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ABSTRACT 
This paper evaluates the performance and effect of the static VAR compensator (SVC) on the 
system stability enhancement. In addition, the paper presents a proposed method to coordinate 
between SVC-based stabilizer and power system stabilizer (PSS) through an optimization process 
for the system stability problem that employs a variety of single or multi-objective functions. 
These objective functions are based on the nonlinear model of the system. Particle Swarm 
Optimization (PSO) technique is applied to search for the optimal SVC and PSS controller 
parameters. The proposed method leads to more flexibility to the system by involving all the 
controller parameters in the optimization process and using different objective functions. The 
system response is analyzed with utilizing the PSS only and compared with utilizing the SVC 
coordinated with the PSS. The simulation results confirm that coordination between the PSS and 
the SVC as well as adding more flexibility to the system improves the system response. 

كما يق%دم البح%ث طريق%ة . ه على تعزيز اتزان نظام القدرة الكھربية وتاثيرSVCيقدم ھذا البحث تقييما �داء جھاز الـ 
ق%درة الكھربي%ة م%ن خ%+ل ال والم%وازن التقلي%دى لنظ%ام  SVCجھ%از ال%ـ لعم%ل تن%سيق ب%ين الم%وازن ال%ذى يعتم%د عل%ى 

 لم%شكلة ات%زان متع%دد ا�ھ%داف للح%صول عل%ى الح%ل ا�مث%لاستخدام العديد من دوال الھدف فى شكل فردى او ش%كل 
وقد تم استخدام طريق%ة اف%راد ال%سرب . حيث تعتمد ھذه الدوال على النموذج الغير خطى للنظام. نظام القوى الكھربية

كما يقترح ھذا البح%ث . SVCجھاز الـ للحصول على افضل معام+ت للموازنات التقليدية وا�خرى التى تعتمد على 
اضافة المزيد من المرونة لنظام القدرة الكھربي%ة بت%ضمين ك%ل مع%ام+ت الموازن%ات ف%ى عملي%ة الح%صول عل%ى الح%ل 

تم تحليل استجابة النظام فى حالة استخدام الموازن التقليدى فق%ط ومقارنتھ%ا . ا�مثل وا�ستعانة بدوال الھدف المختلفة
تؤك%د نت%ائج .  بالتن%سيق م%ع الم%وازن التقلي%دىSVCال%ـ د على جھاز باستجابة النظام فى حالة استخدام الموازن المعتم

 با�ضافة الى زيادة درج%ة المرون%ة للنظ%ام ت%ؤدى SVC ـالمحاكاة ان عملية التنسيق بين الموازن التقليدى وموازن ال
  .الى تحسين اداء النظام وتعزيز اتزانه

Keywords: Static VAR Compensator, Particle Swarm Optimization, and System Stability 
 

1. INTRODUCTION  
Damping of power system oscillations is very 
important for the system secure operation. Besides 
the PSS, the Flexible AC Transmission System 
(FACTS) devices are also applied to enhance system 
stability. Using only conventional PSS may not 
provide sufficient damping for system oscillations. In 
these cases, FACTS-based power oscillation 
damping controllers are effective solutions [1-3]. 
However, uncoordinated control of FACTS devices 
and PSS may cause destabilizing interactions. To 
improve overall system performance, studies should 
be made on the coordination between PSS and 
FACTS controllers [4-5]. 

Among the different types of FACTS devices, SVC 
is widely used in many electricity utilities over the 
world and attained great interest from the researcher 
[5-11]. In its simplest form, the SVC consists of a 
Thyristor Controlled Reactor (TCR) in parallel with a 
bank of capacitors [12-13]. From an operational point 

of view, the SVC behaves like a shunt-connected 
variable reactance, which either generates or absorbs 
reactive power in order to regulate the voltage 
magnitude at the point of connection to the AC 
network. It is used extensively to provide fast 
reactive power and voltage regulation support. The 
firing angle control of the thyristor enables the SVC 
to have almost instantaneous speed of response. In 
addition to the primary function of SVC, 
enhancement of system stability can be assigned to 
SVC as a supplementary function [5].  

The literature addresses different methods to find the 
optimal location of SVC device [7-11]. The basic 
factors in these methods are the linear model of the 
system, modal analysis, and voltage stability 
analysis. The linearized models for power systems 
including SVC and other FACTS devices are usually 
used as a base for the optimization process [1, 4-5, 7-
8].  
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Optimization techniques inspired by observing 
natural phenomenon have attracted the interest of 
many researchers. These techniques approved their 
ability to solve complex computational problem. 
Particle swarm optimization technique (PSO) [14-
15], can be used to find the optimal setting of the 
controller parameters of both PSS and SVC. The 
linearization effort can be saved and no 
approximations are needed to handle the controller 
design problem. 

Usually, some controller parameters are predefined 
and kept constant during the optimization process [3, 
4-5]. However, including these parameters in the 
optimization process will lead to more flexibility in 
the system operation.  

Single Machine Infinite Bus (SMIB) system is used 
to analyze and design the PSS and SVC controllers. 
The two controllers are designed individually and 
compared with the coordinated controllers. 

2. POWER SYSTEM MODEL 
The single machine infinite bus system (SMIB) is 
used to extensive study of stability enhancement as 
shown in Fig. 1. The generator is equipped with PSS 
while, the SVC is placed at the mid-point of the 
transmission line.  

2.1 Generator Model 
The generator is represented by the third-order 
model, which is described by the following electro-
mechanical swing and the generator internal voltage 
equations: 
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where,  

Pm and Pe are the input and output powers of the 
generator, respectively, 

M and D are the inertia constant and damping 
coefficient, respectively,  

δ and ω are the rotor angle and speed, 
respectively, 

E'q and Efd are the generator internal voltage and the 
field voltage, respectively. 

T'do is the open circuit time constant of the 
field circuit. 

xd and  x'd are the d-axis reactance and d-axis
transient reactance  of the generator, 
respectively. 

The generator output power can be expressed in 
terms of the d-axis and q-axis components of the 
armature current (i), and the terminal voltage (Vt), as 
follows: 

qqdde ivivP .. +=
 (4)

The terminal voltage Vt can be expressed as: 

22
qdt vvV +=
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where, 

Xq is the q-axis reactance of the generator. 

2.2 Exciter and PSS Model 
The IEEE Type-ST1 [5], is considered as the 
excitation system. It is equipped with a conventional 
lead-lag PSS in the feedback loop to generate a 
stabilizing signal UPSS, as shown in Fig. 2. The 
exciter can be described by the following equation: 
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fdpsstrefA
A

fd EUVVK
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dE
−+−=

 
(8)

where,  

KA and TA are the gain and time constant of the 
excitation system, respectively. 

Vref is the reference voltage. 

2.3 SVC-based Stabilizer Model 
The block diagram shown in Fig. 3 represents the 
SVC with lead-lag controller. A conventional lead-
lag controller is installed in the feedback loop to 
generate the SVC stabilizing signal. The SVC is 
represented by a susceptance (BSVC), which is 
governed by the following equation: 
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1

svcsvcrefS
S

svc BUBK
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(9)

where,  

KS and TS are the gain and time constant of the 
SVC, respectively. 

Bref                is the reference susceptance of the SVC. 

 
Fig. 1. Single Machine Infinite Bus System (SMIB) 

 

 

 

 

 

 

 
 

Fig. 2. IEEE Type-ST1 Excitation system with PSS 
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Fig. 3. SVC with lead-lag controller 
 

3. PROBLEM FORMULATION  
The parameters of PSS and SVC-based stabilizers are 
determined, through the optimization process, to 
improve the system response. Phillips-Heffron 
linearized model around an operating point is usually 
employed for design purposes [6-7]. However, the 
modern optimization techniques approved their 
ability to solve the nonlinear optimization problems. 
Therefore, nonlinear model is used for the design 
process. 

3.1 Particle Swarm Optimization Technique 
The PSO is a population based stochastic 
optimization technique developed by Kennedy and 
Eberhart in 1995 [14-15], inspired by social behavior 
of bird flocking or fish schooling. The system is 
initialized with a population of random solutions and 
searches for optima by updating generations. PSO 
provides a population-based search procedure in 
which chromosomes called particles change their 
positions with time. In a PSO system, particles fly 
around in a multidimensional search space. During 
flight, each particle adjusts its position according to 
its own experience, and the experience of 
neighboring particles, making use of the best position 
encountered by itself and its neighbors. The swarm 
direction of a particle is defined by the set of 
particles neighboring the particle and its history 
experience. 

In Searching procedures by PSO the particles are 
flown through the problem space by following the 
current optimum particles. Each particle keeps track 
of its coordinates, which are associated with the best 
solution that it has achieved so far. This solution is 
called personal best (pbest) and it is kept in the 
particle memory as the best position on the feasible 
search space. The best of value obtained so far by 
any particle in the group is commonly called the 
global best (gbest). 

The basic concept behind the PSO technique consists 
of changing the velocity of each particle toward its 
pbest and the gbest positions at each iteration. The 
velocity and position of each particle can be modified 
according to the distance between its current position 
and pbest, and the distance between its current 
position and gbest. Using Equation (10), a certain 
velocity that gradually gets close to pbests and gbest 

can be calculated. The current position can be 
modified using Equation (11). 
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Where, 

n          is the number of particles in a population, 

m         is the number of members in a particle, 

vi
k        is the current velocity of particle i at iteration 

k, 

vi
k+1     is the modified velocity of particle i  at 

iteration k+1 

xi
k        is the current position of particle i at iteration 

k, 

xi
k+1     is the modified position of particle i at 

iteration k+1 

r1, r2     are the random number between 0 and 1, 

pbesti   is the personal best of particle i, 

gbest    is the global best of the population, 

c1, c2    are the acceleration constants. 

w          is the inertia weight parameter 

The inertia weight parameter (w) often decreases 
linearly from wmax to wmin during a run. In general, 
the inertia weight (w) is set according to the 
following equation: 

k
k

ww
ww *
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−−=
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Where kmax is the maximum number of iterations, and 
k is the current number of iterations. 

The modifications of searching points continue until 
the maximum number of iterations is reached or the 
solution has no changes for a specific number of 
iterations.     

3.2 Objective Function 
The objective function in case of linear model-based 
optimization problem is limited to maximizing the 
damping ratio. However, nonlinear model-based 
optimization problem has a variety of objective 
functions that can be treated as single or multi-
objective optimization problem. The following 
nonlinear model-based objective functions can be 
defined for different design cases, all of these 
objective function need to be minimized. 
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22113 .. , Min JwJwJ +=  (15)

Where,  

Finst        is the fault instant 

Tsim        is the simulation time 

w1, w2    are the weighting factors 

However, the following linear model-based objective 
function needs to be maximized through the 
optimization process: 

224 ,Max 
ωσ

σζ
+

−==J  (16)

3.3 Optimization Problem 
The aim of the optimization problem is to minimize 
the objective function while satisfying all the system 
constraints. Usually, some of controller parameters, 
(T2pss, T2svc, T4svc), are predefined and kept constant 
during the optimization process. However, including 
these parameters in the optimization process will lead 
to more flexibility in the system operation. The 
parameters of the PSS are optimized in coordinate 
with the SVC controller parameters. Therefore, the 
optimization problem can be formulated as follows: 

Minimize     J1, or J2, or J3 

Or Maximize    J4 

Subject to: 
T1pss-min  ≤  T1pss  ≤  T1pss-max 
T2pss-min  ≤  T2pss  ≤  T2pss-max 
Kpss-min   ≤  Kpss   ≤  Kpss-max 
T1svc-min  ≤  T1svc  ≤  T1svc-max 
T2svc-min  ≤  T2svc  ≤  T2svc-max 
T3svc-min  ≤  T3svc  ≤  T3svc-max 
T4svc-min  ≤  T4svc  ≤  T4svc-max 
Ksvc-min  ≤  Ksvc   ≤  Ksvc-max 

 

4. RESULTS AND DISCUSSION   
In this study, the SVC-based stabilizer parameters 
have been optimized and coordinated with those of 
PSS using PSO technique. The nonlinear time 
response for a three-phase short circuit is tested at 
different controller types is shown in Fig. 4. It is 
clear that, using the SVC-based stabilizer coordinated 
with PSS improves the system response. The first 
overshoot is improved, and the system reaches to its 
steady state quickly. However, the individual use of 
the SVC may lead to negative damping to the system.  

Figure 5, shows the effect of involving all the 
controllers parameters in the optimization process. 
More flexibility is added to the system and the 
system response is improved rather than using fixed 
values for some parameters. The optimal setting of 
the controller parameters in the two cases is shown in 
Table 1. 
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Fig. 4. System response under different controller 

types 
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Figure 6, shows a comparison between the system 
response when applying different objective functions 
in the optimization problem. The nonlinear model-
based optimized parameters are applied to the 
coordinated controllers and the system response is 
compared with that of linear model-based parameters 
as shown in Fig. 6. It is clear that the non-linear 
model-based system response is quite better than the 
linear model.  
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Fig. 5. System response for different cases of 

optimized parameters 
 

Table 1, Optimal setting of coordinated PSS and 
SVC Controller parameters 

 T2, T4, T6 
not optimized 

T2, T4, T6 
optimized 

T1pss 0.1625 0.2123 
T2pss 0.0500 0.1353 
Twpss 3.0000 3.0000 
Kpss 14.5517 34.6230 
T1svc 0.1828 0.2849 
T2svc 0.3000 0.8458 
T3svc 0.1391 0.3890 
T4svc 0.3000 0.1011 
Twsvc 3.0000 3.0000 
Ksvc 278.8829 208.5565 

The area under curve of ∆ω and ∆δ for different 
objective functions are shown in Fig. 7. Employing 
the objective function J3 in the optimization problem 
gives the best response as well as the optimal value 
for both ∆ω and ∆δ, simultaneously. 

The critical clearing time (CCT) is computed for 
different controllers. The CCT has a small value in 
case of using the SVC-based stabilizer individually 
and has a large value when using the SVC in 
coordinate with the PSS, as shown in Fig. (8).  
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Fig. 6. System response for different objective 

functions 
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5. CONCLUSION   
This paper uses a proposed PSO technique to get the 
optimal setting of the controllers' parameters. 
Different objective functions, which are based on the 
nonlinear model of the system, have been achieved. 
PSO has approved its ability to coordinate between 
the PSS and the SVC-based stabilizer. The 
performance of the system has been enhanced by 
employing the SVC-based stabilizer with PSS, 
simultaneously.  

More flexibility to the system has been produced due 
to optimizing all parameters of PSS and SVC 
controllers. Also, the objective function J3 has been 
recommended for the optimization process as it gives 
better response of the system. 

Finally, the critical clearing time is increased in case 
of employing the SVC-based stabilizer in coordinate 
with the PSS.  
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