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Design and Scrutiny of Maiden PSS for Alleviation of Power
System Oscillations Using RCGA and PSO Techniques
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Abstract — In this paper, a novel and robust Power System Stabilizer (PSS) is proposed as an effective
approach to improve stability in electric power systems. The dynamic performance of proposed PSS
has been thoroughly compared with Conventional PSS (CPSS). Both the Real Coded Genetic
Algorithm (RCGA) and Particle Swarm Optimization (PSO) techniques are applied to optimum tune
the parameter of both the proposed PSS and CPSS in order to damp-out power system oscillations.
Due to the high sufficiency of both the RCGA and PSO techniques to solve the very non-linear
objective, they have been employed for solution of the optimization problem. In order to verify the
dynamic performance of these devices, different conditions of disturbance are taken into account in
Single Machine Infinite Bus (SMIB) power system. Moreover, to ensure the robustness of proposed
PSS in damping the power system multi-mode oscillations, a Multi Machine (MM) power system
under various disturbances are considered as a test system. The results of nonlinear simulation strongly
suggest that the proposed PSS significantly enhances the power system dynamic stability in both of the
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SMIB and MM power system as compared to CPSS.
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1. Introduction

Dynamic stability of power system is one of the most
important and critical issues in electric power systems [1].
If sufficient damping is not available, while a disturbance
occurs in power system, the oscillations could be increased

and continued for minutes to cause loss of synchronism [2].

Thus, it is essential that the power systems equip with such
devices to damp the power system oscillations. Commonly,
a lead-lag structure of the controller has been applied to
damp the electromechanical oscillations which is known as
Power System Stabilizer (PSS) and is basically a classical
phase compensator [3, 4]. In essence, the PSS provides a
component of electrical torque in phase with speed
variations on the rotor [5]. Equipping the generator with
PSS, Alleviating the electromechanical oscillations of
power system has been increased via providing a
supplementary control signal to the excitation system [6-8].
Fundamentally, PSS injects a stabilizing signal to
Automatic Voltage Regulator (AVR) that modulates the
generator excitation and compensates the negative torque
of the AVR [9]. A maiden attempt has been made to attain a
new robust PSS in order to further enhance the damping of
oscillations in electric power systems. Generally, one of the
speed deviation and incremental changes in output power
of generator has been chosen as the input signal of
Stabilizers. In this study, speed deviation of generator is
determined as input signal of both the proposed PSS and
Conventional PSS (CPSS). A number of conventional
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techniques namely: pole placement method [10, 11],
eigenvalues sensitivities [12, 13] and residue compensation
[14] have been implemented so as to tuning the controllers’
parameters. Unfortunately, such conventional methods are
time consuming as their computation burden is so heavy,
and also have slow convergence. In addition, process is
sensitive to be trapped in local minima and the obtained
response may not be optimal [15].

The progressive methods develop a technique to search
for the optimum solutions via some sort of directed random
search processes [16]. 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. The high performance
of both the PSO and GA techniques to solve the non-linear
objectives has been approved in many literatures. In this
paper, RCGA optimization technique is chosen to solve the
optimization problem and optimum tune the parameters of
both the proposed PSS and CPSS in order to damp-out
oscillations. Power system dynamic stability enhancement
has been thoroughly evaluated by both these devices under
different positions of disturbance in the SMIB power
system. To verify the robust dynamic performance of
proposed PSS in damping of power system multi-mode
(local area and inter area) oscillations, a MM power system
under several various disturbance has been considered.

Ultimately, the non-linear simulation results of SMIB
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and MM power system unveil the effectiveness and
robustness of proposed PSS in order to enhance the power
system dynamic stability as compared to CPSS.

2. Description of the Implemented RCGA and
PSO Techniques

2.1 RCGA technique

Genetic Algorithm is a kind of the heuristic random
search method based on the mechanics of natural selection
and survival of the fittest in found in biological organisms.
Due to GAs are usually more flexible and robust than other
methods, they have been successfully used in power
system planning. GA maintains and controls a population
of solutions and enhances performance of fitness function
in their search for better solutions. Reproducing the
generation and keeping the best individuals for next
generation, the best gens will be obtained. The RCGA
optimization process can be represented as below:

2.1.1 Initialization

To commence the RCGA optimization process, initial
population shall be specified. An initial population can
randomly be generated or obtained from other methods
[17]. The length limitation of variables should determine
for optimization problem.

p:(phi_plo)pnorn1+plo (l)
Where p,, py; and p,,.,, are highest number in the variable

range, lowest number in the variable range and normalized
value of the variable, respectively.

2.1.2 Objective function

Each individual represents a possible solution to optimize
the fitness function. The fitness for each individual in the
population is evaluated by taking objective function. By
eliminating the worst individuals, a new population is
created, while the most highly fit members in a population
are selected to pass information to the next generation.

chromosome (variables)= [F,P,,... P, |
cost = f(chromosome) = f(P,,P,,....Py,...)

2
3)

Where, N, is total number of different variables.

2.1.3 Selection function

The selection function attempts to implement pressure
on the population like natural biological systems. The
selection function decides which of the individuals can
survive and transfer genetic characteristic to the next
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generation. The selection function specifies which
individuals are selected for crossover. Several methods
exist that parents are chosen according to efficiency of
their fitness. In this paper, roulette wheel selection method
is considered and is described in details in [18].

2.1.4 Genetic operator

There are two main operators in GA optimization
process which are basic search mechanism of the GA
techniques: crossover and mutation. They are used to
create new population based on acquirement the best
solution.

2.1.4.1 Crossover

Crossover is the nucleus of genetic operation, which
helps to gain the new regions in the search space.
Conceptually, pairs of individuals are selected randomly
from the population and fit of each pair is allowed to mate.
Thus, parameter where crossover occurs expressed as:

a = roundup{random* N var}

“

Each pair of mates creates a child bearing some mix of
the two parents.

(&)
(6)

parent 1= [pmlpm2~~~pma'"pvaar-]
parent 2 = [pdlpdzn-pda'“pdear]

Where, m and d subscripts discriminate between the
mom and the dad parent. Then the selected variables are
combined to new form variables that will appear in
children

O]
®

pnewl :pnm _ﬁ[pma _pda.]
pnew2 :pda +ﬁ[pma _pda]

Where, B is also a random value between 0 and 1. The
final step is combination of crossover with the rest
chromosome:

Offgpring_l = [pmlme"'pnewl"'pdear]
oﬁprlng_z = [pdlpd2"'pneWZ"'pvaar]

(€))
(10)

2.1.4.2 Mutation

The mutation process is used to avoid missing
significant information at a special situation in the
decisions. Mutation is usually considered as an auxiliary
operator to extend the search space and cause release from
a local optimum when used cautiously with the selection
and crossover systems. With added a normally distributed
random number to the variable, uniform mutation will be
obtained:
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Pa=Pa+ N, (0.1) (11)
Where, 6 = standard deviation of the normal distribution
N,(0,1) = standard normal distribution (mean = 0 and

variance = 1)

2.1.5 Stopping criterion

The stopping scale can be considered as: the maximum
number of generation, population convergence criteria,
lack of improvement in the best solution over a specified
number of generations or target value for the objective
function. With ending of generation the best individuals
will be obtained. Flowchart of the RCGA optimization
technique process is presented in Fig. 1.

2.2 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 [19]. PSO has the
flexibility than other heuristic algorithms to control the
balance between the global and local configuration of the
search space. This 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 [20, 21]:

1) Initial positions of pbest (personal best of agent 1) 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 pbest; , to gbest, are presented as follows [22]

D) = pll)

(t)
Vg ¢)

+c +n x(pbest; ,

(12)
+cy + 1y x(gbesty — (t) g)
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g’;’”:x(“+u(”“ J=12..ng=12...m  (13)
vg" < Uj(t; <vg® (14)

Where 7 is the number of particles in the swarm; m is the
number of components for the vectors v; and x;, t is the
number of generation (iteration); v(’) o 1s the gth component
of the velocity of particle ; at 1terat10n .

c; and ¢, are two positive constants, called cognitive

(’)j ¢ and social parameters respectively. 7, and r, are
random numbers, uniformly distributed in (0, 1). x @}, is
the gth component of the position of particle j at 1terat10n t
pbest; 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:

Wmax Wmin

iter, .

X iter

s)

Where w,,,, is the initial weight, w,,, is the final weight,
iter is the current iteration number, iter,,,, is the maximum
iteration number. The jth particle in the swarm is
represented by a d-dimensional vector x;=/X; ;, X;,..., X; 4/
and its rate of velocity is symbohzed by another d-
dimensional vector v;=/v;;, V;5,..., v;4/. The best previous
position of the jth partlcle is represented by pbest;=[pbest; ;,
pbest; ,, ..., pbest; 4] . The index of best particle among all of
the particles in the population is represented by the gbest,.
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 ¢; and ¢, determine the relative
pull of pbest and ghest and the parameters 7; and 7, help in
stochastically varying these pulls.

2.3 Conventional power system stabilizer model

Basically, CPSS consists of an amplification block, a
washout block, two lead-lag blocks, sensor time constant
and limiter block [9, 15]. The PSS input signal can be
either speed deviation of generator or incremental change
in electromagnetic power. The structure of the CPSS
controller is exhibited in Fig. 1. The time constants of T»p,
T,p are usually predefined. In this study, T,p = T4p = 0.3s is
taken into account. Also, the value of sensor time constant
is considered 15ms. The parameters of the power system
stabilizer which should determine by both the RCGA and
PSO techniques, including: Kp, Ty, T;p and Tsp.
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Fig. 1. Structure of the CPSS
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2.4 Proposed power system stabilizer model

The proposed PSS consists of an integral block, a
derivative block, a sensor time constants, a limiter blocks
and a compensator block. The value of sensor time
constant is considered 15ms. The proposed PSS provides
the proper phase and gain characteristic for injecting the
AVR input in order to damp the power system oscillations.
The amount of poles in compensator block must be lesser
than zeroes in the investigating the damping of low
frequency oscillations [2]. The structure of the proposed
PSS controller is given in Fig. 2. The parameters of the
power system stabilizer which should determine by both
the RCGA and PSO techniques, including: of K;, Ky, T,
and A.

Integral

S

A{S2+STC+A}

Sensor

AVS_min

derivative
Block

Fig. 2. Structure of the Proposed PSS

Compensator Block

3. Single / Multi Machine Power System

To prove the robust dynamic performance of proposed
PSS, both the single and multi-machine power system have
been considered for this study.

3.1 Single machine, Infinite bus power system

The SMIB power system has been simulated in
MATLAB/SIMULINK environment. Single line diagram
of this power system model is shown in Fig. 3. It is almost
similar to the power system used in [20, 24]. The generator
is equipped with Hydraulic Turbine and Governor (HTG).
To appraise the transient performance of the proposed PSS
and CPSS, they are exerted to the excitation system
separately and RCGA/PSO process carried out on their
parameters. All of the other relevant parameters are
provided in Appendix A.

3.2 Three-Machine, Two-Area power system

Single line diagram of three-machine, two-area power
system model is shown in Fig. 4. This system like the
SMIB power system has been simulated using MATLAB/
SIMULINK environment. It is almost similar to the power
system used in [18, 25, 26]. This system includes three
generators and each one equipped with Hydraulic Turbine
and Governor (HTG) and excitation. Also, the excitation
system furnished with both types of PSS which PSSs and
CPSSs individually are added to it. All of the other relevant
parameters are provided in Appendix B.

AP

APm(pw
f Fault
— P +—l
Turbine —2 l . o)
Infinitive Bus
Sendi B
Generator | Transformer cndingBus L1
& L1
A E, :XP —— -
Proposed -!-'_ ? P
PSS ; o Load
s E AEt H
f H s

~Jcpssle vy I pyiee

Fig. 3. Single-machine, infinite-bus power system
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Fig. 4. Single-line diagram of the three machine system
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3.3 Optimum tune the parameters of proposed PSS
and CPSS

In order to enhance the dynamic stability of power
system, RCGA and PSO techniques are implemented to
optimum tune the parameters of proposed PSS and CPSS,
as well as to achieve the optimization target. To appraise
the dynamic performance (fewer settling time, fewer
overshoot and fewer undershoot) of these devices despite
occurrence of different disturbance, the total fitness
function is specified with Eq. (18) [27]:

For SMIB power system
J= J.:O[ |Aw|.dt (16)
For MM power system
I=[ (o -l +|o-ol+]o-ald  (7)
NP
F=2J (18)
i=1

Where, Awis the speed deviation in per unit and t, is
the time range of the simulation and Np is the total number
of operating positions of disturbance which the
optimization is performed. o1, ®2 and ®3 are the rotor
speed of generators G1l, G2 and G3, respectively. The
oscillations between the generators G2 and G3 are local
mode of oscillations. And also the oscillations between the
generators G2 and G1 or between G1 and G3 are inter-area
mode of oscillations in presented power system. Generally,
the oscillation frequencies of inter-area and local-area
modes are 0.2-0.8 Hz and 0.8-1.5 Hz respectively [25]. The
time-domain simulation of the non-linear system model is
performed for the simulation period. It is aimed to
minimize the fitness function in order to improve the
system response in terms of the settling time, overshoots
and undershoot.

According to aforesaid explanations, both the RCGA
and PSO techniques are engaged to achieve the
optimization target. The flowchart of the optimization
based on optimum tune parameters of these devices is
described in Fig. 5.

4. Simulation Results

4.1 Single-Machine infinite bus power system

To appraise the effectiveness and robustness of proposed
PSS, three different conditions of disturbance have been

taken into account, which are illustrated in following states.

In all three conditions, system status is situated at nominal
loading condition ( P, =0.7"" and &, =422° ). By
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evaluating the objective function which is presented in Eq.
(18), optimization of proposed PSS and CPSS parameters
with considering three different conditions of disturbances
are carried out. Optimal parameters of proposed PSS and
CPSS are given in Table 1.
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T T
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Fig. 5. Flowchart of the proposed optimization technique
based optimum tune parameters of proposed PSS
and CPSS

Optimal parameters|

of proposed PSS

Table 1. Optimal parameter settings of both PSSs

Proposed PSS | CPSS
RCGA Technique
K; Kp T. A Kp Tip Tsp Twp
12.21 918.37 | 699.16 | 44.67 1.89 0.15 0.18 4.68
PSO Technique
K; Kp T. A Kp Tip Tsp Twp
12.46 | 906.43 | 691.47 | 43.73 1.93 0.17 0.23 4.93

Following sections results which are the resultant of
Table. 1 approve the robust dynamic performance of
proposed PSS as compared to CPSS.

4.1.1 Three phase short circuit

A 3-phase fault occurs in the sending bus at t = 0.1s that
is cleared at 0.3s. However, no change happens in
excitation voltage and mechanical power. Figs. 6 and 7
depict the root locus curves with and without presence of
proposed PSS. Likewise, the system responses under 3-
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phase short circuit are displayed in Figs. 8-10. These
figures prove that the proposed PSS is highly effective to
damp the power system oscillations as compared to CPSS.

Root Locus (without presence of proposed PSS)
L5 T T T

0.76 0.5 0.34 0.16
0.86 o
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Fig. 6. System root locus without presence of proposed

PSS
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Fig. 7. System root locus with presence of proposed PSS
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Fig. 10. Rotor speed for 3-ph fault at sending bus

4.1.2 Step change in input voltage of AVR

To verify the dynamic performance of proposed PSS and
its sufficiency, a step change of 0.2pu is considered in AE;
at t=0.1s (while there is no change in mechanical power
without any fault occurrence in power system) which lasts
to the end of the simulation time. The system response
which is shown in Fig. 11 demonstrates the robustness and
effectiveness of proposed PSS to damp system oscillations.
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5
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3 0.999F 1
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0.998 Y 1
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Fig. 11. Rotor speed for step 0.2pu change of in AE;

4.1.3 Step change in mechanical power

In this state, mechanical power is altered to 0.9pu at
t=0.1s, which lasts to the end of the simulation time. The
system response under this disturbance can be seen in Fig.
12. As expected, the proposed PSS significantly enhances
the dynamic stability of power system.
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Fig. 12. Rotor speed for step change of 0.1pu in AP,
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4.2 Three-Machine, Two-Area power system

In this section, three different conditions of disturbance
have been considered to demonstrate the robust dynamic
performance of proposed PSS. PSO and RCGA techniques
have been applied to optimally tune the parameters of these
devices in order to diminish the oscillations in power
system. By evaluating the objective function which is
presented in Eq. (18), optimization of proposed PSS and
CPSS parameters with considering three different
conditions of disturbances are carried out. These parameters
are presented in Table 2.

Table 2. Optimal parameter settings of both PSSs

Proposed PSS 1 | CPSS 1
RCGA Technique
K[,I KD,I Tc,I A,I KP,I TII’,I T3I’,l TWI’,I
29.86 | 970.32 | 755.31 | 750.15 | 7.75 | 0.38 | 0.20 | 3.18
Proposed PSS _2 CPSS 2
K2 Kp.» T.> A Kp> Tip2 Tsps Twes
59.70 | 47.99 | 890.82 | 521.93 | 29.70 | 0.22 | 0.17 | 2.74
Proposed PSS 3 CPSS 3
K[,} KD,] Tc,3 A,] KP,3 TII’,} T3I’,3 TWI’,}
6.87 | 235.57 | 27420 | 853.76 | 7.10 | 0.24 | 0.37 | 3.64
Proposed PSS 1 CPSS 1
PSO Technique
K Kpi T, A, Kp; Tips | Tspr | Twei
28.53 | 967.03 | 761.68 | 762.84 | 7.97 | 0.63 | 0.25 | 3.32
Proposed PSS 2 CPSS 2
K, Kp, T.> A, Kp> Tip2 | Tspz2 | Twez
61.26 | 48.09 | 883.70 | 521.93 | 2839 | 0.31 | 0.24 | 2.52
Proposed PSS 3 CPSS 3
Kis Kps T3 A Kp; Tips | Tspz | Twes
6.73 | 240.20 | 269.38 | 84693 | 7.37 | 029 | 0.42 | 3.89
0.04 T
—PSO/RCGA Optimized Proposed PSS
0.03- wmm PSO/RCGA Optimized CPSS -
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Fig. 13. Inter-area mode of oscillations
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Following section results like the SMIB system results
approve the robust dynamic performance of proposed PSS.

4.2.1 Three Phase Short Circuit

Dynamic performance of both the proposed PSS and
CPSS is appraised with considering a 3-phase fault at bus-1
at t=0.1s which is cleared after 0.29s. The system responses
are displayed in Figs. 13 and 14. According to the aforesaid
explanations and what is expected, the proposed PSS
remarkably damps both the enter-area and local-area
modes of oscillation in electric power system.

4.2.2 Impulse Change in Input Voltage of AVR

To assess the effectiveness and robustness of proposed
PSS, an impulse change of 20pu is considered in AE; of
unit 1 at t=0.1s which lasts to 0.06 sec later. The system
responses are shown in Figs. 15 and 16. As can be seen, the
power system multi mode oscillations have been strikingly
reduced by proposed PSS.

4.2.3 Impulse change in mechanical power

By injecting an impulse change of 10pu in mechanical
power of generator 3 at t=0.1s, the dynamic performance of
both the proposed PSS and CPSS have been evaluated and
compared. This disturbance is cleared after 0.03 sec. The
system responses under this disturbance are presented in
Fig. 17 and 18. As expected, the power system stability
with presence of proposed PSS have been significantly
enhanced as compared to CPSS.
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Fig. 16. Local mode of oscillation
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5. Conclusion

In this paper, a novel and robust PSS is proposed to
damp-out the oscillations in electric power system. This
device plays an important role to enhance the power
system damping effect by injecting a proper signal to the
excitation system of generator. It has been thoroughly
compared with CPSS to demonstrate the dynamic
performance of proposed PSS. An effective and efficient
approach based on RCGA and PSO techniques is
implemented to optimally tune the parameters of both these
devices in order to enhance the power system dynamic
stability. The effectiveness and robustness of the proposed
PSS have been perfectly and carefully appraised by taking
into account three different conditions of disturbance in
both the SMIB and MM power systems. The results of
nonlinear simulation reveal that the dynamic performance
of proposed PSS is much more efficient and robust than
CPSS in damping of the power system oscillations in both
the SMIB and MM power systems.

6. Appendix

A. Single-machine infinite-bus power system

Generator: Sg=2100MVA, H=3.7s, Vg=13.8kV, Rg=
2.8544¢-3, =60 Hz, X, =1.305p.u., X, =0.296p.u X =
0.252p.u., X4 =0.474p.u., X4 =0.243 p.u., X4 =0.18 p.u.,

T;=1.01s, T;=0.053s, T,,=0.1s.

Load at Bus-2: 250 MW.

Transformer: 2100 MVA, 13.8/500 kV, 60 Hz, R|=R, =
0.002 p.u., L= 0, L,= 0.12 p.u., D,/Y, connection, R,,=500
p-.u., L,=500 p.u.

Transmission line: 3-Ph, 60 Hz, Length=300 km each,
R, =0 .02546 Q/km, Ry = 0.3864 Q/km, L; = 0.9337¢-3
H/km, Ly=4.1264¢-3 H/km, C,=12.74¢-9 F/km, Cy=7.751e-
9 F/km.

Hydraulic Turbine and Governor: K,=3.33, T,= 0.07,
Gpyin=0.01, G;,=0.97518, V ypiy=-0.1p.u./s, Td=0.01s, =0
Ty=2.675 Vgna=0.1p.u./s, R,=0.05, K ;=1.163, K= 0.10

B. Multi-machine power system

Generators: Sg=4200 MVA, Sg,=S5;=2100 MVA, f= 60
Hz, Vg=13.8kV, X; = 1.305, X, = 0.296; X = 0.252
pu, X4 =0.474p.u., X5 =0.243, Xg=0.18p.u., T=1.01s
T);=0.053s; Tq”() =0.1 s, Rg =2.8544¢-3, H=3.7s, p=32

Transformers: Sg; = 4200 MVA, Sg, = Sg3 = 2100 MVA,
D1/Yg, V, = 13.8 kV, V, = 500 kV, R;=R,= 0.002 p.u.,
L,=0, L,=0.12 p.u., R,=500 p.u, L,=500p.u..

Transmission lines: 3-Ph, R;=0.02546 Q/km, R=
0.3864 Q/km, L,=0.9337 e-3 H/km, L,=4.1264 e-3 H/km,
C=12.74 e-9 F/km, C, = 7.751 e-9 F/km, L, = 350 km, L,
= 50 km, L; = 100 km. Loadl: 7500MW+ 1500 MVAR,
Load2 = Load3: 25 MW, Load4: 250 MW
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