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A Robust Approach Based on PSO Technique to Alleviate Power
System Oscillation Using SSSC-Based PSD Damping Controller
Abstract. The menace of losing stability following a disturbance is one of the results of such a stressed system. SSSC is a kind of series FACTS
device which is used in power system primarily to enhance the overall dynamic performance of the system. In order to improve the power system
stability, a novel PSD structure is introduced as a supplementary damping controller for SSSC. To evaluate the robustness of proposed damping
controller, it has been compared with PI and LL controllers. Also, dynamic performance of these controllers is evaluated under three different
conditions of disturbance in SMIB power system. PSO technique has been employed to solve the optimization problem. The obtained results reveal
that the SSSC-based PSD damming controller provides robust dynamic performance under different disturbance in power system.
Streszczenie. SSSC jest jednym z komponentów system FACTS który jest używany do poprawy właściwości dynamicznych. Zaproponowano nową
strukturę PSD jako dodatkowy sterownik dla SSSC. Sterownik porównano z układami PI i LL. Stwierdzono, że sterownik PSD w układzie SSC
zapewnia odporne na zakłócenia właściwości systemu. (Odporna metoda łagodzenia oscylacji w systemie wykorzystująca SSSC i sterownik
PSD)
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1. Introduction
One of the main concerns in electric power system
operation is repression of electromechanical oscillations. If
sufficient damping is not available, while a disturbance
occurs in power system, the oscillations can be increased
and continued for minutes to cause loss of synchronism [1].
The lack of sufficient system damping is the major reason of
the continuity and growth of oscillation in power system [24]. Flexible ac transmission systems (FACTS) devices are
one of the main purposes for damping of the power system
oscillations. [5, 6]. Series FACTS devices are the key
devices of the FACTS family, which are identified as
effective and economical means to diminish the power
system oscillation [7]. Static Synchronous Series
Compensator (SSSC) is one of important member of
FACTS family, which provides the virtual compensation of
transmission line impedance by injecting the controllable
voltage in series with the transmission line [8, 9]. In the
steady state applications, the main target of applying the
SSSC in transmission lines is the control of either
impedance line or power flow [10], whereas it can be used
to damp the power system oscillations and also improve the
overall dynamic performance of the power system. The
SSSC is characterized by a solid state synchronous Voltage
Source Convertor (VSC), which is produce a balanced set
of three sinusoidal voltages at the fundamental frequency
with rapidly controllable amplitude and phase angle in
transmission line. The SSSC by operating in capacitive as
well as inductive mode can perform prominent role in
controlling the power flow of the system [11, 12]. The
efficiency of this device in improving the transient stability of
power systems, alleviating the power system oscillation,
and improving the dynamic behavior of power system has
been reported in [13-16].
From the viewpoint of power system dynamic stability,
damping of power system oscillations with SSSC is
performed through power modulations by a supplementary
damping controller. A number of different classical
controllers such as Lead-Lag (LL), Proportional-Integral
(PI), and Proportional–Integral-Derivative (PID) have been
employed in FACTS devices as supplementary damping
controller [8, 17-20]. In this paper a novel Proportional plus
Square Derivative (PSD) controller is introduced as a
supplementary damping controller for SSSC to enhance all
scale of transient stability improvement, including: lesser
undershoot, overshoot and settling time.

A variety of conventional design techniques have been
applied for tuning controller parameters. The most common
methods are based on the pole placement method [21, 22],
eigenvalues sensitivities [23, 24], residue compensation
[25], and also the current control theory. Unfortunately, the
conventional methods are time consuming as they are
repetitive and need heavy computation burden and slow
convergence. In addition, process is sensitive to be trapped
in local minima and the obtained response may not be
optimal [26]. The progressive methods develop a technique
to search for the optimum solutions via some sort of
directed random search processes [27]. A suitable trait of
the evolutionary methods is that they search for solutions
without prior problem perception.
In recent years, a number of various ingenious
computation techniques namely: Simulated Annealing (SA)
algorithm, Evolutionary Programming (EP), Genetic
Algorithm (GA), Differential Evolution (DE) and Particle
Swarm Optimization (PSO) have been employed
by
scholars to solve the different optimization problems of
electrical engineering. But, the PSO technique can produce
an excellent solution within shorter calculation time and
stable convergence characteristic than other stochastic
techniques [28]. Generally, PSO is known as a simple
concept, easy to perform, and computationally effective.
PSO has a flexible and well-balanced mechanism to
enhance the global and local exploration abilities [29, 30].
The high performance of PSO technique to solve the
non-linear,
non-differentiable,
and
high-dimensional
objectives has been confirmed in many literatures. In this
paper, PSO technique is chosen to solve the optimization
problem and optimum tune the parameters of controllers.
To verify the robustness of PSD damping controller, it has
been compared with PI and LL controllers. Furthermore,
dynamic performance of these controllers is analyzed and
appraised under three different conditions of disturbance in
Single-Machine Infinite-Bus (SMIB) power system. Finally,
the non-linear time-domain simulation results reveal that the
SSSC-based PSD damping controller provides robust
dynamic performance as compared with other controllers.
2. Description of the Implemented PSO Technique
PSO is a stochastic global optimization method, which has
been motivated by the behavior of organisms, such as fish
schooling and bird flocking [31]. PSO has the flexibility than
other heuristic algorithms to control the balance between
the global and local configuration of the search space. This
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unique feature of PSO vanquishes the premature
convergence problem and enhances the search capability.
Also unlike the traditional methods, the solution quality of
this technique does not depend on the initial population.
In the current research, the process of PSO technique can
be summarized as follows [32-34]:
1) Initial positions of pbest (personal best of agent i) and
gbest are (group best) varied. However, using the different
direction of pbest and gbest, all agents piecemeal receive
near-by the global optimum.
2) Adjustment of the agent position is perceived by the
position and velocity information. However, the method can
be used to the separate problem applying grids for XY
position and its velocity.
3) Didn’t have any incompatibilities in searching
procedures even if continuous and discrete state variables
are utilized with continuous axes and grids for XY positions
and velocities. Namely, the method can be applied to mixed
integer non-linear optimization problems with continuous
and district state variables easily and naturally.
4) The above statement is based on using only XY axis
(two dimensional spaces). Thus, this method can be easily
employed for n-dimensional problem.
The modified velocity and position of each particle can be
calculated using the current velocity and the distances from
pbestj,g to gbestg as presented in the following equations[35]
 (j t,g1 )  w   (j t,g)  c1  r1  ( pbest j , g  x (j t,g) )
(1)
(t )
 c 2  r2  ( gbest g  x j , g )

3. Single-Machine Infinite-Bus Power System
The SMIB power system has been simulated in
MATLAB/SIMULINK environment which is presented in
Fig1. Meanwhile, equivalent circuit of this system is shown
in Fig2. It is almost similar to the employed system in [4].

Fig. 1. Single line diagram of SMIB power system

Fig. 2. Equivalent circuit of SMIB power system

3.1.
Mathematical Model
The dynamics of the machine in classical model and
electrical output power (Pe) of the machine can be
represented by the following differential equations [36]:

d

dt
d
1

Pm  Pe  D 
dt
M
Pe  Pmax sin 
E V
Pmax 
X1  X2

(5)
(6)
(7)

(2)

x(jt,g1 )  x(jt,g)   (j t,g1 ) , j  1,2,...n and g  1,2,...,m

(8)

(3)

 gmin   (j t,g)   gmax

Where, δ and ω are the rotor angle and rotor speed,
respectively; M and D are the inertia constant and damping
coefficient, respectively.

Where n is the number of particles in the swarm; m is the
number of components for the vectors υj and xj, t is the
number of generation (iteration); υ(t)j,g is the gth component
of the velocity of particle j at iteration t.
c1 and c2 are two positive constants, called cognitive υ(t)j,g
and social parameters respectively. r1 and r2 are random
numbers, uniformly distributed in (0, 1). x (t)j,g is the gth
component of the position of particle j at iteration t; pbestj is
the pbest of particle j; gbest is the gbest of the group.
w is the inertia weight, which produces a balance between
global and local explorations requiring less iteration on
average to find a suitably optimal solution. It is determined
as follows:
(4)

w  wmax 

wmax  wmin
 iter
itermax

Where wmax is the initial weight, wmin is the final weight, iter
is the current iteration number, itermax is the maximum
iteration number. The jth particle in the swarm is
represented by a d-dimensional vector xj=[xj,1, xj,2,…, xj,d]
and its rate of velocity is symbolized by another ddimensional vector vj=[vj,1, vj,2,…, vj,d]. The best previous
position of the jth particle is represented by pbestj=[pbestj,1,
pbestj,2,…, pbestj,d]. The index of best particle among all of
the particles in the population is represented by the gbestg.
In PSO, each particle moves in the search space for
seeking the best global minimum (or maximum).
The velocity update in a PSO comprises of three parts;
namely cognitive, momentum and social parts. The
performance of PSO depends upon the balance among
these parts. The parameters c1 and c2 determine the
relative pull of pbest and gbest and the parameters r1 and r2
help in stochastically varying these pulls.

3.2.
Modelling of SSSC
The SSSC is characterized by a solid state synchronous
voltage source convertor (VS) that can provide inductive or
capacitive compensation independent of the line current. It
is considered that SSSC is placed on close to bus m in the
SMIB system. VS must be maintained in quadrature with the
line current due to the SSSC can exchange only reactive
power with the transmission line. The following equation
expresses the SSSC voltage [5], [37], [38]:

VS  VS e j   / 2 

(9)

The current of transmission line can be written as:
(10)

Also, the current angle can be extracted from (10):
(11)

cos   ReI 

(12)

cos  

ReI 2  ImI 2
E  sin 

E 2 V

2

 2 E  V cos 

Sending and receiving end active powers are expressed
by (13) and (14):



 ReV0 . I  

(13)

Psending  Re E  . I *

(14)

Preceiving

*

After calculating the (13) and (14), sending and
receiving end active powers are presented as follows:
(15)
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I  E  sin    j V  E  cos   /  X 1  X 2 

Psending  Pmax sin   

E V S
cos    
X1  X2
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(16)

Preceiving  Pmax sin   

VV S
cos  
X1  X2

There are no losses in the transmission line and also
active power injection by SSSC, thus:
(17)

Psending  Preceiving

Subsequently
(18)

(25)

Pe  Pmax sin  1  f  V S 



f    E  2  V

2

 2 E  V cos 





1
2

So that, f(δ) is positive when δ oscillates in between
zero and π. According to Equation (19), Pe can be
modulated by controlling the SSSC voltage.
3.3.
SSSC-Supplementary Damping Controllers
Due to occurrence of different disturbance in power
system, the risk of loss of synchronism is not avoidable.
SSSC can play an important role to mitigate the effects of
such disturbances in power system. The dynamic
performance of SSSC has been well approved, but from the
viewpoint of power system dynamic stability, When a SSSC
is applied in a power system a supplementary damping
controller can be designed to enhance damping of system
oscillations. In this paper, a novel PSD structure is
introduced for SSSC which is expressed by:
(21)

1


 Td * S  2
V S   K p  K sd * 


 Td * S  1 


t  t sim

t  0

J 
F 

  .t .dt

Np

 Ji
i 1

Where
(20)

(24)

E  cos      V cos  

Via combining (12) and (18) with (15) and (16), the
sending/receiving active power (Pe) can be written as:
(19)

Squared Error (ISE), and Integral of Time weighted
Squared Error (ITSE) [9, 17, 18, 39]. In this study, the total
fitness function is expressed by Equation (25) [1, 40]:

Where, tsim is the time range of the simulation and Np is
the total number of loading conditions. The time-domain
simulation of the non-linear system model is performed for
the simulation period. It is aimed to minimize this fitness
function in order to improve the system response in terms of
the settling time, overshoots and undershoot. The problem
constraints are the optimized parameter bounds. Therefore,
the design problem of SSSC-based damping controllers is
formulated as the following optimization problem:
(26)

Minimize F

Subject to:

K Pmin  K P  K Pmax

(27)

min
K SD
K Pmin
K Imin
K Pmin

T

min







max
K SD  K SD
K P  K Pmax
K I  K Imax
K P  K Pmax

T T

for PSD cot rolle
for PI cot roller
for LL cot roller

max



* 



The following equations depict the relationship between
PI and LL controllers with VS, which are presented by
Equations (22) and (23).





(22)

VS  K p  K i / S * 

(23)

1  TS 

VS   K p
* 
1  0.3S 


The simulation model for dynamic analysis of power
system with presence of SSSC is presented in Fig. 3.

Fig. 3. Simulation diagram of the SMIB power system with SSSC

3.4.
Optimum Tune the Parameters of Proposed
PSD Controller and Classical Controllers
In this paper, PSO technique is applied to solve the
optimization problem and to evaluate the robustness of
proposed PSD damping controller in order to damp the
power system oscillations. There are many different
methods to appraise the response performance of a control
system, namely: Integral of Time weighted Absolute value
of Error (ITAE), Integrated Absolute Error (IAE), Integral of

Fig.4. Flowchart of the optimization technique based on optimum
tune parameters of SSSC-based damping controllers
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PSO-technique is employed to solve the optimization
problem and optimal tuning of SSSC-based damping
controllers. The flowchart of the optimization based on
optimum tune parameters of these damping controllers is
described in Fig. 4 [40].
4. Simulation Results
In order to assess the dynamic performance of
proposed PSD damping controller and other damping
controllers, three different conditions of disturbance are
considered which are described in following states. In all
three conditions, system status is nominal loading condition
(P=0.7pu). The optimization of parameters of proposed PSD
damping controller and other damping controllers is
performed by evaluating the objective function as given in
Equation (25), which considers three different conditions of
disturbances. The optimal parameters of proposed PSD
damping controller and other damping controllers are
presented in Table 1.

4.2.
Impulse Disturbance in Mechanical Power
To evaluate the dynamic performance of proposed PSD
damping controller, an impulse signal is considered in
mechanical power input at t=1s. The magnitude and
duration impulse signal are 30pu and 10ms, respectively.
System response under this disturbance is displayed in Fig.
6. It is revealed that SSSC-based PSD damping controller
exhibit the best performance as compared with others.
4.3.
Change in Mechanical Power
For this case, a step change of 0.3 p.u. is occurred in
mechanical power input at t=1s, which is lasted for 5 s.
System response under this disturbance is shown in Fig. 7.
As discussed before, the power system stability is further
improved in the presence of SSSC-based PSD damping
controller.

Table. 1. Optimal parameter settings of the damping controllers
PSD controller
PI controller
LL controller
KP

KSD

KP

KI

KP

T

0.3026

0.0969

0.1637

0.0052

0.1846

0.1249

The following section results show the effectiveness and
robustness of the SSSC-based PSD damping controller to
enhance the dynamic stability of power system under wide
range of disturbance conditions in SMIB power system.
4.1.
Three Phase Short Circuit
A 3-phase fault occurs in the infinite bus at t=1s, then it
is cleared after 0.3s. As described above, PSO-technique is
used to optimum tune the parameters of controllers in order
to enhance power system stability and approve the dynamic
performance of SSSC-based PSD damping controller.
The system response under 3-phase short circuit is
exhibited in Fig. 5. This figure approve that the proposed
PSD controller is effective and robust than other controllers
to reduce the power system oscillations.

Fig. 5. Rotor speed response under 3-ph fault at infinite bus

Fig. 6. Rotor speed response under impulse disturbance in
mechanical power input

180

Figure 7: Rotor speed response under step change in mechanical
power input

5. Conclusion
In this paper, a novel robust Proportional plus Square
Derivative (PSD) structure is presented as a supplementary
controller for Static Synchronous Series Compensator
(SSSC) to vanquish the instability problem in power system.
To evaluate the robustness of proposed PSD damping
controller, it has been adequately compared with Lead-Lag
(LL) and Proportional-Integral (PI) controllers. Also, the
power system dynamic stability enhancement has been
evaluated under wide range of disturbance conditions in
Single-Machine Infinite-Bus (SMIB) power system. Particle
Swarm Optimization (PSO) technique due to have high
performance in solving the non-linear, non-differentiable
and high-dimensional objectives has been employed to
optimally tune the parameters of aforesaid controllers in
order to enhance dynamic stability of power system. The
results of simulation reveal that the SSSC-based PSD
damming controller dramatically improves the power system
dynamic stability as compared with others.
REFERENCES
[1] A. D. Falehi, M. Rostami, “A Robust Approach Based on
RCGA-Optimization Technique to Enhance Power System
Stability by Coordinated Design of PSS and AVR”, International
Review of Electrical Engineering, Vol. 6, No. 1, February 2011,
pp. 371-378.
[2] P. Kunder, “Power System Stability and Control”, New York:
McGraw, Hill, 2001.
[3] M.A. Abido, “Analysis and assessment of STATCOM-based
damping stabilizers for power system stability enhancement”,
Electric Power Systems Research, Vol. 73, No. 2, February
2005, pp. 177-185.
[4] P. Kundur, M. Klein, G.J. Rogers, M.S. Zywno, “Application of
power system stabilizers for enhancement of overall system
stability”, IEEE Transaction on Power System Vol. 4, No. 2,
1989, pp.614–626.
[5] N.G. Hingorani, L. Gyugyi, “Understanding FACTS: Concepts
and Technology of Flexible AC Transmission Systems”, IEEE
Press, New York, 2000.

PRZEGLĄD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 8/2012

[6] J.M. Ramirez, I. Castillo, PSS and FDS simultaneous tuning,
Electric Power Systems Research, Vol. 68, 2004, pp. 33-40.
[7] L. Cai, I. Erlich, Simultaneous coordinated tuning of PSS and
FACTS damping controllers in large power systems, IEEE
Transactions of Power Systems, Vol. 20, No. 1, February 2005,
pp. 294–300.
[8] Sidhartha Panda, “Multi-objective evolutionary algorithm for
SSSC-based controller design”, Electric Power Systems
Research, Vol. 79, No. 6, June 2009, pp. 937-944.
[9] S. Panda, S.C. Swain, P.K. Rautray, R.K. Malik, G. Panda.,
“Design and analysis of SSSC-based supplementary damping
controller” Simulation Modelling Practice and Theory, Vol. 18,
No. 9, 2010, pp. 1199–1213.
[10] M.S. Castro, H.M. Ayres, V.F. da Costa, C.L.P. da Silva,
Impacts of the SSSC control modes on small-signal transient
stability of a power system, Electric Power Systems Research,
Vol. 77, 2007, pp. 1–9.
[11] L. Gyugyi, Solid-state control of electric power in ac
transmission systems, Int. Symp. Elect. Energy Conv. in Power
Syst. Invited paper, 1989, No T-IP 4.
[12] R.Mihalic, I. Papic, Static synchronous series compensatoramean for dynamic power flow control in electric power
systems, Electric Power Systems Research, Vol. 45, No. 1,
April 1998, pp. 65–72.
[13] S.M. Sadeghzadeh,M. Ehsan, N.H. Said, R. Feuillet,
Improvement of transient stability limit in power system
transmission lines using fuzzy control of FACTS devices, IEEE
Transaction on Power System Vol. 13, 1998, pp. 917–922.
[14] H.F.Wang, Static synchronous series compensator to damp
power system oscillations, Electrical Power System Research,
Vol. 54, No.8 , 2000, pp. 113-119.
[15] K. Duangkamol, Y. Mitani, K. Tsuji, M. Hojo, Fault current
limiting and power system stabilization by static synchronous
series compensator, in: Proceedings of the International
Conference on Power System Technology Power Con 2000,
Vol. 3, 2000, pp. 1581–1586.
[16] P. Kumkratug, M.H. Haque, Improvement of stability region and
damping of a power system by using SSSC, in: Proceedings of
the IEEE General Meeting on Power Engineering Society 2003,
vol. 3, 2003, pp. 1710-1714.
[17] Ahsanul Alam and M.A. Abido, “Parameter Optimization of
Shunt FACTS Controllers for Power System Transient Stability
Improvement” IEEE Lausanne Power Tech, Lausanne, 1-5
July, 2007, pp. 2012-2017.
[18] Sidhartha Panda, “Differential evolutionary algorithm for TCSCbased controller design”, Simulation Modeling Practice and
Theory, Vol. 17, No. 10, November 2009, pp. 1618-1634.
[19] H.M. Ayres, I. Kopcak, M.S. Castro, F. Milano, V.F. da Costa,
“A didactic procedure for designing power oscillation dampers
of FACTS devices” Simulation Modeling Practice and Theory,
Vol. 18, 2010, pp. 896–909.
[20] S. Panda, N.P. Padhy and R.N. Patel, “Power system stability
improvement by PSO optimized SSSC-based damping
controller”, Electrical Power Component and System, Vol. 36,
No. 5, 2008, pp. 468-490.
[21] P. Shrikant Rao and I. Sen, “Robust pole placement stabilizer
design using linear matrix inequalities,” IEEE Trans. On Power
Systems, Vol. 15, No. 1, February 2000, pp. 3035-3046.
[22] M.A. Abido, “Pole placement technique for PSS and TCSCbased stabilizer design using simulated annealing,”
International Journal of Electrical Power Systems Research,
Vol. 22, No. 8, 2000, pp. 543–554.
[23] B.C. Pal, “Robust pole placement versus root-locus approach
in the context of damping interarea oscillations in power
systems,” IEE Proceedings on Generation, Transmission and
Distribution, Vol. 49, No. 6, 2002, pp. 739–745.

[24] L. Rouco, F.L. Pagola, “An eigenvalue sensitivity approach to
location and controller design of controllable series capacitor
for damping power system oscillations,” IEEE Transactions on
Power Systems, Vol. 12, No. 4, 1997, pp. 1660–1666.
[25] M. E. About-Ela, A. A. Sallam, J. D. McCalley and A. A. Fouad,
“Damping controller design for power system oscillations using
global signals’, IEEE Transactions on Power Systems, Vol. 11,
pp. 767-773, 1996.
[26] Sidhartha Panda, Narayana Prasad Padhy., “Optimal location
and controller design of STATCOM for power system stability
improvement using PSO” Journal of the Franklin Institute, Vol.
345, No. 2, 2008, pp. 166–181.
[27] R. L. Haupt and S. E. Haupt, “Practical Genetic Algorithms,”
New York: Wiley, 2004.
[28] A.M. El-Zonkoly, A.A. Khalil, N.M. Ahmied., “Optimal tunning of
lead-lag and fuzzy logic power system stabi-lizers using particle
swarm optimization” Expert Systems with Applications Vol. 36,
No. 2, 2009, pp. 2097–2106.
[29] H. Shayeghi, A. Safari, H.A. Shayanfar, “PSS and TCSC
damping controller coordinated design using PSO in mul-timachine power system” Energy Conversion and Man-agement,
Vol. 51, 2010, pp. 2930–2937.
[30] Luonan Chen, Hideya Tanaka, Kazuo Katou, Yoshiyuki
Nakamura., “Stability analysis for digital controls of power
systems,” Electric Power Systems Research, Vol. 55, No. 2,
2000, pp. 79–86.
[31] G.I. Rashed, H.I. Shaheen, X.Z. Duan, S.J. Cheng, “Evolutionary optimization techniques for optimal location and
parameter setting of TCSC under single line contingency”
Applied Mathematics and Computation, Vol. 205, 2008, pp.
133–147.
[32] Y.J. Liu, X.X. He, “Modeling identification of power plant
thermal process based on PSO algorithm,” in: American
Control Conference, 2005, pp. 4484–4489.
[33] J. Kennedy, R. Eberhart, Swarm Intelligence, 1st ed.,
Academic press, San Diego, CA, 2001.
[34] Ali Darvish Falehi, Mehrdad Rostami, Hassan Mehrjardi,
“Transient Stability Analysis of Power System by Coordinated
PSS-AVR Design Based on PSO Technique” International
Journal of Engineering, Vol. 3, No. 5, May 2011, pp. 478–484.
[35] Panda, N.P. Padhy, “Comparison of particle swarm
optimization and genetic algorithm for FACTS-based controller
design,” Applied Soft Computing, Vol. 8, No. 4, 2008, pp.
1418–1427.
[36] P.M. Anderson, A.A. Fouad, “Power System Control and
Stability”, Iowa State University Press, Iowa, USA, 1997.
[37] Y.H. Song, A.T. Johns, “Flexible AC Transmission Systems
(FACTS)”, IEE Power and Energy Series 30, London, UK,
1999.
[38] HAQUE M.H.: ‘”Damping improvement by FACTS devices: a
comparison between STATCOM and SSSC”, Electrical Power
Systems Research, 2006, Vol. 76, No. 10, pp. 865–872.
[39] C. T. Chen, “Analog and Digital Control Design: Transfer
Function, Space State, and Algebraic Methods,” Oxford
University Press, 1993.
[40] A. D. Falehi, M. Rostami, “Design and Analysis of a Novel
Dual-input PSS for damping of power system oscillations
Employing RCGA-Optimization Technique, International
Review of Electrical Engineering”, Vol. 6, No. 2, April 2011, pp.
938-945.

Authors: Ali Darvish Falehi, Department of Electrical Engineering,
Izeh Branch, Islamic Azad University, Izeh, IRAN, E-mail:
falehi87@gmail.com.

PRZEGLĄD ELEKTROTECHNICZNY (Electrical Review), ISSN 0033-2097, R. 88 NR 8/2012

181

