
 

 

  
Abstract—Power-system stability improvement by simultaneous 

tuning of power system stabilizer (PSS) and a Static Var 

Compensator (SVC) based damping controller is thoroughly 

investigated in this paper. Both local and remote signals with 

associated time delays are considered in the present study. The design 

problem of the proposed controller is formulated as an optimization 

problem, and differential evolution (DE) algorithm is employed to 

search for the optimal controller parameters. The performances of the 

proposed controllers are evaluated under different disturbances for 

both single-machine infinite bus power system and multi-machine 

power system. The performance of the proposed controllers with 

variations in the signal transmission delays has also been 

investigated. The proposed stabilizers are tested on a weakly 

connected power system subjected to different disturbances. 

Nonlinear simulation results are presented to show the effectiveness 

and robustness of the proposed control schemes over a wide range of 

loading conditions and disturbances. Further, the proposed design 

approach is found to be robust and improves stability effectively even 

under small disturbance conditions. 

 

Keywords—Differential Evolution Algorithm, Power System 

Stability, Power System Stabilizer, Static Var Compensator. 

I. INTRODUCTION 

OW frequency oscillations are observed when large power 

systems are interconnected by relatively weak tie lines. 

These oscillations may sustain and grow to cause system 

separation if no adequate damping is available [1]. Power 

System Stabilizers [PSS] are now routinely used in the 

industry to damp out power system oscillations [2]–[4]. 

However, during some operating conditions, this device may 

not produce adequate damping, and other effective alternatives 

are needed in addition to PSS. With the advent of Flexible AC 

Transmission System (FACTS) technology, shunt FACTS 

devices play an important role in controlling the reactive 

power flow in the power network and hence the system 

voltage fluctuations and stability [5]–[7]. Static Var 
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Compensator (SVC) is member of FACTS family that is 

connected in shunt with the system [8]–[9].Even though the 

primary purpose of SVC is to support bus voltage by injecting 

(or absorbing) reactive power; it is also capable of improving 

the power system stability [10]. When a SVC is present in a 

power system to support the bus voltage, a supplementary 

damping controller could be designed to modulate the SVC 

bus voltage in order to improve damping of system 

oscillations [11]–[12]. The interaction among PSS and SVC-

based controller may enhance or degrade the damping of 

certain modes of rotor’s oscillating. 

II. SYSTEM MODEL 

A. Single-Machine Infinite-Bus Power System with SVC 

To design and optimize the SVC-based damping controller, 

a single-machine infinite-bus system with SVC, shown in Fig. 

1, is considered at the first instance. The system comprises a 

synchronous generator connected to an infinite-bus through a 

step-up transformer and a SVC followed by a double circuit 

transmission line. The generator is equipped with hydraulic 

turbine & governor (HTG) and excitation system. The HTG 

represents a nonlinear hydraulic turbine model, a PID 

governor system, and a servomotor. The excitation system 

consists of a voltage regulator and DC exciter, without the 

exciter's saturation function [13]. In Fig. 1, T/F represents the 

transformer; VT and VB are the generator terminal and infinite-

bus voltages respectively. All the relevant parameters are 

given in Appendix. SVC is basically a shunt connected Static 

Var Generator whose output is adjusted to exchange 

capacitive or inductive current so as to maintain or control 

specific power system variables.  

B. Overview of SVC and Its Control System 

SVC is basically a shunt connected Static Var Generator 

whose output is adjusted to exchange capacitive or inductive 

current so as to maintain or control specific power system 

variables.
 
Fig. 2 shows the single-line diagram of a SVC and a 

simplified block diagram of its control system. The control 

system consists of [13]:  

• A measurement system measuring the positive-sequence 

voltage to be controlled. 

• A voltage regulator that uses the voltage error (difference 

between the measured voltage Vm and the reference 
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voltage (Vref) to determine the SVC susceptance needed to 

keep the system voltage constant.  

• A distribution unit that determines the Thyristor Switched 

Capacitors (TSC) and eventually Thyristor Switched 

Reactors (TSR) that must be switched in and out, and 

computes the firing angle α  of TCRs. 

A synchronizing system using a phase-locked loop (PLL) 

synchronized on the secondary voltages and a pulse generator 

that send appropriate pulses to the thyristors. 
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Fig. 1 Single-machine infinite-bus power system with SVC 
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Fig. 2 Single-line diagram of a Static Var Compensator and its 

control system 

III. THE PROPOSED APPROACH 

A . Structure of PSS and SVC-Based Damping Controller 

The commonly used lead–lag structure shown in Fig. 3 is 

chosen in this study as a SVC-based damping controller. Fig. 

4 shows the structure of the power system stabilizer used in 

the present study. The structure of SVC controller consists of a 

delay block, a gain block with gain KS, a signal washout block 

and two-stage phase compensation block. The time delay 

introduced due to delay block depends on the type of input 

signal. For local input signals only the sensor time constants is 

considered and for remote signals both sensor time constant 

and the signal transmission delays are included. The signal 

washout block serves as a high-pass filter, with the time 

constant TW, high enough to allow signals associated with 

oscillations in input signal to pass unchanged. From the 

viewpoint of the washout function, the value of is not critical 

and may be in the range of 1 to 20 seconds [1]. The phase 

compensation blocks (time constants T1S, T2S and T3S, T4S) 

provide the appropriate phase-lead characteristics to 

compensate for the phase lag between input and the output 

signals. In Fig. 3, Vref represents the reference voltage as 

desired by the steady operation of the system. The steady state 

loop acts quite slowly in practice and hence, in the present 

study Vref is assumed to be constant during the disturbance 

period. The desired value of reference voltage is obtained 

according to the change in the SVC reference ∆VSVC which is 

added to Vref to get the desired voltage reference VSVC_ref . The 

structure of power system stabilizer consists of a gain block 

with gain Kps, a signal Washout Block and two stage phase-

compensation blocks which function is same as SVC-based 

damping controller. The phase compensation blocks (time 

constants T1P, T2P and T3P, T4P) provide the appropriate phase-

lead characteristics to compensate for the phase lag between 

input and the output signals. 
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Fig. 3 Structure of proposed SVC-based damping controller 

 

 

Fig. 4 Structure of the power system stabilizer 

B . Problem Formulation  

In the lead-lag structured controllers, the washout time 

constants are usually pre-specified [1]. A washout time 

constant TW = TWP =10s is used in the present study. The 

controller gain KS and KPS and the time constants T1S, T2S, T3S, 

T4S and T1P, T2P, T3P and T4P are to be determined. It is worth 

mentioning that the proposed controllers are designed to 

minimize the power system oscillations after a large 

disturbance so as to improve the power system stability. 

In the present study, an integral time absolute error of the 

speed deviations is taken as the objective function J expressed 

as: 

 

∫
=

=

⋅⋅∆=
simtt

t

dttJ
0

|| ω                               (1) 

 

where, ∆ω is the speed deviation in and tsim is the time range 

of the simulation.  

For objective function calculation, the time-domain 

simulation of the power system model is carried out for the 
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simulation period. It is aimed to minimize this objective 

function in order to improve the system response in terms of 

the settling time and overshoots. The problem constraints are 

the SVC controller parameter bounds. Therefore, the design 

problem can be formulated as the following optimization 

problem. 

 

Minimize J                        (2) 

Subject to 

 

maxmin
SSS KKK ≤≤ ;    max

11
min

1 SSS TTT ≤≤ ; 

max
22

min
2 SSS TTT ≤≤ ; max

33
min

3 SSS TTT ≤≤ ;   

max
44

min
4 SSS TTT ≤≤ ;

maxmin
PSPSPS KKK ≤≤ ;       (3) 

max
11

min
1 PPP TTT ≤≤ ;

max
22

min
2 PPP TTT ≤≤ ;  

max
33

min
3 PPP TTT ≤≤ ;

max
44

min
4 PPP TTT ≤≤  

 

where minK  and maxK are the lower and upper bounds of the 

controllers (SVC and PSS) and  minT  and maxT are the lower 

and upper bounds of the time constants of the controllers. 

IV. OVERVIEW OF DIFFERENTIAL EVOLUTION 

Differential Evolution (DE) algorithm is a stochastic, 

population-based optimization algorithm recently introduced 

[14]. DE works with two populations; old generation and new 

generation of the same population. The size of the population 

is adjusted by the parameter NP. The population consists of 

real valued vectors with dimension D that equals the number 

of design parameters/control variables. The population is 

randomly initialized within the initial parameter bounds. The 

optimization process is conducted by means of three main 

operations: mutation, crossover and selection. In each 

generation, individuals of the current population become 

target vectors. For each target vector, the mutation operation 

produces a mutant vector, by adding the weighted difference 

between two randomly chosen vectors to a third vector. The 

crossover operation generates a new vector, called trial vector, 

by mixing the parameters of the mutant vector with those of 

the target vector. If the trial vector obtains a better fitness 

value than the target vector, then the trial vector replaces the 

target vector in the next generation. The evolutionary 

operators are described below [15]–[17]. 

A. Initialization 

For each parameter j with lower bound 
L
jX  and upper 

bound 
U
jX , initial parameter values are usually randomly 

selected uniformly in the interval [
L
jX ,

U
jX ]. 

 

)(. ,3,2,11, GrGrGrGi XXFXV −+=+

GrX ,3

GrX ,2

GrGr XX ,3,2 −

)(. ,3,2 GrGr XXF −

GrX ,1

Difference Vector

 

Fig. 5 Vector addition and subtraction in DE to generate a new 

candidate solution 

B. Mutation 

For a given parameter vector GiX , , three vectors ( GrX ,1

GrX ,2 GrX ,3 ) are randomly selected such that the indices i, 

r1, r2 and r3 are distinct. A donor vector 1, +GiV  is created by 

adding the weighted difference between the two vectors to the 

third vector as: 

 

).( ,3,2,11, GrGrGrGi XXFXV −+=+        (4)  

 

where F is a constant from (0, 2) 

C.  Crossover 

Three parents are selected for crossover and the child is a 

perturbation of one of them. The trial vector 1, +GiU  is 

developed from the elements of the target vector (Y) and the 

elements of the donor vector ( GiX , ).Elements of the donor 

vector enter the trial vector with probability CR as: 

 







≠>

=≤
=

+

+
+

randijGij

randijGij

Gij
IjorCRrandifX

IjorCRrandifV
U

,1,,

,1,,

1,,

   

(5) 

 

With ijrand , ~ U (0,1), Irand is a random integer from 

(1,2,….D) where D is the solution’s dimension i.e number of 

control variables. Irand ensures that  GiGi XV ,1, ≠+ . 

D. Selection 

The target vector GiX , is compared with the trial vector 

1, +GiV  and the one with the better fitness value is admitted to 

the next generation. The selection operation in DE can be 

represented by the following equation: 

 





 <

=
++

+
.

)()(

,

,1,1,
1,

otherwiseX

XfUfifU
X

Gi

GiGiGi
Gi              (6)             

 

where ],1[ PNi ∈ . 
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Fig. 5 shows the vector addition and subtraction necessary 

to generate a new candidate solution. The flow chart of 

proposed DE algorithm to optimally tune the controller 

parameters is shown in Fig. 6. 
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Yes
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Fig. 6 Flow chart of proposed DE optimization approach 

V. RESULTS AND DISCUSSIONS 

The behavior underlying the performance of a synchronous 

machine with the excitation system, mechanical control 

system, and installed FACTS controller etc., is represented by 

a set of non-linear differential equations. Thus the complete 

mathematical description of a power system becomes difficult 

to solve. To simplify the computational burden, linearized 

models are used which gives satisfactory results under small 

disturbance conditions. However, linear models cannot 

properly capture complex dynamics of the system, especially 

during major disturbances. This presents difficulties for tuning 

the FACTS controllers in that, the controllers tuned to provide 

desired performance at small disturbance condition do not 

guarantee acceptable performance in the event of major 

disturbances. The complete non-liner model of the power 

system with FACTS can be developed in 

MATLAB/SIMULINK using the inbuilt non-linear power 

system components or by developing the non-linear models of 

some power system components. The SimPowerSystems 

(SPS) toolbox is used for all simulations and SVC-based 

damping controller design [13]. SPS is a MATLAB-based 

modern design tool that allows scientists and engineers to 

rapidly and easily build models to simulate power systems 

using Simulink environment. In order to optimally tune the 

parameters of the SVC-based damping controller, as well as to 

assess its performance, the model of example power system 

shown in Fig. 2 is developed using SPS blockset. (Please refer 

to Appendix for relevant parameters). 

A .Application of DE 

The model of the system under study has been developed 

using SimPowerSystem Toolbox in MATLAB/SIMULINK 

environment. For objective function calculation; the developed 

model is simulated in a separate program (by .m file using 

initial population/controller parameters) considering a severe 

disturbance. Form the SIMULINK model the objective 

function value is evaluated and moved to workspace. The 

process is repeated for each individual in the population. For 

objective function calculation, a 3-phase short-circuit fault in 

one of the parallel transmission lines is considered. Using the 

objective function values, the population is modified by DE 

for the next generation. For the purpose of optimization of (3), 

DE is employed. Using each set of controllers’ parameters, the 

time-domain simulation is performed and the fitness value is 

determined. The objective function is evaluated for each 

individual by simulating the example power system, 

considering a severe disturbance. For objective function 

calculation, a 3-phase short-circuit fault in one of the parallel 

transmission lines is considered. 

Implementation of DE requires the determination of six 

fundamental issues: DE step size function, crossover 

probability, the number of population, initialization, 

termination and evaluation function. Generally DE step size 

(F) varies in the interval (0, 2). A good initial guess to F is in 

the interval (0.5, 1). Crossover probability (CR) constants are 

generally chosen from the interval (0.5, 1). If the parameter is 

co-related, then high value of CR work better, the reverse is 

true for no correlation [15]–[17]. In the present study, a 

population size of NP=20, generation number G=200, step size 

F=0.8 and crossover probability of CR =0.8 have been used. 

Optimization is terminated by the prespecified number of 

generations for DE. One more important factor that affects the 

optimal solution more or less is the range for unknowns. For 

the very first execution of the program, a wider solution space 

can be given and after getting the solution one can shorten the 

solution space nearer to the values obtained in the previous 

iteration. The flow chart of the DE algorithm employed in the 

present study is given in Fig. 6. Simulations were conducted 

on a Pentium 4, 3 GHz, 504 MB RAM computer, in the 

MATLAB 7.8.0 environment. The optimization was repeated 

20 times and the best final solution among the 20 runs is 

chosen as proposed controller parameters. The best final 

solutions obtained in the 20 runs are given in Table I for two 

cases i.e. Case-1: LP∆ -based SVC (Local signal) 

coordinated with ω∆ -based PSS and Case-2: ω∆ -based 

SVC (Remote signal with delay) coordinated with ω∆ -based 

PSS. 
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TABLE I 

CONTROLLER PARAMETERS FOR SMIB POWER SYSTEM 

Signal/parameters KS/KPS T1S/ T1P T2S /T2P T3S /T3P T4S / T4P 

ω∆ -based SVC 12.3941 1.2264 2.1326 2.1849 0.6765 

ω∆ -based PSS 10.4239 1.4129 1.6011 1.0432 0.5157 

LP∆ based SVC 47.1573 1.3579 0.1502 1.6454 2.2242 

ω∆ -based PSS 5.4825 1.0950 0.7013 2.4631 1.5223 

 

TABLE II 

LOADING CONDITIONS CONSIDERED 

Loading conditions Pe in per unit (pu) 0δ in Degree 

Nominal 0.85 51. 510 

Light 0.5 29.330 

Heavy 1 60.730 

B  Simulation Results 

During normal operating condition there is complete 

balance between input mechanical power and output electrical 

power and this is true for all operating points. During 

disturbance, the balance is disturbed and the difference power 

enters into/drawn from the rotor. Hence the rotor speed 

deviation and subsequently all other parameters (power, 

current, voltage etc.) change. As the input to the SVC 

controller is the speed deviation/electrical power, the SVC 

reference voltage is suitable modulated and the power 

balanced is maintained at the earliest time period irrespective 

of the operating point. So, with the change in operating point 

also the SVC controller parameters remain fixed. To assess the 

effectiveness and robustness of the proposed controller, three 

different operating conditions as given in Table II are 

considered. The following cases are considered: 

1. Case-A: Nominal Loading, 3-Phase Fault Cleared by 

Line Outage 

The behavior of the proposed controller is verified at 

nominal loading condition under severe disturbance condition. 

A 5 cycle, 3-phase fault is applied at the middle of one 

transmission line connecting bus 2 and bus 3, at t = 1.0 s. the 

fault is removed by opening the faulty line and the lines are 

reclosed after 5 cycles. The system response under this severe 

disturbance is shown in Figs. 7-9 where, the response without 

control (no control) is shown with dotted line with legend ‘No 

Control’; the response with proposed DE optimized LP∆ -

based SVC (local signal) and ω∆ -based PSS is shown with 

dashed line with legend ‘Local signal’ and the response with 

proposed DE optimized ω∆ -based SVC (Remote signal with 

delay) and ω∆ -based PSS is shown with solid line with 

legend ‘Remote signal’. It can be seen from Figs. 7-9 that 

without control the system is highly oscillatory under the 

above contingency. It is also clear from Figs. 7-9 that the 

response with ω∆ -based SVC (Remote signal with delay) 

coordinated with ω∆ -based PSS is better than LP∆ -based 

SVC (Local signal) coordinated with ω∆ -based PSS. The 

variation of reference voltage of SVC and the stabilizing 

signal of PSS for the above contingency is shown in Figs. 10-

11. It is clear from Figs. 10, 11 that the stabilizing signals of 

both the damping controllers are appropriately modified to 

damp the low frequency oscillations. 

 

 

Fig. 7 Speed deviation response for Case-A 

 

 

Fig. 8 Rotor angle response for Case-A 

 

 

Fig. 9 Tie-line power flow response for Case-A 

 

 

 Fig. 10 Variation of SVC reference voltage for Case-A 
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Fig. 11 Variation of stabilizing signal of PSS for Case-A 

2. Case-B: Light Loading, Self Clearing 3-Phase Fault  

To test the robustness of the controller to the operating 

condition and type of disturbance, the generator loading is 

changed to light loading condition as given in Table II. A 5 

cycle self clearing 3-phase fault is assumed near bus 3 at t=1.0 

s. The system Response under this contingency is shown in 

Figs. 12-13 which clearly depict the robustness of the 

proposed controllers for changes in operating condition and 

fault location. It can be seen From Figs. 12-13 that with the 

decrease in loading condition, the performance of LP∆ -based 

SVC (Local signal) coordinated with ω∆ -based PSS is 

almost similar to that of ω∆ -based SVC (Remote signal with 

delay) coordinated with ω∆ -based PSS controllers. 

 

 

Fig. 12 Speed deviation response for Case-B 

 

 

Fig. 13 Tie line power flow response for Case-B 

3. Case-C: Heavy Loading, Small Disturbance  

The robustness of the proposed controller is also verified at 

heavy loading condition under small disturbance by 

disconnecting the load near bus 1 at t =1.0 s for 100 ms with 

generator loading being changed to heavy loading condition. 

The system response under this contingency is shown in Figs. 

14-15. It is clear from Figs. 14-15 that the system is unstable 

without control. Stability is maintained and power system 

oscillations are quickly damped with both the proposed 

approach and the responses are almost similar with both 

signals.  
 

 

Fig. 14 Speed deviation response for Case-C 

 

 

Fig. 15 Tie line power flow response for Case-C 

4. Case-D: Effect Of Signal Transmission Delay 

To study the effect of variation in signal transmission delay 

on the performance of controller, the transmission delay is 

varied and the response is shown in Fig. 16. In this case, 

nominal loading condition and ω∆ -based SVC coordinated 

with ω∆ -based PSS controllers are considered. A 5 cycle, 

3-phase, self clearing fault is assumed at the middle of one 

transmission line for the analysis purpose. It is evident from 

Fig. 16 that the performances of the proposed controllers are 

hardly affected by the signal transmission delays. 
 

 

Fig. 16 Speed deviation response for Case-D 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

-0.1

-0.05

0

0.05

0.1

 Time (sec)

V
S
 (
p
u
)

 

 

No control

Local signal

Remote signal

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

-4

-3

-2

-1

0

1

2

3

4

5
x 10

-3

Time(sec)

∆
ω
 (
p
u
)

 

 

No signal

Local signal

Remote signal

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

200

400

600

800

1000

1200

1400

Time (sec)

P
L
 (
M
W
)

 

 

No signal

Local signal

Remote signal

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

-1

-0.5

0

0.5

1

1.5

x 10
-3

Time (sec)

∆
ω
 (
p
u
)

 

 

No control Local signal Remote signal

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
1700

1750

1800

1850

1900

1950

2000

2050

Time (sec)

P
L
 (
M
W
)

 

 

No signal Local signal Remote signal

0.5 1 1.5 2 2.5 3 3.5 4
-6

-4

-2

0

2

4

6
x 10

-3

Time (sec)

∆
 ω
 (
p
u
)

 

 

50 ms delay

70 ms delay

20 ms delay

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:6, No:9, 2012 

1086International Scholarly and Scientific Research & Innovation 6(9) 2012 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:6
, N

o:
9,

 2
01

2 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
73

02
.p

df



 

 

C . Extension to Multi-Machine Power System with SVC 

The proposed approach of coordinately designing PSS and 

SVC based damping controllers is further extended to a multi-

machine power system shown in Fig. 17. It is similar to the 

power system used in references [17]–[20]. The system 

consists of three generators divided in to two subsystems and 

are connected via an intertie. Following a disturbance, the two 

subsystems swing against each other resulting in instability. 

To improve the stability a SVC is assumed on the mid-point of 

the tie line. The relevant data for the system are given in 

Appendix. For remote input signal speed deviation of 

generator G1 and G2 is chosen as the control input of SVC 

based damping controller and for local signal real power flow 

at the nearest bus (bus5) is selected. 

 

G2

G3

G1

SVC

T2

T3

 BUS2

BUS1

BUS3

BUS4

BUS5

LOAD1

LOAD2

LOAD3

T1

L2

L3

L1

L1

L1

L1

LOAD4

 

 Fig. 17 Three machine power system with SVC 
 

The objective functions J is defined as: 

 

∫ ⋅⋅∑ ∆+∑ ∆=
=

=

simtt

t
IL dttJ

0

)||||( ωω              (7)  

 

where ∆ωI and ∆ωL are the speed deviations of inter-area and 

local modes of oscillations respectively and tsim is the time 

range of the simulation. The same approach as explained for 

SMIB case is followed to optimize the SVC-based damping 

controller parameters for three-machine case (i.e. for remote 

signal a delay of 50 ms has been considered and for local 

signal the delay is neglected). The best among the 20 runs for 

both the input signals are shown in Table III. 
 

TABLE III  

CONTROLLER PARAMETERS FOR MULTI MACHINE POWER SYSTEM 

Signal/ parameters KS/KPS T1S/ T1P T2S /T2P T3S /T3P T4S / T4P 

ω∆ -based SVC 63.8947 2.2330 0.1527 0.4403 1.0414 

ω∆ -based PSS-1 36.9899 2.2325 0.0656 0.3448 1.0608 

ω∆ -based PSS-2 38.2286 1.3116 1.8864 0.4253 1.6821 

ω∆ -based PSS-3 30.9330 0.0181 1.8508 2.4793 0.3213 

LP∆ based SVC 24.8960 0.9667 1.0792 2.0774 2.0618 

ω∆ -based PSS-1 22.6505 0.9520 2.3147 1.8524 1.8443 

ω∆ -based PSS-2 47.3459 1.2757 1.9799 1.1310 2.1231 

ω∆ -based PSS-3 19.5222 1.8462 2.4411 1.3087 1.0754 

 

A self clearing 3-phase fault is applied near bus 1 at t = 1 s. 

The fault is cleared after 5 cycles and the original system is 

restored after the fault clearance. Figs. 18-20 show the system 

response for both the control inputs.  It is clear from Figs. 18-

20 that inter-area modes of oscillations are highly oscillatory 

in the absence of control and the proposed controllers 

significantly improves the power system stability by damping 

these oscillations. However, remote signal seems to be a better 

choice compared to the local signal as the power system 

oscillations are quickly damped out with local signal.  

To show the robustness of the proposed approach, another 

disturbance is considered. The transmission line between bus 5 

and bus 1 is tripped at t=1.0 sec and reclosed after 5 cycles. 

The system response is shown in Figs. 21-22 from which it is 

clear that remote signal with delay is a better choice than local 

signal. For completeness, the load at bus 1 is disconnected for 

100 ms and the system response is shown in Figs. 23-24. It is 

clear from these Figs. that the proposed controllers are robust 

and damps power system oscillations even under small 

disturbance conditions. Further, the performance with remote 

speed deviation signal is better than that with local signal.  

 

 

Fig. 18 Inter-area mode of oscillation for self clearing three phase 

fault disturbance 

 

Fig. 19 Local mode of oscillation for self clearing three phase fault 

disturbance 

 

 

Fig. 20 Tie line power flow for self clearing three phase fault 

disturbance 
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Fig. 21 Inter-area mode of oscillation for line outage disturbance 

 

 

Fig. 22 Local mode of oscillation for line outage disturbance 

 

 

Fig. 23 Inter-area mode of oscillation for small disturbance 

 

 

Fig. 24 Local mode of oscillation for small disturbance 

VI. CONCLUSION 

In this study, power system stability improvement by 

coordinated design of power system stabilizer (PSS) and a 

static synchronous var compensator (SVC)-based damping 

controller is thoroughly investigated. Both local and remote 

signals are employed for the SVC based controller. Potential 

time delays due to sensor time constant and signal 

transmission delays for remote signals are considered in the 

design process. The design problem is formulated as an 

optimization problem, and differential evolution (DE) is 

employed to search for the optimal controller parameters. The 

performance of the proposed controller is evaluated under 

different disturbances for both single-machine infinite bus 

power system and multi-machine power system using both 

local and remote signals. It is also observed that from power 

system stability improvement point of view remote signal is a 

better choice than the local signal. Additionally, it is observed 

that the performance of the designed SVC-based controller 

with remote signal is almost not affected by the variations in 

the signal transmission delays. 

APPENDIX 

System data: All data are in pu unless specified otherwise. 

The variables are as defined in [13]. 

A. Single-Machine Infinite-Bus Power System 

1. Generator 

SB = 2100 MVA, H =3.7 s, VB = 13.8 kV, f = 60 Hz, RS = 

2.8544 e -3, Xd =1.305, Xd
’
= 0.296, Xd

’’
= 0.252, Xq = 0.474, Xq

’
 

= 0.243, Xq
’’
 = 0.18, Td = 1.01 s, Td

’
 = 0.053 s, Tqo

’’
= 0.1 s. 

2. Load at Bus2 

250MW 

3. Transformer 

2100 MVA, 13.8/500 kV, 60 Hz, R1 =R2= 0.002, L1 = 0, 

L2=0.12, D1/Yg connection, Rm = 500, Lm = 500 

4. Transmission Line 

3-Ph, 60 Hz, Length = 300 km each, R1 = 0.02546 Ω/ km, 

R0= 0.3864 Ω/ km, L1= 0.9337e-3 H/km, L0 = 4.1264e-3 H/ 

km, C1 = 12.74e-9 F/ km, C0 = 7.751e-9 F/ km 

5. Hydraulic Turbine and Governor 

Ka = 3.33, Ta = 0.07, Gmin = 0.01, Gmax = 0.97518, Vgmin = - 

0.1 pu/s, Vgmax = 0.1 pu/s, Rp = 0.05, Kp = 1.163, Ki = 0.105, Kd 

= 0, Td = 0.01 s,β =0, Tw = 2.67 s 

6. Excitation system 

TLP = 0.02 s, Ka =200, Ta = 0.001 s, Ke =1, Te =0, Tb = 0, 

Tc =0, Kf = 0.001, Tf = 0.1 s, Efmin = 0, Efmax = 7, Kp = 0 

7. Static Var Compensator 

500KV, ±100 MVAR, Droop=0.03 

B.  Multi-Machine Power System 

1. Generators 

1BS  = 4200 MVA, 2BS  = 
3BS  = 2100 MVA, BV  = 13.8 

kV, f = 60 Hz, 305.1=dX , 296.0' =dX , 252.0'' =dX , 

474.0=qX , 243.0' =qX , 18.0'' =qX , 01.1=dT s, 

053.0' =dT s, 1.0'' =qoT s, 
SR  = 2.8544 e -3, H =3.7 s, p = 

32  
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2. Transformers 

1BS = 4200 MVA, 2BS = 3BS = 2100 MVA, gYD1 , 1V

=13.8 kV, 2V = 500 kV, 1R  = 2R  = 0.002, 1L  = 0, 2L = 0.12,

mR  = 500, mL = 500 

3. Transmission Lines 

3-Ph, 1R  = 0.02546 Ω/ km, 0R = 0.3864 Ω/ km, 1L = 0.9337 

x 10 
-3

 H/km, 0L  = 4.1264 x 10 
-3

 H/ km, 1C  = 12.74 x 10 
-9

 

F/ km, 0C  = 7.751 x 10 
-9

 F/ km, 1L = 175 km, 2L = 50 km, 

3L =100 km 

4. Loads 

Load 1=7500 MW+1500 MVAR, Load 2=Load 3=25 MW, 

Load 4=250 M 
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