-

enzymatic glucose detection.  

 

 
 

 
 

Figure 20: Electrochemical testing setup 

showing peristaltic pump, tubing, tubing 

holder, chip holder and connections to  

potentiostat. 
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The microfluidic microchips were tested 

using chronoamperometry for their 

response to glucose over the range 2mM to 

20mΜ.  Figure 21 shows the amperometry 

current response acquired for an ascending 

and descending cycle of 2mM additions of 

glucose in the flow system. The time 

interval between all increments in 

concentration was approx. 9mins. The flow 

rate was kept constant at 46.4μL/min 

throughout the recording and the applied 

potential was 0.7V vs. Ag/AgCl. Typical 

volumes within the channel is 50-80 l. 

Heller and Feldman have recently given an 

account of electrochemistry in diabetes 

management [69] with emphasis on  current 

state of the art Freestyle Navigator 

commercial continuous glucose monitoring 

system which employs glucose oxidase 

wired to a redox hydrogel of Os 
2+/3+

 

(electron mediator). The sensor is replaced 

after 5 days continuous usage. Our three 

electrode microdevice operated reliably for 

6 days with in vitro testing and >20 days 

using a single microelectrode device (data 

not shown), demonstrating the potential of 

this technology for selective and sensitive 

glucose detection over both the required 

time period and relevant physiological 

range.  

 
 

Figure 21: Hydrodynamic amperometric 

response for a integrated three electrode 

microchip – microfluidic system with 

additions of 2mM Glucose every 500secs.  

 

Conclusions 
Driven by the need for earlier, accurate 

diagnostic information to guide critical 

clinical decisions, technology advances 

including miniaturisation are enhancing the 

role of diagnostics in health care systems. 

Rapid blood tests performed at the point-of-

care, together with wearable monitors for 

continuous monitoring are revolutionising 

the healthcare sector, providing immediate 

information which can influence the clinical 

decision process. Combining the unique 

specificity of bio-molecules with the 

sensitivity of electrochemical detection 

enables identification and accurate 

quantification of substances at ultra-trace 

levels in biological systems. The strategy of 

miniaturisation and integration of 

functional elements in analytical systems 

will continue to dominate progress in this 

field, with electrochemistry playing an 

important role due to its compatibility with 

standard micro-fabrication approaches. 

Nanobiosensors offer promise for multiple 

elusive goals in medical diagnostics. An 

immediate impact will be in companion 

diagnostics and theranostics where in vivo 

applications with therapeutic principles will 

employ multi-functional nanobiosensors. 

Other exciting developments in 

nanorobots/nanomedicine ensure that there 

will be a continuous drive for success 

within this multidisciplinary area, uniquely 

positioned at the interface of science and 

engineering. 
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Multi-frequency Electrical Impedance Tomography: Image Reconstruction Using 

Bivariate Laguerre Functions 

J. M. Mehalhal,  A. M. Shallof  and M.  F. Bara 
 

ABSTRACT 

      Electrical Impedance Tomography (EIT) is a technique which allows cross- sectional 

image related to the electrical impedance within an object to be reconstructed from a set of 

measurements made on the object surface in EIT. 

      EIT aims to image the conductivity distribution within a test object by making electrical 

measurements on the surface of the object. Some of the potential advantages of this 

technique are that:  

a) It offers the possibility of an inexpensive, non-harmful imaging technique capable 

of being used in the intensive care environment for a range of physiological 

measurements. 

b) It will be capable of characterizing tissues in a novel physiological way which 

should enable diseased tissues or abnormal function to be identified, and 

c) It should be capable of imaging fast dynamic activity within the human body 

because data can be acquired rapidly. 

In single frequency Electrical Impedance Tomography only the change in the real part of 

the conductivity can be imaged and not those of the imaginary part of the conductivity or of 

the absolute values. Multi-frequency Electrical Impedance Tomography has been proposed 

to solve this problem. In this paper, there is a new method using Laguerre function in multi-

frequency electrical impedance tomography which has been developed, and full 

information contained in the complex tissue conductivity can be obtained. 

1

.Introduction: 

     Electrical Impedance Tomography (EIT) 

is an ima-ging modality that estimates the 

electrical properties inside a volume from 

electrical measu-rements on its surface. By 

elec-trical properties, we mean spec-ifically 

the electric conductivity and permittivity. 

    The electric conductivity is a measure of 

the ease with which a material conducts 

electricity; the electric perm-ittivity is a 

measure of how readily the charges within a 

material separate under an imposed electric 

field. Both of these properties have seen 

much interest in medical applications for 

many years, because different tissues, or 

even the same tissue in different 

physiological states, have different 

conductivities and permittivities. 

      Possible biomedical appli-cations of 

EIT include monit-oring cardiac and 

pulmonary function, detection and 

quantification of intraperitoneal fluid , 
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detection and charact-erization of tumors, 

monitoring cancer ablation procedures, stu-

dying emptying of the stomach, studying 

pelvic fluid accu-mulation as a possible 

cause of pelvic pain, quantifying seve-rity 

of premenstrual syndrome by determining 

the amount of intracellular versus 

extracellular fluid, determining the 

boundary between dead and living tissue , 

and building forward models for bioelectric 

field inverse problems such as 

Electro/Magneto Encephalography 

(E/MEG) and Electr-o/Magneto 

Cardiography (E/MCG).  

A variety of non-clinical applications of 

EIT are also possible. These include 

imaging multi-phase fluid flow, dete-

rmining the location of mineral deposits in 

the earth, tracing the spread of 

contaminants in the earth , non-destructive 

evalu-ation of  machine parts , and control 

of industrial processes such as curing and 

cooking . 

      EIT has many advantages over other 

medical imaging techniques. It is 

noninvasive, and it does not expose the 

patient to harmful X-rays or any other 

radioactive materials. It is safe for long 

term monitoring, cost-effective, and 

portable. In addition, EIT combined with 

other medical imaging techniques can 

provide increased diagnostic accuracy. For 

example, X-rays can only detect breast 

tumors that have an X-ray absorption 

density that differs significantly from that 

of the normal breast tissue. EIT is based on 

the contrast in elec-trical properties of the 

tissue and can thus be used to find or 

distinguish tumors that are undetectable or 

indisting-uishable by mammography . 

      In EIT the fundamental problem in the 

image reco-nstruction is that, in a general 

case, the electric current cannot be forced to 

flow linearly (or even along a known path) 

in an inhomogeneous volume condu-ctor; 

the current flow is dete-rmined by the 

impedance distribution within the object. 

Therefore, the inverse problem, computing 

the electrical conductivity and permittivity 

distribution in the object, is significantly 

more difficult than for a modality such as 

X-ray computed tomography where the 

photon paths are essentially straight lines. 

Additionally, the problem is ill-posed, 

meaning that large changes in impedance at 

the interior of the object may result in only 

small voltage or current changes at the 

surface [1] . 

2. EIT Theory  

       The theory behind elec-trical 

impedance tomography is that by applying 

a constant current across a material the 

voltage distribution resulting on the surface 

will reflect the internal resistivity 

distribution. However, intuitively one will 

understand that multiple resistivity 

distributions can produce the same voltage 

distribution at the surface. Therefore the 

system is stimulated in multiple manners to 

constrain the possible resistivity 

distributions.  

 

3. Data Collection Strategies  

    There are a number of variations of EIT 

that depend on whether one injects current 

(and measures voltage) or applies voltage 

(and measures current), and whether one 

uses the same or different electrodes for 

these two purposes. Many common 

acquisition systems stimulate the object 

under measurement by applying current and 

measuring resulting voltages, as this 

arrangement is less sensitive to the 

degrading effect of contact impedances . In 

the following, we describe some of the 

measurement methods that are used [16]. 

 

4. Forward Model for EIT 
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       Electromagnetic phenome-na are 

governed by Maxwell’s equation for the 

electric field E and the magnetic field H. 

These equations are: 

    
  

  
                

      
  

  
            

 

 where J denotes the current density, B the 

magnetic flux density (also called the 

magnetic induction), D the electric 

displacement, and the partial derivative is 

with 

respect to time t. 

       The frequencies used in EIT systems 

are low enough so that the quasi-static 

Approximation holds, and thus we can 

ignore capacitive, propagation, and 

inductive effects [9]. The ACT3 system, for 

example, operates at 28.8 kHz, and is 

applied to bodies smaller than one meter in 

which the conductivity is generally less 

than one (Ohm-meter)−1 [10]. Under such 

quasi-static conditions, since the disp-

lacement current (∂D/∂t)  is approximately 

zero we get 

                     

 

For current density J we have 

                          

                          

where ϭ is the conductivity of the medium. 

This equation states that the total current 

density J is the sum of the conduction 

current density ϭE and the “impressed 

current” density Js due to the internal 

sources [9]. In regular EIT systems all the 

sources are on the outer boundary of the 

object, so can be modeled as the boundary 

condition; therefore, Js = 0.  

5. Conduction in Human Tissues 

Tissue consists of cells with conducting 

contents surrounded by insulating 

membranes embedded in a conducting 

medium. Inside and outside the cell wall is 

conducting fluid. At low frequencies of 

applied current, the current cannot pass 

through the membranes, and conduction is 

through the extracellular space. At high 

frequencies, current can flow through the 

membranes, which act as capacitors. A 

simple model of bulk tissue impedance 

based on this structure, which was proposed 

by Cole and Cole [1941], is shown by (Fig. 

1). 

 

 

FIG. 1 The Cole-Cole model of tissue 

impedance. 

 

 

      Clearly, this model as it stands is too 

simple, since an actual tissue sample would 

be better represented as a large network of 

interconnected modules of this form. 

However, it has been shown that this model 

fits experimental data if the values of the 

components, especially the capacitance, are 

made a power function of the applied 

frequency ω . An equation which describes 

the behavior of tissue impedance as a 

function of frequency reasonably well is 

 

     
     

    
 

  
  

                      

Where              are the (complex) 

limiting values of tissue impedance low and 

high frequency and fc is a characteristic 

frequency. The value of α allows for the 

frequency dependency of the components 
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of the model and is tissue dependent. 

Numerical values for invivo human tissues 

are not well established. 

Making measurements of the real and 

imaginary components of tissue impedivity 

over a range of frequencies will allow the 

components in this model to be extracted. 

Since it is known that tissue structure alters 

in disease and that 

R, S, C are dependent on structure, it should 

be possible to use such measurements to 

distinguish different types of tissue and 

different disease conditions. It is worth 

noting that although maximum accuracy in 

the determination of the model components 

can be obtained if both real and imaginary 

components are available, in principle, 

knowledge of the resistive component alone 

should enable the values to be determined, 

provided an adequate range of frequencies 

is used. This can have practical 

consequences for data collection, since 

accurate measurement of the capacitive 

component can prove difficult.  

Although on a microscopic scale tissue is 

almost certainly electrically isotropic, on a 

macroscopic scale this is not so for some 

tissues because of their anisotropic physical 

structure. 

      Muscle tissue is a prime example, 

where the bulk conductivity along the 

direction of the fibers is significantly higher 

than across the fibers. Although unique 

solutions for conductivity are possible for 

isotropic conductors, it can be shown that 

for anisotropic conductors unique solutions 

for conductivity do not exist. There are sets 

of different anisotropic conductivity 

distributions that give the same surface 

voltage distributions and which therefore 

cannot be distin-guished by these 

measurements. It is not yet clear how 

limiting anisotropy is to electrical impe-

dance tomography.  

Clearly, if sufficient data could be obtained 

to resolve down to the microscopic level 

(this is not possible practically), then tissue 

becomes isotropic. Moreover, the tissue 

distri-bution of conductivity, inclu-ding 

anisotropy, often can be modeled as a 

network of conductors, and it is known that 

a unique solution will always exist for such 

a network. In practice, use of some prior 

knowledge about the anisotropy of tissue 

may remove the ambiguities of conductivity 

distribution associated with anisotropy. 

The degree to which anisotropy might 

inhibit useful image reconstruction is still 

an open question. 

6. Image reconstruction using bivariate 

Laguerre function  

      In this section we use bivariate 

Laguerre function to find the sensitivity 

matrix of multi-frequency Electrical Imp-

edance Tomography. 

 The successful imaging depends on the 

amount of information we acquire from the 

sensitivity matrix the vol-tage gradient of 

the sensitivity matrix based on the finite 

element. The voltage gradient is calculated 

in each element when current is passed in 

turn through each of individual drive-

receive pair using Lagu-erre function and 

finite element method.          

      The finite element method is a 

numerical analysis techn-ique for obtaining 

approximate solution to a wide variety of 

engineering problems. 

     Due to its ability to model arbitrary 

geometries and vari-ous boundary 

conditions the finite element method is the 
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most common method currently used for 

the numerical solution of EIT problems. 

      In a continuum problem of any 

dimension, the field variable such as the 

electric potential in EIT, is define over an 

infinite number of values because it is a 

function of the infinite number of points in 

the body.  

      The finite element method first 

discretizes the medium under analysis into 

a finite number of elements collectively 

called a finite element mesh. Using finite 

element mesh and the following 

performability equation’s to get complex 

sensitivity matrix [2].  

                                  
      

  (6) 

Where     and          are given by: 

 Create the Markove  generator matrix Q  

and reward matrix F : 

   
  
  

    
  
  

               (7) 

Compute the Laguerre coefficient vector pij  

: 

pij=RijD                   (8) 

Rij=[Ri-1j A+Rij-1 B+Ri-1j-1C]            (9) 

Where : R00=I , R01=B , R10=A       (10) 

S=[KI+KF-2Q+2bI]
-1   

       (11) 

A=S[K(I-F)-2(Q-bI)]                  (12) 

B=S[K(-I+F)-2(Q-bI)]              (13) 

C=S[K(I+F)+2(Q-bI)]               (14) 

D=2K
2
Se

^        
                         (15)

 

 Compute the Laguerre difference 

coefficient Pij using eq. 

                            
      

     (16)                  

Where  

       

    

 

 
 

 
 

                                 
 

                                 
 

                                          

  

  (17) 

 

-Find           using eq. : 

 

                                                                 

(18) 
                                      

        (19) 

 compute the performability using eq. : 

       
                           

      
            (20) 

 Compute the adittmances matrix  as: 

   

         

         

         

  

  

  

  

   

  
  
  

      (21) 

 

Successful imaging depends on the amount 

of information we acquire from the 

boundary measurements and the extracting 

information. 

    From equation (5.1) we assume the 

boundary condition as following: 

               -

 
  

  
 

 
                                                   
                                           

     

   (22) 

Where   is the current density ,
  

  
  is the 

potential derivative normal to the surface 

and (    ) is the conductivity using finite 

element method. 

For triangle element we can express the 

current density as: 
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        (23) 

But in 1996 Shallof and Barber show that: 

                     (24) 

       
         

     
 (25)

    

  

Where (   ) and (   ) are the real and 

imaginary parts of the complex 

conductivity. 

We assume that the value of the complex 

sensitivity matrix at the point is given by: 

            
      

     
  

     

   

Where d and r are drive and receive 

electrodes. 

From equation (24) to equation (26) we get 

the real sensitivity matrix is: 

                      (27) 

And we get the complex sensitivity matrix 

is: 

                      
        

 

   
    

   
          (28) 

So from equation (27) and (28) we get: 

                α  j    (29) 

Where 

   
  ref 

4

  ref
2  ref

 2
 
2  1  

 ref
 2

 ref
2
   (30) 

              
  ref 

4

  ref
2  ref

 2
 
2  

2 ref
 2

 ref
2
      (31) 

From equation ( 29) and the boundary 

voltage measurement, we get: 

           1  g   (32) 

The sensitivity relationship between the 

changes in complex conductivity (  ) and 

the changes in boundary measurements 

( g ) is given by 

  
          1  g

p
     (33) 

To normalize change in conductivity to 

normalized change in boundary from we 

use the following: 

g
n
    

gp
 

gu
   (34)        

   n
    

 p
 

 u
      (35) 

Thus from equation (33),(34) and (35) we 

get 

  
     F    1  g

n
   (36) 

Where (F ) is normalizes complex 

sensitivity matrix and (  g
n
  ) is the 

normalized voltage measurements. 

 

6. RESULT The results are obtained from new method 

for multi-frequency electrical impedance 
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tomography image reconstruction using 

Laguerre functions. We use  a finite 

element model consisting of 192 elements. 

Equation (29) are used to compute a 

complex sensitivity matrix. The sensitivity 

matrix value were computed using 16 

interleave drive and receive electrodes. The 

dimension of the sensitivity matrix is 64 x 

192 it has chosen the size of the object 0.1. 

 

(New developed method image) 

 

 

(Previous method image) 

 

(a) 

 

(New developed method image) 
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(Previous method image) 

 

(b) 

Fig. 6.2. Image reconstruction of the object at the center using frequency 9.6 KHz: 

                (a) Real part of conductivity, (b) Imaginary part of the conductivity.     

 

 

(New developed method image) 

 

 

(Previous method image) 
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(a) 

 

(New developed method image) 

 

 

(Previous method image) 

 

(b) 

Fig. 6.3. Image reconstruction of the object at the center using frequency 9.6 KHz: 

                (a) Real part of conductivity, (b) Imaginary part of the conductivity, 

7. CONCLUSION 

    7.1 Multi-frequency EIT advantage 

          Electrical Impedance Tomography 

(EIT) is a non invasive imaging technique 

with widespread applications in medicine 

and industry. It aims to image the 

conductivity distribution within an object 

by making electrical measurements on the 

surface of the volume. Some of the 

potential advantages of this technique are 

that: 

I. It offers the possibility of an 

inexpensive non-harmful imaging 

technique capable of being used in 

the intensive care environment for 

a range of physiological 

measurements. 

II. It will be capable of characterizing 

tissues in a novel physiological 
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way which should enable diseased 

tissues or abnormal function to be 

identified, and 

III. It should be capable of imaging 

fast dynamic activity within the 

human body because data can be 

acquired rapidly. 

       Electrical impedance tomography at 

single frequency allows images of temporal 

changes in tissue impedance to be 

produced. Production of static images using 

data from human subjects is difficult. The 

main reason for this is that body shape and 

electrode position are more important 

determinates of transfer impedance 

measurements than is the distribution of 

tissue impedance. 

       Multi-frequency EIT offers the 

potential for making static images by 

producing images of changes in tissue 

impedance with frequency. Furthermore, by 

considering both real and imaginary parts 

of the conductivity, all information 

contained in the tissue is obtained. 

      In this thesis new method concerning 

multi-frequency electrical impedance 

tomography using Laguerre function has 

been developed. 

      The new developed method was applied 

in some models and compared with 

previous method it has been noted the 

following: 

I. Acceptable results. 

II. The image reconstruction which 

obtained from the new developed 

method is clearer and higher value 

of complex conductivity in the 

center and in the boundary for the 

different frequencies than the 

previous methods.   

7.2 Future work 

The future study will use regulation 

method to improve the image 

reconstruction and involves 3D multi-

frequency EIT using Laguerre function.  
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Abstract 
Heart is the most important part in human body. Hence, we always need to follow-up and 

diagnose its health condition. Heart rate (HR) and blood oxygen saturation (SpO2) are 

important indicators directly related to heart-pulmonary system. Monitoring of HR and 

SpO2 offers us a good indication of heart functionality. Therefore, developing homemade 

inexpensive devices for measuring HR and SpO2 is very essential. Pulse Oximeter (PO) is 

an opto-electronic non-invasive medical instrument capable of measuring and recording the 

changes of HR and SpO2 at the finger tip. 

 

Keywords: Pulse Oximetry, Optical Sensor, Heart Rate level. 

 

1.   INTRODUCTION 
 Pulse oximetry is based on two principles; 

that the oxy-hemoglobin and deoxy-

hemoglobin are different in their absorption 

of red and infrared light, and that the 

volume of the arterial blood in tissue 

changes as the pulse changes. With each 

heartbeat, the volume of the arteries 

becomes bigger before the blood goes in to 

capillaries. This change makes possible for 

oximetry to differentiate the arterial blood 

from all other absorbing substances [1]. 

Usually, in a pulse oximeter, two lights 

with different wavelengths are transmitted 

through the tissue [1]. Since both 

oxygenated and deoxygenated hemoglobin 

have different absorbance and reflectance 

properties, two different light sources are 

used. Oxygenated hemoglobin (HbO2) has 

the highest absorbance in the infrared  

 

 

region (850nm-1000nm), while 

deoxygenated hemoglobin (Hb) has a high 

absorbance in the red band (600 nm to 750 

nm).This is why most present pulse 

oximeters use 940 nm infrared and 660 nm 

red light emitting diodes [1]. Figure 1 

shows the absorption levels of oxygenated 

and deoxygenated blood at different 

wavelengths. 

 

 

 

 

 

 

 

Fig 1: Absorption levels of oxygenated and 

deoxygenated blood at different 

wavelengths [2] 
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When light is emitted into the body tissue, 

some light will be absorbed by the skin, 

bones, and muscle tissue. This represents 

the static direct current (DC) component of 

the signal received at the photo detector 

receiver. The pulsatile flow in arteries and 

arterioles during diastole and systole will 

usually create some variation in light 

intensity. This will produce the AC part of 

the signal [3]. Both AC and DC 

components are shown in Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: Diagram showing light absorption 

through living tissue [3] 

 

2.   MATERIALS & METHODS 
 

 

 

 

 

 

 

 

 

 

Fig3: Block diagram for Pulse Oximetry 

operation 

 

   Pulse Oximeter system consists of a probe 

(sensor), signal-processing unit (main 

device) and also a results displaying unit.   

 

2.1 Sensor of Pulse Oximetry 

 

 

   

 

 

 

 

 

 

 

 

     

       

 

 

Fig 4: Diagram showing sensor orientation 

for light transmittance in the designed pulse 

oximeter [4] 

 

    Designed a low-cost Pulse Oximetry 

system consists of a probe (sensor); the 

sensing probe consists of two LEDs, and a 

photo-detector. The two LEDs used in the 

sensor part are the red (660nm) and infrared 

(940nm). The signal collected from the 

photo-detector (LDR&IR RECEIVER) will 

be supplied to a dual operational amplifier 

(LM358) the first output will be go to  

PIC16F877A to process the signal easy and 

get result, for the second output just for 

manually tests as show in figure 4. 

 

2.2 Computing of Pulse Oximetry 

   The output signal from the dual amplifier 

will be further supplied to a Programmable 

Interface Controller (PIC16F877A) which 

will convert the current analogue signal into 

digital signal through the built-in Analogue 

to Digital Converter (ADC). However, this 

SENSOR  

AMPLIFIER 

PROCESSOR 

 

 

LCD display 
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converting process will require MICRO C 

programming software to generate the 

Hexadecimal file of the PIC before one can 

display the value of detected pulse rate and 

oxygen saturation in the blood. PIC 

16F877A as show in figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5: Details of PIC16F877A connections 

[5] 

2.3 Display of Pulse Oximetry 
  The PO will be displayed via a Liquid 

Crystal Display (LCD) screen. This shows 

that the newly developed PO system has 

extra capabilities in collecting the measured 

data such as the HR and SpO2 which could 

be further analyzed and stored through the 

computer as show in figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 6: Diagram showing the designed Pulse 

Oximetry device connected to a computer 

 

3.  RESULTS AND 

DISCUSSIONS 
       From this study a portable PO system 

has been designed and developed. The 

system able to produce highly reliable 

results for both HR and also SpO2. In 

developing the sensor part the use of super 

bright LED was useful since its capability 

to penetrate the skin layer with different 

color. Next, the LDR positioned near the 

LED were able to detect the light reflected 

at the fingertip during blood circulation and 

from this detection the output signal from 

LDR were in resistance and very small in 

value. Thus, there is a need for the signal to 

be amplified. The signal were then fed into 

the amplifier and further processed by the 

PIC. The next stage was to program the 

selected PIC. This required more efforts 

than the previous stage as the PIC needed 

boot loading then the micro C code was 

loaded into it. The PIC were programmed 

in order to functionalize the ADC converter 
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thus, converted the analogue signal into 

digital.  Finally, the device was completed 

by the attachment of an LCD plus 

demonstrating the output reading from the 

device through the computer. From this, the 

user of this PO device could read their test 

results via an LCD as shown in figure 7. In 

addition, the test results were also recorder 

and displayed on a computer by Visual 

Basic as show in figure 8.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7: Display via a Liquid Crystal Display 

(LCD) screen 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8: Display via Visual Basic on 

computer 

 

 

 

 

 

3.1 Comparison between Standard 

System (DOLPHIN MEDICAL 2100 

PULSE OXIMETER) & Proposed 

System 
  Once the PO device have been designed 

and developed, it is crucial to conduct a 

comparative analysis between the designed 

and the standard PO device. 

  Thus, the analysis will prove the reliability 

of the test results produced by the designed 

PO device. For this purpose three people 

with different skin color were selected such 

as (bright skin, fair skin and also dark skin).  

   The test results obtained for Mr. 

Mohamed Ramadan by Standard System 

and Proposed System at the same time 

under five different conditions which are 

(arriving at the lab, after rest, after exercise, 

after rest and then before leaving the lab).  

The conditions were the same for the entire 

people whom participated in this PO device 

testing.  The results were then plotted in the 

following figure 9. 

 

Fig 9: Results showing the output reading 

for pulse/oxygen level of Mr. Mohamed 

Alarqaa  

    

   The test results obtained for Mr. Wan 

Suhaimizan. The results were then plotted 

in the following figure 10. 
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Fig 10: Results showing the output reading 

for pulse/oxygen level of Mr. Wan 

Suhaimizan 

 

The test results obtained for Mr. Mohamed 

Zaltum. The results were then plotted in the 

following figure 11. 

 

Fig 11: Results showing the output reading 

for pulse/oxygen level of Mr. Mohamed 

Zaltum 

 

   From the results obtained for the three 

people as shown in the graphs (Figure 9, 10 

and 11) the developed PO device were 

capable of producing test result with very 

close to the standard device. In another 

words, it could be summarized that the 

developed PO device were able to produce 

the test results with a difference of 5% error 

state, which demonstrated that the device 

has a high level of accuracy when 

compared to the standard device. Next, the 

designed PO device was further tested for 

the reliability via a standard SpO2 

simulator. The tests were conducted for 

both HR and SpO2 readings. The outcome 

of this test will be discussed in the next 

section. 

 

3.2 Test Proposed System by SpO2 

Simulator (Index 2) 
    The results obtained from the standard 

system were compared with the SpO2 

simulator under two setting which are (70 

heart beat per minute (HB/min) and 75 

HB/min). These standard values were set 

with the SpO2  

device and compared with the standard 

system.  It was discovered that the result 

from the standard system and also having 

less than 5% errors, as shown in figure 12. 

This again demonstrated the accuracy and 

reliability of the results as in the readings 

for the HB and SpO2 that being produced 

by the PO device designed in this study. 

 

ig 12: Results produced by the SpO2 

Simulator (Index 2) and the Proposed 

System 
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4.  CONCLUSIONS 
  Overall, the objective of this research has 

been achieved, since the result obtained 

from the developed PO device has less than 

5% errors in comparison to the standard 

device. Therefore it is assured that the 

device were able to produce highly reliable 

test results for both the HR and SpO2. 

Considering the high cost of the standard 

equipment, local ones as in this study the 

home-bulit PO device demonstrated the 

proof of concept where a much cheaper in 

cost can be produced.            In addition, 

this PO device has the extra function of 

recording the test result for the user to come 

back at any time to analysis and  

 

observe their test result again. Finally, these 

PO devices are suitable for personal in-

home  

usage, technical school and universities 

levels for educational and research 

purposes.  
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Abstract 
 

     Implantable medical devices (IMDs) have a history of outstanding success in the 

treatment of many diseases, including heart diseases, neurological disorders, and deafness. 

Today's aging population is driving wide-scale demand for more-advanced healthcare 

treatments, including wireless implant devices that can deliver ongoing and cost-effective 

monitoring of a patient's condition. New ultra-low-power radio-frequency (RF) 

technologies are spurring the development of innovative medical tools, from endoscopic 

camera capsules that are swallowed, to implanted devices that wirelessly transmit patient 

health data. Communication links between external programming devices (or base stations) 

and medical implants are critical to the success of IMDs.Historically, low-frequency 

inductive links (introduced in the early 1970s) have been the most prevalent method of 

communication. They typically operate in the tens to hundreds of kilohertz range, with data 

rates of 1–30 Kb/sec. These low-power systems, which can accommodate a small coiled 

antenna in the IMD, have proven to be robust and suitably reliable. However, antenna size 

and power limitations in implants result in a very low magnetic field strength for an IMD 

that is communicating with an external programmer. Therefore, inductive links are short 

range and often require the external programmer to have contact with the skin of the patient 

directly over the implant. To overcome these operating-range and low-data-rate limitations, 

new ultra-low-power RF technologies are being developed that operate at much higher 

frequencies, such as in the 433 and 915 MHz industrial, scientific, and medical (ISM) bands 

and the more recently allocated 402–405 MHz medical implant communication service 

(MICS) band. RF integrated circuit (RFIC) technology can now offer low power, reduced 

external component count, and higher levels of integration, which will open new markets 

for medical device manufacturers. 

 

     This article discusses the issues related to remote management of IMDs via the MICS 

band and presents guidelines for addressing these issues. A brief history of the MICS 

standard is presented, followed by an outline of the requirements driving RF medical 

technology. To enable use of the MICS band, medical devices require an ultra-low-power, 

high-performance transceiver. This article examines a transceiver IC designed specifically 
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for this purpose. The design considerations of implantable transceivers are presented, 

followed by a brief discussion of the architecture and important design features.  

Keywords: IMD, ISM, Implantable, RF Transceiver 

I. Introduction 

 

     Traditionally, communication systems in 

medical devices have used very short-range 

magnetic coupling. These systems require 

close coupling between the programmer 

and medical device and often have limited 

available data rate.  

          The 402-405 MHz Medical Implant 

Communication Service (MICS) band was 

recommended for allocation by ITU-R 

Recommendation SA1346 in 1998. The 

FCC established the band in 1999 with 

similar standards following in Europe [1,2]. 

The allocation of this band supports the use 

of larger range (typically 2 meters), high-

speed wireless links. The MICS band 

overcomes the limitations of dated 

inductive systems and facilitates the 

development of next generation medical 

devices with improved patient health care. 

This is especially important given 

escalating health costs driving the usage of 

home monitoring.  

The 402-405 MHz band was considered 

well suited for this service, due to the signal 

propagation characteristics in the human 

body, the compatibility with the incumbent 

users of the band (Meteorological aids such 

as weather balloons), and its international 

availability for this purpose.  

 

 

     To enable the use of the MICS band, 

medical devices require an ultra low power, 

high performance transceiver. This paper 

presents a transceiver integrated circuit (IC) 

specifically designed for this purpose. The 

design considerations of implantable 

transceivers are presented, followed by a 

brief discussion of the architecture and 

important design features. 

I. Transceiver Design 

Considerations 

     The design of transceivers for medical 

devices is challenged by the following basic 

requirements: 

 Low power consumption during 400 

MHz communication is required. Implant 

battery power is limited, and the 

impedance of implant batteries is 

relatively high. This combination limits 

peak currents that may be drained from 

the supply. During communication 

sessions, current should be limited to <6 

mA for most implantable devices. 

 The transceiver must operate in a low-

power sleep mode, with the capability to 

look periodically for a wake-up signal. 

 Minimum external component count and 

small physical size are important factors. 

An RF module for a pacemaker must be 

no larger than ~5 x 5 x 10 mm. 

Furthermore, implant-grade components 
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are expensive, and using high levels of 

integration may significantly reduce 

costs. Integration has the additional 

benefit of increasing overall system 

reliability. 

 Reasonable data rates are demanded; 

pacemaker applications are currently 

demanding >20 Kilobits/sec(kb/sec), 

with higher data rates projected for the 

future. 

 High reliability in both data transmission 

and system operation. 

 An operating range is typically >2 m 

because the MICS band is designed to 

improve upon the very-short-range 

inductive link. Longer operating ranges 

imply that good sensitivity is needed, 

because small antennas and body loss 

affect link budget and allowable range. 

Antenna matching and body loss can 

typically be more than 40 dB. 

 Selectivity is required and interference 

must be rejected. 

The MICS regulations provide additional 

requirements. This section discusses some 

of the key requirements. 

 

 

     The MICS regulations require a system 

to perform a clear-channel assessment 

(CCA) in which the user scans all 10 of the 

300-kHz channels and is allowed to 

transmit on the channel with the lowest 

ambient signal level (the least-noisy 

channel). The user can also choose to 

transmit on the first available channel with 

an ambient power below a certain threshold 

(as defined in the standard). The MICS 

standard requires that the external 

programmer carry out the scanning process. 

For this reason, the IMD transceiver should 

support a low-power method of sniffing for 

the presence of an external programmer 

signal. 

 

 

     MICS regulations provide an exception 

to the CCA procedure in the event of an 

emergency medical event. For clinically 

significant medical emergencies, the IMD 

may transmit immediately on any channel. 

For example, if an implanted ECG monitor 

or pacemaker detects a cardiac arrest, the 

device could transmit immediately to a 

monitoring base station that, in turn, calls 

an emergency response service. 

 

 

     Given the important requirements 

defined above, it is essential that medical 

device designers and system architects meet 

the demands of RF medical implant 

communication. 

 

 

     An example of a transceiver IC 

specifically designed for implanted medical 

devices operating in the 402–405 MHz 

MICS band is shown in Figure 1. The 

concepts of duty cycling, ultra-low-power 

circuit design, and high integration levels 

are incorporated, with specific attention 

paid to the special needs of IMD systems. 

This example will be used to highlight the 

concepts introduced in the following 

sections. 
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Figure 1. An implanted pacemaker uses the 

MICS band to communicate patient health 

and operating data to a base station, which 

transmits information to a physician's 

remote office(Ref.5) 

 

A.  Achieving Low Power 

Consumption 

Medical devices can be divided into two 

categories: those that use an internal 

nonrechargeable battery (e.g., pacemakers) 

and those that couple power inductively 

(e.g., cochlear implants). The former 

heavily duty-cycle the operation of systems 

to conserve power. The transceiver is off 

most of the time. Therefore, the off-state 

current and the current required to 

periodically look for a communicating 

device must be extremely low (<1 µA). In 

both cases, low power (<6 mA) is also 

required for both transmit and receive. 

 

 

     The primary philosophy for saving 

power in IMD electronics (RF or otherwise) 

is the simple concept of duty-cycling: 

operate systems for a short time period and 

with minimum current. Furthermore, low 

leakage currents must be ensured when 

systems are disabled. 

 

 

     By operating systems quickly, fixed 

power-consuming overheads (such as 

support circuitry, synthesizers, clocks, 

biasing, and regulators) have less time to 

drain the battery. There is always a limit to 

applying this principle, because circuit 

complexity will rise, and total energy 

requirements will increase if the operating 

time is too short. Therefore, an optimal time 

period usually exists where the total energy 

consumed is minimized. 

 

 

     For RF communication systems in 

medical implants, duty-cycling may be 

applied to all phases of operation. The IMD 

transceiver sniffing and start-up should be 

duty-cycled. In addition, duty-cycling and 

short on-times may be exploited during the 

actual 400 MHz communication sessions. 

 

B. Duty-Cycling Normal 

Transmission. 

 

 For minimum overall power consumption, 

defined in terms of joules per bit, it is 

recommended that implantable transceivers 

use the highest possible data rate that 

satisfies the application receiver-sensitivity 

requirements. Systems that require low data 

rates (even in the low kilohertz range) 

should buffer data, operate at the highest 

data rate possible, and exploit duty-cycling 

of the power states to reduce the average 

current consumption. Sending data in short 

bursts conserves power and reduces the 

potential time window for interference. In 

addition, the power supply decoupling 
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requirements are more forgiving in systems 

with high battery impedance. 

 

     The transceiver architecture presented in 

Figure 2 allows a user to select from a wide 

range of relatively high data rates (up to 

800 Kb/sec) with varying receiver 

sensitivity. To facilitate this flexibility, the 

system uses frequency-shift-keyed (FSK) 

modulation with varying frequency 

deviations. 

 

 

     In low-power architectures, the 

modulation scheme should provide high 

data rates while supporting a simple radio 

architecture that meets the current 

consumption requirements. Quadrature 

amplitude modulation and Nyquist-filtered 

M-ary (or multiple) phase modulation both 

offer good bandwidth efficiencies. 

However, constant-envelope signals (i.e., 

FSK) are advantageous because they result 

in relaxed requirements on the linearity of 

the system. Of the available modulation 

schemes, FSK modulation has been found 

to provide a good compromise between 

data rate, complexity, and requirements on 

linearity. 

 

 

     FSK allows for a high-data-rate, low-

power receiver. Note that more-complex 

modulation schemes are often seen in short-

range RF communication standards, such as 

Bluetooth. These modulation schemes are 

not easily amenable to the truly ultra-low-

power communication demanded by 

medical implants. 

 

 

     The design of the communication 

control should facilitate duty-cycling of the 

RF blocks when data are not ready to be 

transmitted. The transceiver in Figure 2 

includes an integrated media access 

controller (MAC) that may be used to 

control the power state of analog circuitry 

when data communication is not 

immediately required or is being buffered. 

The MAC relieves the user of 

communication link control activities to the 

extent that the RF link is simply a memory-

mapped peripheral. 

 

 

C. Duty-Cycling Transceiver Wake-

Up.  

     Most implant applications use the MICS 

RF link infrequently because of their 

overriding need to conserve battery power. 

In very-low-power applications, the 

transceiver spends most of the time asleep 

in a very-low-current state and periodically 

sniffs for a wake-up signal. 

 

 

     This sniffing operation should be 

frequent enough to provide reasonable start-

up latency and, because it will occur 

regularly, it should consume a very low 

current. It should also be immune to noise 

sources that invoke an erroneous start-up. 

In this situation, an on-off keyed (OOK) 

Figure 2. Highly integrated ultra-low-

power MICS transceiver.(Ref.5) 

557

557



 

 

 

طرابلس ليبيا 32/01/3101-32المؤتمر الدولي العربي الليبي الخامس للهندسة الكهربائية والإلكترونية                                    

                    

modulation scheme is recommended 

because the OOK scheme removes the need 

for a local oscillator and synthesizer in the 

receiver, both of which require time and 

power to start up. 

 

     The wake-up system shown in Figure 2 

uses an ultra-low-power RF receiver to read 

OOK transmitted data. The receiver's main 

function is to detect the incoming signal 

from the programmer and then to activate 

the rest of the chip. The example shown 

may also be started directly by pin control, 

which allows either an external programmer 

to initiate communication or the implant 

itself to send an emergency communication. 

 

 

D. Achieving High Data Integrity 

     For typical RF communications, given 

the plethora of noise and interference 

sources that exist, a reasonable design 

guideline is to assume a minimum raw 

radio bit-error rate of about 1 x 10 
–

3
errors/bit. The MAC shown in Figure 2 

includes forward error correction (FEC) 

using a Reed-Solomon block code and CRC 

error detection. The design of appropriate 

FEC codes is interesting, with trade-offs 

existing between power consumed by 

retransmission of packets and power 

consumed by additional coding capability. 

FEC codes also provide an overall trade-off 

between final bit-error rate and system 

power consumption. 

 

 

For a 30% overhead in bits used for error 

correction and detection, for example, an 

improvement can be obtained in bit-error 

rate of many orders of magnitude from 1 x 

10
–3 

to at least 1 x 10
–4

errors/bit. This 

improvement equates to an average time 

between errors, given a data rate of 200 

Kb/sec, of four years under the impractical 

scenario of continuous operation. As noted 

earlier, in order to save battery power, the 

RF link in most applications will be used 

rarely. 

Reed-Solomon codes are especially good at 

correcting burst errors. In addition, high 

data rates offer the opportunity to minimize 

the probability of interference in burst-noise 

cases frequently observed in an RF 

environment. 

 

 

     From an analog RF standpoint, 

immunity from interference places 

constraints on channel and band filtering 

and on low-noise amplifier (LNA) linearity 

because of intermodulation. Immunity also 

limits synthesizer phase noise caused by 

reciprocal mixing. Such constraints are 

often in direct conflict with low-power 

design and require skilled RF analog IC 

design expertise. 

 

 

 

LED BATTERIES IMAGER 

OPTICAL 

LENS HOLDER 

LENS 

ARIOMA 

ZARLINK 

An ultra-low-power RF transmitter is a key component of the 

swallowable camera 
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     In some systems, an external standing-

acoustic-wave (SAW) filter may be 

appropriate. This is more easily 

accommodated in the external programmer, 

because it is usually subject to worse 

interference scenarios than the IMD. A 

SAW filter also does not suffer as severely 

from space constraints. The external 

programmer is more susceptible to 

interference due to two factors: the 

attenuation of an interferer through the 

body before reaching the implant, and the 

normally smaller available power received 

by the external programmer from the 

implant. 

 

 

     The MICS standard allows for a 

maximum transmitted power (in air) of 25 

mW. The external programmer may easily 

radiate at this power level; however, this 

will not be the case for an implant due to 

large antenna losses, body losses, and 

limitations in available implant transmit 

power. Good power amplifier design is 

important for maximizing the available 

implant transmit power. Nevertheless, 

battery performance and current limitations 

in the implant are the ultimate limiting 

factors. 

 

 

II. Conclusion 

 

     The design considerations for 

implantable RF communication systems 

require careful consideration of transceiver 

design, power consumption, and data 

integrity. Moreover, when designing an 

implantable RF communication system, it is 

essential to consider the issues related to 

remote management of these devices via the 

MICS band. The transceiver IC discussed in 

this article uses an architecture that 

provides the basic concepts of achieving 

low power and high data integrity. 

 

     These concepts will lead the way to 

high-performance, low-power RF 

communication. Such transceiver 

technology will facilitate clinically 

significant improvements in healthcare for 

the development of next generation of 

medical implants. 
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ABSTRACT 

     Gout is a disease of antiquity but is increasing once again in prevalence despite 

availability of reasonably effective treatments. This may be related to a combination of 

factors, including diet, obesity, and diuretic use. Allergic reactions, noncompliance, drug 

interactions, and sometimes inefficacy all limit the effective use of current hypouricemic 

agents. The objective of this paper is to show  that for every color space there exists an 

optimum  Gout skin detector scheme such that the performance of all these skin detectors 

schemes is the same and then process the Random segmentation blocks  algorithm in order 

to recognition Gout skin  A theoretical proof is provided and experiments are presented 

which show that the separability of the skin and no skin classes is independent of the color 

space and some parameters chosen (experimentation  for 78 gout image for different types 

and 80 other Dermatological disorders images  ) for testing are Energy , Entropy , Average 

and  Variance. 160 patient were randomly placed in three groups and treated topicaly along 

6-weeks with either gout in foot or hand or other parts bodyThe recognition results for 

testing program by Random segmentation blocks algorithm  shows superior efficacy for 

gout  skin detection(the testing stage contain all 160 images to recognized only gouts 

images) .   

key words: Gout ,gout stages, segmentation blocks, image processing , color space, energy.  

1. Introduction 

Gout is a metabolic disease that can 

manifest as acute or chronic arthritis, and 

deposition of urate crystals in connective 

tissue and kidneys. It can either manifest as 

acute arthritis or chronic tophaceous gout. 

Skin detection can be defined as the 

process of selecting which pixels of a 

given image correspond to human skin.  

 

Skin detection is useful in, for example, 

face detection and face tracking for 

security and video indexing applications, 

model-based video coding. There are some 

difficulties when detecting skin pixels. 

Skin color is affected by ambient light 

which is unknown in many situations; 

different cameras produce different colors, 
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even from the same person, under the same 

illumination conditions; and finally, skin 

colors change from person to person. 

   

                       Figure(1):gout 

There are new treatments for gout on the 

horizon, including febuxostat, a nonprime 

inhibitor of xanthine oxidase with a 

potentially better combination of efficacy 

and side effects than allopurinol. Diagnostic 

progress is being made in that ultrasound 

may offer a noninvasive means of 

diagnosing tophaceous deposits in and 

around joints[2]. The increasing prevalence 

of gout means that dermatologists will see 

more cutaneous manifestations of gout, 

including tophi, draining sinus tracts, 

panniculitis, and dystrophic calcifications. 

The modifications needed to analyze the 

picture will be applied through the use of 

Oracle Intermedia and the images will be 

stored in an Oracle database. The same 

features will be used to apply modifications 

to the picture which are needed for skin 

detection and body measuring[1]. 

Gout occurs more frequently in men than 

women, at older age, with higher levels of 

uric acid, and in association with 

hypertension. 

 

2. Acute Attack of Gout  

When gout occurs, the joint tends to be 

extremely painful and is warm, red and 

swollen . The inflammation that is part of a 

gout attack is systemic, so that fever and 

chills, fatigue and malaise are not 

uncommonly part of the picture of a gout 

attack[4,5]. As with all other known types 

of arthritis, gout has particular joints it 

tends to attack. Gout especially favors the 

bunion joint, known as the 1st metatarso-

phalangeal joint, which is the first joint 

involved in 75% of patients and is 

ultimately involved in over 90% of those 

with this condition.. The ankle, mid-foot 

and knee are also common locations for 

gout, as well as the bursa that overlies the 

elbow. Late in gout, if untreated, multiple 

joints can be involved, including the 

fingers and wrists[3,6]. The shoulder joint 

is very rarely involved by gout, and the hip 

essentially never. Several color spaces 

have been proposed in the literature for 

skin detection applications. Skin 

segmentation has many important 

applications related to finding and 

analyzing people behavior on images or 

video sequences. Some of these 

applications are visual tracking for 

surveillance, face detection, hand gesture 

recognition, searching and filtering image 

contents on the web and many others. In 

the case of Intelligent Human-Computer 

Interaction (IHCI), the capture and 

interpretation of the users motions and 

emotions is an important element to 

understand of his/her current cognitive 

state [7,8]. 

Skin Color Features Modeling skin color 

requires the selection of an appropriate 

color space and identifying the cluster 

associated with skin color in this space. HSI 
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space (Hue, Saturation and Intensity) was 

chosen since the hue and saturation pair of 

skin-tone colors are independent of the 

intensity component Thus, colors can be 

specified using just two parameters instead 

of the three specified by RGB space color 

(Red, Green, Blue). In order to find 

common skin tone features, several images 

involving people with different 

backgrounds and light conditions where 

processed by hand to separate skin areas[9]. 

Many texture classification schemes have 

been used for grey level images. Texture 

image segmentation is common in analysis 

of medical images, remote sensing scene 

interpretation, industrial quality control 

inspection,  document segmentation, image 

recovery in databases, visual recognition 

systems, etc. 

3. Random segmentation blocks  

algorithm 

This segmentation problem is stated 

classifying the pixels of an input image in 

two groups: skin and non-skin pixels. An 

important requirement for automatic  (or 

semiautomatic) skin detection systems is a 

trade off between correct classification rate 

and response time. The common approach 

to skin detection is using the skin colour as 

feature. we use a segmentation method that 

considers all RGB bands or other color 

spaces combinations. It also permits to 

difference among different color and 

texture combinations in the same image. 

The algorithm  allows distinguishing 

among different textures with few changes 

on the same type. 

Probability(p)=n(g)/m  

g: color ; n: number of pixel with color 

(g);m: total number of pixel in image   

Average (  )=∑r  ∑c  I(r,c) / 

M.…………….…..(1) 

I(r,c): color at coordinate (r,c) 

Variance(v) 

….….(2) 

:average ; 

            

Entropy(E) 

……..(3) 

Energy(En) 

…………..…….……(4)  

color space [Y   Cr  Cb] 

  (4) 

 (5) 

YCrCb is an encoded nonlinear RGB 

signal, commonly used by European 

television studios and for image 

compression work. 

Y – Luminance component, C – 

Chrominance 
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The user has the opportunity both to supply 

a variance image of the input and to 

receive a variance image of the smoothed 

output. (A variance image is an image of 

the variances, 

that is the squares of the standard 

deviations, in the values of the input or 

output images.)  

 

Figure(2):interface program 

For the case of basic RGB space, we 

applied the following simple explicit skin 

detection algorithm and works on all the 

image pixels for uniform daylight 

illumination: Normalized RGB – rg space 

2D color space as „b‟ component is 

redundant  

b = 1 – g – r  

Invariant to changes of surface orientation 

relatively to the light source 

r =R/(R+G+B) ; g=G/(R+G+B) ; 

b=B/(R+G+B)…(7) 

HSV, HSI, HSL (hue, saturation, 

value/intensity/luminance) 

..(8) 

S=1-3(min(R,G,B))/(R+G+B)…….(9) 

V=1/3(R+G+B)………………….(10) 

Table(1):image parameters which used in 

Random segmentation blocks  algorithm 

with color space. 

Parameter 
name 

Parameter note 

1-Average 

 

Provide information about the 
contrast of the image high variance 

find high contrast 

2-Variance 

Provide information about the 

contrast of the image high variance 

find high contrast 

3- Entropy 

Measure of image information 

content, Provide information about 

the number of bit required to code 
the image 

4- Energy 
Provide Information about the data 

spread 
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where R, G and B represent the value of 

pixel in the respective RGB color channel 

with values ranging from 0 to 255. For 

HSV and YCbCr spaces, a similar 

approach is followed. We retain luminance 

information by converting the image to 

gray levels. Next, we produce an initial 

over segmented image of regions by 

applying a morphological watershed 

method. If these histograms are similar, the 

region is considered as “skin region” and 

used as seed for a region growing 

algorithm applied on neighbor non-skin 

regions. Finally, the explicit skin detection 

algorithm is applied to each pixel of 

detected skin regions to discard False 

Positive (FP) skin regions when the 

percentage of skin pixels in a region is 

above an experimental threshold. The 

global proposed color based skin detection 

method is outlined by the algorithm pseudo 

code.  

This paper explores the use of texture as a 

descriptor for the extraction of skin pixels 

in  images. For this aim, we analyzed and 

compared a proposed color-based skin 

detection algorithm (using RGB, HSV and 

YCbCr representation spaces) with a 

texture-based skin location algorithm 

which used a measures with color spase are 

Energy , Entropy , Average , Variance to 

evaluate region features. We showed the 

usefulness of each skin segmentation 

feature (color versus texture) under 

different experiments that compared the 

accuracy of  algorithms under the same set 

of hand segmented images. 

4- Hybrid Systems 

The original system contain two stages 

1-random segmentation blocks 

2- recognition the gout images 

The segmentation blocks algorithm 

1-input  (original image)(F) . 

 Get the red  component (Fr) from F. 

 Get the green  component (Fg) from F. 

 Get the blue  component (Fb) from F. 

2-input  blocks size( N*N). ex:10*10 

3-No. of blocks in each raw in Fr (X) 

=image width / N. 

4-No. of blocks in each column in 

Fr(Y)=image height /  

5-No. of blocks in image in Fr (Z) =X * Y. 

6- for i = 1 to z 

7-each block represent at 

  For j =1 to N 

  For k =1 to N 

    Bi(j, k) = Fr(m, m1) 

M= 1 to image width 

M1= 1 to image height 

8- save in the table the number of block 

(Bi) and its block.  

9- save the red blocks in image file (Fr). 

10- repeat from step 1 to step to 8 on  

green component (Fg). 
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11- repeat from step 1 to step to 8 on  blue 

component (Fb). 

12- gathering the three components to 

represent the output image blocks    

FF =Fr+Fg+Fr 

Output : 

1- image which contains the blocks. 

2- table contains the blocks numbers and 

its blocks 

The steps that moves  the segmentation 

blocks as random for  multi spatial image 

are: 

1- input :1- image which contains the 

blocks. 

    2- table contains the blocks numbers and 

its blocks. 

2- random (table). 

3- for i= 1 to Z 

4- get the new location of block (i) from 

the   

random table. 

5- put the block (i) in new location. 

6- display the output image. 

The number of blocks is =11*11=121 and 

 Size block=10*10

Large blocks segmentations 

 (A)      (B)   

  (1)  (2) (3)   (4) 

small blocks segmentations 

Figure(3): (A) ,(B) gout skin blocks images size 50*50  

(2),(3), (4) gout skin blocks images size 10*10,(1) 

psoriasis skin block 
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The formulation of the rules for 

classification based on segmentation is 

carried out by the context information and 

the classes relationships. Generally in 

higher hierarchy spectral information could 

yield good results,  such as Energy, 

Entropy and Variance. To distinguish 

different objects which are very close 

spectrally form parameters . 

Region for segmentation blocks and 

recognition   

 The method based to take the spatial 

arrangement of skin pixels into account 

during the detection stage to enhance the 

methods performance. Additional 

knowledge in terms of texture etc are 

required. 

Many methods combines skin color 

detection with background subtraction  

 

 

 

 

 

 

 

 

 

 

to reduce falsely detected skin pixels. In 

this paper, we implemented three skin 

color detection methods  and one 

background subtraction method [10]. 

Conclusion 

Gout is a common disease and appears to 

be becoming more common over time. We 

are fortunate to have a strong 

armamentarium against this condition, with 

newer agents in development. In view of 

the effectiveness of our treatments, it is 

Table(2):blocks segmentation after the random move number blocks 

80 05 23 60 38 83 64 22 4 73 08 

36 23 70 82 72 35 20 35 52 36 78 

87 3 32 37 45 00 083 63 67 33 003 

06 083 56 002 68 80 48 88 7 57 37 

07 27 080 04 082 28 62 000 78 26 088 

63 68 33 77 38 088 44 34 33 008 5 

6 86 008 50 84 0 73 53 006 038 003 

46 007 40 55 005 54 087 004 25 58 02 

38 66 30 086 32 085 43 03 88 030 084 

47 2 83 58 85 74 48 03 76 3 65 

75 28 33 43 38 34 08 24 53 42 30 

       

(b) 

Figure(4): ( a ) Original gout images  ( 

b) segmentation images Where the 

array contain =11*11=121 blocks  and 

size block=10*10 
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important for a correct diagnosis to be 

made as early as possible, and therapy 

begun quickly when appropriate. Other 

conditions which can mimic gout, should 

be definitively ruled out through crystal 

identification in joint fluid whenever 

possible. For acute attacks of gout, a key is 

treating as quickly as possible and 

choosing a medication least likely to cause 

side-effects, with special attention to 

individual co-morbidities. For chronic 

prevention of gout, the essential message is 

that present treatments work in a huge 

majority of patients, and are generally 

well-tolerated. It is important for patients 

to understand the four stages of gout since 

the treatment of each is different. It is 

important for patients with gout to be 

carefully counseled to communicate any 

changes in the frequency of gout attacks to 

their practitioner. A primary care 

practitioner can often manage gout without 

a consultation with a rheumatologist, but 

consultation should be considered if the 

diagnosis is unclear, there is uncertainty as 

to whether or not to start uric acid-

lowering medication, attacks continue to 

occur despite treatment, or possible 

medication side-effects are making 

treatment difficult.  

The most important conclusions we draw 

are listed below: 

1- Parametric skin modelling methods 

are better suited for constructing 

classifiers in case of limited training 

and expected target data set. The 

generalization and interpolation ability 

of these methods makes it possible to 

construct a classifier with acceptable 

performance from incomplete training 

data. 

2- The methods that are less dependent 

on the skin cluster shape and take into 

account skin and non-skin colors 

overlap  automatically constructed 

colors pace and classification rules 

skin classifier for large target datasets. 

3- Evaluation of color space goodness ‟in 

general‟ by assessing skin/non-skin 

overlap, skin cluster shape, etc. 

regardless to any specific skin 

modeling method cannot give the 

impression of how good is the color 

space suited for skin modeling, 

because different modeling methods 

react very differently on the color 

space change. 

Used 80 images to build a general 

color model. 

●Density is concentrated around the 

color  line and is more sharply peaked 

at red  than blue. 

●Most colors fall on or near the  space 

color line. 

●There is a marked skew in the 

distribution toward the red corner of 

the color image . 

It is possible that color spaces other 

than RGB could result in improved 

detection performance. The skin 

colors form a separate cluster in the 

RGB color space. Hence skin color 

can be used as a cue for skin detection 

in images and videos. The 

performance of different color space 

may be dependent on the method used 

to model the color for skin pixel. The 

recognition results by Random 

segmentation blocks  algorithm  shows 

superior efficacy for gout skin 

detection. 
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Table(3): Recognition the gout skin images results (testing stage same image or sub 

image) 

Image(2)parameters 

Image(6)parameters 

 

Image(1)parameters 

Image(5)parameters 

 

Parameter name index 

10.8095707752832 10.8095707752832 entropy 1 

0.00628122289043497 
0.0006281222890434

97 
energy 3 

132.8888 132.8888 average R color 2 

115.7988 115.7988 average G color 3 

is104.854 is104.854 Average B color 4 

5.68704288169768 5.68704288169768 entropy 5 

0.0224751903838485 0.0224751903838485 energy 6 

13.1524599698146 13.1524599698146 red variance 7 

6.31150034943231 6.31150034943231 entropy 8 

0.0148173371465901 0.0148173371465901 energy 08 

24.4833223192092 24.4833223192092 green variance 00 

6.47816220642787 6.47816220642787 entropy 03 

0.0130174484774062 0.0130174484774062 energy 02 

34.4755377186364 34.4755377186364 blue variance 03 
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Table(4):Recognition the gout skin images results (testing stage ) 

 

 

Image(7)parameters 

 

 

Image(4)parameters 

 

 

Parameter name 

 

 

index 

 

10.0441885386596 9.88502155472831 entropy 1 

0.0011911946310028 0.00147810826427482 energy 3 

152.0716 117.9236 average R color 2 

109.4224 92.8496 average G color 3 

111.6132 81.946 Average B color 4 

4.63773921605553 4.64209097460996 entropy 5 

0.0468302375051628 0.0498367593261242 energy 6 

6.15502100548075 6.27447267152303 red variance 7 

5.30212487716184 5.43099133051117 entropy 8 

0.0301934099720008 0.0293607706493251 energy 08 

11.7581242486219 13.1198144806039 green variance 00 

5.31609889716782 5.84579061572267 entropy 03 

0.0301868182440296 0.0235562337711224 energy 02 

15.658529892524 20.9089776801885 blue variance 03 

the different 

in [Y] =100% 

[Cr] 

=99.9583506872137% 

[Cb] 

=99.9583506872137% 

 

the different  in [Y] 

, in[Cr] 

and in[Cb] 

 

04 
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ABSTRACT 

In order to take advantages of all information contained  in tissue impedance it is necessary  

to consider not only the real part of conductivity but also the imaginary part. The real part 

of the complex conductivity always has positive values where as the imaginary part is 

always negative. The ability to consider least squares problems with linear inequality 

constraints allows us, in particular to have such constraints on the solution as non-

negativity. The problem of determining whether or not a set of linear inequalities is 

consistent and if consistent finding some feasible vector arises in various contexts. In this 

paper least squares solution with  

linear inequality constrains for multi-frequency image reconstruction   are used and the 

solution obtained was tested with real data taken from the phantom with different object 

positions and acceptable results were found. 

 

1. Introduction 

Electrical Impedance Tomography (EIT) is 

a non invasive imaging technique with 

widespread applications in medicine and 

industry. It aims to image the conductivity 

distribution within an object by making 

electrical measurements on the surface of 

the volume. Some of the potential 

advantages of this technique are that[1][2]: 

(a) It offers the possibility of an 

inexpensive non-harmful imaging 

technique capable of being used in the 

intensive care environment for a range 

of physiological measurements. 

(b) It will be capable of characterizing 

tissues in a novel physiological way 

which should enable diseased tissues 

or abnormal function to be identified, 

and 

(c) It should be capable of imaging fast 

dynamic activity within the human 

body because data can be acquired 

rapidly. 

Electrical impedance tomography at single 

frequency allows images of temporal 

changes in tissue impedance to be 

produced. Production of static images using 
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data from human subjects is difficult. The 

main reason for this is that body shape and 

electrode position are more important 

determinants of transfer impedance 

measurements than is the distribution of 

tissue impedance. 

Multi-frequency EIT offers the potential for 

making static images by producing images 

of changes in tissue impedance with 

frequency. Furthermore, by considering 

both real and imaginary parts of the 

conductivity, all information contained in 

the tissue is obtained. 

The ability to consider linear least squares 

solution with linear inequality constraints 

allows us particular to have such constraints 

solution as non-negative  conductivity 

values. In the literature there is no work 

addressed to the use of least squares with 

linear inequality constraints solution for 

EIT imaging. In this we use non-negative 

least squares MATLABE routines   

reconstruction problem. By this method the 

image quality is improved. The possibility 

of improving the reconstruction is based on 

the fact that the real part of conductivity is 

always positive and the imaginary part of 

the conductivity is always negative. In this 

paper we use real data from phantom 

studies to test linear least squares solutions 

with linear inequality constraints to 

improve image quality. 

2.Non-negative least squares 

The problem non-negative linear least 

squares is defined as the following: 

Minimize  gF   subject to  0  

Here F is a given MXN sensitivity matrix 

and     is a given     data vector.  

This problem always has a solution but it is 

non unique if the rank of   is less than N .  

The problem non-negative least squares is 

solved using the following Algorithm: [3-

11] 

On termination the solution vector   

satisfies  

0j       pj  

0j        zj  

And is a solution vector for the least 

squares problem 

gFp   

The dual vector    satisfies 

0jw     pj  

0jw      zj  

And  

 FgFw T   

 

Results 

Based on the fact that real part of 

conductivity always has positive values we 

have applied non-negative least squares 

 MATLAB  routines for different finite 

element meshes with different object 

positions. The algorithm of NNLS starts 

with a sets the possible basis vectors and 

computes the associated dual vector. It then 

selects the basis vector corresponding to 

maximum value in dual vector in order to 
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swap out of the basis an exchange for 

another possible candidate. This continues 

until the dual vector less than zero shown in 

figure 1 and 2. Used the negative sensitivity 

matrix so that a decrease in conductivity is 

shown as a positive change in the image. 

Figure 3 shows the mesh consisting of 192 

elements and the position of the object at 

the center and at the boundary. We 

modified this mesh into another mesh with 

the same elements of a different shape as 

shown in figure 4, to investigate how the 

shape affects the image but we obtained the 

same results. 

Also we have used different meshes with 

different numbers centre of divisions to 

investigate how the center division number 

affects on the image reconstruction. The 

first  mesh consist of 208 elements and 

more than four element divisions at the 

center as show in figure5 and the second 

one consists of 56 elements and more than 

four elements in the center as shown in 

figure 6 from these results we observe that 

the mesh with more than four central 

elements gives a better image than when a 

mesh with four central elements is used. 

So it is clear that non-negative least squares 

using non-rotated data gives a solution but 

it is only applicable to certain meshes.  

Such a solution is not a general one. 

Including rotated data provides a non-

negative least squares solution for all types 

of meshes and a general results are 

obtained.  

Fig 1 Algorithm of  NNLS 
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Fig 2 Algorithm of  NNLS ( last part) 
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(a) 

 

(b) 

Fig 3 the object at the boundary and at the centre for different meshes: (a) 192 element 

(original shape) (b) 192 element modified shape 
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(a) 

 

(b) 

Fig 4 the object at the boundary and at the centre for different finite element  meshes: (a) 

208 element (b) 56 element 
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(a) 

 

(b) 

Fig 5 the object at the boundary and at the centre for different finite element  meshes: (a) 64 

element (b) 92 element 
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Fig 6 Final image obtained from rotated and non- data when the object at the centre 
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Converting  Binary Data To NRZ signal for RFID  and Biomedical 

Applications 

Gihad. A. Elamary, Member, IET, E.G. Chester 

 

Abstract 

 In this work, we proposed a simple new circuit design to convert the binary data in to 

non return to zero  (NRZ) signal. These techniques were applied in analogue modulation 

schemes for radio frequency identification (RFID) applications, and it may suitable 

for biomedical purposes. The proposed circuit steps down the input signal below a zero 

level by the value of -VEE). The negative signal drives the transistor switch. The output of 

the switch provides a NRZ signal. The circuit has been designed for low power 

consumption and hand-held applications for biomedical purposes or RFID. Our 

proposed circuit has been simulated and evaluated by measurements of performance. 

Keywords: NRZ, signal, RFID, security system, BPSK Modulator, Biomedical, Medical 

Health Care. 

I.  INTRODUCTION 

RFID and Biomedical systems are wide 

by applied in wireless technology for 
communication between tags and reader. 

Modulated with analogue or digital schemes 

in near field, these technologies are 

rapidly applied today, for many 

applications such as wireless security 

systems, medical health care and implant 

sensors [1] [2] [3] [4]. Required for handle 

devices and low cost readers with high data 

rate, on the other hand the functionality is 

growing-up. The information data are 

transmitted and modulated with digital 

schemes such as BPSK, which has 
advantages over other schemes such as ASK 

or FSK [5]. The BPSK modulation has 

advantages which having a fixed carrier 

signal amplitude that provides a stable 

Wireless transfer power and independent 

data modulation [6]. However, this type 

of modulation needs a NRZ form 

signal, this technique is essential to convert 

the binary data into NRZ signal. To achieve 

a transition of the carrier (0, π), which is 

controlled by the input data, the BPSK 

signal can be represented mathematically 

 in an analogue way as expressed in the 
equation (1). In addition, the data signal 

„Data-input‟ m (t) has been generated by a 

PN sequence can be represented by Fourier 

series analysis as in equation (2) [7]. 

)cos(
2

)()( rfrf

b

b
BPSK tw

T

E
tmtS   (1) 

)()( cn nTtpctPN 




 (2) 

Where )()( tPNtm   
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Our purposed circuit has been interfaced to 
the modulator to provide a BPSK signal as 

demonstrated in Fig. 1. 
 

 
 

 
 

 
 

 
 

 
 

Figure 1:  the proposed circuit with BPSK 

Modulator. 

In practice the binary data m (t) is 

converted to a NRZ signal that maps the 

logic„0‟ to -1V (nominal) and the logic 

„1‟ to +1V. This data signal has controlled 

the transition shift (0, π) for the carrier 

frequency signal, as shown in Figure 2. 

 
Figure .2 illustrates the BPSK waveform with 

respect to (NRZ) data state. 

II.  THEORY METHOD OF THE CIRCUIT 

The theory of the proposed circuit has 
been analysed and the principle of the 

pulse signal has been demonstrated in the 

block diagram has shown in Fig. 3. The 

mathematical analysis can be expressed in 

the equations that for the input and output 

data signals [8], [9]. The input pulse signal 

can be expressed in equation (3) with 

Fourier series analysis, and in the equation 

(4) is presented the processing of the 

inverter circuit of the square signal output. 

 
Figure 3: the block diagram of the NRZ 

convertor signals. 







1

)2sin(
2

)(
n

ft
V

tz 
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oddn
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V
ty )2sin(
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Figure 4: the waveforms of the pulse 

processing signals. 

The external circuit been used as the input 

data source which generates a PN sequence, 
feed to clock driver circuit as booster for the 

output pulse signal, then inverted by the 
Inverter. After that it is stepped down to the 

negative level by Switched Capacitor 
Voltage Converter. The signal controlled the 
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gate of MOSFET-Transistor. The transistor is 
working as switch element in the circuit which 

combines the positive and negative pulse 
signals for performing the squared output 

signal. This output is applied in to the BPSK 
modulator, the output is filtered for 

transmission. 

III.  PROPOSED CIRCUIT DESCRIPTION 

The proposed circuit has been 
demonstrated in Fig. 5. Generally it divided in 

to two parts. The first part is the external data 
source and clock driver, the second part is 

the inverter and the switch circuits.    The 

control switch circuit consists of the 
integrator that is controlled by the negative 

voltage for step down the level of data signal 
as illustrated in Fig. 6.  The negative pulse has 

driven the transistor switch for select the 
positive and negative pulses. In addition, the 

capacitor is used to blocking DC bias voltages.  

However, the switch capacitor DC-DC 

voltage converter is capable for converting the 
positive DC voltage input (+V) to 

corresponding negative DC voltage (-V). The 
suitable package C7660 is used to work 

with the range (-1.5V) to (-10V) with low 
power consumption (200µA) from National 

semiconductor [10]. In practice, additional 
circuit has been modified to adjust the DC bias 

from (-0.5 V to -5V) to drive the integrator RC 
circuit (C, R3) to the right level. 

 
Figure 5:  the proposed diagram for the 

converter binary data in to NRZ signal. 

 
Figure 6:  the level shifter circuit for driven 

the DC bias up to -5V 

IV.  SIMULATION CIRCUIT FOR NRZ 

The proposed system design shown in 

Fig.5 has been simulated and evaluated to 

perform the NRZ signal; which is 

generating a bipolar signal as data source. 

The simulation results for the circuit have 

provided a square signal from the pulse 

signal as shown in Fig. 7. This is 

illustrated as the CH1 is presented the 

input data  signal  at 125Kbps,  and  the  
CH2  is presented the negative pulse signal. 

Finally the CH3 illustrates the square 

output signal. The circuit  has  been  

simulated  with  different frequencies to 

evaluate the performance of the circuit 

when tested up to 3Mbps over carrier 

frequency 13.56 MHz.   The algorithm of 

the PN-sequence has been synthesized in 

VHDL code,  there  are  many  

techniques  can  be implemented for 

generate the code sequence [11],   which 

is used as data source either in reader 
part or tag and implant device, that 

simulates the command information. 

However, the PN sequence has been 

synthesised by VHDL code using Altera 

development kit [12]. 
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Figure 7:  The simulation result of proposed 

circuit. 

The waveform result has been demonstrated 

in Fig. 8. Where the block diagram of this 
code has been illustrated in Fig.9. 

 
Figure 8:  The simulated PN sequence by 

VHDL code. 

 
Figure 9:  The block diagram of PN 

sequence generated By VHDL code. 

V.  EXPERIMENTAL RESULTS  

The prototype circuit in Fig. 9 has been 

implemented and evaluated experimentally to 
generate a square bipolar signal. The data 

source has been synthesized with different clock 
frequencies using PN sequence signal. In our 

work we generated the PN signal by VHDL 
code. In addition, the desired carrier 13.56 MHz 

has been programmed by VHDL code. The lab 
setup measurements for our proposed circuit 

have been illustrated in Fig. 10. The first 
measurement result for the circuit has been 

performed for stepped down integrator RC as 
shown in Fig. 11, obviously the top CH1 is 

presented the input pulse signal; where the CH2 
is presented the step down output signal. 

 
Figure 10:  Lab setup test measurements for 

the proposed circuit Figure 11: The input 

pulse signal and step down pulse signal. 

The second measurements have 

performed for the proposed circuit, which 

illustrated in Fig. 12, at data rate 256Kbps. 

However, the circuit has been tested up to 

2.5Mbps. 
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Figure 11: The input pulse signal and step 

down pulse signal. 

 
Figure 12:  the output measurement results 

for NRZ signal. 

VI. CONCLUSION 

In this paper, we have demonstrated a 
new simple circuit design for generates the 

NRZ signal from binary data. It used control 
of the switch transistor (ST) to produce a 

square signal. The data are inverted and 
followed by negative circuit which consists 

of a passive integrator feed with negating 
voltage. 

The switch transistor is clocked by 

negative pulse for selecting between 
positive and negative voltages. The output 

of the ST is a squared signal „Bipolar base 
band digital signal‟. Generally, we focus in 

this work to design a simple circuit for 
hardware implementation and low consumed 

power, which is able to work with battery. 

Conversely, the PN sequence has been 
carried out with VHDL using CPLED 

(EPM3064) as a part of the reader unit, to 
reduce the hardware.  Finally the circuit can 

be working with higher frequency in 
microwave, when design in CMOS technology. 
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Abstract: 
A new simple immune system model is proposed. The model presents the population of 

simple viruses, uninfected cells and infected cells with immune system effect      (T cells & 

B cells ). The comparison between this new model and other models is demonstrated. It’s 

shown that it provides        a proper model. Also, it gives good results in comparison.   

 

Key words: Immune system, B cells & T cells, Biological modeling. 

 

Introduction: 
The human immune system has to cope 

with a lot of challenges both externally and 

internally. The major role is to defend the 

host against infections, a task that is clearly 

essential to any organism. At the same time, 

the immune system must create a tolerance 

to the recognition of “self ” , recognize and 

fight any foreign invader, but it should not 

overreact, since inadequate responses may 

lead to adversity [1 2]. 

Part of the immune system, known as the 

adaptive immune system, has the ability to 

adapt to specific microbes and remember 

them so that it can react more efficiently if 

it encounters the same threat again. The 

adaptive immune system is mainly 

composed of T and B lymphocytes. In the 

humoral immune response, the B 

lymphocytes are activated to produce a 

soluble form of their antigen receptors 

called antibodies. Antibodies neutralize 

their target                   (the antigen) by 

binding to it. The cellular immune response  

 

is generated by T lymphocytes, which 

recognize fragments of proteins (peptides) 

expressed on the surface of the host cells. 

The peptides are bound to the Major 

Histocompatibility Class I (MHC I) and 

Class II (MHC II) molecules. The cytotoxic 

T lymphocytes (CTL) will kill infected 

cells that present non-self peptides bound to 

MHC I. The helper T lymphocytes 

recognize non-self peptides presented on 

MHC II, become activated, and generate 

cytokines that will skew the immune 

system towards more humoral or cellular 

responses. Both CTLs and B cells need this 

helper component to become fully activated 

[3]. 

 

Modelling the immune system: 

 

 1) Modelling  population of the Virus, 

uninfected & infected cell without immune 

system effect: 
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 To model this we will use three 

equations where V is the number 

of virus particles, X is the number 

of uninfected cells, and Y is the 

number of infected cells [4]:  

 

 

 

 

 

 

 

 

 In this system, b, d, and f are the 

death rates of viruses, uninfected 

cells and infected cells 

respectively . 

 The terms a and c are the 

production rates of viruses and 

uninfected cells. 

  The term βXV is the rate of 

infection. 

After substitution:   

 

 

 

 

We finally get:   

 

 

 

 

 

 

Where:                                                                

 

 

 
0

R  is called reproduction ratio of virus. 

 

 In the  first case, we use the initial 

condition v(0)=0.005, x(0)=0.99, 

y(0)=0.005, and the parameters 

α=8,       ε =0.00556, and R0=1.7. 

 

     

 
 

 

 In the second case, we use the 

initial condition v(0)=0.005, 

x(0)=0.99, y(0)=0.005, and the 

parameters α=8, ε =0.00556, and 

R0=0.8. 
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2) Modelling  population of the virus, 

uninfected  & infected cell with immune 

system effect  (T cell effect:) 

 To model this we will use four 

equations where V is the number of 

virus particles, X is the number of 

uninfected cells, and Y is the number 

of infected cells, T the number of T 

cells [4]: 

 

 

 

 

 

 

 

 

 

 

 In this system, b, d,  f, and h are the 

death rates of viruses, uninfected cells , 

infected cells and T cells respectively. 

 The terms a , c  and g  are the 

production rates of viruses , 

uninfected cells and T cells. 

              is the rate at which the 

immune system (T cells) kills the 

infected cells. 

  The term βXV  remains the rate of 

infection. 

 

 

After substitution:   

 

 

 

 

 

 

 

 

 

 

 

 

Where:   

 

  

 

 


0
R  is called new reproduction ratio of 

virus. 

 

 In the third case, we use the initial 

condition v(0)=0.005, x(0)=0.99, 

y(0)=0.005, Tc(0)= 0.3 and the 

parameters α=8, ε =0.00556, R0=1.5, , 

k=0.1, and R0
*
=1.48. 
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 In the fourth case, we use the 

initial condition v(0)=0.005, 

x(0)=0.99, y(0)=0.005,  Tc(0)= 

0.3 and the parameters α=8, ε 

=0.00556, R0=1.5, , k=10, and 

R0*=0.667. 

        

 
 

3) Modelling  population of the Virus, 

uninfected & infected cell with immune 

system effect (T cell effect & B cell 

effect)    ’ New model’ 

 To model this we will use five 

equations where V is the number 

of virus particles, X is the number 

of uninfected cells, and Y is the 

number of infected cells, T the 

number of T cells, B the number of 

B cells : 
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 In this system, b, d,  f,  h and L are 

the death rates of viruses, 

uninfected cells , infected cells , T 

cells and B cells respectively. 

 The terms a , c  , g and e  are the 

production rates of viruses, 

uninfected cells , T cells and B 

cells respectively. 

 

        is the rate at which the 

immune system (T cells) kills the 

infected cells. 

        is the rate at which the 

immune system (B cells) attacks 

the infected cells. 

After substitution: 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Where:   

 

R0*is called newer  reproduction ratio of 

virus.  

 In the fifth case, we use the initial 

condition v(0)=0.005, x(0)=0.99, 

y(0)=0.005, Tc(0)= 0.3, Bp(0)=0.2 

and the parameters α=8, ε 

=0.00556, m=1.5, 

R0=1.5 ,k=0.1and R0*=1.25. 

 

        

 
 

 In the sixth case, we use the initial 

condition v(0)=0.005, x(0)=0.99, 

y(0)=0.005, Tc(0)= 0.3, Bp(0)=0.2 

and the parameters α=8, ε 

=0.00556, m=1.5, R0=1.5, , ,k=10 

and R0*=0.615. 
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Conclusion:  

In this paper, a new yet simple immune 

system model is proposed.. It’s response is 

compared by Matlab simulation to illustrate 

the control effect of B & T cells submodels. 

The population of the virus is further 

decreased and population of the uninfected 

cell is increased by using these control 

effects. 

In future, we will examine interacting B & 

T cells, application of nonlinear theory to 

make our model more realistic and use 

experiment data to refine model structure 

and parameters. 
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Abstract: 

Automated quantitative image analysis can help in cancer diagnosis and prognosis and, in 

general, optimize medical treatments managements and improve routine medical 

diagnosis. Early diagnosis can make big difference between life and death. Microscopic 

images from two tissue types, forty- four normal and fifty-eight cancers, was evaluated 

based on their ability to identify abnormalities in colon images. Optical density approach 

was applied to extract parameters that show cancer behavior on colon tissues images. 

Using statistical toolbox, a significant result of (p<0.0001) for the mean and the variance of 

the optical density parameter were detected, and only (p<0.001) for skewness optical 

density. Based on linear discrimination method, the obtained result shows 90 %  accuracy 

for both sensitivity and specificity, and with an overall accuracy of 90 %.  

 

Note:  

This paper is included in the conference program but not published 

because the revised copy after introducing the reviewed comments did 

not arrive in the specified Time  
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Abstract 
  

In this research paper the author focuses on modeling of an interactive online 

educational infrastructure by introducing four major modules forming the Knowledge-

Management (KM) module, Client/ Server applications (CS) module, Group Information 

Sharing (GIS) module, and an Interactive Workflow (IW) module. New technology tools 

like Internet/ Web/ Multimedia-based technology breakthroughs and accelerated 

availability of wide-bandwidth resource tools, for preparing Modern, Scientific, and 

Knowledge-based educational materials, present a unique opportunity to boost up the 

academic rigor and quality of modern education. Thus resulting in, increased participation, 

keeping in view of learner interest, it is exploring avenues for optimizing distance and time 

independent learning Delivery and Adaptive models. The present paper discusses the 

different types of block processes and procedures in support of each of these modules 

reflect different features of the online interactive enterprise. Proposed KM module is 

comprised of different types of knowledge associated with online educational infrastructure 

and different KM lifecycle components. 

 

Key words: Knowledge Management, Client/ Server, Group Information Sharing, 

Interactive and Adaptive Workflow.  

 

 

Introduction 

 

New web-based technology breakthroughs 

and accelerated availability of wide-

bandwidth tools and resources for preparing 

multimedia educational materials present a 

unique opportunity to boost academic rigor 

and quality of modern education, increase 

student interest and participation, and 

explore avenues for optimizing distant- 

learning delivery models. 

This research focuses on modeling of an 

interactive online educational infrastructure  

 

 

 

 

(OEI) by introducing four major modules 

forming this OEI: 

a) Knowledge Management (KM) 

module, 

b) Client/Server Applications (CSA) 

module, 
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c) Group Information Sharing and 

Collaboration (GISC) module, and 

d) An Interactive Workflow (IW) 

module. 

The architectures, processes and procedures 

in support of each of these modules reflect 

different features of the online interactive 

enterprise and are used for assessment of 

the OEI outcomes. 

Proposed KM module is comprised of eight 

types of knowledge associated with OEI, 

such as tacit, explicit, descriptive, 

procedural, reasoning, linguistic, 

presentation, and assimilative types, and of 

six KM lifecycle components, such as 

relevant knowledge reaction, capturing, 

refining, storing, managing, and 

disseminating. 

Interactive Online Educational  

Infrastructure 

 KM Module 

 CSA Module  

 GISC Module  

 IW Module 

The CSA module is mapped into the three 

major blocks: 

 Inquiry applications (via the 

data/information repositories), 

 Transaction-oriented services and 

applications (via access gateways 

and other web-based processors), 

and 

 Consultative sessions (available 

through Internet, pagers, wireless 

phones, and web-enabled call 

centers). 

These applications merely focus on 

supporting and automating different OEI 

processes and would provide limited 

contributions to the KM enterprises. The 

GISC module formalizes an Internet 

enabled support for all types of interactions 

between an online instructor and each 

student as well as between students 

themselves through utilization of readily 

available on the market GSS (Group 

Support Systems) software, such as 

information sharing, discussion groups, 

web collaboration, application sharing, and 

electronic brainstorming. 

Knowledge Management Module of an 

Interactive Online Educational 

Infrastructure 

Evolution of any profession has always 

been affected by the progress in science, 

applicable tools, standards, methodologies, 

and new discoveries. At the same time, 

technology and engineering fundamentals 

have been, are and always will be essential 

in supporting any progress in those and 

closely related fields. 

Thus, it seems reasonable to suggest that a 

mission of a novel online model for modern 

education should focus on optimized 

knowledge management to maintain and 

balance two major types of technology and 

engineering knowledge: 

o Tacit knowledge (technology and 

engineering expertise; design; know-how; 

engineering ethics, engineering values, and 

cultural aspects of technology and 

engineering profession; skills and 

collaborative teaming) and 

o Explicit knowledge (technology and 

engineering fundamentals, major 

contributions to the particular field of 

engineering profession, technology and 

engineering standards, patents, established 

practices and successful engineering 

developments). 

 

Optimized knowledge management 

structure includes two major blocks:  

Technology and Engineering Knowledge 

Types block and Knowledge Lifecycle 

block. 

Knowledge Management for Technology 

and Engineering Profession 

 Explicit Technology and 

Engineering Knowledge  
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 Tacit Technology and Engineering 

Knowledge 

 

In turn, Technology and Engineering 

Knowledge Types block might include: 

 Factual knowledge (concerned 

with an accumulated wealth of 

past, present, future, orexpected 

topics associated with what in 

engineering), 

 Actionable knowledge (concerned 

with processes and procedures 

essential in each engineering field 

for knowing how), 

 Judgmental knowledge 
(concerned with knowing why in 

assessing complex engineering 

developments), 

 Communication knowledge 
(concerned with means of 

communication with project teams, 

administration, standard-

developing organizations, 

competition, government agencies, 

vendors, suppliers, research 

entities, manufacturing 

departments, and non-engineering 

supporting services), 

 Semantics knowledge (concerned 

with interpreting contextual 

meaning of communication related 

to a new knowledge), and 

 Incorporative knowledge 
(concerned with maintaining the 

engineering knowledge base 

current by improving on existing 

knowledge and thus optimally 

maintaining balance between the 

legacy and newly developed 

elements on knowledge in each 

particular engineering field). 

 

 

 

Knowledge Lifecycle 

 Technology and Engineering 

Knowledge Types 

 Factual Knowledge 

 Actionable Knowledge 

 Judgmental Knowledge 

 Communication Knowledge 

 Incorporative Knowledge 

 Semantics Knowledge 

 

Examples for the particular field of 

Electrical and Electronic Engineering 

would include such Interactive Tutorials as 

“Advanced Instrument Control with 

LabVIEW”, “Fast Fourier Transform”, 

“Simulation Interface Toolkit”, “Machine 

Vision and Scientific Image Processing”, 

“Eliminating Accuracy Errors with Self-

Calibration”, etc. These particular 

interactive tutorials (offered by National 

Instruments1 and other providers) would be 

linked (through the required licensing 

agreements) with the database of the 

proposed interactive online model. 

 

For the proposed Factual Knowledge 

subset, linkage to the well established web 

repositories might substantially increase 

effectiveness of the proposed model. One of 

the options might be the GlobalSpec2 web 

site with such categories as “Sensors, 

Transducers and Detectors”, “Laboratory 

Equipment and Scientific Instruments”, 

“Networking and Communication 

Equipment”, “Industrial Maintenance”, etc. 

 

In the wide variety of technology, 

communications, information systems, and 

engineering 

professions, keeping students and 

professionals current in their field(s) of 

expertise becomes an issue of 

competitiveness and employability. That is 

why a cycling approach in maintaining a 

good knowledge management system is so 
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important: knowledge must be periodically 

updated to reflect changes in the relevant 

engineering and technology fields. 

To this extent, a technology and 

engineering knowledge management 

lifecycle is suggested to include the 

following phases: 

o Relevant Knowledge generation (new 

developments, new designs, new 

conceptual, logical, hardware and software 

introductions and implementations), 

o Knowledge assessment ( new and 

generated knowledge should be properly 

assessed and identified as valuable, relevant 

and be expressed in a reasonable format), 

o Knowledge stratification ( new 

knowledge must be analyzed to distribute it 

between the tacit and explicit domains), 

o Knowledge accommodation (concerned 

with logistics of storing new knowledge in 

formats, locations and groupings for 

convenient access), and 

o knowledge currency update (continued 

evaluation and verification of accuracy and 

relevancy of engineering knowledge). 

 

Client/Server Applications Module 

The Client/Server Applications module can 

be broken into the three major blocks: 

 query applications (via 

data/information repositories), 

 online analytical processing and 

transaction-oriented applications (via 

access gateways and other Web-

based processors), and 

 collaborative applications (available 

through Internet, pagers, wireless 

broadband services,and Web-enabled 

call centers). 

It should be noted that inclusion of the 

collaborative applications block stems from 

the necessity toprovide enough support for 

meaningful and expedient exchange of 

information and ideas globally, 

effectively and efficiently. 

Group Information Sharing Module 

The GIS module’s objectives include 

utilization of readily available on the 

market Group Support 

Systems groupware, such as information 

sharing, Web collaboration, application 

sharing, and electronic brain storming. With 

a background of currently available 

wireless technologies, special emphasis 

could be made on utilization of wireless 

Internet-based broadband access 

opportunities offered by different 

telecommunication carriers. For example, 

in USA the telecom companies such as 

Verizon, Sprint, T-Mobile, Singular, and 

AT&T start offering the broadband Internet 

access services that are reasonably priced, 

seamless, available anytime, anywhere 

(within continental USA), with high speeds 

of 300-500 Kbps (thousands of bits of 

information per second), reliable and 

appropriately 

secured with an authentication and data 

protection support. 

 

Interactive Workflow Module 

Since the proposed online interactive 

infrastructure represents yet another 

example of a system model, then a concept 

of modeling should be inherent throughout 

its design and development stages. Thus, 

modeling might represent several 

conceptual perspectives; in case of the 

proposed online educational infrastructure, 

those perspectives might include three 

online educational engines:data oriented, 

process oriented, and time-dependent 

(emphasizing the dynamic nature of the 

data and information flow). 

For example, for an online delivery of a 

course in Information Systems 

Methodologies, the Data Oriented 

perspective might concentrate on the 

following aspects: 

 business data, 
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 logical database design, 

 data taking into account 

construction tools to be used, and 

 data taking into account 

construction design. 

On the other hand, a Process Oriented 

perspective could be broken down 

conveniently into three distinct aspects: 

 Activity performed in business 

area, 

 User perceivable task, and 

 Client/Server Applications Module 

 Query Applications 

  Online Analytical Applications 

 Collaborative Applications 

 Construction design stage. 

Finally, the time-dependent perspective 

(sometime called as behavioral oriented 

perspective) could be broken into four 

aspects, such as: 

 event occurring in a business area, 

 information system event, 

 triggering condition, and 

 initiation of transaction. 

The first of these would address the MIS 

business analysis stage, the second and 

third would be related to the MIS system 

design stage, and the last would be 

associated with the construction design 

stage. 

 

Conclusion :  

Knowledge Management dealing with both 

business and engineering/technology issues. 

The latter ones included the topics in web 

development and design, database 

conceptual and logical design, engineering, 

and information technology competencies. 

Relevance of this experience to the 

proposed Online Interactive Model stems 

from the fact that in both instances – online 

transactional processes defining Electronic 

Business and Online Educational 

Infrastructure – dynamics, global nature of 

collaboration and competitiveness dominate 

and define the measure of success or even 

survival. 
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Abstract: In light of the great flood of information, change, and tremendous growth of 

development of knowledge, it has become necessary to think and adapt new technique in 

educating and training people through the use of global information network; the e-

learning. E-learning is commonly referred to the intentional use of networked information 

and communications technology in teaching and learning. It is a procedural in character that 

aims to effect the construction of knowledge with reference to individual experience, 

practice and knowledge of the learner and pedagogical strategy. Today, Libyan educators 

have not fully implemented or not progressively implementing e-learning systems in the 

university curriculum. 

 

     This research aims to assess and evaluate the readiness and preparedness of e-learning 

implementation at Sirte University using several factors such as its technological 

infrastructure and communication backbone, student‟s readiness and needs, and technical 

know-how of its staff and the design of an e-learning architecture and strategy for the 

development and implementation of e-learning system. This research also the start of a 

series of papers related to e-learning as we progressively develop research on this field. 

 

 Keywords: e-learning, curriculum, ICT, pedagogy 

 

Introduction 
 

     Change appears to be the only constant 

in the field of information and 

communication technologies and what was 

avant-garde two years ago is today passé 

(Naidu, 2006). The e-learning presentation 

of Brandon Hall in 1995 exponentially 

increased to its current 109 million related 

sites and becoming inevitably considered 

the fastest digital business and perfect area 

for educating people. If coping with such 

rapid change in the field is getting 

increasingly difficult and complex, it is 

even more difficult  

 

 

 

when one tries to simplify the concepts and 

processes and help academics and educators 

who have to grapple with effective 

educational delivery.  

     E-learning is commonly referred to the 

intentional use of networked information 

and communications technology in teaching 

and learning. For more in-depth definition, 

it is a procedural in character that aims to 

effect the construction of knowledge with 

reference to individual experience, practice 

and knowledge of the learner and 

pedagogical strategy. Normally, e-learning 
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is an educational training delivered in 

digital form to help learn the content, and 

improve organizational performance by 

training, educating and enhancing 

knowledge of group of learners. This 

educational technology provides a blended 

learning among the students and educators 

in university while trying to improve 

learning outcome. E-learning is rich in 

content, interactive and uses different media 

and delivered via the Internet, 

intranet/extranet, audio or video tape, 

satellite TV, and CD-ROM. It can be self 

face paced or instructor led and includes 

media in the form of text, image, animation, 

streaming video and audio.  

 

     As an evident of the success of e-

learning, company profits increased steadily 

as predicted by Chambers in 2000 and more 

and more company adopted to e-learning 

environment (Barbara, 2002; van Dam, 

2002; and eLearning Guild, 2006;Quin, 

2009) for training their workforce in a 

different and diversified location. In 

education, several higher institutions 

migrated to e-learning, taking up the 

pedagogical strategy of McDonalds (2007), 

Mayes (2005) for its conceptualization 

cycle, Laurillard (2007) for its 

conversational model and Salmon (2004) 

for its moderation and instructional delivery 

while adapting the strategy of Carter and 

Lange (2005), Kent (2007) and Karrer 

(2009) implementation. Today, more and 

more university established their e-learning 

systems to support their learners at all 

levels. Thus adopting and adapting to “e-

learning” is unavoidable for everyone in 

society and in particular in education 

setting (Collis & Moonen, 2005). 

 

 

     Like in most developing countries, the 

use of ICTs and implementation of e-

learning in Libya are still in early stage. 

While some Libyan universities, such as 

Alfateh University, Garyounis University, 

and Sirt University have the basic ICT 

infrastructure (such as computers, Internet 

access, and a local area network), they still 

use the “traditional” model of education; 

this model is based on face-to-face 

interactions in and outside of, classroom 

between students and teachers, and learning 

activities that are only available on campus. 

Libyan Open Universities (LOPs) offer 

students the opportunity to study at home; 

however, the learning experiences are 

traditional too, as the universities rely 

largely on printed learning materials 

(Rhema & Miliszewska, 2010).  

 

     This research aims to assess and 

evaluate the readiness and preparedness of 

e-learning implementation at Sirte 

University using several factors such as its 

technological infrastructure and 

communication backbone, student‟s 

readiness and needs, and technical know-

how of its staff and the design of a standard 

e-learning architecture and strategy for the 

development and implementation e-learning 

system. 

 

ICT Infrastructure and Readiness 

of the University 

 
     Integrating ICT can help teachers and 

leaders expand learning possibilities to 

create effective contemporary learning 

environments where students and teachers 

use technology purposefully and flexibly to 

improve student learning outcomes. 

Widespread demand for this technology and 

increasing student numbers may, however, 

consume any future increase in capacity. 

Access to this infrastructure is therefore a 
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key determinant of a college‟s ability to 

deliver teaching and learning effectively. 

 

     At the university, there are 5 Computer 

Laboratory with 30 computers each; enough 

to cater the 250 students enrolled in 

Computer Science Department.  Internet 

connection is limited only in 2 laboratories. 

Currently the total bandwidth is 10Mbps 

and expecting change in the near future. 

According to the survey, 90% of the 

students have internet connection in their 

house; enough to support the Internet based 

delivery of the e-learning system. Students 

are 100% digitally connected using mobile. 

 

     Local area networks (LAN specification 

improved steadily between and 2005 up to 

date and still upgrading. The college 

upgrades their LANs to make best use of 

the bandwidth with 100Mbs Ethernet and 

Wireless network. The computer per 

student ratio is 1:1 however it is not being 

maximized. Improvements in access to the 

Internet decline in the last few months of 

this year due to cable disruptions during 

building constructions. The target of one 

internet-connected for every permanent 

member of the teaching staff is not yet 

achieved, however all staff can access 

Internet using their respective account. 

 

     College intranets and networks 

continued to be extensively used for 

learning specifically for computer subjects 

married with applications in the laboratory. 

Almost 100% of the learning material used 

is at the discretion of individual teacher. 

According to the survey, the Internet is the 

most frequently used source of learning 

materials with 95% while the remaining 5% 

preferred books and stock knowledge. The 

reuse of e-learning materials is also taking 

place in the department. Interestingly, 

materials were likely updated before reuse. 

Given the extent of updating and 

repurposing identified, ease of modification 

is clearly a key element for materials reuse. 

 

     Students‟ access to a reasonably robust 

infrastructure gives access to electronic 

resources. Limited resources, taken up by 

individual enthusiasts, can begin to produce 

e-learning. However, management time has 

to be committed to facilitate access and to 

plan and set targets, and information has to 

flow from the teaching and learning process 

to the management process. Teaching staff 

also need access to ICT, and their 

competence and confidence with ICT need 

to be improved. They could then engage 

with e-learning and develop their own 

resources. All these developments need to 

be in place so that e-learning can be widely 

implemented and begin to transform 

teaching and learning. 

 

Challenges for the Design of E-

learning 
 

     Although admittedly young, Libyan is 

striving to fasten the development of e-

learning with the help of UNESCO and 

various projects of the government. Libyan 

ICT is exponentially growing as shown in 

world ranking in networked readiness index 

and web assessment index (Ballera & 

Ziyad, 2010). Thus, Sirt University will 

take advantageously with these 

developments and plan to introduce an e-

learning design and strategy. However, the 

university faces many challenges in terms 

of the implementation of ICT and e-

learning in teaching and learning. These 

challenges are associated with: culture and 

language, technology, attitudes towards e-

learning, curriculum design and 

development, and management support for 

e-learning initiatives. 
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     Different people have different 

perceptions of ICT and e-learning based on 

their backgrounds. Notably, the design of e-

learning must consider cultural differences 

and context sensitivity issues especially in 

its learning environment. For instance, in 

Libya, the design should consider 

appropriate reading directions, right-to-left 

to suit the Arabic language; likewise, text 

justification and navigation systems should 

be fixed on the left hand side. In addition, 

the choice of icons, symbols, objects, and 

colors needs to be carefully considered; for 

example, to many users in the Western 

countries will find an image of a dog on a 

Web page harmless, or indeed friendly, 

whereas users in Libya would find a similar 

Web page quite offensive (Rhema & 

Miliszewska, 2010). 

 

     The technology infrastructure as 

mention in the previous chapters is 

significantly considered, however in e-

learning development, constant Internet 

connection needs to be uninterruptable. 

Moreover, networks design, hardware 

specifications, softwares, videos, audios 

and supporting data for the learners must be 

available. While computer laboratories are 

available in the university, the lack of 

adequate network facilities places serious 

restrictions on Internet access. The use of 

educational software within institutions is 

limited too due to unavailability of Arabic 

products in the market. Further, the 

technical support is almost unavailable, 

which leads to delays in installation, 

operation and maintenance of equipment 

and software and further discontinuance of 

users. 

 

     Student attitudes and motivation is a 

factor that affects students‟ satisfaction and 

capacity: “Highly motivated students 

perform well in most cases whereas non-

motivated students tend to drop out” 

(Andersson & Gronlund, 2009). Personal 

motivation is one of the main reasons for 

success or failure in the integration of ICTs 

and adopting e- learning in the classroom 

setting. ICT increases student engagement 

because it provides opportunities to shift 

from teacher-centered to student-centered 

learning which attracts students and leads 

them to enjoying learning. However, many 

students, particularly those who struggle 

with computers, lack motivation for e-

learning, because the lack of exposure 

makes it difficult for them to appreciate its 

potential benefits. 

 

     Curriculum is becoming more dynamic 

and interactive as a result of the many kinds 

of ICT based learning activities, projects 

and software applications (UNESCO, 

2005). Hu and Webb (2009) stated that 

“regardless of the amount of technology 

and its sophistication, technology will not 

be used unless faculty members have the 

skills, knowledge and attitudes necessary to 

infuse it into the curriculum.” The 

curriculum and pedagogical methods need 

to be modified and developed to employ 

ICT application effectively, and fit to e-

learning setting (Andersson & Gronlund, 

2009; Rhema & Miliszewska, 2010). At 

Sirte, the curriculum dated 2006 is obsolete 

and need to be reviewed and modified 

accordingly. The pedagogical scenarios for 

e-learning settings require assistance from 

educational developers with experience in 

e-learning; such expertise is not fully 

available at the university. 

 

     Without support from top management, 

an e-learning program will probably not 

survive. Teachers and Trainors generally 

are more motivated and committed when 

they feel supported and encouraged by the 

administrators. According to Mapuva 
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(2009), “Institutional leaders are a 

determinant factor, given their decision-

making roles which could either make-or-

break the e-earning projects by either 

facilitating or impeding its implementation 

within their institutions.” So, administrative 

support can be regarded as essential to the 

successful adoption of ICTs into the 

educational processes. At Sirte University, 

the lack of ability to deal with educational 

problems will take some time due to 

understanding of the technical, financial, 

pedagogical, and administrative dimensions 

of ICTs in education. 

 

E-Learning Strategy 
 

     An e-learning strategy is needed to help 

focus resources including infrastructure, 

staff development and support. There are 

many instances of good practice around the 

University, but there is insufficient support 

available. The University needs to build 

capacity and skills to be ready and able to 

respond quickly to, and benefit from, the 

fast moving changes of an increasingly 

networked world. 

 

     Sirt University needs to position itself 

well in Libyan academic level. There are 

many different visions and models for e-

learning and its implementation, but a 

unique strategy is needed to suit its own 

mission and circumstances. The features 

and best practice and information from 

benchmarking exercises is considerably 

taken which served as guiding principles in 

creating e-learning strategy such as the 

work of Salmon (2005) and Norfolk (2009) 

in e-learning and pedagogical framework, 

Kent (2007) for its implementation, JISC 

(2007) for effective feedback and 

assessment and others. E-learning has the 

potential to transform teaching and learning 

at the university. 

 

     The following are specific aspects of 

ICT to be developed in Sirt are outlined as 

part of the strategic priorities. 

 

     Priority 1. Engaging and involving 

staff and learners – Information drive: 

 Computer Science Department will work 

with all stakeholders, partners and learners 

to continue to develop a common vision 

and understanding about the use of ICT in 

learning. Several classes will undergo with 

the beta version program to measure 

students performance. Student will have a 

technological innovation at the same time 

cultural immersion and eliminating 

language barrier. Staff members will 

continue to promote and support the leading 

edge developments by actively participating 

and involving with the whole process. 

Developers will work with partners through 

the university to facilitate and support the 

utilization of funding and infrastructure 

initiatives. A one year plan is needed for 

students to appreciate the new technology, 

as students‟ increases awareness, so is the 

management.  

 

     Priority 2. Building a common ICT 

infrastructure to support transformation 

and reform – the university current ICT 

infrastructure needed major revamp, so 

requesting for an immediate improvement 

to management is a surely thumbs down; 

management is hesitant in changing the 

current set-up especially when it involves 

cost and return of investment takes time. By 

gradually improving, management will be 

able to ready themselves and have ample 

time to think. For the ICT infrastructure 

specifically for e-learning implementation 

the BECTA (2007) standards will be used 

in a 5 year plan installment system 

modification. The BECTA developed by 

UK is a standardized system for technical 
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specification and institutional infrastructure 

for e-learning system. The university will 

develop a simple technical framework 

based on Becta to provide clear steps in 

managing learning environment. 

 

     Priority 3. Improved CS Curriculum 

and Course Content Management – the 

university needs to modify and change the 

curriculum to infuse the technological 

innovation in delivering education. 

Currently, several courses have been 

collided with other courses. The IT 

education is considered young since it 

started in the early year of 2000, pre-

requisite and co-requisite must follow 

international standard to provide 

incremental learning. Teaching staff 

developed their own teaching materials 

without checking and monitoring content of 

other courses, a need for making standards. 

In developing the e-learning content, the 

university will coordinate with academic 

press and suppliers to make high quality 

digital content and learning resources 

available to schools and learners and 

consultation among peers 

 

     Today, most e-learning incorporate a 

learning content management system 

(LCMS), which is a set of software tools 

that enables the, storage, use and reuse of 

the subject matter content. Contemporary 

organizations recognize that the use of 

online learning management systems have 

the potential to significantly improve their 

image and value, as well as access to their 

services.  

 

     An LCMS might consist of a whole 

range of different software and systems that 

interrelate, share data and contribute to 

learning management. A VLE refers to a 

specific piece of software that enables 

learners and staff to interact, and includes 

content delivery and tracking. This is 

illustrated by Figure 1. 

 

 
 

Figure 1. Learning Content Management 

System 

 

     Most LCMSs will have the following 

features: course content delivery 

capabilities; management of online class 

transactions; tracking and reporting of 

learner progress; assessment of learning 

outcomes; reporting of achievement and 

completion of learning tasks; and student 

records management. It is likely that the 

next generation of LMSs will have 

additional features such as better 

collaborative learning tools and better 

integration with other complementary 

systems, and with portable and wireless 

(mobile learning) devices. It is also 

suggested that the next generation of LMSs 

is going to be increasingly browser-based 

and less reliant on umpteen downloads or 

plug-ins on the user‟s desktop. They will 

have to be easier-to-use, more robust, 

scalable and more easily customizable. 

With the growing interest in the sharing of 

study materials, they are also likely to 

comply more with industry standards and 

with complementary systems. 
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 Priority 4. Provide a Pedagogical Design 

for E-learning - it is widely acknowledged 

that the role and influence of information 

and communications technology on 

learning and teaching is optimized 

especially when it is skillfully integrated 

into the educational environment. For this 

to happen, we need to focus our attention 

foremost, on the careful design of the 

learning experience rather than the 

presentation of the subject matter content or 

the technology. This means careful 

orchestration of what the learners are going 

to do in the learning environment. 

 

    The university crafted its own e-learning 

environment design using four components 

and shown in Figure 2. The four 

components are pedagogical design, the 

graphical user interface and multimedia, the 

content management and feedback and 

assessment. The pedagogical design will be 

discussed in detailed and GUI while LCMs 

discussed in Priority No. 3 and feedback 

and assessment will be discussed in priority 

no. 5. 

 

     This concept of “learning by doing” has 

been popularized, among others, by Roger 

Schank and his collaborators and it is at the 

heart of pedagogical designs that stand to 

optimize e-learning (Schank, 1997). These 

pedagogical designs include “scenario 

based learning”, “goal-based learning”, 

“problem based learning”, “case-based 

learning” (Carrol & Rosson, 2005), 

“learning by designing” (Newstetter, 2000), 

and “role-play-based learning”. These 

pedagogical designs are grounded in the 

principles of constructivism and situated 

cognition, and in the belief that learning is 

most efficient and effective when it is 

contextualized and when it is based on real 

world or similarly authentic settings. 

 

 
Figure 2. Core Components of E-Learning 

Environment – Pedagogic, GUI, CMD and 

Feedback and Assessment 

    E-learning with multimedia and 

graphical user interface is fashionable in 

virtual learning environment (Malayeri & 

Rezaei, 2004). These interfaces can 

improve quality of education by increasing 

attention of educational subjects and 

providing instructions when a learner is lost 

or provide help during problem solving. 

Adding some plug-ins in e-learning 

environment like relative sound, electronic 

noting, chat, colors combination, videos 

increases the curiosity and motivate the 

learners to continue navigating the 

environment. The university observed that 

students tend to become more interested in 

the learning process if they see computer 

applications and allowing them to interact 

with the environment. 

 

 
 

Figure 3. Operational Model of the E-

Learning at Sirte University 
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    The operation model in Figure 3 is used 

by the university as guiding principles, and 

responding to previous consultations 

involving e-learning strategies, we have 

developed an enabling organizational 

structure to support the development of e-

learning to enhance the range of pedagogic 

uses of e-learning by staff and students. 

This structure consists of an e-learning 

committee, Learning Technologist, Faculty 

Learning Technologists, and departmental 

cluster heads. The University will also: 

provide and fully support a range of core 

technologies, and assist with evaluating 

peripheral technologies provide information 

and support to academic departments to 

help them decide on, implement and 

evaluate their e-learning developments, 

including the appropriate use of educational 

technologies, instructional/learning design, 

quality considerations and staff 

development needs and to provide 

appropriate staff development. 

 

 

     Priority 5. Provide an Assessment, 

Feedback and e-Moderation for 

Learners - Assessing learning outcomes is 

concerned with determining whether or not 

learners have acquired the desired type or 

level of capability, and whether they have 

benefited from the educational experience 

(i.e., have they learned, and how their 

performance has changed). A measure of 

learning outcomes requires learners to 

complete tasks, which demonstrate that 

they have achieved the standards specified 

in the learning outcomes. In order to 

ascertain the most realistic and valid 

assessment of performance, these task(s) 

have to be as similar to on-the-job 

conditions, that is, as authentic as possible 

(Naidu, 2006). 

 

    A major purpose of assessment in 

education is the improvement of learning.  

At the university, only quiz is used to 

measure the performance of the students. In 

the case of e-learning online assessment is 

necessary to be included in the design. A 

range of measures of achievement is 

necessary to assess the wide variety of 

skills and competencies that need to be 

acquired. It is important to clearly specify 

and communicate the basis for all 

assessment measures. When this is the case, 

assessment can serve as a powerful 

teaching tool. 

   

     Assessment activities are most effective 

when they are accompanied with feedback.   

At the simplest level, feedback is aimed at 

correcting errors in understanding and 

performance. However, like the assessment 

of learning outcomes, the provision of 

feedback is a lot more complex process. 

Feedback is usually designed to inform 

learners about the quality and/or the 

accuracy of their responses. This kind of 

feedback is specific and directly related to 

the performance of the prescribed task. It 

may be delivered directly to the learners, or 

mediated by information and 

communications technology. Feedback can 

be directed at different aspects of learning. 

Some feedback is primarily designed to 

influence affective learning outcomes such 

as motivation. Others might be directed at 

understanding of subject matter content. 

 

 

     Moderation of the learning process 

comprises supporting learning with the help 

of a variety of instructional interventions. It 

is an integral part of any educational 

context and is often carried out by teachers 

and tutors as well as students themselves. 

For e-learning, e-moderation refers to the 

acts of managing, facilitating and 
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engendering group based computer-

mediated communication. Example, using 

the synchronous mode, even though the 

participants may be physically separated 

from one another, the communication takes 

place in real time (i.e., they are logged on at 

the same time and reacting to each other‟s 

comments as soon as these are received). At 

the university, they are studying the 

possibility of engaging such scenario while 

some disagree for the moment and wait till 

e-learning implementations is mature. 

 

     Priority 6. Provide ICT Training and 

Support for Practitioners and Developers 

–  Using blended approaches, this will 

enable school staff to engage in more 

personalized training with increased choice 

of where and when they engage in learning. 

The university will facilitate networks for 

practitioners, making use of electronic 

communication and video conferencing to 

develop communities of professional 

learners. Thus, they will develop a flexible 

continued professional development 

program for all school staff. 

      

     In order to achieve the priorities above 

and to provide a coherent set of support 

structures and arrangements, the university 

will seek and create a dedicated team. This 

will be supported by funding mechanisms 

from the university. The team will oversee 

the development of all work related to the 

strategic priorities through project based 

implementation.  

 

 

Conclusion 
 

     In this paper, we studied the current ICT 

infrastructure of Sirte university and 

students and technical capability of the staff 

members and found out that there are still a 

lot to be done in upgrading the information 

and communication technology of the 

university. Applying the Becta architecture 

for ICT, the university could afford to 

implement e-learning if given the chance to 

upgrade and update the current ICT setting. 

The five challenges has been addressed in 

e-learning development such as culture and 

language, infrastructure, motivation and 

student awareness, curriculum design and 

management supports. These challenges 

also incorporated in the 6-Plan priority for 

e-learning strategy of Sirte University. 
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Abstract 

Reliability of Multi-stage flash distillation (MSF) processes are estimated using time – 

dependent fault tree analysis (FTA) of major critical systems. MSF is a water desalination  

processes that distills sea water by flashing a portion of the water into steam in multiple 

stages of what are essentially regenerative heat exchangers. MSF has been preferred over 

other processes for sea water desalination because of the relatively long experience gained 

in the operation of MSF plants. FTA is a formalized deductive analysis technique that 

provides a systematic approach to investigate the possible modes of occurrences of a 

defined system state or undesired event. Failure data of one the critical system of the 

desalting plant, the brine recirculation system are obtained from the operation records of an 

old plant which is still in operation in a relatively harsh environment. Industrial failure data 

are also used to complement historic data. The analysis shows areas where design 

improvements can be made to enhance MSF processes availability. 

1. Introduction  

Large quantities of water are required in 

many parts of the world for agricultural, 

industrial and residential uses. The world is 

becoming more and more aware of its 

shortage of fresh water. Availability of 

water supply systems which in incorporate 

desalination processes is greatly influenced 

by the reliability of the desalting plant and 

desalination equipments 
(1)

. In many 

countries, MSF has been preferred over 

other processes for seawater desalination 

because of the relatively long experience 

gained in the operation of the plant. 

However, no large effort is taken to 

evaluate the reliability of a typical MSF 

plant. Such effort is required for 

improvement in future designs and for 

assessment of possible fixes to enhance the 

reliability of present designs. The approach 

employed here is to review design details of 

MSF processes in order to construct and 

evaluate fault trees for the critical systems 

in the plant such as the brine recirculation 

system (BRS). Fault tree is a logic diagram 

that simulates plant design and 
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performance. In other words, Fault tree 

analysis (FTA) has become indispensable 

tool for the reliability and safety analysis of 

a complex system such as the MSF plant 
(2)

. 

Failure data obtained or extracted from 

actual operation and maintenance records of 

the plant are required for the analysis,  since 

the plant operation and maintenance records 

are invaluable in assessment of failure rates 

and human factors 
(3)

. The description of the 

general application of fault tree analysis is 

given in section two. Section three 

describes the analysis of the MSF plant 

system. The reliability analysis of the BRS 

is given in section four.  

2. Fault tree analysis and its applications 

2.1. Fault tree Analysis (FTA) 

Fault Tree Analysis is a formalized 

deductive analysis technique that provides a 

systematic approach to investigate the 

possible modes of occurrences of a defined 

system state or undesired event. In other 

words, a fault tree is a logical diagram of 

the sequences of events, which lead from 

one or more causal events upward to one 

consequence or resultant single failure. This 

failure is called '' Top Failure '',   '' Final 

Failure '' or '' system Failure ''. Fault tree 

may be alternatively defined as a logical 

diagram, which traces top failure to basic 

failure causes. FTA consists of two major 

steps: (1) the construction of the fault tree 

and  (2) its evaluation. The evaluation of 

the fault tree can be qualitative, 

quantitative, or both depending upon the 

scope and extensiveness of the analysis. 

The objectives of fault tree analysis are: 

(1) to define critical paths in the accident 

analysis, (2) to calculate probabilities of 

failures leading to given consequences 

occurring in the system from one or a 

number of different initiating faults, and (3) 

to specify safeguard systems against 

damaging consequences for each branch of 

the tree 
(5)

. 

2.2. Application of Fault Trees 

After constructing the fault tree an 

evaluation of the critical path is carried out. 

A critical path (mode failure) is a smallest 

set of primary failures such that if all of 

these primary failures simultaneously exist, 

then the top failure exists. The mode 

failures of a fault tree can be obtained by 

number of methods. A detail description of 

the methods is given in references 
(3,5)

 . 

With knowledge of the mode failures of the 

fault tree, the evaluation can then proceed 

to obtain the probabilistic characteristics of 

the primary faituras, mode failures, and the 

top faiture.  

In  order   to obtain  this  probability, the 

component  behavior  data in the form of  

failure  rates  λ(t)  and  the repair times μ(t) 

are required as inputs to the system models. 

On the other hand, for any reliability 

analysis using fault tree study, the 

quantities   λ(t)  and μ(t) , or their 

equivalant, must be known for every 

primary failure of the fault tree . If the 

primary failure is the failure of a 

component, then λ(t) and μ(t) are termed 

the component failure rate and component 

repair rate , respectively.  From λ(t)  and 

μ(t), some probabilistic quantities may be 

obtained which quantify, or characterize, 

the particular primary failure. The 

probability A(t1,t)  of the primary failure 
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first occurring in time t to t+dt, given it is 

not existing at time t1 is given by 

A(t1,t)  dt = exp [-

ttdttdtt
t

t
 122 ;)(])(

1

  (1) 

Where 

λ(t)  dt = the probability of  the failure 

occurring in time t  to t+dt given the failure 

is not existing at time t. 

It is clear from Equation (1) that the 

probability of the primary failure F(t1,t)   

occur from time t1 to t is simply 

F(t1,t) = exp [ ttdtt
t

t
 122 ];)(

1

  (2) 

In context of the defined failure, the 

failure probability is equivalent to 

unreliability. 

With regard to repair, the probability 

that the primary failure is repaired at time t 

to t+dt, given it is existing at time t1, B(t1, t) 

dt , is given by 

B (t1,t) = exp [ -

ttdttdtt
t

t
 122 ;)(])(

1

  (3) 

Where 

μ (t) dt = the probability of the failure being 

repaired in time t to t+dt given the failure is 

existing at time t . 

The quantity A (t1,t) and B (t1, t) are 

termed the first failure distribution and the 

repair distribution, respectively. The term 

F(t1,t) is called the nonfailure probability .  

There are two other primary failure 

characteristics, besides the above, which are 

essential for any reliability study or fault 

tree evaluation. The first characteristic is 

the primary failure intensity w(t), which is 

defined as 

W(t) = the expected number of times the 

primery failure occurs at time t per unit 

time. 

By using the definition, it is clear that 

the expected number of times the primary 

failure occures in any interval from t1 to t , 

w(t1 ,t) is 

w(t1 ,t) = 22 )(
1

dttw
t

t  (4) 

By assuming as initial condition that at 

t= 0 , the primary failure does not exist, an 

equation for w(t) in termes of the data for 

the primary failure can be obtained, 

w(t) = A(0,t)+ 

2
0

2 )( dttw
t

 ),(),(
2

1,21
t

t
ttAttBdt  (5) 

where A(0,t) is the contribution to w(t) 

from the first occurrence of the primary 

failure. 

The second primary failure 

characteristic of interest is the primary 

failure existence probability q(t). The 

probability of the primary failure not 

existing at time t is merely 1- q(t). By using 

the definition of λ(t)  and w(t), it is clear 

that  

W(t)= [1-q(t)] λ(t) (6) 

Or  
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q(t)= 1- 
)(

)(

t

tw


 (7) 

It was stated previously that, a mode 

failure, or critical path, is the smallest set of 

primary failures such that if all these 

primary failures exist at time t the mode 

failure (and top failure ) exists at time t . 

Consider a particular mode failure that 

consists of n primary failures and let these 

constituent primary failures be designated 

with indices from 1 to n. 

The first characteristic obtained for the 

mode failure will be the mode failure 

existence probability, Q(t), which is defined 

as: 

Q(t) = the probability that the mode 

failure exists at time t. 

Since the mode failure exists at time t if 

and only all its primary failure exists at 

time t, then  

Q(t) = )(
1

tq j

n

j

  (8) 

More detail explanation for other mode 

failure characteristics is given in 

references
(4,5)

. 

2.3. PREP and KITT codes description 

The PREP code is designed to accept an 

input description of the system's fault trees , 

generate the appropriate logical equivalent, 

and obtain the system's minimal cut or path 

sets. A minimal cut set is a smallest set of 

system components which when failed will 

cause the system to fail.  A minimal cut set 

is defined to be in the failed or 

nonfunctioning state if and only if all of its 

components are in the failed state, and is 

defined to be in the nonfailed or functioning 

state if and only if at least one of its 

components is in the functioning state. 

These minimal cut sets ( failure mode) 

or the minimal path  sets (success modes)  

can   then  be  used   by  the KITT codes   to  

obtain  reliability information  about   the  

system. The PREP  code   is composed of 

two sections: TREBIL reads the input and 

generate the logical equivalent of the fault 

tree and MINSET obtains the minimal cut 

or path sets of the tree. Detailed description 

of the PREP code and its input data is given 

in Appendix(4). 

 After having obtained either the 

minimal cut sets or the minimal path sets, 

the fault tree is then evaluated by running 

the KITT code to obtain the probability 

characteristics of the components. These 

probability characteristics include: 

1- the probability of the failure existing at 

time t ( the '' unavailability '')  

2- the probability of the failure not 

occurring to the time t (the '' reliability 

'') 

3- the expected number of failures 

occurring to time t . 

4- the failure rate at time t, and the failure 

intensity at time t (λ). Detailed 

description of the KITT code and its 

input data are given also in Appendix 

(4). 

3. Analysis of the MSF plant system 

3.1. General description of the plant 

The MSF plant selected as a case study 

is a dual purpose type which produces 50 

Mwe and 5 MGD of distilled water. The 
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general arrangement of the plant consists of 

six horizontal evaporator modules on 

asingle tier arrangement. There is a total of 

42 stages which are divided into a heat 

rejection sectionand a heat recovery 

section. Detailed description of the selected 

plant is given in references 
(7,8)

. 

3.2. Fualt tree analysis of the MSF plant 

using detailed plant design, fault tree is 

synthesized to determine how the system 

could fail in terms of faults of basic 

consitituents of the system. Faults 

examined including failure modes of pipes, 

valves, pumps and electric power. In 

addition, human errors which could result 

in faulted components are also considered. 

The developed fault tree is based on the 

following assumptions
 (6)

: 

1. Loss of power affects both units. 

2. Any failure identified on the fault tree 

was assumed to be of sufficient 

mangitude to constitute component 

failure. For example, pump failure, as it 

applies on the tree, results in sufficiently 

reduced flow to make the pump 

essentially unavailable. 

3. All small pipes (1'' diameter or less) are 

considered to be small enough that their 

rupture would not result in sufficient 

fluid loss to cause system failure. 

4. Any monitors associated with valve 

position, pump flow, etc., are operable 

and provide adequate information for an 

operator to respond. 

5. Piping failures resulting in a total 

catastrophic break are rare occurrences. 

However, significant leaks requiring 

repair or leaks in sensitive locations are 

more likely. 

6. Human failurs include miscalibration 

and failure to remove the system from 

isolation after maintenance. 

7. Loss of power and external causes are 

included but there is no development of 

these events in the fault trees. 

8. Steam is provided by heat recovery 

from the power generation unit or from 

the boiler directly. 

FTA starts with the event '' desalination 

plant unavailable to produce sufficient 

distillate", since many types of failure 

modes contribute to this event which leads 

to unreliable plant operation through loss of 

water production. Also the analysis of the 

fault tree illustrates potential failure 

problems and shows the critical 

components, which would impact plant 

availability. 

Failure of the MSF plant to produce 

sufficient distillate is assessed using the 

fault tree logic diagrams. Loss of steam and 

power are the common contribuators of the 

plant failur and the most important systems 

which represent the major problem areas in 

the plant are the following: 

1- The seawater intake system (SIS). 

2- Make-up WATER system (MWs)  

3- The brine recirculation system (BRS). 

In this study, the reliability analysis of 

the BRS using FTA is selected and 

presented in details in the next section. 

4. Reliability analysis of the brine 

recirculation system (BRS) 

4.1. Brine Recirculation Fault Tree 

The flow diagram of the BRS is shown 

in figure (1) and the corresponding fault 
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tree is illustrated in figure (2) which is 

constructed by tracing through system 

operation and identifying possible single 

and multiple modes of equipment failures. 

By taking a good look to the system flow 

diagram, the following failures are 

identified: 

1- Brine heater tubes damage or leaks 

2- Brine recirculation pump fail 

3- Flow control valve (FCV) prevent flow 

4- Temperature control valve fail (TVC-1) 

Also, the fault event code for the BRS is 

the letter C.  Other fault event codes for the 

component which includes the component 

type and the identifier of the component 

and the type of failure are given in table (1) 

To illustrate as an example, the primay 

event CMV007 X presented in the fault 

tree, C for the BRS, MV for the motor 

operated valve and 007 for the number of 

the valve and X for the fault type which in 

this case maintenance. 

The fault tree shown in figure (2) 

represents the input to the PREP code. Eash 

uniqe primary event on the fault tree is 

assigned an arbitrary unique name. Eash 

gate is then coded on an input card. This 

card gives the name of the gates and/or 

primary event attached to the gate. Besides 

the fault tree, the input data necessary to 

use the PREP code are the component 

failure rate and repair time. These values 

are listed in table (2). 

4.2. Results and discussion  

Having obtained the minimal cut sets 

from the PREP code, KITT-1 code is then 

run to obtain the probability characterstics 

associated with the BRS fault tree.  

The system differential characterstics 

resulted from KITT-1 code run are given 

below and plotted in figures (3)and (4) 

where the program output symbols are 

defined as follows : 

T (hours) = t, time (in hours) 

Q  = the upper bound of the probability of 

system failure at time  t. 

FSUM     = the upper bound of the 

probability of failure of one or more 

failures to time t. 

Table (1 ) Fault Event Codes 

code Component code Failure type 

PP Pipe A Short circuit 

TK Tank B Poor vacuum 

PM Pump D Loss of steam 

TG Tube E Plugged 

CV Check valve F Leakage/ rupture 

XV Control valve G Test & maintenance outage 

MV Motor operated valve I Incorrect dosing 

PV Manual valve K Contamination of seawater 

NZ Nozzle   

MO Motor L Loss of power 
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SC Screen N Environmental cause 

BH Brine heater   

DS Desuperheater P Does not open 

LI Level indicator Q Dose not remain open  

BK Circuit breaker   

MD Module U Unavailable  

PS Pressure sensor W Loss of function  

DE Dearator X Maintenance fault 

BL Blower   

TV Temperature control valve y Operator error 

TI Temperature indicator   

Table (2 ) Brine Recirculation System Failure Rates 
(3,9) 

Event  Failure rate *10
-6

(per 

hr)  I 

Repair time (hour) 

 

Mechanical failure of BR pump 222 20 

MOV fails to function 78 18 

BH tube leakage  479 16 

Mechanical failure of condensate pump 135 20 

Motor fails to function 78 10 

Poor control of desuperheater 17 15 

Pipe leakage / rupture  52 16 

Circuit breaker short 17 5 

Pump valve fails to remain open 9 18 

Test and maintenance errors on pump 52 5 

Test and maintenance errors on valve 17 5 

BH hot well leakage / rupture  17 16 

Operator errors on pump 6500 5 

Operator errors on MOV 6500 5 

Pump line down for test and 

maintenance 
3333 48 

Conductivity indicator failure 6 5 

Temperature indicator failure 6 5 
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The unavailability and the unreliability 

of the BRS of the MSF process is estimated 

from actual operating data using fault tree 

analysis. Table (2) presents the failure data 

for each component of the BRS. Both 

pumps; the recirculation pump and the 

condensate pump have the highest failure 

rates. Also, tubes in the brine heater have 

high failure rates.  The characteristics of 

this system unavailability versus operation 

time is shown in Figure (3). A rapid rise in 

the unavailability which occurs at the early 

history of the system is followed by a 

constant high value after 50 hours. Tracing 

the BRS to the component level shows that 

recycle pumps and tube leakage are the 
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major contributors to the unavailability of 

the system. To a lesser extent, valves do 

effect the system unavailability. Pumps are 

the main source of system problems due to 

several causes such as inadequate design, 

maintenance and operation. Table (2) lists 

all contributors of failure to the system and 

the failure rates and repair times to each 

contributor. Pumps and tubes represent the 

most frequent cause of system 

unavailability. 

 
Figure (3) Unavailability characteristics 

for brine recycle system 

 
Figure (4) Probability of failure to time t. 

Conclusion  

The objective of this research is to 

present some safety features of MSF 

desalting plant. Availability of water supply 

systems is greatly influenced by the 

reliability of the desalting plant and 

desalination equipments. The unavailability 

of one of the important system considered, 

the BRS, is calculated to be 0.22  at the 50 

hours mission period. The basic events and 

components which significantly affect the 

system reliability are pumps, human errors 

and motor operated valves. In order to 

improve system reliability, it is required to 

have a higher quality of these pumps. The 

other improvement should be the reduction 

of the human causing unavailability by 

using the certified form of procedures. In 

future, the study will be extended to the 

other critical systems of the plant for the 

purpose of calculation of the unavailability 

of the overall MSF plant. This value of the 

unavailability gives answers to the question 

capability of the plant to be able to produce 

either the amount of pure water at their 

expected cost, or operate satisfactory over 

all full expected life of the system. 
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                            :                                             يهخص

روّٞ ٓئٍَبد اُزؼ٤ِْ اُزو٢٘، ، ٓضَ ثؼغ أُؼبٛل اُؼ٤ِب ٝأُزٍٞطخ اُزو٤٘خ، ٝأُؼبٛل  

ا٤ُٜ٘ٔخ الأفوٟ ثغٜل ًج٤و ك٢ ث٘بء ٝرؤ٤َٛ اُؼل٣ل ٖٓ اٌُٞاكه أُزقظظخ، ؿ٤و إٔ أُلبههخ إٔ ٛنٙ 

اُؾل٣ش ػٖ رِج٤خ ؽبعبد ٍٞم اُؼَٔ  اُغٜٞك ؿبُجب لا رئر٢ صٔبهٛب ػ٠ِ اُٞعٚ أُطِٞة، فبطخ ػ٘ل

ٖٓ أُزقظظ٤ٖ  ٝاُؼٔبُخ أُبٛوح،ُٝؼَ ٖٓ ٓئشواد مُي الاٍزٔواه ك٢ الاػزٔبك ػ٠ِ اُؼٔبُخ 

اُٞاكلح ٖٓ عبٗت ، ٖٝٓ عبٗت آفو ٝعٞك ثطبُخ ث٤ٖ اُقو٣غ٤ٖ، ثبلإػبكخ ا٠ُ ػيٝف اُؼل٣ل ٖٓ 

ٜٓ٘ب ٗلهح اُزقظظبد أُطِٞثخ، اُشوًبد الأع٘ج٤خ ػٖ رٞظ٤ق اُؼٔبُخ اُٞؽ٤٘خ ثؾغظ ٓز٘ٞػخ؛ 

إ ٛنٙ أُؼؼِخ رزطِت كهاٍخ عبكح ٖٓ هجَ . ٝػلّ اٌُلبءح ٝؿ٤وٛب ٖٓ الأٓٞه الأفوٟ

أُزقظظ٤ٖ، فبطخ ك٤ٔب ٣زؼِن ثزٞك٤وٛب  ٝاٍزقلاّ اُزو٤٘بد اُؾل٣ضخ ك٢ ٓزبثؼخ ر٘ل٤نٛب ثـ٤خ فِن 

 .رٞاطَ كؼبٍ ث٤ٖ ٓئٍَبد اُزؼ٤ِْ ٍٝٞم اُؼَٔ

بهشخ ػبٓخ ػٖ الإشٌب٤ُبد اُوبئٔخ ث٤ٖ ٓئٍَبد اُزؼ٤ِْ ٍٝٞم اُؼَٔ، ٝٓوزوػ رولّ ٛنٙ اُٞههخ ٓ٘

ثجؼغ اُؾٍِٞ اُؼ٤ِٔخ ُٔؼبُغخ ٛنٙ الإشٌب٤ُبد أُزٔضِخ ك٢ آ٤ُخ ر٘ل٤ن اُجوآظ أُشزوًخ، ٝ روزوػ 

فٞاهى٤ٓخ ثآ٤ُخ ٗٔؾ اُزؼبٕٝ  ك٢ اُز٘ل٤ن ٝاُن١ ٣٘جـ٢ إٔ ٣ٌٕٞ ث٤ٖ ػ٤ِٔخ اُزؼ٤ِْ ك٢ أُئٍَخ 

٣ت ك٢ ٍٞم اُؼَٔ ثٜلف رِج٤خ ؽبعبد ٍٞم اُؼَٔ، ٝرقِض اُٞههخ ا٠ُ ٓغٔٞػخ ٖٓ اُ٘زبئظ ٝاُزله

.    ٝاُزٞط٤بد

  :يمذيح

ػ٠ِ اُوؿْ ٖٓ اُغٜل اٌُج٤و اُن١ ٣جنٍ 

ٖٓ هجَ ٓقزِق أُئٍَبد اُزؼ٤ٔ٤ِخ، ثـ٤خ 

رقو٣ظ ككؼبد ٖٓ اُشجبة ٝاُلز٤بد ٝك٢ ٓقزِق 

اُزقظظبد اُزو٤٘خ،  ٝػ٠ِ اُوؿْ ٓٔب ٣ظوف 

ٖٓ أٓٞاٍ ػقٔخ ػ٠ِ اُؼ٤ِٔخ اُزؼ٤ٔ٤ِخ، الا أٜٗب 

ك٢ ٓؼظٜٔب لا ريٍ ُلٟ ًض٤و ٖٓ فجواء اُزؼ٤ِْ 

كٕٝ أَُزٟٞ، ك٢ٜ رو٤ِل٣خ ك٢ آ٤ُبرٜب، ٝهٝر٤٘٤خ 

ك٢ أكائٜب، ٝػؼ٤لخ ك٢ ٓقوعبرٜب ٝكٕٝ 

، ام ٣لاؽع ٝعٞك اهرجبى [1]أَُزٟٞ أُطِٞة 

ًج٤و ٝػ٠ِ ػلح َٓز٣ٞبد، ٜٓ٘ب ػ٠ِ ٍج٤َ 

َٓزٟٞ أكاء أُئٍَخ : لا اُؾظوأُضبٍ 

اُزؼ٤ٔ٤ِخ ٝػؼق عٞكح ٓقوعبرٜب، ٝػلّ 

ٝػٞػ اُوإ٣خ ُلٟ اُطِجخ ك٢ رؾل٣ل ٓب 

٣ؾزبعٞٗٚ ثبُلؼَ أٝ ٝهٞػْٜ رؾذ اُزؤص٤و اَُِج٢ 

ُلأٍوح أٝ أُغزٔغ ًٌَ، ٍٝٞم اُؼَٔ اُن١ لا 
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٣ؼوف ثبُؼجؾ ؽبعزٚ اُلؼ٤ِخ ٖٓ اُزقظظبد 

و أُؼوٍٞ اَُجت ٝاُزل٤َ. ٝالأػلاك أُطِٞثخ

ٝأُوجٍٞ ُنُي ٛٞ ٝعٞك ٗظبّ أٝ آ٤ُخ ػَٔ 

، ٌُٖٝ لا [2]ٓلزٞؽخ هثٔب رؼوف ٓلفلارٜب 

رؼوف ٓقوعبرٜب ثبُؼجؾ، ٣ٝلَو ٛنٙ اُوثٌخ 

ٝعٞك أػلاك ًج٤وح ٖٓ اُطِجخ رلهً رقظض 

ٓؾلك ٝاُن١ أطلا هل ٣ٌٕٞ ؿ٤و ٓطِٞة ك٢ 

ٍٞم اُؼَٔ، أٝ هظٞه أُئٍَخ اُزؼ٤ٔ٤ِخ ك٢ 

ثٜب ػ٠ِ أُؼبهف ٝأُٜبهاد رؼ٤ِْ ٝرله٣ت ؽلا

اُز٢ ٣ؾزبعٜٞٗب ثبُلؼَ، ٝؿ٤بة اُشواًخ اُؾو٤و٤خ 

 . ث٤ٖ ٍٞم اُؼَٔ ٝٓئٍَبد اُزؼ٤ِْ اُزو٢٘

إ ٛنٙ أُؼؼِخ رزطِت ٝػغ ؽٍِٞ عنه٣خ 

ُٜب، ام ٖٓ ؿ٤و أُؼوٍٞ إٔ رَزٔو الأٓٞه ٌٛنا، 

ثلٕٝ آ٤ُخ ر٤َ٘و٤خ ٝاػؾخ ر٘ظٜٔب ٝرؾلك 

ٖٔ اُؼوٝه١ إٔ ٓؼب٤٣وٛب، ٝشوٝؽ ر٘ل٤نٛب، ك

٣ٌٕٞ ٛ٘بى اَٗغبٓب ث٤ٖ ًَ ٌٓٞٗبد اُؼ٤ِٔخ 

اُزؼ٤ٔ٤ِخ اُز٢ رؼل ٝر٘زظ اٌُٞاكه أُزقظظخ 

أُقزِلخ، ٝث٤ٖ ٓئٍَبد ٍٞم اُؼَٔ اُز٢ رشٌَ 

 . ثٞروخ َٝٓزٞػجب ٛبٓب ُِقو٣غ٤ٖ اُغلك

 

تزايج انتعهيى انتمُي انًزتثطح تسىق 

 :انعًم ويستىياتها
ل٣ل ٖٓ الأؽو أُئٍَبد اُزؼ٤ٔ٤ِخ رؼل اُؼ 

اُل٤٘خ، ٝك٢ ٓقزِق اُزقظظبد اُزو٤٘خ، 

ٝثوآظ اُزؼ٤ِْ رزشؼت ٖٓ ؽ٤ش ٗٞػ٤خ 

اُزقظض، ٝرؼلك ٤ًٔٝخ أُؼبهف، ٝٗٞػ٤خ 

أُٜبهاد اُؼو٤ِخ ٝا٤ًَُِٞخ ٝاُؾو٤ًخ، اُز٢ 

رؼط٠ ُِطبُت، ٝاُزو٤ًي كائٔب ػ٠ِ ٗٞػ٤خ 

أُ٘زظ اُن١ ٣وؿت ك٢ اُؾظٍٞ ػ٤ِٚ، ٖٓ 

٤ْ رزلبٝد ك٢ أٍٔبئٜب، ٛ٘ب؛ ًبٗذ ثوآظ اُزؼِ

، ٝؽز٠ أُلح اُي٤٘ٓخ اُز٢ [3]ٝرقظظبرٜب 

٣ؾزبعٜب أُزؼِْ ُلإُٔبّ ثبُقجوح ٝأُٜبهاد 

أُطِٞثخ، ٝػ٤ِٚ ٣٘جـ٢ اػبكح اُ٘ظو ك٢ 

ثوآظ اُزؼ٤ِْ اُزو٢٘ ثؾ٤ش رَزغ٤ت ُِٔؼب٤٣و 

 -:اُزب٤ُخ

 

 

انجىاَة انعًهيح في يتطهثاخ انذراسح وانًًكُح 

 : تسىق انعًم

٤ْ ٝاُزله٣ت ثـوع الاٍزغبثخ ُؾبع٤بد اُزؼِ

ٍٞم اُؼَٔ ٣ز٤ٔي ػٖ ؿ٤وٙ ٖٓ أٗٞاع اُزؼ٤ِْ 

ٝاُزله٣ت اُزو٤ِل٣خ أُؼوٝكخ، ٜٓ٘ب إٔ رٌٕٞ 

اُجوآظ هظ٤وح، ٝٓوًيح، ٝػ٤ِٔخ، أ١ أٜٗب 

ثوآظ رؼ٤ٔ٤ِخ روٞك أُزؼِْ ٝأُزلهة ا٠ُ 

اًزَبة فجوح ٓؾلكح ٝك٢ ىٖٓ هظ٤و َٗج٤ب، 

لظ٤َ ثؤٗٞاع ر( 1)٣ٝج٤ٖ اُغلٍٝ ههْ

اُزقظظبد اُؼ٤ِٔخ ٝاُل٤٘خ ٝٓزطِجبد ثوآظ 

 . اُزؼ٤ِْ ٝاُزله٣ت اُؼ٤ِٔخ ٌَُ ٜٓ٘ب

٣٘جـ٢ ُٖٔ ٣وشؼ ُٜنا اُ٘ٞع ٖٓ اُزؼ٤ِْ أٝ 

 :اُزله٣ت إٔ ٣زٔزغ ثبُقظبئض اُزب٤ُخ

 اعز٤بى افزجبه اُولهاد ٝأُوبثِخ اُشقظ٤خ. 

  إٔ رٌٕٞ ُل٣ٚ أُؼِٞٓبد ٝأُٜابهاد الأٍبٍا٤خ

 .ُِزقظض

 ٕ٣غ٤ل اُِـخ الإٗغ٤ِي٣خ أ. 

  إٔ ٣زٔزغ ثب٤ُِبهخ اُظؾ٤خ أُطِٞثخ ُ٘ٞع

 .اُزقظض اُزؼ٢ٔ٤ِ أٝ اُزله٣ج٢

 ْإٔ ٣ٌٕٞ ٓو٤ْ ثبُووة ٖٓ ٓٞهغ اُزؼ٤ِ. 

 ٚإٔ ٣وجَ اُؼَٔ ك٢ أ١ ٌٓبٕ ٣ٌِق ث. 

  إٔ ٣ِزيّ ثشوٝؽ اُؼَٔ اُز٢ رؾلكٛب عٜخ

اُؼَٔ ٝثٔب لا ٣زؼبهع ٝاُوٞا٤ٖٗ ٝاُِٞائؼ 

 .ِلأُؼٍٔٞ ثٜب ثبُج

 :آنياخ انتُفيذ نثزايج انتأهيم
ُز٘ل٤ن ٛنا اُ٘ٞع ٖٓ اُجوآظ اُزؼ٤ٔ٤ِخ أٝ 

اُزله٣ج٤خ اَُو٣ؼخ ٣٘جـ٢ ارجبع ٍَِِخ الإعواءاد 

 -:اُزب٤ُخ

 :جهح سىق  انعًم -أولا

 .رؾل٣ل اُزقظظبد ٝالأػلاك أُطِٞثخ .1
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       ؽواثٌِ ٤ُج٤ب 26/10/2010-23أُئرٔو اُل٢ُٝ اُؼوث٢ ا٤ُِج٢ اُواثغ ُِٜ٘لٍخ اٌُٜوثبئ٤خ ٝالإٌُزو٤ٗٝخ 

                            

ٍابػبد اُالٝاّ )رؾل٣ل ٌٓبٕ ٝشاوٝؽ اُؼٔاَ  .2

 .(اُو٢ٍٔ

 .رؾل٣ل ؽج٤ؼخ اُؼَٔ .3

ل أُورجبد ٝأُ٘ؼ ٝاُؼلاٝاد أُورجطاخ رؾل٣ .4

 .ثز٘ل٤ن اُؼَٔ

  .رؾل٣ل أُيا٣ب الإػبك٤خ .5

رؾل٣ل ٗٞػ٤خ اُزغ٤ٜياد ٝاُز٢ ٤ٍؼَٔ ػ٤ِٜاب  .6

 .أص٘بء ٓٔبهٍخ اُؼَٔ ثظٞهح كؼ٤ِخ

ٗٞػ٤خ أُٜبهاد اُؾ٤َخ ٝاَُا٤ًِٞخ ٝاُن٤٘ٛاخ  .7

 .أُطِٞثخ

       ــــــــَٔ ٝٗٞػ٤خ اُزؼبهلل٣ل ٓلح اُؼـــرؾ .8

 (.فبص -٢ٍٔٞٓ، رؼبهل-ائْ، رؼبهلك-رؼبهل) 

 .    رؾل٣ل ربه٣ـ ٓجبشوح اُؼَٔ .9

 ، تفصيم تأَىاع انتخصصاخ انعهًيح وانفُيح ويتطهثاخ انجىاَة انعًهيح1جذول رلى 

َىع 

 انتخصص
 تفصيم

َىع انًهاراخ 

 انعًهيح انًطهىتح

 انًذج انكهيح انًذج انشيُيح

ساع

 يىو/ج
 ساعح أسثىع

 اُؾبٍٞة

اكاهح  رٞظ٤ق ؽبٍٞة، -

اُؾٞا٤ٍت، شجٌبد 

 .ٓؼِٞٓبد، هٍْ ٛ٘ل٢ٍ

 .ؽجبػخ -

 .علاٍٝ اٌُزو٤ٗٝخ -

 .ػوع اٌُزو٢ٗٝ -

رو٤ًت ٝرشـ٤َ  -

 .شجٌبد

 

 

8 

 

 

 

5 

 

 

 

200 

 ٌَُ

 رقظض

 الارظبلاد

رشـ٤َ ٓؾطبد الأهٔبه  -

اُظ٘بػ٤خ، الإماػز٤ٖ، 

اكاهح ٓ٘ظٞٓبد 

أُئرٔواد الاٌُزو٤ٗٝخ 

 ػٖ ثؼل،

 5 10 رشـ٤َ ٝط٤بٗخ

250 

 ٌَُ

 رقظض

٤ٌٔب٤ٌٗب اُ

 اُؼبٓخ

اُقواؽخ، أُوبشؾ،  -

 رشـ٤َ ٝط٤بٗخ .NCMاُلو٣ي، اُزغ٤ِـ، 
 

8 

 

7 

280 

 ٌَُ

 رقظض

اٌُٜوثبء  

 اُؼبٓخ

رو٤ًت شجٌبد ًٜوثبء  -

ٓ٘بىٍ ٝٓظبٗغ، رو٤ًت 

ٝط٤بٗخ فطٞؽ اُؼـؾ 

اُؼب٢ُ، أُؾٞلاد 

 ٝالأثواط،

 245 7 7 رشـ٤َ ٝط٤بٗخ

 ٜٖٓ اُج٘بء

ر٤َِؼ ٝفشت، ث٘بء،  -

ب٣ٞهًب، ٤ُبٍخ، ري٤ُي ٝٓ

طت فواٍبٗبد، ؽلاء، 

 ..هٝاكغ اُـ

 

ر٘ل٤ن ػ٢ِٔ، اشواف 

 ٝٓواهجخ
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انجهح انًكهفح تئعذاد وتُفيذ  -ثاَيا

 :انثزَايج انتعهيًي أو انتذريثي
ػ٘ل الاؽلاع ػ٠ِ اُشوٝؽ اُز٢ ؽلكٛب   

 :طبؽت اُؼَٔ ك٢ أٝلا، ٣زْ أُجبشوح ك٢ اُزب٢ُ

 ٗشااااو اػاااالإ ُِااااواؿج٤ٖ كاااا٢ الاُزؾاااابم .1

ثبُجوٗاابٓظ اُزؼ٤ِٔاا٢ أٝ اُزااله٣ج٢ ٝػِاا٠ إٔ 

 :٣زؼٖٔ اُزب٢ُ

 .اٍْ اُجوٗبٓظ.أ

أُااااالح اُي٤٘ٓاااااخ أُواااااوهح ُِزؼِااااا٤ْ أٝ .ب

 .اُزله٣ت

 .ٌٓبٕ اُزله٣ت. ط

اُشاااااوٝؽ اُزااااا٢ ٣غااااات رٞكوٛاااااب كااااا٢ . ك

 .أُوشؼ

 .عٜخ اُؼَٔ اُز٢ ٤ٍؼَٔ ثٜب اُقو٣ظ. ٛـ

أُٜب٣ب ٝا٤ُٔاياد اُزا٢ ٣ٞكوٛاب ثوٗابٓظ .ٝ 

 .اُزله٣ت

ياد اُزااا٢ رٞكوٛاااب عٜاااخ أُٜب٣اااب ٝا٤ُٔااا. ى

اُؼٔااااااَ ػ٘اااااال اعز٤اااااابى الافزجاااااابهاد  

 .أُووهح

 

ػِاا٠ اُااواؿج٤ٖ، -رٞى٣ااغ ٗٔاابمط اُزوشااؼ  .2

 :ٝإٔ ٣زؼٖٔ اُج٤بٗبد اُزب٤ُخ

اٍااااْ أُوشااااؼ، ٝراااابه٣ـ ٓاااا٤لاكٙ، .أ

ٝػ٘ٞاٗٚ اَُا٢ٌ٘، ٝاُجو٣ال١، ٝأههابّ 

 .ٛٞارلٚ

فجواراااٚ اَُااابثوخ، ٝالأػٔااابٍ اُزااا٢ .ب

 .٣غ٤لٛب

 .اُزقظض اُن١ ٣وؿت اُؼَٔ ثٚ.ت

ى اُ٘ٔاابمط ٝافز٤اابه اُؼ٘بطااو اُغ٤االح كااو .3

 (.الافز٤به الأٍٝ)

اعااااواء ٓواااابثلاد شقظاااا٤خ ٝاعااااواء  .4

 (.الافز٤به اُضب٢ٗ)افزجبهاد أُولهح 

 .ؽِت شٜبكح طؾ٤خ ُِٔوشؾ٤ٖ .5

 .رؾل٣ل الأػلاك أُوشؾخ ثلهخ .6

 .اػلاك اُؾوبئت اُزؼ٤ٔ٤ِخ ُِٔوشؾ٤ٖ .7

 .افز٤به ٝرؾل٣ل أُؾبػو٣ٖ ٝأُلهث٤ٖ .8

د ٌٝٓااااابٕ رؾل٣ااااال ٝافز٤ااااابه رغ٤ٜااااايا .9

 .اُزله٣ت

اثاالاؽ اُغٜااخ أَُاازل٤لح ثبُو٤ٔااخ  أُب٤ُااخ  .10

 .ُِلٝهح ثـ٤خ اَُلاك

 .أُجبشوح ك٢ اُزؼ٤ِْ ٝاُزله٣ت .11

رؾ٣َٞ ٗزبئظ اُزو٤٤ْ الأ٢ُٝ ػٖ َٓازٟٞ  .12

( اُغٜاااابد)رواااالّ أُزاااالهث٤ٖ اُاااا٠ اُغٜااااخ 

 .أَُزل٤لح، أ١ عٜبد اُؼَٔ

اعاااااواء افزجااااابهاد رو٤ااااا٤ْ أُٜااااابهاد  .13

طااااااخ ث٘ااااااٞع اَُاااااا٤ًِٞخ ٝاُن٤٘ٛااااااخ أُورج

 .اُزقظض

اٍااازلاّ هك عٜاااخ اُؼٔاااَ ػاااٖ اُ٘زااابئظ  .14

 .الأ٤ُٝخ

رؾ٣َٞ أُغٔٞػخ أٌُٖٔ ُٜاب أُجبشاوح  .15

كاااا٢ ٍااااٞم اُؼٔااااَ ًغاااايء ٓااااٖ اُجوٗاااابٓظ 

 .أُزؤ٢ِ٤ٛ

 .اٍزلاّ رو٤٤ْ عٜخ اُؼَٔ ػٖ الأكاء .16

 .اٍزٌٔبٍ اُجوٗبٓظ اُزله٣ج٢ ثبُٔئٍَخ .17
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 .اهٍبٍ اُ٘زبئظ اُٜ٘بئ٤خ ا٠ُ عٜخ اُؼَٔ .18

 :اُلٝهح ًٌَ ٝرشَٔ رؼجئخ ٗٔٞمط رو٤٤ْ .19

 .رو٤٤ْ أُزلهث٤ٖ.أ

رو٤ااااا٤ْ أػؼااااابء ٤ٛئاااااخ اُزاااااله٣ٌ .ب

 .ٝاُزله٣ت

رو٤ااااا٤ْ اُغٜٞى٣اااااخ ٝٓااااالٟ رِج٤اااااخ .ت

 .اُزغ٤ٜياد ُؾبعخ اُزله٣ت

رو٤٤ْ اُ٘اٞاؽ٢ الإكاه٣اخ ٝالإعوائ٤اخ .ث

 .  ٝأْٛ الا٣غبث٤بد ٝاَُِج٤بد

يمتزح انتُفيذ في دانح انشزاكح يع 

 :سىق انعًم
نا الأٍِٞة ث٘غبػ، أ١ ٢ً ٣ؼَٔ ٛ 

كبٗٚ ٣٘جـ٢ إٔ رٌٕٞ ٛ٘بى ػلاهخ ٝص٤وخ , اُشواًخ

ٝعٜخ اُزله٣ت، ( ٍٞم اُؼَٔ)ث٤ٖ عٜخ اُؼَٔ 

٣ٌٕٝٞ مُي ٖٓ فلاٍ الاهرجبؽ اُٞص٤ن ث٤ٖ 

ًٔب ٣٘جـ٢ إٔ ٣ٌٕٞ . اُغٜز٤ٖ، ٝرٞاطَ َٓزٔو

ٛ٘بى رؼبهل ٣ج٤ٖ ؽوٞم ٝٝاعجبد ًَ ؽوف رغبٙ 

ـ٢ كؼِٚ ػ٤ِٔب الأفو، ٣ٝؾلك ك٢ اُزؼبهل ٓب ٣٘ج

َٝٓئ٤ُٝخ ًَ عبٗت، ٣ٝغت إٔ ٣ٌٕٞ ُلٟ عٜخ 

اُزله٣ت ٝثبُز٤َ٘ن ٓغ ٍٞم اُؼَٔ ٌٓزت ثؾٞس 

٣ؾلك ثبُؼجؾ ؽج٤ؼخ الاؽز٤بعبد اُلؼ٤ِخ ٖٓ 

اٌُٞاكه أٌُٖٔ روشؾٜب ٝر٘طجن ػ٤ِٜب ٓزطِجبد 

ٍ٘ٞاد،  3ٍٞم اُؼَٔ ُٝلزوح ى٤٘ٓخ لا روَ ػٖ 

اُؼَٔ  ٝرٌٕٞ آ٤ُخ اُز٘ل٤ن أٝ اُشواًخ ث٤ٖ ٍٞم

- :ٝأُئٍَبد اُزله٣ج٤خ ػ٠ِ اُ٘ؾٞ اُزب٢ُ

 ث٤ٖ اُطوك٤ٖ ه٘بح ارظبٍ كؼبُخ،  ء٣٘ش٠

ٝرٌٕٞ ٖٓ ٜٓبّ ٛنٙ اُو٘بح رؾل٣ل أ٣ُٞٝبد 

اُزقظظبد أُطِٞثخ َُٞم اُؼَٔ 

ٝالأػلاك ٝؽج٤ؼخ أُٜبهاد اُن٤٘ٛخ 

 .ٝا٤ًَُِٞخ أُطِٞثخ

  رزلن اُغٜزبٕ ػ٠ِ ٓؼب٤٣و اُغٞكح أُوجُٞخ

ه٣ت، ٣ٝشَٔ مُي ًَ ٓب ُِزؼ٤ِْ ٝاُزل

 .٣زؼِن ثبُؼ٤ِٔخ اُزؼ٤ٔ٤ِخ ٝاُزله٣ج٤خ

  ث٘بء ػ٠ِ أُؼِٞٓبد ٣زْ اػلاك اُقطؾ

 .اُلاىٓخ ُز٘ل٤ن أُطِٞة

  رجبشو أُئٍَخ اُزله٣ج٤خ ك٢ ػ٤ِٔخ اػلاك

أٗظو آ٤ُبد اُز٘ل٤ن )اٌُٞاكه أُطِٞثخ 

، ٝػ٘ل اٗزٜبء أ١ ػ٤ِٔخ (أُج٤٘خ أػلاٙ

( ٍٞم اُؼَٔ) اُزله٣ت رجِؾ اُغٜخ أُؼ٤٘خ

ثغٜٞى٣خ اُوٞح أُ٘زغخ ُٔجبشوح اُؼَٔ، 

ًٝغيء ٖٓ ٓزطِجبد اُزؤ٤َٛ ثبُجوٗبٓظ 

 .اُزله٣ج٢

  روّٞ اُغٜخ أَُزل٤لح ثبُزٞاطَ ٓغ

أُئٍَخ اُزله٣ج٤خ ٝمُي ٖٓ فلاٍ 

ري٣ٝلٛب ثبُج٤بٗبد اُٜبٓخ ػٖ ٓلٟ اٍزلبكح 

اُغٜخ ٖٓ اُوٞح أُ٘زغخ، ٝٓب ٢ٛ اُ٘وبؽ 

أَُغِخ ػٖ اُوٟٞ الإ٣غبث٤خ ٝاَُِج٤خ 

 .أُ٘زغخ

  ٣غزٔغ كو٣ن ٖٓ اُغٜز٤ٖ ُلهاٍخ اُج٤بٗبد

اُقبطخ ثؾبُخ أُ٘زغ٤ٖ، ٝرؾل٣ل اُ٘وبؽ 

الإ٣غبث٤خ ُزو٣ٞزٜب ٝرؼ٤ٜٔ٘ب ك٢ اُجوآظ 

اُلاؽوخ لإًٔبٍ اُجوٗبٓظ، ٝاُ٘وبؽ اَُِج٤خ 

  .ُزغ٘جٜب

رزٌوه ٛنٙ اُلٝهح ػ٘ل ٜٗب٣خ ًَ ثوٗبٓظ 

ئظ ك٢ رؼ٢ٔ٤ِ أٝ رله٣ج٢ ٝرقيٕ اُ٘زب

 . هٞاػل ث٤بٗبد ٣زْ الاٍزللاٍ ثٜب َٓزوجلا

يُهجيح انتطثيك تاستخذاو انتمُياخ 

 .انذذيثح انًتادح
رَزقلّ اُزو٤٘بد أُزبؽخ ُز٘ل٤ن ا٤ُ٥بد  

 :أُوزوؽخ، ٝرشَٔ اُزب٢ُ

رَزقلّ اُزو٤٘بد أُزبؽخ ُز٘ل٤ن ا٤ُ٥بد أُوزوؽخ، 

 :ٝرشَٔ اُزب٢ُ
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اكفبٍ ًبكخ اُج٤بٗبد أُزؼِوخ  -1

ز٤بعبد ٍٞم اُؼَٔ ػٖٔ هبػلح ثبؽ

( هواءح كوؾ)ث٤بٗبد رٌٕٞ ٓلزٞؽخ 

ُِٔئٍَبد اُزؼ٤ٔ٤ِخ ٝاُزله٣ج٤خ أُقزِلخ 

 .اُز٢ رلفَ ك٢ الارلبم ٓغ ٍٞم اُؼَٔ

اكفبٍ ًبكخ اُج٤بٗبد ػٖ ًَ ٓئٍَبد  -2

اُزؼ٤ِْ ٝاُزله٣ج٢ أُقزِلخ، ٝثؾ٤ش ٣زْ 

رؾل٣ل هلهاد أُئٍَبد ك٢ ر٘ل٤ن 

ِلخ، ٝٗٞػ٤خ اُجوآظ اُزله٣ج٤خ أُقز

ٝرٌٕٞ هبػلح .. اُزغ٤ٜياد أُزٞكوح اُـ

اُج٤بٗبد ٓلزٞؽخ ٖٓ ؽ٤ش الاؽلاع ٌُبكخ 

 .الأؽواف ك٢ ٍٞم اُؼَٔ

٣زْ اُزٞاطَ ث٤ٖ اُطوك٤ٖ ٖٓ فلاٍ  -3

 : ٍٝبئَ الارظبلاد أُزبؽخ ٜٝٓ٘ب

  ٖٓ شجٌخ أُؼِٞٓبد اُٞؽ٤٘خ أُئٓ٘خ

ٝر٣ٌٖٞ شجٌخ  [5]ًبكخ الأفطبه

 .اكزواػ٤خ

 ِٓٞالاٗزو٤ٗذ"بد اُل٤ُٝخ شجٌخ أُؼ "

ٝر٣ٌٖٞ ٓٞهغ فبص ثبُجوٗبٓظ ٓغ 

ػٔبٕ اُؾٔب٣خ اُؼوٝه٣خ رغ٘جب 

 .ُلافزواهبد

  اُزٞاطَ ػجو اُوٍبئَ اُوظ٤وح

ثبٍزقلاّ اُٜبرق اُ٘وبٍ ٝػول ٓئرٔواد 

 .ػٖ ثؼل

 اُزٞاطَ ػجو عٜبى اُ٘بٍٞؿ . 

رقزبه عٜخ ٍٞم اُؼَٔ أُئٍَخ     -4

اُزؼ٤ٔ٤ِخ ٝاُزله٣ج٤خ اُز٢ روؿت ك٢ 

اُزؼبَٓ ٓؼٜب ٝاثواّ ػول ٣ٝزْ الارظبٍ 

 .ث٤ٜ٘ٔب ثبُقظٞص

٣زْ اُز٘ل٤ن ٝكن ا٤ُ٥خ أُوزوؽخ ًٔب  -5

عبء ك٢ آ٤ُبد اُز٘ل٤ن َٝٓئ٤ُٝبد ًَ 

ؽوف أ١ إٔ رٌٕٞ أُؼِٞٓبد ٝاُج٤بٗبد 

ػٖ أُزلهث٤ٖ ٝػٖ أٓبًٖ اُؼَٔ ثَٞم 

اُؼَٔ ػٖٔ أُؼِٞٓبد أُزجبكُخ ث٤ٖ 

ُي اُطوك٤ٖ ٣ٝزْ رؾ٣َٞ اُ٘زبئظ ًٝن

ٓلاؽظبد  اُؼَٔ اٌُزو٤ٗٝب ٝرٌٕٞ 

 .ٝطلاد اُوثؾ كبػِخ ث٤ٜ٘ٔب

يمتزح تخىارسييح تذذد آنيح انتعاوٌ 

تيٍ يؤسساخ انتعهيى انتمُي وسىق 

 :انعًم
رج٤ٖ آ٤ُخ ( 1)اُقٞاهى٤ٓخ أُج٤٘خ ك٢ اُشٌَ ههْ

اُزؼبٕٝ ث٤ٖ ٍٞم اُؼَٔ ٝٓئٍَبد اُزؼ٤ِْ 

ث٤ٖ  اُزو٢٘، ٝاُٜلف كائٔب ػٔبٕ اُؼلاهخ اُٞص٤وخ

 .اُطوك٤ٖ ٝثٔب ٣ؾون أُظِؾخ اُؼ٤ِب ُِجِل
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 لا لا

 سىق انعًم

 انثذء

 اكفبٍ ٓزطِجبد اَُٞم

ػ٤ِٔبد ٝاعواءاد، ٝثؾش 

 ػٖ أُئٍَخ اُزؼ٤ٔ٤ِخ

هبػلح 

ث٤بٗبد 
ٍٞم 

 اُؼَٔ

اٗزٜبء 

 الإعواءاد

 َعى

 يؤسساخ تعهيًيح وتذريثيح

 انثذء

 ثوآظ رؼ٤ِْ ٝرله٣ت

هبػلح  ػ٤ِٔبد ٝاعواءاد

د ث٤بٗب
ٓئٍَخ 

 رؼ٤ٔ٤ِخ

اٗزٜبء 

 الإعواءاد

 َعى

الارلبم ػ٠ِ 

 وانًتاتعح اُز٘ل٤ن

ر٘ل٤ن اُجوآظ ٝكن آ٤ُبد 

 اُز٘ل٤ن

 اٜٗبء
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 ، يمارَح نًؤشزاخ انُجاح في انتطثيك(2)جذول رلى

 اُطو٣وخ اُول٣ٔخ  أُئشو

 

 اُطو٣وخ اُغل٣لح

 (اُشواًخ)

 ٓلاؽظبد

ٝعٞك اُؼلاهخ 

 أُجبشوح

اُؼلاهخ ث٤ٖ ٍٞم اُؼَٔ  ٗؼْ لا

ٝٓئٍَبد اُزؼ٤ِْ اُزو٢٘ ٖٓ 

 اطَفلاٍ هٞاػل اُج٤بٗبد ٝاُزٞ

ٛ٘ب اُٜله ك٢ اُٞهذ، اُغٜل،  ٗؼْ لا رو٤َِ اُٜله

ٝأُبٍ أص٘بء اُؼ٤ِٔخ اُزؼ٤ٔ٤ِخ 

 ٝاُزله٣ج٤خ

ٓؼوكخ عٞكح 

ثوآظ اُزؼ٤ِْ أٝ 

 اُزله٣ت آ٤ٗب

٣ٌٖٔ ه٤بً عٞكح اُؼ٤ِٔخ  ٗؼْ لا

اُزؼ٤ٔ٤ِخ ٓجبشوح ٖٓ فلاٍ رو٤٤ْ 

 َٓزٟٞ الأكاء ُِقو٣غ٤ٖ

اٗغبى اُؼ٤ِٔخ 

 اُزله٣ج٤خ

اَُوػخ ثَجت رٞكو اُوك ٖٓ  الأٍوع ك٢ الاٗغبى لٍٝاٗغبى ؽَت اُغ

 عٜخ اُؼَٔ اٌُزو٤ٗٝب 

ػٔبٕ اُؾظٍٞ 

 ػ٠ِ ٝظ٤لخ

أُئبد ٖٓ اُقو٣غ٤ٖ ٣جوٕٞ  ٗؼْ لا

ثلٕٝ كوص ػَٔ ك٢ اُ٘ظبّ 

 اُول٣ْ

رطبثن اُجوآظ 

اُزؼ٤ٔ٤ِخ 

ٝاُزله٣ج٤خ ٓغ 

ؽبعخ اَُٞم 

 اُلؼ٤ِخ

ثَجت ٝٝعٞك أُؼِٞٓبد  ٗؼْ لا

ُخ ث٤ٖ اُطوك٤ٖ ٝاُج٤بٗبد أُزجبك

 ثظلخ َٓزٔوح 

اُزٞاطَ ٓغ 

 اُقو٣غ٤ٖ

أُٞهغ الاٌُزو٢ٗٝ ٝكوطخ  ٗؼْ لا

 اٍزقلآٚ ٖٓ اُقو٣غ٤ٖ

 

 

 :انُتائج وانتىصياخ
ثَجت ٓل عَٞه اُزٞاطَ ث٤ٖ ٍٞم  

اُؼَٔ ٝٓئٍَبد اُزؼ٤ِْ اُزو٢٘، كبٕ الاٍزقلاّ 

أُٜٔ٘ظ ُِزو٤٘بد اُؾل٣ضخ ٤ٍزورت ػ٘ٚ ٗوِخ 

اُغٜز٤ٖ ػٖ اُلٞػ٠ ك٢  ٓٞػٞػ٤خ ٍزجؼل ًلا

 :ؽبُخ ؿ٤بثٚ، ُٝؼَ أْٛ اُ٘زبئظ أُزٞفبح اُزب٢ُ

ى٣بكح ٝر٤ٍٞغ ٝرؼ٤ٔن كائوح اهرجبؽ  -1

ٓئٍَبد اُزؼ٤ِْ ٝاُزله٣ت اُزو٢٘ 

 .ثظٞهح كؼبُخ ٓغ ٍٞم اُؼَٔ
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اُزؾو٤ن اُلؼ٢ِ ُٔجلأ اُشواًخ ث٤ٖ  -2

ٍٞم اُؼَٔ ٝٓئٍَبد اُزؼ٤ِْ )اُغٜز٤ٖ 

ٔظِؾخ ٝثٔب ٣ؾون اُ(  ٝاُزله٣ت اُزو٢٘

 .اُؼ٤ِب ُِجِل

رو٤َِ اُٜله ك٢ أُبٍ ٝاُغٜل ٝاُٞهذ  -3

ٝاُن١ ٣ٌٖٔ اٍزضٔبهٙ ك٢ اُزٌٖٔ ٖٓ 

رؼ٤ِْ أػلاك ًج٤وح لا ٣ٌٜٔ٘ب إٔ ر٘بٍ 

رؼ٤ِْ أٝ رله٣ت ػب٢ُ اُزقظظ٤خ ٝكن 

 .الأٍب٤ُت اُول٣ٔخ

رلؼ٤َ اٍزقلاّ اُزو٤٘بد اُؾل٣ضخ ثشٌَ  -4

ا٣غبث٢ ٝرَق٤وٛب ُزؾو٤ن ٓوكٝك ٓبك١ 

 .ٝٓؼ١ٞ٘ ْٜٓ

آٌب٤ٗخ رط٣ٞو اُؼ٤ِٔخ اُزؼ٤ٔ٤ِخ ٓزبؽخ  -5

ٝمُي ُٞعٞك اُزٞاطَ ث٤ٖ ٍٞم اُؼَٔ 

ٝأُئٍَبد اُزؼ٤ٔ٤ِخ ٝاُزله٣ج٤خ 

ٝاُقو٣غ٤ٖ ٝكوطزْٜ ُزول٣ْ 

 .ٓلاؽظبرْٜ ثبُقظٞص

٣ٌٖٔ رؾو٤ن ٓؼب٤٣و اُغٞكح ك٢  -6

الأٍِٞة اُغل٣ل ٖٓ فلاٍ أُؼب٣٘خ 

أَُزٔوح ٝرظؾ٤ؼ أَُبه ؽَت 

 .اُؾل٣ضخالاػزٔبك ػ٠ِ اُزو٤٘بد 

ٓؼب٤٣و اُز٘بكٌ ٤َٓوح ث٤ٖ ًبكخ اُلوهبء  -7

َُُٜٞخ اُ٘لبك ُِٔٞاهغ الاٌُزو٤ٗٝخ 

أُزبؽخ ٝٛنا ٤ٍؼَٔ ػ٠ِ رؾ٤َٖ 

 .اُغٞكح

ُٖ ٣ٌٕٞ ٛ٘بى ثطبُخ ُِقو٣غ٤ٖ؛ ثَ  -8

ٍزيكاك كوص ؽظُْٜٞ ػ٠ِ ٓيا٣ب 

 .ٝظ٤ل٤خ أكؼَ

 :انخلاصح
ٓٔب ٝهك ثٜنٙ اُٞههخ ٗوٟ إٔ كوص ٗغبػ 

٠ اٍزقلاّ اُزو٤٘خ اُؾل٣ضخ اُشواًخ ثبلاػزٔبك ػِ

أُزبؽخ ٍٞف ٣ؾون ٣ٝؼَٔ ػ٠ِ ا٣غبك اُشواًخ 

اُؾو٤و٤خ ٝٛنٙ ُٖ روػ٢ ٍٞم اُؼَٔ كؾَت ثَ 

رلزؼ آكبم ٝكوص عل٣لح أٓبّ فو٣غ٢ 

 .  أُئٍَبد اُزو٤٘خ ٝاُزله٣ج٤خ
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اُجلاك اُؼوث٤خ؟، أُغِخ اُؼوث٤خ ُِزؼ٤ِْ اُزو٢٘، 

 –، ؽواثٌِ  83-73، ص 1، اُؼلك  20أُغِل

 . ٤ُ2008ّج٤ب، 

ك .ك ػجل اُوبكه اُظبكم ػ٢ٌ  ٝ      أ.أ [3]

٢ٍٞٓ ٓؾٔل ٢ٍٞٓ، ٜٓ٘غ٤خ ؽٍٞ اػلاك 

ٝرظ٤ْٔ ثوٗبٓظ رله٣ج٢ ُزلهط اُقجوح 

ُِٜٔ٘ل٤ٍٖ ثبُوطبػبد اُقل٤ٓخ ٝالإٗزبع٤خ، 
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 تعرض الإنسان لممجالات الكهرومغناطيسية المنبعثة من

 خطوط النقل ذات الجهد العالي
HUMAN EXPOSURE TO ELECTROMAGNETIC FIELDS 

RADIATED FROM 

HIGH VOLTAGE TRANSMISSION LINES 

 صلاح الدين عبد الستار محمد / الأستاذ الدكتور 
 امعة الطائف ـ المممكة العربية السعوديةجـ قسم الهندسة الكهربائية ـ كمية الهندسة 

 sabdelsattar@yahoo.com 
 

 : ص ـــممخ
إن استخدام المعدات والأجيزة الكيربائية بالمنازل والمعامل والمختبرات والمكاتب وكافة أماكن      

تمك العمل ـ  التى تشع مجالات كيرومغناطيسية ـ يؤدي الي ارتفاع درجة التموث الكيرومغناطيسي ب
قصيرة مما الالأماكن مما يجعل مستخدمييا أكثر تعرضا لتمك المجالات وبقيم عالية ولفترات ليست ب

بطريقة غير سميمة بالمنشآت  نفذةكما أن التوصيلات الكيربائية الم. يؤثر سمبا عمي صحتيم
الي ارتفاع المختمفة يصاحبيا أيضا زيادة في قيمة المجالات الكيرومغناطيسية المنبعثة مما يؤدي 

 لممدن ومن ناحية أخري فإن النمو المتزايد. درحة التموث الكيرومغناطيسي واتساع مناطق التموث
والمجتمعات أدى إلى ظيور مجتمعات جديدة والزحف تجاه خطوط نقل وتوزيع الطاقة الكيربائية 

يرومغناطيسية قريبة جدا من تمك الخطوط الكيربائية التى تشع مجالات ك أماكن الإعاشةفأصبحت 
 . تترك أثرا صحيا سيئا لمتعرضييا التي قد
يتم إلقاء الضؤ عمي مشكمة التعرض لممجالات الكيرومغناطيسية بالوسط  ورقةال هفى ىذ     

المحيط متضمنا عرض تأثير التعرض لتمك المجالات بالمناطق المموثة كيرومغناطيسيا عمي صحة 
كما يتم دراسة . حيط بنا ـ مموثات البيئة كيرومغناطيسيامصادر ـ بالوسط الموكذلك أىم  الإنسان

 ومناقشة النتائج التي تم الحصول عمييا بإجراء بعض القياسات لقيم المجالات المغناطيسية المنبعثة
كما يتم . لتقنين وتحديد درجة التموث بالوسط المحيط بنا من مصادر التموث الكيرومغناطيسي
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المسموح بيا  لممجال المغناطيسى موثة كيرومغناطيسيا بالقيم المرجعيةمقارنة النتائج بالمناطق الم
 . حتى يمكن تقييميا ومعرفة ما إذا كانت قيما آمنة للإقامة والعمل الدائمين أم غير آمنة

كما يتم وضع بعض الاقتراحات      
والتوصيات التى تتعمق بالتصدى ليذه الظاىرة 

 الناتج منوالتى تخص التموث الكيرومغناطيسي 
 .مكيرباءل نااستخدام

 
 : مقدمة 

فــي  وفعــالا اكبيــر  امطاقــة الكيربائيــة دور لإن      
عمــى نطــاق واســع فــي  ذلــك لاســتخدامياالتنميــة و 

ـــــل  ـــــد والنق ـــــنظم التولي ـــــة ويســـــتعان ب ـــــاة اليومي الحي
والتوزيـــع لوصـــول الطاقـــة الكيربائيـــة لممســـتيمك   
وعـــادة تكـــون محطـــات التوليـــد بعيـــدة عـــن مكـــان 

لاســـتيلاك فيـــتم نقـــل الطاقـــة الكيربائيـــة بخطـــوط ا
يكـون مسـار خطـوط . نقل ىوائية ذات جيـد عـال

نقل الطاقـة الكيربائيـة المعمقـة عـادة خـارج المـدن 
الســكنية فنجــد أنــو يمــر خــارج المــدن خطــوط نقــل 
الطاقـــــة الكيربائيـــــة المعمقـــــة ذات جيـــــود مختمفـــــة 

نتيجــة لمزيــادة المســتمرة فــي عــدد الســكان و . القــيم
بعض المــدن والتوســع العمرانــي المطمــوب زادت بــ

المناطق السكنية وبدأ الزحف العمراني نحو حـرم 
تمك الخطـوط حتـى أصـبحت خطـوط نقـل الطاقـة 

كمــا . الكيربائيـة بالفعـل داخــل التجمعـات السـكنية
ـــذي نعاصـــره حاليـــا أدي  أن التقـــدم التكنولـــوجي ال

عمــي الأجيــزة الكيربائيــة ممــا  الاعتمــادزيــادة  إلـي
زيــــــــادة تعــــــــرض الســــــــكان لممجــــــــالات  إلــــــــيدي أ

 .الكيرومغناطيسية المنبعثة من ىذه الأجيزة
 

 
 

ــــــع  ــــــل وتوزي ــــــة وخطــــــوط نق إن الأجيــــــزة الكيربائي
ة كيربائيـــــــ لاتالطاقـــــــة الكيربائيـــــــة تضـــــــ  مجـــــــا

فــي الوســط المحــيط ليــذه المصــادر  ةومغناطيســي
وبالتــــالي فــــإن المســـــتخدمين لئجيــــزة الكيربائيـــــة 

والنــــاس بالمبـــاني والفلاحــــين والأطفـــال بالحـــدائق 
ــــالحقول القر  ــــيب مــــن ىــــذه الخطــــوط يتعرضــــون  ةب

لممجـــالين الكيربـــائي والمغناطيســـي النـــاتجين مـــن 
نــو لمــن المعمــوم لا يمكــن .  17ـــ11ىــذه المصــادر وا 

اســـتخدام جيـــاز كيربـــائي أو توليـــد ونقـــل وتوزيـــع 
ذات الطاقة الكيربائية بدون توليد ىذه المجـالات 

ـــــــــردد  ـــــــــز و  50/60ت ـــــــــذي يصـــــــــنف تبعـــــــــا ىرت ال
) لممجـــالات الكيرومغناطيســـية منخفضـــة التــــردد 

ELF   )Extremely Low Frequency  
التــــــــــي ثبــــــــــت أن ليــــــــــا تــــــــــأثيرا ضــــــــــارا بصــــــــــحة 

 .ي يتعرض لياذال 24-12,18,20الإنسان
ومــــن حســــن الحــــظ أن الأشــــجار والأجســــام      

المؤرضــة والمبــاني تعمــل عمــى حجــب المجــالات 
 الانبعــــــــاثصــــــــادر الكيربائيــــــــة الناجمــــــــة مــــــــن م

الكيرومغناطيســــــي بينمــــــا لا تحجــــــب المجــــــالات 
إن حجــب المجــالات المغناطيســية . المغناطيســية
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عض المتطمبــات بلــيس أمــراً ســيلًا ولكنــو يحتــاج لــ
وممـــــــا يزيــــــد مـــــــن خطــــــورة التعـــــــرض . الخاصــــــة

لممجـــــالات المغناطيســـــية أن النـــــاس لا يشـــــعرون 
بوجود المجال المغناطيسي مـا عـدا العـالي نسـبيا 

ومـــن المعـــروف أن تعـــرض جســـم الإنســـان . ومنـــ
ـــــة  ـــــارات دوامي ـــــو تي ـــــتج عن لمجـــــال مغناطيســـــي ين
بالجســم تمــر فــي حمقــات أو دوائــر عموديــة عمــى 
المجـــال المغناطيســـي النـــاتج عـــن خطـــوط القـــوى 
الكيربائيـــة ويكـــون ليـــذه التيـــارات الأثـــر الصـــحي 

 . 24ـ20السيئ عمى الجسم إذا تعرض ليا
ومخـاطر ناتجـة  ةسمبي اتبإيجاز ىناك تأثير      

عــــــــن التعـــــــــرض لممجـــــــــالات الكيرومغناطيســـــــــية 
الكيرومغناطيسـي  الانبعـاثالمنبعثة من مصـادر 

ـــاني  خاصـــة ذات الجيـــد العـــالي القريبـــة مـــن المب
والساحات الشعبية والحدائق والمنتزىـات والحقـول 
وقــــرب تمــــك المصــــادر مــــن التجمعــــات العمرانيــــة 
ــــــــــــائي  ــــــــــــيم المجــــــــــــال الكيرب ــــــــــــدة جعــــــــــــل ق الجدي

ـــع وقـــد تتعـــدى القـــيم المســـموح وا لمغناطيســـي ترتف
بيا ممـا يكـون ليـا الأثـر الضـار بصـحة الإنسـان 

ــــادة  24-11,20والحيــــوان والنباتــــات خاصــــة عنــــد زي
 .الأحمال
يتم إلقاء الضؤ عمي مشـكمة  بحثال اىذ في     

التعـــــرض لممجـــــالات الكيرومغناطيســـــي بالوســـــط 
ـــأثير التعـــرض لممجـــالات  ـــا متضـــمنا ت المحـــيط بن

ــــالقرب مــــن مصــــادر ال كيرومغناطيســــية بالبقــــاء ب
كمـــا يـــتم دراســـة . مموثـــات البيئـــة كيرومغناطيســـيا

ومناقشــة النتــائج التــي تــم الحصــول عمييــا بــإجراء 
ـــــيم المجـــــالات المغناطيســـــية  بعـــــض القياســـــات لق
المنبعثـــــــــــــة مـــــــــــــن بعـــــــــــــض مصـــــــــــــادر التمـــــــــــــوث 
ــــا خاصــــة  الكيرومغناطيســــية بالوســــط المحــــيط بن

نقــل وتوزيــع الطاقــة الأمــاكن القريبــة مــن خطــوط 
ـــــم . الكيربائيـــــة ـــــي ت ـــــائج الت ـــــتم مقارنـــــة النت كمـــــا ي
بالمنــاطق المموثــة كيرومغناطيســيا  إلييــاالتوصــل 

المســــموح  لممجــــال المغناطيســــي بــــالقيم المرجعيــــة
بيا حتى يمكن تقييميا ومعرفة مـا إذا كانـت قيمـا 

 . آمنة للإقامة والعمل الدائمين أم غير آمنة
ــــــــــتم وضــــــــــع بعــــــــــض       الاقتراحــــــــــات كمــــــــــا ي

ليــذه الظــاىرة  بالتصــديتتعمــق  التــيوالتوصــيات 
تخــــــص التعــــــرض لممجــــــال المغناطيســــــي  والتــــــي
بعــــــــــــث مــــــــــــن مصــــــــــــادر مموثــــــــــــات البيئـــــــــــــة المن

ــــاء  ــــي اســــتخدام الكيرب كيرومغناطيســــيا متمــــثلا ف
 .بجميع جوانبو

 
 
 
 
 

 : خمفية الدراسة 
إن مصادر مموثات البيئة كيرومغناطيسيا    
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يعتمد أساسا عمى تيار  الذيو  المغناطيسى
تحميل الخط ومن المعروف أن ىذه المصادر 
ذات تيارات كبيرة وعميو فإنيا تشع مجالات 
كيرومغناطيسية وتكون قيم ىذه المجالات 

ن المصدر وتتناقص مع زيادة مرتفعة بالقرب م
كما أن الزيادة في . البعد عن ىذه المصادر

كمية الطاقة الكيربائية والتوصيل العشوائي 
لمتوصيلات الكيربائية بالمنشآت السكنية 
والتجارية والتعميمية واستخدام الأجيزة والمعدات 
الكيربائية بصورة مفرطة كل ذلك يؤدي الي 

لممجالات ارتفاع درجة خطورة التعرض 
المغناطيسية واتساع رقعتو مما يجعمنا نحذو 
حذو الكثير من الباحثين ونمقي الضؤ عمي ىذا 

 .الموضوع بالوسط المحيط بنا
يحــــس النــــاس عــــادة بالمجــــالات الكيربائيــــة      

العاليــــة بينمــــا معظــــم النــــاس لا يشــــعرون بوجــــود 
. نســبيا منــو العــاليمــا عــدا  المغناطيســيالمجــال 

 الأجسـامأن  ــ ـ كمـا ذكـر سـابقا ومن حسـن الحـظ
عمــل عمــى حجــب المجــالات الكيربائيــة بينمــا لا ت

ثر تــأوبالتــالي لا ت تحجــب المجــالات المغناطيســية
ونظـرا . بجسـم القـارئ قراءات الأجيزة المستخدمة

حجـــــــب المجـــــــالات المغناطيســـــــية تـــــــم  لصـــــــعوبة
التركيــــــــز فــــــــي ىــــــــذا البحــــــــث عمــــــــي المجــــــــالات 

الات الكيربائيـــة إن التعـــرض لممجـــ. المغناطيســـية
 التـــــيالأجســـــام  فـــــيتســـــبب حثـــــا كيروســـــتاتيكيا 

  18  4  3تتعــرض ليــا وينــتج مــن ىــذا الحــث تيــاراً 

يكـــون ف مغناطيســـيممجـــال لتعـــرض الأمـــا  31  24
حمقـات  فـيصورة تيارات دوامية بالجسم تمـر  في

ـــــى المجـــــال  ـــــة عم ـــــر عمودي  المغناطيســـــيأو دوائ
رات كمــا يكـــون ليـــذه التيـــا. النــاتج عـــن المصـــادر

عمــى جســم الإنســان أيضــا إذا  الفســيولوجيالأثــر 
 .  18 ,12تعرض ليا

لابد من التأكد من قيم ومن ناحية أخري      
. المجالات المغناطيسية  داخل تمك المبانى

الدراسات  وذلك تفاديا لما توصمت اليو بعض
أن ىناك تأثيرا عمى الإنسان عند تعرضو ب

إلى لممجالات الكيرومغناطيسية قد تصل 
فقد لاحظ . إصابتو بالأمراض السرطانية

أن بعض الأطفال توفوا متأثرين  27بعضيم
بالأمراض السرطانية عند تعرضيم لممجالات 
الكيرومغناطيسية وقد وصمت نسبتيم إلى 
إصابة طفمين من كل ثلاثة أطفال وذلك 
بالمناطق القريبة من خطوط القوى الكيربائية 

 . رمت 40والتى تبعد عنيا حوالى 
ممــــــا ســــــبق يتضــــــ  أنــــــو لابــــــد مــــــن قيــــــاس      

ــــــا  المجــــــالات المغناطيســــــية بالوســــــط المحــــــيط بن
ــالقيم المســموح  المبــانيداخــل  خاصــة ومقارنتيــا ب

 . 35-32بيا
 

الات ــــــــة لممجــــــــــــجعير م المــــــــــالقي
  :الكهرومغناطيسية
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بالجـــاوس وىـــو  المغناطيســـييقـــاس المجـــال      
 0.0125تســــــلا وأيضــــــا يســــــاوى  4-10يســــــاوى 
وقــــد لــــوحظ أن جــــاوس واحــــد قــــد . متــــر / أمبيــــر

 2ســم/نــانو أمبيــر 100 حـوالييسـبب تيــاراً كثافتــو 
ــو  فــي كمــا لــوحظ أن مجــالا . الجســم المعــرض ل

متـــر يســـبب تيـــاراً /كيمـــو فولـــت 1كيربائيـــا كثافتـــو 
 . 31  9   2سم/ نانو أمبير 30  حواليكثافتو 
ميتمين بيـذا الموضـوع لقد أشار كثير من ال     

إلــــي أنــــو مــــن الصــــعب أن يقــــال أن ىنــــاك قيمــــة 
معينــــة لممجــــال المغناطيســــي تؤخــــذ كقيمــــة آمنــــة 
لتعــرض الإنســان لقــيم أقــل منيــا وذلــك لاخــتلاف 
القــيم المرجعيــة مــن بمــد لبمــد آخــر بــل مــن مدينــة 

لقد لوحظ أنو لا يوجد بالولايـات المتحـدة . لأخرى
لمسـتوى المجـالات  الأمريكية قيماً مرجعية موحدة

فمعظـم الولايـات لـم  35-32 ,26 ,18 ,9المغناطيسـية
تضـــــــع قيمـــــــاً محـــــــددة مســـــــموح بيـــــــا لممجـــــــالات 

ــــــــد حــــــــدد المــــــــؤتمر   الأمريكــــــــيالمغناطيســــــــية وق
جــاوس كقيمــة لممجــال  10لمصــناعات الحكوميــة 

وفــى . المســموح تعــرض العمالــة لــو المغناطيســي
 200ولايــــة نيويــــورك الأمريكيــــة وضــــعت القيمــــة 

عنـــــد حافـــــة حـــــق  المغناطيســـــيوس لممجـــــال جـــــا
مســــار خطــــوط الطاقــــة الكيربائيــــة بينمــــا ولايــــات 

ــــل  ــــاأخــــرى مث أن حــــد الأمــــان  اعتبــــرت كاليفورني
ممــــي جــــاوس وفــــي مــــدينتي  1.2بالمــــدارس ىــــو 
ممـــى  4كاليفورنيـــا حـــددت  وارفـــينبريتـــوود تنســـي 

قيمــة آمــان مســموح بيــا لممجــال  كأقصــىجــاوس 

لمــــدن حــــددت بعــــض تنظيمــــات ا.  المغناطيســــي
المسـموح بـالتعرض لـو  المغناطيسـيقيمة المجـال 

 1ممــى جــاوس والــبعض الخــر نــزل إلــي  2ىــو 
أما في سويسـرا فـأقرت . 35-32 ,18 ,10ممي جاوس

ممـــي جـــاوس ىـــي القيمـــة المرجعيــــة  2.5القيمـــة 
 33لمتعــــــــــــــرض لممجــــــــــــــالات الكيرومغناطيســـــــــــــــية

EMF/ELF. 
 ةبقاســـالدراســـات ال  كمـــا ىـــو واضـــ  مـــن     
ظ أن ىنـــاك تفـــاوت كبيـــر مـــن مكـــان لخـــر نلاحـــ

بالنســـــبة لتحديـــــد القـــــيم المســـــموح بيـــــا لممجـــــالات 
ممـــا زاد مـــن أىميـــة  35-32 ,18 ,11المغناطيســـية

الموضـــــوع خاصـــــة وأنـــــو يمـــــس صـــــحة الإنســـــان 
الأمـر الـذي يـدعم اعتمـاد أقـل ىـذه القـيم  .مباشرة

ممــــي جــــاوس كحــــد للإقامــــة  2المرجعيــــة ولــــتكن 
 .والعمل الدائمين

 
 :اءات القياسإجر 
  لاختبــار درجــة التمــوث الكيرومغناطيســي بــأي

مكــان مثــل المنــازل وأمــاكن التعمــيم   والشــوارع 
والأمـــــــاكن العامـــــــة   والأمـــــــاكن القريبـــــــة مـــــــن 

الــــــ  ... مصــــــادر التمــــــوث الكيرومغناطيســــــي
يجــــب قيــــاس قــــيم المجــــال المغناطيســــي بتمــــك 

 .الأماكن لمقارنتيا بالقيم المرجعية المنة
  قيـــــاس المجـــــالات المغناطيســـــية أســـــتخدم فـــــي

    المعــــروف باســــم   35جيــــاز القيــــاس
Magnetic Field Meter EMF/ELF 
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Meter, TM-191  ومــدي القيــاس لــو ىــو
0.1 mG  2000إلــي mG . كمــا اســتخدم
 SPECTRAN NF 5010أيضـا جيـاز 

spectrum analyzers لــــنفس الغــــرض 
 .والذي يقوم بتسجيل النتائج

 ال المغناطيســـــــيتــــــم إجـــــــراء القياســـــــات لممجـــــــ 
سم مـن سـط   60بأجيزة القياس عمي ارتفاع 

 .المعني الأرضية بالمكان
  جســـــم الشـــــخص القـــــائم بـــــإجراءات القيـــــاس لا

يــؤثر عمــي القــيم المقاســة وذلــك نظــرا لضــعف 
 .مقدرتو عمي حجب المجالات المغناطيسية

 تــــــم إجـــــــراء القياســـــــات لممجـــــــال المغناطيســـــــي 
اقعـــة بـــين بالمســـاحة الواقعـــة خـــارج المبنـــي والو 

 .الخط والمبني
 جـــــــراء القياســـــــات لممجـــــــال المغناطيســـــــي تــــــم إ

بــــــــالقرب مــــــــن مصــــــــادر انبعــــــــاث المجــــــــالات 
بــــداخل المبنــــي وخــــلال الجــــزء المغناطيســــية و 

 .المبني المختمفة طوابقالمواجو لمخط وخلال 
 تمت القياسات عند تيار حمل معين. 
 قيمة المجال المغناطيسي  بالممي جاوس.  
 غناطيسـي ـ عمـي سـبيل المثـال قيمة المجال الم

ـــــدار حـــــوالي  ـــــد بمق ـــــ  ســـــوف تزي أي % ) 65ـ
التــي تــم مـن القــيم  1.65تصـب  قيمــة المجــال 

عنــدما يصــب  ( أمبيــر 130عنــد حمــل  قياســيا
 .أمبير وقت الذروة 215تيار الحمل 

 : النتائج والمناقشات 

 :المجال المغناطيسي داخل شقة سكنية
يســي النــاتج مــن لتقيــيم قيمــة المجــال المغناط     

مصــادر التمــوث المغناطيســـي الخــارجي ولمعرفـــة 
والمحيطـــة بنـــا  العاديـــة قـــيم المجـــال المغناطيســـي

يتوجــب عمينــا أولا قيـــاس المجــالات المغناطيســـية 
داخـــل شــــقة ســـكنية بعيــــدة عـــن مصــــادر التمــــوث 

 تتكــــــون مــــــن والشــــــقة محــــــل القيــــــاس . الخارجيــــــة
ــــــة مطــــــب  لمغــــــرفتين  ــــــة معيشــــــة وغرف ــــــوم وغرف ن
ــــيين بالإضــــافة وحمــــام مــــدخل الشــــقة وطرقــــة  إل
 .الفموريسـنتالغـرف ومضـاءة بممبـات  إلـيمؤدية 

ممجــــــال ل المقاســــــة قـــــيماليبــــــين  1دول رقــــــم جـــــالو 
بواســـطة  المغناطيســـي داخـــل تمـــك الشـــقة الســـكنية

جياز القياس الذي يوضع مباشـرة بمكـان القيـاس 
 .المعني

قــــيم المجــــال المغناطيســــي المعتــــادة (: 1)جــــدول 
ســــــكنية بعيــــــدة عــــــن داخــــــل شــــــقة 

 .مصادر التموث الخارجية
 المجال المغناطيسي المكان

 (ممي جاوس)
 0.2ـ  0.3 مدخل الشقة

 0.3 الطرقة المؤدية لمغرف
 0.2ـ  5.1 المطبخ

الطرقة المؤدية لممطبخ 
 والحمام الصغير

0.3 

 0.3ـ  3.3 الحمام الصغير
 0.3 الحمام الكبير

 0.3 1حجرة النوم 
 0.3 2حجرة النوم 
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 0.2ـ  29.0 حجرة المعيشة
 
قيمـــــــة المجـــــــال  أن  مـــــــن ىـــــــذا الجـــــــدول ضـــــــيت

المغناطيسي المعتـادة داخـل الشـقة السـكنية بـدون 
ممـــي  0.2تـــأثير مصـــادر التمـــوث الخارجيـــة ىـــي 

جــــاوس مــــا عــــدا الأمــــاكن القريبــــة مــــن مصــــادر 
قـــــد فالتمـــــوث الداخميـــــة مثـــــل الثلاجـــــة والتمفزيـــــون 

 .ممي جاوس 29تصل إلي 
ومــــــن ناحيــــــة أخــــــري فقــــــد لــــــوحظ أن قيمــــــة      

ــــي  ــــة عم المجــــال المغناطيســــي بالأمــــاكن المحتوي
ادر التمــوث الخــارجي تعتمــد عمــي البعــد عــن مصــ

فقيمــة المجــال المغناطيســي تزيــد . تمــك المصــادر
كممــا قمــت المســافة بــين التمفزيــون ومكــان القيــاس 
مــن جميــع جوانبــو كمــا ىــو موضــ  بالجــدول رقــم 

ل المغناطيســي تختمـف مــن كمـا أن قــيم المجـا. 2
جانــــب إلــــي آخــــر حــــول التمفزيــــون وذلــــك بســــبب 

 .مكونات التمفزيون الداخمية
توزيـــــــــــع المجـــــــــــال المغناطيســـــــــــي  (: 2)دول جـــــــــــ

 .بالمنطقة المحيطة بالتمفزيون
المسافة 

 (سم)
أمام 
 التمفاز

عمي جانب 
 التمفاز الأيسر

يمين )
 (المشاىد

عمي جانب 
 التمفاز الأيمن

يسار )
 (المشاىد

0 27 206 249 
10 14 83 69 
20 9 55 29 
30 6 28 14 
40 3.2 14 9 

50 1.9 9 5 
50 1.2 5 3 
70 0.9 4 2 
80 0.7 2 1.5 

 :المجال المغناطيسي من حولنا
ــــــــم        ــــــــين  3الجــــــــدول رق ــــــــع المجــــــــال يب توزي

أمــــام مصــــدر آخــــر مــــن مصــــادر المغناطيســــي  
لوحــة توزيــع التمــوث بالمنطقــة المحيطــة بنــا وىــي 

ذات عــــرض  لوحــــة توزيــــعوىــــي كيربــــاء المنــــزل 
ـــوي عمـــي شـــقة و  16عـــدد تغذيـــة ل ســـم 200 تحت

عـــدادات القيـــاس ومـــدخل الكيربـــاء العـــام وأجيـــزة 
ويتضــــ  مــــن ىــــذا الجــــدول أن  .الحمايــــة لمشــــقق

قيمــة المجــال المغناطيســي تبمــي أقصــي قيمــة ليــا 
ـــد موضـــع المغـــذي الرئيســـي ليـــذه الموحـــة   0)عن

 .سافة عن ىذا الوضعوتقل كمما زادت الم( سم
ض عىــــــذا وقــــــد اتضــــــ  مــــــن القياســــــات بــــــب     

 المغناطيســــيالأمــــاكن العامــــة أن قيمــــة المجــــال 
ممــــي جــــاوس  0.5   0.2 تتــــراوح بــــين  العاديــــة

عـــدا الأمـــاكن التـــي تحتـــوي عمـــي مصـــادر تمـــوث 
ممــي  22فقــد ترتفــع القيمــة إلــي  كيرومغناطيســي
 .4 رقم كما ىو موض  بالجدول رجاوس أو أكث

توزيــــع المجــــال المغناطيســــي  أمــــام (: 3)ل جــــدو 
 .لوحة توزيع كيرباء منزل

المسافة بعدا عن المدخل 
 (سم)الرئيسي 

 قيمة المجال المغناطيسي
 (ممي جاوس)

 5 (يمين) 50 -
 30 (المغذي الرئيسي) 0

 18 (يسار) 50+ 
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 +100 15 
 +150 10 
 +200 7 

 
المجال المغناطيسي أسفل بعض خطوط الجهد 

 :عاليال
يعــــرض القــــيم القصــــوى لممجــــال  5الجــــدول رقــــم 

المغناطيســــي أســــفل بعــــض خطــــوط نقــــل وتوزيــــع 
وقـد لــوحظ . الطاقـة الكيربائيـة ذات الجيـد العـالي

مــن تمــك  أن قيمــة المجــال المغناطيســي المنبعــث
. الخطــوط تتناســب مــع تيــار الحمــل ولــيس الجيــد

كمــا أن قيمــة تمــك المجــال تكــون أكبــر مــا يمكــن 
 .وتقل كمما بعدنا عن محوره أسفل الخط

المجال المغناطيسي ببعض الأماكن القريبة من 
 : بعض خطوط الجهد العالي

لقــــــد لــــــوحظ أن قــــــيم المجــــــال المغناطيســــــي      
بالمنـاطق القريبـة مـن خطـوط نقـل وتوزيـع الطاقـة 
الكيربائيـة ليسـت بـالقيم المعتـادة طبقـا لبعـدنا عـن 

مبني قريـب ولتقييم ذلك تم اختيار . تمك الخطوط
مـــــن أحـــــد ىـــــذه الخطـــــوط وتـــــم إجـــــراء القياســـــات 

ـ  6خارجــو وداخمــو كمــا ىــو موضــ  بالجــداول 
14. 

قيم المجال المغناطيسي  ببعض (: 4)جدول 
 .الأماكن العامة

 المجال المغناطيسي المكان
 (ممي جاوس)

 3,1ـ  0,2 بعض المدارس

 9,2ـ  0,3 بعض المتاجر
 6,4ـ  0,47 بعض الشوارع

 22,4ـ  0,2 اكن الجامعةبعض أم
 18,2ـ  0,2 بعض السيارات

أقصي قيمة لممجال المغناطيسي  (: 5)جدول 
 .أسفل بعض خطوط الجيد العالي

 المجال المغناطيسي الخط
 (ممي جاوس)

 106 كيمو فولت 500خط 
 6,3 كيمو فولت 220خط 
 6,3 كيمو فولت 132خط 
 14 كيمو فولت 33خط 
 3,6 كيمو فولت 11خط 

 
مــن تســع طوابــق  محــل القياســات المبنــيويتكــون 

وىـو قريـب مـن ( عمويـة طوابـقثمانيـة + أرضي )
كيمــو فولــت  132خــط جيــد عــالي ثلاثــي الطــور 

عنــد )أمبيــر  215 إلــي 60ذو حمــل متغيــر مــن 
شــــمال الخــــط وتبعــــد ويقــــع ىــــذا المبنــــي  (.الـــذروة

سط و )محور الخط واجيتو القريبة من الخط عن 
 20ـ   12تغيــرة تتـــراوح بـــين مســـافة م (الأوجــو

 .متر
وقد تم إجراء القياسات لممجالات المغناطيسية  

داخل جدار المبني المواجو لمخط مباشرة وعندما 
أمبير كما ىو موض    130كان تيار الحمل 

أقل  أنويتض  من ىذه النتائج . 6بالجدول 
ىي  المغناطيسيالمجال أقصى قيمة لشدة و 
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ممى  6.5 و( رضيبالدور الأ)ممي جاوس  2.5
وىى قيمة غير  (بالطابق السابع العموي) جاوس
ونظرا لأن المسافة  .للإقامة الدائمة نسبيا آمنة

بين موصلات الخط ونقطة القياس بالطوابق تقل 
 حتىمع زيادة ارتفاع الطابق عن سط  الأرض 

الطابق السابع ثم تبدأ في الزيادة بعد ذلك فإن 
 حتىع الطابق مع ارتفاقيمة المجال تزيد 

الطابق السابع ثم تبدأ في التناقص كما ىو 
والجدير بالذكر أن ىذه  .6موض  بالجدول 

القيم قابمة لمزيادة مع زيادة تيار حمل الخط 
 .خاصة وقت الذروة

يعــــرض نتــــائج القياســــات ولكــــن  7الجــــدول      
عند محور آخر داخل المبني وبالأدوار المختمفـة 

ار المواجـــــو لمخـــــط م عـــــن الجـــــد 5والـــــذي يبعـــــد 
. أمبيـــر  130مباشـــرة وعنـــدما كـــان تيـــار الحمـــل 

وقــيم المجــال المغناطيســي عنــد ىــذا المحــور أقــل 
عنـــد نفـــس  6مـــن نظيرتيـــا المعروضـــة بالجـــدول 

 .الحمل
 

ولتقيــيم حــد أمــان الإقامــة بشــقق ىــذا المبنــي      
والمواجيــة لمخــط تــم تقــدير القــيم المتوســطة ليــذا 

ـــــإجراء الق ـــــك ب ياســـــات بأحـــــدي ىـــــذه المجـــــال وذل
الشـــــــقق بـــــــالمبني والمواجيـــــــة لمخـــــــط وبـــــــالأدوار 

أمبيـــر   130المختمفـــة عنـــدما كـــان تيـــار الحمـــل 
 .8كما ىو موض  بالجدول 

وبمقارنـــة تمـــك القـــيم بـــالقيم المســـموح بيـــا للإقامـــة 
الدائمـــــة يتضـــــ  أنيـــــا قيمـــــا غيـــــر أمنـــــة للإقامـــــة 
الدائمـــــة خاصـــــة بحجـــــرة النـــــوم وبالبمكونـــــة بتمـــــك 

عمـي  10   9ىو موضـ  بالجـدولين الشقق كما 
والجدير بالذكر أن درجة الأمان تقل مع . التوالي

 .زيادة تيار حمل الخط خاصة وقت الذروة
 
 
 

أقصـــــــي قيمـــــــة متوســـــــطة لممجـــــــال (: 6)جـــــــدول 
المغناطيسي داخل المبنـي وبـالأدوار 
المختمفـــــــة داخـــــــل الجـــــــدار المواجـــــــو 
لمخــــــط مباشــــــرة وعنــــــدما كــــــان تيــــــار 

 .أمبير  130الحمل 
 المجال المغناطيسي الطابق

 (ممي جاوس)
 6.5 الثامن
 6.8 السابع
 6.7 السادس
 6.6 الخامس
 5.5 الرابع
 4.8 الثالث
 4.1 الثاني
 3.6 الأول
 2.5 الأرضي
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أقصـــــــي قيمـــــــة متوســـــــطة لممجـــــــال (: 7)جـــــــدول 
المغناطيســــــــــــــــي داخــــــــــــــــل المبنــــــــــــــــي 

المختمفة عنـد محـور يبعـد  وبالطوابق
لمخـــــــط  م مـــــــن الجـــــــدار المواجـــــــو 5

مباشـــــرة وعنـــــدما كـــــان تيـــــار الحمـــــل 
 أمبير  130

 
 المجال المغناطيسي الطابق

 (ممي جاوس)
 3.6 الثامن
 4.03 السابع
 3.9 السادس
 3.7 الخامس
 3.6 الرابع
 3.4 الثالث
 3.1 الثاني
 2.5 الأول
 ـ الأرضي

 
ـــــــع المجـــــــال  12  11الجـــــــدولان  يعرضـــــــان توزي

والتـــي تقـــع  المغناطيســـي داخـــل أحـــد ىـــذه الشـــقق
بالطـــابق الرابـــع العمـــوي والمواجيـــة لمخـــط وخـــلال 
محـــورين أحـــدىما بجانـــب الجـــدار المواجـــو لمخـــط 

م  5والخــــر يبعــــد مســــافة ( 11جــــدول )مباشــــرة 
شـــمال المحـــور الأول ومتجيـــان مـــن الشـــرق إلـــي 

ويتضـــ  . أمبيـــر  130الغـــرب وعنـــد تيـــار حمـــل 
 .من ىذه القيم أنيا غير آمنة للإقامة الدائمة

 
القيم المتوسطة لممجال المغناطيسـي (: 8)دول ج

داخـــــــل الشـــــــقة بـــــــالمبني والمواجيـــــــة 
ــــا ــــة وعنــــدما  لطوابقلمخــــط وب المختمف

 .أمبير  130كان تيار الحمل 

 المجال المغناطيسي الطابق
 (ممي جاوس)

 3.83 الثامن
 4.7 السابع
 4.7 السادس
 4.5 الخامس
 3.2 الرابع
 3.1 الثالث
 2.8 الثاني
 2.5 الأول
 ـ الأرضي

 
ولتقييم قيم المجال المغناطيسي خارج المبني     

تـم إجـراء القياســات خـارج المبنــي خـلال محــورين 
يقعان بالمساحة بين المبني وبين الخط  أحـدىما 

والمحـور ( 13جـدول )من الجية الغربيـة لممبنـي 
بدايـة ( 14جدول )الخر بالجية الشرقية لممبني 
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جيــا إلــي المبنــي وعنــد مت( م 0)مــن أســفل الخــط 
 .أمبير  130تيار حمل 

ويتضـــ  مـــن النتـــائج المعروضـــة بالجـــدولين      
أن قيم المجال المغناطيسي أسـفل خـط  14  13

نقــل الطاقــة الكيربائيــة يزيــد مــع زيــادة البعــد عــن 
محــور الخــط إلــي أن يصــل إلــي أقصــي قيمــة لــو 

ىـــذا . ثـــم يبـــدأ فـــي النقصـــان متجيـــا إلـــي المبنـــي
أن قيم المجـال المغناطيسـي خـارج  ويتض  أيضا

المبنــي وخــلال المســاحة بــين الخــط والمبنــي ىــي 
 .قيما غير آمنة لممكث بيا فترة طويمة

المجـــال المغناطيســـي  وســـط حجـــرة (: 9)جـــدول 
 وبــــالطوابقالنـــوم القريبـــة مـــن الخـــط 

ـــة وعنـــدما كـــان تيـــار الحمـــل  المختمف
 .أمبير  130

 المجال المغناطيسي الطابق
 (ممي جاوس)

 4.2 الثامن
 4.3 السابع
 4.35 السادس
 4.4 الخامس
 3.3 الرابع
 3.5 الثالث
 3.2 الثاني
 2.6 الأول
 ـ الأرضي

 :الخلاصة

ـــــــة والتطـــــــور       ممـــــــا ســـــــبق يتضـــــــ  أن التنمي
العمرانــــي أدى إلــــى الزحــــف تجــــاه خطــــوط نقـــــل 
وتوزيع الطاقة الكيربائية التي كانت خارج نطاق 

مـــــــــن أو تختـــــــــرق  الكـــــــــردون فأصـــــــــبحت قريبـــــــــة
التجمعــات العمرانيــة بمـــا فييــا مـــن مبــاني لمعمـــل 

الأمر الـذي . والسكن وكذلك الحدائق والمنتزىات
أدى إلــــــــى التعـــــــــرض لممجــــــــالات المغناطيســـــــــية 
الناجمة عن تمك الخطوط والتي قد يصل تأثيرىا 

 .عمي صحة الإنسان إلى درجة خطيرة
 ةالمجـــــال المغناطيســـــي  بالبمكونـــــ(: 10)جـــــدول 

جيـــــــــــــة لمخـــــــــــــط وبـــــــــــــالأدوار الموا
المختمفة وعندما كـان تيـار الحمـل 

 .أمبير  130
 

 المجال المغناطيسي الطابق
 (ممي جاوس)

 5.1 الثامن
 5.5 السابع
 5.3 السادس
 5.2 الخامس
 5.0 الرابع
 4.5 الثالث
 ـ الثاني
 ـ الأول
 ـ الأرضي

647

647



 
 

 

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE  32-32/01/3101     

توزيــع المجــال المغناطيســي داخــل (: 11)جــدول 
ابـــــــــع العمـــــــــوي الر  طـــــــــابقشــــــــقة بال

بـــالمبني والمواجيـــة لمخـــط وخـــلال 
محــــــور داخــــــل الجــــــدار المواجـــــــو 
لمخـــط مباشـــرة متجيـــا مـــن الشـــرق 

ـــــي ـــــار  إل ـــــدما كـــــان تي الغـــــرب وعن
 .أمبير  130الحمل 

 الموضع
 إليمن الشرق 

 الغرب 

 المجال المغناطيسي
 (ممي جاوس)

1 5.25 
2 5.06 
3 5.38 
4 5.75 
5 5.56 
6 5.8 

سات المجالات المغناطيسية وطبقا لقيا      
أسفل وبالقرب من بالوسط المحيط بنا خاصة 

بعض خطوط نقل وتوزيع الطاقة الكيربائية 
مختمفة الجيد الكيربائي وكذلك داخل المباني 
القريبة من تمك الخطوط يمكن أن نخمص لما 

 : يمي
توجد مناطق كثيرة من حولنا خاصة حول  -1

درجة الأجيزة والمعدات الكيربائية ذات 
 .عالية من التموث الكيرومغناطيسي

قيم شدة المجال المغناطيسي أسفل خطوط  -2
نقل وتوزيع الطاقة الكيربائية تعتبر قيما 
آمنة في حالة التعرض ليا لجزء من الوقت 
وليس كل الوقت ولا تعتبر قيما آمنة 

 .للإقامة الدائمة بيا
 

توزيــع المجــال المغناطيســي داخــل (: 12)جــدول 
ـــدو  ـــوي بـــالمبني شـــقة بال ر الرابـــع العم

والمواجية لمخـط وخـلال محـور يبعـد 
م عـــــن الجـــــدار المواجــــــو  5مســـــافة 

لمخــــــط مباشــــــرة ومــــــن الشــــــرق إلــــــي 
ــــار الحمــــل  ــــدما كــــان تي الغــــرب  وعن

 .أمبير  130
 
 
 
 

 الموضع
 من الشرق إلي

 الغرب 

المجال 
 المغناطيسي

 (ممي جاوس)
1 2.85 
2 3.075 
3 2.98 
4 3.25 
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جال المغناطيسي داخل المباني قيم شدة الم -3
كيمو فولت  لا  132القريبة من خط قوى 

تعتبر قيما آمنة للإقامة الدائمة والمستمرة 
 . بيذه المباني 

تعتمد قيم شدة المجال المغناطيسي عمى   -4
  .قيمة تيار الحمل ليذا الخط

 : التوصيات
 : التوصيات التالية اقتراحمما سبق يمكن      

جمعات عمرانية جديدة تعند التخطيط ل -1
يجب دراسة المنطقة المحيطة بيا والقريبة 
منيا بما فى ذلك خطوط نقل الطاقة 

وذلك قبل البدء فى  ومعداتيا الكيربائية
 . التنفيذ 

دراسة المدن الجديدة والمجتمعات العمرانية  -2
أنشأت أخيرا والقريبة من  التيالجديدة 
القوى الكيربائية وتقييميا  ومعدات خطوط

 الدائمة ومعرفة ما إذا كانت آمنة للإقامة
 . بيا أم لا

والدراسات الصحية  الصحيتنفيذ المس    -3
ىذه  قاطنيوالفحوصات الدورية عمى 

المجتمعات العمرانية الجديدة والقريبة من 
 .ومعداتيا خطوط نقل الطاقة الكيربائية

عدم إقامة أية منشآت خاصة بالأطفال  -4
لمستشفيات مثل الحدائق والمتنزىات وا
 ومعدات والمدارس بالقرب من خطوط

 .  الكيربائية الطاقة

نقل خطوط القوى الكيربائية  فيالبدء   -5
بعيدا عن وخارج نطاق المجتمعات 

 . العمرانية المقامة فعلا 
خطوط الطاقة الكيربائية  حرمتحديد   -6

سوف تنشا  التيالموجودة فعلا أو الخطوط 
  .المستقبل  في

جيات المختمفة المخول ليا التنسيق بين ال  -7
بالترخيص لمبناء بحيث لا يصرح لمبنى 
وبعد الانتياء من تشييده يكتشف أنو غير 

 . آمن لقربو من خطوط الطاقة الكيربائية 
إلى قائمة  ومغناطيسيتموث الكير الإضافة   -8

 . مموثات الجو الخطرة 
التأكيد عمى تخصيص جزء من إيرادات  -9

وث القطاع الخاص لمعالجة التم
 .الكيرومغناطيسي

وضع قواعد تنظيمية موحدة لعممية  -11
تنظيم البناء بالقرب من خطوط القوى 

 .ومعداتيا الكيربائية
توزيــع المجــال المغناطيســي خــارج (: 13)جــدول 

ـــــين  ـــــع بالمســـــاحة ب ـــــي خـــــلال محـــــور يق المبن
المبني وبين الخط  من الجية الغربية لممبني 
 بدايــــة مــــن أســــفل الخــــط متجيــــا إلــــي المبنــــي

 .أمبير  130وعند تيار حمل 
 قيمة المجال المغناطيسي (م ) المسافة 

 بالممي جاوس
0 0 
2 0.6 
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4 1.2 
6 10 
8 13.4 
10 26.4 
12 2.8 
14 2.6 
16 2.6 
18 2.8 
20 2.8 
22 2.6 

 
 

 :شكر وتقدير
يود الباحث يود يشكر جامعة الطائف      

لي بالمممكة العربية السعودية لدعميا الما
موضوع  1ـ  428ـ  43لممشروع البحثي رقم 

 ..ىذه الورقة
توزيــع المجــال المغناطيســي خــارج (: 14)جــدول 

ـــــــــــع  ـــــــــــي خـــــــــــلال محـــــــــــور يق المبن
بالمساحة بين المبنـي والخـط  مـن 
الجيـــة الشـــرقية لممبنـــي بدايـــة مـــن 
أســــفل الخــــط متجيــــا إلــــي المبنــــي  

 .أمبير  130وعند تيار حمل 
 المسافة

 (م )  
قيمة المجال 
 المغناطيسي
 بالممي جاوس

0 0.5 
2 1.6 

4 2.2 
6 2.4 
8 3.0 
10 3.3 
12 3.0 
14 2.7 
16 2.6 
18 2.3 
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 ن الكريمعربية المكتوبة باستعمال نص القرآلمغة الالإنتروبيا تقدير 
 ، خديجة أمبيص، الحسيف سعدأعبكدة عبدالله

abdulla.abouda@gmail.com 

مصراتةجامعة  -قسـ اليندسة الكيربائية كالإلكتركنية  
 ليبيا -مصراتة -3742صندكؽ بريد 

 الممخص
تقدير ىذه الكميات ميـ جدان ك تحتكم مصادر البيانات المتقطعة عمى كميات معينة مف المعمكمات 

، النص المكتكب بأم لغة عند الإرساؿمف التطفؿ  حمايتيا لعمميات إرساؿ البيانات كضغطيا ك
مفيكمة يمكف اعتباره مصدر بيانات متقطعة، نصكص المغة العربية المكتكبة تمثؿ مصدر بشرية 

تقدير الإنتركبيا لمغة ب نقكـفي ىذا العمؿ . بيانات متقطعة يمكف تقدير كمية المعمكمات التي تحتكييا
كبالرسـ  بركاية حفص عف عاصـ ف الكريـآالعربية المكتكبة باستعماؿ إحصائيات مف نص القر 

باستخداـ برنامج حاسكب قمنا الكريـ ف حصائية مف نص القرآالبيانات الإستخرج أكلان ن ،الإملائي
النتائج  ،رابعةالإنتركبيا مف الرتبة الصفرية إلى الرتبة اللتقدير ىذه الإحصائيات ستخدـ نثـ بإعداده 

الحركؼ )رمز  74لمغة العربية الأساسية رمكز الباعتبار أف  ،تيالآتحصؿ عمييا تشير إلى الم
كالرتبة الأكلى  ،بت لكؿ حرؼ 417505 كانت الرتبة الصفرية( بأشكاليا كحركات التشكيؿ كالفراغ

بت لكؿ  317754 كالرتبة الثالثة ،بت لكؿ حرؼ 210402 كالرتبة الثانية، بت لكؿ حرؼ 717342
قدرة تشير إلى أف النص العربي يحتكم عمى لقيـ الما بت لكؿ حرؼ، 015732كالرتبة الرابعة  ،حرؼ

 .رتبة الثالثة مع الأكلىمعند مقارنة الإنتركبيا ل% 41فائض يصؿ إلى حكالي 
 .الإنتركبيا، المغة العربية، تشفير المصدر: الكممات الدليمية

 
 مقدمةال 1

عتبر فرع نظرية المعمكمات مف أىـ فركع عمـ يي 
 رؽ قياس كمية تـ بطي يالاتصالات كالذم ي

 
 

المعمكمات في المصادر المختمفة كطرؽ تشفير 
 ىذه المصادر سكاءن لزيادة كفاءة ضغطيا أك 
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رؽ إرساليا كاستقباليا أك لحمايتيا مف طي تحسيف 
أكؿ مف تكمـ عف نظرية . التجسس محاكلات

في كرقتو  0572شانكف عاـ  المعمكمات ىك
النظرية الرياضية "البحثية  المشيكرة 

في ىذه الكرقة كضع شانكف . [1] "للاتصالات
 بكضع مقياس دقيؽأساسات نظرية المعمكمات 

لكمية المعمكمات التي يحتكييا أم مصدر 
 (. Entropy) الإنتركبياكعيرفت ىذه الكمية ب

باستعماؿ تعريفو لكمية المعمكمات قاـ شانكف 
بتقدير كمية المعمكمات المكجكدة في المغة 

بت لكؿ  0كقدرىا بحكالي  الانجميزية المكتكبة
غة الانجميزية مأم أنو لتمثيؿ نص بال ،حرؼ

نتيجة مقاربة  .[2] نحتاج بت كاحد لكؿ حرؼ
التي استعمميا شانكف  عينةالباستعماؿ نفس 

نج حيث كجدا أف يمف ككفر كك قدميا كلان 
 0134لمغة الانجميزية المكتكبة حكالي  الإنتركبيا

لغات أخرل تـ تقدير  .[3]بت لكؿ حرؼ 
ليا مثؿ المغة البرتغالية كالتي كجدت  الإنتركبيا
المغة  .[4]لكؿ حرؼ  اتبت 7حكالي بأنيا 

كمية المعمكمات  العربية المكتكبة أيضان تـ تقدير
بت  7130حكالي  بأنيا التي تحتكييا ككجدت

باستعماؿ  ، ىذا التقدير تـ[5]لكؿ حرؼ 
نصكص مف جرائد عربية ككاف حجـ العينة 

حرؼ كتـ اعتبار  27111حكالي المدركسة 
بما  حرؼ 23حركؼ المغة العربية الأساسية 

 . فييا الفراغ

 الإنتركبياتقدير نعرض نتائج لفي ىذا العمؿ 
إحصائيات مف لمغة العربية المكتكبة باستعماؿ 
ف الكريـ ككذلؾ عينة خاصة كىي نص القرآ

عدد أكبر مف أشكاؿ حركؼ  في الاعتبار نأخذ
 حركاتإلى  بالإضافةالمغة العربية المكتكبة 

 نص التشكيؿ التي تمعب دكران ميمان في حالة
المتبقي مف ىذه الكرقة مقسـ . ف الكريـالقرآ
العيار المتبع في مف الكرقة  3تي، المقطع كالآ

كعلاقتيا  المعتمدة في الدراسةاختيار الرمكز 
النتائج الإحصائية المتحصؿ بالرسـ القرآني، 
نتائج ، ال2معركضة في المقطع عمييا بالإضافة 

لمغة العربية  تقدير الإنتركبياالمتحصؿ عمييا ل
خلاصة ىذا ، 7معركضة كمناقشة في المقطع 

  .4المقطع لعمؿ يعرضيا ا

 والرسم القرآني المعتمدة  الرمىز 2

عامؿ أجيزة الاتصاؿ أك التخزيف الرقمية تي 
البيانات المدخمة إلييا مف أحرؼ كأرقاـ كأشكاؿ 
مختمفة عمى أساس أنيا رمكز تـ تمثيميا 

تعارؼ عمييا باستخداـ أحد أنظمة التشفير الم
 American)سكي عالميان مثؿ شفرة الأ

Standard Code for Information 

Interchange ASCII .) في ىذه الدراسة تـ
ي يمكف تمثيميا باستخداـ اعتماد كؿ الرمكز الت

الحركؼ حيث كجد أف كؿ  ،سكيشفرة الأ
العربية مف الألؼ إلى الياء بالإضافة إلى 
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الطرؽ المختمفة لرسـ اليمزة كحركات التشكيؿ 
سككف كالتنكيف مف الفتحة كالكسرة كالضمة كال

 0الجدكؿ  .بأنكاعو ليا شفرات أسكي خاصة بيا
يبيف قائمة بالرمكز المعتمدة في الدراسة 
بالإضافة إلى شفرة الأسكي لكؿ رمز مف ىذه 

عبر عنو بالنظاـ العشرم، بيذا الرمكز مي 
الاختيار تصبح الرمكز الأساسية لمغة العربية 

 2حرؼ ىجاء ك  22 إلى ةمقسم رمز  74
تجدر الإشارة ىنا إلى  .تشكيؿ كالفراغحركات 

ستعمؿ في رسـ أف ىناؾ عدد مف الرمكز التي تي 
القرآف الكريـ كلكف ليس ليا شفرات أسكي 
خاصة بيا مثؿ الألؼ المحذكؼ كعميو فقد 

يؿ نتائج الرسـ اعتمدت ىذه الدراسة عمى تحم
ف الكريـ بدلان مف طرؽ الرسـ الإملائي لمقرآ

    .  كـ القرآف الكريـالمتعارؼ عمييا في عم

 الإحصائيات المتحصل عليها 3

لمحصكؿ عمى الإحصائيات المطمكبة لحساب 
برنامج   ةالإنتركبيا لدرجات مختمفة تـ كتاب

حاسكب يقكـ بقراءة نص القرآف الكريـ مف ممؼ 
 كيقكـ باستخلاص عدد مف الإحصائيات،
الإحصائيات المستخرجة تمثؿ عدد تكرار كركد 

مثلان عدد مرات  مختمفة لرمكز،التركيبات ال
في العينة تكرار كؿ رمز معتمد في الدراسة 

كالذم يشار إليو في ىذه الدراسة المدركسة 
بإحصائيات الرتبة الأكلى، عدد مرات تكرار 

التركيبات المخمفة لرمكز مثؿ عدد مرات تكرار 
رمزيف معتمديف في الدراسة كالتي يشار إلييا  

الثانية، كعدد مرات تكرار بإحصائيات الرتبة 
ثلاثة رمكز معتمدة في الدراسة كيشار إلييا 

ة الثالثة، كعدد مرات تكرار بإحصائيات الرتب
أربعة رمكز معتمدة في الدراسة كيشار إلييا 

عدد الإحصائيات . بإحصائيات الدرجة الرابعة
المستخرجة كصعكبة الحصكؿ عمييا يزداد 

لان عدد سي مع زيادة الرتبة، فمثبشكؿ أي 
بينما عدد    74الإحصائيات لرتبة الأكلى 
         الإحصائيات لرتبة الثانية 

 .            كلرتبة الرابعة 
 

يعرض نتائج إحصائيات الرتبة  0الجدكؿ رقـ 
ف الكريـ، الأكلى المتحصؿ عمييا مف نص القرآ

العدد الكمي لرمكز في نص القرآف الكريـ بركاية 
ـ الإملائي كانت حفص عف عاصـ كبالرس

رمز كحجـ ىذه العينة معقكؿ جدان  221712
كالتي  [5]مقارنة مع حجـ العينة في المرجع 

الػ ، حرؼ بما فييا الفراغ 27111كانت 
كممة بمتكسط  44227رمز شكمت  221712

رمز، قد يلاحظ ىنا أف  414424طكؿ كممة 
متكسط طكؿ الكممة كبير نسبيان كىذا يرجع إلى 

لتشكيؿ في الاعتبار حيث أف كؿ أخذ حركات ا
الكممات في نص القرآف الكريـ لا تخمك مف 

يمكف  0مف الجدكؿ رقـ حركات التشكيؿ، 
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ىي ( ؤ)ملاحظة أف احتمالية كركد الحرؼ 
كىي أقؿ احتمالية في الجدكؿ، بينما  111100

أحذت الفتحة أكبر احتمالية كركد حيث كانت 
 فتراكحت، أما بقية الرمكز 110441لاحتمالية ا

 . 110441ك  111100ية كركدىا ما بيف لاحتما
 

إحصائيات الدرجة الثانية تمثؿ عدد مرات تكرار 
رمزيف متتالييف في نص القرآف الكريـ، عمى 

كبعده ( ا)سبيؿ المثاؿ عدد مرات تكرار الحرؼ 
مرة، أما  224بشكؿ متتالي كانت ( س)حرؼ ال

 434فتكرر ( ر)الحرؼ  كبعده( م)الحرؼ 
كبعده حركة ( ئ)مرة، كذلؾ تكرر الحرؼ 

 . مرة 424التشكيؿ الكسرة 
 

تتمثؿ في عدد مرات  لثةإحصائيات الرتبة الثا
تكرار ظيكر ثلاثة رمكز كراء بعضيا، مثؿ عدد 

الحرؼ كبعده ( ا)حرؼ المرات تكرار ظيكر 
مرة،  442 تكانكالتي  (س)الحرؼ  كبعده( ؿ)

( الضمة)كبعده ( ف)الحرؼ بينما تكرر ظيكر 
مرة، ىناؾ بعض  02( س)الحرؼ كبعدىا 

التركيبات التي كاف عدد مرات ظيكرىا صفر 
( ش)الحرؼ كبعده ( خ)حرؼ المثؿ ظيكر 

 (. ث)الحرؼ كبعده 
 

إحصائيات الرتبة الرابعة تمثؿ عدد مرات تكرار 
حرؼ الظيكر أربعة رمكز متتالية مثؿ ظيكر 

بعده ك ( ـ)الحرؼ بعدىا ك ( الضمة)بعده ك ( ىػ)
باستخداـ برنامج . مرة 234فتكرر ( الضمة)

الحاسكب تـ استخراج إحصائيات كؿ التركيبات 
نتائج كؿ اليصعب عرض الممكنة لكف 
كذلؾ كالرابعة  ةكالثالث ةالثاني خصكصان الرتب

 . في ىذه الكرقة كافية لعدـ تكفر مساحة 

 نتائج الإنتروبيا  4

مف الإحصائيات التي تـ الحصكؿ عمييا في 
المقطع السابؽ تـ تقدير الإنتركبيا لمغة العربية 

 الأكلى كالثانية كالثالثة مرتبة الصفرية كالرتبل
رمز أساسي لمغة العربية  74باعتماد . كالرابعة

الصفرية لمغة  يمكف تقدير الإنتركبيا لرتبة
 (0)  يض في المعادلةالعربية مف خلاؿ التعك 

 حيث (مف ىذه الكرقة الثاني عشرفي الصفحة )
كالتي  عدد الرمكز المعتمدة لمغة العربيةتمثؿ   

 ، بالتعكيضرمز 74تـ اعتبارىا في ىذه الكرقة 
مرتبة الصفرية لكانت الإنتركبيا  (0)في المعادلة 

، ىذه القيمة تمثؿ الحد بت لكؿ رمز 417505
التشفير التي يمكف  اتكممالأدنى لمتكسط طكؿ 

متعبير عف مخرجات ىذا المصدر لاستعماليا 
عمى فرض أف خكارزمية الضغط بأقؿ فائض 

رمز مف المستخدمة تعتبر أف احتمالية كركد كؿ 
 .متساكيةرمكز المصدر 
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لحساب الإنتركبيا لدرجة الأكلى لمغة العربية 
باستخداـ الإحصائيات المتحصؿ عمييا تـ 

تمثؿ       حيث  (3)ادلة استعماؿ المع
، بالتعكيض بالقيـ   احتمالية ظيكر الرمز 
كجد أف الإنتركبيا ( 3)المستخرجة في المعادلة 

بت لكؿ حرؼ،  717342الأكلى تساكم مرتبة ل
الأكلى تمثؿ الحد الأدنى مرتبة الإنتركبيا ل

الذم يمكف التشفير  كمماتلمتكسط طكؿ 
إذا استعمالو لتعبير عف مخرجات ىذا المصدر 

بيانات تفترض أف ىذه الكانت خكارزمية ضغط 
در مستقمة عف بعضيا كذات رمكز المص

، تشفير المصدر سكؼ كقكع مختمفة احتمالات
يعمؿ عمى تخصيص أقصر شفرة لتعبير عف 

كركد مف حركة الفتحة لأنيا أكثر احتمالية 
كؼ يعمؿ عمى تخصيص رىا مف الرمكز كسغي

لأف لو أقؿ ( ؤ)أطكؿ كممة تشفير لرمز 
 .احتمالية حدكث

  
كجد أنيا تساكم  ةرتبة الثانيمالإنتركبيا ل

يض ك بت لكؿ حرؼ كتـ حسابيا بالتع 210402
( 2)ادلة عمبالإحصائيات المتحصؿ عمييا في ال

  تمثؿ احتمالية كركد الحرؼ          حيث 

إذا كانت خكارزمية .   متبكعان بالحرؼ    
تشفير المصدر تفترض ترابط كؿ حرفيف 

تشفير  تالييف فإف أقؿ متكسط طكؿ كمماتمت
لتعبير عف مخرجات ىذا يمكف استعمالو 

أما  مرتبة الثانية،لك قيمة الإنتركبيا ىالمصدر 
إذا كانت خكارزمية تشفير المصدر تفترض 

ة فإف أدنى متكسط ترابط كؿ ثلاثة رمكز متتالي
طكؿ كممات التشفير المستخدمة لضغط نص 

مرتبة الثالثة لنتركبيا الإالقرآف الكريـ سيككف ىك 
بت لكؿ  317754تساكم أنيا كجدت  كالتي

بالتعكيض في كالتي تـ الحصكؿ عمييا رؼ ح
 (.7)المعادلة 

 
 تساكم لمرتبة الرابعة كجد أنياالإنتركبيا 
بت لكؿ حرؼ كىي تمثؿ أقؿ مستكل  015732

ضغط بيانات يمكف الكصكؿ إليو إذا تـ افتراض 
 . ترابط كؿ أربعة رمكز متتالية

 

الصفرية مع رتبة ملبمقارنة نتيجة الإنتركبيا 
الأكلى يتضح أف ىناؾ فائض مرتبة الإنتركبيا ل

، أما بمقارنة الإنتركبيا %37يصؿ إلى حكالي 
مرتبة الأكلى فإف لالإنتركبيا  مرتبة الثالثة معل

 %. 41نسبة الفائض تصؿ إلى حكالي 

 الاستنتاجات  5

نصكص المغة العربية المكتكبة تمثؿ مصدر 
بيانات متقطع يمكف تقدير كمية المعمكمات التي 
يحتكييا، في ىذه الكرقة تـ استخداـ نص القرآف 
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الكريـ بركاية حفص عف عاصـ كبالرسـ 
الإنتركبيا لمغة العربية  الإملائي كعينة لتقدير

ككجد أف نصكص المغة العربية المكتكبة تحتكم 
تقدير الإنتركبيا لدرجات . عمى فائض كبير

ميـ جدان المكتكبة مختمفة لنصكص المغة العربية 
لفيـ طبيعة المغة العربية ككذلؾ لعمميات ضغط 

رساؿ النصكص العربية  .كتشفير كا 
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 نص القران الكريمل الرتبة الأول إحصائيات: 1جدول 

 احتمالية الرمز عدد مرات التكرار الرمز بالنظام العشري الرمز
الإنتروبيا لكل 

 رمز

 112447 110073 44222 32 الفراغ

 111052 111133 1515 193 ء

 111304 111134 1686 194 آ

 111227 111027 9121 195 أ

 111000 111100 769 196 ؤ

 111432 111144 5086 197 إ

 111042 111104 1175 198 ئ

 113423 111222 43385 199 ا

 111557 111025 11491 200 ب

 111327 111124 2362 201 ة

 111535 111047 10502 202 ت

 111024 111130 1414 203 ث

 111247 111175 3317 204 ج

 111772 111120 4140 205 ح

 111354 111124 2497 206 خ

 111210 111122 5991 207 د

 111404 111143 4932 208 ذ
 110142 111023 12403 209 ر

 111314 111137 1599 210 ز

 111212 111122 6012 211 س

 111321 111120 2124 212 ش

 111344 111121 2072 213 ص

 111304 111134 1686 214 ض

 111041 111105 1273 216 ط

 111030 111102 853 217 ظ

 111247 111022 9405 218 ع
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 111027 111102 1221 219 غ

 111212 111035 8747 221 ؼ

 111223 111012 7034 222 ؽ

 111532 111047 10497 223 ؾ

 113223 111420 38190 225 ؿ

 110224 111252 26735 227 ـ

 110221 111710 27270 228 ف

 110317 111302 14850 229 ق

 110473 111224 24813 230 ك

 111212 111122 2593 236 ل

 110455 111232 21975 237 م

 111712 111147 3683 240 نً 

 111352 111124 2491 241 هً 

 111214 111122 2604 242 وً 

 117711 110441 119054 243 ىً 

 113350 111472 37155 245 يً 

 ًً 246 45657 111240 113204 

 ًٌ 248 22495 111220 110232 

 ًٍ 250 38851 111440 113242 

 717342 1.00 221712 --- المجمكع
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 تقنياث التعذد لتحسين نظن الاتصالاث اللاسلكيت الوستقبليت                         

 سعيذ الختالي           عبذ الله اعبودة         بشيز هحوذ بن رابحت              

basher1963@hotmail.com            abdulla.abouda@gmail.com               elkhetali @ yahoo.com 

 الولخص         

أٚ اسخخذاَ ػذة ِشسلاث ِٚسخمبلاث  التعذد٘زٖ اٌٛسلت حٛض١ظ ٌّفَٙٛ ٚفىشة حم١ٕت  مذَح     

 Multiple-Input Multiple-Output ًسخمب  ّ  ٚاٌ ًشس  ّ  باسخخذاَ ػذة ٘ٛائ١اث فٟ وً ِٓ اٌ)

MIMO ) ٚفٟ ِضاي الاحظالاث ٚاػخباس٘ا حم١ٕت اٌّسخمب  ( التعذدحم١ٕت )بشىً ِخخظش  أ ً

اٌىب١شة فٟ حغس١ٓ الأداء ٚاٌخغٍب ػٍٝ  وّا أٔٙا حٛضظ فائذة ٚأ١ّ٘ت ٘زٖ اٌخم١ٕت ٚوفأحٙا, اٌلاسٍى١ت 

خبٛ ٚحضاءي الإشاساث إٌاحش ػٓ ِشٚس اٌاٌخغذ٠اث اٌّؼشٚفت فٟ ِضاي الاحظالاث اٌلاسٍى١ت ِزً 

ِٚغذٚد٠ت ٔطاق اٌخشدداث ( multipath fading)حٍه الإشاساث خلاي ػذة ِساساث 

(Bandwidth ) ٚحضا٠ذ الاعخ١اس ٌشفغ ِؼذلاث الإسساي ٌٍب١أاث(demand for higher data 

rates ) التعذد ع١ذ س١خب١ٓ ِٓ خلاي ٘زٖ اٌٛسلت أْ أٔظّت . ٚغ١ش٘اMIMO  ِٓ حسخزّش ٚحسخف١ذ

طب١ؼت أٚساط إٌمً اٌلاسٍى١ت بٛصٛد اٌؼذ٠ذ ِٓ اٌّساساث ٌلإشاسة اٌلاسٍى١ت بسبب الأؼىاساث 

 ٚٚرٛل١ت ٔمً اٌّؼٍِٛاث خلاي حؼض٠ض دلت ٚرٌه ٌض٠ادة ّسخمبًٚاٌ ّشسًٚالأىساساث ٚغ١ش٘ا ب١ٓ اٌ

ٚباٌخاٌٟ ( capacity)اٌب١أاث أٚ اٌسؼت  حذفكٚص٠ادة ِؼذلاث ( Reliability)اٌمٕٛاث اٌلاسٍى١ت 

أٞ أْ حم١ٕت اٌخؼذد حغٛي اٌخأر١ش اٌسٍبٟ ٌخؼذد اٌّساساث . ع١ض اٌخشدداث اٌّخاط  اسخؼّاي سفغ وفاءة

  ّ . وبشٜ  ٗ إٌٝ ٔخائش ا٠ضاب١تض ٌٍمٕاة اٌلاسٍى١ت ٚاٌّسبب ٌٍخبٛ ٚحمٍب١ّ  اٌ
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 الوقذهت

ِؼذي إسساي اٌب١أاث ٌٍشبىاث اٌلاسٍى١ت  إْ     

ب١ّٕا ٌٍشبىاث , را١ٔت / ١ِضا بج  50فٟ عذٚد 

ِٚغ . [1]را١ٔت / ص١ضا بج  1اٌسٍى١ت ٠ض٠ذ ػٓ 

اٌخم١ٕاث اٌّسخخذِت فٟ ِضاي الاحظالاث  أْ

اٌلاسٍى١ت حطٛسث بشىً وب١ش ٚحّج اٌؼذ٠ذ ِٓ 

الأبغاد ٌٍشفغ ِٓ أداء الاحظالاث اٌلاسٍى١ت 

ٚاٌٛطٛي بٙا إٌٝ ِسخٜٛ الاحظالاث اٌسٍى١ت 

ٌٚىٓ ٠ظً اٌفاسق ب١ّٕٙا وب١ش بً ٠ضداد بشىً 

ٚرٌه لاْ الاحظالاث اٌلاسٍى١ت حخُ ػبش , ِسخّش

ِٓ  ا  ذٛ ٚسظ ٔمً ِشخشن ٌؼذد وب١ش صٚ٘ فشاؽاٌ

اٌخطب١ماث ٚاٌزٞ ٠ؤدٞ إٌٝ خبٛ ٚحضاءي 

الإشاساث عسب طب١ؼت ٚسظ إٌمً اٌّىْٛ ِٓ 

 . (multipaths)ّساساث اٌاٌؼذ٠ذ ِٓ 

اٌخٛاص ا١ٌّّضة  ْأاٌضذ٠ش باٌزوش     

ٌلاحظالاث اٌلاسٍى١ت ٚاٌّخّزٍت فٟ إِىا١ٔت 

شوت الاحظاي ب١ٓ اٌّسخخذ١ِٓ ُٚ٘ فٟ عاٌت ع

ٚحٕمً حضؼً ِٕٙا ا١ٌّضة اٌضزابت ٚاٌّطٍٛبت 

 .ٌض١ّغ اٌّسخخذ١ِٓ

ٚوٕخ١ضت طب١ؼ١ت ٌزٌه عذد ّٔٛ ٘ائً      

ا ٌٍخم١ٕاث ٚاٌخذِاث ٚحطٛس ٍِغٛظ  ٚسش٠غ صذ  

 .ٚاٌخطب١ماث اٌلاسٍى١ت اٌّخٕمٍت ٚاٌزابخت

ْ اٌخٛاص ا١ٌّّضة اٌٚىٓ ِٓ صأب أخش ف     

 ٌخغذٞ اٌىب١ش ا ٌلاحظالاث اٌلاسٍى١ت حّزً اأ٠ض  

 

 

اٌزٞ ٠ٛاصٗ اٌّخخظ١ٓ فٟ ٘زا اٌّضاي ِٓ 

باعز١ٓ ِٕٚٙذس١ٓ ِٚظ١ّّٓ ٚاٌّخّزً فٟ 

ِغذٚد٠ت ع١ض اٌخشدداث اٌّخاط ٚاٌخغ١ش اٌّسخّش 

ٌّٛاطفاث اٌمٕاة ِغ اٌضِٓ ٚأ٠ضا اٌغاصت 

اٌٍّغت ٌض٠ادة ِؼذي إسساي اٌب١أاث ٚحغس١ٓ 

الأداء ٚصٛدة الاحظاي ٚاٌّغافظت ػٍٝ اٌمذسة 

  .عضُ أصٙضة الاحظاي اٌّغٌّٛت ٚغ١ش٘اٚطغش 

ٚاٌخٟ حشًّ  MIMO التعذد ٌزا فاْ حم١ٕت     

ٚحشى١ً ( spatial diversity)اٌخٕٛع اٌفشاغٟ 

ٚوزٌه الإسساي ( beam forming)اٌشؼاع 

 spatial multiplexing)اٌفشاغٟ اٌّضاػف 

SM ) حؼخبش اٌغً الأِزً ٌخغس١ٓ أداء

 . الاحظالاث اٌلاسٍى١ت اٌّسخمب١ٍت  ٚص٠ادة سؼاحٙا

ٚ٘ٛ اسخخذاَ ػذة ٘ٛائ١اث  SMفباسخخذاَ      

ً ٚإسساي ب١أاث ّسخمبٚاٌ ّشسًفٟ وً ِٓ اٌ

فٟ ٔفس اٌٛلج  ػٍٝ ٘ٛائ١اث الإسساي ِخخٍفت

أٞ إضافت بؼذ أخش ٚ٘ٛ  ٚػٍٝ ٔفس اٌخشدد

 التزدد والشهنبالإضافت ٌلأبؼاد اٌسابمت  الفزاغ

ٚباٌخاٌٟ ٠ّىٓ ِضاػفت ٚص٠ادة سشػت ٔمً 

  ّ شسٍت أٚ اٌب١أاث عسب ػذد عضَ اٌب١أاث اٌ

  ّ إرا فّزلا   .[4,3,2] سخخذِت٘ٛائ١اث الإسساي اٌ

ٚػذد ( Nt)٘ٛائ١اث إسساي  4حُ اسخخذاَ ػذد 

عضَ  4ٔٗ ٠ّىٓ ٔمً ئف( Nr)٘ٛائ١اث اسخمباي  4
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ػٍٝ اٌخٛاصٞ فٟ ٔفس اٌّخخٍفت ب١أاث ِٓ اٌ

أٞ ص٠ادة سشػت إٌمً  ,اٌٛلج ٚػٍٝ ٔفس اٌخشدد 

ِشاث أوزش ِٓ اٌغاٌت اٌخم١ٍذ٠ت ٟٚ٘  4بّؼذي 

ٔظاَ  )ً ّسخمبً ٚاٌّشساسخخذاَ ٘ٛائٟ ٚاعذ ٌٍ

-SISO Single-Input Single أعادٞ 

Output ),  ع١ذ أْ ػذد ِشاث اٌض٠ادة

( ػذد اٌطبماثش بّؼٕٝ أخأٚ )ِٚضاػفت اٌسؼت 

شسً اٌّسخخذِت   ّ ٠ىْٛ ِسا٠ٚا  ٌؼذد ٘ٛائ١اث اٌ

(Nt)  [6,5]حمش٠با . 

 نوذجت الإشارة وقناة التعذد  .2

( Nt)شع أْ ٌذ٠ٕا ٔظاَ حؼذد ِىْٛ ِٓ ٌٕف     

٘ٛائٟ اسخمباي وّا فٟ  (Nr)٘ٛائٟ إسساي ٚ 

  ػٓ ٘زا إٌظاَ ع١ذ ٠ّىٕٕا اٌخؼب١ش, ( 1)اٌشىً 

 :اٌخا١ٌت اٌّظفٛفاث بّؼادٌت

    y = H S + z                               (1) 

     :ع١ذ
1×Nr

y ٛ٘  ٗػٓ الإشاساث ؼبشِ ِخض  

 ,اٌّسخمبٍت                

         ٚ   
1×Nt

S  ٓاٌّخضٗ اٌّؼبش ػ ٛ٘

 (sµ=0)بّخٛسظ طفش اٌّشسٍت الإشاساث

σs ٚحبا٠ٓ
2 

, 

  

 الإسساي٠ٛضظ حم١ٕت اٌخؼذد باسخخذاَ طش٠مت ( 1)اٌشىً           

 .  SM  اٌفشاغٟ اٌّضاػف                            

 

       ٚ 
1×Nr

z   ٛ٘ اٌّخضٗ اٌّؼبش ػٓ ضٛضاء 

σzٚحبا٠ٓ ( zµ=0)بّخٛسظ طفش  اٌمٕاة         
2 

 

      ٚH
 Nt×N r  

 ٟ٘ اٌّظفٛفت اٌّؼبشة ػٓ لٕاة 

 :اٌخؼذد  ٟٚ٘ واٌخاٌٟ             

               H = 

 

h    h  N 

   
hN    

 hN  N 

        

ِٓ ػٕاطش ِظفٛفت  hi,jٚوً ػٕظش ِشوب 

٠ؼبش ػٓ لٕاة فشػ١ت ٌلإشاسة اٌّشسٍت  Hاٌمٕاة 

  iإٌٝ ٘ٛائٟ الاسخمباي   jِٓ ٘ٛائٟ اٌّشسً 

 :واٌخاٌٟ  hi,jبغ١ذ ٠ىْٛ 

  hi,j = αij e
jΦij              

                       (2)     
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٠ؼبش ػٓ ح١٘ٛٓ ِساس الإشاسة  αijع١ذ 

٠ؼبش ػٓ اٌخأخ١ش اٌضِٕٟ  Φijٚ     اٌّشسٍت 

إٌٝ   jاٌّشسٍت ِٓ ٘ٛائٟ اٌّشسً  ٌلإشاسة 

               . iاٌّسخمبً  ٘ٛائٟ 

[h1,j    h2,j  . . .  hNr,j]: ٠ٚؼبش اٌّخضٗ
T

  ٛ٘ٚ

ػٓ اٌبظّت  Hِٓ أػّذة اٌّظفٛفت   ػّٛد

 ٚ٘ٛائ١اث  j٘ٛائٟ اٌّشسً   اٌفشاغ١ت ب١ٓ

 .ّسخمبًاٌ

وثوقيت لنظام التعذد لشيادة ا .3

لونظوهاث اوتحسين أداء 

 اللاسلكيت

ٌٕظاَ اٌخؼذد اِخ١اص ُِٙ صذا ٌخغس١ٓ أداء      

ػذة ٘ٛائ١اث فٟ  فباسخخذاَ. الأٔظّت اٌلاسٍى١ت 

( حى٠ٛٓ لٕاة حؼذد) ّسخمبًً ٚاٌّشسوً ِٓ اٌ

اٌغ١ض اٌخشددٞ سخىْٛ أفضً  اسخؼّاي فاْ وفاءة

فىشة وّا أْ  .اٌخم١ٍذٞ  لأعادٞبىز١ش ِٓ إٌظاَ ا

 ٚ اسخخذاَ ػذة ٘ٛائ١اث سخض٠ذ ِٓ فشطت

( diversity spatial)اٌفشاغٟ إِىا١ٔت اٌخٕٛع 

 .ٌخم١ًٍ حأر١ش خبٛ اٌمٕاة 

سساي ٚاسخمباي فىً صٚس ِؤٌف ِٓ ٘ٛائٟ إ     

ً إٌٝ ّشسلإشاسة ِٓ اٌ لٕاة فشػ١تس١ؼبش ػٓ 

  (عضَ ب١أاث) ٚإرا حُ إسساي إشاساث. ّسخمبًاٌ

, ػٍٝ ٘ٛائ١اث اٌّشسً  حغًّ ٔفس اٌب١أاث

إٌٝ  خلاي ِساساث ِخخٍفت سخّش ٘زٖ الإشاساث

 اٌّسخمبًفس١ىْٛ ٌذ٠ٕا ػذة ٔسخ ػٕذ ,  اٌّسخمبً

ٌٟ سٕغظً ٚباٌخا, ِطابمت ٌلإشاسة اٌّشسٍت 

 .ٚرٛل١ت ٚ ػٍٝ اسخمباي أوزش دلت 

١ٌىٓ ٚسظ إٌمً اٌلاسٍىٟ , ٌخٛض١ظ رٌه      

 rich)ػذ٠ذ الأخشاساث أٚ اٌّساساث 

scatter)  , ٚبفشع اسخخذاَ ٘ٛائٟ ٚاعذ

. ِٓ اٌٙٛائ١اث ٌٍّسخمبً ( Nr)ٌٍّشسً ٚػذد 

فٟ ٘زٖ اٌغاٌت سخّش الإشاسة اٌّشسٍت ِٓ ٘ٛائٟ 

اٌمٕٛاث اٌفشػ١ت إٌٝ ِٓ  Nr اٌّشسً ػبش 

ٚبٕاءا ػٍٝ الافخشاع بأْ . ٘ٛائ١اث اٌّسخمبً

, ٚسظ إٌمً اٌلاسٍىٟ بطب١ؼخٗ ػذ٠ذ اٌّساساث 

 ىْٛ ِسخم١ًس( fading)فاْ عذٚد اٌخبٛ 

(independent ) ٌٍمٕٛاث اٌفشػ١ت اٌّخخٍفت

اٌخٟ حسٍىٙا الإشاسة ِٓ ٘ٛائٟ اٌّشسً إٌٝ أٞ 

وبش ٚسٕغظً ػٍٝ أ. ِٓ ٘ٛائ١اث اٌّسخمبً

فؼٕذ ل١ّت . Nrوسب حٕٛع فٟ ٘زٖ اٌغاٌت ِمذاسٖ 

SNR  ػا١ٌت ٔسب١ا  س١ٕخش ٔمض وب١ش فٟ ِخٛسظ

. ٌٍب١أاث اٌّسخمبٍت pاعخّا١ٌت عذٚد الأخطاء 

أٞ سخىْٛ إٌخائش اٌخمش٠ب١ت لاعخّا١ٌت عذٚد 

 = p ) الأخطاء فٟ ٘زٖ اٌغاٌت ِسا٠ٚت ٌٍّمذاس 

 

  N  
N   ) باٌّماسٔت  باٌم١ّت ( p = 

 

   
 )

 .[7] عادٌٍٕٞظاَ الأ
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ِٓ خلاي ٘زٖ اٌم١ُ اٌخمش٠ب١ـــت ٠خضــظ       

اسخخذاَ ٔظاَ اٌخؼذد فٟ حم١ًٍ ِؼذي  فائـــــذة

 .عذٚد الأخطاء ٚص٠ادة ٚرٛل١ت إٌظاَ اٌلاسٍىٟ

ِٓ اٌٙٛائ١اث فٟ ( Nt)ٚإرا حُ اسخخذاَ ػذد      

 اٌّسخمبًِٓ اٌٙٛائ١اث فٟ  (Nr)ٚػذد اٌّشسً 

,  ِخؼذد اٌّساساثٚبفشع أْ اٌٛسظ  اٌلاسٍىٟ 

ٔٗ ٠ّىٕٕا اٌغظٛي ػٍٝ ألظٝ وسب حٕٛع ٳف

(diversity gain ) ِٖمذاس(Nt Nr ) اٌؼذد ٛ٘ٚ

اٌّشسً اٌّّىٕت ب١ٓ  مٕٛاث اٌفشػ١تاٌىٍٟ ٌٍ

عذٚد  اعخّايِخٛسظ ىْٛ ١ٚس,  ٚاٌّسخمبً

٘زٖ اٌغاٌت  فٌٍٟب١أاث اٌّسخمبٍت   p  الأخطاء

 = p) ِسا٠ٚا ٌٍّمذاسحمش٠با 
 

  N  
N N )  .[7]  

إْ اسخخذاَ حم١ٕت اٌخؼذد سخؼطٟ وسب حٕٛع      

 SNRفشاغٟ ٠ؤدٞ إٌٝ حغس١ٓ ٚص٠ادة ل١ّت 

ٚرٌه بخطب١ك ٚاسخخذاَ حم١ٕاث اٌذِش ٌلإشاساث 

 (.combining techniques)اٌّسخمبٍت 

سيادة السعت أو هعذل إرسال  .4

 تعذدالالبياناث في نظام 

باسخخذاَ  SNRٔظشا ٌخغس١ٓ ٚص٠ادة ل١ّت      

ِٚٓ خلاي ِؼادٌت اٌسؼت ٌشأْٛ , حم١ٕت اٌخؼذد 

ٟ٘ٚ: 

C = log2 (1+ SNR)  bits/s/Hz       (3) 

  

أٚ )فاْ سؼت اٌمٕاة حضداد باسخخذاَ حم١ٕت اٌخؼذد 

    ٌٚىٕٙا ص٠ادة ٌٛغاس٠ز١ّت( وسب اٌخٕٛع اٌفشاغٟ

(4)    (C ≈ log2 (SNR)     bits/s/Hz         

خؼذد ١ٌسج ص٠ادة أٌظاَ  إْ فٛائذ اسخخذاَ     

عذٚد اٌخبٛ ٌلإشاسة ٚ ِؼذي  حم١ًٍاٌخٕٛع ٚ

ٚص٠ادة اٌذلت  ٌٍب١أاث اٌّسخمبٍت عذٚد الأخطاء

ٚاٌٛرٛل١ت فمظ بً ٌٗ فٛائذ ١ِٚضاث وبشٜ فٟ 

أٞ ص٠ادة اٌسؼت أٚ ِؼذي )ص٠ادة دسصاث اٌغش٠ت 

ٌّٕظِٛاث الاحظالاث ( إسساي اٌب١أاث

اٌلاسٍى١ت ٚ٘ٛ باٌطبغ ِٓ أُ٘ الأ٘ذاف اٌّطٍٛبت 

  .ٌخغس١ٓ أداء ٘زٖ إٌّظِٛاث

س٠اض١ا  Hٚ بخغ١ًٍ ِظفٛفت لٕاة اٌخؼذد      

أٚ اٌم١ُ ( λi eigenvalues)ٌم١ُ اٌزاح١ت لإ٠ضاد ا

باسخخذاَ ( singular values σi )الأعاد٠ت   

 Singular Value)طش٠مت 

Decomposition SVD)    ع١ذ , ِزلا

(σi=     ) ( أٚ الأعاد٠ت)ٚأْ ػذد اٌم١ُ اٌزاح١ت

ٚحىْٛ  .Hٌّظفٛفت اٌمٕاة  r (rank )٘ٛ اٌشحبت 

عاٌت فٟ  أوبش ِا ٠ّىٓ Hسحبت اٌّظفٛفت 

را ٳ( r ≤ min (Nr , Nt))اٌخساٚٞ ٌٍّؼادٌت 

أٞ أْ ص١ّغ , وأج اٌمٕٛاث اٌفشػ١ت ِسخمٍت

 Hاٌظفٛف ٚالأػّذة ٌّظفٛفت لٕاة اٌخؼذد 

ٚوٍّا لً حشخج اٌم١ُ الأعاد٠ت  .حىْٛ ِسخمٍت
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(σi ) ًوأج ِظفٛفت اٌمٕاة فٟ ٚضغ أفض

(well-conditioned  )[8] . ٠ٚخُ حغذ٠ذ عاٌت

 Hلٕاة اٌخؼذد بئ٠ضاد سلُ عاٌت اٌّظفٛفت 

(condition number  ) ٗٔ٠ ؼشّف بأ ٛ٘ٚ

إٌسبت ب١ٓ أػٍٝ ل١ّت أعٌاد٠ت إٌٝ ألً ل١ّت أعاد٠ت 

(
     

     
فىٍّا وأج ٘زٖ اٌم١ّت لش٠بت ِٓ , ( 

وأج عاٌت ِظفٛفت لٕاة اٌخؼذد ( 1)اٌٛاعذ 

فٟ ٘زٖ اٌغاٌت ػٓ ع١ذ حؼبش لٕاة اٌخؼذد . أفضً

ٚصٛد ػذة لٕٛاث فشػ١ت افخشاض١ت عسب ػذد 

 .اٌم١ُ الأعاد٠ت ٚل١ّٙا

اسخغلاي ٘زٖ ٚاٌفىشة ٕ٘ا ٟ٘ أِىا١ٔت      

بٛصٛد ِساساث  اٌظشٚف اٌّخاعت فٟ لٕاة اٌخؼذد

 ٚالاسخغلاي الأِزً ٌٙزٖ اٌظشٚف ٠ّىٓ,  ِخؼذدة

باسخخذاَ ػذة ٘ٛائ١اث  حىْٛ  SMبخطب١ك حم١ٕت 

ػٍٝ الألً ٔظف اٌطٛي  )واف١ت ب١ٕٙا اٌّسافت 

ٌٍّٛصت اٌغاٍِت عخٝ ٔغظً ( λ/2)اٌّٛصٟ 

 اٌّشسًبىً ِٓ ( ػٍٝ ِساساث ِسخمٍت

ٚإسساي عضَ ٌب١أاث ِخخٍفت ػٍٝ  اٌّسخمبًٚ

فٟ ٔفس اٌٛلج ٚػٍٝ ٔفس  اٌّشسً٘ٛائ١اث 

ف١بذٚ إٌظاَ فٟ ٘زٖ اٌغاٌت ٚوأْ  ,اٌخشدد 

ٙا ػٍٝ اٌب١أاث اٌّخخٍفت ٠خُ إسساٌٙا ٚٔمٍ

إٌٝ  اٌّشسًِساساث افخشاض١ت ِخٛاص٠ت ِٓ 

أْ ٚسظ  أٞ ٠ّىٓ حخ١ً افخشاض١ا  ) اٌّسخمبً

إٌمً اٌلاسٍىٟ ػباسة ػٓ ِضّٛػت خطٛط ٔمً 

٠ّىٓ إسساي ب١أاث ِخخٍفت ػٍٝ ٘زٖ ِٚخٛاص٠ت 

٠ٕٚخش ػٓ رٌه ص٠ادة وب١شة فٟ ِؼذي  (اٌخطٛط

ّشسً إسساي اٌب١أاث عسب ػذد ٘ٛائ١اث اٌ

ٚحىْٛ عضَ اٌب١أاث اٌخٟ  .اٌّسخخذِتٚاٌّسخمبً 

اٌخشدد ٠ّىٓ ٔمٍٙا فٟ ٔفس اٌٛلج ٚػٍٝ ٔفس 

لألً ػذد حمش٠با ِسا٠ٚت  خلاي لٕاة اٌخؼذد

ٚالاسخمباي ( Nt)ِسخخذَ ِٓ ٘ٛائ١اث الإسساي 

(Nr), ٞأ (min(Nt ,Nr))  ٚرٌه عسب عاٌت

 .اٌمٕاة

ِٚٓ ٕ٘ا ٠خضظ أْ حطب١ك الإسساي اٌفشاغٟ      

فٟ عاٌت  ِٕاسبا   ٠ىْٛ (SM)اٌّضاػف 

ٚحغخٛٞ ػٍٝ  ص١ذةظشٚف اٌمٕاة اٌلاسٍى١ت 

اٌؼذ٠ذ ِٓ اٌّساساث بسبب الأؼىاساث ٚاٌخشخج 

ٓ اٌغٛاصض اٌطب١ؼ١ت واٌضباي ٚاٌّبأٟ ػإٌاحش 

,  ػذ٠ذة اٌّساساثأٞ لٕاة , ٚالأشضاس ٚغ١ش٘ا 

اٌّخاعت ٚاسخغلاٌٙا  ف١ّىٓ حٛظ١ف ٘زٖ اٌظشٚف

ٚحطب١ك ػ١ٍّت  (بذلا ِٓ اػخباس٘ا ِشىٍت)

الإسساي اٌّخضآِ ٌغضَ ب١أاث ِسخمٍت ِٚخخٍفت 

, فٟ ٔفس اٌٛلج ٚػٍٝ ٔفس اٌغ١ض اٌخشددٞ 

ٚباٌخاٌٟ ٔغظً ػٍٝ ص٠ادة وب١شة فٟ سؼت 

 .إٌظاَ أٚ ِؼذلاث الإسساي ٌٍّٕظِٛت اٌلاسٍى١ت 

سؼت اٌمٕاة عسب ط١غت شأْٛ ٚاٌخٟ حؼشف      

اٌب١أاث ػبش اٌمٕاة  لإسسايبأٔٙا ألظٝ ِؼذي 

ٚبفشع أْ  ,اعخّا١ٌت ٌلأخطاء ( أٚ بألً)بذْٚ 
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لٕاة  سؼتْ ئف, ً ّسخمبلٕاة اٌخؼذد ِؼشٚفت ص١ذا ٌٍ

 ّشسًِٓ ٘ٛائ١اث اٌ Ntاٌّىٛٔت ِٓ ػذد  اٌخؼذد

 ٚNr ٌحؼطٝ باٌّؼادٌتّسخمبِٓ ٘ٛائ١اث ا ً 

[12,11,10,9] :  

C=log2 det (INr+ 
 

N 
     )            (5) 

 ,ٌىً لٕاة فشػ١ت  𝝆  ٟ٘SNR: ع١ذ 

ٚ 
Nr×Nr

INr   ِظفٛفت اٌٛعذة ٟ٘, 

 ,ٟ٘ ِظفٛفت لٕاة اٌخؼذد  ٚ 

 ٚdet ِغذد اٌّظفٛفت ٟ٘. 

س٠اض١ا باسخخذاَ  Hٚبخغ١ًٍ اٌّظفٛفت      

فأٗ ٠ّىٓ  SVDطش٠مت حغ١ًٍ اٌّظفٛفاث 

 : إػادة وخابت اٌّؼادٌت اٌسابمت  واٌخاٌٟ

  



r

1i
)λi

Nt

(1log2
C


                     

(6)   

 , ٟ٘ سحبت ِظفٛفت لٕاة اٌخؼذد r ع١ذ   

 ٚλi   ,(i=  2 …  )  اٌم١ُ اٌزاح١ت ٟ٘

HHاٌّٛصبت ٌٍّظفٛفت 
H
 . 

ِٚٓ ٘زٖ اٌّؼادلاث ٠خضظ أْ اسخخذاَ       

 (SM)الإسساي اٌفشاغٟ اٌّضاػف طش٠مت 

 حّىٕٕا ِٓ اٌغظٛي ػٍٝ ص٠ادة بشىً خطٟ 

min(Nt ,Nr)  ٌّؼذي إسساي اٌب١أاث أٚ سؼت

اٌمٕاة وّا أٔٙا حغخٛٞ ضّٕا ػٍٝ ٚصٛد وسب 

اٌخٕٛع اٌفشاغٟ بسبب حم١ٕت اٌخؼذد ٚاٌخٟ حؼط١ٕا 

ٚحم١ًٍ الأخطاء فٟ  SNRص٠ادة فٟ ل١ّت 

 .اٌب١أاث اٌّسخمبٍت

 النتائج .5

ِٕغ١ٕاث اٌّماسٔت ب١ٓ ( 2)٠ٛضظ اٌشىً      

ٔظاَ اٌخؼذد ٚإٌظاَ الأعادٞ باسخخذاَ  سؼت

 MATLABبشٔاِش اٌّغاواة بٛاسطت 

باسخخذاَ ٘ٛائٟ ٚاعذ ٌىً ِٓ اٌّشسً 

 2ٚاٌّسخمبً ٌخّز١ً إٌظاَ الأعادٞ ٚاخخ١اس ػذد 

٘ٛائ١اث ٌىً ِٓ اٌّشسً  8ٚ  8,  4ٚ 4,  2ٚ

ٚاٌّسخمبً ػٍٝ اٌخشح١ب ٌخّز١ً ٔظاَ اٌخؼذد بؼذد 

ب١ش ع١ذ ٠ٛضظ ٘ٛائ١اث طغ١ش ِٚخٛسظ ٚو

٘زا اٌشىً فائذة اسخخذاَ ٔظاَ اٌخؼذد ِٓ خلاي 

ِٕغ١ٕاث اٌسؼت فٕلاعع  ص٠ادة اٌسؼت خط١ا 

عسب ػذد اٌٙٛائ١اث ٌٕظاَ اٌخؼذد ػٕذ اٌم١ُ 

 .ِماسٔت بإٌظاَ الأعادٞ  SNR الأػٍٝ ٌٍٕسبت 
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ِماسٔت ب١ٓ سؼت إٌظاَ الأعادٞ ٚٔظاَ ( 2)اٌشىً     

 اٌخؼذد 

فّٓ اٌشىً ٠خب١ٓ اٌض٠ادة اٌّطشدة فٟ اٌسؼت       

وٍّا صاد ػذد اٌٙٛائ١اث اٌّسخخذِت بىً ِٓ 

اٌّشسً ٚاٌّسخمبً ٌخى٠ٛٓ ٔظاَ اٌخؼذد ِغ ص٠ادة 

ِغ افخشاع أْ , فٟ حؼم١ذ إٌظاَ وّا ٘ٛ ِخٛلغ 

اٌٛسظ اٌلاسٍىٟ ػذ٠ذ اٌّساساث ع١ذ حُ حّز١ً 

لاٞ اٌمٕاة اٌلاسٍى١ت باٌخٛص٠غ الإعظائٟ س٠ا

(Rayleigh ) ٖلأٔٗ اٌخٛص٠غ إٌّاسب فٟ ٘ز

 .اٌغاٌت

ٔخائش بشٔاِش ( 3)وّا ٠ٛضظ اٌشىً      

ٚحظٙش إٌخائش  MATLABاٌّغاواة بٛاسطت 

ل١ت ٔظاَ اٌخؼذد بإٌظاَ  ِٕغ١ٕاث ٌّماسٔت ٚرٛ 

الأعادٞ ع١ذ حُ اسخخذاَ أػذاد ِخخٍفت ِٓ 

٘ٛائ١اث اٌّشسً ٚاٌّسخمبً ٌخّز١ً ٔظاَ اٌخؼذد 

وّا حُ اسخخذاَ ٘ٛائٟ ٚاعذ ٌخّز١ً إٌظاَ 

الأعادٞ ِغ افخشاع اٌخٛص٠غ الإعظائٟ 

ٚحٛضظ ٘زٖ إٌّغ١ٕاث حغسٓ أداء , س٠الاٞ

ٌمٕاة ٚص٠ادة اٌٛرٛل١ت باسخخذاَ ٔظاَ اٌخؼذد ا

ِماسٔت بإٌظاَ الأعادٞ ٠ٚمً ِؼذي عذٚد 

الأخطاء ٌٍب١أاث اٌّشسٍت ػٕذ اٌم١ُ الأػٍٝ 

وٍّا حُ اسخخذاَ ػذد أوزش ِٓ  SNRٌٍٕسبت  

٘ٛائ١اث اٌّشسً ٚاٌّسخمبً ٚخاطت إرا صاد 

ػذد ٘ٛائ١اث اٌّسخمبً ػٓ اٌّشسً لاصد٠اد 

ِغ اٌض٠ادة فٟ اٌخؼم١ذ باسخخذاَ اٌخٕٛع اٌفشاغٟ 

 .ٔظاَ اٌخؼذد وّا ٘ٛ ِخٛلغ

 الاستنتاج .6

ْ اسخخذاَ فئ, ِٓ خلاي إٌخائش اٌسابمت      

 لذسة  اٌخٕٛع اٌفشاغٟ ٌخم١ٕت اٌخؼذد حض٠ذ ِٓ ٔسبت

ٚحمًٍ ِٓ حأر١ش  SNRٌضٛضاء إٌٝ ا الإشاسة

رٛل١ت ٚاٌخبٛ فٟ اٌمٕاة اٌلاسٍى١ت ٚحض٠ذ ِٓ ٚ

وّا أْ .   الاحظالاث اٌلاسٍى١تِٕظِٛاث 

 تــــــــاسخخذاَ طش٠م

ٌخم١ٕت اٌخؼذد  SMالإسساي اٌفشاغٟ اٌّضاػف 

فٟ  ٚاضغت ٚوب١شة ٔسب١ا   حؼطٟ ص٠ادة خط١ت

ت ـــــاث أٚ اٌسؼـِؼذلاث إسساي اٌب١أ

 اثــــٌٍّٕظِٛ
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ِماسٔت ب١ٓ اعخّا١ٌت اٌخطأ فٟ اٌبخاث ٌٍٕظاَ ( 3)اٌشىً 

باسخخذاَ أػذاد ِخخٍفت ٌٙٛائ١اث الأعادٞ ٚٔظاَ اٌخؼذد 

ِغ اسخخذاَ حض١ّٓ إصاعت  اٌّشسً ٚاٌّسخمبً

 .(QPSK)اٌطٛس

اٌغ١ض اسخؼّاي اٌلاسٍى١ت ٚحض٠ذ ِٓ وفاءة 

إٌٝ اٌخشددٞ اٌّخاط ٚحغس١ٓ ٔسبت الإشاسة 

إٌّظِٛاث اٌلاسٍى١ت  ٛل١تٚٚر   SNR ٌضٛضاءا

 .الأخطاء ٌٍب١أاث اٌّشسٍت  ِؼذي عذٚد ٚحم١ًٍ
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منطقة  بين عواصم  قصيرةاللربط الراديوي لمموجات القصيرة لموصلات اتوقعات 
1021، 1022أفريقيا لمسنوات شمال   

عمى عبد الرحمن عكاشة        عمي الباهي محمدرقية            راسم عامر عمى   

جامعة سبها.كمية العموم الهندسية والتقنية   

Email:  Rasim_63 @yahoo.co.uk

خص المم  
  القصيرةفريقيا لممسافات ألمنطقة شمال راديوي لمموجات القصيرة الربط لمفي ىذا العمل دراسة  

المرسل والمستقبل واختيار البارمترات كل من موقع عيين ، وذلك بت 1021 و 1022لمسنوات   
ع الإشارة ارتفا  ، ياخصائص نظام الاتصالات بين ىذه المناطق ومن تم دراسةو المناسبة لكل منيما 

 الضوضاء إلىنسبة الإشارة و ،  الفقد في النظام، و  في طبقة الأيونوسفير، والتردد الصالح للاستخدام
 ، وتم الوصول الى المحددةلمناطق في اتأثير التشويش عمى ترددات التشغيل لمموجات  ايضاو  ،

الساعة الثالثة مساءا  الساعة الثامنة صباحا وحتى عند أن ترددات التشغيل تعاني من تشويش أقل 
فإن الإشارة  ىخر الأ الأوقاتفي أما ،  عالية  بسبب النشاط الشمسياللكترونات كثافة الإ جةينت

من ، و  لسنوات الدراسة النشاط الشمسي قمةتعاني من تشويش أكبر بسبب فقدان الإلكترونات نتيجة ل
ء عند فترات معينة من النيار أن ترددات التشغيل المناسبة تعاني من ضوضا وجدخلال النتائج 

 .و حركة الأرض وتغير الفصول والمواسم والسنوات ةلتغيرات الشمسيا نتجة
 مقـــــدمة -2

تعتبر كل من طبقتي التروبوسفير 
   والأيونوسفير أوساط ديناميكية تتغير خواصيا 

 

الكيربائية مع الزمن وينتج عنيا أن فروق 
تي تصل زوايا الطور لمموجات المختمفة ال

ىوائي الاستقبال متغيرة مع الزمن، وينتج عنيا 
أن جيد المستقبل بين طرفي ىوائي الاستقبال 
يتغير عشوائيا في سعتو وزاوية الطور لو 
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وينتج عن ىذا ما يعرف بظاىرة الخبو 

(Fading ) وفي بعض الأحوال قد يحدث ،
الانعكاس في الأيونوسفير من طبقة متحركة 

ف دوبمر لمتردد وىذا مما ينتج عنو انحرا
الانحراف يسبب تشوه الإشارات المرسمة ، وقد 
ينشأ التشوه في ىذه الإشارات نتيجة لتغيرات 
طارئة في الأيونوسفير أو التروبوسفير أو 
نتيجة لتواجد الشيب أو التفريغ في المناطق 

لقد وُجد من [. 1]ذات السحب الكثيفة 
ال القياسات العممية أن الموجات ذات الأطو 

لا تعاني تشويش  cm 10الموجية الأكبر من 
يذكر عند مرورىا في التروبوسفير فيي لا 
تتأثر بالمطر أو الضباب أو الجميد أو 

أو العوامل الجوية الأخرى ( hail)البرد
المتواجدة في مناطق التروبوسفير السفمي، 
ومن ناحية أخرى فقد أثبتت القياسات العممية 

ل الموجية الأقصر بأن الموجات ذات الأطوا
تعاني توىين عند مرورىا في  cm 10من 

التروبوسفير وفي بعض الأحيان يكون ىذا 
التشويش شديد بحيث يصبح من المتعذر 

 . استمرار الاتصال
منطقةةة شةةمال أفريقيةةا منطقةةة حيويةةة تتوسةةط 
العةةةالم وبةةةذلك فةةةان دراسةةةة أي نظةةةام اتصةةةالات 

 ىميةةليذه الأنظرا ، و  يعتبر حيوي ومفيد لمعالم
، وروبةةةةا أفريقيةةةا و أوسةةةيمة ربةةةةط بةةةين  باعتبارىةةةا 

دراسةة  لتوقعةات  يذا العمل ليدف كان ال وعمي

لةةةةربط الراديةةةةوي لمموجةةةةات القصةةةةيرة لموصةةةةلات ا
باسةةةةتخدام  فريقيةةةةاأفةةةةي منطقةةةةة شةةةةمال  القصةةةةيرة

 ICEPAC)   ،ICEPAC الحزمةة البرمجيةة
AREA )  ،  [2  ]  وذلةةةةةةك لتحقيةةةةةةق توقةةةةةةع ،

 . 1021و  1022ات ليذا النظام لمسنو 
 
 الغلاف الجوي وطبقاته  -1

تتةةةةةةةأثران كثيةةةةةةةرا بالنشةةةةةةةاط ( F,E)الطبقتةةةةةةةان 
الشمسةةي والإنفجةةارات الشمسةةية المرتبطةةة بةةدورة 
النشةةةاط الشمسةةةي والتةةةي يزيةةةد فييةةةا عةةةدد البقةةةع 
الشمسةةةةةية والإنفجةةةةةارات الشمسةةةةةية وىةةةةةذه الةةةةةدورة 

 [. 1]سنة  22تحدث كل 
ىو تركيز  Dمن أىم خصائص  الطبقة 

لكل   108 غير لمكثافة الإلكترونية في حدودص
معدل التصادم عالي بين  ومتر مكعب 

 - 105×5)الإلكترونات والجزيئات في حدود 
لكل متر مكعب لكل ثانية ،   (5×206

 Critical)ويلاحظ أن التردد الحرج 
Frequency ) لممنطقة(D ) في حدود من

KHz200  إلىKHz000 ،  تمتاز ىذه
 4تردد الحرج الأقصى ىو حوالي ن الأالطبقة ب
MHz  3عند تعامد الشمس عمييا و MHz 

عند خطوط العرض القريبة من خط الاستواء 
، و تتأثر كثافة الإلكترونات بالدورة الشمسية 
حيث تكون ذات حد أقصى خلال الذروة 

% 00الشمسية ويتغير التردد الحرج في حدود 
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نى خلال الدورة الشمسية ، كما أن الحد الأد
لمتأين يحدث ليلا نتيجة للإتحاد غير التام 
بالإضافة لمتأين الناتج من الشيب ويكون 

خلال  KHz 250التردد الحرج في حدود  
 500الحد الأدنى لمدورة الشمسية و يصل إلى 

KHz  600أو KHz  التى نتيجة لكثافة تأين
تتكون  ، لكل متر مكعب 202تصل الى 

شعاع فوق نتيجة لمتأين بفعل الإ Eطبقة 
وبواسطة التفاعلات  Xالبنفسجي وأشعة 

. والإتحاد بين الأجسام المشحونة والمتعادلة
-Sporadic E)مستقرة الغير  Esطبقة 
layer).  الطبقة(F)  وىي أعمى طبقة في

،   F2,F1الأيونوسفير وتتكون من طبقتين 
وتقع عمى F1(The F1-layer  )طبقة 

ذه ومن خواص ى km 200ارتفاع حوالي 
الطبقة ، الكثافة الإلكترونية خلال النيار 
 تعتمد عمى زاوية ميل أشعة الشمس،
الامتصاص الناتج عن التصادمات صغير في 

 fc (Criticalلتردد الحرج ا. ىذه المنطقة
Frequency) قيمتان أحدىما في الشتاء  لو

والأخرى في الصيف العلاقة بين كثافة 
جاىرتز في الإلكترونات والتردد الحرج بالمي

 الصيف أو الشتاء 
(2) ......N=1.24×1010 fc2         

m-3 

 .التردد الحرج  fcحيث 
التردد الحرج يصل لقيمتو القصوى بعد 

 Eالظير وىذا لا يحدث بالنسبة لمنطقة 
منحنى كثافة الإلكترونات في  .F1 وطبقة 

ن ملو قيمة قصوى أكبر  F2الشتاء لطبقة 
خاصة في تمك الخاصة بفصل الصيف و 

نصف الكرة الأرضية الشمالي وتحصل بعد 
الظير بقميل مع حدوث قيمة صغرى عميقة 
قبل الفجر، واليدوء الذي يتصف بو منحنى 

 .الصيف 
، ICEPACالحزمة البرمجية   -3

ICEPAC AREA 
مند سنوات عديدة يحاول الباحثون 
محكاة نظم الاتصالات في الطيف الترددي 

(HF   )ة ، ولكن لصعوبات لممسافات الطويم
ايجاد موديل رياضي واضح لمتغيرات في طبقة 
الأيونوسفير فقد وجدت صعوبات كثيرة في 

، حيث اصبح نظام [ 21، 2]ىذا الجانب 
الاتصالات يعتمد بشكل كبير عمى 
الاختلافات في الأيونوسفيرِ، التي تتغير بشكل 
سريع مع تغير النشاطِ الشمسيِ، و 

والتغيرات اليومية  إلاختلافات الموسميّة 
بالإضافة إلى الموقع من حيت  خطِّ العرض 

 . وخطِ الطول
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طورت العديد من الحزم البرمجية 
لاجل تحميل وتتبع وتوقع التغيرات المؤترة عمى 

بفعل التغيرات في (   HF)نظم الاتصالات
طبقة لأيونوسفيرِ حيث يمكن تحميل وتنبؤ 

، ومن جدوي نظام الإتصالاتِ الأيونوسفيريِ  
حيت تم  (Ioncap)ضمن الحزمة المتاحة 

تطويره واصبح واحداً من النماذجِ المقبولةِ 
ِ(.   HF)والأكثرِ إستعمالًا لتنبؤاتِ الأيونوسفير

كما وجد من خلال الاختبار ان ىذه الحزمة 
تقدم  أداءاً سيّئاً في بعض المناطق  القطبيةِ ، 

تم  Ioncapولتَصحيح ىذه المشاكلِ في  
بإضافة التوصيلِ  Icepacحول إلى الت

الأيونوسفيريِ وكثافةِ الالكترونات عمى ىذا 
النمودج  حيث النمودج الجديد  يقدم ميزّة 
السعة لنطاق نصف الكرة الأرضيةِ الشماليةِ  
، و يَعْرفُ النموذجُ بالعممياتَ الطبيعيةَ 
المختمفةَ التي تحدث في المناطقِ المختمفةِ 

 .  للأيونوسفيرِ 
   Icepacلمعمومات العامّة عمى نموذجِ ا

جعمت نظام الاتصالات  الأيونوسفيريةُ   الجديد
(Icepac)   لمحزمة الترددية(HF)   اكثر دقة

وسعة واكبر في التحميل ، ىذه الحزمة  مفيدةُ 
في التخطيط والتوقع لبنا نظام اتصالات 
متكامل خلال الفصولِ الأربعة  وفترة النشاط 

مفةِ، واختلاف ساعات النيار،  الشمسي المخت
تَعطي  Icepac. واختلاف الموقع الجغرافي

النَتائِجَ المطموبةَ من خلال اختبار ىذه الحزمة 
ولفترة زمنية طويمة ، ويوجد نوعان من ىذه 

لتنبوء   Icepacكامل و   Icepacالحزمةِ  
من  نقطة لنقطة ، يمكن الحصول عمى 

ددي المحدد النتائج مجدولة وضمن المدي التر 
وعمى مدي الاربعة والعشرون ساعة  ضمن 

 .المنطقة المحدد جغرافيا
طريقة الدراسة ) مدخلات البرنامج  

المستخدمة ، سنة الدراسة والزمن المحدد، 
، احداتيات المرسل والمستقبل ،    SSNقيمة 

المسار طويل او قصير ، وزاوية الشعاع 
، ( ة وقيمة الضجيج المحتمل ، والقدرة المشع

ويوجد من ضمن القيم المشار الييا قيم قياسية 
يمكن استخداميا ، اما عن المخرجات فيي 
جميع البارمترات اللازمة لمنظومة اتصالات 

 .متكاممة
ـــيم الداو المتوقـــ  لموجـــات  -4 حســـات وتقي

HF بين المرسل والمستقبل 
 ةةةةةةدراسةةةريقة الةةةطار ةةةةيةةم اختةةةةةةت    

 (complete system 
performance)method 20    

،  1021 و 1022سةةةةةةةةةةةةنة الدراسةةةةةةةةةةةةة  و ، [2] 
إلةةةةةةةةى السةةةةةةةةاعة  00300الةةةةةةةزمن مةةةةةةةةن السةةةةةةةةاعة و 

 الشةةةةةةةةةةةةير سةةةةةةةةةةةةنة ، بتوقيةةةةةةةةةةةت غةةةةةةةةةةةةرينتش 10300
قيمة الإشعاع الشمسي  حيث  ،1021،1022و

المتوسةةط الحسةةابي للإشةةعاع سةةاس أعمةةى  تأخةةذ
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 66  منوىو   1021و  1022الشمسي لسنة 
تحديةد موقةع جيةةاز وتةم ] خوذا عةن مةأ 02,6،  

حداثياتةو الجغرافيةة  36º.83) تةونس الإرسةال واح
N 10 º.22 E )  تحديد موقع جياز الاسةتقبال

حداثياتةةو الجغرافيةةة القةةاىرة  º.05N 30    واح
31º.25E 32 ، طةرابمس º.88 N,  13 

º.18E 36     ، الجزائةةر º.70N,  3 
º.13E   34     ، الربةاطº.03N, 6º.85W 

 و ، º.15N, 15 º.97W 18   نواكشةوط ،
 و ، كةةةةم 22001 حةةةةدود المسةةةةار القصةةةةير إلةةةةى

وحةةةةةةددت  ،كةةةةةةم 01210 حةةةةةةدود  الطويةةةةةةل إلةةةةةةى
الترددات القياسية المختارة  أساسعمى  الترددات

 [0  ]  ، 
 MHz(0.610،6.000 ،2.000،  

22.160 ،20.000، 0.000   ،26.060 ،
تةةةةةم اختيةةةةةار ىةةةةةوائي  و ، (12.660، 20.000

  dBi [  1]  لةةةةةو كسةةةةةب اتجةةةةةاىيال مثةةةةةالي إرسةةةة
، ويشةةةةةةع  Kw600 فةةةةةةي حةةةةةةدود ، وقةةةةةةدرة 11.1

تةةةةةةةم كمةةةةةةةا   ، لمفةةةةةةةص الرئيسةةةةةةةي 162.0بزاويةةةةةةةة ْ 
اختيةةار ىةةوائي اسةةتقبال مثةةالي لةةو كسةةب اتجةةاىي 

dBi 26.00 ْ 01.2، ويستقبل الإشةعاع  بزاويةة 
  .لمفص الرئيسي

ربط الةةةتةةةم دراسةةةة بنةةةاء عمةةةى ىةةةذه المعطيةةةات     
عمى حدة بين تةونس كمرسةل، وكةل  كل راديويال

القةةةةةةةةاىرة، طةةةةةةةةرابمس، الجزائةةةةةةةةر، الربةةةةةةةةاط، )مةةةةةةةةن 

كمسةةةةتقبل، ومةةةةن ثةةةةم تحميةةةةل ومقارنةةةةة ( نواكشةةةةوط
النتةةةةائج ببعضةةةةيا لموصةةةةول إلةةةةى تةةةةردد التشةةةةغيل 

الةةةةذي يتوقةةةةع أن يكةةةةون الأفضةةةةل فةةةةي المناسةةةةب 
 .بين ىذه المدن إنجاز الربط الراديوي

 راديوي بين تونس والقاهرةالربط ال:أولا
كم  1016المسافة بين تونس والقاىرة     

دراسة ، تم  قصيروىي بذلك تقع في المسار ال
طبقة الإنعكاس وارتفاع الإشارة في 

يوضح ( أ،ب2)الشكل ، [ 6]  الأيونوسفير
ترددات المنخفضة مثل الذلك حيث 

(MHz0.610،6.000)  تنتشر عمى
ارتفاعات منخفضة وذلك لأن الترددات 

خلال  Eاختراق الطبقة  المنخفضة لاتستطيع
، أما (م 20 –ص 1)ساعات الذروة الشمسية 

بالنسبة لساعات الميل والترددات الأخرى 
 )MHz الأعمى

2.000،22.160،20.000،20.000،26.
فإنيا تعتمد في ( 12.660، 060،20.000

لأنيا تستطيع  F2انتشارىا عمى الطبقة 
مقاومة الامتصاص الذي يتواجد في الطبقات 

، وكمما [0، 2] وبذلك تخترقيا D,E السفمى
ت ازاد التردد قل معامل الامتصاص واستطاع

الترددات أن تصل إلى طبقات الأيونوسفير 
العميا وتنعكس منيا وبذلك يزداد مدى إرسال 

في السنة و ،  1022خلال سنة  الإشارات
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اتضح أن الترددات المنخفضة مثل  1021

(4.580,6.070MHz ) يحدث ليا توىين
 Esر في الفترة التي تنتشر فييا في الطبقة كبي

كم في الطبقة 200و يكون ارتفاعيا منخفض 
E  أما باقي ساعات النيار عندما تختفي ،

عمى  F2فإنيا تنتشر في الطبقة  Eالطبقة 
ارتفاعات منخفضة، أما باقي الترددات فإنيا 
تحقق أعمى ارتفاعاتيا في ساعات الذروة 

 ،(MHz 11.850)الشمسية خصوصا التردد 
يميو بقية الترددات تباعا، حيث تخترق الطبقة 

E  لأنيا ذات تردد عالي، وينخفض ارتفاعيا
في آخر ساعات الميل وأول ساعات النيار 

 .عن ارتفاعيا في ساعات الذروة الشمسية

 
 (أ) 

 
 (ب) 

  ارتفاع الإشارة في اليونوسفير( 2)الشكل 
 ( 1021-، ت1022-أ )

وجد      دد الصالح للاستخدامدراسة التر عند 
لسنة لتردد الصالح للاستخدام اقيمة  أن

ويحدث ( 9.31MHz)كان في حدود 1022
حيث تنعكس ، ( ص 0 -0)عند الساعة ذلك 

ولكن  F2الترددات في ىذه الفترة من الطبقة 
نظرا لقمة الإشعاع الشمسي في ىذه الفترة من 

أن التردد الصالح للاستخدام  وجدالنيار 
 وومن يبين ذلك ( ،بأ 1 )الشكل  ، خفضين

أن أعمى قيمة لمتردد الصالح للاستخدام  وجد 
 1)حدث عند الساعة وي( 26.44MHz) وى

عند ذروة الإشعاع الشمسي وبالتالي ( ص
من  ، و يكون التردد الصالح للاستخدام عالي

ىنا يكون التردد الذي يجب استخدامو عند 
تي تونس والقاىرة راديوي بين مدينالربط ال تمامإ

 (MHz 26.44-9.31 )واقع في المدى 
الشكل  1021، بينما في السنة  1022لمسنة 

ويحدث ( MHz 9.62)أقل قيمة  كان( ب1 )
حيث انخفاض في ( ص 0)عند الساعة 

يكون أعمى تردد صالح  والكثافة الإلكترونية 
حيث تكون ( ص 2)للاستخدام عند الساعة 

كثافة الإلكترونية شمسي والالذروة الإشعاع 
في  F2وتنتشر أغمب الترددات في الطبقة 

يكون التردد الواجب  عميةىذه الفترة و 
تمام ربط راديوي بين تونس إاستخدامو عند 

 (.MHz 9.62,29.02)والقاىرة في المدى 
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 (أ)

 
 (ب)

 التردد الصالح للاستخدام( 1)شكل
 (1021-،ت 1022-أ)

 
  ، لضوضاءنسبة الإشارة إلى اعند دراسة 

نسبة الإشارة إلى ان وضح ي  (0)الشكل 
 الضوضاء في كل الترددات المستخدمة 

 -ص6) مرتفعة لكل الترددات عند الساعة
، MHz0.610)فيما عدا التردد( م26

 SNRفيحدث فييا انخفاض شديد لة ( 6.000
]  في ىذه الفترة مقارنة بالترددات الأخرى

رىا عمى ، وذلك لأنيا تعتمد في انتشا [0،6
التي تعمل عمى امتصاص طاقتيا  Eالطبقة 

لجميع الترددات  SNRبينما تنخفض قيمة 
وكمما زادت  (م11ص، 0)تقريبا عند الساعة 

إلى حد معين  SNRقيمة التردد زادت نسبة 
بعدىا يحدث انخفاض في مستوى الإشارة ، 
وىذا يتحدد بالتردد الصالح للاستخدام ليذه 

 ةلاحظم نيمك (أ-0)ومن الشكل ، الوصمة
ىو من أكثر MHz 11.850 أن التردد 

حيث أنو  SNRالترددات استقرارا في منحنى 
يعاني انخفاض بسيط في نسبتيا عند الساعة 

ثم يعود للاستقرار، بينما التردد   (ص0)
(21.650MHz) ناحية  ىو أقميا منSNR 

 1021لسنة ، بينما  1022لسنة   خلال اليوم
  في فاضيحدث انخ( ب-0)شكل 
SNR لمترددات(4.580,6.070MHz ) في

 -ص E (6ساعات انتشارىا في الطبقة 
عمى امتصاص  Eبسبب عمل الطبقة ( م20

ت ذات الترددات المنخفضة ، شاراطاقة الإ
ات اليوم ساعباقي  SNRبينما ترتفع فييا 

أما بقية  ،F2 وذلك نتيجة انتشارىا في الطبقة 
دث بيا ، ويح مرتفعة SNRالترددات فإن 

انخفاض بسيط في آخر ساعات الميل وأول 
ساعات النيار وخصوصا الترددات 

(17.730, 21.650 MHz)  فإنيا يحدث ،
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أكبر من الترددات  SNRبيا انخفاض 

، (ص 6-1)الأخرى خلال ساعات النيار 
ويحدث انخفاض أقل في آخر ساعات الميل 

ويمكن ملاحظة أن التردد ( م 10 -11)
(11.850 MHz )حقق أعمى قيم يSNR 

ومنحناه يمتاز بالاستقرار خلال ساعات اليوم 
 . 1021لمسنة 

 
 (أ)

 
 (ب)

 نسبة الإشارة إلى الضوضاو( 3)الشكل 
 (1021-،ت 1022-أ)

 

( 0)الشكل ،  الفقد في النظامعند دراسة 
 يوضح الفقد لجميع الترددات كدالة في الزمن

أن جميع الترددات تعاني من فقد  والواضح 
 (ص 6300-0300)كبر خلال الساعات أ

، بينما يكون  (م10300-26300)وكذلك 
 ، (م 26300 -ص6300)الفقد أقل في الفترة 

ويرجع ذلك إلى أن ىذه الفترة تتمتع بذروة في 
ويقل الفقد نتيجة لجودة  ، الإشعاع الشمسي

أما بالنسبة  ، الاتصالات خلال ىذه الفترة
نيا فإ( MHz0.610 ،6.000)لمترددات 

 -ص6)تعاني فقدا أكبر خلال الساعات 
لأنيا تنتشر خلال ىذه الفترة في الطبقة ( م26
E بينما  التي تعمل عمى امتصاص طاقتيا ،

ص، 6300-0300)الفقد فييا أقل خلال الفترة 
لأن الترددات الأقل ،  ( م26300-10300

أنجح في الاتصال خلال ساعات الميل نتيجة 
، ولنفس السبب   ية ليلالقمة الكثافة الإلكترون

أكثرىا فقدا ( 21.650MHz)أن التردد  وجد
 إلىوبالرجوع ،  خلال ىذه الساعات

يمكن ملاحظة أن التردد ، (أ-0)الشكل
(11.850MHz ) ىو الأقل في الفقد خلال

، بينما لمسنة 1022لسنة  ساعات اليوم
تكون أعمى قيم الفقد (  ب -0)شكل  1021

خلال ( 4.580,6.070MHz)لمترددات 
لأنيا تنتشر في ( م 20-ص 6)الساعات 

التي تعمل عمى في ىذه الفترة  Eالطبقة 
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امتصاص طاقتيا ويزداد الفقد في الإشارات ، 
بينما يكون الفقد فييا أقل في باقي ساعات 

أما بقية الترددات فإن قيمة الفقد فييا  ، اليوم
تكون قميمة أغمب ساعات اليوم وتعاني من 

في الفقد في آخر ساعات الميل  ارتفاع بسيط
وأول ساعات النيار نتيجة لقمة الكثافة 

بينما الترددات  ، الإلكترونية في تمك الأوقات
(17.730, 21.650 MHz) ، يحدث بيا

أعمى قيم لمفقد وخصوصا في أول ساعات 
 11.850)، والتردد (ص 6-1)النيار بين 

MHz )يحقق أقل قيم الفقد خلال اليوم. 

 
 (أ)

 
 (ب)

 دراسة الفقد في النظام( 4)الشكل 
 (1021-ت ، 1022-أ)

أن التردد الصالح ما سبق يمكن القول مو     
 (MHz 26.44-9.31)للاستخدام قيمتو بين 

 ىو  وتردد التشغيل المناسب ليذه الوصمة ، 
10.07MHz  1021لمسنة  و،  1022لسنة 

وىو تردد واقع في مدى  MHz 11.850 ىو
 ,9.62) [ 2،1] للاستخدامالتردد الصالح 
29.02 MHz ) ويكون تردد التشغيل ليذه ،

 .10.07MHz الوصمة 
 راديوي بين تونس وطرابمسالربط ال: ثانيا

 626تةونس وطةرابمس  مدينةة  المسافة بةين
 كةةةم وىةةةي بةةةذلك تقةةةع فةةةي مةةةدى المسةةةار القصةةةير

دراسةةة طبقةةة الانعكةةاس لمموجةةات القصةةيرة وعنةةد 
جةةةةةةةةد أن و  نوسةةةةةةةةفيروارتفةةةةةةةةاع الإشةةةةةةةةارة فةةةةةةةةي الأيو 

تنتشةةةةةةةةةةةةر ( MHz0.610 ،6.000)التةةةةةةةةةةةةرددات 
  Eفةةي الطبقةةة ( 2-2300)صةةباحا عنةةد السةةاعة 

وبالتالي تسبب توىينا ليذه الإشةارات، بينمةا بقيةة 
 الترددات تنتشر طوال اليوم وعمى نفس الارتفةاع

حظ أن لةةةةةةةةو  1021لمسةةةةةةةةنة  و،  1022 لمسةةةةةةةةنة 
جميةةةع التةةةرددات تنتشةةةر عمةةةى ارتفاعةةةات متقاربةةةة 

( 4.580,6.070MHz)عدا التةرددات  F2في 
التةةةي تنتشةةةر عمةةةى ارتفاعةةةات أقةةةل فةةةي السةةةاعات 

بينمةةةةةةةا تعةةةةةةةود لترتفةةةةةةةع ،( ص 21300 - 2300)
 بةاقي سةةاعات اليةوم عنةةد انتشةارىا فةةي الطبقةة 

F2.  يبةةةةةةةةةةين التةةةةةةةةةةردد الصةةةةةةةةةةالح  (أ-6)الشةةةةةةةةةةكل
أن أقةةةل ووجةةد  1022لسةةنة للاسةةتخدام لموصةةمة 
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اء ىةةةةةذه قيمةةةةةة لمتةةةةةردد الصةةةةةالح للاسةةةةةتخدام لإنشةةةةة

كحةةد أدنةةى، وأعمةةى ( 4.21MHz) والوصةةمة ىةة
وىةةةذا  ، (11.24MHz)تةةةردد يمكةةةن اسةةةتخدامو 

يعتمةد عمةةى ذروة الإشةةعاع الشمسةي التةةي يحةةدث 
عنةةةةةدىا تةةةةةأين أكثةةةةةر وبالتةةةةةالي تسةةةةةمح باسةةةةةتخدام 

، بينمةةا فتةةرات انخفةةاض الإشةةعاع  تةةرددات أعمةةى
الشمسةةةي  قيمةةةة التةةةردد الصةةةالح للاسةةةتخدام تقةةةل 

ة الإلكترونةةةةات، وبةةةةذلك التةةةةردد نتيجةةةةة لقمةةةةة كثافةةةة
صةةةةمة يكةةةون بةةةةين ىةةةةاتين لمو الصةةةالح للاسةةةةتخدام 

شةةةكل  1021والسةةةنة   ، 1022لمسةةةنة  القيمتةةةين
أقةةةل قيمةةةةة لمتةةةردد الصةةةةالح للاسةةةةتخدام  (ب -6)
فةةةةي سةةةةاعات ( MHz 4.34)يةةةةذه الوصةةةةمة ل

أعمةةةةةةةةةى قيمةةةةةةةةةة  و، ( ص 0)الصةةةةةةةةةباح الأولةةةةةةةةةى 
(12.36 MHz ) تحةةةدث عنةةةد ذروة الإشةةةعاع

وبالتةةةالي ( ص 20- 2)د السةةةاعة الشمسةةةي عنةةة
التةةةةةردد الصةةةةةالح للاسةةةةةتخدام يكةةةةةون بةةةةةين ىةةةةةاتين 

 . 1021القيمتين لمسنة 
 

 
 (أ)

 
 (ب)

  دراسة التردد الصالح للاستخدام( 5)الشكل 
 (1021-،ت 1022-أ)

نسبة الإشارة إلى يوضح ( أ-6)الشكل 
المستخدمة لسنة  الضوضاء لكل الترددات

حقق ت( 6.070MHz)أن التردد  ووجد 1022
 (4.580MHz)، يميو التردد SNRأعمى قيم 

تعاني  أصبحتوكمما زادت قيم الترددات  ،
( م26-ص1)في الفترة بينأعمى من فقد 

، MHz20.000)جد أن الترددات و و 
خلال اليوم  SNRتحقق أقل قيم لة ( 12.660

لأن ىذه الترددات تجاوزت الحد الأقصى 
م لإنشاء المسموح بو لمتردد الصالح للاستخدا

الشكل  1021أما بالنسبة لسنة ، ىذه الوصمة
لاحظ أنو يحدث انخفاض في ي( ب -6)

SNR   لجميع الترددات خلال آخر ساعات
الميل وأول ساعات النيار فالترددات 

(4.580,6.070MHz )  ىي أعمى الترددات
، وأكبر انخفاض  خلال اليوم SNRفي قيم 

ليا يحدث بيا عند الساعة  SNRفي 
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بينما باقي الترددات ( ص21300–2300)
في ىذه الفترة ، بينما  SNRترتفع فييا نسبة 

آخر ساعات الميل و أول ساعات النيار 
لاحظ أن ي، و  SNRيحدث انخفاض في 

أقل الترددات في ( MHz 21.650)التردد 
طوال اليوم لأنو يقع خارج مدى  SNRقيم 

 التردد الصالح للاستخدام لإنشاء ىذه الوصمة
من أعلاىا قيمة ( MHz 6.070)والتردد ، 

SNR  ومنحناه أكثر استقرارا خلال ساعات
 .اليوم

 
 (أ)

 
 (ب)

 دراسة نسبة الإشارة إلى الضوضاو( 6)الشكل 
 (1021-،ت 1022-أ)

الفقةةةةةةةد لجميةةةةةةةع التةةةةةةةرددات يبةةةةةةةين ( أ-0)الشةةةةةةةكل 
 ، كدالةةةةةة فةةةةةي الةةةةةزمن 1022لسةةةةةنة المسةةةةةتخدمة 

ت النيةار لمفقد تحةدث فةي سةاعا ةحيث أكبر قيم
يمكةةةةةةن ، و تةةةةةةؤثر عمةةةةةةى التةةةةةةرددات الأخةةةةةةرى ، و 

، MHz0.610)أن التةةةةةةةةةةةةةةةةةةةةةرددات  ةلاحظةةةةةةةةةةةةةةةةةةةةةم
تحقق أقل فقد في الإشارة خةلال اليةوم ( 6.000

و   تقع في مدى التردد الصالح للاسةتخدام لانيا
تعةةاني ( MHz20.000 ،12.660)التةةرددات  

 .قيمة لمفقد أكبر

 
 (أ)

 
 (ب)

 امدراسة الفقد في النظ( 7)الشكل 
 (1021-،ت 1022-أ)
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يمكن القول أن أنسب تردد لإنشاء  ذلكمن 

وصمة الاتصال الذي يقع في مدى التردد 
  ىو  1022لسنة  ، الصالح للاستخدام

6.070MHz   ، و تردد التشغيل المناسب ليذه
  1021و لسنة ،   5.15MHz ىو الوصمة
و تردد ( MHz 6.070)ىو ( ب -0)الشكل 

 5.15ذه الوصمة ىوالتشغيل المناسب لي
MHz. 
 اديوي بين تونس والجزائرالر ربط ال: ثالثا 

 602 ىةةي  تةةونس والجزائةةرمدينةةة المسةةافة بةةين 
 ،كةةم وىةةي بةةذلك تقةةع فةةي مةةدى المسةةار القصةةير

 وعند دراسة خصائص انتشار الموجات القصةيرة
 طبقة الانعكاس وارتفاع الإشارة في الأيونوسفيرل

 التةةةةةةةةةةةةةةةةردد ،1022لسةةةةةةةةةةةةةةةةنة ليةةةةةةةةةةةةةةةةذه الوصةةةةةةةةةةةةةةةةمة 
(4.850MHz ) يعتمةةد فةةي انتشةةاره عمةةى الطبقةةة
E  بينمةةا لةةيلا ( 20300 - 2300)فةةي السةةاعات

بةاقي التةرددات تعتمةد فةي  و ، F2 الطبقةة عمةى
، الشةةكل  F2انتشةةارىا طةةوال اليةةوم عمةةى الطبقةةة 

جميةةع ،   1021فةةي سةةنة و  يوضةةح ذلةةك( ا-1)
 F2التةةةرددات تعتمةةةد فةةةي انتشةةةارىا عمةةةى الطبقةةةة 

، فيمةةةةةةةا عةةةةةةةدا (كةةةةةةةم 010-100)عمةةةةةةةى ارتفةةةةةةةاع 
الذي ينتشر في الساعات ( 4.580MHz)التردد

بينمةةا بةةاقي اليةةوم  Eفةةي الطبقةةة ( م 20 -ص2)
 .(ب-1)الشكل  F2في الطبقة 

 

 
 (أ)

 
 (ب)

دراسة طبقة الانعكاس وارتفاع ( 8)الشكل 
-،ت 1022-أ) الإشارة في اليونوسفير
1021) 

الصةالح  أن أقةل قيمةة لمتةردديبةين ( أ-2)الشةكل 
اسةةةةةةتخداميا لإنشةةةةةةاء ىةةةةةةذه  للاسةةةةةةتخدام الممكةةةةةةن

( MHz 4.52) ىةةةةو 1022لسةةةةنة الوصةةةةمة 
حيةةث أقةةل قيمةةة ( MHz 12.24)وأعمةةى قيمةةة 

فةةي  ةعنةةد ارتفةةاع الإشةةارة لمتةةرددات المرسةةمة قميمةة
سةةةةاعات الصةةةةباح الأولةةةةى ، بينمةةةةا عنةةةةد ارتفةةةةاع 

ذروة الإشةةةةةةعاع الشمسةةةةةةي السةةةةةةاعة  فةةةةةةيالإشةةةةةارة 
 تخدام أعمةىيكون التردد الصةالح للاسة( ص20)

يوضةةةةح ( ب-2)الشةةةةكل  ، 1021سةةةةنة  وفةةةةي، 
موصةةةمة حيةةةث لقيمةةةة التةةةردد الصةةةالح للاسةةةتخدام 

خةةةةةةلال سةةةةةةاعات ( 4.55MHz)أقةةةةةةل قيمةةةةةةة لةةةةةةو 
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وبالتةةةةالي الموجةةةةات ذات ( ص6)النيةةةار الأولةةةةى 
التةةرددات القميمةةة تةةنجح فةةي الانتشةةار أفضةةل مةةن 

( 13.19MHz)أعمةى قيمةة و ،  الترددات العالية
حيةةةةةث ذروة ( ص20-2) تحةةةةةدث عنةةةةةد السةةةةةاعة

الإشةةةةةةةةعاع الشمسةةةةةةةةي تسةةةةةةةةمح بانتشةةةةةةةةار أفضةةةةةةةةل 
وبةةذلك يكةةون التةةردد الصةةالح  ، لمتةةرددات الأعمةةى

 .للاستخدام في ىذا المدى بين ىاتين القيمتين
 

 
 (أ)

 
 (ب)

 دراسة التردد الصالح للاستخدام(  9)الشكل 
 (1021-،ت 1022-أ)
لكل   SNRالذي يوضح  و (أ-20)من الشكل 
يمكةن ملاحظةة أن أعمةى  1022نة لسةالترددات 

تحةةةةةدث فةةةةةي سةةةةةاعات بةةةةةين  SNRقيمةةةةةة لنسةةةةةبة 
تتجةو  SNRو قيمة (. م 26300 –ص 2300)

للانخفةةةةةةةةةةاض كممةةةةةةةةةةا زاد التةةةةةةةةةةردد فةةةةةةةةةةي المةةةةةةةةةةدى 
(MHz0.610 ،12.660 ) خصوصةةةةةةةةةةةا عنةةةةةةةةةةةد

للاسةةةةةةةتخدام مثةةةةةةةل التةةةةةةةردد  ةالتةةةةةةةرددات الصةةةةةةةالح
MHz(20.000 ،12.660 ) حيةةةةةةةةةةةةةةةث قيمةةةةةةةةةةةةةةةةة
SNR تةةةةةةةةةردد أن ال وجةةةةةةةةةدو ،  بيةةةةةةةةةا قميمةةةةةةةةةة جةةةةةةةةةدا

(4.580,6.070MHz ) تحقةةةةق أعمةةةةى مسةةةةتوى
ومنحنياتيةةةا أكثةةةر اسةةةتقرارا بةةةاختلاف  SNRفةةةي 

جةد مةن و  1021وبالنسةبة لسةنة ، ساعات النيار
 كانةةتلجميةةع التةةرددات  SNR( ب-20)الشةةكل 

 SNR و( 4.580,6.070MHz)منخفضةةةةةةةةةةةةةةةة 
 الاخةةةري بيةةةا خةةةلال اليةةةوم أفضةةةل مةةةن التةةةرددات

اعات عنةد سة SNRولكنيةا تعةاني مةن انخفةاض 
حيةةةةةةةةةث انخفةةةةةةةةةاض ( ص 0)الصةةةةةةةةةباح الأولةةةةةةةةةى 

الإشةةةةةةةةعاع الشمسةةةةةةةةي و عنةةةةةةةةد سةةةةةةةةاعات الةةةةةةةةذروة 
 6.070MHz))الشمسةةية بةةالرغم مةةن أن التةةردد 

إلا أنةةةةو  F2تعتمةةةةد فةةةةي انتشةةةةارىا عمةةةةى الطبقةةةةة 
 Eيعةةةةةةاني توىينةةةةةةا عنةةةةةةد مةةةةةةروره خةةةةةةلال الطبقةةةةةةة 

بقيةة التةرددات . باعتباره من الترددات المنخفضة
الةذروة الشمسةية خةلال سةاعات  SNRترتفع بيا 

فييةةةا فةةةةي  SNRبينمةةةا تةةةةنخفض ( م20 -ص1)
وكةةذلك آخةةر ( ص6-2)سةةاعات النيةةار الأولةةى 

بالنسةةةبة لمتةةةرددات ،( م10- 21)سةةةاعات الميةةةل 
الصةةالح للاسةةتخدام  ىمةةدى التةةرددالالواقعةةة فةةي 

طةةةوال  SNRجةةةد انخفاضةةةا واضةةةحا فةةةي قيمةةةة و 
و التةةردد ( MHz 21.650 ,17.730)اليةوم 
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(4.580MHz )عمةةى قةةيم يحقةةق أSNR  خةةلال

 .اليوم

 
 (أ)

 
 (ب)

دراسة نسبة الإشارة إلى ( 20)الشكل 
 الضوضاو

 (1021-،ت 1022-أ)
 

ىةةةو  1022سةةةنة لأن أكثةةةر التةةةرددات فقةةةدا وجةةةد 
(17.730،21.650 MHz ) طوال اليةوم لأنيةا

تبعةةةةد كثيةةةةرا عةةةةن أقصةةةةى مةةةةدى لمتةةةةردد الصةةةةالح 
، ثةةم يمييةةا فةةي الفقةةد MHz 12.24للاسةةتخدام 

الأخرى باتجاه أقل قيمة لمتردد الصالح  الترددات
حتةةةةةةةةةةةى التةةةةةةةةةةةرددات ( 4.52MHz)للاسةةةةةةةةةةةتخدام 

(4.580,6.070 MHz ) التةي تحقةةق أقةةل قةةيم
أن التةةةةةرددات  لةةةةةوحظ 1021فةةةةةي سةةةةةنة . لمفقةةةةةد 

4.580,6.070MHz) ) يكةةةةةةةةةةون فييةةةةةةةةةةا الفقةةةةةةةةةةد
لفقةةةةةةد لمتةةةةةةرددات اوقيمتةةةةةةو أقةةةةةةل مةةةةةةن  ، مةةةةةةنخفض

، ويحةدث ارتفةاع بسةيط مقارنةة  الأعمى مةن ذلةك
الترددات الأخةةةرى عنةةةد سةةةاعات النيةةةار الأولةةةى بةةة
نتيجةةةة الانتشةةةار فةةةي الطبقةةةة ( م20-1( )ص0)
E  بينمةةا بقيةةة التةةرددات تكةةون فييةةا نسةةب الفقةةد ،

 ,17.730))لاحةظ أيضةا أن التةرددات يقميمةة و 
21.650 MHz  يحةةدث بيةةا فقةةد عةةالي طةةوال

اليةةةةوم ممةةةةا يؤكةةةةد أنيةةةةا تقةةةةع خةةةةارج مةةةةدى التةةةةردد 
ه الوصةةةةةةةةمة والتةةةةةةةةردد يةةةةةةةةذلالصةةةةةةةةالح للاسةةةةةةةةتخدام 

4.580MHz) )يحقق أقل قيم لمفقد خلال اليوم 
لاحةةةةةةةةةةةةظ أن التةةةةةةةةةةةةرددات ي و ، 1021سةةةةةةةةةةةةنة ل، 

4.580,6.070MHz) ) يكةةةةةةةةةةون فييةةةةةةةةةةا الفقةةةةةةةةةةد
لفقةد لمتةرددات الأعمةى امنخفض وقيمتو أقةل مةن 

، ويحةةةةةةةدث ارتفةةةةةةةاع بسةةةةةةةيط مقارنةةةةةةةة  مةةةةةةةن ذلةةةةةةةك
بةةةالترددات الأخةةةرى عنةةةد سةةةاعات النيةةةار الأولةةةى 

، بينمةةةةةةةةا بقيةةةةةةةةة التةةةةةةةةرددات  (م20-1)، ( ص0)
 21.650)دتاالترد ،تكون فييا نسب الفقد قميمة

MHz 17.730, ) يحةدث بيةا فقةد عةالي طةوال
اليةةةةوم ممةةةةا يؤكةةةةد أنيةةةةا تقةةةةع خةةةةارج مةةةةدى التةةةةردد 

لاحةةظ أن يو  ، يةةذه الوصةةمةلالصةةالح للاسةةتخدام 
يحقةةةةةق أقةةةةةل قةةةةةيم لمفقةةةةةد ( (4.580MHzالتةةةةةردد 

أنسةب يمكةن القةول بةأن مةا سةبق م،  خلال اليةوم
وصةةةةمة بةةةةين تةةةةونس والجزائةةةةر فةةةةي مةةةةدى لمتةةةةردد 
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، MHz 12.24)التةةةردد الصةةةالح للاسةةةتخدام 
ىةةةةةةةةةةةةةةةةةةةةةةةةو التةةةةةةةةةةةةةةةةةةةةةةةةةردد  1022لسةةةةةةةةةةةةةةةةةةةةةةةةنة ( 4.52

(4.850MHz ) ، ويكةةةةةةةةةةةةةون تةةةةةةةةةةةةةردد التشةةةةةةةةةةةةةغيل
 1021ولسةنة ،  4MHz المناسب ليذه الوصةمة

 . 4.580MHzىو التردد 
 تونس إلى الرباط  بين راديوي الربط ال: رابعا

كةم  2606والربةاط ىةي المسافة بين تةونس 
وعنةةد ، ىةةي بةةذلك تقةةع فةةي مةةدى المسةةار القصةةير

دراسةةةةةة طبقةةةةةة الانعكةةةةةاس وارتفةةةةةاع الإشةةةةةارة فةةةةةي 
التةةةةرددات   1022و لسةةةةنة أنةةةةوجةةةةد  الأيونوسةةةةفير

 Esالتةةةةةةةةةةةةةةةةةةةةةةةةي تنتشةةةةةةةةةةةةةةةةةةةةةةةةر فةةةةةةةةةةةةةةةةةةةةةةةةي الطبقةةةةةةةةةةةةةةةةةةةةةةةةة 
(6.070,4.850MHz ) 1300)فةةةةةةةةةةةي الفتةةةةةةةةةةةرة 

عمةةى ارتفةةاع متوسةةط  وتكةةون ( م 26300 -ص
ارتفةةاع مسةةتوى  التةةي تسةةاعد فةةي Esفةةي الطبقةةة 

، ويةةةزداد ارتفةةةاع بةةةاقي  انتشةةةارىا فةةةي ىةةةذا الوقةةةت
أما  ، F2ساعات اليوم عندما تنتشر في الطبقة 

بةةةاقي التةةةرددات فتنتشةةةر عمةةةى ارتفاعةةةات متقاربةةةة 
 التةةةردد الصةةةالح للاسةةةتخدام و ، F2فةةةي الطبقةةةة 
يحدث أقل و ( 22.07MHz-7.44)يتراوح بين 

MUF خةةةةةلال سةةةةةاعات النيةةةةةار الأولةةةةةى ، بينمةةةةةا 
 ،(ص20300)قيمةةة عنةةد حةةوالي السةةاعة أعمةةى 

فةةإن أفضةةل تةةردد صةةالح للاسةةتخدام يكةةون  عميةةةو 
  1021بينمةةةةةا فةةةةةي سةةةةةنة ،  ضةةةةةمن ىةةةةةذا المةةةةةدى

 ,MHz 4.580التةةةةرددات المنخفضةةةةة 
6.070MHz) ) تنتشةةةةةةةةةةةةةةر عمةةةةةةةةةةةةةةى ارتفاعةةةةةةةةةةةةةةات

منخفضةةةةة فةةةةي الأيونوسةةةةفير ، بينمةةةةا بةةةةاقي اليةةةةوم 
لةةةةةةيلا وفةةةةةةي سةةةةةةاعات   F2تنتشةةةةةةر فةةةةةةي الطبقةةةةةةة 

بةاقي التةرددات تختةرق الطبقةة  ، لأولةىالصةباح ا
E  نيارا وتنتشر طوال اليوم فةي الطبقةةF2 عمةى

 (.كم 020-102)ارتفاعات متقاربة بين 
يتبين أن التردد ( أ-22)من الشكل 

يتراوح بين  1022الصالح للاستخدام لسنة 
(7.44-22.07MHz ) يحدث أقلMUF 

أعمى بينما خلال ساعات النيار الأولى ، 
 عميةو ( ص20300)د حوالي الساعة تردد عن

فإن أفضل تردد صالح للاستخدام يكون ضمن 
( ب-22)الشكل  1021لسنة ،  ىذا المدى

يوضح أن التردد الصالح للاستخدام يقع في 
حيث ،  (0.00MHz - 10.00)المدى بين 

، بينما ( ص6)أقل قيمة في الصباح الباكر 
ويكون التردد الصالح ( ص 20)أعمى قيمة لو 

 .يذه الوصمة في ىذا المدىل

 
 (أ)
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 دراسة التردد الصالح للاستخدام( 22)الشكل 

 (1021-،ت 1022-أ)
 
أن أقةةةةل قيمةةةةة لةةةةة ( أ-21)يلاحةةةةظ مةةةةن الشةةةةكل و 

SNR  تحةةةةدث فةةةةي آخةةةةر سةةةةاعات  1022لسةةةةنة
الميةةل وأول سةةاعات النيةةار ، بينمةةا فتةةرة الظييةةرة 
تكةةةةون فييةةةةا أعمةةةةى مسةةةةتويات لجميةةةةع التةةةةةرددات 

( 6.070,4.850MHz) اني التةةردديعةة و تقريبةةا
فةةي الفتةةرة مةةن  SNRمةةن انخفةةاض فةةي مسةةتوى 

وذلك لأنيةا تنتشةر  ، (م 26300 -ص20300)
 SNRوبالتةةالي انخفةةاض مسةةتوى  Eفةةي الطبقةةة 

ويلاحةةةةةةةةةةةةةظ أن التةةةةةةةةةةةةةردد  ، فةةةةةةةةةةةةةي ىةةةةةةةةةةةةةذه الفتةةةةةةةةةةةةةرة
(6.070MHz ) ىو أعلاىا وأكثرىا استقرارا فةي

SNR  ، فإنةةةو مةةةن الشةةةكل  1021أمةةةا فةةةي سةةةنة
تحةدث فةي فتةرات  SNRأقل قيم ان  ( ب-22)

غيةةةةةاب الإشةةةةةعاع الشمسةةةةةي بينمةةةةةا فةةةةةي سةةةةةاعات 
 وأعمةةى ،  SNRالإشةةعاع الشمسةةي تكةةون قيمةةة 

 ليايحدث ( (4.580,6.070MHzأن الترددات
، ( م26 -ص1)عنةةةد السةةةاعة  SNRانخفةةةاض 

ويمكةةن ملاحظةةة   بةةاقي اليةةوم SNRبينمةةا ترتفةةع 

يحقةةق أفضةةل قةةيم ( MHz 9.700)أن التةةردد 
SNR لال اليومخ. 

 
 (أ)

 
 (ب)

 دراسة نسبة الإشارة إلى الضوضاو( 21)شكل
 (1021-،ت 1022-أ)

 
منحنيةةةات الفقةةةد لجميةةةع ( أ-20)يوضةةةح الشةةةكل 

ويتبةةةةين أن  1022لسةةةةنة التةةةةرددات المسةةةةتخدمة 
الفقد يزداد بزيادة التردد و أعمى قيم لمفقد تحدث 

. عنةةةد آخةةةر سةةةاعات الميةةةل وأول سةةةاعات النيةةةار
( 4.580,6.070MHz)ددات جةةةةةةةةةد أن التةةةةةةةةةر و و 

تحقةةق أقةةل قيمةةا لمفقةةد خةةلال سةةاعات اليةةوم فيمةةا 
 -صE (1300عةةةدا فتةةةرة انتشةةةارىا فةةةي الطبقةةةة 

التةةةي تسةةةبب ارتفاعةةةا فةةةي نسةةةبة الفقةةةد ( م20300
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 1021سةةةةنة ، فةةةةي  مقارنةةةةة بةةةةالترددات الأخةةةةرى
يوضةةح منحنيةةات الفقةةد لجميةةع ( ب-20)الشةةكل 

كةةن التةةرددات ويتضةةح أن قةةيم الفقةةد أعمةةى مةةا يم
،ىةةةةةذا بالنسةةةةةبة ( الصةةةةةباح البةةةةةاكر، آخةةةةةر الميةةةةةل)

، بينمةةةا (21.650,9.700MHz)لمتةةةرددات بةةةين
يقل فييةا الفقةد فةي سةاعات الةذروة الشمسةية عنةد 

بينمةةةةةةةةةةةةا التةةةةةةةةةةةةرددات  ، (م26 -ص1)السةةةةةةةةةةةةاعة 
التةةةةةةةةةةةةي (  (4.580,6.070MHzالمنخفضةةةةةةةةةةةةة 

تنتشر عمى ارتفاعات منخفضة تكةون أعمةى فقةد 
أقةةةل فةةةي آخةةةر الميةةةل الفقةةةد فييةةةا بينمةةةا بيةةةا نيةةةارا 

لاحظ يو  ، وأول النيار مقارنة بالترددات الأخرى
يعطةةي أقةةل ( MHz 9.700)أيضةةا أن التةةردد 

 .قيم لمفقد خلال اليوم

 
 (أ)

 
 (ب)

 دراسة الفقد في النظام( 23)الشكل 
 (1021-،ت 1022-أ)

 
يمكن القول بأن أنسب تردد ما تقدم من خلال 

ىو  1022وصمة لسنة لمصالح للاستخدام 
6.070MHz  7.44حيث يقع في المدى-
22.07MHz  5.16    و تردد التشغيل 

MHz  ، أن أنسب تردد ف 1021أما في سنة
 و يكون تردد التشغيل ، MHz 9.700ىو 

 .MHz 8.2 المناسب 
 راديوي بين تونس ونواكشوطالربط ال: خامسا

كةةةم  0120المسةةةافة بةةةين تةةةونس ونواكشةةةوط 
 ولدراسةةةةةة  ،قصةةةةةيرالمةةةةةدى الضةةةةةمن وىةةةةةي بةةةةةذلك 

 طبقة الإنعكاس وارتفاع الإشةارة فةي الأيونوسةفير
أن  وجةةةةةةةةةةةةةد( أ-20)  لشةةةةةةةةةةةةةكلا، 1022لسةةةةةةةةةةةةةنة 

ىةةةةةةةي أقةةةةةةةل ( 4.580,6.070MHz)التةةةةةةةرددات 
التةةةةةةةةةةةرددات ارتفاعةةةةةةةةةةةا خصوصةةةةةةةةةةةا فةةةةةةةةةةةي الفتةةةةةةةةةةةرة 

أما باقي الوقت فتنتشةر ،( م26300-ص6300)
، بينمةةةةا F2عمةةةةى ارتفةةةةاع مةةةةنخفض فةةةةي الطبقةةةةة 

رىا عمةةى الطبقةةة بةةاقي التةةرددات تعتمةةد فةةي انتشةةا
F2 مةن  فإن  1021أما في سنة ،  طوال اليوم 

   التةةةةرددات  أن جةةةةدو ( ب-20) الشةةةةكل
4.850,6.070,9.700MHz  تنتشةةةةةةةةةر عمةةةةةةةةةى

( م26-ص0)ارتفاعةةات منخفضةةة عنةةد السةةاعة 
التةةةةي  Eعمةةةةى ارتفاعةةةةات منخفضةةةةة فةةةةي الطبقةةةةة 

، أمةةا بةةاقي اليةةوم  تعمةةل عمةةى امتصةةاص طاقتيةةا
ارتفةةةاع أقةةةل مةةةن عمةةةى  F2فتنتشةةةر فةةةي الطبقةةةة 
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التةةةةةةرددات الباقيةةةةةةة . ارتفةةةةةةاع التةةةةةةرددات الأخةةةةةةرى

(11.850-21.650 MHz ) فتنتشةةةةر فةةةةي
 .طوال اليوم F2الطبقة 
 

 
 (أ)

 
 (ب)

دراسة طبقة الإنعكاس وارتفاع ( 24)الشكل 
-،ت 1022-أ) الإشارة في اليونوسفير
1021) 

 
يتبةةين أن أقةةل تةةردد صةةةالح ( أ-26)مةةن الشةةكل 
( MHz 10.64) وىةة 1022لسةةنة للاسةةتخدام 

بينمةةا أعمةةى قيمةةة لمتةةردد الصةةالح للاسةةتخدام ىةةي 
(33.38MHz ) حيةةةةةةةةةث أنيةةةةةةةةةا تتجةةةةةةةةةاوز مةةةةةةةةةدى

فةةةإن أعمةةةى قيمةةةة تكةةةون عميةةةة الموجةةات القصةةةيرة 
30MHz  ، فإنةةةةةةو مةةةةةةةن  1021أمةةةةةةا فةةةةةةي سةةةةةةنة
يتبةةةةةين أن أقةةةةةل قيمةةةةةة لمتةةةةةردد ( ب-26)الشةةةةةكل 
تحةدث عنةد ( 11.10MHz)للاستخدام الصالح 

وىةي ( 35.80MHz)لو  ، وأعمى قيمة( ص6)
 30-3)تعتبةةر خةةارج مةةدى الموجةةات القصةةيرة 

MHz ) 30)أعمةةى حةةد ليةةا ىةةو  يعتبةةروبةةذلك 
MHz)  [2]. 

 
 (أ)

 
 (ب)

 دراسة التردد الصالح للاستخدام( 25)الشكل 
 (1021-،ت 1022-أ)
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 التغييةةةر فةةةي  ضةةةحالةةةذي يو  (أ-26)مةةةن الشةةةكل 
SNR  التةةةةةةةةةةةةةةةةةةةةةرددات  عنةةةةةةةةةةةةةةةةةةةةةد 1022لسةةةةةةةةةةةةةةةةةةةةةنة

(4.580,6.070,21.650MHz ) تعطةةةةي قةةةةيم
( 20300-6300)في الفترة   SNRمنخفضة لة 

بينمةةةا بقيةةةة التةةةرددات تعطةةةي نسةةةب عاليةةةة لقيمةةةة 
SNR ويمكةةن ملاحظةةة أن التةةردد  طةوال اليةةوم ،

(11.850MHz ) ىةةةو أكثرىةةةةا اسةةةةتقرارا ويعطةةةةي
 ، SNRقيما عالية 

يوضةةح ( ب-26)الشةةكل  1021أمةةا فةةي سةةنة 
دات فةةةةةةالترد،  لجميةةةةةةع التةةةةةةرددات  SNRقيمةةةةةةة 

خةةةةةةةةةلال ( 4.850,6.070MHz)المنخفضةةةةةةةةةة 
( م26-ص1) Eسةةاعات انتشةةارىا فةةي الطبقةةة 

، بينمةةةا  SNRتعةةاني مةةةن انخفةةةاض شةةةديد فةةةي 
كبقيةة التةرددات بةاقي سةاعات  SNRترتفع بيا 

تكةةةةون  SNRبةةةةاقي التةةةةرددات نسةةةةبة  و ، اليةةةةوم
متقاربةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةة ا طةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةوال اليةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةوم 

(21.650,17.730MHz ) التةةةي يحةةةدث بيةةةا
لاحةةةةةةةةظ أن يو ( ص6)عنةةةةةةةةد  SNRانخفةةةةةةةةاض 

ىةو مةن أفضةميا فةي ( MHz 11.850)التردد 
 .طوال اليوم SNRقيم 

 
 (أ)

 
 (ب)

دراسة نسبة الإشارة إلى ( 26)الشكل 
 الضوضاو

 (1021-،ت 1022-أ)
 

الةةةةةذي يةةةةةدرس الفقةةةةةد لسةةةةةنة ( أ-22)مةةةةةن الشةةةةةكل
يتضةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةح أن التةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةرددات  1022

(6.070,4.580MHz ) تعةةةاني أعمةةةى قةةةيم فةةةي
( 9:00,14:00MHz)رىا الفقد أثناء فتةرة انتشةا

ملاحظةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةة أن التةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةردد  ويمكةةةةةةةةةةةةةةةةةةةةةةةةةةةةةةن، 
(11.850MHz) ىةةةو أكثةةةر المنحنيةةةات اسةةةتقرارا

حيةةةث قيمةةةة الفقةةةد  1021لسةةةنة  و،  اوأقميةةةا فقةةةد
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( (4.850,6.070MHzلمتةةةةةرددات المنخفضةةةةةة 
بينما بقيةة ، ( م26-ص1)تكون أعمى ما يمكن 

كبةةر خةةلال سةةاعات االتةةرددات يكةةون فييةةا الفقةةد 
أن التةةةةةةةةةةةردد  يلاحظةةةةةةةةةةةوو (. ص6-0)الصةةةةةةةةةةةباح 

11.850MHz  يعطةةةةي أقةةةةل قةةةةةيم لمفقةةةةد مقارنةةةةةة
 .بالترددات الأخرى

 
 (أ)

 
 (ب)

 دراسة الفقد في النظام( 26)الشكل
 (1021-،ت 1022-أ)

 
ومما سبق  فإن التردد الصالح  للاستخدام لسنة 

 33.38MHz -10.64في المدى بين  1022

ويكون تردد التشغيل   11.850MHzىو التردد 
   10.07MHz ،فإن  التردد  1021لسنة  و

11.850MHz  مكن مىو من أفضل الترددات
 يكون تردد التشغيل  ،عمية  استخداميا 

10.07 MHz. 
 الاستنتاجات-5

إن طبقةةةةةةة الأيونوسةةةةةةفير ىةةةةةةي طبقةةةةةةة غيةةةةةةر 
مستقرة لا يمكن الاعتمةاد فييةا عمةى تةردد واحةد 
طوال اليوم حيث أن التردد الةذي يحقةق أفضةل 

ومةةةن خةةةلال . يعمةةةل بعةةةد سةةةاعةاتصةةةال قةةةد لا 
،  20] و مقارنتةةو  القةةراءات المتحصةةل عمييةةا 

- 3ستنتج أن يمكن ا[ 22
التردد الأقصى الصالح للاستخدام والذي 
يحقق أفضل انتشار ويضمن وصول الإشارة 

حيث تم , إلى طرف الاستقبال يتغير باستمرار
تحديد التردد الأقصى الصالح للاستخدام عند 

( 2)الجدول  ،الدراسة لمناطق  نقطة الاستقبال
يبين النتائج المتوصل الييا لمحصول عمى 

 -2حيث  ، نظام اتصالات جيدة خلال فترات
تونس –طرابمس  -1تونس ، –المسار القاىرة 

 -6الرباط  –تونس  -0تونس الجزائر ،  -0
 .تونس-نواكشوط 

 الترددات الصالحة للاستخدام( 2)جدول   
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 5 4 3 1 2 الوصمة
 MHz رددالت

1022 
20.07 6.07 4.0 5.26 20.07 

 MHzالتردد
1021 

22.85 5.25 
4.5
8 

8.10 20.07 

 km 1086 525 632 2575 3194المسار
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 قسم الهندسة الكهربائية
 موصلجامعة ال
 العراق –موصل 

 الخلاصة
يصنننا الحمننل الكهربننائل فننل العننراق ومومننا والموصننل اصوصننا بننمن ا حمننال الكهربائيننة        

تؤدي ووامل متعددة إلى جعل الحمل الكهربائل لفصل الشتاء أومى من . المتأثرة بالبروا المنااية
ل فصمل الربيع والارينا ينؤدي إلنى كذلك فان اوتدال درجة الحرارة ف. الحمل الكهربائل لعموم السنة

 .  حمل كهربائل اقل
المنااينة والمكوننات  ايؤدي ودم وجود قيم دقيقة لمكونات الحمل الكهربنائل المتنأثرة بالبنر و       

المنااينننة إلنننى حصنننول أاونننا كبينننرة ومشننناكل فنننل التعامنننل منننع ا حمنننال  اغينننر المتنننأثرة بالبنننر و 
دارة ا حمنننال الكهربائينننة نمنننو ا حمنننال وترشنننيد ا سنننتهاالكهربائينننة فنننل الجواننننة الماتمفنننة مثنننل  ك وا 

 . الخ...
 ابالبننننر و  ةيعننننرب البحننننث الحننننالل وريقننننة لفصننننل مكونننننات الحمننننل الكهربننننائل غيننننرا لمتننننأثر       

 افصنننل الشنننتاء والمكوننننات المتنننأثرة بالبنننر و  –المنااينننة  االمنااينننة والمكوننننات المتنننأثرة بالبنننر و 
شنمال )مدت قراءات ا حمنال الكهربائينة المسنجمة فنل مديننة الموصنل أوت. فصل الصيا –المنااية 
تنم تسنجيل درجنة الحنرارة الصنارع والعظمنى وكنذلك الحمنل الكهربننائل . فنل الوريقنة المقترحنة( العنراق

حممنت القنراءات باسنتادام الوريقنة المقترحنة ووربنت النتنائ  . سنة كاممنة ةلثاث ماذيات يوميا ولمد
 .التاليةونوقشت فل الفقرات 
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 المقدمة   -1
يتكننننننون الحمننننننل الكهربننننننائل مننننننن مكونننننننات       

متعنننددةذ لنننذا فهنننو يتاينننر بصنننورة مسنننتمرة بسنننبة 
يمكنننن . ووامنننل كثينننرة تنننؤثر ومنننى هنننذ  المكوننننات

تصنننيا العوامننل المننؤثرة ومننى الحمننل الكهربننائل 
إلننى ووامننل اقتصنناديةذ تننأثيرات سننكانيةذ ووامننل 

 وامنننننل وشنننننوائيةالنننننزمنذ التنننننأثيرات المنااينننننةذ وو
[3, 2, 1]   . 

تعتمننند اصنننائل الحمنننل الكهربنننائل ومنننى       
المسننتهمك النهننائل ونوويننة ا جهننزة والمسننتمزمات 
الكهربائيننة المسننتادمة مثننل أجهننزة اجنننارة وأجهننزة 

 .الننننخ. . . التدفئننننة وأجهننننزة التبرينننند والمحركننننات 
: تصنننا ا حمننال الكهربائيننة إلننى أربعننة أصننناا

 . [4]والزراول والصناولالتجاري والسكنل 
يمثنننننل نمنننننوذج الحمنننننل الكهربنننننائل المتنننننأثر       

المناايننة بتقسننيمى إلننى مركبننة تتننأثر  ابالبننر و 
بالبننننننروا المناايننننننة ومركبننننننة أاننننننرع   تتننننننأثر 

تتصنننننننننننا ا حمنننننننننننال . المنااينننننننننننة ابالبنننننننننننر و 
الكهربائيننة السننكنية والتجاريننة بننالتاير مننع فصننول 

 تكننننننون درجنننننننة. المنااينننننننة االسنننننننة و البننننننر و 
الحنننرارة ابنننرز العوامنننل المناايننننة التنننل تنننؤثر فننننل 
تاير الحملذ كذلك فنان لمرووبنة النسنبية وسنروة 

 .الرياح بعب التأثير ومى الحمل الكهربائل
يتأثر الحمنل الكهربنائل فنل العنراق بالبنر       

يننؤدي ارتفنناج درجننة الحننرارة . المناايننة بشنندة او 

فننل الصننيا إلننى زيننادة الحمننل الكهربننائل نتيجننة 
كننننذلك فننننان انافنننناب . سننننتادام أجهننننزة التبرينننند 

درجة الحنرارة فنل الشنتاء ينؤدي إلنى زينادة الحمنل 
الكهربائل نتيجة  ستادام أجهزة التدفئة وتساين 

تؤدي درجات الحرارة المعتدلة فنل فصنمل . الميا 
الربينننع والارينننا إلنننى حمنننل كهربنننائل هنننو ا قنننل 

يتصا الحمنل الكهربنائل فنل . ومى امتداد السنة
لسنننوات ا ايننرة بزيننادة الحمننل الكهربننائل لفصننل ا

 . الشتاء ون الحمل الكهربائل لفصل الصيا
يهنندا البحننث الحننالل إلننى فصننل مكونننات       

المنااينننة  االحمنننل الكهربنننائل المتنننأثرة بالبنننر و 
ومكونننات الحمننل الكهربننائل غيننر المتننأثرة بالبننر 

كننننننذلك فصننننننل مكونننننننات الحمننننننل . المناايننننننة او 
تتننننأثر بانافنننناب درجننننة الحننننرارة  الكهربننننائل التننننل

ذ ومكوننات الحمنل الكهربنائل التنل (حمل الشتاء)
(. حمننننل الصننننيا)تتننننأثر بارتفنننناج درجننننة الحننننرارة 

استادمت القراءات المسنجمة لححمنال الكهربائينة 
فنننننل توبينننننق ( شنننننمال العنننننراق)لمديننننننة الموصنننننل 
 . الوريقة المقترحة

 
 تسجيل القراءات -2

و السكان واستقرار يؤثر مستوع الدال ونم      
. النننباد ومننننى ا حمننننال الكهربائيننننة ونسننننبة نموهننننا

نظرا لصعوبة تقدير هنذ  العوامنل فنل العنراق فنل 
فنننان البنننديل المتنننوفر هنننو دراسنننة , الوقنننت الحنننالل
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وفنق تصننيا مديرينة , وتسجيل ا حمال الحالية 
تصننننننا مديرينننننة توزينننننع . توزينننننع كهربننننناء نيننننننوع

ايير هنننننل كهربننننناء نيننننننوع المسنننننتهمكين وفنننننق معننننن
مسننننحة الوحنننندة السننننكنية وونننندد ا فننننراد وا جهننننزة 
المسننننننتادمة مننننننن قبننننننل المسننننننتهمكين إلننننننى ثاثننننننة 

ا سنننننننننننتهاك العننننننننننالل وا سنننننننننننتهاك : أصننننننننننناا
 . [5]المتوسو وا ستهاك القميل

تننم تسننجيل قننراءات  حمننال ثنناث ماننذيات       
كننذلك تنننم . تمثننل نمننوذج لكننل صننننا ولمنندة وننام

مننى والصننارع ولمنندة تسننجيل درجننة الحننرارة العظ
درجنات الحنرارة  1يوبح الشكل رقنم . وام كذلك

العظمننى والصننارع المسننجمة فننل مدينننة الموصننل 
الحمنننل  2كنننذلك يوبنننح الشنننكل رقنننم . لمننندة ونننام

الكهربنننننائل لمنمننننناذج الثاثنننننة المسنننننجمة  صنننننناا 
 .المستهمكين الثاثة

أن المانننننننذي  2تبنننننننح منننننننن الشنننننننكل رقنننننننم ي     
الل أكثنر تنأثرا بتاينر لممنوقة ذات ا ستهاك الع

يميننننننننى الماننننننننذي لممنوقننننننننة ذات . درجننننننننة الحننننننننرارة
ا سنننتهاك المتوسنننو ذ ويكنننون المانننذي لممنوقنننة 
ذات ا سننتهاك القميننل قميننل التننأثر بتايننر درجننة 

كننننذلك فننننان الحمننننل الكهربننننائل لفصننننمل . الحننننرارة
يكننون ( فتننرة ا وتنندال الحننراري) الربيننع والاريننا 

اد الحمنل الكهربنائل ينزد. ا قل ومى امتداد السنة
. مننننع زينننننادة درجننننة الحنننننرارة فننننل فصنننننل الصنننننيا

باجبننننننافة إلننننننى زيننننننادة الحمننننننل الكهربننننننائل وننننننند 
يمثننل . انافنناب درجننة الحننرارة فننل فصننل الشننتاء

الحمننننل الكهربننننائل لفصننننل الشننننتاء ا ومننننى ومننننى 
 . امتداد السنة

يمثنننننل الحمنننننل الكهربنننننائل لفصنننننمل الربينننننع       
 - 22)جة الحرارة والاريا اقل القيم  وتدال در 

مما يؤدي إلى ودم الحاجة لتشنايل أجهنزة ( 32°
وكننننذلك المننننراوح ( تبرينننند أو تدفئننننة)تكيننننا الهننننواء 

. الننخ. . . ومبننردات الهننواء والمنندافر الكهربائيننة 
ا حمنننننننننال الكهربائينننننننننة  6-3توبنننننننننح ا شنننننننننكال 

 . لفصول السنة الشتاء والصيا والربيع والاريا
 

 طريقة التحميل والنتائج -3
يتبح منن الشنرح السنابق وا شنكال             

المتعنننننددة أن الحمنننننل الكهربنننننائل لفصنننننمل الربينننننع 
والاريننننا يقننننل وننننن الحمننننل الكهربننننائل لفصننننمل 
الشنننتاء والصنننيا وذلننننك  وتننندال درجنننة الحننننرارة 
مما يؤدي إلى وندم اسنتادام أجهنزة التكيينا فنل 

أي أن الحمل الكهربائل لفصمل . هذين الفصمين
ا   يحنننوي مركبنننة تتنننأثر بالبنننر الربينننع والاريننن

 .المنااية او 
يمكن إيجاد نموذج ريابنل مناسنة لتمثنل       

 .لفصننننننمل الربيننننننع والاريننننننا لالحمننننننل الكهربننننننائ
يعوننل نمننوذج الدالننة ا سننية أفبننل النتننائ  فننل 
حالة ا حمال سريعة النموذ وهل الحالة المشابى 
لححمننال فننل المنظومننة الشننمالية ومومننا ومدينننة 

ويمكننن كتابتهننا بالشننكل . [6]الموصننل اصوصننا
 :لآتلا
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25.365/* BIeAY  
 :حيث

 Y =الحمل الكهربائل. 
A  =مناخمعامل المركبة غير الحساسة لم. 
B   =نمو المركبة غير الحساسة لممناخ . 

الماوننو ا نسننيابل  7يوبننح الشننكل رقننم       
 A&Bقنيم الثوابنت  إيجادلمبرنام  المستادم فل 

يبننندأ البرننننام  بادانننال المعوينننات مثنننل الحمنننل . 
الكهربنننائل الحقيقنننل ووننندد ا ينننام وتسمسنننل الينننوم 

يحسنننننننة . النننننننخ. . . ا بتدائينننننننة  A&Bوقيمنننننننة 
  قيمننننننننة الحمننننننننل الكهربننننننننائل باسننننننننتادام البرنننننننننام

يبيا القيمنة (.  1معادلة رقم )المعادلة ا سية 
لمجمنننوج القنننيم المحسنننوبةذ وكنننذلك يبنننيا قيمنننة 
الحمنننننننل الكهربنننننننائل إلنننننننى مجمنننننننوج قنننننننيم الحمنننننننل 

بعنننند ا نتهنننناء مننننن مجمننننوج . الكهربننننائل الحقيقننننل
ا يام يقارن بين مجموج القيم المحسوبة ومجمنوج 

أو  A&Bل تعنننننننديل قنننننننيم القنننننننيم الحقيقينننننننة  جننننننن
بعند . باتجا  تقميل الفرق بين المجمووين إحداهما

تعننناد وممينننة . النهائينننة A&Bا نتهننناء ينننتم وبنننع 
  .لمماذيات الثاثة A&Bإيجاد قيم 

 

درجات الحرارة العظمى والصغرى لمدة  1شكل رقم 
 .عام
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الأحمال الكهربائية  2شكل رقم 
 .لممغذيات الثلاثة

 

 ل الحمل الكهربائي 3شكل رقم 
 .فصل الشتاء

 

الحمكككل الكهربكككائي ل صكككل  4شككككل رقكككم 
 .الصيف
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قنننننيم المعنننننامات  1يوبنننننح الجننننندول رقنننننم       
A&B بعنننند إيجنننناد المنحنننننل . لمماننننذيات الثاثننننة

مديننند المناسننة لفصننمل الربيننع والارينناذ يمكننن ت
يمثنننل هنننذا . المنحننننل ليشنننمل كامنننل سننننة الدراسنننة

الفنننرق . المنحننننل المركبنننة غينننر الحساسنننة لممنننناخ
بنننننين قيمنننننة المنحننننننل والحمنننننل لفصنننننمل الصنننننيا 
والشنننتاء تمثنننل المركبنننة الحساسنننة  رتفننناج درجنننة 
الحنننننرارة و المركبنننننة الحساسنننننة  نافننننناب درجنننننة 

يمكنننننن إيجننننناد قيمنننننة هننننناتين المنننننركبتين . الحنننننرارة
لحسننابيع أو مننع درجننات الحننرارة بمننا لحشننهر أو 

 .  يناسة التوبيق الموموة
لممغذيات  A&Bقيم المعاملات  1جدول رقم 

 .الثلاثة
 Bقيمة  Aقيمة  المغذي

 585585 116 قميمل ا ستهاك
 متوسول ا ستهاك

341 58521 

 585355 418 والل ا ستهاك

 

 
 
 

اسنننننتادمت معادلنننننة مربنننننع الفنننننرق جيجننننناد نسنننننبة 
وبننح النسننبة القميمننة أن المنحنننل يمثننل ت. الاوننأ

موائمننة جينندة لقننيم ا حمننال الكهربائيننة ولمماننذيات 
المركبنننننننننات  9و 8يوبنننننننننح الشنننننننننكان . الثاثنننننننننة

الثاثننةذ المركبننة غيننر الحساسننة لممننناخذ المركبننة 
الحساسنننننننة  رتفننننننناج درجنننننننة الحنننننننرارة و المركبنننننننة 
الحساسننننننة  نافنننننناب درجننننننة الحننننننرارة ولحنننننننالتل 

ونننننننننننننالل ا سنننننننننننننتهاك المانننننننننننننذي لممسنننننننننننننتهمكين 
 . ا ستهاك قميملولممستهمكين 

  
 الاستنتاجات -4

يمثل إيجاد مكونات الحمنل الكهربنائل احند       
وننرق إيجنناد نمنناذج مناسننبة لمتعامننل مننع ا حمننال 

شننننننننرحت وريقننننننننة بسننننننننيوة لفصننننننننل . الكهربائيننننننننة
المركبات الثاثةذ المركبة غير الحساسة لممنناخذ 

الحنننننننرارة و  المركبنننننننة الحساسنننننننة  رتفننننننناج درجنننننننة
المركبنننننننة الحساسنننننننة  نافننننننناب درجنننننننة الحنننننننرارة 
ووبقنننت الوريقنننة ومنننى أحمنننال كهربائينننة مسنننجمة 

 . (شمال العراق)لمدينة الموصل 

الحمكككل الكهربكككائي ل صكككل  5شككككل رقكككم 
 .الربيع

 

الحمل الكهربائي  6شكل رقم 
 .ل صل الخريف
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 شكر وتقدير  
يشننننكر البنننناحثون إدارة ومهندسننننو المديريننننة       

العامة لتوزيع كهربناء المنوقنة الشنمالية لمنا أبندو  
جهننودهم ونقنندر . مننن تعنناون بننناء جنجنناز البحننث

كمننال  ومننا تكبنندو  فننل متابعننة تسننجيل القننراءات وا 
التباحنننننننث والمشننننننناورات حنننننننول احتياجننننننناتهم منننننننن 
 .تفاصيل ا حمال ومركباتها لمتوبيقات المتعددة
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ثوابككت المخطككط الانسككيابي ديجككاد قككيم ال 7شكككل رقككم 
A&B. 

 

المعطيات إدخال  

A=   , B= J=  , f=  ,sum1=  

,sum2= 

 
i=i+1 

PC=Aefhgf +Beghjgjh 

sum1=sum1+Pa(i) 

sum2=sum2+Pc(i) 

 النهاية

j=j+1 

sum1 > sum2 

0 

 
sum1 
    :  
sum2 

 sum1-sum2 
          : 
          f 

 sum2-sum1 
          : 
          f 

 

sum1 < sum2 

A=A+1 

 

B=B+0.0005 

 
B=B-0.0005 

 

A=A-1 
 

|(sum1-sum2)| 
: 

min 

 i : L(a) 

|(sum1-sum2)|< |(sum1-sum2)|> 

 
 A&B اطبع    

< < > > 
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 تعويض التوالي الأمثل باستعمال الخوارزمية الجينية
 

 محمد عمي عبد الله الراوي   السيدة سراء إسماعيل خميل. د
 جامعة الموصل/ قسم الهندسة الكهربائية 

 
 الممخص

. التولييد والنقيةخطيوط النقية الكهربائيية ميث اف يدائ الرئيسية ل يركات قة أكبر قدرة فيي نيُعَّد 
الخوارزميييية  عماةباسيييتالبقيييث  ييي أ المسييي لة يتنييياوة  .التيييوالي لتققييييا  ييي ا الهيييدئمعوضيييات  عمةسيييتت

لتعويض التيوالي و ي إقدى التقنيات البرمجية لإيجاد القيمة المثمى  Genetic Algorithmالجينية 
وك لب ت ثير زيادة عدد مواقي  تعيويض ،  تت قساب القيت المثمى لمتسعات التوالي. في خط نقة القدرة

 IEEE (Bus 30)عمى منظومة المقترقة ت تطبيا الطريقة ت .لي عمى تقمية الفقد بالقدرة الفاعمةالتوا
 .لقالتيث مث القمة

 
 : Introductionالمقدمة .1

إث الهييدئ افساسييي لم ييممي مقطييات 
الطاقة الكهربائية  و الق وة عمى أفضة قالة 
ت غية ممكنة و لب مث خيلة تقميية مقيدار الفقيد 

يتت  لب في بعيض افقيياث ميث ، لفاعمة بالقدرة ا
. [1]خيييلة إضيييافة متسيييعات التيييوالي فيييي الخيييط 

خطييييوط النقيييية فييييي منظوميييية القييييدرة تنقيييية القييييدرة 
لمسيييافات طويمييية ، قاليييياً ييييتت اسيييتخدات تعيييويض 
التييوالي فييي الخطييوط لزيييادة سييعة نقيية القييدرة فييي 

خطيييوط النقييية وبالتيييالي زييييادة اسيييتقرارية منظومييية 
 .[2]القدرة 

في خطوط عند دمجها المعوضات ة تعم
  النقة عمى تغير كفاءة النقة وزيادة سعة نقة 

 
افة معوضيات التيوالي إضيالقدرة ، ونعنيي باليدم  

 .والتوازي معا
افكثييييير فاعميييييية يمكيييييث اختييييييار  يييييكة التعيييييويض 

لمق وة عمى كفاءة عالية ونقية قيدرة أعظيت فيي 
الخطييييوط المعوضيييية وليييييس بالضييييرورة أث تكييييوث 
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أعمييييى قييييدرة يمكييييث د الكفيييياءة العظمييييى القييييدرة عنيييي
 .[2]نقمها في الخطوط 

وقيييد تيييت التعامييية مييي  الموضيييوع بتقنييييات متعيييددة 
عمى مدى العقود الماضية لقة معضمة الت غية 
افمثية لتعيويض التييوالي والتيوازي ومنهيا اسييتخدات 

الييي  ، وقيييد ... البرمجييية الخطيييية وخيييير الخطيييية 
ينييية لقيية اسييتخدمت قييديثاً تقنييية الخوارزمييية الج

 .معضلت م ابهة
أميييييا ميييييث الناقيييييية انقت يييييادية بالإمكييييياث 
توضيييييييي فاعمييييييية ق يييييير أو إضييييييافة معوضييييييات 

، عمى فرض أث كمفة النقة الآتيةالتوالي بالكيفية 
 – Pmax)وأث القيدرة المنقولية  يي . W/m/$بيي 

Po)   ضيييييييمث طيييييييوة الخيييييييط البيييييييال  والفولتيييييييية
قييييدود القييييدرة المنقوليييية يييييادة وأث ز . (V)المقننيييية 

 : [3]ية الآتتعطى بالمعادلة 
 

 omaxlineline PP**KK     (1) 

Kline  : كمفة بي$/W/m. 
  : طوة الخط(m). 

Pmax  : ة منقولة أعظت قدر(MW). 
Po  : القدرة المنقولة(MW). 

 فييي ثأميييا عنيييد إضيييافة تعيييويض التيييوالي ، 
قييييدة مييييث القييييدرة الفاعميييية لكيييية و ض يكمفيييية التعييييو 

لكيية ( دونر ) الييي ب Kcondenser المعوضيية  ييي 
(VAR)  والتعبييير الرياضييي المعبيير عييث القاليية

 :  و

ccondensercondenser QKK     (2) 

 

 < Kine عنيدما  (S)لي لب فياث التيوفير 

Kcondenser و : 
 

  ccondenseromaxine QKPPKS       (3) 

 
قييييييييث أث المعادلييييييية أعيييييييلأ تعبييييييير عيييييييث 

اس فاعمييية تعييويض التييوالي المسييتخدت كيي داة مقييي
 .ي زيادة قابمية نقة الخطف

 
 : الخوارزمية الجينيةـ  2

ميييييث الطرائيييييا تعيييييد الخوارزميييييية الجينيييييية 
لمقاكيييييياة بعييييييض المسييييييائة القديثيييييية المسييييييتخدمة 
 ييي أ الطريقييية أقيييد  دوتعييي. المعقيييدة وكبييييرة القجيييت

أساليب ال كاء ال ناعي وتتميز بكفاءتهيا العاليية 
كانييات الهائميية التييي توفر ييا ومنهييا كبيير قجييت للإم

وتقييييوت  يييي أ . اليييي ي تعميييية عمييييي فضيييياء البقييييث 
الخوارزميييييييات بيييييي جراء البقييييييث الع ييييييوائي عمييييييى 
مجموعيية مييث القمييوة والقييية النييات  عنييد تطبييييا 
الخوارزمية الجينية يكوث قريب مث القة المثيالي 

(Near Optimal Solution)  ويمكيث توضييي
 .[4 ,3]  تينية كما يعمة الخوارزمية الجي

بقث عث القة انطلقاً ميث مجموعية ت -1
مييييث النقيييياط فييييي فضيييياء البقييييث وفييييي 
. وقيييت واقييييد وليييييس ميييث نقطيييية واقييييدة
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ويكيييييييوث قسيييييييياب كييييييية عن يييييييير مييييييييث 
عنا يير قجييت المجموعيية خييير معتمييد 

 .عمى الآخر
تعتمييد فييي عممهييا عمييى معمومييات داليية  -2

 (Fitness Function)الهيييييييدئ 
تطي  ك ساس لمبقث عيث افمثميية ونسي

دواة الييميي  جمييي  الييدواة مثيية  التعاميية
تفاضييمية الدواة خييير الييو مسييتمرة الخييير 

(Differential). 

الجينيييييية كطيييييرا سيييييتعمة الخوارزميييييية ت -3
ون تسيييتخدت قواعيييد اننتقييياة الع يييوائية 
مساقة البقيث أث مقددة ل لب نلقظ 

تكيييوث  ناليييب تكيييوث كبييييرة جيييداً وبييي لب 
سييييهولة لمو ييييوة إلييييى القيميييية المثمييييى 

ليي لب . ي تعطييي أفضيية داليية  ييدئالتيي
الجينييييية أكثيييير دقيييية الخوارزميييييات  دتعيييي

 .ا افمثمية التقميديةائوسهولة مث طر 
 

 :خطوات تطبيق الخوارزمية الجينية  1-2
 توليــــــــد حجــــــــم المجتمــــــــ   1-1-2

(Generation Population Size): 

اففيراد ويختييار يتكيوث المجتمي  مييث عيدد مييث 
 قجيييييييييييييت المجتميييييييييييييي  م يييييييييييييمت الخوارزمييييييييييييييية 

قسييب المسيي لة المييراد قمهييا ويييتت تمثييية عييادة 
 كييية فيييرد فيييي المجتمييي  بسمسيييمة ثابتييية الطيييوة 

(Constant String)  تسييمى بالكروموسييوت

 Variable)وقييييد تكييييوث متغيييييرة الطيييييوة 

Lengths)  والكروموسيييوت بيييدورأ يتكيييوث ميييث
عيييدد ميييث المواقييي  تسيييري الجينيييات قييييث ييييتت 

ر يقة مث القيت الققيقية المتوليد قيت ع وائية 
ويمكيث أث يكيوث التعيويض . التواليلتعويض 

فيييي  ا كيييياث . فييييي موقيييي  واقييييد أو عييييدة مواقيييي 
التعيييويض فيييي خيييط واقيييد فبهييي أ القالييية ييييتت 

كة كروموسوت يتكيوث ميث قيمية ققيقيية جعة 
واقييييييييييدة فقييييييييييط مر ييييييييييقة لمتعييييييييييويض وكيييييييييية 
كروموسييييوت مييييث المجتميييي  يمثيييية أقييييد قمييييوة 
 مسييي لة البقيييث عيييث افمثميييية لدالييية التعيييويض

[3]. 
 

Chromosome = Gene 1  Gene 2  

Gene  3 … Gene L  

 :حيث أن 
L  : تمثييييييييييييييييييية طيييييييييييييييييييوة الكروموسيييييييييييييييييييوت

Chromosome Length. 
التيييوالي فيييي البقيييث القيييالي قيمييية متسيييعة 

المضييييافة فييييي خييييط النقيييية معطيييياة فييييي المعادليييية 
 :ية الآت

 

 cXXLJRZ     (4) 

 
 :حيث أن 

Xc  :دة فيييي تمثيية القيييت الع ييوائية المتوليي
 .الخوارزمية الجينية
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حســـــــــــــــا  دالـــــــــــــــة الهـــــــــــــــد   2-1-2
(Evaluation of Fitness 

Function) : 

ث ييييييييتت قسيييييياب داليييييية الهييييييدئ بعييييييد تكييييييو 
المجتمي  لكيية فييرد أي قسيياب كفيياءة كيية فييرد فييي 

 Fitness)وقد تت اعتبار دالة الهيدئ . المجتم 

Function)  أقيية خسييارة فييي القييدرة الفاعميية(P) 
ة المثمييييى لمتعييييويض التييييي ييييتت البقييييث عييييث القيمييي

تجعييية دالييية الهيييدئ أقييية ميييا يمكيييث ، وفيييي قالييية 
عييييدت إيجيييياد القيميييية لمتعييييويض فتقييييوت الخوارزمييييية 

مثييييييية اننتقييييييياء الجينيييييييية فيييييييي تطبييييييييا عواممهيييييييا 
(Selection)  والتيييييييييييييييييييييييييييييييييداخة الإبيييييييييييييييييييييييييييييييييداعي

(Crossover)  والطفرة(Mutation) [4]. 
Fitness Function = PLoss  

 

  jijiji

N

i

N

j

ijLoss CosVVVVGP  
 

2
22

1 1

 (5) 

 
 :حيث أن 

PLoss  :مقدار الفقد بالقدرة الفاعمة. 
Gij  : الجيييزء الققيقيييي لعن ييير م يييفوفة

 .المسايرة
Vi  :فولتية الإرساة. 
Vj  :فولتية انستلت. 
i  : زاوية الفولتية لمعمومي(i). 
j  : زاوية الفولتية لمعمومي(j). 
 

 : (Selection)الانتقاء  3-1-2
اففيييييييراد لمعبيييييييور إث اننتقييييييياء أو تعيييييييييث 

وتقديييد كييت مييث اففييراد سيييتب  كيية فييرد مختييار ، 
وي ييمة . والآبيياء يييتت اختبييار ت وفقيياً لداليية الهييدئ

انختبيييييار الجيييييييد  ات الجهييييييود العالييييييية للنتقيييييياء 
(High Selection Pressures)  قيييث جهييد

انختبيار  يو الدرجية أو المسيتوى لمقيياس أفضية 
هيييا دواة لمكروموسيييومات ال يييالقة التيييي ينيييت  عن

 يييفري ، ون ييييتت اختبيييار الكروموسيييومات  ا يييدفه
و ييي ا . التيييي تنيييت  عنهيييا قييييت كبييييرة لدالييية الهيييدئ

في القيدرة الفاعمية فيي ( الخسارة ) يعني أث الفقد 
 .البقث يجب أث تكوث أقة ما يمكث

 : (Mutation)الطفرة  4-1-2

و ييي تغييير ع ييوائي فييي الكروموسييومات 
 خمييب الدراسييات وتقييدث باقتمالييية ضييئيمة لكييوث أ
 Mutation)أقييييرت أث تكييييوث نسييييبة الفطييييرة 

Rate)  قميمييية جيييداً لكيييي ن تيييؤ ي الجيييية المتوليييد
 وتبعيييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييييد 
بييييي  عيييييث القييييية المطميييييوب ب يييييكة كبيييييير وأخميييييب 

فضيمت أث تكيوث نسيبة الطفييرة الم يادر المتيوفرة 
 .[6] (%1 - %0.5)قوالي 

 
 :النتائج ومناقشتها ـ  3

تييييييت دراسيييييية وتقمييييييية إضييييييافة معوضييييييات 
الخوارزميييية فيييي خطيييوط النقييية باسيييتخدات والي التييي
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و لييب لمق ييوة عمييى أمثيية قيميية  (GA)الجينييية 
 .لتعويض التوالي عند أقة فقد بالقدرة الفاعمة
عمييييييييى وقييييييييد طبقييييييييت  يييييييي أ الخوارزمييييييييية 

ولقيييالتيث ميييث  (IEEE 30 Bus)المنظومييية 
 (Minimum Load) دنييىالقميية اف .القميية

 5.6053)بالقيييدرة الفاعميييية كانيييت قيميييية الفقييييد 

MW) أميا قالية . قبة إضافة معوضيات التيوالي
فقيد كياث  (Maximum Load)القمية افعظيت 

،  (MW 12.085)مقيدار الفقيد بالقيدرة الفاعمية 
 :وتت دراسة القانت التالية 

 
 : Case Studiesالحالات الدراسية ـ  4

إضافة معوضات التوالي فـي حالـة أدنـ     1-4
 :حمل 

لي فــي خــط واحــد إضــافة تعــويض التــوا  1-1-4
 ( :أدن  حمل ) عند 

فيي تت الق وة عمى النتيائ  المعروضية 
إضييافة معوضييات التييوالي عنييد  (1)الجييدوة رقييت 

فيي الخطيوط قيث يبيث القييت المثميى . لخط واقد
وكيي لب مفاقيييد المضييافة إليهييا معوضييات التييوالي 

ولييييييوقظ أث . ودرجيييييية التعييييييويضالقييييييدرة الفاعميييييية 
ض فيييي الخيييط رقييييت القيمييية المثميييى لدرجييية التعيييوي

وعنيييييد ا تيييييت .  يييييي ن يييييئ مقاثييييية الخيييييط (12)
و ي ا مييا . الق يوة عمييى أقية فقييد بالقيدرة الفاعميية

قيث يكوث الفقيد  [4]يثبت ما  كر في الم در 
أقة ما يمكث قياساً إليى بقيية الخطيوط ، و ي ا ميا 

ت التيوالي تقمية ميث قيمية يؤكد ب ث إضافة متسيعا
لقيييييدرة يبييييييث علقييييية فقيييييد ا (1-1)الفقيييييد وال يييييكة 

الفاعمة التي تمثية دالية الهيدئ مي  عيدد افجيياة 
 .المتولدة
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إضافة تعويض التوالي في خطـين فـي  4-1-2

 ( : أدن  حمل) واحد آن 
التيييي تيييت النتيييائ   يبييييث (2)الجيييدوة رقيييت 

إضيييافة معوضيييات التيييوالي عنيييد الق يييوة عميهيييا 
أث الجيييدوة يظهييير قييييث . واقيييد آثلخطييييث فيييي 

القيميييييية المثمييييييى فييييييي الخطييييييوط المضييييييافة إليهييييييا 
معوضييات التييوالي ومفاقيييد القييدرة الفاعميية ودرجيية 

وقد تت الق وة عمى أقية فقيد بالقيدرة . التعويض
مقارنية مي  بقيية  (38 , 37)يث الفاعمية فيي الخطي

 (MW 5.5922)الخطييوط وكانييت قيميية الفقييد 
ة تعويض قريبة مث ن ئ مقاثة الخط عند درج

(Ks1= 59.8%), (Ks2 = 64%)   و يي أقية ،
فييي عييث قيميية الفقييد مييا قبيية إضييافة المعوضييات 

يبيييث  (1-2)وال ييكة  .طيييث الميي كوريث أعييلأخال
فاعميية ميي  علقيية داليية الهييدئ الفقييد فييي القييدرة ال

عيييييدد افجيييييياة المتوليييييدة عنيييييد إضيييييافة تعيييييويض 
فييي قاليية أدنييى  (38 ,37)التييوالي فييي الخطيييث 

 .قمة
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ـــــث ث إضـــــافة معوضـــــ 4-1-3  ـــــوالي ل ات الت
 ( :أدن  حمل ) واحد آن خطوط في 

النتييييائ  لإضييييافة  (3)يبيييييث الجييييدوة رقييييت 
. واقييدآث التييوالي لييثلث خطييوط فييي معوضييات 

قييث كانيت فقيد وقد تت الق وة عميى أقية قيمية 
بينميا كانييت درجيية  (MW 5.5856)قيمية الفقييد 

مقاربة مث ن ئ  (38 ,12)التعويض والخطيث 
 (39)لمخييييييط جيييييية التعييييييويض المقاثيييييية ان أث در 

 .(%11.7)كانت 

وجعمهيييا ويمكيييث تقسييييث درجييية التعيييويض 
مقاربيييية مييييث ن ييييئ المقاثيييية و لييييب مييييث خييييلة 
انسيييتفادة مييييث خا ييييية الخوارزميييية الجينييييية فييييي 

ممانعية الع يوائية و ليب بتثبييت اختيار المسارات 
الموضييقة فييي ونييرى النتييائ   ( 12و 38) الخييط 

اعميييية يبقييييى ثابييييت الفقييييد بالقييييدرة الف (3)الجييييدوة 
إن أث درجييية  (MW 5.5856)المقيييدار و يييو 

 (KS3 = 25%)التعيويض تيت تقسيينها وجعمهيا 
أي  Xc = 0.3999عنيد قيمية تعيويض التييوالي 

 .تت تقمية قيمة المتسعة المضافة
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إضافة معوضات التوالي لأربـ  خطـوط  4-1-4

 ( :أدن  حمل ) عند واحد آن في 
النتيييائ  التيييي تيييت يبييييث  (4)الجيييدوة رقيييت 

إضيييافة معوضيييات التيييوالي عنيييد الق يييوة عميهيييا 
 تت الق وة عمى  .واقدآث فرب  خطوط في 

 
 

 
 

لمخطيوط افربي  تيوالي لمعوضيات الالقيمة المثمى 
قيمييية الفقيييد بالقيييدرة الفاعمييية واقيييد وكييي لب آث فيييي 

قييث كانيت قيمية الفقيد بالقيدرة . ودرجة التعيويض
 اتعنييد درجيي (MW 5.5795)يسيياوي الفاعميية 

 .تعويض مثمى مختمفة
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معوضــات التــوالي فــي حالــة أعظــم إضــافة  2-4
 :حمل 

 قييييانت مختمفيييية (5)يبيييييث الجييييدوة رقييييت 
لإضييافة معوضييات التييوالي فييي الخطييوط وقييد تييت 

لمعوضيييات التيييوالي الق يييوة عميييى القييييت المثميييى 
 ودرجة الفقد بالقدرة الفاعمة وك لب قيمة 

 
 

قييظ مييث الجييدوة أنيي  كممييا يييتت نل. التعييويض
ة قيمية تقيإضافة متسعات التوالي في الخط كمميا 

الفقيييد بالقييييدرة الفاعميييية ميييي  الق ييييوة عمييييى أمثيييية 
التيييوالي وأمثيييية درجييية تعييييويض ت معوضييييالقيمييية 
ربي  خطيوط فيي آث واقيد لقالية فضيافة الإوعنيد 

الفاعميية القميية افعظييت يقيية مقييدار الفقييد بالقييدرة 
 MW 12.0156إليى  MW 12.0857) ميث 
 اتالتييييوالي ، ودرجييييعنييييد أقيييية قيييييت لمعوضييييات ( 

 .تعويض مختمفة

(2-1)

(12, 37, 38, 39)

 يبين نتائج تعويض متسعة التوالي لخط واحد لحالة الحمل الأدن :  (1)جدول رقم 
 

 ت
رقم 
 الخط

أمثل قيمة لـ 
(Xc) 

مفاقيد القدرة 
 الفاعمة
(MW) 

أمثل درجة 
 تعويض

KS% 

 (Bus) الفولتية 
(V) 

 (Bus) الزاوية 
() 

1  38 0.04468 5.604 9.6% V5 = 0.9754 5 = - 0.1697 

     V13 = 0.9425 13 = - 0.1764 

2  12 0.27534 5.5936 50.4% V6 = 1.0093 1 = - 0.0936 

     V10 = 0.9926 10 = - 0.1435 

3  39 0.0537 5.6051 74.37% V11 = 0.9531 11 = - 0.1944 

     V13 = 0.9414 13 = - 0.2080 

4  37 0.0497 5.60491 72.9% V5 = 0.9743 5 = - 0.1692 

     V11 = 0.9546 11 = - 0.1872 
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 يبين نتائج تعويض متسعة التوالي لخطين في آن واحد لحالة الحمل الأدن :  (2)جدول رقم 

 رقم الخط
 أمثل قيمة 

 (Xc)لـ 

مفاقيد 
القدرة 
 الفاعمة
(MW) 

أمثل درجة 
 تعويض
KS% 

 (Bus) الفولتية 
(V) 

 (Bus) الزاوية 
() 

12 & 38 XC1 = 0.04527 5.5932 KS1 = 71% V5 = 0.9745 5 = - 0.1669 

 XC2 = 0.27578  KS2 = 61% V13 = 0.9429 13 = - 0.1992 

    V6 = 1.0094 1 = - 0.0935 

    V10 = 0.9914 10 = - 0.1471 

      

39 & 38 XC1 = 0.22631 5.5995 KS1 = 62.4% V5 = 0.9746 5 = - 0.1693 

 XC2 = 0.4  KS2 = 66% V13 = 0.9441 13 = - 0.1969 

    V11 = 0.9543 11 = - 0.1891 

      

37 & 38 XC1 = 0.36694 5.5922 KS1 = 59.8% V5 = 0.9748 5 = - 0.1693 

 XC2 = 0.39945  KS2 = 64% V13 = 0.9450 13 = - 0.1947 

    V5 = 0.9748 11 = - 0.1810 

    V11 = 0.9570  

      

39 & 12 XC1 = 0.04609 5.5935 KS1 = 71.6% V6 = 1.0093 6 = - 0.0939 

 XC2 = 0.27555  KS2 = 39.2% V10 = 0.9944 10 = - 0.1388 

    V11 = 0.9544 11 = - 0.1840 

    V13 = 0.9430 13 = - 0.1966 

      

37 & 12 XC1 = 0.00073 5.5933 KS1 = 77.3% V6 = 1.0096 6 = - 0.0932 

 XC2 = 0.11229  KS2 = 75.2% V10 = 0.9885 10 = - 0.1548 

    V5 = 0.9743 5 = - 0.1692 

    V11 = 0.9546 11 = - 0.1875 

      

37 & 39 XC1 = 0.17335 5.5933 KS1 = 61% V11 = 0.9564 11 = - 0.1723 

 XC2 = 0.05077  KS2 = 27% V13 = 0.9433 13 = - 0.1968 

    V5 = 0.9747 5 = - 0.1658 

     11 = 
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 يبين نتائج تعويض التوالي لث ث خطوط في آن واحد لحالة الحمل الأدن :  (3)جدول رقم 

 (Xc)أمثل قيمة لـ  رقم الخط

مفاقيد القدرة 
 الفاعمة
(MW) 

 أقل درجة تعويض
KS% 

 (Bus) الفولتية 
(V) 

 (Bus) الزاوية 
() 

39&12&38 XC1 = 0.23104 5.5856 KS1 = 61.5% V5 = 0.9749 5 = - 0.1658 

 XC2 = 0.27414  KS2 = 50.7% V13 = 0.9454 13 = - 0.1895 

 XC3 = 0.4  KS3 = 11.7% V6 = 1.0094 6 = - 0.0936 

    V10 = 0.9927 10 = - 0.1436 

    V11 = 0.9546 11 = 

 
ونييييييييييرى النتييييييييييائ   Z2و  Z1الآث نثبييييييييييت 

 = Plossيبقى ثابت له أ القالة  Plossنلقظ أث 

درجيييييييييية  (KS)اليييييييييي ي يتقسييييييييييث  ييييييييييو  5.5856
قييث نلقيظ بي ث درجية  38لمخط رقت التعويض 

 11.7%  بييييدنً عييييث 25%التعييييويض أ ييييبقت 
و لييب مييث خييلة  (4)و يي ا موضييي فييي الجييدوة 

 (GA)انستفادة مث خا ية الخوارزمية الجينية 
 .في المسارات الع وائية

 يبين نتائج تعويض متسعة التوالي لث ث خطوط في آن واحد :  (4)جدول رقم 
 لحالة الحمل الأدن 

 (Xc)أمثل قيمة لـ  رقم الخط
 أقل درجة تعويض

KS% 

مفاقيد 
درة الق

 الفاعمة
(MW) 

 (Bus) الفولتية 
(V) 

 (Bus) الزاوية 

() 

31&12&38 XC1 = 0.23104 KS1 = 61.5% 5.5856 V5 = 0.9749 5 = - 0.1658 

 XC2 = 0.27414 KS2 = 50.7%  V13 = 0.9979 13 = - 0.1905 

 XC3 = 0.39999 KS3 = 25%  V6 = 1.0094 6 = - 0.0936 

    V10 = 0.9927 10 = - 0.1436 

    V11 = 0.9452 11 = - 0.1879 
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 يبين نتائج تعويض متسعة التوالي لأرب  خطوط في آن واحد :  (5)جدول رقم 

 لحالة الحمل الأدن 

 (Xc)أمثل قيمة لـ  رقم الخط

مفاقيد القدرة 
 الفاعمة
(MW) 

أقل درجة 
 تعويض
KS% 

 (Bus) الفولتية 
(V) 

 (Bus) الزاوية 
() 

39&12&38&37 XC1 = 0.41538 5.5795 KS1 = 30.9% V5 = 0.9756 5 = - 0.1657 

 XC2 = 0.28311  KS2 = 49% V13 = 0.9493 13 = - 0.1760 

 XC3 = 0.17825  KS3 = 60.6% V6 = 1.0094 6 = - 0.0937 

 XC4 = 0.35729  
KS4 = 

21.49% 
V10 = 0.993 10 = - 0.1430 

    V11 = 0.9604 11 = - 0.1674 

 

 يبين نتائج تعويض متسعة التوالي  لحالة الحمل الأعظم:  (6)جدول رقم 

 (Xc)أمثل قيمة لـ  رقم الخط

مفاقيد القدرة 
 الفاعمة
(MW) 

 أقل درجة تعويض
KS% 

 (Bus) الفولتية 
(V) 

 (Bus) الزاوية 

() 

38 XC = 0.07412 12.0836 KS = 46.1% V5 = 0.9518 5 = - 0.2530 

    V13 = 0.9094 13 = - 0.2839 

      

12 & 38 XC1 = 0.7542 12.0655 KS1 = 46.2% V5 = 0.9525 5 = - 0.2469 

 XC2 = 0.25552  KS2 = 42.8% V13 = 0.9101 13 = - 0.2777 

    V6 = 1.0032 6 = - 0.1515 

    V10 = 0.9785 10 = - 0.2152 

      

12&38&39 XC1 = 0.21628 12.0533 KS1 = 64.1% V5 = 0.9510 5 = - 0.2485 

 XC2 = 0.25535  KS2 = 54% V13 = 0.9099 13 = - 0.2849 

 XC3 = 0.39992  KS3 = 39.3% V6 = 1.0033 6 = - 0.1512 

    V10 = 0.9760 10 = - 0.2211 

    V11 = 0.9197 11 = - 0.2789 

    V13 =   

      

12&37&38&39 XC1 = 0.56591 12.0156 KS1 = 47.4% V5 = 0.9537 5 = - 0.2492 

 XC2 = 0.24465  KS2 = 56% V13 = 0.9154 13 = - 0.2584 

 XC3 = 0.39842  KS3 = 12.11% V6 = 1.0034 6 = - 0.1513 

 XC4 = 0.39999  KS4 = 3.6% V10 = 0.9259 10 = - 0.2220 

    V11 = 0.9293 11 = - 0.2495 

    V  
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 :الاستنتاجات  . 5
 :ي  تمث خلة الدراسة نستنت  ما ي

أث الفقد بالقدرة الفاعمة يكوث أقة كمميا  -1
زاد عييييييييدد الخطييييييييوط المضييييييييافة إليهييييييييا 

 .معوضات التوالي
إث الفقييييد فييييي القييييدرة الفاعميييية أقيييية مييييا  -2

يمكث عنيد إضيافة معيوض التيوالي فيي 
منت ئ الخط في قالة الإضافة لخط 

 (12)ث أث الخييييييط رقيييييييت واقييييييد ، قييييييي
أعطييى أقيية فقييد بالقييدرة الفاعميية مقارنيية 
مييي  بقيييية الخطيييوط وكانيييت قيمييية الفقيييد 

(5.5936 MW)  عنيييد أمثييية درجييية
 .Ks = 50.4%تعويض 

تت التو ة إلى أقة فقد بالقدرة الفاعمة  -3
عنيييد إضيييافة معوضيييات التيييوالي فربييي  
خطييييوط نقيييية قييييدرة عنييييد قاليييية القميييية 

 5.579)افدنيى ، وكانيت قيمية الفقيد 

MW)  إ ا ما قورنيت مي  بقيية قيانت
 .الإضافة

عمماً أث الباقث أز ر سعيد قد تو ة  -4
ت إليييييى أث 1991فيييييي أطروقتييييي  سييييينة 

عنا ييير تعيييويض التيييوالي تعتميييد عميييى 
فضييلً عييث طييوة خييط النقيية  الزاوييية 

 .(7)و  ا ما أثبت  البقث القالي 

عنيييد زييييادة افقمييياة تيييزداد قيمييية الفقيييد  -5
 .في القدرة الفاعمة

 
 

 :المصادر 
 

1- S.E. Khaleel "Reduction of 

Generation Cost and Losses by 

Optimal Control of Active and 

Reactive Power", M. Sc. Thesis, 

University of Mosul, 2004. 

2- M. H. Haque "Maximum 

Efficiency of Series and Shunt 

Compensated A.C Transmission 

Systems", Electrical Power and 

Energy System, Volume 15, 

Number 2, 1993, P.P. 79-84. 

3- Warqaa. Younis. Ibrahim, 

"Robotic PCB Soldering with the 

AID of Genetic Algorithm", M. 

Sc. Thesis, University of Mosul, 

2004. 

" ماجييد  ييالي القييافظ ، بسييات فاضيية أقمييد . د -4
باسيييتخدات الخوارزميييية تعيييويض القيييدرة المفاعمييية 

الميييييييييييؤتمر الهندسيييييييييييي . (2000)، " الجينيييييييييييية 
 .2008الدولي افوة ، قمب ، سوريا ، 

5- Mohamed. Mostafa. Saied, 

"Optimal Long Line Series 

717

717



 

  

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/2010 

Compensation", IEEE Transaction 

on Power Systems, Vol. PWRD-1, 

No. 2, April 1986, P.P. 284-253. 

6- Salwan Samie Sabri, "Optimal 

Fuzzy Controller Design for 

(CHK) Converter Circuit Using 

Genetic Algorithm", M. Sc. 

Thesis, University of Mosul, 2008. 

7- Azhar Said AL-Fahady, "New 

Approaches in Compensation 

Techniques Applied for INRG 

System", Ph.D. Thesis, University 

of Mosul, 1991

718

718



 

  

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/2010 

 (A)ممحق 
 نتائج سريان الحمل في حالة الحمل الأدن 

 (IEEE-30 Bus)عند تطبيق برنامج سريان الحمل عم  المنظومة 
 

 مقدار الحمل مقدار التوليد الفولتية  
رقم 
 العمومي

نوع 
 العمومي

 الحقيقة الزاوية القيمة
(MW)  

 المتفاعمة
(MVAR) 

 الحقيقة
(MW)  

 المتفاعمة
(MVAR) 

1  Slack 1.0500 0 99.08 - 2.09 0 0 

2  P.Q 0.9452 - 0.1816 0 0 3.5 2.3 

3  P.Q 1.0219 - 0.0666 0 0 2.4 1.2 

4  P.Q 1.0159 - 0.0798 0 0 7.6 1.6 

5  P.Q 0.9741 - 0.1692 0 0 0 0 

6  P.Q 1.0096 - 0.0932 0 0 0 0 

7  P.Q 1.0008 - 0.1106 0 0 22.8 10.9 

8  P.Q 1.0023 - 0.1011 0 0 0 0 

9  P.Q 1.0091 - 0.1189 0 0 0 0 

10  P.Q 0.9885 - 0.1548 0 0 5.8 2 

11  P.Q 0.9531 - 0.1929 0 0 2.4 0.9 

12  P.Q 1.0140 - 0.1438 0 0 11.2 7.5 

13  P.Q 0.9410 - 0.2100 0 0 10.6 1.9 

14  P.Q 0.9964 - 0.1608 0 0 6.2 1.6 

15  P.Q 0.9897 - 0.1618 0 0 8.2 2.5 

16  P.Q 0.9957 - 0.1535 0 0 3.5 1.8 

17  P.Q 0.9850 - 0.1584 0 0 9.0 5.8 

18  P.Q 0.9765 - 0.1728 0 0 3.2 0.9 

19  P.Q 0.9719 - 0.1756 0 0 9.5 3.4 

20  P.Q 0.9752 - 0.1715 0 0 2.2 0.7 

21  P.Q 0.9751 - 0.1637 0 0 17.5 11.2 

22  P.Q 0.9756 - 0.1636 0 0 0 0 

23  P.Q 0.9741 - 0.1689 0 0 3.2 1.6 

24  P.Q 0.9622 - 0.1718 0 0 8.7 6.7 

25  P.Q 0.9639 - 0.1734 0 0 0 0 

26  P.V 1.0450 - 0.0324 80 50.366 21.7 12.7 

27  P.V 1.0100 - 0.1138 50 21.3734 94.2 19 

28  P.V 1.0100 - 0.0983 20 34.244 30 30 

29  P.V 1.0500 - 0.0796 20 21.04 0 0 

30  P.V 1.0500 - 0.1175 20 27.30 0 0 
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 (B)ممحق 
 نتائج سريان الحمل في حالة الحمل الأعظم

 (IEEE-30 Bus)عند تطبيق برنامج سريان الحمل عم  المنظومة 
 مقدار الحمل مقدار التوليد الفولتية  

رقم 

 العمومي
 الزاوية القيمة نوع العمومي

 الحقيقة

(MW)  

 المتفاعمة

(MVAR) 

 الحقيقة

(MW)  

 المتفاعمة

(MVAR) 

31  Slack 1.0500 0 178.0593 
- 

17.1404 
0 0 

32  P.Q 0.9145 - 0.2661 0 0 4 3 

33  P.Q 1.0143 - 0.1072 0 0 4 3.5 

34  P.Q 1.0079 - 0.1289 0 0 10 3 

35  P.Q 0.9505 - 0.2527 0 0 0 0 

36  P.Q 1.0035 - 0.1507 0 0 0 0 

37  P.Q 0.9960 - 0.1766 0 0 30 11 

38  P.Q 0.9935 - 0.1606 0 0 0 0 

39  P.Q 0.9984 - 0.1905 0 0 0 0 

40  P.Q 0.9701 - 0.2349 0 0 8.5 4.2 

41  P.Q 0.9168 - 0.2868 0 0 4.5 2.4 

42  P.Q 1.0025 - 0.2213 0 0 14 8.5 

43  P.Q 0.9045 - 0.3082 0 0 13 2.2 

44  P.Q 0.9778 - 0.2411 0 0 7.5 3 

45  P.Q 0.9692 - 0.9692 0 0 10 5.5 

46  P.Q 0.9807 - 0.2343 0 0 4.5 1.2 

47  P.Q 0.9667 - 0.2399 0 0 11 6.5 

48  P.Q 0.9509 - 0.2556 0 0 4.2 2 

49  P.Q 0.9456 - 0.2590 0 0 11.5 4.5 

50  P.Q 0.9502 - 0.2538 0 0 2.2 2 

51  P.Q 0.9533 - 0.2458 0 0 21 14 

52  P.Q 0.9540 - 0.2456 0 0 0 0 

53  P.Q 0.9516 - 0.2521 0 0 4 1.2 

54  P.Q 0.9372 - 0.2553 0 0 10 8 

55  P.Q 0.9382 - 0.2573 0 0 0 0 

56  P.V 1.0450 - 0.0645 80 73.7685 31 16 

57  P.V 1.0100 - 0.1835 50 39.5273 114 26 

58  P.V 1.0100 - 0.1612 20 54.0685 37 32 

59  P.V 1.0500 - 0.1508 20 26.4633 0 0 

60  P.V 1.05z00 - 0.1947 20 35.862 0 0 
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للاستخذام للٌطبقبث  S  على شكل حرف تٌبئى القطبٍتتصوٍن وتحلٍل هىائً 

 UHFو  VHFالترددٌت 
(**)دبِذ ػجذ اٌذك سؼ١ذ       (**)سجت ٠ٛسف صبٌخ       ( *) ساسُ ػبِش ػٍٝ      

سجٙب. اٌّؼٙذ اٌؼبٌٝ ٌٍّٙٓ اٌشبٍِخ -(**)، جبِؼخ سجٙب. و١ٍخ اٌؼٍَٛ إٌٙذس١خ ٚاٌزم١ٕخ  -(*)  

Email: Rasim_63@ yahoo.co.uk 

 الولخص

   S-ػٍٝ ١٘ئخ  درش   ِٛصٍخ ِؼذ١ٔخ  أسلان ِٓ اٌّصٕٛػخ اٌٙٛائ١بد ِٓ ٘زٖ اٌٛسلخ ٠مذَ ٔٛع فٟ 

 إدرذٜخذاَ ثبسرز اٌٙٛائ١ربد ٌٙرزٖ الإشرؼبػ١خ اٌخرٛا رُ دساسخ  .  اٌمطج١خ اٌثٕبئ١خ اٌٙٛائ١بد رسّٝ ٚ

 ِذبوربح ثشٔربِ  ررُ اسرزخذاَٚ اٌؼرضَٚ غش٠مرخ ٚرسرّٝ اٌىٙشِٚغٕبغ١سر١خ ِسربئً ٌذً اٌؼذد٠خ اٌطشق

 ررشددٞ ٔطبق رٚ اػزجبسٖ اٌّّىٓ اٌٙٛائٟ ِٓ ٘زا أْ جذٚ  اٌذسبث١خ إٌزبئ   ِٓ  .اٌطش٠مخ ٘زٖ ٠ؼزّذ

 ٠شغٍٙب اٌزٟ ِٓ اٌّسبدخ % 75 ِٓ لألً رصً صغ١شٖ اٌٙٛائٟ ِسبدخ  ٠شغٍٙب اٌزٟ اٌّسبدخ .ٚاسغ

 فرٟ ٚخبصرخ ِزؼرذدح رطج١مربد فرٟ اسرزؼّبٌٗ اٌّّىٓ ِٓ اٌّمزشح ٛائٟاٌٙ ٘زا،  اٌمطج١خ ثٕبئٟ اٌٙٛائٟ

 .اٚ ِفشد ِٛصً سطخ فٛق اسزؼّبٌٗ خلاي ِٓ ٚاٌفبئك اٌؼبٌٟ إٌطبل١ٓ اٌزشدد١٠ٓ

 الوقذهت-1

سٍى١خ ٚاسؼخ الاسزخذاَ فٟ ٌاٌٙٛائ١بد ا     

  VHF ٚاٌؼب١ٌخ جذا HF ِجبي اٌزشدداد اٌؼب١ٌخ

ٓ ِٛصلاد ِ ص٠ُّّٚىٓ أْ ر  UHFٚاٌفبئمخ

ٚرؼزجش سٍٙخ اٌفُٙ ٔسج١ب  ١تثبِصّزخ أٚ أٔ

ٚسٍٙخ اٌجٕبء ٚغ١ش ِىٍفخ ٚرسزخذَ ػٍٝ ٔطبق 

ٚاسغ وٙٛائ١بد لأٔظّخ الارصبلاد اٌّزٕمٍخ 

 .ٚاٌلاسٍى١خ

 Dipole  اٌٙٛائٟ اٌش١ٙش ِٓ ٘زٖ اٌٙٛائ١بد

Antenna  ، [ 1،2  ]ٚ ، ٠سزخذَ ثشىً ٚاسغ

ٟ ف Base Station وٙٛائٟ ِذطبد أسبس١خ 

٘زٖ اٌٙٛائ١بد خ ، اٌّذٌّٛالارصبلاد شجىبد 

رز١ّض ثجسبغخ اٌزشو١ت،ٚاسؼخ إٌطبق اٌزشددٞ 

،  ٔسج١ب ٚصغ١شح الأثؼبد فٟ اٌزشدداد اٌؼب١ٌخ

 اٌٙٛائ١بد اٌذٍم١خ ٟ٘ شىً أخش ِٓ أشىبي 

اٌٙٛائ١بد اٌسٍى١خ اٌزٟ رز١ّض ثبٌجسبغخ 

اٌٙٛائٟ اٌذٍمٟ ٠ّىٓ أْ ،  ٚأخفبض اٌزىٍفخ

 ِثٍث، دائشح، ِشثغ،) [2،5]  شىبي٠بخذ ػذح أ

ٚرسزخذَ ثشىً ٚاسغ فٟ ( اٌخ ث١عبٚٞ،

 UHFرطج١مبد رصً إٌٝ ٔطبق 

شىً ٠ؼزجش  S-٘ٛائٟ دا٠جٛي ػٍٝ شىً دش 

اٌزذ١ًٍ اٌش٠بظٝ  . جذ٠ذ ِٓ اٌٙٛائ١بد اٌسٍى١خ

٠ؼزجش اٌؼٕصش الاسبسٟ ٌذساسخ خصبئص 

صفبد ٘زٖ اٌٙٛائ١بد ، ٚثزٌه ٠زُ اسزخذاَ اِٚٛ

ٟ٘ غش٠مخ رذ١ًٍ ػذدٞ ٌذً  ٚ ٌؼضَٚغش٠مخ ا

 .[ 2،6]  اٌّؼبدلاد اٌزىب١ٍِخ ٌٍّجبي اٌىٙشثٟ

   Basisالأسبسررر١خ  اٌرررذٚاي٠رررزُ اخز١ررربس 

functions  ٌٝزّثً اٌز١بساد اٌغ١رش ِؼشٚفرخ ػٍر

٠رررزُ اخز١بس٘رررب  الاخزجررربس دٚايسرررطخ اٌٙرررٛائٟ ٚ

، ٚ  ٌزؼض٠ض اٌّؼبدٌخ اٌزىب١ٍِرخ ػٍرٝ سرطخ اٌسرٍه

لأسبس١خ ِٚؼربدلاد الاخز١ربس ثبخز١بس اٌّؼبدلاد ا
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إرا .٠زُ اشزمبق ِصفٛفخ رمش٠ج١خ ٌٍّؼبدٌخ اٌزىب١ٍِخ

ػىسررذ ٘ررزٖ اٌّصررفٛفخ ٚرررُ ظررشثٙب ثّصرربدس 

 ذٚاياٌّجبي اٌىٙشثرٟ رشرزك اٌّمربد٠ش اٌّشوجرخ ٌٍر

ِزشاد أداء اٌٙرٛائٟ اج١ّغ ثبس ،  الأسبس١خ ٌٍز١بس

فٟ ٘زٖ .  ٠ّىٓ أْ رذذد ِٓ رٛص٠غ اٌز١بس اٌّشزك

 ِج١ررررررخ شاٌذضِررررررخ اٌج َ ااسررررررزخذرررررررُ اٌٛسلررررررخ 

Numerical electromagnetic code, 

NEC  ، [3  ]، ٚ ٟرؼزّررررذ ػٍررررٝ غش٠مررررخ  اٌزرررر

ذصررٛي ػٍررٝ اٌؼررضَٚ فررٟ اٌزصرر١ُّ ٚاٌزذ١ٍررً ٌٍ

 خصبئص اٌٙٛائٟ 

 طرٌقت العزوم -2

رم١ٕخ ِؼشٚفخ ٌذً  اٌؼضَٚ غش٠مخ  غش٠مخ

سزخذَ رذ٠ًٛ ، ٠ٚزُ ا اٌّؼبدلاد اٌخط١خ

خ ٌٍّجبي اٌىٙشثٟ إٌٝ اٌّؼبدلاد اٌزىب١ٍِ

 . ِصفٛفخ ِؼبدلاد أٚ ِٕظِٛخ ِؼبدلاد خط١خ

٠ّىٓ ا٠جبد ِؼبِلاد اٌز١بس ثبسزخذاَ رجضئخ 

اٚ ثبسزخذاَ اٌذذ  ,  (LU)اٌّصفٛفبد

 . اٌخط١خ  ثٛاسطخ اٌطشق اٌججش٠خ اٚ اٌجبٚسٟ 

اٌشىً الأسبسٟ ٌٍّؼبدٌخ اٌزٟ رذً ثٛاسطخ 

 .[ 6،2 ] غش٠مخ اٌؼضَٚ 

)1...(..........,.........)( fuL  د١ثL  

داٌخ  -fداٌخ غ١ش ِؼشفخ ،   Uاٌجبسِزش اٌخطٟ ، 

 . اٌزغز٠خ

ٌمبْٔٛ اَٚ ػٍٝ ِؼبدٌخ اٌّصفٛلخ رىزت ٚفمب 

 اٌصٛسح

           )2(...................., mnnm VIZ  

 رىْٛ ػٍٝ اٌصٛسح ِصفٛفخ الاػبلخد١ث 

           )3.......(..........(,, nmnm uLwZ  

 بس اٚ اٌٛصْٟ٘ داٌخ الاخزج mwد١ث 

 :ِصفٛفخ اٌز١بس اٌؼبِخ رىْٛ ث١ّٕب 

    )7.(..............................nnI  

 :ثبٌصٛسح اٌزب١ٌخ ِصفٛفخ اٌجٙذ رىْٛٚ 

       )8...(...................., fwV mm  

 :(S)حرف هٍئت على القطبٍت ثٌبئً الهىائً-3 

صرٕغ ِرٓ سرٍه أٔجرٛثٟ سل١رك ٠٘زا اٌٙٛائٟ 

٠ٚرزُ ( 2)ٌشىًثبٛظخ ِوّب  Sػٍٝ شىً دش  

ثشىً ِزّبثً ثّصذس فٌٛز١خ صغ١ش ثم١ّرخ  رغز٠زٗ

 .[4]  رمش٠جب (فٌٛذ2)

 

 Sعلى شكل حرف الهىائى  ( 1)شكل      

 . x  ،yاٌٙٛائٟ فٟ اٌّسزٜٛ ٠ٛظغ 

ببستخذام   Sالهىائً  وتحلٍل  تصوٍن-4

 .  NECالحزهت البرهجٍت 

اٌّخزرربس د١ررث اخز١ررش رررُ اٌزصرر١ُّ ٚفمررب ٌٍزررشدد 

د١ذ ررُ ،  1000MHz-200إٌطبق اٌزشدد ِٓ 

 الار١خ  اٌذصٛي ػٍٝ الاثؼبد

=Ls 

 غٛي اٌٙٛائٟ  Lsد١ث 

رُ رمس١ُ غٛي اٌٙٛائٟ اٌرٝ اجرضاء ، د١رث غرٛي 

، ٚٔصررررف لطررررش اٌسررررٍه   1.0اٌجررررضء 

722

722



 

 

T he Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE  23-26/10/2010 

 
 5.0a   ، ّثرررررررً ج١ّرررررررغ ٠(  2)اٌجرررررررذٚي

ٌجشٔرربِ  ِزشاد اٌعررشٚس٠خ ٌٍزصرر١ُّ ٚفمررب ااٌجرربس

NEC   

 NECاٌزص١ُّ ٚفمب ٌجشٔبِ  ( 2)اٌجذٚي

 

 

 

 

 

 

 

 

 

 

 

 

اٌخصربئص ٚثٕبء ػٍٝ ٘زٖ اٌّؼط١بد ررُ دساسرخ 

اٌّصررُّ ٚرٌرره ػٍررٝ اٌشررىً  الإشررؼبػ١خ ٌٍٙررٛائٟ

  -:إٌذٛ الارٟ

العلاقت بٍي التغٍٍر فً التردد وًسبت : اولا

 فىلتٍت الوىجت الوستقرة

ٌزررشدد ػٕررذ دساسررخ اٌؼلالررخ ثرر١ٓ اٌزغ١١ررش فررٟ ا

ٌٍٙرٛائٝ اٌّصرُّ  ٚٔسجخ فٌٛز١خ اٌّٛجخ اٌّسرزمشح

ٚجرذ أرٗ ػٕرذ دضِرخ اٌزرشدداد ِرٓ ، ( 1)شىً ،

(280-305MHz)  رصررً ٔسررجخ فٌٛز١ررخ اٌّٛجررخ

ػٕذ إٌٙب٠خ اٌسفٍٝ  2.98:2دٛاٌٟ اٌٝ اٌّسزمشح 

 ػٕذ إٌٙب٠خ اٌؼظّٝ ٌٍذضِخ 2.91:2ٌٍذضِخ ،

 

 

 

 

 

 

 

العلاقككت بككٍي التككردد و ًسككبت الوىجككت ( 2)شكككل

 الىاقفت

 (935MHz-895)أِرررب ػٕرررذ دضِرررخ اٌزرررشدداد 

 VSWR-voltage standing waveرصرً 

ratio   ٌٟػٕرررررذ إٌٙب٠رررررخ اٌسرررررفٍٝ  1.9:1درررررٛا

ػٕرذ إٌٙب٠رخ اٌؼظّرٝ ٌٍذضِرخ  1.96:1ٌٍذضِرخ ،

د١رررث ٠ىرررْٛ ٕ٘ررربن رٛافرررك ج١رررذ ثررر١ٓ ػٕبصرررش 

فررٟ إٌطرربق اٌٙررٛائٟ ث١ّٕررب ػٕررذ ثرربلٟ اٌزررشدداد 

إْ اٌزٛافك ث١ٓ ػٕبصش  VSWR ٠زعخ ِٓ ل١ُ 

اٌٙررٛائٟ ظررؼ١ف ٚ٘ررزا ٠سررجت فمررذ وج١ررش ٌٍمررذسح 

اٌّشررؼخ د١ررث ٠ذزرربا اٌٙررٛائٟ إٌررٝ دائررشح ِٛائّررخ 

ٌٍؼًّ أٚ رغ١١ش فٟ ادذ ثبسِزشاد اٌٙٛائٟ ٌٍؼًّ 

٠ّىرٓ ِلادظرخ اٌزغ١رش فرٟ   ، ػٕذ ٘رزٖ اٌزرشدداد

، ثرررذة فرررٟ ل١ّزٙرررب زد١رررث اٌز  VSWRل١ّرررخ 

ٌٍزرشدد      د١رث   ىً ٠ج١ٓ إٌّػ الإشرؼبػٟٚاٌش

 ِسب٠ٚخ   VSWRل١ّخ 

العلاقت بٍي هعبوقت الذخل و التغٍٍر فً : ثبًٍب

 التردد
 55رصُّ اٌٙٛائ١بد اٌؼ١ٍّخ ثّؼبٚلخ دخً أِب 

د١ث اغٍت اٌّىٛٔبد اٌشاد٠ٛ٠خ رجٕٝ  اَٚ  75أٚ 

٠جرر١ٓ ػلالررخ  ، (3)اٌشررىً  ػٕررذ ٘ررزٖ اٌّؼررب ٚلرربد

ٌّؼبٚلخ اٌذخً  Xa ٚاٌزخ١ٍٟ Raاٌجضء اٌذم١مٟ 

 ٌٍٙٛائٟ ِغ اٌزشدد،
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 العلاقت بٍي التردد وهعبوقت الذخل( 3)لشكلا 

د١ررث رذمررك لرر١ُ اٌّؼبٚلررخ ِٛائّررخ ػٕررذ دضِررخ  

ٚ ػٕرررررذ دضِرررررخ  (305MHz-280)اٌزرررررشدداد 

د١ررث رىررْٛ ل١ّررخ  (935MHz-895)اٌزررشدداد 

اٌجررضء اٌذم١مررٟ ِررٓ اٌّؼبٚلررخ اوجررش ِررٓ اٌجررضء 

أِررب ػٕررذ  ٛي ػررٓ ظرر١بع اٌطبلررخ ،اٌزخ١ٍررٟ اٌّسررئ

ثررربلٟ اٌزرررشدداد فرررٟ إٌطررربق لا رزذمرررك شرررشٚغ 

 .اٌّٛائّخ

 الٌوىرج الإشعبعً للهىائً:ثبلثب

رّررذ دساسررخ اٌررّٕػ الإشررؼبػٟ ٌٍٙررٛائٟ ػٕررذ 

-895)، (305MHz-280)دضِزررٟ اٌزررشدداد 

935MHz) ػٍرررٝ اٌزرررٛاٌٟ ٚرٌررره ػٕرررذ إٌٙب٠رررخ

اٌسررفٍٝ ٚاٌزررشدد اٌٛسررطٟ ٚإٌٙب٠ررخ اٌؼظّررٝ ٌىررً 

ػٕرررذ ررررشدادد  ٠ٛظرررخ رٌررره(4)دضِرررخ ٚاٌشرررىً 

 ِخزبسح

2- θ ،305MHz 

 

1 -   ،MHz 305 

 

3- θ ، MHz 895 

     

4 – ، 895 MHz 

 

5- θ ، 935 MHz 

 

6-  ، 935 MHz 
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الكككٌولا الاشكككعبعً لوجوىعكككت هكككي ( 4) الشككككل

 التى ٌعول عٌذهب الهىائىالتردداث 

٠ّىٓ رٍخ١صٙب فٟ اٌخصبئص الأسبس١خ ٌٍٙٛائٟ 

٠ج١ٓ ثؼط اٌخصبئص ٌٍٙٛائٝ  (2)اٌشىً، 

إٌّٛرا الإشؼبػٟ  اٌّصُّ ٠ّٚىٓ ِلادظخ اْ 

ِزسبٚٞ ػٕذ  ٚاٌّسزٜٛ  θ فٟ اٌّسزٜٛ

ثبٌٕسجخ  ٔفسخ الأِش ٚرشددٞ اٌذضِخ الأٌٚٝ، 

اٌفشق  فٟ شىً  ٌٛدظٌٚىٓ ٌٍذضِخ اٌثب١ٔخ 

 . ز١ِٓث١ٓ اٌذض إٌّٛرا الإشؼبػٟ فٟ ِجبي

ف١ّىٓ  اٌؼلالخ ث١ٓ اٌىست ٚاٌزشدد ٌٍٙٛائِٟٓ 

سٍٛن اٌىست وذاٌخ فٟ اٌزشدد ِٛظخ اى  اٌمٛي

θ ، ٚرٌه ٌٍّسز١٠ٛٓ ، ( 6)،  ( 5)فٟ اٌشىً  

ٚ   (305MHz-280) ٌىً ِٓ دضِزٟ اٌزشدد 

(895-935MHz)  .  لادظ أْ ل١ُ اٌىست ٠

ثبٌٕسجخ ٌذضِخ اٌزشدداد الأٌٚٝ رزضا٠ذ فٟ 

θ ,   اٌّسز١٠ٛٓ  ث١ّٕب فٟ  ، ِغ ص٠بدح اٌزشدد 

ثبٌٕسجخ  رزضا٠ذ لادظ إٔٙب ٠اٌذضِخ اٌثب١ٔخ 

 .θٌٚىٓ رزٕبلص ثبٌٕسجخ ٌٍّسزٜٛ  ٌٍّسزٜٛ 

 

 تٍيالعلاقت بٍي التردد والكسك  للحكزه( 5) شكل

  θتٍي عٌذ الوستىي الترددٌ

 

العلاقكككككت بكككككٍي التكككككردد والكسككككك  ( 6) الشككككككل

  رددٌتٍي عٌذ الوستىيللحزهتٍي الت

  

 الاستٌتبجبث-5

ٚرذ١ًٍ  ٘ٛائٟ  فٟ ٘زٖ اٌٛسلخ رُ رص١ُّ   

ػٕذ إٌطبق ،  Sػٍٝ شىً دش  خطٟ ثس١ػ 

ٚرُ  200MHz  :1000MHz اٌزشددٞ ِٓ

را اٌّجبي ٚاٌىست فٟ ّٛٔ اٌذصٛي ػٍٝ 

ٚوزٌه اٌّسز٠ٛبد اٌشئ١س١خ ٌّجبي ِٓ اٌزشدداد 

شؼبػ١خ الأخشٜ ِثً ِّبٔؼخ اٌخصبئص الإ

ِٚٓ رٌه ،  وذاٌخ فٟ اٌزشدد VSWRاٌذخً ٚاٌـ

 S-دش ػٍٝ شىً اٌٙٛائٟ رُ اٌزٛصً اٌٝ اْ 

ٚفٟ    (935MHz-895)ػٕذ اٌذضِخ اٌزشدد٠خ

ثبٌّمبسٔخ ِغ  ٠ؼطٟ وست ج١ذ ψاٌّسزٜٛ 

زبٌٟ بٌٚث٘ٛائ١بد اخشٞ صّّذ ثطشق اخشٞ 

وج١شح  ٠ّىٓ اٌمٛي ثبْ ٘زا اٌٙٛائٟ ٠ؼطٟ أِىب١ٔخ

لاسزخذاِٗ فٟ إٌطبق اٌّذذد ٚاٌّّىٓ اسزخذاِٗ 

فٟ اٌّذطبد الأسبس١خ ٌّٕظِٛخ الارصبلاد 

 .اٌّذٌّٛخ

 

 الوراجع-6 

 [1] C. A. Balanis, Antenna Theory 

analysis & design, 2
nd

 Ed., John 

Wiley & Sons, New York, 1997 
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[2] W. L. Stutzman and G. A. 

Thiele, Antenna Theory and Design, 

2
nd

 Ed., John Wiley & Sons, New 

York, 1981. 

 [3] NEC-Win Plus, Version 1.1 

copyright 1999. Nittany Scientific, 

Inc. 

 [4]Mustafa Abu Nasr & Hassan 

Elkamchouchi," S-shaped Dipole 

and Swastika Antennas", Alexandria 

University, 2008. 

[5]Kraus, J. D, "Antenna for all 

applications", third edition 

McGraw- Hill companies INS, New 

York, 2006. 

[6] Rajab Y. S," analysis of loop 

antenna with plane and trough 

reflector", dissertation for the degree 

of Masters of science, Sebha 

University, 2009. 
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Walkthrough

 ____ الرصيد ____:رقم الحساب 

  _____________________________________:رقم الحساب 
 ____________ :قيمة آخر صك _____________ : تاريخ آخر صك 
 ____________: قيمة آخر مرتب _____________  :تاريخ آخر مرتب 

 _____________________________________: الحالي الرصيد 
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Observation

Walkthrough

Stakeholders

 _____________: الاســم ____________ :رقم الحساب 
 _______________________________:الرصيد الحالي 

 _____: لعددا         _________________  :آخر رواتب   
 ______:العدد ___________________: آخر صكوك مقاصة

 ______:العدد _______________________ :آخر حوالات  
 ______:العدد  ___________________ :نقدية آخر إيداعات 
 ______:العدد  ___________________ :آخر سحوبات نقدية 
 ______:العدد______________ :مصدقة صادرة آخر صكوك 
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                    طشاثيظ ىٍجٍب 32/01/3101-32اىَؤرَش اىذٗىً اىؼشثً اىيٍجً اىخبٍظ ىيْٖذعخ اىنٖشثبئٍخ ٗالإىنزشٍّٗخ           
               

 

 

 

الوتحكن الأهثل للسيطرة على سرعت هحرك التيار الوستور باستخذام الشبكاث 

 العصبيت الوضببت

 حٍَذ ػيً ٍحَذ اىغض٘اُ اىحذٌذي احَذ ػيً حغٍِ
ah_control 2007@ yahoo.com     Ham_82_ali@yahoo.com 

 ػشاق - ٍ٘صو, عبٍؼخ اىَ٘صو، ميٍخ اىْٖذعخ  –اىنٖشثبء قغٌ 
 :الولخص

اىؼَو اىحبىً ٌزْبٗه دساعخ عشػخ ٍحشك رٍبس ٍغزَش ٍغٍطش ػيٍٖب ثبعزخذاً اىَغٍش اىخبفض 

ٍحنٌ اىشجنبد اىؼصجٍخ اىَضججخ صٌَ ثبخزٍبس ػش٘ائً ىؼذد . اىشافغ ٗاخزجبس ّظبً اىحيقخ اىَفز٘حخ

ثغجت ػذً ٗع٘د طشٌقخ ٗاضحخ . ىيزحنٌ ثغشػخ ٍحشك اىزٍبس اىَغزَشّٗ٘ع اىذٗاه اىؼضٌ٘خ 

ىقذ رٌ رطٌ٘ش ّظبً ,ٍٗؼشٗفخ لاخزٍبس ػذد ّٗ٘ع دٗاه اىؼضٌ٘خ فً حبىخ اعزخذاً اىَحنٌ اىَضجت

الاعزذلاه اىضجبثً اىَغزْذ ػيى اىشجنبد اىؼصجٍخ اىزنٍفٍخ ٗاىزي ٌشثظ ثٍِ ثٍْخ الاعزذلاه اىضجبثً 

اىزقٍْخ . شجنبد اىؼصجٍخ اىزنٍفٍخ ٗرىل ىيغٍطشح ػيى عشػخ ٍحشك اىزٍبس اىَغزَشٗقبثيٍخ اىزؼيٌ ىي

اىؼَيٍخ رَذ ٍِ . اعزخذٍذ لاخزٍبس أفضو ػذد ٗأحغِ ّ٘ع ٍِ دٗاه اىؼضٌ٘خ ىيَْظٍ٘خ اىَضججخ

صٌ حغبة , ىنو ّ٘ع( اىخ......7,5,3)خلاه اخزٍبس أسثؼخ أّ٘اع ٍِ دٗاه اىؼضٌ٘خ ٗثأػذاد ٍخزيفخ 

ٍِٗ صٌ اعزخذاً اىَغبس اىَخزبس .غجً ىنو حبىٔ ٍٗقبسّخ اىْزبئظ لاخزٍبس الأقو ٍِ ثٌٍْٖاىخطأ اىْ

اىزقٍْخ اىَط٘سح اعزخذٍذ ىيغٍطشح ػيى . ىيغٍطشح ػيى عشػخ اىَحشك فً ٍب رجقى ٍِ ٗقذ اىؼَو

اىْزبئظ أظٖشد ثبُ اىَحنٌ اىَقزشػ . عشػخ ٍحشمٍِ ٍخزيفٍِ فً اىخصبئص ٍٗزشبثٍِٖ فً اىْ٘ع

لأّخ ٌحزبط فقظ ,ٌَنِ اعزخذأٍ لأي ّ٘ع ٍِ الأحَبه ٗىٍظ فقظ ٍحشك اىزٍبس اىَغزَشٍشُ ٗ

الإخشاط اىٖذف ٍِٗ صٌ فبُ اىَغٍطش رارٍب ثأخز ثٍبّبد اىزذسٌت ىلإدخبه ٍِ ّظبً اىذائشح اىَفز٘حخ 

 .ٌٗذسة اىْظبً ػْذ مو ػذد ّٗ٘ع ٍِ دٗاه اىؼضٌ٘خ ٍِٗ صٌ ٌخزبس اىحبىخ الأفضو ىيغٍطشح 

 

1

دٗساً  اىزٍبس اىَغزَش ٍحشمبدريؼت  :الوقذهت -

حٍش رغزؼَو فً  ,فً ٗعبئو اىْقو ٍَٖبً 

. اىغٍبساد اىنٖشثبئٍخ ٗاىقطبساد ٗاىَصبػذ 

فضلا ػِ مّٖ٘ب رضٗد ثبىقذسح اىٍَنبٍّنٍخ اىزً 

مَب أّٖب رؼذ , ّحزبعٖب فً اىنضٍش ٍِ اىصْبػبد 

ََ لا غْى ػَْٔ فً حٍبرْب اىٍٍٍ٘خ حٍش أُ  عضءاً

اغيت الأعٖضح اىَْضىٍخ رؼزَذ فً ػَيٖب ػيى 

 .اىَحشمبد اىنٖشثبئٍخ

ٍغٍطش مضٍش ٍِ اىجبحضٍِ إىى رصٌٍَ  رطشق 

ضجبثً ٌغزْذ ػيى اىشجنبد اىؼصجٍخ اىزنٍفٍخ 

(Neuro-Fuzzy Controller ) ٗثَغبلاد

 Jun Oh) فَضلا قبً اىجبحضبُ  ٗرطجٍقبد ٍخزيفخ

JANG and Pyeong Gi LEE)  ثزطٌ٘ش

عٖبص عٍطشح ضجبثً ٍغزْذ ػيى اىشجنبد 

ّظبً اىؼصجٍخ اىزنٍفٍخ ىزؼٌ٘ضِ الاحزنبك فً 

حٍش رٌ اخزٍبس خَظ ,ٍحشك اىزٍبس اىَغزَش
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ثشنو ٗ( Gaussian)دٗاه ػضٌ٘خ ّ٘ع 

 Adriana)مَب قبً اىجبحضُ٘ . ػش٘ائً

Florescu, Ovidiu Grigore, Dan 

Alexandru Stoichescu, Alexandru 

Vasile ) ٕ٘ ثزصٌٍَ ّظبٍٍِ ىيغٍطشح أٗىَٖب

اىَغٍطش اىضجبثً ٗصبٍَّٖب ٍغٍطش اىشجنبد 

حٍش رٌ اخزٍبس ّ٘ع ٗػذد , خ اىَضججخاىؼصجٍ

قبً اىجبحضُ٘  مَب. دٗاه اىؼضٌ٘خ ثشنو ػش٘ائً

(Ferenc Farkas, Sandor Halasz, 

Istvan Kadar ) ثزصٌٍَ ٍغٍطش اىشجنبد

اىؼصجٍخ اىَضججخ ىيغٍطشح ػيى عشػخ ٍحشك 

مَب فً اىجح٘س ,  اىزٍبس اىَغزَش ّ٘ع اىفششبح

ٗاه اىؼضٌ٘خ اىغبثقٔ فقذ رٌ اخزٍبس ّ٘ع ٗػذد د

ثشنو ػش٘ائً حٍش مبّذ خَظ دٗاه ػضٌ٘خ 

 ٍِ ّ٘ع اىَضيضً فً مو ٍِ الإدخبه ٗالإخشاط

[1,2,3,4]   . 

ّلاحع ٍِ الأػَبه اىغبثقخ اىزً رٌ     

اعزؼشاضٖب ٗاػَبه مضٍشح ٍضيٖب لا ٌغغ اىَغبه 

أُ ػَيٍخ اخزٍبس ّ٘ع ٗػذد دٗاه , ىزمشٕب

اىؼضٌ٘خ عشد ثطشٌقخ ػش٘ائٍخ ٍِٗ دُٗ 

أٍب اىجحش اىحبىً فٍقزشػ ,حغبثبد ٍذسٗعخ 

رقٍْخ عذٌذح ػيى أعبعٖب ٌزٌ اخزٍبس ػذد ّٗ٘ع 

يى أحغِ اعزغبثخ دٗاه اىؼضٌ٘خ ىيحص٘ه ػ

اقو خطأ ٍَنِ ثٍِ اىغشػخ اىحقٍقٍخ ىيَحشك )

إّْب فً اىنضٍش ٍِ  .( ٗاىغشػخ اىَشعؼٍخ

اىزطجٍقبد ثحبعخ إىى رضجٍذ عشػخ اىَحشك ػْذ 

عشػخ ٍؼٍْخ ٗػيى ٕزا الأعبط ثشصد اىحبعخ 

حٍش , إىى ثْبء ٍْظٍ٘خ عٍطشح رقً٘ ثٖزا اىؼَو

ِ رزنُ٘ اىَْظٍ٘خ اىزً رٌ ثْبئٖب ٍِ عضأٌ

 .سئٍغٍٍِ َٕب ٍْظٍ٘خ اىقذسح ٍْٗظٍ٘خ اىغٍطشح

 

رزنُ٘ : Power Systemهنظوهت القذرة  -2

 DC) ٍْظٍ٘خ أىقذسح ٍِ ٍحشك اىزٍبس اىَغزَش

Motor) , ٍٗغٍش اىزٍبس اىَغزَش اىخبفض

ٗمَب  (Buck Boost Converter)  اىشافغ

 :ٌبرً

 

رٌ  فً ٕزا اىجحش  :تورهحرك التيار الوس -أ

اخزٍبس َّ٘رعٍِ ٍِ  ٍحشك اىزٍبس اىَغزَش ري 

ٌجٍِ اىذائشح ( 1)اىشنو  حٍش, ألإصبسح اىَْفصيخ

اىنٖشثبئٍخ اىَنبفئخ ىنو ٍِ اىَْزظ ٗاىَغبه 

.ىيَحشك

 

 

 

 

 

 

 
 

 :التي تصف عمل المحرك فيي كما مبين في أدناهوان المصفوفات 

 الدائرة الكيربائية المكافئة لمحرك تيار مستمر منفصل الإثارة( 1)شكل
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 Buck Boostالمغير الخافض الرافع  -ب

Converter:  في ىذا البحث تم استخدام
 Buck-Boost)الرافع  -المغير الخافض

Convertor)  وذلك لمتحكم بفولتية المنتج عن
طريق التحكم  بزاوية قدح الترانسيستور لمغير 
التيار المستمر مما يؤدي إلى الحصول عمى 

بالإمكان حيث .  مدى واسع من الفولتيات 
الحصول من خلال المغير عمى فولتية 

 Vsقل أو أعمى من فولتية الإدخال أ  Voإخراج
الييئة ( 2)ويبين الشكل , وبقطبيو معاكسة

وىذا النوع من المغيرات يكون . العامة لمدائرة
جدا بتغير قيمة فترة توصيل  احساس

ن معدل فولتية الإخراج إ، إذ ( α) الترانسستور
 :[5,6,7]وى

 

 

 
 

 
 

 الييئة العامة لدائرة المغير الخافض الرافع( 2)الشكل

 (α )فترة التوصيلإذ بالإمكان كتابة مصفوفات عامة تضم حالتي عمل الترانسيستور وبدلالة نسبة 
 .[5]كما مبين أدناه 
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يمكن كتابة المعادلات الديناميكية لممنظومة بشكل : المعادلات الرياضية العامة لمنظام-ج

  يأتي بشكل مصفوفات و كما( محرك التيار المستمر مع المغير الخافض الرافع)كامل
 

 
 
 
 

 

 

 

 

 
3
( 3)اىشنو  :استجابت نظام الذائرة الوفتوحت -

ٌجٍِ اىَخطظ اىنزيً ىْظبً اىذائشح اىَفز٘حخ 

ٍٗغٍش ٗاىزي ٌغَغ ثٍِ ٍحشك اىزٍبس اىَغزَش 

مَب ٌَنِ ( . اىخبفض اىشافغ)اىزٍبس اىَغزَش

إر رٌ  .ٍلاحظخ أُ ْٕبك  دائشح ىز٘ىٍذ اىْجضبد

اعزخذاً َّ٘رعٍِ ٍِ َّبرط ٍحشك اىزٍبس 

اىَغزَش اىَ٘ع٘دح فً ثٍئخ 

(Matlab/Simulink ) ثأحغبً ٗػْبصش

 .ٍخزيفخ 
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 الرافع -المخطط الكتمي لممحرك مع المغير الخافض(3)شكل 

ٌجٍِ اعزغبثخ ٍحشك اىزٍبس ( 4)اىشنو     

فيقذ رٌ رغيٍظ , اىَغزَش مْظبً دائشح ٍفز٘حخ 

حٍش ّلاحع %( 50)ّغجخ فزشح ر٘صٍو ثَقذاس 

ٕٗزٓ ( %23)أُ قٍَخ رغبٗص اىحذ ٗصيذ إىى 

مَب ّلاحع أُ الاعزغبثخ رأخز . رؼزجش ّغجٔ ػبىٍخ

, رصو إىى حبىخ اىضج٘د ٗقزب طٌ٘لا ٍِ أعو أُ

ٗثبىزبىً فئّْب ( sec 0.5)حٍش ٌحزبط اىْظبً إىى 

ّحزبط إىى ّظبً عٍطشح ٌحغِ ٍِ اعزغبثخ 

اىْظبً ٌٗصو ثٔ إىى اىغشػخ اىَطي٘ثخ ثأعشع 

 .ٗقذ ٍَنِ ٗاقو قٍَخ ىزغبٗص اىحذ 

 
 (α=50%) استجابة سرعة المحرك عند( 4)الشكل 

يبين استجابة النموذج الثاني لمحرك ( 5)الشكل 
كما تم تسميط نسبة فترة توصيل , التيار المستمر

حيث نلاحظ أن قيمة تجاوز %( 50)بمقدار 
وىذه تعتبر نسبة ( %43.6)الحد وصمت إلى 
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 (.sec 0.37)حالة الثبوت بزمن حوالي و أن الاستجابة  وصمت إلى . عالية أيضا 

 
 (α=50%)استجابة سرعة المحرك عند (5)الشكل 

 
4
ىناك تقنيات عديدة  :منظومة السيطرة -

ا المجال وقد تم تناول اثنتان لمسيطرة في ىذ
 :منيا في البحث الحالي وكما ياتي

 Fuzzyنظام السيطرة المضبب  -أ 

Control System : إن السيطرة المضببة
نيا تستخدم التعابير المغوية , ذات كفاءة عالية وا 

البسيطة بدلًا من المعادلات الرياضية الصعبة 
المعقدة ولكن من مساوئيا صعوبة تضبيط 

الدوال العضوية ليا وصعوبة تضبيط العناصر 
الخاصة بيا ، ومقدار التداخل في ما بينيا 
بحيث إنيا تعتمد عمى خبرة المصمم وىذه تعد 
من المسائل الصعبة فضلا عن ىدر أوقات 

والشكل . الكسب عشوائيا كبيرة في تضبيط قيم
يبين نظام الدائرة المغمقة مع المسيطر ( 6)

 .[8,9,10]نائيا الضبابي التي تم ب
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 مع المسيطر الضبابي نظام السيطرة المغمقة (6)شكل 

يمثل استجابة السرعة لمحرك التيار ( 7)الشكل  
حيث تم , (500)المستمر وعند سرعة مرجعية 

تنغيم كل من كسب الإدخال و الإخراج وعند 

نلاحظ انو . ثلاث دوال عضوية نوع المثمثي 
من  (TL)عند تغيير الحمل الخارجي المسمط 

(5N.m  25إلى N.m ) أن المسيطر استطاع
أن يرجع بالنظام إلى السرعة المرجعية ويتجاوز 
التشوه الحاصل في الاستجابة  جراء تغيير عزم 

ويمحظ من .  المسمط بشكل جيد الحمل

0 0.5 1 1.5 2 2.5 3

100

200

300

400

500

600

700

800

Sp
ee

d 
wm

 (r
.p

.m
)

Time

741

741



The Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/10 

 

 .وىي نسبة رديئة نوعًا ما ( % 12.7)كذلك أن قيمة تجاوز الحد ( 7)الشكل
 (r.p.m)500استجابة السرعة باستخدام المسيطر الضبابي وعند سرعة مرجعية ( 7)شكل 

جابة السرعة عند تثبيت قيم يبين است( 8)الشكل 
الكسب إلى القيم التي تم الحصول من خلاليا 

ومن ثم ( r.p.m 500)عمى السرعة المرجعية 
مع ( r.p.m 750)تغيير السرعة المرجعية إلى 

الإبقاء عمى قيم الكسب ثابتة حيث نلاحظ أن 
الاستجابة تدىورت ولم تصل إلى السرعة 

الثبوت مساوٍ المرجعية حيث أصبح خطأ حالة 
 . كما مبين بالمون الأصفر( ess= 28%)لـ 

أما الاستجابة المبينة بالمون الأزرق فتمثل 
الاستجابة عند تغيير السرعة المرجعية إلى 

(1000 r.p.m . ) حيث نلاحظ أنة عند تغيير
وعدم , السرعة المرجعية تدىورت الاستجابة

وصوليا إلى السرعة المرجعية بحيث أصبح 
وىذا ( ess=45.2%)ة الثبوت مساوٍ لـ خطأ حال

يدل عمى أن المسيطر الضبابي لا يكيف نفسو 
مع تغيير السرعة المرجعية وىذه الحالة تعد 

 . إحدى مساوئ ىذا النظام 
 

 
 استجابة سرعة المحرك عند سرع مرجعية مختمفة (8)الشكل 
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يبين استجابة النظام عند استخدام ( 9)الشكل 
ثلاث دوال عضوية نوع المثمثي كما مبين بالمون 

وىي الاستجابة نفسيا التي تم تنغيم قيم , الأحمر
ومن ثم تم استخدام أعداد , الكسب عندىا

مختمفة حيث كانت الاستجابة بالمون الأزرق ىي 
د خمس دوال عضوية أما الاستجابة عن

الاستجابة بالمون الأصفر فيي عند سبع دوال 
 .عضوية 

 
 استجابة سرعة المحرك عند أعداد مختمفة من دوال العضوية( 9)شكل 

نلاحظ أن نظام السيطرة ( 9)من الشكل 
تغيير عدد دوال الضبابي لا يتكيف مع 

العضوية فبتغيير عدد دوال العضوية تختمف 
قرارات المسيطر الضبابي مما أدى إلى توليد 

 .ىذه الاستجابات الرديئة 
يبين استجابات النظام عند ثلاث ( 10)الشكل 

حيث الاستجابة . دوال عضوية وبأنواع مختمفة 
بالمون الأحمر ىي الاستجابة عند دوال عضوية 

وىو النوع الذي تم تنغيم قيم الكسب  نوع المثمثي

أما الاستجابة بالمون الأزرق فيي عند , عنده 
التي نلاحظ  (شبو المنحرف)دوال عضوية نوع 

. فييا زيادة كبيرة في قيمة خطأ حالة الثبوت
وكذلك الحال بالنسبة للأنواع الأخرى كما مبين 
بالشكل حيث الاستجابة بالمون الأصفر عند 

و الاستجابة بالمون ( gbell)ع دوال عضوية نو 
( . Gaussian)الأسود عند دوال عضوية نوع 

مما سبق نلاحظ أن النظام لا يكيف نفسو مع 
 .تغيير نوع دوال العضوية ايضاً 
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 استجابة سرعة المحرك عند أنواع مختمفة من دوال العضوية( 10)شكل 

نلاحظ مما سبق أن المسيطر الضبابي مسيطر 
متين حيث قام بتحسين استجابة النظام بشكل 
جيد كما أنو استطاع أن يحافظ عمى استقرا رية 

لوحظ أن . النظام بعد تسميط عزم حمل أضافي
المسيطر قام بتقميل خطأ حالة الثبوت إلى قيم 

إلى الوصول إلى السرعة مما أدى ,قميمة جدا 
وبالرغم من ىذه المحاسن , المرجعية المطموبة

لاحظنا أن المسيطر لم يكيف نفسو مع تغيير 
السرعة المرجعية أو تغيير نوع أو عدد دوال 

 .العضوية 

في  :مسيطر الشبكات العصبية المضببة -ب
ىذا النظام  يتم استخدام طريقة الاستدلال 

خراج كل , (Takagi-Sugeno)الضبابي نوع  وا 
قاعدة يمكن أن يكون عبارة عن مركبة خطية 

أو , لمتغيرات الإدخال مضافاً إلييا قيمة ثابتة
والإخراج . يكون عبارة عن قيمة ثابتة فقط

النيائي ىو عبارة عن المعدل الوزني لإخراج كل 
حيث نفرض أن عندنا تركيب  .قاعدة 

(ANFIS )في  لو ادخالين فقط كما مبين
 يحتوي عمى قاعدتين كما مبين أدناه ( 11)شكل

:[10,11,12,13,14,15] 
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 (ANFIS)تركيب الــ( 11)شكل

يتكون نظام سيطرة الشبكات العصبية المضببة 
جزء برمجي وىو , الذي تم تصميمو من جزأين 

الجزء الذي تتم فيو عممية التدريب وانتقاء النظام 
أما الجزء   الثاني . الذي يعطي أفضل استجابة 

ويحتوي عمى الييكل ( Simulink ) فيو الـ
الأساسي لمنظام والمتمثل بمحرك التيار المستمر 

(dc motor ) ومغير التيار المستمر(buck-

boost converter ), فضلا عن احتوائو عمى
وعند البدء بتشغيل .توليد النبضات  دائرة

البرنامج يقوم بتشغيل نظام الدائرة المفتوحة 
واستخلاص بيانات التدريب للإدخال حيث أن 
عممية التدريب تحتاج إلى زوجين من البيانات 

ومن ( بيانات الإدخال وبيانات الإخراج اليدف)
ثم تطبيق الإخراج اليدف وتدريب النظام عند 

ة نوع المثمثي ثم يتم تشغيل ثلاث دوال عضوي
نظام الدائرة المغمقة وحساب الخطأ النسبي 

و بعد ذلك يقوم البرنامج بتغيير .لاستجابة النظام
عدد دوال العضوية إلى خمس وسبع دوال 
عضوية  ومن ثم تشغيل نظام الدائرة المغمقة 

ومن ثم يقوم ,.وحساب الخطأ النسبي لكل حالة 
العضوية إلى شبو  البرنامج بتغيير نوع دوال

و كاوسيان وبأعداد ( gbell)و  المنحرف
مختمفة من دوال العضوية  و من ثم تطبيق 

وبذلك يكون ىناك اثنا عشر . الخطوات السابقة 
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استجابة ولكل استجابة ىناك خطأ نسبي يختمف 
 .عن الاستجابات الأخرى 

بعد ذلك يقوم البرنامج بمقارنة الأخطاء النسبية  
واختيار النظام الذي يعطي  ألاثنتي عشر

ويعد ىذا  البرنامج برنامج .استجابة بأقل خطأ 
وليس فقط محرك التيار , عام لأي حمل

في ىذا البحث تم التطبيق عمى . المستمر 

نموذجين من محركات التيار المستمر وبإمكان 
المستخدم تطبيقو عمى أي حمل آخر حيث انو 

يب يحتاج من المستخدم فقط بيانات التدر 
ويمكن تمخيص (. الإخراج اليدف)للإخراج 

الخطوات أعلاه بالمخطط الانسيابي المبين في 
 (:12)شكل 
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 المخطط الانسيابي لآلية عمل مسيطر الشبكات العصبية المضببة( 12)شكل

 حساب الخطأ النسبي لكل استجابة

 

تشغيل نظام الدائرة المغمقة عند 
 كل نوع وعدد من دوال العضوية

 

النظام بإعداد وأنواع تدريب 
 مختمفة من دوال العضوية

 

 تطبيق الإخراج اليدف

استخلاص بيانات التدريب 
 للإدخال

 

 تشغيل نظام الدائرة المفتوحة

 البداية

 فيها النظام الذي يعطيالحالة اختيار 
 أفضل استجابة وبأقل خطأ نسبي

 

 النهاية

مقارنة الخطأ 
النسبي لكل 

 استجابة
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يبين استجابات محرك التيار ( 13)الشكل    
المستمر عند أنواع و أعداد مختمفة من دوال 

, ( r.p.m500 )العضوية وعند سرعة مرجعية 
حيث يلاحظ وجود عدد من الاستجابات تتفاوت 

ىنالك اثنتا عشر نوعاً من . في ما بينيا 

الاستجابات إذ يقوم البرنامج بحساب الخطأ 
النسبي لكل استجابة ومن ثم يقارن بينيا ويختار 
النظام الذي يعطي استجابة بأقل خطأ  كما 

 .مبين بالشكل أدناه

 
 ( r.p.m500 )عند السرعة المرجعية ( ANFIS)استجابات السرعة مع المسيطر  (13)شنو 

 
 

يمحظ من , يبين عممية المقارنة( 1)الجدول 
الجدول أن النظام الذي لو ثلاث دوال عضوية 

يعطي ( Trapezoidal)نوع شبو المنحرف 

أحسن استجابة وبأقل خطأ كما مبين بالشكل 
(14 .) 
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 (r.p.m 500)اىَحشك ػْذ اىغشػخ اىْغجٍخ لاعزغبثبد  ءبالأخط( 1)عذٗه 

نلاحظ إن قيمة تجاوز الحد للاستجابة التي تم 
( Mo.sh=4%)اختيارىا تساوي 

جيدة إذا ما قارناىا وىي نسبة ( ess=0.0034)و
مع استجابة الدائرة المفتوحة والاستجابة في حالة 

 .وجود المسيطر  الضبابي كذلك
يبين الاستجابة التي تم اختيارىا ( 14)شكل 

بواسطة البرنامج التي تحتوي عمى اقل خطأ 

نسبي حيث من الجدول نلاحظ قيمة الخطأ 
وكذلك فمقد تم تسميط . (0.07206)والمساوية لـ

كما مبين ( N.m 20)م حمل خارجي مقداره عز 
بالشكل فان النظام قد تغمب عمى التشوه الناجم 

 . من العزم الإضافي المسمط

 
 ( r.p.m 500)الاستجابة المختارة عند سرعة مرجعية ( 14)شكل 
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Wref=500(r.p.m) Number of membership function 

3 5 7 

 Traingular 0.0778 0.0833 2.312 

Trapezoidal 0.07206 2.602 2.703 

Gbell 0.0788 2.515 0.0991 

gaussian 0.0728 0.08570 0.5289 
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يبين استجابات محرك التيار ( 15)الشكل 
, (r.p.m750 )المستمر وعند سرعة مرجعية 

يبين عممية المقارنة فمن الجدول ( 2)والجدول 

نلاحظ أن النظام الذي لو ثلاث دوال عضوية 
يعطي أحسن استجابة وبأقل خطأ  (Gbell)نوع 

  (.16)وكما مبين بالشكل 

 
 ( r.p.m750 )استجابات السرعة لممحرك وعند سرعة مرجعية  (14)شنو 

 
 (r.p.m 750)الأخطبء اىْغجٍخ لاعزغبثبد اىَحشك ػْذ عشػخ ٍشعؼٍخ ( 2)عذٗه 

 

يبين الاستجابة التي تم اختيارىا ( 16)شكل 
عمى اقل خطأ بواسطة البرنامج والتي تحتوي 

نسبي فمن الجدول نلاحظ قيمة الخطأ والمساوية 
كذلك تغيير قيمة العزم المسمط .  (0.00817)لـ

 25)إلى ( r.p.m 5)كحمل خارجي مقداره من 

N.m ) كما مبين بالشكل إذ تغمب النظام عمى
 .التشوه الناجم من العزم الإضافي المسمط 

0 0.5 1 1.5 2 2.5 3

200

400

600

800

1000

1200

1400

1600

Sp
ee

d 
w

m
 (

r.p
.m

)

Time

Relative Error at  

Wref=750(r.p.m) 

Number of membership function 

3 5 7 

 Triangular 0.0855 0.00887 0.1864 

Trapezoidal 0.00835 0.1944 0.2667 

Gbell 0.00817 0.1756 0.0171 
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 ( r.p.m 750)الاستجابة المختارة عند سرعة مرجعية ( 16)شكل 

 
يبين استجابات محرك التيار ( 17)شكل 

, ( r.p.m 1000)المستمر عند سرعة مرجعية 
وفي ىذه الحالة تم اختيار النظام الذي لو ثلاث 

ثي والذي أعطى أحسن دوال عضوية نوع المثم
كما ( 0.008159)استجابة وبأقل خطأ نسبي 

 . (18)وشكل ( 3)موضح في جدول 

 
 ( r.p.m1000 )استجابات المحرك عند سرعة مرجعية  (17)شنو 
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 (r.p.m 1000)الأخطاء النسبية لاستجابات المحرك عند سرعة مرجعية ( 3)جدول 

 

 

 

 
 (r.p.m 1000)الاستجابة المختارة عند سرعة مرجعية ( 18)شكل 

 
كما ذكر سابقا فان مسيطر الشبكات العصبية 
المضببة المصمم ىو مسيطر عام يصمح لأي 
حمل ولإثبات ذلك تم تغيير نموذج محرك التيار 
المستمر والموجود ضمن بيئة 

(Matlab/Simulink .) يبين  (4-5)والجدول
قيم الأخطاء النسبية لمنموذج الثاني من محرك 
التيار المستمر عند ثلاث سرع مرجعية مختمفة 

(500,750 ,1000 (r.p.m) .) ومن الجدول
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 500)أدناه نلاحظ أنو عند السرعة المرجعية 

r.p.m ) كان النظام الذي لو ثلاث دوال
ىو النظام الذي ( trapezoidal)عضوية نوع 

و . أعطى أحسن استجابة  بأقل خطأ نسبي 
 750)نلاحظ  كذلك عند السرعة المرجعية 

r.p.m ) إن البرنامج قام باختيار النظام الذي لو
أما , (Gaussian)خمس دوال عضوية نوع 

فقد قام البرنامج ( r.p.m 1000)عند السرعة 
اختيار النظام الذي لو سبع دوال عضوية نوع 

(gbell.) 
 

يبين الأخطاء النسبية لاستجابات النموذج الثاني لمحرك التيار المستمر عند السرع ( 4)جدول 
 (r.p.m 1000, 750 , 500)المرجعية 

The second model of dc 

motor 

 

Number of membership function 

3 5 7 

 

 

 

 

 

Triangular 0.122 0.1588 0.1463 

Trapezoidal 0.0732 0.0754 0.07645 

Gbell 0.865 0.0792 0.0772 

Gaussian 0.0788 0.0891 0.0895 

 Triangular 0.1042 1.818 0.0977 

Trapezoidal 0.09245 1.948188 0.087429 

Gbell 0.96388 0.10063 0.14375 

Gaussian 0.0969 0.0911882 1.804 

 Triangular 0.080859 3.41107 4.55282 

Trapezoidal 2.8232 4.37907 4.54787 

Gbell 2.3847 4.694129 0.0802 

Gaussian 4.07789 4.6681 4.735 

 

W
re

f=
5
0
0

 

(r
.p

.m
)

 
 

 

W
re

f=
7
5
0

 

(r
.p

.m
)

 

  

 

 

 

W
re

f=
1
0
0

0
 

 (
r.

p
.m

)
 

 

 

 

755

755



The Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/10 

 

5
تم تصميم المسيطر  :النتائجمناقشة  -

المنطقي المضبب والذي كان تصميمو ذا 
تضبيط عشوائي ، تمت دراسة استجابة 

إذ كانت النتائج , المنظومة مع المحكم المضبب
وتبين ( نظام الحمقة المفتوحة)جيدة مقارنة مع 

 ,كذلك وجود تحسن ممحوظ في استجابة النظام
ن ثم وم, (r.p.m 500)عند السرعة المرجعية 

 )إلى احتجنا إلى تغيير ىذه السرعة المرجعية 
750 r.p.m1000و r.p.m)  فان النظام لم

كما . يكيف نفسو مع السرعة المرجعية الجديدة
لوحظ انو عند تضبيط  قيم الكسب عند ثلاث 
دوال العضوية نوع المثمثي ومن ثم تغيير نوع أو 
عدد دوال العضوية بحيث أصبحت الاستجابة 

ن المسيطر لم يكيف نفسو مع ىذا رديئة وا
كما أن عمميو اختيارنا لنوع وعدد دوال . التغيير

العضوية كان بشكل عشوائي ولم تكن عمى وفق 
حسابات مدروسة وبما أن اختلاف نوع وعدد 
دوال العضوية  وكذلك مدى كل من الإدخال 
والإخراج و مقدار التداخل في ما بينيا لو تأثير 

ولذلك لابد أن تكون ىناك , عمى استجابة النظام
طريقة مدروسة وقاعدة يستند عمييا النظام في 

 . عممية الاختيار

اما بالنسبة لمسيطر الشبكات العصبية المضببة 
نلاحظ من النتائج التي تم الحصول عمييا إنو 

قام المسيطر ( r.p.m 500)عند سرعة مرجعية 
باختبار اثنتا عشر نوعاً من دوال العضوية 

ل استجابة نوع وعدد خاص من دوال حيث لك
العضوية وقام المسيطر باختيار النظام الذي لو 
ثلاث دوال عضوية نوع المثمثي  الذي أعطى 

ولقد لوحظ من الاستجابة التي . اقل خطأ نسبي 
تم اختيارىا أن المسيطر استطاع أن يتغمب 
عمى التشويو الحاصل عمى استجابة السرعة 

 (N.m 20)ي مقداره نتيجةً لتسميط عزم اضاف
وقد تم تغيير السرعة المرجعية . كحمل خارجي

وتدريب النظام عمى السرعة ( r.p.m 750)إلى 
الجديدة وفي ىذه الحالة قام المسيطر باختيار 
النظام الذي لو ثلاث دوال عضوية نوع 

(Gbell ) أما عند تغيير السرعة المرجعية إلى
(1000 r.p.m )فقد قام المسيطر باختيار 

النظام الذي لو ثلاث دوال عضوية نوع المثمثي 
وقد تم تكرار العممية نفسيا عمى النموذج , 

الثاني لمحرك التيار المستمر وبسرع مرجعية 
مما سبق نلاحظ أن لكل سرعة مرجعية , مختمفة
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وجود نوع وعدد خاص من دوال العضوية 
 .يعطي أفضل استجابة 

 

نوعين من تناول البحث تصميم  :الخلاصة -5
المسيطرات لمسيطرة عمى سرعة محرك التيار 

وذلك بالاعتماد , المستمر ذو الإثارة المنفصمة
حيث , (Matlab/Simulink)عمى برمجيات 

( نظام الدارة المفتوحة)تم دراسة استجابة الدائرة 
 (.نظام الدارة المغمقة مع المسيطرين)و 

المسيطران ىما المسيطر الضبابي ومسيطر 
ت العصبية المضببة حيث تم استخدام الشبكا

الرافع لمسيطرة عمى -مغير القدرة الخافض
. فولطية المنتج لممحرك وبالتالي التحكم بالسرعة

تم تصميم واقتراح ودراسة مسيطر يستند عمى 
الشبكات العصبية المضببة ويقوم باختيار عدد 
ونوع من دوال العضوية التي من خلاليا تم 

تجابة من بين اثنتا الحصول عمى أفضل اس
وكذلك فإن ىذا , عشرة استجابة تم اختبارىا

المسيطر يمكن أن يكيف نفسو مع تغيير 
السرعة المرجعية أو تغيير نموذج المحرك حيث 
أن المسيطر المقترح يعتبر مسيطر عام يمكن 
استخدامو لأي حمل و ليس فقط محرك التيار 
 المستمر ولا يحتاج من المستخدم سوى الإخراج

أظيرت النتائج ان مسيطر حيث , اليدف
الشبكات العصبية المضببة يكون ذا كفاءة أعمى 

ضل إذا ما قورن بالمسيطر ويعطي نتائج أف
 الضبابي
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 -:ممخصال
ثلاثي الطوور باسوتخدام  المحامل في  المحرك الحثي أعطابكشف وتشخيص يقدم ىذا البحث نتائج 

 سووميم وفووي حالووة وجووود عطووب عنوود موولتووم اخووذ النتووائج فووي حوواحت كووون المح حيووث .الصوووتيةالتقنيووة 
 أعطوابينوات مون المحامول تحتووى عمو  حيث تم فحص عدة ع ،سرع مختمفة ناتجة عن تغير الحمل

شووديدة عمييووا  أعطووابفحووص عينووات تووم أجوورا   فضوولاع عوونمختمفووة ناتجووة موون اسووتعماليا لفتوورة طويمووة 
تمت مراقبة الإشارات في حيز الزمن كما . لغرض دراسة تأثير العطب عند تطوره إل  مراحل متقدمة

ن عوووقبووة مسووتوة شوودة الصوووت النوواتج عوولاوة عموو  مرا ،التووردد –فووي حيووز الووزمن وفووي حيووز التووردد و 
 .الماكنة في الحالة السميمة والمعيبة

من خلال مراقبة شدة صوت بصورة مبكرة جداع  المحامل أعطابكشف  أمكانيةوقد بينت الفحوصات 
وىذا يساعد عم  اتخاذ التودابير الوقائيوة كتشوحيم المحمول وتقميول العوامول التوي توؤدى وتحميمو الماكنة 

 . طب كعدم اتزان الحمل الميكانيكي وعدم محاذاة محور الدورانإل  حدوث الع
 -: مقدمة -1

تسووووووتخدم المكووووووائن الكيربائيووووووة فووووووي العديوووووود موووووون 
التطبيقوووووووات الصوووووووناعية حيوووووووث تمثووووووول العنصووووووور 
الأساسي في تحويل الطاقة الكيربائيوة إلو  طاقوة 

لووذلك تسووتخدم فووي محطووات , ميكانيكيووة وبووالعكس
اسووتخراج المنتجووات  توليوود الطاقووة الكيربائيووة وفووي

وموون أكثوور أنووواع المكووائن , النفطيووة وفووي المعاموول

الكيربائيوووووة المسوووووتخدمة ىوووووي المحركوووووات الحثيوووووة 
 الطاقة  من %40-%50حوالي  تستيمك حيثب

 
ويوووووأتي ىوووووذا احسوووووتخدام  ، المولووووودة فوووووي كووووول بمووووود

 موون حيووث الصوولادة الجيوودة ميزاتيووابسووبب الواسوو  
الحاجوووة  قمووةوسوويولة التركيوووب و  والوثوقيووة العاليوووة

فضولاع , الصويانة مقارنوة مو  المكوائن الأخورة إل 
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سيولة التحكم بسرعتيا وخاصوة بعود التطوور  عن
 .الكبير في مجال اليكترونيات القدرة

عنود وبالرغم من صولادة ىوذه المحركوات إح أنيوا 
غيوووور الأحموووووال ومووووو  تلفتووووورات طويمووووة  يااسووووتعمال

 ةالمسوومطة عمييووا وتووراكم العواموول الأخوورة الناتجوو
 موون المصوودر أو موون البيئووة التووي تعموول فييووا إمووا

 عطوووابتتعووورض لعووودة أنوووواع مووون الأ فقووود الماكنوووة
 عنوود تطورىووا موو  الووزمن عطووابوىووذه الأ. الأوليووة

 ربموووووا إذاسوووووتؤدى إلووووو  خفوووووض كفوووووا ة الماكنوووووة و 
تووووؤدى إلوووو  توقووووف قوووود اسووووتمرت ىووووذه الظووووروف ف

الماكنووة وخروجيووا عوون العموول ممووا يسووبب خسووائر 
يوووة فضووولاع عووون كووواف الإنتاجالخطووووط كبيووورة فوووي 

 . إضافيةصيانة 
 On - line)مستمرة لحالة الماكنة المراقبة ال ان

condition monitoring)  لمعرفوووة التغيووورات
التووووي تحوووودث خوووولال فتوووورة التشووووغيل يسوووواعد عموووو  
كشووف العطووب بمرحمووة مبكوورة وتحديوود نوعووو وىووذا 
يووووووفر مووووون الوقوووووت المسوووووتغر  لمصووووويانة وتقميووووول 

والمحافظوووووة عموووووو  حيوووووواة  الخسوووووائر فووووووي الإنتوووووواج
 .العاممين

المحامول  أعطوابقام العديد من الباحثين بدراسوة 
ومنيم  مستخدمين عدة تقنيات في المكائن الدوارة
R. Saklawi) باسوتخدام  واحيوث قوام( وآخورون

لتحميول إشوارة  (FFT)تقنية تحميول فوورير السوري  
المحامول  أعطواباىتزاز الماكنة من اجول كشوف 

 وآخوووورون (Mounir Djeddi)كموووا قووووام  .[2]

باسووتخدام تقنيوووة تحميووول بصوومة التيوووار فوووي كشوووف 
باسووووتخدام تقنيووووة تحويوووول فووووورير السووووري   بالعطوووو

(FFT) [3]. استخدمو  (Mohammed A. A. 
Elmaleeh) لتشوخيص  تقنية احنبعاث الصووتي

 ةالمحامووووووول مووووووون خووووووولال حسووووووواب قيمووووووو أعطووووووواب
 Standard Deviation)احنحوراف المعيوارى 

SD)  عامووول الوووذروة وقيموووة(Crest Factor) 
  .[4-5]للإشارة الصوتية في حيز الزمن 
المحامول  أعطابإن اليدف من عممية تشخيص 

ىو كشفو فوي مراحموو الأوليوة قبول تطووره وتفاقموو 
إل  مراحل متقدمة تؤدى إل  إخراج الماكنوة عون 
العموووول حيووووث ربمووووا تكووووون مراحمووووو الأوليووووة غيوووور 

التصوووودع فوووووي مووووؤثرة ولكوووون عنوووود تطوووووره كزيووووادة 
يوووؤدى إلوو  ازديووواد احىتووزاز فوووي الماكنوووة  المحموول

وىوووووووذا بوووووووودوره قوووووووود يوووووووؤدى إلوووووووو  خمخمووووووووة الووووووووربط 
(structure lossless)  يوؤدى مموا فوي الماكنوة

داخوووول  حوووودوث عوووودم اتووووزان الفجوووووة اليوائيووووة إلوووو 
يووووؤدى إلوووو  حوووودوث دائوووورة والووووذى بوووودوره  المحوووورك

 rub between).قصوور موو  الجووز  الثابووت 
stator & rotor) 

ىووووذا البحووووث الطريقووووة الصوووووتية لكشووووف  سووووتخدمي
موووووون خوووووولال تحميوووووول الإشووووووارة  الماكنووووووة أعطوووووواب

باسووتخدام تقنيووات تحميوول الإشووارة فووي حيووز الووزمن 
تووم حيووث . وتحووويلات فووورير وتحووويلات المويجووة

لمعرفووووووووة   لمماكنووووووووة الصوووووووووتية بصوووووووومةتحميوووووووول ال
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 اسووووتخلاص مووون ثووووم المركبوووات الموجووووودة فييووووا و 
 .في عممية التشخيصالمفيدة  عطبمركبات ال

- : مصادر الإشارة الصوتيةتصنيف  -2
الإشارة الصووتية تنوتج مون اىتوزاز جسوم لوذلك  إن

حبووود مووون معرفوووة مصوووادر احىتوووزاز والضوضووووا  
يمكوووووون  المصووووووادرالماكنووووووة وىووووووذه  الناتجووووووة موووووون

 :وكما يأتيإل  عدة مجامي   صنيفيات
احىتووووووووزاز أو الضوضووووووووا  الكيرومغناطيسووووووووي  ●

(Electromagnetic Vibration or 
Noise): 

وىووووي تنووووتج موووون المركبووووات الفراغيووووة والمركبوووووات 
 (Time & Space Harmonics)الزمنيووة 

موووون  أو, الموجووووودة فووووي إشووووارة المصوووودر المجيووووز
 Air gap)عوووودم اتووووزان الفجوووووة اليوائيووووة 

Eccentricity)  ,مووووووون عووووووودم اتوووووووزان فولتيوووووووة  أو
التشووب   أو, (voltage unbalance)المصودر 
 Core)ي فووووي القمووووب الحديوووودى المغناطيسوووو

Saturation) ,بسوووووووووبب الفووووووووويض المتسووووووووورب  أو
الجووز   ممفووات النوواتج موون حوودوث دائوورة قصوور فووي

 .(inter-turn short circuit) الثابت
احىتوووووووووووووووووزاز أو الضوضوووووووووووووووووا  الميكوووووووووووووووووانيكي  ●

:(Mechanical Vibration or Noise) 
وىوووي تنوووتج مووون الأجوووزا  الميكانيكيوووة فوووي الماكنوووة 

 .(Bearing)مثل المحامل 
احىتوووووزاز أو الضوضوووووا  الوووووديناميكي اليووووووائي  ●

(Aerodynamic Vibration or Noise): 

وىووذا ينووتج موون أجووزا  التبريوود فووي الماكنووة كمووراوح 
 .التبريد

إضووافة إلوو  إن ىنوواك مصووادر لمضوضووا  توورتبط 
 :م  الحمل الميكانيكي وىي

احىتوووزاز أو الضوضوووا  الناتجوووة مووون المعشووو   ●
(Coupling) مووووووووون الأحزموووووووووة أو السلاسووووووووول  أو

(belt or chain)   أو موون صووندو  التعشووي
(Gear box)  وىووذه تنووتج بسووبب عوودم محوواذاة
 .(shaft misalignment)محور الدوران 

ضوعف بسوبب ناتجوة الضوضا  ال أوىتزاز حا ●
أو بسووبب  (Lossless)تخمخوول ربووط الماكنووة أو 

وضوووووووووو  الماكنووووووووووة عموووووووووو  قاعوووووووووودة غيوووووووووور ثابتووووووووووة 
(Foundation) ,[6-8]. 

- :المحامل  أعطاب -3
 أكثوووووورموووووون   عطووووووابالأيعتبوووووور ىووووووذا النوووووووع موووووون 

إلوو  حدوثووو  ةنسووب تصوولحيووث  شوويوعاع  عطووابالأ
حسووب  %75والوو   IEEEحسووب  %41حوووالي 
OEM   وفي بعض المصوادر الأخورة تصول إلو

المكوووووائن  أعطوووووابمووووون نسوووووبة  %50أكثووووور مووووون 
 .الدوارة
ارتفوووواع درجووووة حوووورارة  عنوووودموووول عطووووب المح يبوووودأ

حوووووودوث تغيوووووور فووووووي  إلوووووو حيووووووث يووووووؤدى  الماكنووووووة
التركيب الكيميائي لمزيت الموجوود داخول المحمول 

 وىوووذا يسوووببمموووا يوووؤدى إلووو  تغيووور فوووي لزوجتوووو 
يووؤدى  مموواحوودوث تموواس بووين الأجووزا  الحديديووة 
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. (KHz 20<)إل  توليود تورددات فوو  الصووتية 
 حيث انو في حالة توفر متحسس 

 (ultrasonic transducer) فووووو  صوووووتي
ثووم بعوود ذلووك . طوور  الكشووف أبكوورذا موون سوويعد ىوو
فوووي البنيوووة الداخميوووة  أعطوووابحووودوث  إلووو يوووؤدى 

فووي الحمقووة  خوودشحودوث  إلوو لممحمول أى يووؤدى 
 الداخميوة أو (outer race defect) الخارجيوة

(inner race defect) أو الكوورات (ball 
defect) أو الحووزام المحوويط بووالكرات (cage 
defect) فوووووي  ثوووووم يتطوووووور إلووووو  حووووودوث تصووووودع

 المحمل وىذه تعتبر من اخطر المراحل وان 
 

أى تغير في الحمل أو عدم اتزانو قد يكون كفيل 
في تكسر المحمول بصوورة نيائيوة مموا يوؤدى إلو  

حووودوث إضووورار كبيووورة كمسوووا الجوووز  الووودوار مووو  
 عطوابالأالجز  الساكن الذى يمثل اخطور أنوواع 

 (1) رقووم والشووكل. التووي تووؤدى إلوو  تمووف الماكنووة
 .المحمل عطبمخطط يبين تطور  يوضا

أن ىناك عدة تقنيات  يتبينمن خلال ما سب  
حيث . المحامل أعطابيمكن استخداميا لكشف 

طور الباحثون العديد من التقنيات وقاموا 
حول زيادة كفا ة ىذه التقنيات  عديدةبدراسات 

منظومة الكشف )من اجل زيادة كفا ة المنظومة 
انة والمحافظة وتقميل كمف الصي( والتشخيص
 -:ومن ىذه التقنيات.عم  الإنتاج
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مراقبوووووووووووووووة درجوووووووووووووووة الحوووووووووووووووورارة تقنيوووووووووووووووة  (1
(Temperature Measurement 

Monitoring Technique)  التوووي
تتضوومن قيوواس درجووة الحوورارة باسووتخدام 
متحسسوووووات حراريوووووة موضووووووعة داخووووول 
الماكنووووووووة أو عوووووووون طريوووووووو  الكوووووووواميرات 

 .الحرارية
راقبوووووة الأشوووووعة تحوووووت الحمووووورا  متقنيوووووة  (2

(Inferred Recognize 
Monitoring Technique). 

تقنيووووووووووة مراقبووووووووووة التوووووووووورددات الراديويووووووووووة  (3
(Radio Frequency 

Monitoring Technique). 
 Vibration)تقنيووة مراقبوووة احىتووزاز  (4

Monitoring Technique). 
 Chemical)تحميوول كيميوائي التقنيوة  (5

analysis Monitoring 
Technique)  لزيوووت الماكنوووة أو زيوووت

 .المحامل
 Acoustic).الصوتية  احنبعاث تقنية (6

Emission Monitoring 
Technique)  حيث تتضمن اسوتخدام

 .تقنيات صوتية وفو  الصوتية
 Current)تقنيوة تحميول تيوار الماكنوة  (7

Monitoring Technique) 

 Laser)تقنيوة مراقبوة بواسوطة الميوزر  (8
Monitoring Technique) 

يووووووة مراقبووووووة فولتيووووووة محووووووور الوووووودوران تق (9
(Shaft Voltage Monitoring 

Technique) 
 إلوو حوودوث تشووق  فووي بنيووة المحموول سوويؤدى  إن

توليود توورددات معينوة ناتجووة موون مورور الكوورة فووو  
ويمكننوووووا حسووووواب ىوووووذه التووووورددات مووووون . التصووووودع
 :[9] الآتيةالعلاقات 

Ford = ( N/2 ) Fsh [1 – Dball cos (β) / 
Dcage] 

اب التردد الناتج في حالة حصول عيب في لحس
.الحمقة الخارجية  

Fird = ( N/2 ) Fsh [1 + Dball cos (β) / 
Dcage] 
لحساب التردد الناتج في حالة حصول عيب في 

.الحمقة الداخمية  
Fbd = (Dcage / 2Dball) Fsh [1 – (Dball 
cos (β) / Dcage)2] 
لحساب التردد الناتج في حالة حصول عيب في 

.إحدة الكرات  
Ftd = (Fsh / 2)[1 – Dball cos (β) / 
Dcage] 

لحساب التردد الناتج في حالة حصول عيب 
.حزام المحمل  
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Fbd = (Dcage / Dball) Fsh [1 – (Dball 
cos (β) / Dcage)2] 
لحساب التردد الناتج في حالة حصول عيب في 

.العناصر الدوارة  
:أنحيث   
ر ويقاس ب يمثل تردد دوران المحو :      
(.الثانية\دورة) Fsh 

Dcage   :يمثل قطر الحزام. 
Dball   : يمثل قطر الكرة. 
β         :يمثل زاوية التماس. 
N        :يمثل عدد الكرات في المحمل. 

بعاده (2)والشكل   .يبين تركيب المحمل وا 

 
 
- :منظومة الكشف والتشخيص  -4

ط منظوموة لمكشوف والتشوخيص والتوي تم بنا  ورب
عووووووداد قيووووواس مسووووووتوة احنوووووودفاعات  موووووون تتكوووووون

 Impulse Precision)الصوووتية موون طووراز 
Sound Level Meter 2209)  مون شووركة

Bruel & Kjaer . ومون مقيواس رقموي لمسوتوة
لشووووووووووووووركة  407750الصووووووووووووووت موووووووووووووون طووووووووووووووراز 

EXTECH .  حيوووث توووم إجووورا  الفحوصوووات عمووو
لخصوائص التاليوة ا ذومحرك حثي ثلاثي الطوور 

(380 V, 1.3 KW, 4 Pole, 1430 

r.p.m)  .  توووووم إدخوووووال ىوووووذه الإشوووووارات إلووووو
الحاسووب باسووتخدام بطاقووة اكتسوواب البيانووات موون 

ذو تردد  Advantchلشركة ,  PCI 1710نوع 
وتووووووووووم اسووووووووووتخدام برنووووووووووامج . 100KHzتقطيوووووووووو  
Matlab  لبنوا  البرمجيووات اللازموة لعمميووة تحميوول

مة باسوووووووتخدام تقنيوووووووة  ىوووووووذه الإشوووووووارات المستحصووووووو
وتقنيوووووة تحويوووووول  (FFT)تحويووووول فوووووورير السوووووري  

حيوووث توووم  (Wavelet Transform)المويجووة 
إدخال الإشارات باستخدام تردد اخوذ عينوات قودره 
(Sampling Frequency = 4096 Hz) 

 = Number of Samples)وبعودد عينوات 
 صووووووووووورة (3)ويبووووووووووين الشووووووووووكل رقووووووووووم . (32768

 . خدمةالمستلمنظومة الكشف والتشخيص 
 
  -:النتائج والمناقشة -5
بعووووووود اسوووووووتكمال بنوووووووا  وربوووووووط منظوموووووووة كشوووووووف  

  وتشخيص الأعطاب تم ربط المنظومة لكشف
حالووووة المحاموووول حيووووث تووووم تشووووغيل المحوووورك لموووودة 
سوواعتين وأدخمووت البيانوووات موون إشووارات الصووووت 

 

 .تركية المحمل وإتعادي (2)الشكل 
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إلوو  الحاسووبة لغوورض التعاموول معيووا وتحميميووا فووي 
يووة الفحووص وموون ثوم أعيوودت عمم. خطووات ححقووة

والتشوغيل بعوود اسووتبدال المحمول وأدخمووت البيانووات 
عينوات  5توم فحوص . اللازمة إل  الحاسبة أيضا

مووون المحامووول المحتويوووة عمووو  مختموووف الأعطووواب 
وتوووم عووورض نتوووائج , (4)والموضوووحة فوووي الشوووكل 

بعوض العينوات فووي حيوزى الوزمن والتووردد التوي تووم 
الحصول عمييا من حواحت تشوغيل مختمفوة وكموا 

 :يأتي
 
 

 

 
 Time)نتائج القياس في حيز  الز من  -5-1

Domain Measurement Results) 
عنوووود قيوووواس أعموووو  قيمووووة لمسووووتوة شوووودة الصوووووت 

(Maximum Noise)  لممحوورك كانووت النتووائج
حيووث تبووين النتووائج (. 1)كمووا مبينووة فووي الجوودول 

عم  انو في حالة وجود عطب في المحامل فوان 
توة شووودة الصووووت سووويرتف  كموووا يوضوووا انوووو مسووو

كممووووا زاد مسووووتوة العطووووب فووووي المحموووول سوووويزداد 

كما يلاحوظ فوي العينوة رقوم , مستوة شدة الصوت
والتوووووي تحتووووووى عمووووو  عطوووووب شوووووديد متمثووووول  (5)

بتصوووودع كبيوووور فووووي السووووطا الخووووارجي والووووداخمي 
 .وحزام الكرات

 
 

 
 
 
 
 

    
 

 .صىرج تثيه تعض العيىاخ المستخذمح فً الثحث (4)شكل رقم 
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 ن المحاملمستوة شدة صوت لمجموعة م( 1)جدول رقم 
Noise Level in (db) for bearing samples Speed 

(RPM) 
Load 

Faulty Bearing Healthy 
Bearing Sample 

5 
Sample 

4 
Sample 

3 
Sample 

2 
Sample 

1 

95 84.3 79.4 78.4 77.6 76.4 1490 N.L 
103 88.7 84.4 79.3 77.9 77.9 1450 H.L 
93.1 88.8 86 81 80.7 80.3 1430 F.L 

 
 
 
 
 
5

 

 

 

 

 

 

 

 

 

 .المستعملحصىرج لمىظىمح الكشف والتشخيص  (3)شكل رقم 
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فززي حيزز  التززردد  والتحميززل  نتززائج القيززاس -2-
 Domain Measurement Frequency(

Results) & Analysis 
قبوووول البووووود  بدراسوووووة وتحميووووول الإشوووووارات المدخموووووة 

حسوواب التوورددات المحتممووة الظيووور عنوود  يتوجووب
حسوووواب تووووم لووووذلك . فووووي المحموووولحوووودوث عطووووب 

موووووووو  التوووووووورددات المحتممووووووووة الظيووووووووور اعتموووووووواداع ع
المووذكورة سووابقاع اخووذين بنظوور احعتبووار ات العلاقوو

و كمووا  .وأبعوواد المحموول المسووتخدم سوورعة الماكنووة
الووذى يبووين نوووع و ( 2)موضووحة فووي الجوودول رقووم 

المحموووول المسووووتخدم و أبعوووواده حيووووث تووووم حسوووواب 
 60)عند سرعة دوران تساوى  عطابالأترددات 

R.P.M)  أى(1 Hz) تغييور تم حسوابيا عنود  و
والجوودول  عوون طريوو  تغيوور الحموولنووة الماكسوورعة 
 .يوضا ىذه الترددات( 3)رقم 

 أبعاد المحمل المستخدم والتردد الناتج عنو في حالة وجود عطب( 2)جدول رقم 
Bearing model 6206 2RS, 6206 ZZ 
Number of balls  9 
Bore diameter  16 mm 
Outside diameter 62 mm 
Ball diameter 10.2 mm 
outer bearing race defect ( Ford ) 3.57 Hz 
inner bearing race defect (  Fird ) 5.43 Hz 
ball defect ( Fbd ) 2.31 – 4.62 Hz 
train defect (cage defect) ( Ftd ) 0.396 Hz 
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 الترددات الناتجة عن المحمل في حالة وجود عطب( 3)جدول رقم 
Rotational 

speed 
(rpm) 

Ford (Hz) Fird (Hz) Fbd (Hz) Ftd (Hz) 

1490 rpm 88.655 134.845 57.365 114.73 9.834 
1480 rpm 88.06 133.94 56.98 113.96 9.768 
1470 rpm 87.465 133.035 56.595 113.19 9.702 
1460 rpm 86.87 132.13 56.21 112.42 9.636 
1450 rpm 86.275 131.225 55.825 111.65 9.57 
1440 rpm 85.68 130.32 55.44 110.88 9.504 
1430 rpm 85.085 129.415 55.055 110.11 9.438 
1420 rpm 84.49 128.51 54.67 109.34 9.372 
1410 rpm 83.895 127.605 54.285 108.57 9.306 

الإشوووارة الصووووتية فوووي  اسوووتخدام برنوووامج لأخوووذتوووم 
مون اجوول  وذلوك, (عديموة الصودة)معزولوة غرفوة 

قميووول التوووداخل فوووي الإشوووارة وتقميووول احنعكاسوووات ت
حيث يقوم البرنامج , الحاصمة في البيئة الطبيعية

ثانيوووة ثوووم يوووتم تحميووول  16بتسوووجيل الإشوووارة لمووودة 
. (FFT)الإشووارة باسووتخدام تحميوول فووورير السووري  

عينوووة مووون موجوووة صووووتية  (5)يبوووين الشوووكل رقوووم 
ناتجووة موون المحوورك فووي حالووة كووون المحموول سووميم 

الشوووكل رقوووم  يبوووينكموووا .الوووة وجوووود عطوووب وفوووي ح
نتوووووائج تحميووووول الموجوووووة الصووووووتية فوووووي حيوووووز  (6)

العينووووة المفحوصووووة  إنويمكوووون ملاحظووووة . التووووردد
 عم   تحتوى

جووول توضووويا النتوووائج بصوووورة حمتقدموووة و  أعطووواب
 باستخدام  الإشارةدقة تم تحميل  أكثر

 الإشارةاحد البرامج الصوتية حيث تم معالجة 
 Notch)و  (Low Pass Filter)باستخدام 

Filter) تقميل  علاوة عم  استخدام تقنية
يوضا و . (Noise Reducing)الضوضا  
نتائج التحميل في حالة كون  (7)الشكل رقم 

المحمل سميم وفي حالة كونو حاوى عم  
أعطاب
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 (أ )                        (                                          ب ) 

 مىجح صىتيح واتجح مه المحرك فً حالح (5)شكل رقم 

 كىن المحمل حاوي على العطة( ب ) , كىن المحمل سليم ( أ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 (أ (                                                             ) ب ) 

 معطىب( ب ) سليم و ( أ ) لمحمل تحليل مىجح صىتيح  (7)شكل رقم 
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عنود ملاحظووة تحميوول الإشوارة الصوووتية فووي حيووز  
نلاحووظ وجووود العديوود  (6)فووي الشووكل رقووم  توورددال

ومون بينيوا , من المركبات التي تظير في الإشارة
مركبات عطب المحمل المبينة سابقاع اضافة الو  
ظيوووووور مركبوووووات أخووووورة ىوووووي توافقيوووووات متزامنوووووة 

 .وغير متزامنة ليذه المركبات
لكبيووووووور مووووووون المركبوووووووات إن ظيوووووووور ىوووووووذا الكوووووووم ا

المتوافقوووووة مووووو  مركبوووووات العطوووووب ربموووووا تضوووووعف 
 .عممية تشخيص العطب

نتائج القياس والتحميل  في حيز   -5-3
 Time)- التزززززردد  -الززززز من 

Frequency Domain 
Measurement & Analysis 

Results) 
بسوووووووبب صوووووووعوبة تمييوووووووز مركبوووووووات العطوووووووب توووووووم 
اسووتخدام تقنيووة تحميوول الإشووارة الصوووتية فووي حيووز 

التووردد باسووتخدام تقنيووة تحويوول المويجووة  –الووزمن 
(Wavelet Transform)  حيووث تووم اسووتخدام

عون  (db4)دالة أم ديبووجيز مون المرتبوة الرابعوة 
طريوووو  بنووووا  برنووووامج فرعووووي يووووتم اسووووتدعائو عوووون 
طري  البرنامج الرئيسي لتحميول الإشوارة الصووتية 

ويبوين الشوكل رقوم , مسوتوة 12المرسمة إليوو إلو  
ئج تحميووووول الموجوووووة الصووووووتية باسوووووتخدام نتوووووا (8)

وتوووووووم حسووووووواب معووووووودل . تقنيوووووووة تحميووووووول المويجوووووووة
 (Standard Deviation)احنحوراف المعيوارى 

لكوول مسووتوة لعوودة عينووات وقوود تووم توضوويحيا فووي 
حيوووووووث يوضوووووووا قووووووويم معووووووودل  (4)الجووووووودول رقوووووووم 

وبينووت النتووائج . احنحووراف المعيووارى لعوودة عينووات
م تقنيووة إمكانيووة كشووف أعطوواب المحاموول باسووتخدا

تحويووووووول المويجوووووووة بصوووووووورة أسووووووويل مووووووون مراقبوووووووة 
الترددات الناتجة من تحميل الموجة الصووتية فوي 

وذلووك عوون طريوو  مراقبووة قوويم معوودل . حيووز التووردد
 .احنحراف المعيارى
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استخدام تقنية تحويل المويجة ( 8)شكل رقم 

لتحميل الإشارة الصوتية الناتجة من محرك 
 مليحتوى عم  أعطاب في المحا

 
 
 
 
 

 
قيم معدل احنحراف المعيارى  (4)جدول رقم 

 لإشارة صوتية ناتجة من المحمل
Bearing SamplesStand

ard 
Devia
tion 

Level 

Sam
ple 5

Sam
ple 4 

Sam
ple 3

Sam
ple 2

Sam
ple 1 

6.37
84 

7.57
14 

2.13
3 

1.50
85 

1.62
7 

Std1 

11.2
035 

10.9
275 

3.19
42 

9.92
56 

2.35
67 

Std2

13.5
84 

11.8
862 

3.96
92 

12.4
855 

2.62
44 

Std3

14.9
457 

8.94
34 

3.66
19 

11.8
943 

1.99
51 

Std4

13.2
084 

4.67
70 

2.27
92 

8.21
25 

1.08
28 

Std5

6.49
84 

1.59
13 

0.90
22 

3.08
67 

0.37
91 

Std6

2.87
29 

0.51
22 

0.26
31 

0.84
36 

0.11
16 

Std7

0.87
29 

0.39
15 

0.10
32 

0.23
41 

0.05
65 

Std8

0.86
56 

0.43
59 

0.10
14 

0.19
67 

0.05
78 

Std9

1.04
82 

0.59
36 

0.12
25 

0.25
68 

0.07
19 

Std10

1.28
80 

0.74
91 

0.15
64 

0.29
33 

0.09
9 

Std11

1.67
81 

0.96
44 

0.20
29 

0.39
16 

0.13
2 

Std12
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- :الاستنتاجات-6 
تعتبوووووور الطريقووووووة الصوووووووتية موووووون أفضوووووول الطوووووور  
لكشووووف أعطوووواب المحاموووول فووووي مراحميووووا المبكوووورة 

تووفر متحسوس فوو  الصووتي حيوث  وخاصة عند
بينووت الفحوصووات أن المحاموول تموور بعوودة مراحوول 
قبل أن تنيار بصورة نيائيوة فموثلاع عنودما نلاحوظ 
وجود مركبات فو  الصوتية يمكننا إجرا  صيانة 

ثم يتطور العطوب . لممحامل عن طري  تشحيميا
ممووا يووؤدى إلوو  توليوود توورددات المحاموول المووذكورة 

ذا تركووووت ىوووو ذه المحاموووول بوووودون معالجووووة سووووابقاع وا 
سوووووونلاحظ ظيووووووور توافقيووووووات لتوووووورددات المحاموووووول 
وظيوووووور مركبوووووات أخووووورة يصوووووبا مووووون الصوووووعب 

وقوووووود بينووووووت الفحوصووووووات أن . معرفووووووة مصوووووودرىا
المحمل يؤدى إل  ظيور أعطواب أخورة لمماكنوة 
بسووبب زيووادة احىتووزاز حيووث أدت بعووض العينووات 
إلوووو  ظيووووور عطووووب عوووودم اتووووزان الفجوووووة اليوائيووووة 

 Dynamic air gap) الميكووووانيكي
eccentricity)   وأدت إحووووووووووودة العينوووووووووووات إلووووووووووو

حوووودوث مسووووا الجووووز  الوووودوار موووو  الجووووز  السوووواكن 
(Rotor Rub)  وقووووود أوضوووووحت النتوووووائج إن

المحموووول فووووي مراحمووووو النيائيووووة يووووؤدى إلوووو  توليوووود 
 Shaft)عطوووب عووودم محووواذاة محوووور الووودوران 

misalignment)  ويووووووؤدى إلوووووو  خمخمووووووة الووووووربط
مسووتوة احىتووزاز إلوو  درجووة الماكنووة بسووبب زيووادة 

كبيوورة بحيووث يتجوواوز الحوودود المسووموحة كمووا أدة 
إلوو  ارتفوواع درجووة حوورارة الماكنووة والمعشوو  وزيووادة 

مسوتوة الضوضوا  إلو  درجووة كبيورة حيوث وصوول 
 .db 109في إحدة العينات إل  
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 ًَىرج نتقذَش يساهًت تقُُت انًؼهىياث والاتصالاث فٍ انتًُُت
 ِؾّذ ع١ّش اٌجٟٛٔ. د  ِٛعٝ ِؾّذ ِٛعٝ. د  ػجذ اٌمبدس اٌظبدق ػىٟ. د

 عبِؼخ اٌفبرؼ –و١ٍخ إٌٙذعخ 

 :يهخص

رغزؼشع ٘زٖ اٌٛسلخ ثؼغ اٌشؤٜ ٌّفَٙٛ اٌز١ّٕخ ِٚفَٙٛ رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد ِٚإششاد 

شػ رظٛساً  ٌىً ِّٕٙب ِغ رؾذ٠ذ الأسوبْ ٚاٌّؾبٚس اٌشئ١غ١خ ٌّٙب ٚاٌؼٛاًِ اٌّإصشح فٟ ل١بعٙب ٚرمز

وّب رمذَ رظٛساً ٌٍؼلالبد ث١ٓ ػٕبطش اٌز١ّٕخ ٚػٕبطش رم١ٕخ اٌّؼٍِٛبد . رؾم١ك اٌز١ّٕخ اٌٛؽ١ٕخ

 .ٚالارظبلاد

ّخ رم١ٕخ اٌّؼٍِٛبد ثؼذ٘ب رمزشػ ّٔٛرعبً س٠بػ١بً ٌزمذ٠ش ِؼبًِ اٌز١ّٕخ اٌٛؽ١ٕخ ٚرمذ٠ش ِذٜ ِغب٘  

ٚ٘زا إٌّٛرط ٠ؼزّذ ػٍٝ ػذح ػٛاًِ ٟ٘ ٔغجخ ِغبّ٘خ أسوبْ . ٚالارظبلاد فٟ اٌز١ّٕخ اٌٛؽ١ٕخ

ٚلذ . اٌز١ّٕخ فٟ اٌز١ّٕخ اٌٛؽ١ٕخ ِٚؼبِلاد ر١ّٕخ أسوبْ اٌز١ّٕخ، ِٚؼبِلاد ر١ّٕخ اٌمطبػبد اٌّخزٍفخ

 .زخذاِٗرُ الزشاػ ِٕٙغ١خ ٌزؾذ٠ذ ِؼبِلاد إٌّٛرط اٌش٠بػٟ ٚو١ف١خ اع

٠ٚؼزجش ٘زا إٌّٛرط ئؽبساً ٔظش٠بً ٠زطٍت اخزجبسٖ ٚرؾغ١ٕٗ رذس٠غ١بً ِٓ خلاي اٌؾظٛي ػٍٝ  

اٌّؼٍِٛبد الأعبع١خ اٌّزؼٍمخ ثؼٕبطش اٌز١ّٕخ ٚػٕبطش رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد ٌٍذٚي اٌّخزٍفخ 

لخ ٚثزطج١ك ٘زا ٚرٌه ِٓ خلاي الاعزج١بٔبد  ٚاٌّؼٍِٛبد اٌّزبؽخ ثبٌّٕظّبد اٌذ١ٌٚخ راد اٌؼلا

إٌّٛرط ٔشٜ أٔٗ ع١غبػذ اٌذٚي فٟ ئػذاد خططٙب اٌز٠ّٕٛخ ٚا٠ٌٛٚبرٙب وّب عٛف ٠غبػذ اٌذٚي 

 .ٚإٌّظّبد اٌّبٔؾخ فٟ رؾذ٠ذ أ٠ٌٛٚخ دػّٙب ٌٍّشبس٠غ اٌز٠ّٕٛخ ٌٍذٚي اٌّغزف١ذح

 

 :يقذيت -1

من المواضٌع الهامة التً استحوذت اهتمام 
م المتحدة المنظمات والهٌئات الدولٌة مثل الأم

والاتحاد الدولً للاتصالات ومنظمة  الٌونسكو 
وغٌرها هً قٌاس مساهمة تقنٌة المعلومات 
والاتصالات فً التنمٌة الوطنٌة وقد تم تأسٌس 
شراكة عالمٌة خلال السنوات الثلاث الماضٌة 
لهذا الغرض تضم هذه الشراكة أربع لجان 
إقلٌمٌة للأمم المتحدة هً اللجان الاقتصادٌة 

الاجتماعٌة لكل من غرب آسٌا، وافرٌقٌا، و
وامرٌكا اللاتٌنٌة والبحر الكارٌبً وآسٌا 
والمحٌط الأطلسً، وكذلك مؤتمر الأمم المتحدة 

للتجارة والتنمٌة ومعهد الٌونسكو للإحصاء، 
والمصرف الدولً والاتحاد الدولً للاتصالات 
ومنظمة التعاون والتنمٌة فً المجال 

 .الاقتصادي
ه الورقة محاولة للوصول إلى نموذج تعتبر هذ

لتقدٌر مدى مساهمة تقنٌة المعلومات 
والاتصالات فً التنمٌة منطلقاً من الأركان 
الأساسٌة للتنمٌة والعناصر الأساسٌة لتقنٌة 
المعلومات والاتصالات، وكذلك من التأثٌرات 
والعلاقات المستنبطة فً الدراسات السابقة، وقد 

لتشمل تصورات للتنمٌة تم إعداد هذه الورقة 
وتقنٌة المعلومات والاتصالات، ثم تقدم بعض 
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التساؤلات المطروحة على الساحة البحثٌة، 
وتقدم تصوراً للعلاقات بٌن عناصر التنمٌة 
وعناصر تقنٌة المعلومات والاتصالات تم تقدم 

 .النموذج المقترح ومنهجٌة لتكوٌنه واستخدامه

 
 :طُُتتصىساث نًفهىو انتًُُت انى  -2
 

ٔزوش  [1]رٛعذ رظٛساد ِزؼذدح ٌّفَٙٛ اٌز١ّٕخ 

 :ِٕٙب

 :اٌز١ّٕخ ٟ٘ رط٠ٛش ٚرؾذ٠ش، ٚرزطٍت ا٢رٟ -1

 اعزخذاَ اٌزم١ٕخ ٚاِىب١ٔبرٙب. 

 رٛفش سأط اٌّبي. 

 رٛفش اٌمٜٛ اٌجشش٠خ اٌّب٘شح. 

 ٌّٕٛاٌؼض٠ّخ ٌزؾم١ك ا. 
 

ِٚٓ خلاي اٌزغشثخ رج١ٓ ػذَ طلاؽ١خ ِفَٙٛ 

ٔٙب لا رأخز اٌضمبفخ اٌز١ّٕخ وزط٠ٛش أٚ رؾذ٠ش لأ

 .ٚاٌظشٚف اٌّؾ١ٍخ ٚالاعزّبػ١خ فٟ الاػزجبس
 
اٌز١ّٕخ ٟ٘ رؾم١ك الاعزملا١ٌخ أٞ اِزلان  -2

اٌغجً ٚالاِىب١ٔبد ٚاٌؼ١ٍّبد اٌّطٍٛثخ ٌٍٛطٛي 

 .ئٌٝ اٌغٕٝ

اٌز١ّٕخ ٟ٘ ر١ّٕخ اٌّٛاسد اٌجشش٠خ ٚاٌزٟ  -3

 :رمبط ثؼذد ِٓ اٌّإششاد ٟ٘

  ِْؼبًِ ر١ّٕخ الأغب( HDI   )Human 

Development Index . 

  ِؼبًِ ر١ّٕخ اٌغٕظ(GDI     )Gender 

Development Index. 

  ِٓم١بط ِذٜ اٌّغبٚاح ث١ٓ  اٌغٕغ١( 

GEM   )Gender Equity Measure. 

  ِٞؼبًِ اٌفمش اٌجشش(HPI    )

Human Proverty Index. 
 

 :٠ٚؼزّذ ِؼبًِ ر١ّٕخ الإٔغبْ ػٍٝ 

 .ؽٛي اٌؼّش اٌّزٛلغ ػٕذ اٌٛلادح .أ 

 .ٜٛ اٌزؼ١ٍُِغز .ة 

 .اعّبٌٟ إٌبرظ اٌمِٟٛ ٌٍفشد .ط 
 
اٌز١ّٕخ ِٓ خلاي ِٕظٛس رٛف١ش آ١ٌبد  -4

 :اٌزّى١ٓ ٌلإٔغبْ ِضً

خ١بساد اٌزّى١ٓ فٟ اٌزؼ١ٍُ ٚاٌظؾخ  .أ 

 .ِٚغزٜٛ اٌّؼ١شخ

 . ثٕبء اٌّغزّغ اٌذ٠ّمشاؽٟ .ة 

 .رؾغ١ٓ ئداسح اٌزظشف ٚاٌفُٙ اٌضمبفٟ  -ط .ط 

 

 :انتصىساث انًقتشحت

 :انتصىس الأول  

ٌٛؽ١ٕخ ٟ٘ الأزمبي ِٓ ِغزٜٛ ِؼ١ٓ اٌز١ّٕخ ا 

 :ٌٍٛؽٓ ئٌٝ ِغزٜٛ أفؼً ِٓ ؽ١ش

اعزغلاي اٌّٛاسد اٌطج١ؼ١خ ٚاٌظٕبػ١خ  .أ 

 .ٚالإِىب١ٔبد اٌّزبؽخ

 .اعزغلاي ٚرط٠ٛش اٌّٛاسد اٌجشش٠خ .ة 

 .ِغزٜٛ عٛدح اٌخذِبد .ط 

 . ِغزٜٛ اٌّؼ١شخ ٚاٌشفب١٘خ ٌلأفشاد .د 

 .ِغزٜٛ إٌبرظ اٌّؾٍٟ الإعّبٌٟ .ٖ 
 

 :١ٍّخ الأزمبي ٟ٘ٚاٌؼٛاًِ اٌّإصشح فٟ ػ

 .سأط اٌّبي .أ 

 .اٌزم١ٕخ ٚاٌٛعبئً ٚالأدٚاد .ة 

 .اٌغ١بعبد ٚاٌخطؾ ٚاٌجشاِظ .ط 

 . اٌج١ٕخ الأعبع١خ ٚاٌج١ئخ اٌّؾ١طخ .د 

 .اٌؾىُ ٚئداسح اٌذٌٚخ .ٖ 

 

٘زا اٌزظٛس( 1)٠ٚٛػؼ اٌشىً 
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 تصىس نهتًُُت انىطُُت( 1)شكم 

 

 :انتصىس انثاٍَ
اٌز١ّٕخ ٟ٘ اعزغلاي ٚرط٠ٛش اٌّٛاسد 

الإِىب١ٔبد ٚاٌمذساد اٌّؾ١ٍخ ثّب ٠ذػُ ٚ

الالزظبد ٠ٚؾغٓ اٌخذِبد ٠ٚؼظُ ئعّبٌٟ إٌبرظ 

اٌّؾٍٟ ٠ٚؾمك اٌشفب١٘خ ٚاٌشخبء ٌٍّٛاؽٓ 

ٚاٌٛؽٓ، ٠ٚغبُ٘ فٟ رؾم١ك الاعزملا١ٌخ 

ٚرزُ اٌز١ّٕخ ِٓ خلاي ر١ّٕخ . ٚالاوزفبء اٌزارٟ

 .أسوبٔٙب ٚدػبئّٙب الأعبع١خ

 ٠ّٚىٓ رظٛس اٌز١ّٕخ و١ٙىً ٠زىْٛ

ِٓ لبػذح أعبع١خ ٚأسوبْ أٚ دػبئُ سئ١غ١خ وّب 

 (.2)٘ٛ ِٛػؼ ثبٌشىً 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 تصىس ػاو نهُكم انتًُُت( 2)شكم 

ي
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 ٚ

١خ
ع

زب
لإٔ

ا
 

 اٌج١ٕخ الأعـــــــــــبع١خ

 ٚاٌج١ئخ اٌّؾـــــــــــ١طخ

 اٌز١ّٕخ

 ذفخاٌّغزٙ

 اٌّغزٜٛ 

 اٌّغزٙذف ٌٍٛؽٓ

 اٌؼٛاًِ اٌّإصشح

اٌّغزٜٛ 

 اٌؾبٌٟ 

 اٌغ١بعبد 

 ٚاٌخطؾ ٚاٌجشاِظ
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ٚرزُ ػ١ٍّخ اٌز١ّٕخ ِٓ خلاي ر١ّٕخ ١٘ى١ٍزٙب ػٍٝ 

 :إٌؾٛ اٌزبٌٟ

 .ر١ّٕخ اٌج١ٕخ الأعبع١خ ٚاٌج١ئخ اٌّؾ١طخ -1

 .ر١ّٕخ الأٔشطخ اٌظٕبػ١خ ٚالإٔزبع١خ -2

 .الأٔشطخ اٌخذ١ِخر١ّٕخ  -3

 .ر١ّٕخ اٌّٛاسد اٌجشش٠خ -4

 .ر١ّٕخ الأػّبي ٚالأٔشطخ اٌذاػّخ -5

 

٠ٚزؼّٓ وً ِٓ ٘زٖ الأسوبْ أٚ اٌّؾبٚس ػذد 

ِٓ اٌمطبػبد اٌزٟ ٠زطٍت ر١ّٕزٙب ٌٍٛطٛي ئٌٝ 

 :رؾم١ك اٌز١ّٕخ فٟ ٘زٖ اٌّؾبٚس ٟٚ٘ وّب ٠ٍٟ

ر١ّٕخ اٌج١ٕخ الأعبع١خ ٚاٌج١ئخ اٌّؾ١طخ  -1

 :ا٢ر١خ٠زطٍت ر١ّٕخ اٌمطبػبد 

 الإعىبْ ٚاٌّشافك. 

 اٌّٛاطلاد. 

 اٌىٙشثبء ٚا١ٌّبٖ ٚاٌغبص. 

 الارظبلاد. 

 اٌج١ئخ. 
 

ر١ّٕخ الأٔشطخ اٌظٕبػ١خ ٚالإٔزبع١خ  -2

 :٠زطٍت ر١ّٕخ اٌمطبػبد ا٢ر١خ

 اٌظٕبػخ. 

 اٌضساػخ ٚاٌضشٚح اٌؾ١ٛا١ٔخ. 

 اٌضشٚح اٌجؾش٠خ. 

 إٌفؾ ٚاٌغبص. 
 
 

ر١ّٕخ الأٔشطخ اٌخذ١ِخ ٠زطٍت ر١ّٕخ  -3

 :ا٢ر١خاٌمطبػبد 

 اٌظؾخ. 

 الارظبلاد ٚرم١ٕخ اٌّؼٍِٛبد. 

 اٌزغبسح ٚاٌغ١بؽخ. 

 الالزظبد ٚاٌّب١ٌخ. 

 اٌخذِبد الاعزّبػ١خ. 

 اٌخذِبد الإداس٠خ. 
 

ر١ّٕخ اٌّٛاسد اٌجشش٠خ ٠زطٍت ر١ّٕخ  -4

 :اٌمطبػبد ا٢ر١خ

 ٍّٟاٌزؼ١ٍُ ٚاٌجؾش اٌؼ. 

 اٌمٜٛ اٌؼبٍِخ ٚاٌزذس٠ت. 

 ٟاٌظؾخ ٚاٌؼّبْ الاعزّبػ. 

 خاٌشجبة ٚاٌش٠بػ. 

 َاٌضمبفخ ٚالإػلا. 
  

ر١ّٕخ الأػّبي ٚالأٔشطخ اٌذاػّخ  -5

 :٠زطٍت ر١ّٕخ اٌمطبػبد ا٢ر١خ

 اٌزخط١ؾ. 

 اٌؼذي . 

 ِٓالأ. 

  ْٚالارظبي اٌخبسعٟ ٚاٌزؼب

 .اٌذٌٟٚ

 اٌؾىُ ٚئداسح اٌذٌٚخ. 

 

ٍِخض ٌٙزٖ اٌّؾبٚس ( 1)٠ٚٛػؼ اٌغذٚي 

 :ٚٔغت ِغبّ٘زٙب
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 يحاوس انتًُُت وَسب يساهًتها( 1)خذول 

 َسبت يساهًت انًحىس انًحىس و
ػذد انقطاػاث 

 واندهاث انتابؼت

 A1 5 اٌج١ٕخ الأعبع١خ ٚاٌج١ئخ اٌّؾ١طخ 1

 A2 4 الأٔشطخ اٌظٕبػ١خ ٚالإٔزبع١خ 2

 A3 6 الأٔشطخ اٌخذ١ِخ 3

 A4 5 اٌّٛاسد اٌجشش٠خ 4

 A5 5 الأػّبي ٚالأٔشطخ اٌذاػّخ 5

 100% 25 

 

 لاتصالاثتصىساث نتقُُت انًؼهىياث وا - 3

رٛعذ ػذح رظٛساد ٌزم١ٕخ اٌّؼٍِٛبد  

ٚالارظبلاد فٕٙبن ِٓ ٠ٕظش ئ١ٌٙب وّٕزٛط ِٓ 

طٕغ الإٔغبْ، ٕٚ٘بن ِٓ ٠ظٕفٙب ِٓ ِٕظٛس 

اٌجشش ئ١ٌٙب أٚ ِٓ خلاي اعزؼّبلارٙب أٚ ِٓ خلاي 

 [.1]و١ف١خ رأص١ش٘ب ػٍٝ اٌز١ّٕخ

ٕٚ٘بن ِٓ ٠ٕظش ئ١ٌٙب وأداح أٚ ِؼذح، أٚ 

ٍخ رّى١ٓ أٚرخ٠ًٛ لأداء أعٙضح ؽٛاع١ت، أٚ ٚع١

ٕٚ٘بن أ٠ؼبً ِٓ ٠ٕظش ئ١ٌٙب ِٓ . أػّبي ِؾذدح

خلاي اعزخذاِبرٙب ٚاٌزٟ ٠ّىٓ أْ رىْٛ وغٍؼخ 

أٚ ِٕزٛط، ِضً اٌؾٛاع١ت ٚأعٙضح ِٚؼذاد 

الارظبلاد ٚشجىبد الارظبلاد ِٚؼذاد رخض٠ٓ 

وّب ٠ّىٓ أْ . ٚاعزخشاط اٌّؼٍِٛبد ٚغ١ش٘ب

اٌزٟ  رىْٛ وذاػُ ٌلأٔشطخ اٌؼبِخ ٌٍز١ّٕخ

 :رزؼّٓ
 
 اٌزخط١ؾ ٌٍز١ّٕخ. 

 ئداسح اٌز١ّٕخ. 

 اٌّششٚػبد. 

 رط٠ٛش اٌزذس٠ت. 

 دػُ اٌّإعغبد اٌّشرجطخ ثبٌز١ّٕخ. 
 

 :وّب ٠ّىٓ أْ رىْٛ وّؾشن ٌلإلزظبد ثّب ٠شًّ

 ر١ّٕخ اٌج١ٕخ الأعبع١خ. 

 ُاٌزؼ١ٍ. 

 ر١ّٕخ اٌمطبع اٌخبص. 

 رؾغ١ٓ الإٔزبع١خ ٚاٌغٛدح. 
 

 .ِؾذدحوّب ٠ّىٓ رٛع١ٙٙب ٌز١ّٕخ ٔشبؽبد 
 

اٌّفَٙٛ اٌٛاعغ ٌزم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد 

٘ٛ وً ِب ٠زؼٍك ثبلأعٙضح اٌؾبعٛث١خ 

ٚإٌّظِٛبد ٚاٌجشِغ١بد ٚإٌّزغبد ٚاٌخذِبد 

ٚالأعب١ٌت اٌّزؼٍمخ ثأزبط ٚرغ١ّغ ٚرخض٠ٓ 

ٚاعزشعبع ِٚؼبٌغخ ٚرؾ١ًٍ اٌّؼٍِٛبد ٚوزٌه 

وً ِب ٠زؼٍك ثبلأعٙضح ٚاٌّؼذاد ٚاٌشجىبد 

ٛؽ١ٕخ ٚاٌذ١ٌٚخ اٌّطٍٛثخ ٌٕمً ٚرجبدي اٌّؾ١ٍخ ٚاٌ

ٚاعزخذاِٙب فٟ . اٌّؼٍِٛبد ِٓ ِٛلغ ئٌٝ آخش

 .اٌزطج١مبد ٚاٌّغبلاد اٌّخزٍفخ
 

ْ لطبع رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد اٌٚزٌه ف

٠زؼّٓ وً ِٓ لطبع طٕبػخ رم١ٕخ اٌّؼٍِٛبد 

رم١ٕخ اٌّؼٍِٛبد  ٚالارظبلاد ٚلطبع خذِبد

( اٌّؾزٜٛ)ح ٚالارظبلاد ٚلطبع ئٔزبط اٌّبد

 .ٚاٌٛعبئؾ

791

791



The Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/10 

 

 

  
 

 

 :ػُاصش وأسكاٌ تقُُت انًؼهىياث والاتصالاث

٠ّىٓ رؾذ٠ذ ػٕبطش ٚأسوبْ رم١ٕخ  

 :اٌّؼٍِٛبد ٚالارظبلاد وّب ٠ٍٟ

 .سأط اٌّبي -1

 .اٌذػُ اٌزشش٠ؼٟ ٚاٌمبٟٔٛٔ -2

 .اٌزخط١ؾ ٚالإداسح -3

 .ٚاٌشجىبد الأعٙضح ٚاٌّؼذاد -4

 اٌزطج١مبد ٚالاعزخذاِبد -5

 .خاٌّإٍ٘ اٌؼٕبطش اٌجشش٠خ -6

٠ّٚىٓ رّض١ٍٙب ػٍٝ ١٘ئخ لبػذح أعبع١خ ٚدػبئُ 

ؽ١ش رّضً اٌؼٕبطش اٌضلاصخ الأٌٚٝ اٌمبػذح 

 اٌذػبئُالأعبع١خ ٚرّضً اٌؼٕبطش اٌضلاصخ الأخشٜ 

.(3)اٌشئ١غ١خ وّب ٘ٛ ِٛػؼ ثبٌشىً 

   

 
 تصىس نهُكم تقُُت انًؼهىياث والاتصالاث( 3)شكم 

 

 

 

رّض١ً رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد  وّب ٠ّىٓ

ػٍٝ ١٘ئخ ؽجمبد ؽ١ش رّضً اٌؼٕبطش اٌضلاصخ 

الأٌٚٝ اٌطجمخ الأعبع١خ الأٌٚٝ ٠ّٚضً ػٕظشٞ 

الأعٙضح ٚاٌّؼذاد ٚاٌشجىبد ٚاٌؼٕبطش اٌجشش٠خ 

اٌّإٍ٘خ اٌطجمخ اٌضب١ٔخ ٠ّٚضً ػٕظش اٌزطج١مبد 

ٚالاعزخذاِبد اٌطجمخ اٌضبٌضخ وّب ٘ٛ 

 ٚالارظبلاد اٌّؼٍِٛبد رم١ٕخ
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 سأط اٌّبي

 اٌذػُ اٌزشش٠ؼٟ ٚاٌمبٟٔٛٔ

 اٌزخط١ؾ ٚالاداسح
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 .(4)ِٛػؼ ثبٌشىً 

 

 
 

 تصىس نطبقاث هُكم تقُُت انًؼهىياث( 4)شكم 
 

يتطهباث ًَى واَتشاس تقُُت انًؼهىياث 

 والاتصالاث

ٌىٟ رؾمك رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد  إٌّٛ 

ٚالأزشبس اٌّغزٙذف لاثذ ِٓ ئػذاد اٌغ١بعبد 

ٚاٌخطؾ ٚارخبد الإعشاءاد اٌّطٍٛثخ ثّب ٠ؾمك 

ٌّغزّش ٌلأسوبْ اٌخّغخ ٌزم١ٕخ اٌّؼٍِٛبد إٌّٛ ا

ٚالارظبلاد اٌّشبس ئ١ٌٙب أػلاٖ ٚوزٌه ٌٍؼٛاًِ 

 .الأخشٜ راد اٌؼلالخ

 :ٚاٌّزطٍجبد الأعبع١خ ٌٙزا إٌّٛ ٟ٘ وّب ٠ٍٟ

رٛفش الأعٙضح ٚاٌّؼذاد ٚاٌشجىبد  .1

 اٌّؾ١ٍخ ٚاٌٛؽ١ٕخ ٚاٌذ١ٌٚخ

 ػّبْ عٛدح خذِبد الارظبلاد .2

 رٛفش سأط اٌّبي اٌّطٍٛة .3

 ش اٌذػُ اٌزشش٠ؼٟ ٚاٌمبٟٔٛٔرٛف١ .4

اٌخطؾ ٚاٌجشاِظ ٚاٌغ١بعبد ٚالاداسح  .5

 اٌشش١ذح

 اٌؼٕبطش اٌجشش٠خ اٌّإٍ٘خ .6

 رٛف١ش إٌّبؿ ٚاٌج١ئخ اٌّؾفضح .7

 رغ١ًٙ ػ١ٍّخ الزٕبء ٚاعزخذاَ اٌزم١ٕخ .8

 

يؼاَُش تقُُى اَتشاس تقُُت انًؼهىياث 

 والاتصالاث

ٌزم١١ُ ِذٜ أزشبس رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد 

ثٍذ، اعزؾذس الإرؾبد اٌذٌٟٚ ٌلارظبلاد  فٟ أٞ

 Digital (DAI)ِؼبًِ إٌفبر اٌشلّٟ ) 

Access Index ٟٚاٌزٞ ٠ؼزّذ ػٍٝ ا٢ر: 

 

 اٌج١ٕخ اٌزؾز١خ ٌلارظبلاد اٌّزبؽخ ثبٌجٍذ .1

 سأط اٌّبي

 اٌذػُ اٌزشش٠ؼٟ ٚاٌمبٟٔٛٔ

 اٌزخط١ؾ ٚالاداسح

    

 اٌؼٕبطش اٌجشش٠خ

 اٌّإٍ٘خ

      

ا

ٌ

ِ

ؤ

٘

ٌ

 ح

 

 اٌزطج١مبد ٚالاعزخذاِبد

    

 الأعٙضح ٚاٌّؼذاد

 ٚاٌشجىبد
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 اٌمذسح ػٍٝ الزٕبء اٌزم١ٕخ .2

 اٌّغز٠ٛبد اٌزؼ١ّ١ٍخ اٌّزٛفشح .3

عٛدح خذِبد رم١ٕخ اٌّؼٍِٛبد  .4

 ٚالارظبلاد اٌّزبؽخ

 اعزؼّبي الإٔزشٔذِذٜ  .5

 

 :اٌزب١ٌخ٘زا اٌّؼبًِ اٌؼٕبطش ٠ٚذخً فٟ ؽغبة 

 

 100ػذد ِشزشوٟ اٌٙبرف اٌضبثذ ٌىً  .1

 .ِٛاؽٓ

 100ػذد ِشزشوٟ اٌٙبرف إٌمبي ٌىً  .2

 .ِٛاؽٓ

عبػخ ( 20)رغؼ١شح اعزخذاَ الإٔزشٔذ ٌّذح  .3

فٟ اٌشٙش وٕغجخ ِٓ دخً اٌّٛاؽٓ 

 .اٌشٙشٞ

ػشع ٔطبق اٌٛطٍخ اٌذ١ٌٚخ ٌلإٔزشٔذ ٌىً  .4

 .ِٛاؽٓ

ػذد ِشزشوٟ الإٔزشٔذ ثٕطبق ٚاعغ ٌىً  .5

 .ِٛاؽٓ 100

 .ِٛاؽٓ 100ػذد ِغزخذِٟ الإٔزشٔذ ٌىً  .6
 
 :انتساؤلاث انًطشوحت ػهً انساحت انبحثُت -4
اٌزغبؤلاد اٌزٟ ٠طشؽٙب الأوبد١ّ٠ْٛ  

ٚاٌجؾبس ٚاٌّٙزّْٛ ثزم١ٕخ اٌّؼٍِٛبد 

ٚالارظبلاد ٚاٌّإعغبد اٌذ١ٌٚخ ٚالإل١ّ١ٍخ 

خ اٌّؼٍِٛبد ٚالارظبلاد ػٍٝ ؽٛي رأص١ش رم١ٕ

اٌز١ّٕخ ٟ٘ ػذ٠ذح ِٚزشؼجخ ِٚشرجطخ ثجؼؼٙب،  

 :ٔزوش ِٕٙب ِب ٠ٍٟ
 

و١ف رؾذس اٌز١ّٕخ اٌٛؽ١ٕخ؟ ِٚب ٟ٘  -أ 

اٌؼٛاًِ ٚاٌؼ١ٍّبد ٚالإعشاءاد 

ٚاٌغ١بعبد ٚاٌّؼب١٠ش اٌزٟ ػٍٝ 

أعبعٙب ٔغزط١غ اٌؾىُ ثأْ دٌٚخ ِب 

رزطٛس ٚرّٕٛ أٚ عبئشح فٟ ؽش٠ك 

 إٌّٛ؟

ػٍٝ ٘زٖ اٌؼٛاًِ ئ٠غب٠جبً  و١ف ٔإصش  -ة 

 ٌىٟ ٔؾذس اٌز١ّٕخ اٌٛؽ١ٕخ؟

ِب ٘ٛ دٚس رم١ٕخ اٌّؼٍِٛبد   -ط 

ٚالارظبلاد فٟ رأص١ش٘ب ػٍٝ ٘زٖ 

 اٌؼٛاًِ؟

و١ف ٔضجذ ٔغبػ رم١ٕخ اٌّؼٍِٛبد  -د 

 ٚالارظبلاد فٟ رؾم١ك اٌز١ّٕخ؟

و١ف ٠ّىٓ ل١بط ِذٜ ِغبّ٘خ رم١ٕخ  -ٖ 

اٌّؼٍِٛبد ٚالارظبلاد فٟ اٌز١ّٕخ 

 اٌٛؽ١ٕخ؟
 

عبد ٚالأثؾبس ِغزّشح ٌّؾبٌٚخ الإعبثخ ٚاٌذسا

 .ػٍٝ ٘زٖ اٌزغبؤلاد
  
 :استؼشاض َتائح بؼط انذساساث انسابقت -5

ٔغزؼشع ف١ّب ٠ٍٟ ٔزبئظ ثؼغ 

اٌذساعبد اٌغبثمخ ؽٛي رأص١ش رم١ٕخ اٌّؼٍِٛبد 

رُ  ؽ١شٚالارظبلاد ػٍٝ اٌز١ّٕخ ٚاٌّغزّغ، 

ٌٝ ػذح ِؾبٚس ػٍٝ إٌؾٛ ئرمغ١ُ ٘زٖ إٌزبئظ 

 :اٌزبٌٟ

 

 انتًثُم انشَاظٍ نؼًهُت انتأثُش: أولاا 

ؼٍمخ ثزأص١ش رم١ٕخ زِؼظُ اٌذساعبد اٌّ -1

اٌّؼٍِٛبد ٚالارظبلاد ػٍٝ اٌز١ّٕخ 

ٟ٘ دساعبد ٔظش٠خ ٚرزؼّٓ دساعخ 

 .بلاد ِؾذدحٌؾ

رٛعذ ِغٙٛداد ِؾذٚدح لإ٠غبد ئؽبس  -2

ٔظشٞ ٌشثؾ رم١ٕخ اٌّؼٍِٛبد 

ٚالارظبلاد ِغ اٌز١ّٕخ ػٍٝ اٌّغزٛٞ 

خٛي فٟ خظبئض اٌؼبَ ثذْٚ اٌذ

 .ِؾذدح
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 (Y) اٌّؼبفخ ٌزمذ٠ش أعّبٌٟ اٌم١ّخ -3

رُ  (GDP)لإعّبٌٟ إٌبرظ اٌّؾٍٟ 

ٌّذخلاد اٌّشرجطخ ثزم١ٕخ ااعزخذاَ 

اٌّؼٍِٛبد ٚالارظبلاد، ٚاٌّذخلاد 

ٚساط  (K)الأخشٜ ِضً سأط اٌّبي 

اٌؼبٍِخ  ٜٚاٌمٛ (H)اٌّبي اٌجششٞ 

(N) ر١خ ٢وّب ٘ٛ ِج١ٓ ثبٌّؼبدٌخ ا

[2]. 
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 Yرّضً اٌضِٓ ٚ  tؽ١ش أْ 
ICT 

ٟ٘ اٌم١ّخ 

اٌّؼبفخ ِٓ اٌغٍغ ٚاٌخذِبد اٌزٟ 

عججزٙب رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد، 

 ٚY
0

ٟ٘ اٌم١ّخ اٌّؼبفخ ِٓ اٌغٍغ  

ٚاٌخذِبد اٌزٟ عججزٙب اٌّذخلاد 

ٚإٌّزغبد الأخشٜ ثذْٚ رم١ٕخ 

 .اٌّؼٍِٛبد ٚالارظبلاد
 
٠ش رأص١ش ١ٓ ٌزمذزاعزخذِذ ؽش٠م -4

الاعزضّبس فٟ رم١ٕخ اٌّؼٍِٛبد 

ٛ الالزظبدٞ ّٚالارظبلاد ػٍٝ إٌ

[2] ٟ٘ٚ : 

  

 ؽش٠مخ داٌخ الإٔزبط - أ

 (Production Function 

Approach) . 

 ؽش٠مخ ؽغبة إٌّٛ  - ة

 (Growth Accounting 

Approach). 

 :ٚاٌظ١غخ اٌؼبِخ ٌطش٠مخ داٌخ الإٔزبط ٟ٘

nhkc NHKACY


  

 

 :ٌٍٛغبسص١ّخ ٌٙب ٟ٘ ٚاٌظ١غخ ا

NHKCAY nhkc lnlnlnlnlnln  

 

 :ْ اٌشِضأؽ١ش 

A         ٠ّضً اٌزغ١شاد اٌزم١ٕخ. 

C     ٠ّضً الاعزضّبس فٟ رم١ٕخ

 .ٚالارظبلاد  اٌّؼٍِٛبد 

K         ٠ّضً سأط اٌّبي اٌّغزضّش. 

H         ٞ٠ّضً سأط اٌّبي اٌجشش. 

N         ًاٌمٛٞ اٌؼبٍِخ ٠ّض. 
 

 :دٚاٌّؼبِلا

 c  ٠ّضً ٔغجخ ِغبّ٘خ رم١ٕخ

اٌّؼٍِٛبد ٚالارظبلاد فٟ اٌذخً 

 .اٌىٍٟ

k ًٔغجخ ِغبّ٘خ سأط اٌّبي  ٠ّض

 .اٌّغزضّش

 hًٔغجخ ِغبّ٘خ سأط اٌّبي  ٠ّض

 .اٌجششٞ

n ًٔغجخ ِغبّ٘خ اٌمٛٞ  ٠ّض

 .ٍخاٌؼبِ
 

اٌّزغ١شاد الأعبع١خ فٟ الالزظبد  -5

 :[4] ٟ٘  (macro)اٌىٍٟ

 .إٌبرظ اٌّؾٍٟ الإعّبٌٟ -أ 

  .الاعزضّبس -ة 

  .اٌزٛظ١ف أٚ اٌزشغ١ً -ط 

 .اٌظبدساد -د 

ً٘ ِغبّ٘خ  :ٚاٌغإاي اٌّطشٚػ ٘ٛ

زضا٠ذ ررم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد 

 ؟فٟ ثؼغ أٚ وً ِٓ ٘زٖ اٌّزغ١شاد
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 :بد ٚالارظبلاد ٟ٘اٌّؼٍِٛاٌّزغ١شاد الأعبع١خ فٟ رم١ٕخ  -6

خذِبد رم١ٕخ اٌّؼٍِٛبد  -أ 

ٚالارظبلاد ِضً الأزش١ٔذ 

 .ٚالارظبلاد

ِؼذاد رم١ٕخ اٌّؼٍِٛبد  -ة 

ٚالارظبلاد ِضً ػذد 

اٌؾٛاع١ت ٚػذد اٌخطٛؽ 

  .اٌٙبرف١خ

ٙزٖ ٌاٌزشغ١ً أٚ اٌزٛظ١ف   -ط 

 .اٌخذِبد ٚاٌّؼذاد

    

 [1،06]انُسق وانؼلاقاث انًستُتدت : ثاَُاا 

لبد اٌزٟ رُ اعزٕزبعٙب ِٓ إٌغك ٚاٌؼلا      

 :دساعبد عبثمخ ٟ٘ وّب ٠ٍٟ

وٍّب رؾغٕذ شجىبد الارظبلاد وٍّب  -1

رُ اٌؾظٛي ػٍٝ دخً ػبٌٟ، ٚوٍّب 

 .صاد اٌذخً رؾغٕذ شجىبد الارظبلاد

 خدٌٚ 92ِٓ خلاي دساعبد ٌؼذد  -2

ئٌٝ  1980خلاي اٌفزشح ِٓ ػبَ 

رج١ٓ ئْ ٕ٘بن ػلالخ خط١خ ث١ٓ  2003

رظبلاد ص٠بدح وضبفخ ِشزشوٟ الا

 .GDPاٌّؾٍٟ  إٌبرظٚئعّبٌٟ 

رشاٚػ ِؼذي إٌّٛ اٌغٕٛٞ اٌّشوت  -3

لإعّبٌٟ إٌبرظ اٌّؾٍٟ ثغجت 

أِش٠ىب  فٟ % 0.2الارظبلاد ِب ث١ٓ 

 .فٟ ا٠طب١ٌب% 3.3ئٌٝ 

ِؼذي ّٔٛ ػذد اٌٙٛارف إٌمبٌخ ٌىً  -4

 -1996ِٛاؽٓ خلاي اٌغٕٛاد  100

إٌبرظ ئعّبٌٟ ّٚٔٛ  %64وبْ  2003

 .لاي ٔفظ اٌفزشحخ %2اٌّؾٍٟ وبْ 

 260ٚ دٌٚخ 38ِٓ خلاي دساعخ ٌؼذد  -5

ػ١ٍّخ رم١١ُ رج١ٓ أْ رؼبػف وضبفخ 

اٌٙبرف إٌمبي اثزذاء ِٓ اٌّزٛعؾ اٌؼبَ 

٠إدٞ ئٌٝ ص٠بدح اٌخشط ِٓ  8%

 .%10ّٔٛرط داٌخ الإٔزبط ٔغجخ 

 2003ئٌٝ  1980خلاي اٌفزشح ِٓ   -6

ْ ص٠بدح اٌىضبفخ أث١ٕذ اٌذساعبد 

ؼٕٟ ص٠بدح فٟ ر %10اٌٙبرف١خ ثّمذاس 

فٟ اٌذٚي  %0.6ِؼذي إٌّٛ ثٕغجخ 

ْ رأص١ش اٌٙبرف إٌمبي فٟ أاٌّشبثٙخ، ٚ

اٌذٚي إٌب١ِخ ٘ٛ ػؼف اٌزأص١ش فٟ 

 .اٌذٚي اٌّزمذِخ

٠ّضً لطبع إٌمً ٚالارظبلاد فٟ  -7

إٌبرظ ئعّبٌٟ ِٓ  %6.3 ا ِضلاً ٕذغأٚ

ثغشػخ  ٠ّٕٛاٌّؾٍٟ ، ٚ٘زا اٌمطبع 

 .ثغجت الارظبلاد

عزضّبس فٟ رم١ٕخ رزشاٚػ ٔغجخ الا -8

اٌّؼٍِٛبد ٚالارظبلاد فٟ اٌذٚي 

اٌّزمذِخ ِمبسٔٗ ثبلاعزضّبس فٟ 

غ١ش اٌغىٓ ِب ث١ٓ الأخشٜ اٌّغبلاد 

 .%33ئٌٝ  10%

 2002ئٌٝ  1995خلاي اٌفزشح ِٓ  -9

دساعخ ٌذٚي ِٕظّخ اٌزؼبْٚ  أظٙشد

ّبس ضالاعز ْأ (OECD)الالزظبدٞ 

فٟ رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد 

إٌبرظ اٌّؾٍٟ ئعّبٌٟ  ٠غجت ص٠بدح فٟ

 %0.9ئٌٝ  % 0.3ثٕغجخ ِب ث١ٓ 

١غ ِؼذاد رم١ٕخ ظٕثٍغذ ِغبّ٘خ ر -10

اٌّؼٍِٛبد ٚالارظبلاد فٟ ّٔٛ 

 1996اٌؼّبي خلاي اٌفزشح ِٓ  ئٔزبع١خ

 .%1ئٌٝ  % 0.1ِب ٔغجزٗ  2002ئٌٝ 

اٌظشف ػٍٝ رم١ٕخ اٌّؼٍِٛبد  -11

ٚالارظبلاد ٠ؼزجش ػٕظشا ِّٙب عذا 

ش أْ ِب رُ فٟ الالزظبد اٌؼبٌّٟ، ؽ١

 1800٘ٛ  1997طشفٗ ػ١ٍٙب ػبَ 
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ِٓ ئعّبٌٟ  %١ٍِ6بس دٚلاس ٠ّٚضً 

إٌبرظ اٌّؾٍٟ اٌؼبٌّٟ ٚ٘زٖ اٌم١ّخ اوجش 

 .ِضلا إٌبرظ اٌّؾٍٟ ٌفشٔغبئعّبٌٟ ِٓ 

عخ افٟ اٌذٚي إٌب١ِخ أظٙشد اٌذس -12

٘ٛارف ٔمبٌٗ ٌىً  10أْ ص٠بدح  [10]

ئعّبٌٟ ِٛاؽٓ ٠ض٠ذ ِؼذي ّٔٛ  100

 .فٟ اٌغٕخ %0.6ّمذاس إٌبرظ اٌّؾٍٟ ث

أظٙشد اٌذساعبد أٔٗ وٍّب صاد  -13

اٌزم١ٕخ فٟ اٌذٚي إٌب١ِخ وٍّب  ِٜغزٛ

إٌبرظ اٌّؾٍٟ ٌٍفشد، أٞ ئعّبٌٟ صاد 

ِّٙب فٟ ر١ّٕخ  أْ اٌزم١ٕخ رٍؼت دٚساً 

 .إٌبرظ اٌّؾٍٟ الإعّبٌٟ

ثٍغ ِزٛعؾ ٔغجخ  2005خلاي ػبَ  -14

رٚٞ إٌشبؽ الالزظبدٞ فٟ اٌٛؽٓ 

، ٚأْ ِؼذي %32.7ٔغجزٗ ِب اٌؼشثٟ 

ٚ٘ٛ  %20-15اٌجطبٌخ ٘ٛ ِبث١ٓ 

ػؼف اٌّؼذي اٌؼبٌّٟ ٚرضداد ع٠ٕٛب 

، ٚأْ ِؼذي إٌّٛ اٌغىبٟٔ %3ثّؼذي 

٘ٛ  2003ئٌٝ  1995خلاي اٌفزشح ِٓ 

2%. 

رإدٜ ئٌٝ  %1أخفبع اٌجطبٌخ ثٕغجخ  -15

ص٠بدح ٔغجخ ئعّبٌٟ إٌبرظ اٌّؾٍٟ 

 .[9] %3ثّمذاس 

 3رزٛفش فٟ اٌٛؽٓ اٌؼشثٟ أوضش ِٓ  -16

 .ِلا١٠ٓ فشطخ ػًّ ع٠ٕٛبً 

تأثُشاث تقُُت انًؼهىياث والاتصالاث : ثانثاا 

[8,6] 

أظٙشد اٌذساعبد ثأْ رم١ٕخ اٌّؼٍِٛبد 

ٚالارظبلاد ٌٙب رأص١ش ػٍٝ الالزظبد 

 :ٚاٌّغزّغ ٚاٌز١ّٕخ وّب ٘ٛ ِج١ٓ ف١ّب ٠ٍٟ

اٌزم١ٕبد اٌغذ٠ذح رإصش ػٍٝ اٌّغزّغ  -1

 :ِٓ خلاي صلاصخ أٚعٗ ٟ٘

ٚ٘ٛ  )الأٌٟٚ(اٌزأص١ش اٌشئ١غٟ  -أ 

الأثغؾ ، ٠ٕزظ ػٕذ اعزجذاي 

اٌزم١ٕبد اٌمذ٠ّخ ثأخشٜ عذ٠ذح 

ٚ٘زا اٌزأص١ش ػشٚسٞ ٌزفؼ١ً 

 .اٌزأص١شاد الأخشٜ

اٌزأص١ش اٌضبٟٔ ٘ٛ ص٠بدح اعزغلاي  -ة 

ٚاعزخذاَ اٌزم١ٕبد اٌغذ٠ذح 

 . ٚئِىب١ٔبرٙب

اٌزأص١ش اٌضبٌش ٘ٛ ر١ٌٛذ الأػّبي  -ط 

ٚاٌٛظبئف اٌغذ٠ذح اٌّؼزّذح ػٍٝ 

د اٌغذ٠ذح ٚئؽذاس ٘زٖ اٌزم١ٕب

 .اٌزغ١شاد الاعزّبػ١خ
 

رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد رغزط١غ  -2

ِغبػذح اٌذٚي اٌفم١شح فٟ رغغ١ش 

 .ِشاؽً اٌز١ّٕخ

رإصش رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد  -3

ػٍٝ إٌّٛ الالزظبدٞ ٚالإٔزبط 

 :ٚالإٔزبع١خ ِٓ خلاي اٌطشق ا٢ر١خ

اٌغٍغ ٚاٌخذِبد اٌزٟ رمذِٙب  -أ 

الارظبلاد رم١ٕخ اٌّؼٍِٛبد ٚ

ٟ٘ عضء ِٓ اٌم١ّخ اٌّؼبفخ 

 .ٌلالزظبد

اعزخذاَ سأط اٌّبي اٌّخظض  -ة 

ٌزم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد 

ِٓ خلاي ِغبّ٘زٙب فٟ 

 . اٌزطٛساد ٚاٌزغ١شاد اٌزم١ٕخ

رغبُ٘ رم١ٕخ اٌّؼٍِٛبد  -ط 

ٚالارظبلاد فٟ إٌّٛ 

الالزظبدٞ ِٓ خلاي ِغبّ٘زٙب 

 .فٟ اٌزطٛساد ٚاٌزغ١شاد اٌزم١ٕخ

ذ إٌّٛ فٟ أزبط رم١ٕخ ٚارا اػزّ

اٌّؼٍِٛبد ٚالارظبلاد ػٍٝ الاعزفبدح 

ِٓ اٌىفبءح الأزبع١خ ٌلأشطخ اٌّخزٍفخ 
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فأٙب عزإدٞ ئٌٝ اٌض٠بدح فٟ ّٔٛ 

الأزبع١خ ػٍٝ اٌّغزٜٛ الالزظبدٞ 

 . اٌؼبَ

٠ّىٓ رٍخ١ض رأص١ش ِٕظِٛخ  -4

 :الارظبلاد ف١ّب ٠ٍٟ

 .رٕظ١ُ ؽ١بح الأعشح ٚاٌّغزّغ -أ 

 .يرٕظ١ُ ٔشبؽ الأػّب -ة 

ص٠بدح ئٔزبع١خ اٌّظبٔغ ٚاٌمٜٛ   -ط 

 . اٌؼبٍِخ

رم١ًٍ رىب١ٌف الإعشاءاد  -د 

 . ٚاٌؼ١ٍّبد

 )اٌجبئغ(رٛع١غ شجىخ اٌّضٚد   -ٖ 

 .ٚاٌّشزشٞ

ثبعزخذاَ ؽش٠مخ داٌخ الإٔزبط فٟ رؾ١ًٍ  -5

رأص١ش الارظبلاد فٟ دٚي ِٕظّخ 

خلاي   (OECD)اٌزؼبْٚ الالزظبدٞ 

رج١ٓ ئٔٗ ٠ٛعذ  1980-1970اٌفزشح 

إٌبرظ اٌّؾٍٟ  ّٔٛ ٍِؾٛظ فٟ

 .الإعّبٌٟ ثغجت الارظبلاد

٠ٛعذ رأص١ش رم١ٕخ اٌّؼٍِٛبد  -6

ٚالارظبلاد ػٍٝ اٌز١ّٕخ الالزظبد٠خ 

 .ِٓ خلاي

 .رخف١غ رىٍفخ اٌّؼبِلاد اٌزغبس٠خ -أ 

 .ص٠بدح الإٔزبع١خ -ة 

 . ص٠بدح إٌّبفغخ  -ط 

 . فشص عذ٠ذح ٌٍزغبسح -د 

 .إٌفبر ئٌٝ اٌّؼشفخ -ٖ 

 .رؾغ١ٓ ِغزٛٞ الارظبلاد -ٚ 
 

ؼٍِٛبد ٚالارظبلاد ر١ّٕخ رم١ٕخ اٌّ -7

رإصش ػٍٝ ػذد ِٓ اٌؼٕبطش 

الاعزّبػ١خ ٚالالزظبد٠خ اٌزٟ ٠ّىٓ 

 :]8[رٍخ١ظٙب فٟ إٌمبؽ اٌزب١ٌخ 

اٌّغبّ٘خ فٟ رؾغ١ٓ ٚدػُ  -أ 

 .اٌؾمٛق الإٔغب١ٔخ

 .خٍك فشص دخً عذ٠ذح -ة 

 .دػُ ٌخذِبد اٌج١ٕخ الأعبع١خ -ط 

 .دػُ اٌشؼٛس ثبلإٔزّبء -د 

رؾم١ك الاعزّشاس٠خ ػٍٝ اٌّذٜ  -ٖ 

 .اٌجؼ١ذ

طبػبد اٌزٟ رغزف١ذ ِٓ رم١ٕخ ٚاٌم

اٌّؼٍِٛبد ٚالارظبلاد ِٓ خلاي ٘زٖ 

 .  (2)اٌؼٕبطش ِٛػؾخ فٟ اٌغذٚي

 [8]انقطاػاث انتٍ تستفُذ يٍ تقُُت انًؼهىياث والاتصالاث ( 2)خذول 

 

 َ.س
 اٌمطبع

دػُ اٌؾمٛق 

 الإٔغب١ٔخ

خٍك فشص 

 دخً عذ٠ذح

خٍك اٌشؼٛس 

 ثبلأزّبء

دػُ خذِبد 

 اٌج١ٕخ الأعبع١خ

ك الاعزّشاس٠خ رؾم١

 ػٍٝ اٌّذٜ اٌجؼ١ذ

 X X √ √ √ إٌمً 1

 √ X √ X X اٌظؾخ 2

 X X √ √ √ اٌزؼ١ٍُ 3

 X √ X X X اٌضساػخ 4

 √ √ √ √ √ اٌزظ١ٕغ ٚاٌزغبسح 5

 X √ √ √ √ اٌغ١بؽخ 6

7 
اٌّب١ٌخ ٚإٌفؾ 

 ٚاٌغبص

X √ X √ X 
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                      ؽشاثٍظ ١ٌج١ب 32/01/3101-32اٌّإرّش اٌذٌٟٚ اٌؼشثٟ ا١ٌٍجٟ اٌخبِظ ٌٍٕٙذعخ اٌىٙشثبئ١خ ٚالإٌىزش١ٔٚخ       
             

 )الإداسح(ئدخبي ِٕظِٛبد اٌؾىِٛخ  -8

ٟ الاٌىزش١ٔٚخ ٘ٛ ػٕظش أعبع

ٌلاعزضّبس فٟ رم١ٕخ اٌّؼٍِٛبد 

ٚالارظبلاد ٚٚعٛد ٘زٖ إٌّظِٛبد 

٘ٛ اؽذ الأسوبْ ٌٍذٚي اٌّزمذِخ، 

ٚلطبػبد اٌؾىِٛخ الاٌىزش١ٔٚخ ٟ٘ 

اٌزؼ١ٍُ ٚاٌظؾخ ٚاٌؼذي ٚالأِٓ 

ٚاٌؼشائت ٚوٍٙب رغزٙذف رؾم١ك 

 .اؽز١بعبد اٌّٛاؽ١ٕٓ

ِمذاس   [10]ث١ٕذ ثؼغ اٌذساعبد  -9

ٌٍّٛاؽٓ  ِغبّ٘خ عبػخ اٌؼًّ اٌٛاؽذح

ػٍٝ ئعّبٌٟ إٌبرظ اٌّؾٍٟ ٌٍذٚي 

اٌّخزٍفخ ثبفزشاع أْ ػذد عبػبد 

عبػخ، أٞ  2000اٌؼًّ اٌغ٠ٕٛخ ٟ٘ 

لؼٟ اٌّٛاؽٓ عبػخ   ثّؼٕٟ ئرا

ٚاؽذح فٟ ؽبثٛس أزظبس اٌؾظٛي 

ػٍٝ خذِخ فاْ رٌه اٌّٛاؽٓ ٌُ ٠غبُ٘ 

 (GDP)  فٟ إٌبرظ اٌّؾٍٝ الإعّبٌٟ

ِٓ  ٌٚزٌه ٠ّىٓ اٌمٛي ثأٔٗ فمذد عبػخ

 .اٌّغبّ٘خ فٟ إٌبرظ اٌّؾٍٟ الإعّبٌٟ

فٟ اٌذٚي اٌؼشش٠ٓ فٟ اٌؼبٌُ ٠زشاٚػ 

إٌبرظ اٌّؾٍٟ الإعّبٌٟ ٌٍغبػخ 

دٚلاس فٟ  0.36اٌٛاؽذح ٌٍفشد ِب ث١ٓ 

دٚلاس فٟ ع٠ٛغشا  25.37إٌٙذ ئٌٝ 

[10]. 

اٌمٕٛاد ٚاٌّؾبٚس اٌزٟ رإصش ف١ٙب رم١ٕخ  -10

اٌّؼٍِٛبد ٚالارظبلاد ػٍٝ اٌز١ّٕخ 

ٟ٘: 

ش٘ب ػٍٝ اٌزؼ١ٍُ ٚاٌزؼٍُ أٞ ػٍٝ رأص١ -أ 

ؽشق ٚعشػخ اٌؾظٛي ػٍٝ اٌّؼشفخ 

 .ٌىً اٌمطبػبد ٚاٌّغزّؼبد

رأص١ش٘ب ػٍٝ الإٔزبط ٚؽش٠مخ رٕظ١ُ  -ة 

اٌؼ١ٍّبد الإٔزبع١خ ٚرأص١ش٘ب ػٍٝ 

رٕظ١ُ ث١ئخ اٌؼًّ ثّب ٠ض٠ذ الإٔزبع١خ 

ٚثبٌزبٌٟ ص٠بدح فٟ اٌذخً ٚاٌضشٚح 

 .ٚاعزؾذاس ؽشق عذ٠ذح ٌلإٔزبط

ٍٝ شجىبد اٌؼًّ ثّب ٠ؾغٓ رأص١ش٘ب ػ  -ط 

 .ِٓ ؽشق أداء الأػّبي ٚالأثؾبس

انؼلاقاث بٍُ ػُاصش انتًُُت وتقُُت  -6

 انًؼهىياث والاتصالاث

ِٓ خلاي اٌذساعبد اٌغبثمخ رج١ٓ 

ٚعٛد ػلالخ ث١ٓ ػٕبطش اٌز١ّٕخ ٚرم١ٕخ 

اٌّؼٍِٛبد ٚالارظبلاد ٌٚىٟ ٔظً ئٌٝ 

ػلالبد و١ّخ ِٚؼشفخ ِذٜ لٛح ٘زٖ اٌؼلالخ 

ُ أخز سأٞ ػذد ِٓ رٚٞ اٌخجشح فٟ فمذ ر

إٌزبئظ اٌزب١ٌخ اٌزٟ  ئٌٝاٌّغبي ٚرُ اٌزٛطً 

 . رؼجش ػٓ ِزٛعؾ الأساء

ٚلذ اعزخذَ اٌزم١١ُ اٌزبٌٟ فٟ رؾذ٠ذ ِغزٜٛ 

 :اٌؼلالخ

    ػلالخ ل٠ٛخ عذا   VH  10ٔمبؽ 

  ػلالخ ل٠ٛخ   H 8  ٔمبؽ 

 ػلالخ ِزٛعطخ   M 6  ٔمبؽ 

 ػلالخ ػؼ١فخ   L 2  ٔمطخ 

 ٛعذ ػلالخلا ر   N 0  ٔمطخ 

 :ٚاٌؼلالبد اٌزٟ أخزد فٟ الاػزجبس ٟ٘

عذٚي اد اٌز١ّٕخ ششػلالخ أسوبْ اٌز١ّٕخ ثّإ -أ 

(3): 
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 ػلاقت أسكاٌ انتًُُت بًإششاث انتًُُت( 3)خذول 

َ 

 يإششاث انتًُُت

 أسكاٌ انتًُُت

استفاع 

انُاتح 

انًحهٍ 

 الإخًانٍ

استفاع 

يستىي 

انًؼُشت 

وانشفاهُت 

 نهًىاطٍ

ع استفا

يستىي 

خىدة 

 انخذياث

استغلال 

وتطىَش 

انًىاسد 

 والايكاَُاث

تحقُق 

الاستقلانُت 

والاكتفاء 

انزاتٍ 

 شاسَتًوالاست

انشؼىس 

بانحشَت 

والأيٍ 

والإَتًاء 

 نهىطٍ

ر١ّٕةةةةةةةةخ اٌج١ٕةةةةةةةةخ  1

الأعبعةة١خ ٚاٌج١ئةةخ 

 طخ١اٌّؾ

      

ر١ّٕةةةةةخ الأٔشةةةةةطخ  2

اٌظةةةةةةةةةةةةةةةةةةةٕبػ١خ 

 ٚالأزبع١خ 

      

ر١ّٕةةةةةخ الأٔشةةةةةطخ  3

 ٌخذ١ِخا

      

اٌّةةةةةةٛاسد ر١ّٕةةةةةخ  4

 اٌجشش٠خ 

      

ر١ّٕةةةةةخ الأػّةةةةةبي  5

ٚالأٔشةةةةةةةةةةةةةةةةةةةطخ 

 اٌذاػّخ

      

 

 

 

 

 (:4)عذٚي  ػلالخ ِإششاد اٌز١ّٕخ ثزم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد -ة 
 

 ػلاقت يإششاث انتًُُت بتقُُت انًؼهىياث والاتصالاث( 4)خذول 

 تقُُت انًؼهىياث والاتصالاث يإششاث انتًُُت و

  سرفبع إٌبرظ اٌّؾٍٟ الاعّبٌٟا 1

اسرفةةةةةةةةةةةةبع ِغةةةةةةةةةةةةزٜٛ اٌّؼ١شةةةةةةةةةةةةخ ٚاٌشفب١٘ةةةةةةةةةةةةخ  2

 ٌٍّٛاؽٓ

 

  اسرفبع ِغزٜٛ عٛدح اٌخذِبد 3

  اعزغلاي ٚرط٠ٛش اٌّٛاسد ٚالاِىب١ٔبد 4

رؾم١ةةةةةةةةةةةةك الاعةةةةةةةةةةةةزملا١ٌخ ٚالاوزفةةةةةةةةةةةةبء اٌةةةةةةةةةةةةزارٟ  5

 ٚالاعزّشاس٠خ

 

  اٌشؼٛس ثبٌؾش٠خ ٚالأِٓ ٚالأزّبء ٌٍٛؽٓ 6

 

800

800
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اٌز١ّٕخ ٚرم١ٕخ  اٌؼلالخ ث١ٓ أسوبْ -ط 

 اٌّؼٍِٛبد ٚالارظبلاد -د 

٠زُ اعزٕزبط ِظفٛفخ اٌؼلالخ ث١ٓ أسوبْ 

اٌز١ّٕخ ٚرم١ٕخ اٌّؼٍِٛبد ثؼشة ِظفٛفخ 

شاد اٌز١ّٕخ شّإثػلالخ أسوبْ اٌز١ّٕخ 

ثّظفٛفخ اٌؼلالخ ث١ٓ ( 3)عذٚي [ 6×5]

شاد اٌز١ّٕخ ٚرم١ٕخ اٌّؼٍِٛبد شِإ

ٌىٟ  (4)عذٚي  [1×6]ٚالارظبلاد 

اٌٛاسدح [ 1×5]ّظفٛفخ أٌؾظً ػٍٝ 

 :(5)ثبٌغذٚي 

 

 انؼلاقت بٍُ أسكاٌ انتًُُت وتقُُت انًؼهىياث والاتصالاث( 5)خذول 

 تقُُت انًؼهىياث والاتصالاث أسكاٌ انتًُُت و

  ر١ّٕخ اٌج١ٕخ الأعبع١خ ٚاٌج١ئخ اٌّؾ١طخ 1

  ر١ّٕخ الأٔشطخ اٌظٕبػ١خ ٚالأزبع١خ  2

  ر١ّٕخ الأٔشطخ اٌخذ١ِخ 3

  ١خ اٌّٛاسد اٌجشش٠خ رّٕ 4

  ر١ّٕخ الأػّبي ٚالأٔشطخ اٌذاػّخ  5

 

اٌؼلالخ ث١ٓ لطبػبد سوٓ اٌز١ّٕخ  -د

 .ثّإششاد اٌز١ّٕخ

ٌٍؾظٛي ػٍٝ ػلالخ لطبػبد سوٓ ِٓ 

أسوبْ اٌز١ّٕخ ثّإششاد اٌز١ّٕخ ٠زُ ئػذاد 

عذٚي ٌىً سوٓ ِٓ أسوبْ اٌز١ّٕخ وّب ٘ٛ 

٠ٚزُ رؼجئزٗ ِٓ خلاي ( 6)ِٛػؼ ثبٌغذٚي 

اعزج١بْ ٌزٚٞ الاخزظبص ٌٍؾظٛي ػٍٝ 

 .ِمذاس اٌؼلالخ

 

 بًإششاث انتًُُت (i)ػلاقت قطاػاث سكٍ انتًُُت ( 6)خذول 
 

يإششاث 

 انتًُُت

 

 انقطاع

استفاع 

انُاتح 

انًحهٍ 

 الاخًانٍ

استفاع 

يستىي 

انًؼُشت 

وانشفاهُت 

 نهًىاطٍ

استفاع 

يستىي 

خىدة 

 انخذياث

استقلال 

وتطىَش 

انًىاسد 

 والايكاَُاث

تحقُق 

الاستقلانُت 

والاكتفاء 

انزاتٍ 

 والاستًشاسَت

انشؼىس 

بانحشَت 

والأيٍ 

والاَتًاء 

 نهىطٍ

يدًىع 

دسخاث 

 انؼلاقت

َسبت 

دسخاث 

انؼلاقت 

ئنً 

 الاخًانٍ

ijb 

1          

2          

3          

4          

5          

6          

7          
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 ٠ٚزُ رىشاس ٔفظ اٌغذٚي ٌىً سوٓ ِٓ أسوبْ

اٌز١ّٕخ ٚفك ػذد اٌمطبػبد اٌزٟ رىْٛ اٌشوٓ 

 (.5)وّب ٘ٛ ِٛػؼ فٟ اٌشىً 

اٌؼلالخ ث١ٓ سوٓ اٌز١ّٕخ ٚرم١ٕخ اٌّؼٍِٛبد  -٘ـ

 :ٚالارظبلاد

٠زُ اعزٕزبط ِظفٛفخ اٌؼلالخ ث١ٓ لطبػبد سوٓ 

م١ٕخ اٌّؼٍِٛبد ٚالارظبلاد ثؼشة اٌز١ّٕخ ٚر

ِظفٛفخ ػلالخ لطبػبد سوٓ اٌز١ّٕخ ثّإششاد 

فٟ ِظفٛفخ ( 6)اٌز١ّٕخ اٌّج١ٕخ فٟ اٌغذٚي 

اٌؼلالخ ث١ٓ ِإششاد اٌز١ّٕخ ٚرم١ٕخ اٌّؼٍِٛبد 

ٌىٟ ٔؾظً ( 4)ٚالارظبلاد اٌّج١ٕخ فٟ اٌغذٚي 

ٌىً سوٓ ( 7)ػٍٝ اٌّظفٛف اٌٛاسدح ثبٌغذٚي 

 .ِٓ أسوبْ اٌز١ّٕخ

 

 انؼلاقت بٍُ قطاػاث سكٍ انتًُُت بتقُُت انًؼهىياث والاتصالاث( 7)خذول 

دسخت انؼلاقت يغ تقُُت انًؼهىياث  انقطاع و

 والاتصالاث

 َسبت دسخت انؼلاقت

1    

2    

3    

4    

5    

6    

7    

 

 :انًُىرج انًقتشذ -7

إٌّٛرط اٌش٠بػٟ ٌٍز١ّٕخ اٌّمزشػ  ئٌٌٍٝٛطٛي 

اٌّٛػٛع وّب ٘ٛ ِٛػؼ ثبٌشىً  ٠ّىٓ رظٛس

ؽ١ش ٠ٛػؼ ِؼبِلاد أسوبْ اٌز١ّٕخ   (5)

رٙب ثّؼبِلاد اٌمطبػبد، ٚػلالبرٙب ِغ بٚػلال

 .ِؼبًِ اٌز١ّٕخ اٌٛؽ١ٕخ

ئٌٝ ِؼبًِ ثذْٚ ( x)ٌزؾ٠ًٛ ل١ُ أٞ ِزغ١ش 

indexx)               ٚؽذاد  ) َٔغزخذ

 :١خاٌّؼبدٌخ ا٢ر

(1...... )
)min()max(

)min(

xx

xx
indexx




 

ّ٘ب ألً ل١ّخ  min(x  ٚ)max(x(ؽ١ش أْ  

ٚرغزخذَ ٘زٖ اٌّؼبدٌخ  xٚأػٍٝ ل١ّخ ٌٍّزغ١ش 

١ّخ رٕفٟ رؾذ٠ذ ِؼبًِ ٔز١ّخ لطبع ِب، أٚ ِؼبًِ 

 .ثؼذوّب ع١شد ف١ّب  سوٓ ِٓ أسوبْ اٌز١ّٕخ، 

 :انًُىرج انشَاظٍ نهتًُُت 7-1

 DI ٔؾظً ػٍٝ ِؼبًِ اٌز١ّٕخ اٌٛؽ١ٕخ

 :ثبعزخذاَ اٌّؼبدٌخ ا٢ر١خ

(2........ ) 



5

1

.
i

iiD IAI  

iIؽ١ش أْ ِٓ  iشوٓ ٘ٛ ِؼبًِ ر١ّٕخ اٌ   

 ْ اٌز١ّٕخ بسوأ

ٚ iA ٌشوٓ٘ٛ ٔغجخ ِغبّ٘خ ا i  فٟ اٌز١ّٕخ  

 iIٌٍٚؾظٛي ػٍٝ ِؼبًِ ر١ّٕخ سوٓ اٌز١ّٕخ 

 :ٔغزخذَ اٌّؼبدٌخ الأر١خ

(1....................... ) 
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(3.........) 



5

1i

ijiji xbI    

ijxؽ١ش أْ ( j)ٛ ِؼبًِ ر١ّٕخ اٌمطبع سلُ ٘  

  .(i)اٌزبثغ ٌشوٓ اٌز١ّٕخ 

ٚijb  ُٔغجخ ِغبّ٘خ اٌمطبع سل ٛ٘(j )

 .(i)فٟ سوٓ اٌز١ّٕخ 

ٚin ٘ٛ ػذد اٌمطبػبد فٟ سوٓ   

 .(i)اٌز١ّٕخ 

( 2)فٟ اٌّؼبدٌخ ( 3)ٚثبٌزؼ٠ٛغ اٌّؼبدٌخ 

ً ػٍٝ اٌّؼبدٌخ اٌؼبِخ ٌّؼبًِ اٌز١ّٕخ ٔؾظ

 :اٌٛؽ١ٕخ ا٢ر١خ

(4.......) ij

n

i

ij

n

j

iD xbAI
i


 


1 1

 

ٌٍٚؾظٛي ػٍٝ إٌز١غخ إٌٙبئ١خ ٌّؼبًِ اٌز١ّٕخ 

٠زطٍت ؽغبة ِؼبًِ ر١ّٕخ وً   DIاٌٛؽ١ٕخ 

لطبع ِٓ لطبػبد اٌز١ّٕخ، ٚرؾذ٠ذ دسعخ 

خ رٌه اٌمطبع فٟ ر١ّٕخ ِؾٛس اٌز١ّٕخ ِغبّ٘

اٌزبثغ ٌٗ، ٚرؾذ٠ذ دسعخ ِغبّ٘خ وً ِؾٛس ِٓ 

.ِؾبٚس اٌز١ّٕخ فٟ اٌز١ّٕخ اٌٛؽ١ٕخ
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 َش يؼايم انتًُُت انىطُُتذَظشة ػايت نًكىَاث ًَىرج تق( 5)شكم 

803

803



The Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/10 

 

 

انًُىرج انشَاظٍ نهتًُُت بؼذ ئدخال  7-2

 تأثُش تقُُت انًؼهىياث والاتصالاث 

( 4)، (3)، (2)ثبٌشعٛع ئٌٝ اٌّؼبدلاد 

ٌخ اٌش٠بػ١خ ٌّؼبًِ اٌز١ّٕخ رىْٛ اٌّؼبد

اٌٛؽ١ٕخ ثؼذ ئدخبي رأص١ش رم١ٕخ اٌّؼٍِٛبد 

 :وّب ٠ٍٟ( DI)ٚالارظبلاد 

    

(5....... ) 






5

1

.
i

iiD IAI  

 

ٚأْ 


iI  ِؼبًِ ر١ّٕخ سوٓ اٌز١ّٕخ ٛ٘(i )

ثؼذ ئدخبي رأص١ش رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد 

 :ٚاٌزٞ ٔؼجش ػٕٗ ثبٌّؼبدٌخ الار١خ

(6....... ) 




 in

i

ijiji xbI
1

  

 

حٌث أن 


ijx  ٌمثل معامل تنمٌة القطاع

(j)  ركن التنمٌة التابع ل(i)   ثؼذ ئدخبي

رأص١ش رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد ػ١ٍٗ، 

   ٠ٚijxّىٓ سثؾ ٘زا اٌّؼبًِ ِغ اٌّؼبًِ  

   :ا٢ر١خثبعزخذاَ اٌّؼبدٌخ 

 

  (7)............ 

)1( ijijijijijij sxxsxx 


   

٘ٛ ٔغجخ ص٠بدح ِؼبًِ  ijs ؽ١ش أْ ِؼبًِ

ٔز١غخ  (i)اٌزبثغ ٌٍشوٓ ( j)ر١ّٕخ اٌمطبع 

 .ٌزأص١ش رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد

 

ػٓ  ( 6)، (5)دٌخ ٚثبٌزؼ٠ٛغ فٟ اٌّؼب


ijx  

نتحصل على معامل التنمٌة الوطنٌة 


DI 

بعد إدخال تقنٌة المعلومات والاتصالات كما 
 :ٌلً

 

(8...... )  
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ijijijiD
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sxbAI   

 
ٚثزٌه ٔزؾظً ػٍٝ ٔغجخ ِغبّ٘خ رم١ٕخ 

ظبلاد فٟ اٌز١ّٕخ اٌٛؽ١ٕخ اٌّؼٍِٛبد ٚالار

(S )ثبعزخذاَ اٌّؼبدٌخ الار١خ: 

 

(9)....... 
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ي ئٌٝ ٘زٖ إٌغجخ ٠زطٍت ٌٍٛٚٛط     

 :اٌؾظٛي ػٍٝ ا٢رٟ

 iAوذج الرٌاضً وهً ممعاملات الن -أ 

فٟ  (i)التً تمثل نسبة مساهمة المحور 

اٌزٟ رّضً ٔغجخ ِغبّ٘خ  ijbاٌز١ّٕخ، ٚ 

فً  (i)التابع للمحور   (j)اٌمطبع 

التنمٌة وٌتم الحصول على هذه 
المعاملات من خلال معلومات 
واستبٌانات لأراء الخبراء المتخصصٌن 

 .  ٌتم اختٌارهم على المستوى الدولً
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٠ٚزُ  ijx ِؼبِلاد ر١ّٕخ اٌمطبػبد -ة 

ؽغبثٙب ِٓ ٚالغ اٌّؼٍِٛبد اٌّزبؽخ ػٓ 

وً ثٍذ، ٠ٚزُ ؽغبة ٔغجخ ص٠بدح ٘زٖ 

ِٓ  ijsغجت رم١ٕخ اٌّؼٍِٛبد اٌّؼبِلاد ث

 .ٚالغ اٌّؼٍِٛبد اٌّزبؽخ ػٓ وً ثٍذ

ٚثطش٠مخ آخشٜ ِجغطخ ٠ّىٓ اٌزشو١ض ػٍٝ  

 ِؼبًِ سوٓ اٌز١ّٕخ


iI  ثؼذ ئدخبي رأص١ش رم١ٕخ

ج١ش ػٕٗ اٌّؼٍِٛبد ٚالارظبلاد ٚاٌزؼ

 : ثبٌّؼبدٌخ ا٢ر١خ

 

(01...... ) )1( iii II 


                       

                                   
نسبة زٌادة معامل ركن  ًه iحٌث أن 

ثغجت رم١ٕخ اٌّؼٍِٛبد  (i)التنمٌة 

ٚالارظبلاد ٚثزٌه ٔغزط١غ وزبثخ اٌّؼبدٌخ 

 :وّب ٠ٍٟ( 5)

 

(11....... ) 
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ٚثزٌه ٔزؾظً ػٍٝ ٔغجخ ِغبّ٘خ رم١ٕخ  

اٌّؼٍِٛبد ٚالارظبلاد فٟ اٌز١ّٕخ اٌٛؽ١ٕخ 

( )ثبعزخذاَ اٌّؼبدٌخ ا٢ر١خ:                                                                                                                                                                       

 

(12 ....)
D

i

iii

D

DD

I

IA

I

II








5

1



   

 :ذاو انًُىرجيُهدُت لاستكًال واستخ -8  

ٌمذ لبِذ ػذح عٙبد ِٕٚظّبد د١ٌٚخ ِضً 

الأُِ اٌّزؾذح ٚطٕذٚق إٌمذ اٌذٌٟٚ ٚوزبة 

اٌؾمبئك اٌظبدس ِٓ ٚوبٌخ الاعزخجبساد 

الاِش٠ى١خ ٚغ١ش٘ب ثزظ١ٕف دٚي اٌؼبٌُ 

 :ِٚغز٠ٛبد اٌز١ّٕخ ف١ٙب ِٚٓ ٘زٖ اٌزظ١ٕفبد

 (.الأػٍٝ ّٔٛاً )دٚي ِزمذِخ   -أ 

 .دٚي ٔب١ِخ  -ة 

 .ّٕٛدٚي فٟ ؽش٠ك اٌ  -ط 

 .دٚي ألً ّٔٛاً  -د 

ٌٚزٛػ١ؼ ثؼغ الاعزٕزبعبد ِٓ إٌّٛرط 

اٌّمزشػ ٔفزشع اٌم١ُ اٌزب١ٌخ ٌّؼبِلاد اٌز١ّٕخ 

 (.8عذٚي )ٌىً طٕف ِٓ ٘زٖ اٌذٚي   

 يؼايلاث انتًُُت الافتشاظُت نهذول( 8)خذول 

 IDيقذاس يؼايم انتًُُت  تصُُف انذول و

 1.0ئٌٝ    0.8ِٓ  (الأػٍٝ ّٔٛاً )دٚي ِزمذِخ  1

 0.80ئٌٝ    0.6ِٓ  دٚي ٔب١ِخ 2

 0.60ئٌٝ   0.4ِـٓ  دٚي فٟ ؽش٠ك إٌّٛ 3

 0.4ألـً ِٓ  دٚي الألً ّٔٛاً  4

 

ٚلجً أْ ٔظً ئٌٝ ثؼغ الاعزٕزبعبد ِٓ 

إٌّٛرط ع١زُ رٛػ١ؼ ِٕٙغ١خ ٌٍؾظٛي ػٍٝ 

ِؼبِلاد إٌّٛرط اٌّمزشػ ِٚٓ صُ ٠غًٙ 

اعزخذاَ إٌّٛرط ٚرمذ٠ش ِذٜ ِغبّ٘خ رم١ٕخ 

 .ٌّؼٍِٛبد ٚالارظبلاد فٟ اٌز١ّٕخ اٌٛؽ١ٕخا
 

 :ٚرزٍخض خطٛاد ٘زٖ إٌّٙغ١خ ف١ّب ٠ٍٟ

805

805



The Libyan Arab International Conference on Electrical and Electronic Engineering LAICEEE 23-26/10/10 

 

 

رشى١ً فش٠ك ػًّ دٌٟٚ ِٓ اٌّزخظظ١ٓ  -1

ٚاٌّخزظ١ٓ ٚاٌّٙز١ّٓ ثأِٛس اٌز١ّٕخ 

اٌٛؽ١ٕخ ٚاٌزخط١ؾ الاعزشار١غٟ، ػٍٝ أْ 

٠ؼّٓ ٘زا اٌفش٠ك أػؼبء ِٓ ِخزٍف 

( 8)رظ١ٕفبد دٚي اٌؼبٌُ اٌٛاسدح ثبٌغذٚي 

ٚرٛوً ٌٙزا اٌفش٠ك ِّٙخ الاعبثخ . أػلاٖ

ػٍٝ الاعزج١بٔبد اٌخبطخ ثزؾذ٠ذ اٌؼلالبد 

ث١ٓ ِخزٍف اٌؼٛاًِ ٚفك اٌغذاٚي اٌّؼذح 

ٚثأخز ِزٛعؾ آساء اٌفش٠ك ٠زُ . ثبٌخظٛص

اػذاد عذاٚي اٌؼلالبد اٌزٟ رؼجش ػٓ 

ِزٛعؾ أساء اٌفش٠ك اٌذٌٟٚ وّب ع١شد ف١ّب 

 .ثؼذ

أسوبْ ٠زُ رؾذ٠ذ ٔغجخ ِغبّ٘خ وً سوٓ ِٓ  -2

ِٓ خلاي ( iA)اٌز١ّٕخ فٟ اٌز١ّٕخ اٌٛؽ١ٕخ 

ٚأخز ( 3)رؼجئخ فش٠ك اٌؼًّ ٌٍغذٚي 

ِزٛعؾ الاساء ٚعّغ اٌذسعبد اٌزٟ 

٠زؾظً ػ١ٍٙب وً سوٓ ِٓ أسوبْ اٌز١ّٕخ 

ٚلغّخ إٌبرظ ػٍٝ ئعّبٌٟ اٌذسعبد 

 (.iA)ٌٍؾظٛي ػٍٝ ٔغجخ ِغبّ٘خ اٌشوٓ 

( j)زُ رؾذ٠ذ ٔغجخ ِغبّ٘خ وً اٌمطبع ٠ -3

فٟ ر١ّٕخ رٌه اٌشوٓ ( i)ِٓ سوٓ اٌز١ّٕخ 

(ijb )ٚيِٓ خلاي رؼجئخ فش٠ك اٌؼًّ ٌٍغذ 

ٚأخز ِزٛعؾ الاساء ٚعّغ اٌذسعبد ( 6)

بع ٚلغّخ إٌبرظ اٌزٟ ٠زؾظً ػ١ٍٙب وً لط

ػٍٝ اعّبٌٟ اٌذسعبد ٌٍؾظٛي ػٍٝ ٔغجخ 

 (.ijb)ِغبّ٘خ رٌه اٌمطبع 

٠زُ رؾذ٠ذ ػلالخ ِإششاد اٌز١ّٕخ ثزم١ٕخ  -4

اٌّؼٍِٛبد ٚالارظبلاد ِٓ خلاي اعبثخ 

ٚأخز ِزٛعؾ ( 4)اٌفش٠ك ػٍٝ اٌغذٚي 

 . [1x6]الاساء ٌٍؾظٛي ػٍٝ ِظفٛفخ 

لخ ث١ٓ أسوبْ اٌؾظٛي ػٍٝ دسعخ اٌؼلا -5

اٌز١ّٕخ ٚرم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد ٠زُ 

اٌّزؾظً ػ١ٍٙب  [6x5]ػشة اٌّظفٛف 

 [1x6]فٟ اٌّظفٛفخ ( 3)ِٓ ٔزبئظ اٌغذٚي 

ٌٍؾظٛي ( 4)اٌّزؾظً ػ١ٍٙب ِٓ اٌغبدٚي 

ٟٚ٘ اٌؼلالخ   [1x5]ػٍٝ ِظفٛفخ 

ٚثمغّخ إٌبرظ فٟ وً طف ػٍٝ  .اٌّطٍٛثخ

 ٌؼلالخٔغجخ اػٍٝ ئعّبٌٟ اٌذسعبد ٔؾظً 

i  ُ( 12)ٟٚ٘ اٌّطٍٛثخ فٟ اٌّؼبدٌخ سل

د باٌزٟ رمذَ ِغبّ٘خ رم١ٕخ اٌّؼٍِٛ

 .iI  ٚDI الارظبلاد فٟ اٌز١ّٕخ ثذلاٌخٚ

٠زُ اٌؾظٛي ػٍٝ ػلالخ لطبػبد سوٓ  -6

اٌز١ّٕخ ٚرم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد 

ئظ اٌّزؾظً ػ١ٍٙب ثبٌغذٚي ثؼشة إٌزب

6x]ِظفٛفخ أٞ أٔٙب ( 6) in فٟ  [

اٌّزؾظً ػ١ٍٙب ِٓ  [x 6 1]اٌّظفٛفخ 

 x 1]ٌٍؾظٛي ػٍٝ ِظفٛفخ ( 4)اٌغذٚي 

in ٟ٘ ػذد اٌمطبػبد فٟ inؽ١ش أْ   [

ٚثمغّخ إٌبرظ فٟ وً (. i)سوٓ اٌز١ّٕخ 

طف ػٍٝ اعّبٌٟ اٌذسعبد ٔزؾظً ػٍٝ 

رغبٚٞ ( j)، ؽ١ش أْ ijs ٔغجخ اٌؼلالخ 

، ٟٚ٘ اٌّطٍٛثخ فٟ اٌّؼبدٌخ inئٌٝ  1ِٓ 

اٌزٟ رمذس ٔغجخ ِغبّ٘خ رم١ٕخ ( 9)سلُ 

ِبد ٚالارظبلاد فٟ اٌز١ّٕخ ثذلاٌخ اٌّؼٍٛ

  ٚ . 

فٟ ئؽبس رمذ٠ش ٔغجخ ِغبّ٘خ رم١ٕخ  -7

اٌّؼٍِٛبد ٚالارظبلاد فٟ اٌز١ّٕخ ٚفك 
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( 9)أٚ اٌّؼبدٌخ سلُ ( 12)اٌّؼبدٌخ سلُ  -8

 ٠ّىٓ افزشاع ل١ّخ ٌّؼبًِ اٌز١ّٕخ 

ٚرٌه  ijxٚل١ّخ ٌّؼبًِ ر١ّٕخ وً لطبع 

ٌىً طٕف ِٓ دٚي اٌؼبٌُ وّب ٘ٛ ِٛػؼ 

ِٚٓ رُ ٠ّىٓ اٌٛطٛي ئٌٝ ( 8)ثبٌغذٚي 

ٔغجخ اٌّغبّ٘خ اٌّمذسح ٌىً طٕف ِٓ 

 .اٌذٚي

٠زطٍت الأِش اٌم١بَ ثبخزجبس إٌّٛرط ثظٛسح  -9

ِغزّشح ِٓ خلاي دساعبد ١ِذا١ٔخ ٚرغ١ّغ 

اٌّؼٍِٛبد ٚاٌج١بٔبد اٌفؼ١ٍخ ِٓ ِخزٍف 

ٌٛعبئً ٚرؼذ٠ً ل١ُ اٌذٚي ثّخزٍف ا

ِؼبِلاد إٌّٛرط ثّب ٠ؾمك اٌزٛافك ث١ٓ 

ٔزبئظ إٌّٛرط ٚٔزبئظ اٌّؼٍِٛبد اٌفؼ١ٍخ 

 .اٌّغّؼخ

 

 :يثال استششادٌ

ٌزطج١ك إٌّٙغ١خ اٌّشبس ئ١ٌٙب ٔفزشع ثإٔٔب 

ٔغؼٝ ٌزؾذ٠ذ ٔغجخ ِغبّ٘خ رم١ٕخ اٌّؼٍِٛبد 

ٚالارظبلاد فٟ اٌز١ّٕخ فٟ وً ِٓ اٌذٚي 

 راد ِؼبًِ ر١ّٕخ( ٛاً الأػٍٝ ّٔ)اٌّزمذِخ 

9.0DI  ٌّٕٛٚاٌذٚي اٌغبػ١خ فٟ ؽش٠ك ا ،

، ٚأْ ِؼبِلاد  4.0DI راد ِؼبًِ ر١ّٕخ

ر١ّٕخ لطبػبد اٌز١ّٕخ ِزغب٠ٚخ أٞ أْ 

ijXX   ُفٟ وً ل١i  ٚj . 

ثارجبع خطٛاد إٌّٙغ١خ صُ اٌٛطٛي ئٌٝ إٌزبئظ 

 :الأر١خ

ِٓ إٌّٙغ١خ ٍِٚئ ( 2)ثارجبع اٌخطٛح سلُ  .1

رُ اٌٛطٛي ئٌٝ ٔغت ِغبّ٘خ ( 3)اٌغذٚي 

 :أسوبْ اٌز١ّٕخ فٟ اٌز١ّٕخ اٌٛؽ١ٕخ وّب ٠ٍٟ

 

 

 

 

 

 

 

 

 iAَسبت يساهًت  دسخاث انًساهًت سكٍ انتًُُت

 A1 = 0.25 54 ر١ّٕخ اٌج١ٕخ الأعبع١خ

 A2 = 0.24 52 ر١ّٕخ الأٔشطخ اٌظٕبػ١خ ٚالإٔزبع١خ

 A3 =  0.2 46 ر١ّٕخ الأٔشطخ اٌخذ١ِخ

 A4 = 0.15 32 ر١ّٕخ اٌّٛاسد اٌجشش٠خ

 A5 = 0.16 36 ر١ّٕخ الأػّبي ٚالأٔشطخ اٌذاػّخ

 1 ،22 الاخًانٍ

 

اٌخبطخ ثؼلالخ أسوبْ اٌز١ّٕخ ثّإششاد اٌز١ّٕخ ٟ٘ ( 3)ي إٌزبئظ اٌّزؾظً ػ١ٍٙب ِٓ اٌغذٚ  .2

 :وّب ٠ٍٟ
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دسعخ اٌؼلالخ ٚاٌزٟ ؽ١ش رؼجش اٌشِٛص ػٍٝ 

 .رُ رؾذ٠ذ ل١ّزٙب عبثمبً 

إٌزبئظ اٌزؾظً ػ١ٍٙب ِٓ اٌخطٛح سلُ   .3

ِٓ إٌّٙغ١خ ٚاٌخبطخ ثبٌؼلالخ ِٓ ( 4)

ِإششاد اٌز١ّٕخ ٚرم١ٕخ اٌّؼٍِٛبد 

 :ٚالارظبلاد ٟ٘
 

 يإششاث انتًُُت

استفاااااااااااااع 

انُاااااااااااااااتح 

انًحهاااااااااااٍ 

 الاخًانٍ

استفاااااااااااااع 

يساااااااااتىي 

 انًؼُشت

استفاااااااااااااع 

يساااااااااتىي 

 انخذياث

ل اسااااااااتقلا

وتطااااااااىَش 

 انًىاسد

تحقُاااااااااااااااااااق 

الاسااااااااتقلانُت 

 والاستًشاسَت

انشاااااااااااؼىس 

بانحشَاااااااااات 

والاياااااااااااٌ 

 والاَتًاء

تقُُااات انًؼهىيااااث 

 والاتصالاث
VH M VH H M M 

  

ٌٍؾظٛي ػٍٝ دسعخ اٌؼلالخ ث١ٓ أسوبْ  .4

اٌز١ّٕخ ٚرم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد رُ 

فٟ إٌّٙغ١خ ( 5)ئرجبع اٌخطٛح سلُ 

ر١ٓ فٟ سلُ ثؼشة اٌّظفٛفز١ٓ اٌٛاسد

أػلاٖ ٚرُ اٌزٛطً ئٌٝ ( 3)ٚسلُ ( 2)

 :ا٢رٟ
 

 

 

استفاااااااع  أسكاٌ انتًُُت

انُاااااااااتح 

انًحهاااااٍ 

 الاخًانٍ

استفاااااااااااع 

يساااااااتىي 

انًؼُشاااااات 

 وانشفاهُت

استفااااااااااع 

يساااااتىي 

خااااااااااااىدة 

 انخذياث

استغلال وتطىَش 

انًااااااااااااااااااااااااىاسد 

 والايكاَُاث

تحقُق الاستقلانُت 

والاكتفاااااء اناااازاتٍ 

 والاستًشاسَت

ىس انشااااااااااااااؼ

بانحشَااااااااااااات 

والايااااااااااااااٌ 

 والاَتًاء

تًُُااااااات انبُُااااااات 

 الأساسُت
M H H M L M 

تًُُااات الأَشاااطت 

انصااااااااااااااااااُاػُت 

 والإَتاخُت

VH VH H H VH H 

تًُُااات الأَشاااطت 

 انخذيُت
VH VH VH H H M 

تًُُاااات انًااااىاسد 

 انبششَت
M H VH H H M 

تًُُاااات الأػًااااال 

والأَشااااااااااااااااااطت 

 انذاػًت

L M M M L VH 
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 أسكاٌ انتًُُت
دسخت انؼلاقت يغ تقُُت انًؼهىياث 

 والاتصالاث
  iَسبت دسخت انؼلاقت 

17.01 300 ر١ّٕخ اٌج١ٕخ الأعبع١خ  

ر١ّٕةةةةةةخ الأٔشةةةةةةطخ اٌظةةةةةةٕبػ١خ 

 ٚالإٔزبع١خ
412 24.02  

24.03 408 ر١ّٕخ الأٔشطخ اٌخذ١ِخ  

20.04 356 ر١ّٕخ اٌّٛاسد اٌجشش٠خ  

ر١ّٕةةةةةةخ الأػّةةةةةةبي ٚالأٔشةةةةةةطخ 

 اٌذاػّخ
236 15.05  

 1 1712 اٌّغّٛع

  

ٌٍؾظٛي ػٍٝ ٔغجخ ِغبّ٘خ رم١ٕخ  .5

١ّٕخ اٌّؼٍِٛبد ٚالارظبلاد فٟ اٌز

( ) ُ( 12)ِٓ خلاي اٌّؼبدٌخ سل

 :ا٢رٟ ٝٔؾظً ػٍ









5

1

/
i

Diii

D

DD IIA
I

II
 

ثبفزشاع أْ ِؼبِلاد ر١ّٕخ أسوبْ اٌز١ّٕخ 

iII ِزغب٠ٚخ أٞ أْ    ٌُىً ل١(i)  ٌزٌه

 :ٔؾظً ػٍٝ





5

1i

ii

D

A
I

I
 

 ٔؾظً ػٍٝ iA ٚ i ثبٌزؼ٠ٛغ ػٓ

DI

I
16.0 

ٌزٌه ٔلاؽع ئْ ٔغجخ ِغبّ٘خ رم١ٕخ 

اٌّؼٍِٛبد ٚالارظبلاد فٟ اٌز١ّٕخ رغبٚٞ 

ٛعؾ ِؼشٚة فٟ إٌغجخ ث١ٓ ِز 0.16

ِٚؼبًِ  Iِؼبِلاد ر١ّٕخ أسوبْ اٌز١ّٕخ 

 . DI اٌز١ّٕخ اٌٛؽ١ٕخ

IIDأٞ أٔٗ ئرا افزشػٕب أْ    فاْ ٔغجخ

ِغبّ٘خ رم١ٕخ اٌّؼٍِٛبد ٚالارظبلاد فٟ 

، ٚرزضا٠ذ ٘زٖ % 16أٞ  0.16اٌز١ّٕخ ٟ٘ 

إٌغجخ وٍّب رضا٠ذد إٌغجخ 
DI

I
ٚرزٕبلض  

ٚرؼزّذ ػٍٝ اٌٛػغ اٌفؼٍٟ ٌٍذٚي . ثزٕبلظٙب

اٌّخزٍفخ ٚفك رظ١ٕفبرٙب ِٓ ؽ١ش اٌز١ّٕخ 

ِٓ خلاي ئرجبع  iI ٠ّٚىٓ رمذ٠ش ل١ُ

 .فٟ إٌّٙغ١خ( 6)، ٚسلُ (3)اٌخطٛاد سلُ 

 

 :انخلاصت

ٛسلخ ِٛػٛػبً ِٓ اٌّٛاػ١غ رٕبٌٚذ ٘زٖ اٌ

اٌزٟ اعزؾٛرد ا٘زّبَ إٌّظّبد ٚا١ٌٙئبد 

اٌذ١ٌٚخ ِضً الأُِ اٌّزؾذح ٚالارؾبد اٌذٌٟٚ 

ٌلارظبلاد ِٕٚظّخ ا١ٌٛٔغىٛ ٚغ١ش٘ب، ٚ٘ٛ 

ِٛػٛع ل١بط ِغبّ٘خ رم١ٕخ اٌّؼٍِٛبد 

 .ٚالارظبلاد فٟ اٌز١ّٕخ اٌٛؽ١ٕخ
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رؼزجش ٘زٖ اٌٛسلخ ِؾبٌٚخ ٌٍٛطٛي ئٌٝ 

زمذ٠ش ِذٜ ِغبّ٘خ رم١ٕخ ّٔٛرط س٠بػٟ ٌ

ٚلذ . اٌّؼٍِٛبد ٚالارظبلاد فٟ اٌز١ّٕخ

أطٍمذ اٌٛسلخ اثزذاءاً ِٓ ٚػغ رظٛس 

١ٌٙى١ٍخ اٌز١ّٕخ ١٘ٚى١ٍخ رم١ٕخ اٌّؼٍِٛبد 

ٚالارظبلاد ٚأسوبٔٙب الاعبع١خ، ئٔطلالبً ِٓ 

اٌزأص١شاد ٚاٌؼلالبد اٌّغزٕجطخ فٟ دساعبد 

 ٚلذِذ رظٛساً  ٌٍؼلالبد ث١ٓ ػٕبطش. عبثمخ

اٌز١ّٕخ ٚػٕبطش رم١ٕخ اٌّؼٍِٛبد 

 .ٚالارظبلاد

ٚثؼذ٘ب الزشؽذ اٌٛسلخ ّٔٛرعبً س٠بػ١ب 

ٌزمذ٠ش ِؼبًِ اٌز١ّٕخ اٌٛؽ١ٕخ، ِٚؼبِلاد 

ر١ّٕخ الأسوبْ اٌشئ١غ١خ ٌٍز١ّٕخ اٌٛؽ١ٕخ، 

. ِٚؼبِلاد اٌز١ّٕخ ٌٍمطبػبد اٌّخزٍفخ

ٚالزشؽذ اٌٛسلخ وزٌه ِٕٙغ١خ ٌزؾذ٠ذ 

ف١خ ِؼبِلاد إٌّٛرط اٌش٠بػٟ ٚو١

 .اعزخذاِٗ

رؼزجش ٘زٖ اٌٛسلخ ئؽبساً ٔظش٠بً  رٕطٍك ِٕٗ 

دساعبد اخشٜ ثٙذف اصشاء اٌّٛػٛع 

ٚاخزجبس إٌّٛرط اٌش٠بػٟ ٚرؾغ١ٕٗ رذس٠غ١بً 

ِٓ خلاي اٌّؼٍِٛبد الأعبع١خ اٌّزؼٍمخ 

ثؼٕبطش اٌز١ّٕخ ٚػٕبطش رم١ٕخ اٌّؼٍِٛبد 

ٚالارظبلاد اٌزٟ ٠ّىٓ اٌؾظٛي ػ١ٍٙب ِٓ 

ٌه ِٓ خلاي الاعزج١بْ اٌذٚي اٌّخزٍفخ ٚر

ٚاٌّؼٍِٛبد اٌّزبؽخ ثبٌّٕظّبد اٌذ١ٌٚخ راد 

 .اٌؼلالخ

ٚثزطج١ك ٘زا إٌّٛرط اٌش٠بػٟ، ٔشٜ أٔٗ 

ع١غبػذ اٌذٚي فٟ ئػذاد خططٙب اٌز٠ّٕٛخ 

ٚأ٠ٌٛٚٙب، وّب ع١غبػذ اٌذٚي ٚإٌّظّبد 

اٌّبٔؾخ فٟ رؾذ٠ذ أ٠ٌٛٚخ دػّٙب ٌٍّشبس٠غ 

 .اٌز٠ّٕٛخ ٌٍذٚي اٌّغزف١ذح

 :انًشاخغ

1- “Conceptualizing the ICT artifact: 

towards understanding the role 

of ICT in national development”. 

By maung k. Sein & G. 

Harindranath the information 

society 20, p15 – 24, 2004. 

2- “The effect of ICT on economic 

growth: further evidence”. 

Ebrahim Hosseini Nasab & Majid 

Aghaei 

International bulletin of business 

administration, issue 5, 2009, 

Eurojournal Inc. 2009 

www.eurojournals.com/IBBA.ht

m. 

3- “A review of methodology for 

assessing ICT impact on 

development and Economic 

Transformation” , Samuel 

Wangwe, contribution to the 

AERC project on the impact of 

ICT on Economic development  

and transformation, July 2007. 

4- “Measuring information society”, 

WSIS, Tunis  15 Nov 2005. 

Partnership on measuring ICT 

for development. 
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5- “Core ICT indicators” 

partnership on measuring ICT 

for development 2005. 

http://measuring 

_ict.unetad.org. 

6- (( Mobile telecommunication 

and economic growth )) , 

Leonard Waverman, Meloria 

Meschi & Melvyn Fuss, London 

Business School, LECG & 

University of Toronto. 

7- (( The impact of ICT on economic 

performance)) Genevieve Ferand 

, Marta Perez Cuso. Electronic 

commerce branch. 

8- Booz Allen Hamilton ( 2005 ) ICT 

sector development :  Economic 

of social implication  

http://www.amcham.org.eg/pub

lications/business monthly/ 

april%2005/ corporate clinic/ ( 

abstract thought ), asp. 

9- The impact of ICT investment on 

economic development in Egypt, 

Sherif Kamal, Dina Rateb, 

Mohamed El-Tawil. 

The electronic journal on 

information systems in 

developing countries 2009. 

10- “The Economic impact of 

interoperability” by Lorenzo 

Madrid, Microsoft. 
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 استخذاو تقُياث يعاندت الإشارة انرقًيت في كشف و تصُيف و قياس

 اضطراباث خىدة انقذرة 
 وائم هاشى حًذوٌ باسم يحًذ سعيذ

basilms2007@yahoo.com waelhashem_67@yahoo.com 

 لغُ إٌٙذعخ اٌىٙشثبئ١خ

 و١ٍخ إٌٙذعخ/ عبِؼخ اٌّٛصً / اٌؼشاق

 انًهخص 
ٚاٌّشىلاد اٌزٟ لذ رؾذس  (Power Quality)٠مذَ ٘زا اٌجؾش دساعخ ٌغٛدح اٌمذسح اٌىٙشثبئ١خ 

إر ٠زُ .شبسح عٛدح اٌمذسح اٌّزّضٍخ ثئشبسح اٌفٌٛز١خ ٌّٕظِٛخ اٌمذسح١ٍYٙب ِٓ خلاي اعزخذاَ ٚرؤصش ػ

إدخبي ٘زٖ الإشبسح اٌٝ اٌؾبعجخ اٌشل١ّخ ثؼذ رى١١فٙب ٚإعشاء اٌزؾ١ٍلاد ػ١ٍٙب ثبعزخذاَ رم١ٕبد ِؼبٌغخ 

١ٌخ خب١ٌخ ِٓ ٚاٌّمبسٔخ ِغ اٌزؾ١ًٍ لإشبسح ِشعؼ١خ ِضبالإشبسح وزؾ٠ًٛ فٛس٠ش ٚرؾ٠ًٛ ا٠ٌّٛغخ 

اعزخذاَ رؾ٠ًٛ فٛس٠ش وبْ وفٛءاً فٟ رؾ١ًٍ الإشبساد  ٌمذ رج١ٓ ِٓ خلاي اٌجؾش أْ .الاظطشاثبد

وبلإشبساد اٌزٟ رؾزٛٞ ػٍٝ  (Stationary Signals)اٌزٟ رؾزٛٞ ػٍٝ رغ١شاد ِزىشسح 

زٟ رؾزٛٞ اِب اعزخذاَ رؾ٠ًٛ ا٠ٌّٛغخ فبظٙش وفبءرٗ فٟ رؾ١ًٍ الإشبساد اٌ اٌزٛافم١بد أٚ اٌعٛظبء

ٌّب ٠ز١ّض ثٗ ِٓ ػذَ فمذ اٌضِٓ خلاي  (Non-Stationary Signals)ػٍٝ رغ١شاد غ١ش ِزىشسح 

فمذ رُ الاعزفبدح ِٓ رٌه فٟ وشف ٚرؾذ٠ذ ِٛلغ ؽذٚس اٌزغ١شاد وبٌؾبلاد اٌؼبثشح . اٌزؾ١ًٍ

اٚ الأمطبع  (swell)اٚ الاسرفبع  (Sag)ٚاٌزغ١شاد رٚاد اٌّذح اٌمص١شح وبلأخفبض 

(Interruption)  ٖٚثبعزخذاَ شجىخ ػصج١خ ِذسثخ ِغجمبً رُ ل١بط ل١ّخ اٌفٌٛز١خ اصٕبء ؽذٚس ٘ز

٠ّىٓ الاػزّبد ػٍٝ ٘زٖ اٌطش٠مخ ٌزشخ١ص  رطبثمبً ٚثبٌزبٌٌٟمذ أػطذ إٌزبئظ . اٌزغ١شاد اٌمص١شح

 .ٚرؾذ٠ذ ٔٛع الاظطشاة اٌؾبصً ٌغٛدح اٌمذسح اٌىٙشثبئ١خ

 :انًقذيت -1

اٌمذسح ٌّغزٍٙه إْ اٌّزطٍجبد اٌشئ١غخ 

ٟ٘ صجبد ل١ّخ اٌىٙشثبئ١خ ِٓ اٞ ِغٙض ٌٙب 

وْٛ شىً ِٛعخ فعلاً ػٓ اٌفٌٛز١خ ٚل١ّخ اٌزشدد 

اٌمذسح اٌىٙشثبئ١خ ع١ج١خ خبٌصخ ٌىٓ ٚثغجت 

الأؽّبي اٌىٙشثبئ١خ اٌّزٕٛػخ وذٚائش اٌغ١طشح 

ػٍٝ اٌّؾشوبد ِٚغٙضاد اٌمذسح ٚدٚائش 

اٌىزش١ٔٚبد اٌمذسح ثصٛسح ػبِخ إظبفخ إٌٝ 

ٚائش اٌفزؼ ٚاٌغٍك ٌلأؽّبي اٌىج١شح ٚرؼشض د

خطٛغ ٔمً اٌمذسح اٌىٙشثبئ١خ ٌٍصٛاػك ٚدٚائش 

اٌمصش ٚغ١ش٘ب فئْ ِٛعخ اٌمذسح اٌىٙشثبئ١خ 

 Disturbancesعززؼشض إٌٝ اظطشاثبد 

 ِضً 

أٚ الأمطبػبد  Distortionsاٌزشٛ٘بد 

Interruptions  أٚ الأؽذاس اٌؼبثشح

Transient Events .ُ٠ٛظؼ  (1) ٚاٌشىً سل

 .ّٔٛرط ٌّٛعبد عٛدح لذسح وٙشثبئ١خ ِعطشثخ
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إْ الاظطشاثبد أػلاٖ لذ رغجت لطغ 

اٌزغ١ٙض أٚ فشً فٟ رمذ٠ُ اٌّزطٍجبد اٌشئ١غخ 

ٌٍّغزٍٙه ٚإػطبء إشبسح خبغئخ إٌٝ دٚائش 

اٌؾّب٠خ ثؾذٚس خطأ ِّب لذ ٠غجت فصً لبغغ 

اٌذٚسح ٚلذ رؤدٞ الاظطشاثبد إٌٝ ؽذٚس 

ٍٙى١ٓ ، وزٌه اٌزأص١ش أظشاس ثأؽّبي اٌّغز

اٌغٍجٟ ػٍٝ وض١ش ِٓ الأؽّبي ٚخبصخ الأؽّبي 

 اٌؾغبعخ ِٕٙب إظبفخ إٌٝ أٔظّخ اٌفٌٛز١خ ٚإٌمً 

 

 

 

 

 

 (ة)                     (        ا)      

خاث خىدة قذرة كهربائيت ًَىرج نًى( 1)شكم  

 .يضطربت

تشىِ شكم  -ب.   اَخفاض في انقيًت -أ

 .انًىخت 
اٌغبثمخ وبْ ِٓ اٌعشٚسٞ  ٌلأعجبة

اٌؾبعخ إٌٝ ػشض شىً ِٛعخ اٌمذسح 

 Electrical Power Waveformاٌىٙشثبئ١خ

Monitoring سل١ّخ ٌىٟ ٠زغٕٝ  ٚعؼٍٙب إشبسح

 Analysisٚاٌزؾ١ًٍ  Detectٌٕب اٌىشف 

ٚاٌزص١ٕف  Estimationٚاٌزخ١ّٓ 

Classification  ٌٟلاظطشاثبد اٌؾبصٍخ ف

 .خػ ِغٙض اٌمذسح

ػشض عٛدح اٌمذسح ثبعزخذاَ  ٌمذ أصجؼ

اٌؾبعجخ اٌشل١ّخ ظشٚسٞ ٌٍٛلٛف ػٍٝ ٔٛػ١خ 

ٚعٛدح اٌمذسح اٌىٙشثبئ١خ ٌىً ِٓ إٌّزظ 

ٚاٌّغزٍٙه ٌٍطبلخ ٚثبٌزبٌٟ ِؼبٌغخ اٌّشبوً اٌزٟ 

رطشأ ػٍٝ عٛدح اٌمذسح ٚظّٓ اٌّؼب١٠ش 

٠زُ ػشض ٚل١بط ل١ُ رّضً إر . اٌّغّٛػ ثٙب

ر١بس ، فشق فٌٛز١خ ، ) ِزغ١شاد ِٕظِٛخ اٌمذسح 

ٚأخز اٌزغ١شاد اٌّّٙخ ٌلإشبسح ( اٌخ ... غٛس ، 

 .[1]ِٓ خلاي ِؼبٌغخ الإشبساد اٌشل١ّخ

ِٚٓ أُ٘ اٌزم١ٕبد اٌّغزخذِخ فٟ ِؼبٌغخ 

 Digital Signalالإشبساد اٌشل١ّخ 

Processing  ٌزم١١ُ ٚرؾ١ًٍ عٛدح اٌمذسح

 اٌىٙشثبئ١خ ٟ٘ رؾ٠ًٛ فٛس٠ش

 (Fourier Transform (FT  ًٚرؾ٠ٛ

 ٠ٌّٛغخا

 (WT) Wavelet Transform [2]. 

ٌمذ ثذأ اعزخذاَ رؾ٠ًٛ ا٠ٌّٛغخ فٟ ِغبي 

عٛدح اٌمذسح اٌىٙشثبئ١خ ٔٙب٠خ اٌزغؼ١ٕبد ِٓ 

اٌمشْ اٌؼشش٠ٓ ٌمصٛس اعزخذاَ رؾ٠ًٛ فٛس٠ش 

فٟ رؾذ٠ذ ِٛلغ ٚصِٓ ؽصٛي الاظطشاثبد 

ٌّٛعخ عٛدح اٌمذسح ؽ١ش أْ اعزخذاَ رؾ٠ًٛ 

 Windowed Fastفٛس٠ش اٌغش٠غ رٚ إٌبفزح 

Fourier Transform.   ٠ىٓ اٌؾً إٌّبعت ٌُ

 .Gٚاٌؼٍّٟ ٌٙزٖ اٌّشىٍخ ، ؽ١ش لبَ اٌجبؽش  

T. Heydt (1999) [3]  ثبعزخذاَ ٘زا إٌٛع

ِٓ اٌزؾ١ًٍ ثبخز١بس ٔبفزح ٚرؾش٠ىٙب ػٍٝ غٛي 

ِؾٛس اٌضِٓ ٚإ٠غبد رؾ٠ًٛ فٛس٠ش ٌغضء ِٓ 

الإشبسح ثّمذاس إٌبفزح ٌىشف الاظطشاثبد فٟ 

زا اٌغضء ٚوبٔذ اٌصؼٛثخ فٟ اخز١بس صِٓ ٘زٖ ٘

إٌبفزح ٌلاظطشاثبد اٌّزؼذدح ، ؽ١ش أْ صِٓ 

ثؼط الاظطشاثبد ٠ىْٛ أوجش ِٓ صِٓ إٌبفزح 

اٌّخزبسح أٚ ألً ، فبٌصؼٛثخ وبٔذ فٟ اخز١بس 

 L-Angrisaniٚلذ لبَ اٌجبؽضبْ . صِٓ إٌبفزح

(1998)  ٚP. Daponte [4]  ًثبعزؼّبي رؾ٠ٛ

١ًٍ اٌغٛدح لأٔظّخ اٌمذسح اٌىٙشثبئ١خ ا٠ٌّٛغخ ٌزؾ

ؽ١ش سوضا ػٍٝ اعزخذاَ رؾ٠ًٛ ا٠ٌّٛغخ 

وّب اعزخذَ   (Continuous WT) اٌّزصً

 اٌجبؽش

(1999) A. M. Gaouda  ٗرؾ٠ًٛ  [5]ٚفش٠م

ا٠ٌّٛغخ ٚرؾ١ًٍ الإشبسح ِزؼذد اٌزفبص١ً فٟ 
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ؽٛادس عٛدح اٌمذسح اٌىٙشثبئ١خ ٚاعزخذَ اٌم١ّخ 

 .Max)بسٞ اٌؼظّٝ ٌلأؾشاف اٌّؼ١

Standard Deviation. ) ٌىشف ٚرص١ٕف

ِٚٓ الاػّبي اٌزٟ عجمذ ٘زا  .٘زٖ اٌؾٛادس

اٌجؾش إ٠غبد ثشٔبِظ ثٛاعطخ اٌجشِغخ ثٍغخ 

٠مَٛ ثبعزخذاَ رم١ٕخ رؾ٠ًٛ ا٠ٌّٛغخ فٟ اٌّبرلاة 

وشف ٚرص١ٕف اظطشاثبد عٛدح اٌمذسح ٚلذ 

رج١ٓ دلخ ٘زٖ اٌطش٠مخ فٟ رشخ١ص ٚرص١ٕف 

 ,Basil M. Saied مذسحاظطشاثبد عٛدح اٌ

[6] (2007)  Wael H. Hamdoon.  

ٌٍزؼش٠ف فٟ ٘زا اٌجؾش عٕزطشق أٚلاً 

ٚػشض ثزم١ٕبد ِؼبٌغخ الإشبسح اٌّغزخذِخ 

ٚرّض١ً ٌٍخطٛاد اٌزٟ ارجؼذ ٌىشف ٚرص١ٕف 

ثؼط اظطشاثبد عٛدح اٌمذسح اٌىٙشثبئ١خ ٚثؼذ 

 .رٌه رُ رمذ٠ُ ِب أعزٕزظ فٟ ٘زا اٌجؾش
 خذيت نتحهيم الإشاراثانتقُياث انًست -2

 ( :تحىيم انًىيدت وتحىيم فىرير) 

إْ رؾ٠ًٛ فٛس٠ش ٠مَٛ ثزؾ٠ًٛ الإشبسح إٌٝ 

ػذح ِغز٠ٛبد اػزّبدا ػٍٝ ِب رؾ٠ٛٗ ٘زٖ 

الإشبسح ِٓ رشدداد ِخزٍفخ ِّٚىٓ اٌزؼج١ش ػٓ 

رؾ٠ًٛ فٛس٠ش ثشىً آخش ػٍٝ أٔٗ رم١ٕخ ؽغبث١خ 

 .ٌزؾ٠ًٛ الإشبسح ِٓ ؽ١ض اٌضِٓ إٌٝ ؽ١ض اٌزشدد

ؽ١ش ٠غزخذَ اٌذٚاي اٌغ١ج١خ وذٚاي أعبع١خ فٟ 

رؾ١ًٍ الإشبساد ٟٚ٘ ِّٙخ عذاً فٟ ِؼشفخ ِب 

 .[7]رؾ٠ٛٗ الإشبسح ِٓ رشدداد

    j tF f t e dt



 



   … (1) 

ٟ٘ الإشبسح فٟ ؽ١ض اٌضِٓ ٚ  f(t)ؽ١ش أْ 

F() الإشبسح فٟ ؽ١ض اٌزشدد ٟ٘. 

ِٚٓ اٌّلاؽع أْ الإشبسح ثؼذ رؾ١ٍٍٙب 

ش لا ٠ؾذد صِٓ ٚلٛع اٌؾذس ٌٚٙزا ثزؾ٠ًٛ فٛس٠

٠غزخذَ رؾ٠ًٛ فٛس٠ش فٟ اٌؾبلاد اٌّغزمشح 

، أٚ ِب  Periodic Steady Stateاٌّزىشسح 

أِب فٟ ؽبلاد  .٠Stationary Signalsغّٝ 

الإشبساد اٌزٟ رؾٛٞ ػٍٝ ؽبلاد ٚلز١خ ػبثشح 

(Transitory) ّٝأٚ ِب ٠غ Non-

Stationary Signals  فئْ رؾ٠ًٛ فٛس٠ش

 .غ١ش ِٕبعت ٌٍزؾ٠ً١ٍىْٛ 

 (Gabar)ٌّٚؼبٌغخ اٌّشىٍخ أػلاٖ لبَ اٌؼبٌُ 

ٚثؼذ  .Windowsثزغضئخ الإشبسح إٌٝ ٔٛافز 

رؾ١ًٍ الإشبسح فٟ وً ٔبفزح ػٍٝ ؽذٖ ، لبَ 

 Two)ثزؾ٠ًٛ الإشبسح إٌٝ داٌخ راد ثؼذ٠ٓ 

Dimension)  صِٓ ٚرشدد ٚ٘ٛ ِب ٠غّٝ ثـ

Windowed F.T  ِٓأٚ رؾ٠ًٛ فٛس٠ش رٚ اٌض

ٚثٙزٖ . ١Short Time  FT (STFT)ش اٌمص

اٌطش٠مخ رُ ِؼشفخ ِزٝ ٚلغ اٌزغ١١ش أٚ اٌزشٖٛ 

. ثبلإشبسح ِٚب رؾ٠ٛٗ ِٓ رشدداد فٟ ٘زٖ إٌبفزح

ٌٚىٓ صؼٛثخ ٘زٖ اٌطش٠مخ وّب ث١ُِّٓ عبثمبً ٟ٘ 

و١ف١خ اخز١بس صِٓ إٌبفزح إٌّبعت ٌّب ٠ؾذس فٟ 

 . الإشبسح ِٓ ؽٛادس

ً ا٠ٌّٛغببخ ٌلأعببجبة أػببلاٖ وبببْ اٌؾببً ثزؾ٠ٛبب

Wavelet Transform  ؽ١بش أٔبٗ ٠أخبز رغ١١بش

إْ رؾ١ٍببً ا٠ٌّٛغببخ ٠غببزخذَ . ٚاعببغ ٌؾغببُ إٌبفببزح

ٔبفببزح ٚاعببؼخ ػٕببذِب ٠ببشاد ِؼٍِٛبببد دل١مببخ ػببٓ 

اٌزشدداد إٌّخفعبخ ٚٔبفبزح ظب١مخ ػٕبذِب ٠طٍبت 

اٌزببببشدداد اٌؼب١ٌببببخ فببببٟ  ِؼٍِٛبببببد دل١مببببخ ػببببٓ

٠ٛظؼ اٌزم١ٕبد أػبلاٖ ( 2)ٚاٌشىً سلُ . الإشبسح

[8]. 

ِغ ِلاؽظخ أْ رؾ١ًٍ ا٠ٌّٛغخ لا ٠غزؼًّ 

 Time)ـ(Frequency  ؽ١ض اٌضِٓ ـ اٌزشدد

 ـ(Scale ٌٚىٕٗ ٠غزخذَ ؽ١ض اٌضِٓ ـ الارغبع 

(Time ِغ ِلاؽظخ أْ الارغبع(Scale) 

ٚإْ  (Frequency)٠زٕبعت ػىغ١بً ِغ اٌزشدد 

ِٓ أُ٘ ا١ٌّضاد اٌشئ١غخ ٌزؾ١ًٍ ا٠ٌّٛغخ ٟ٘ 

غ رؾذ٠ذ ِٛلغ اٌؾصٛي ػٍٝ رؾ١ًٍ ِٛلؼٟ ِ

 .ؽذٚس اٌزغ١١ش فٟ الإشبسح
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ٌمذ عّٟ ٘زا اٌزؾ١ًٍ ثزؾ١ًٍ ا٠ٌّٛغخ ٌىٛٔٗ 

٠غزخذَ ٠ِٛغبد ِخزٍفخ وذٚاي أعبط فٟ 

إْ اٌّٛعبد .اٌزؾ١ًٍ فٟ اٌّغز٠ٛبد اٌّخزٍفخ

اٌغ١ج١خ رىْٛ غ١ش ِؾذٚدح اٌّذح أٞ أٔٙب رّزذ ِٓ 

+   -   ٟٚراد غج١ؼخ ٔبػّخ اٌزغ١١ش ف

ب ِذح ِؾذدح ٠ؼزّذ ػٍٝ ؽ١ٓ أْ ا٠ٌّٛغخ ٌٙ

ٚراد غج١ؼخ غ١ش . (Scale)ِم١بط الارغبع 

ع١ج١خ ٚغ١ش ِزّبصٍخ ٚلذ رؾٛٞ ػٍٝ رغ١١شاد 

ؽبدح ِّب ٠غؼٍٙب أوضش ِلائّخ ٌٙزا إٌٛع ِٓ 

اٌزطج١ك ـ ٌزا ع١زُ اٌزشو١ض ػٍٝ أٔٛاع رؾ٠ًٛ 

  .ا٠ٌّٛغخ

 

 

 

 

 

 

 
 (2)انشكم رقى 

 انتقُياث انًستخذيت نًعاندت الإشارة

 

 :صيغ انتحىيم انًىيدي  -3

 Continuousتحىيم انًىيدت انًستًر  3-1

WT : 

٠مَٛ ٘زا اٌزؾ٠ًٛ ثزغضئخ الإشبسح إٌٝ ِب لا 

وذٚاي ( ا٠ٌّٛغخ الأَ ) ٔٙب٠خ ِٓ ا٠ٌّٛغبد 

 .Scaleٚالارغبع  Positionٌٍّٛلغ 

رّضً اٌذاٌخ الأعبط  a,b (t)ٌٛ وبٔذ 

ٚاٌزٟ  ٠ٌٍّٛa,bغخ ٚاٌّؼشفخ ثّزغ١ش٠ٓ ّ٘ب 

 :ّىٓ اٌزؼج١ش ػٕٙب س٠بظ١بً وّب ٠أرٟ ٠

 ,

1

| |

 
  

 
a b

t b
t

aa
    … (2) 

٠غّٝ ثؼبًِ اٌزؼ١١ش أٚ اٌزٛع١غ  aؽ١ش أْ 

(Scale Factor or Dilation Parameter) 

 .٠ّضً اٌّٛلغ اٌضِٕٟ ٌذاٌخ ا٠ٌّٛغخ bفٟ ؽ١ٓ 

٠ؼشف رؾ٠ًٛ ا٠ٌّٛغخ اٌّغزّش ػٍٝ أٔٗ 

ٌذاٌخ الأعبط ِغ ا f(t)اٌعشة اٌذاخٍٟ ٌلإشبسح 

 ( :ا٠ٌّٛغخ الأَ)٠ٌٍّٛغخ 

    *

a,b

1 t b
WT a,b f , f t dt

a|a |





 
     

 


.(3) 

إٌٝ  *٠ٚش١ش  R  a,bٚ  (a0)ؽ١ش أْ 

 .Complex Conjugateاٌّشافك اٌّشوت 

R: [9]رّضً ِذٜ الأػذاد اٌؾم١م١خ . 

 :Discrete WTتحىيم انًىيدت انًقطع  3-2

أ٠خ إشبسح ِّىٓ اٌزؼج١ش ػٕٙب ثأٔٙب ِغّٛػخ 

د ا٠ٌّٛغخ اٌزٟ ٔؾصً ػ١ٍٙب ِٓ ِٓ ِؼبِلا

ؽ١ش أْ رؾ٠ًٛ . رؾ٠ًٛ ا٠ٌّٛغخ اٌّمطغ

 Samplesا٠ٌّٛغخ اٌّمطغ ٠زؼبًِ ِغ ػ١ٕبد 

 f(k)أٞ رىْٛ اٌذاٌخ ِمطؼخ  f(t)ِٓ الإشبسح 

 .وّب رىْٛ لٛاػذ اٌزؾ٠ًٛ ثشىً ِمطغ أ٠عبً 

٠ٕزّببٟ إٌببٝ فعبببء  f(t)ٌببٛ وبببْ ٌببذ٠ٕب إشبببسح 

Lاٌؼ١ٕببخ 
2
(R)  ػٕٙببب ثذلاٌببخ فئٔببٗ ِّىببٓ اٌزؼج١ببش

 Wavelet Function (t) داٌزبٟ ا٠ٌّٛغبخ 

وّبب ٠بأرٟ  Scaling Function (t)ٚاٌزٛعب١غ 

: 

         j/ 2 j

jo j

k k j

f t C k t k d k 2 2 t k       
(4) 

         
o

J 1
jo / 2 jo j/ 2 j

jo j

k k j j

f t C k 2 2 t k d k 2 2 t k


   



      
.(5)  

 Scaling)ِؼبًِ اٌزٛع١غ  Cjoؽ١ش أْ 

Coefficient ) ٜٛػٕذ اٌّغزo. 

 ٚdj  ( اٌزفص١ً ) ِؼبًِ ا٠ٌّٛغخ

(Detail ) ػٕذj. 

عت
س
ان
 

دد
تر
ان
 

دد
تر
ان
 

لا
ا

 
سا
ت

 

 انزيٍ 

الإشارة في حيز 

(شاَىٌ ) انزيٍ   

 انسعت

الإشارة في حيز 

(فىرير ) انتردد   

 انزيٍ 

تحهيم انًىيدت 

 نلإشارة 

 انزيٍ 

تحىيم فىرير رو انزيٍ 

(خابر ) انقصير نلإشارة   
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٠ّضً ِخزٍف .... أٚ  3أٚ  2أٚ  j  =1ؽ١ش أْ 

ِذ٠بد اٌزشدد ٌٍّٛعخ ِٓ اٌزشدد الأػٍٝ إٌٝ 

 Translation٘ٛ ِؼبًِ الأزمبي  kالألً ٚ 

Coefficient. 

 ٚjo ِّىٓ أْ رىْٛ أٞ ل١ّخ ؽم١م١خ. 

 :٠ّىٓ وزبثخ اٌذٚاي الأعبط ثبٌشىً ا٢رٟ 

 kn22 j2/j

k,j               … (6) 

 kn22 j2/j

k,j             … (7) 

إٌٛع  ٠DWTؼزجش رؾ٠ًٛ ا٠ٌّٛغخ اٌّمطغ 

إٌّبعت ِٓ أٔٛاع رؾ٠ًٛ ا٠ٌّٛغخ اٌمبثً 

ٌٍزطج١ك ػٍٝ اٌؾبعجخ اٌشل١ّخ ؽ١ش أٔٗ ٠زؼبًِ 

ِغ ل١ُ ِمطؼخ ٚلا ٠ؾٛٞ ػٍٝ ػ١ٍّبد رىبًِ أٚ 

اشزمبق ثً ػجبسح ػٓ ػ١ٍّبد عّغ ٚظشة وّب 

وج١ش اٌزطج١مبد  أْ ٘زا إٌٛع ٠لائُ ثشىً

إٌٙذع١خ ٚإٌزبئظ اٌؼ١ٍّخ اٌّزؼبٍِخ ِغ اٌم١ُ 

 .[10]اٌّمطؼخ ١ٌٚظ اٌذٚاي الأص١ٍخ اٌّغزّشح
انتحهيم يتعذد انتفاصيم  -4

MRA))Multiresolution Analysis : 

ٚ٘ٛ ٔٛع ِٓ رؾ٠ًٛ ا٠ٌّٛغخ اٌّمطغ ؽ١ش 

أٔٗ فٟ اٌزؾ١ًٍ ِزؼذد اٌزفبص١ً فئْ دٚاي 

غ ٠غزخذَ ٌجٕبء ِٕظِٛخ ا٠ٌّٛغخ ٚدٚاي اٌزٛع١

ٌزؾ١ًٍ ٚرشو١ت الإشبسح ثّغز٠ٛبد رفص١ٍ١خ 

عزٌٛذ عضء  ()إْ داٌخ ا٠ٌّٛغخ . ِزؼذدح

ٌلإشبسح اٌّؾٍٍخ أِب داٌخ  Detailاٌزفص١ً 

عٛف رٌٛذ عضء اٌزمش٠ت  ()اٌزٛع١غ 

Approximate ٠ّٚىٓ . ٌلإشبسح اٌّؾٍٍخ

 : [11]اٌزؼج١ش ػٓ رٌه س٠بظ١بً ٚوّب ٠أرٟ 

         
o

J 1
j/ 2 j

jo j

k k j j

f t C k t k d k 2 2 t k


 



      
 (8) 

ِٚٓ أُ٘ اٌخصبئص ٌٍزؾ١ًٍ ِزؼذد اٌزفبص١ً 

 Localizationٟ٘ خبص١خ رؾذ٠ذ اٌّٛلغ 

ٌضِٓ ؽذٚس أ٠خ ؽبٌخ ػبثشح فٟ الإشبسح اٌّؾٍٍخ 

ٚ٘ٛ ِب عٕلاؽظٗ فٟ اٌفمشح اٌلاؽمخ أِب 

اٌخبص١خ الأخشٜ فئْ رغضئخ الإشبسح إٌٝ ػذح 

ٚثبٌزبٌٟ فئْ اٌطبلخ  (Levels)ِغز٠ٛبد 

بسح عٛف رزٛصع ػٍٝ ٘زٖ اٌّغز٠ٛبد ٌلإش

ٚثّذ٠بد رشدد ِؾذدح ِٚٓ ِؼشفخ ِمذاس اٌطبلخ 

ٌلإشبسح ِٚمبسٔزٗ ِغ إشبسح خبٌصخ فئٕٔب 

ٔغزط١غ ؽغبة ِب رؾ٠ٛٗ الإشبسح ِٓ رشدداد 

 .ٚوزٌه ٌزص١ٕف أؽذاس ٘زٖ الإشبسح

 :انشبكت انعصبيت الاصطُاعيت5 .  

:(Artificial Neural Network  ANN) 
ػخ اٌمٛاػذ ٚالأعب١ٌت ِغّٛٝ أٙب رؼشف ػٍ

ِؼبٌغخ اٌج١بٔبد اٌّى١فخ ٚغ١ش ٕظُ اٌّزؼٍمخ ث

ٚفٟ ٘زا اٌجؾش وبٔذ رشو١جخ اٌشجىخ  .اٌّجشِغخ

 :اٌؼصج١خ اٌّغزخذِخ وُ ٠أرٟ

  رشو١جخ اٌزغز٠خ  سبرُ اخز١مذ ٌ: ٔٛع اٌزغز٠خ

 .الأِب١ِخ 

  رؾذ٠ذ ػذد غجمبد اٌـANN : اعزخذِذ

دخبي شجىخ ِٓ صلاس غجمبد ٟ٘ الا

 ٚوبْ ػذد ػمذ ٚالاخشاط ٚاٌطجمخ اٌّخف١خ

ٚػذد ػمذ اٌطجمخ  غجمخ الإدخبي ػمذربْ

أِب ػمذ ( حػمذ ٠ٓػشش)اٌّخف١خ ِغب٠ٚب ٌـ 

 .غجمخ الإخشاط فىبٔذ ِغب٠ٚخ ٌٍٛاؽذ

  ًرؾذ٠ذ ٔٛع داٌخ اٌزؾ٠ٛ(Transfer 

Function) : ٟاعزخذاَ داٌز(tansig , 

purelin  ) ثٛصفٙب دٚاي رٕش١ػ ٌٍطجمخ

 .اٌّخف١خ ٚغجمخ الإخشاط ػٍٝ اٌزٛاٌٟ

 ذٚي ٌؾبلاد الإدخبلاد رؾع١ش ع

 . اٌّخزٍفخ ٚالاخشاعبد

  اخز١بس اٌخٛاسص١ِخ إٌّبعجخ لإعشاء ػ١ٍّخ

ٚؽغت غج١ؼخ ( Training) اٌزذس٠ت

خٛاسص١ِخ  اٌزطج١ك رُ اخز١بس

(Supervised ) ٚف١ٙب ٔغزخذَ رم١ٕخ
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 Back propagation) الأزشبس اٌؼىغٟ

N.N.) 

ِٓ خلاي  رذس٠ت إٌّظِٛخ أٚ اٌشجىخ

 اعزخذاَ اٌطش٠مخ اٌغبثمخ ٚرٌه ثئدخبي ِصفٛفخ

ثم١ُ وً ِٓ اٌّذح اٌض١ِٕخ اٌزٟ  ّزّضٍخاٌ الإدخبي

اعزغشلٙب الاظطشاة اٌؾبصً ثئشبسح فٌٛز١خ 

ِٕظِٛخ اٌمذسح ٚل١ّخ اٌفشق ثبلأؾشاف 

 .ٖ الإشبسحاٌّؼ١بسٞ ٌٍّغزٜٛ اٌغبثغ ٌزؾ١ًٍ ٘ز

ضٍخ  (Target)ِٚصفٛفخ اٌٙذف َّ ُّ ثبٌم١ّخ اٌ

رُ  .ٌلإشبسح اٌّؾٍٍخ خلاي ِذح الاظطشاة

 عذٚي الإدخبلاد ٚالاخشاعبداٌؾصٛي ػٍٝ 

ِٓ خلاي ر١ٌٛذ ّٔبرط ِزؼذدح لإشبساد ف١ٙب رغ١ش 

اسرفبع )فٟ ل١ّخ اٌفٌٛز١خ ٔغجخ إٌٝ ل١ّزٙب اٌّمٕٕخ 

اٌزٟ ٚوزٌه رغ١ش اٌّذح اٌض١ِٕخ ( أٚ أخفبض

إر رُ . ٠غزغشلٙب الاظطشاة ٌىً رغ١ش فٟ اٌم١ّخ

. إشبسح رّضً اٌؾبلاد اٌّؾزٍّخ (960)ر١ٌٛذ 

ؽٍٍذ الإشبساد اٌٌّٛذح ثٛاعطخ ثشٔبِظ رم١١ُ 

ٚل١بط عٛدح اٌمذسح ٚعغٍذ ل١ُ اٌفشق 

ثبلأؾشاف اٌّؼ١بسٞ ٌّغزٜٛ اٌزؾ١ًٍ اٌغبثغ 

اصجؾذ ِٕظِٛخ اٌشجىخ  .ٌىً ؽبٌخ رغ١ش

ٌغشض اعزخذاِٙب فٟ ل١بط اٌؼصج١خ عب٘ضح 

ل١ّخ فٌٛز١خ ِٕظِٛخ اٌمذسح اصٕبء ؽذٚس 

( 3)ٚاٌشىً سلُ  .اٌزغ١شاد رٚاد اٌّذح اٌمص١شح

 .٠ٛظؼ رشو١جخ اٌشجىخ اٌؼصج١خ اٌّغزخذِخ

 : خطىاث انبحث -6

فٟ ا٠غبد  اعزخذِذ اٌجشِغخ ثٍغخ اٌّبرلاة

ثشٔبِظ ٠ؾمك اٌخطٛاد اٌزب١ٌخ لأعً وشف 

١بط اظطشاثبد ٚرؾذ٠ذ ِٛلغ ٚرص١ٕف ٚل

 .عٛدح اٌمذسح

ر١ٌٛذ ّٔٛرط لإشبسح عٛدح لذسح وٙشثبئ١خ . 1

 .8192ٚػذد ػ١ٕبد  Hz 8192ثزشدد ػ١ٕخ 

أٚ اعزخذاَ اشبساد ػ١ٍّخ ؽم١م١خ ٌفٌٛز١خ )

ِٕظِٛخ اٌمذسح ثؼذ رى١١فٙب ٚادخبٌٙب اٌٝ اٌؾبعجخ 

وئشبسح سل١ّخ ػٓ غش٠ك وبسد اوزغبة 

 .( (Data Acquisition Card)اٌج١بٔبد 

 Standardلشاءح ل١ُ الأؾشاف اٌّؼ١بسٞ . 2

Deviation  ٌغ١ّغ رفبص١ً الإشبسح اٌغ١ج١خ

 اٌخبٌصخ

 (1 P.U., 50 Hz)  ٟٕٚاٌّؾٍٍخ ِغجمبً إٌٝ اص

 Std)ػشش ِغزٜٛ ثبٌزؾ١ًٍ ِزؼذد اٌزفبص١ً 

pure n)  ْؽ١ش أn  ًِغزٜٛ اٌزؾ١ٍ ٛ٘n = 

1, 2 .. 12. 

ؾ٠ًٛ رؾ١ًٍ الإشبسح اٌذاخٍخ ثبعزخذاَ ر. 3

ا٠ٌّٛغخ اٌّمطغ ِزؼذد اٌزفبص١ً إٌٝ اصٕٟ ػشش 

ِغزٜٛ ٚؽغبة ل١ّخ الأؾشاف اٌّؼ١بسٞ ٌغضء 

 Std sig)ٌىً اٌّغز٠ٛبد  (Detail)اٌزفص١ً 

n). 

إ٠غبد ل١ّخ اٌفشق ث١ٓ اٌم١ّخ اٌّمشٚءح . 4

ٌلأؾشاف اٌّؼ١بسٞ ٌّٛعخ ع١ج١خ خبٌصخ ِغ 

اٌم١ّخ اٌّؾغٛثخ ٌلإشبسح اٌذاخٍخ ٌزفص١ً وً 

 ٜٛ ثّفشدِٖغز

 (Std n = Std sig n – Std pure n). 

ِغ ػزجخ  Std nٌٍفشق ِمبسٔخ أػٍٝ ل١ّخ . 5

 ِؾذدح

Max |Std n |  > Thr 

Thr : ل١ّخ اٌؼزجخ(threshold)  ِٓ رُ رؾذ٠ذ٘ب

خلاي رؾ١ًٍ اشبسح فٌٛز١خ ِمجٌٛخ ظّٓ اٌؾذٚد 

فبرا وبٔذ ل١ّخ اٌفشق . [12]اٌّغّٛػ ثٙب ػب١ٌّبً 

ِٓ ل١ّخ اٌؼزجخ فبْ الإشبسح اٌّؾٍٍخ أػلاٖ الً 

ّٓ اٌؾذٚد اٌّغّٛػ ثٙب رىْٛ ِمجٌٛخ ٚظ

اِب . ٠ٚزٛلف اٌجشٔبِظ( خب١ٌخ ِٓ الاظطشاثبد)

 كشفارا رغبٚصد ل١ّخ اٌؼزجخ فزٌه ٠ذي ػٍٝ 

 .ٌؾبٌخ اظطشاة فٟ الإشبسح اٌّؾٍٍخ

ػشض شىً إشبسح اٌزفص١ً ٌٍّغزٜٛ الأٚي . 6

(d1)  ًىقع ويذةنتحذيذ يِٓ ػ١ٍّخ اٌزؾ١ٍ 

 .(Duration (D))ؽذٚس الاظطشاة 

818
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  غشاثٍظ ١ٌج١ب 26/10/2010-23اٌؼشثٟ ا١ٌٍجٟ اٌذٌٟٚ اٌخبِظ ٌٍٕٙذعخ اٌىٙشثبئ١خ ٚالإٌىزش١ٔٚخ  اٌّؤرّش

 

ػشض شىً ل١ُ اٌفشق ثم١ُ الأؾشاف . 7

) .ِغ ِغز٠ٛبد اٌزؾ١ًٍ Std nاٌّؼ١بسٞ 

 Std nاػزّبداً ػٍٝ ِٛلغ أػٍٝ ل١ّخ ٌٍفشق 

اظطشاثبد  تصُيفٚفٟ أٞ ِغزٜٛ ؽذس ٠زُ 

 .( (1)عٛدح اٌمذسح ثبلاػزّبد ػٍٝ اٌغذٚي سلُ 

اث انتردد يىضح يذي: (1)اندذول رقى 

نًستىياث انتحهيم يتعذد انتفاصيم ونتردد عيُت 

8192 Hz 

يستىي 

 (n)انتحهيم

 يذي انتردد

 Hz 

يستىي 

 (n)انتحهيم

يذي 

 Hzانتردد 

 3264 اٌغبثغ 20484096 الأٚي

 1632 اٌضبِٓ 10242048 اٌضبٟٔ

 816 اٌزبعغ 5121024 اٌضبٌش

 48 اٌؼبشش 256512 اٌشاثغ

 128256 اٌخبِظ
اٌؾبدٞ 

 ػشش
24 

 64128 اٌغبدط
اٌضبٟٔ 

 ػشش
12 

ِمبسٔخ وً ِٓ ل١ُ اٌفشق ثبلأؾشاف . 8

اٌّؼ١بسٞ ٌزفبص١ً ِغز٠ٛبد اٌزؾ١ًٍ ِغ ػزجبد 

ِؾذدح ٟ٘ اٌم١ّخ اٌّغّٛػ ثٙب ٌلاظطشاة ثزٌه 

اٌّذٜ ِٓ اٌزشدداد ٚفٟ ؽبٌخ رغبٚص ٘زٖ اٌؼزجخ 

فٟ أٞ ِغزٜٛ ع١زُ غجغ إْ الإشبسح اٌّؾٍٍخ 

ػٍٝ رشدداد ثّمذاس ِذٜ اٌزشدد ٌزٌه  رؾٛٞ

 .اٌّغزٜٛ

إرا وبٔذ أػٍٝ ل١ّخ ٌٍفشق فٟ اٌّغزٜٛ . 9

اٌم١ّخ  ٚوبٔذ Max Std n = Std 7اٌغبثغ

ِٛعجخ فبْ الاظطشاة ٔبرظ ػٓ اسرفبع فٟ ل١ّخ 

اِب ارا وبٔذ عبٌجخ فبْ  (swell)اٌفٌٛز١خ 

فٟ ل١ّخ اٌفٌٛز١خ  الاظطشاة ٔبرظ ػٓ أخفبض

(sag). 

ل١ّخ الأخفبض أٚ الاسرفبع  قياس لأعً . 10

خلاي ِذح الاظطشاة ٠زُ إدخبي  ِذح 

ٚل١ّخ اٌفشق ثبلأؾشاف  (D)الاظطشاة 

إٌٝ شجىخ  Std 7اٌّؼ١بسٞ ٌٍّغزٜٛ اٌغبثغ 

إر ٠ىْٛ  ػصج١خ اصطٕبػ١خ ِذسثخ ِغجمب

خلاي ِذح خشعٙب ل١ّخ اشبسح اٌفٌٛز١خ 

ٓ ٚوّب ِج١ ٔغجخ اٌٝ اٌم١ّخ اٌّمٕٕخ الاظطشاة

 .لاؽمبً 

بٌّغزٜٛ ١ٌظ ثوبٔذ أػٍٝ ل١ّخ ٌٍفشق  إرا. 11

   اٌغبثغ

 Max Std n Std 7 

 ثّمذاس (D)ٚوبٔذ اٌّذح اٌض١ِٕخ ٌلاظطشاة 

ف١زُ رؾ١ًٍ الإشبسح . إٌبفزح ٌلإشبسح اٌّؾٍٍخ 

ثبعزخذاَ رؾ٠ًٛ فٛس٠ش اٌغش٠غ ٚإ٠غبد ِؾًٍ 

 اٌط١ف ٌٙب 

 اٌى١ٍخ ٌٍزشٖٛ ثبٌزٛافم١بد ِٚٓ صُ ؽغبة اٌم١ّخ

 (total Harmonic Distortion (THD))  . 

 :انُتائحعرض . 7

اعزخذَ ثشٔبِظ رم١١ُ ٚل١بط عٛدح اٌمذسح 

اٌىٙشثبئ١خ فٟ وشف ٚرؾذ٠ذ ِٛلغ ٚاٌّذح 

اٌض١ِٕخ اٌزٟ اعزغشلٙب اظطشاة عٛدح اٌمذسح 

إْ ٚعذ ِٚٓ صُ ل١بط ل١ّخ فٌٛز١خ ِٕظِٛخ 

فٟ ؽبٌخ ؽذٚس  اٌمذسح اصٕبء الاظطشاة

اٌزغ١شاد رٚاد اٌّذح اٌمص١شح وبلأخفبض أٚ 

الاسرفبع ثؼذ رؾ١ًٍ ّٔبرط لإشبساد ٌِٛذح رّضً 

إر رُ ر١ٌٛذ ػذد , إشبساد فٌٛز١خ ِٕظِٛخ اٌمذسح

وج١ش ِٓ ّٔبرط الإشبساد اٌزٟ رؾزٛٞ ػٍٝ 

ع١زُ ػشض ّٔٛرع١ٓ ِٓ . اظطشاثبد ِزٕٛػخ

الاظطشاثبد اٌزٟ لذ رؾصً ػٍٝ إشبساد 

 .دح اٌمذسحعٛ
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ألببً ِببٓ )ٌّٚببذح لصبب١شح  اَخفاااض انفىنتياات. 1

ٚ٘بببٛ ِبببب ٠طٍبببك ػ١ٍبببٗ ِصبببطٍؼ ( صب١ٔبببخ ٚاؽبببذح

(Sag).  ًعبٛدح  شببسحلإ٠ّضً اٌزؾ١ًٍ   (4)اٌشى

. لذسح وٙشثبئ١خ ٔبرغخ ػٓ أخفبض ل١ّبخ اٌفٌٛز١بخ

أٔببٗ ٕ٘بببن اظببطشاة فببٟ عببٛدح  (b)٠لاؽببع ِببٓ 

٠ببزُ رؾذ٠ببذ  إر ٠ٚx2ٕزٙببٟ ثببـ  x1اٌمببذسح ٠جببذأ ِببٓ 

ٚ  x1ِٓ إ٠غبد اٌفشق ث١ٓ  (D)ذح الاظطشاة ِ

x2  ِٓٚبب(c)  ُٔلاؽببع أْ أػٍببٝ ل١ّببخ ٌٍفببشق ثمبب١

الأؾببشاف اٌّؼ١بببسٞ وبببْ فببٟ ِغببزٜٛ اٌزؾ١ٍببً 

اٌغببببثغ ٚل١ّزبببٗ عببببٌجخ ٠ؼٕبببٟ أْ رصببب١ٕف ٘بببزا 

ِٚبببٓ .الاظبببطشاة ٘بببٛ أخفببببض ل١ّبببخ اٌفٌٛز١بببخ

بلأؾشاف إدخبي ِذح الاظطشاة ٚل١ّخ اٌفبشق ثب

١ٍببً اٌغبببثغ إٌببٝ اٌشببجىخ ٌّغببزٜٛ اٌزؾ اٌّؼ١بببسٞ

اٌفٌٛز١بببخ خبببلاي ِبببذح  اٌؼصبببج١خ ٠بببزُ ِؼشفبببخ ل١ّبببخ

 .الاظطشاة ٔغجخ إٌٝ اٌم١ّخ اٌّمٕٕخ

 (5)اٌشبىً  تشىِ إشارة انفىنتيت بانتىافقياث. 2

 عبببٛدح لبببذسح وٙشثبئ١ببببخاٌزؾ١ٍبببً لإشببببسح ٠ّضبببً 

٠لاؽع ِبٓ  .(Harmonics)ِشٛ٘خ ثبٌزٛافم١بد 

(b) فببٟ  أْ ٕ٘بٌببه وشببف ٌؾبببلاد رغ١ببش ِزىببشسح

 (c)ٚثبٌّمبثً ٠لاؽع ِٓ اٌغضء . الإشبسح اٌّؾٍٍخ

أْ أػٍببٝ ل١ّببخ ٌٍفببشق ثمبب١ُ الأؾببشاف اٌّؼ١بببسٞ 

وبْ فبٟ ِغبزٜٛ اٌزؾ١ٍبً اٌشاثبغ ٚاٌخببِظ ِٚبٓ 

ِؼشفبببخ ِببببذٜ اٌزببببشدد ٌزٍببببه اٌّغببببز٠ٛبد ٠ّىببببٓ 

الاعبببزٕزبط أْ رصببب١ٕف ٘بببزا الاظبببطشاة رشبببٖٛ 

إشبببسح فٌٛز١ببخ ِٕظِٛببخ اٌمببذسح ثبٌزٛافم١بببد اٌزببٟ 

شدد٘ببببب ظببببّٓ ِببببذ٠بد اٌزببببشدد ٌزٍببببه ٠ىببببْٛ ر

ٌٚىْٛ أػٍٝ ل١ّبخ ٌٍفبشق وبٔبذ فبٟ .  اٌّغز٠ٛبد

اٌّغبببزٜٛ اٌخببببِظ ِٚبببذح الاظبببطشاة ثّمبببذاس 

إٌبفببزح ٌلإشبببسح اٌّؾٍٍببخ فمببذ رببُ رؾ١ٍببً الإشبببسح 

ثزؾ٠ٛببً فببٛس٠ش اٌغببش٠غ ٚوّببب ِجبب١ٓ فببٟ اٌشببىً 

٠ّضبببً الإشببببسح اٌّؾٍٍبببخ  (a)إر أْ اٌغبببضء . (6)

٠زعبؼ ِبٓ . ١بف ٌٙبب٠ّضً ِؾٍبً اٌط (b)ٚاٌغضء 

 (Hz 150)اٌشببىً اؽزببٛاء الإشبببسح ػٍببٝ رببشدد 

 ٚ٘بببببببببٛ ربببببببببشدد اٌزٛافم١بببببببببخ اٌضبٌضبببببببببخ ثمببببببببب١ُ

 (-26 db)  ِبببٓ ل١ّبببخ  (% 5)أٞ ِبببب ٠ؼببببدي

 250)ٚوببزٌه ػٍببٝ اٌزببشدد . اٌّشوجببخ الأعبعبب١خ

Hz) 40-)ٚ٘بٛ رببشدد اٌزٛافم١بخ اٌخبِغببخ ثم١ّبخ 

db)  ِببٓ ل١ّببخ اٌّشوجببخ  (% 1)أٞ ِببب ٠ؼبببدي

ٚ٘ٛ رشدد اٌزٛافم١خ (Hz 350) د ٚرشد. الأعبع١خ

 (% 1)أٞ ِبب ٠ؼببدي  (db 40-)اٌغببثؼخ  ثم١ّبخ 

 450) ِببٓ ل١ّببخ اٌّشوجببخ الأعبعبب١خ ٚرببشدد 

Hz) 34-)ٚ٘ببٛ رببشدد اٌزٛافم١ببخ اٌزبعببؼخ  ثم١ّببخ 

db)  ِببٓ ل١ّببخ اٌّشوجببخ  (% 2)أٞ ِببب ٠ؼبببدي

ٚ٘ٛ رشدد اٌزٛافم١بخ  (Hz 750)الأعبع١خ ٚرشدد 

أٞ ِببب ٠ؼبببدي  (db 46-)اٌخبِغببخ ػشببشح ثم١ّببخ

ٚربببُ . ِبببٓ ل١ّبببخ اٌّشوجبببخ الأعبعببب١خ (% 0.5)

 (THD)ؽغبة اٌم١ّخ اٌى١ٍخ ٌٍزشبٖٛ ثبٌزٛافم١ببد 

 .(% 5.5736)ٚوبٔذ 

 

 

 

 

 

 

 

 

 

 

 

 :الاستُتاج. 8

 :ٌمذ رج١ٓ ِٓ خلاي اٌجؾش ِب ٠أرٟ

ِلاءِخ اعزخذاَ رؾ٠ًٛ فٛس٠ش اٌغش٠غ فٟ . 1

رؾ١ًٍ إشبساد عٛدح اٌمذسح اٌزٟ رؾزٛٞ ػٍٝ 

شاد ِزىشسح ِغزّشح وبؽزٛاء الإشبسح ػٍٝ رغ١

 .اٌعٛظبء أٚ رشٛ٘ٙب ثبٌزٛافم١بد

 

انتحهيم لإشارة فىنتيت يشىهت  يًثم:  (5)انشكم 

 .(Harmonics) بانتىافقياث

D=50 

Cycles 

 

 there is harmonic in 

voltage 

  

a 

  

b 

  

c 

820

820



  غشاثٍظ ١ٌج١ب 26/10/2010-23اٌؼشثٟ ا١ٌٍجٟ اٌذٌٟٚ اٌخبِظ ٌٍٕٙذعخ اٌىٙشثبئ١خ ٚالإٌىزش١ٔٚخ  اٌّؤرّش

 

 

 

 

 

 

 

 

 

 

 

ِلاءِخ اعزخذاَ رؾ٠ًٛ ا٠ٌّٛغخ فٟ رؾ١ًٍ . 2

إشبساد عٛدح اٌمذسح اٌزٟ رؾزٛٞ ػٍٝ رغ١شاد 

غ١ش ِزىشسح وبٌؾبلاد اٌؼبثشح أٚ اٌزغ١شاد 

رٚاد اٌّذح اٌمص١شح وبلأخفبض فٟ ل١ّخ 

ٚ الاسرفبع فٟ ل١ّخ اٌفٌٛز١خ أ (Sag)اٌفٌٛز١خ 

(Swell) أٚ رمطغ اٌزغ١ٙض(Interruption) 

ٚرٌه ٌؼذَ فمذ اٌضِٓ خلاي اٌزؾ١ًٍ ِّب ٠غبػذ 

فٟ رؾذ٠ذ اٌّٛلغ اٌضِٕٟ ٌجذء اٌزغ١١شاد اٌزٟ 

 .رؾذس ػٍٝ عٛدح اٌمذسح ِٚذح ؽذٚصٙب

ِلاءِخ اعزخذاَ اٌزؾ١ٍلاد الإؽصبئ١خ  .3

إر . ١ًٍ ٌٍج١بٔبد اٌّغزؾصٍخ ِٓ ػ١ٍّخ اٌزؾ

اعزخذَ فٟ ٘زا اٌجؾش الأؾشاف اٌّؼ١بسٞ 

أعبعبً ٌزص١ٕف الاظطشاثبد إٌبرغخ ػٓ 

 .اٌزغ١شاد اٌّخزٍفخ فٟ إشبساد عٛدح اٌمذسح

 ِلاءِخ اعزخذاَ رم١ٕبد اٌزوبء اٌصٕبػٟ. 4

فٟ ِؼبٌغخ ثؼط وبٌشجىبد اٌؼصج١خ الاصطٕبػ١خ 

اٌج١بٔبد ٌّغزؾصٍخ ِٓ رؾ١ًٍ الإشبسح ثزؾ٠ًٛ 

 .ِزؼذد اٌزفبص١ًا٠ٌّٛغخ 

اعزخذاَ إشبساد اٌزفبص١ً ٌّغز٠ٛبد اٌزؾ١ًٍ . 5

اٌّخزٍفخ فٟ رص١ٕف الاظطشاثبد اٌزٟ رؾذس ػٍٝ 

إشبسح فٌٛز١خ ِٕظِٛخ اٌمذسح ٚرٌه ثبلاػزّبد ػٍٝ 

ِذ٠بد اٌزشدد ٌزٍه اٌّغز٠ٛبد ٚاٌّؼزّذح ػٍٝ رشدد 

 .اٌؼ١ٕخ
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X

1 

X

2 

Sag to  

70% 

 

a 

 

b 

THD % 

=5.5736 
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