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Abstract: In the large interconnected power system,
maintaining the Small signal stability of the system is of more
concern, for the stable, secure and reliable operation. This paper
proposes an Improved Differential Evolution (DE) Algorithm
based Optimal Power system stabilizer (PSS) for damping the low
frequency oscillations. Enhancing the damping of system is
formulated as the optimization problem. DE/Best Mutation
Operator is adopted for producing the mutation vector, to augment
the convergence rate of DE algorithm. The effectiveness of the
proposed approach has been tested in Single Machine Infinite Bus
(SMIB) system under different operating conditions. The time
response evaluations has justified the superiority of the proposed
approach for damping the oscillations and thereby improving the
Small signal stability of the system.
Keywords: Power System Stabilizer (PSS), Improved
Differential Evolution Algorithm (Improved DE), Low frequency
Oscillations, Small signal stability.

I. INTRODUCTION

With the aggravation in demand for electric power, the
entire power system has been inter-connected into a vast
complex network for meeting the requirements. As the
complexity of the interconnected system, which has been
connected through weak tie line, has increased the chance for
the occurrence of electro-mechanical oscillations in the
system.
The low frequency oscillations will affect the synchronised
behaviour of the generator coupled to the system. It may lead
to electromechanical oscillations in between the generators.
These oscillations are of frequency range from 0.1Hz to 2H z.
The two main type of oscillations considered here, are local
mode of oscillations and inter area mode of oscillations. The
existence of these oscillations in the Power system, without
suppressing it within a fixed period, it may lead to system
separation and even blackouts [1-2].
PSS is one of the low cost and effective device installed in
the excitation system for damping low frequency oscillations.
As the dynamic characteristics of the nonlinear power system

in varying frequently, the conventional control techniques
used for PSS is not efficient, now a days.
Different optimization technique have been adopted for
tuning the parameters for PSS for enhancing stability.
Optimal tuning of robust PSS has been done using GA in [3].
Coordinated tuning of AVR-PSS using MOGA has been
performed in [4].A Hierarchical approach for LFO damping
has been applied for optimal tuning of WADC in [5]. Robust
design of coordinated multi-type damping controller using
DE has been applied in [6].
DE is one of the effective optimization algorithm,
proposed by Stron and Prince in the year of 1996 [7]. It has
been applied for parameter tuning problems. But the
convergence of DE is slow. Ref [8] has suggested an
Improved DE technique for congestion management. Ref [9]
suggest different mutation strategies for augmenting the
performance of DE algorithm. A DE/Best Mutation Operator
is developed for the fast convergence process.
In the proposed work, tuning of parameters of PSS is done
by Improved DE for damping the low frequency oscillations.
In Improved DE, mutation operation has a vital role in
enhancing the convergence rate of DE. In DE/Best mutation,
global best solution of all the individuals along with the
randomly selected individuals from the population Np has
been suggested for the mutation operation. The proposed
approach has enhance the convergence rate of DE as
compared with the traditional DE technique. For the
objective function formulation, the linearized system model
has been considered. The system with damping coefficient
higher than 0.2, is taken as the stable modes of the system.
The eigen values of damping coefficient with value less than
0.2, is considered as the dominant modes of oscillations and
shifting of these dominant modes to the left half of the splane with higher damping coefficient, will make the system
more stable with enhanced damping.
The organisation of the paper is as follows. In the Section
2, modelling of Power system for SMIB system has been
described. In section 3, the structure of CPSS has been
explained. In section 4, an optimization problem has been
formulated for damping the oscillation in power system.
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In section 5, details
regarding Improved DE has
been explained and how it is
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applied to the proposed problem has been defined. In section
7, results for evaluating the performance of proposed system
has been discussed. Finally in Section 8,

Fig. 1.SMIB equivalent system.
the major contributions of the proposed work has been
discussed.
II. POWER SYSTEM MODELLING AND STRUCTURE OF
POWER SYSTEM STABILIZER.

Fig. 2. Linearized structure of SMIB system with
Improved DE.

For investigating the effect of small perturbations within
the system and to analyse the small signal performance of a
synchronous machine connected to a large system, a single
machine to an infinite bus system is considered. This simple,
system configuration is highly useful for understanding the
behaviour of the system under small disturbance. Fig.1 shows
the SMIB system representation, includes a synchronous
machine connected to constant bus voltage, constant
frequency, system through an equivalent transmission line
representation, having impedance Ztran.
The linearized model for SMIB system along with
Improved DE PSS is shown in Fig. 2. The model includes the
generator with an exciter and the feedback has been provided
through an Improved DE PSS. As the mechanical power
deviation ΔTm becomes zero, the state space representation of
the system can be expressed as given below:
 • 
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From (3), the damping coefficient
and is can be represented as:
− sm j
 sm j =
 sm j +  sm j

x sm = A sm x sm

(2)

where xsm=[Δω, Δδ, ΔΨfd, Δvex1, Δvex2, Δvpss] is the state
vector for the closed loop system.
The diagonal elements of Asm is the eigen values obtained
from the system and it can be represented as:
 sm j =  sm j + j sm j
(3)
where

(4)

The main objective of the Improved DE algorithm is to
tune the parameters of PSS, in order to enhance the damping
of the system under small signal perturbations.
A. PSS with Lead Lag Compensator.
The conventional structure of power system stabilizer
consists of Gain unit, wash out filter, Lead lag compensator
and voltage limiter units. The speed deviation (Δω) of the
generator to which the PSS is installed, is the input to the PSS
and the Vpss is the output voltage, is the auxiliary stabilizing
signal given to the exciter along with the reference input. The
structure of PSS for the jth generator is represented as a
transfer function is given in (6):
K stab, j ( sTw, j ) (1 + sT1, j )
V pss j ( s) =
 j ( s )
(6)
1 + sTw, j
1 + sT2, j

III. PROBLEM FORMULATION-STABILITY
ENHANCEMENT
Damping enhancement of the system is formulated as the
optimization problem. The objective function is minimizing
the damping index for the dominant modes and it is stated as
follows:
Minimization JDI
n

J DI = ∑ (1 –  i )
i =1

 sm j

is the real part of the eigen value which
 sm j
determines the damping and
is the imaginary part of

can be calculated

Ddamp j
And the damping index
can be formulated as:
Ddamp j = 1 −  sm j
(5)

From (1), the generalised form of state space equation can
be represented as:
•

 sm j

Subjected to the constraints
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▪ Evaluating the population: The fitness of the
population f( Z jk 0 ) has been evaluated based on the
objective function.
▪ DE/Best Mutation Operation: In the proposed
method, mutant vector , V j ,k mg +1 has generated
with, Z bestG, j g global best solution of all the
g
g
individuals along with two Z j and Z j
r
,k
r1 ,k r and r 2 are
randomly selected vectors,, where
1
2
distant values. The mutant vector is formulated
follows:

min
max
K stab
, j ≤ K stab , j ≤ K stab , j

max
Twmin
, j ≤ T w, j ≤ T w, j
max
T1min
, j ≤ T1, j ≤ T1, j

(8)

max
T2min
, j ≤ T2, j ≤ T2, j

+1
V jmg
= Z bestG , j g + F ( Z g j
,k

IV. IMPROVED DIFFERENTIAL EVOLUTIONARY
ALGORITHM-PROPOSED APPROACH.

r1 , k

Differential evolutionary (DE) Algorithm is the simplest,
effective and robust population based optimization
techniques proposed by Stron and Prince in 1996 [7].One of
the main features of the DE is its self-adaptive strategy, to
make the population to converge to the global optima in a
faster manner. Hence DE is considered as one of the fastest
real coded meta heuristic algorithm in a continuous domain.
The DE algorithm operates based on two generation, current
and previous one. Each generation has a fixed no. of
population and size of the population is represented as Npop.
The dimension (D) of the real coded vectors of the
population, is equal to the control variables. The population
vectors are generated within the boundary of the control
variables. The initial set of population for DE has been
generated in a random manner. The three main operators in
the optimization process of DE algorithm involves mutation,
cross over and selection. From the current population, target
vector for the next generation is obtained. From the target
vector, formation of new mutant vector is performed by the
process of mutation. In the cross over operation, by
combining the target vector and mutant vector, a trial vector
has been generated. The fitness value of the trial vector has
compared with the fitness value of the target vector. The
vector with high fitness is nominated as the next target vector.
In DE algorithm, Mutation has the main role in converging
the parameters to the global optima in a faster manner. In the
present case, a new mutation strategy has been adopted for
enhancing the convergence rate of DE by defining a new
mutation operator as DE/Best Mutation operator. An
Improved DE using DE/Best Mutation operator has been
introduced in the proposed work for the fast convergence and
to achieve the global optima.
The step involved in Improved DE has described as
follows:
▪ Initialization population: An initial set of
population is randomly generated for all the variables,
within their boundary,
Z jk 
0

rand[ Z kmin , Z kmax ]

− Z rg

2 j ,k

)

(10)

▪ Cross Over: In cross over operation, the trial vector
U j ,k tg +1

Z j ,k

has been generated for the initial vector

0

and mutant vector

V j , k mg +1

based on the

probability of Cross Over Constant (CF)
 mgi +1 , if rand (0,1)  CF where i = I
i
rand
tgi +1 V jk
U j,k = 
0i
 Z jk ,if randi (0,1)  CF where i  I rand (11)


where Irand =(1,2…D). The range of CF is fixed
within [0,1].
▪ Selection: The trial vector fitness

(

f U j , k tg +1

) is

( 0)

compare with fitness of target vector, f Z jk

However vector with lower fitness is replaced by the
vector having higher fitness value and enters in to the next
population. It can be represented by the (12).
tg +1

, if f( U j ,k tg +1 )  f( Z jk g )
U
Z gj ,+k1 =  j ,k
(12)
Z jk g ,
otherwise



V. IMPLEMENTATION OF IMPROVED DE FOR
TUNING THE PARAMETERS OF PSS
For the implementation of Improved DE for tuning the
parameters of PSS, two main factors has be considered, is
given below:

(9)

▪ Representation of the variables
Mainly in PSS, four parameters has been tuned using
Improved DE. The parameters to be tuned are Kstab, Tw
,T1,T2. The parameters is represented as real numbers.
▪ Evaluate the Fitness Function

figures where

Z jk

0

is the initial population with
Z max
j=1…Npop,k=1…D,
and k
are the lower
and upper boundary of the kth decision variable. The
initial population has to justify all the constraints
provided for the optimization problem.
Z kmin

Retrieval Number: B10911292S219/2019©BEIESP
DOI: 10.35940/ijitee.B1091.1292S219

608

According to the ‘fitness’, the evaluation of the
individual can be calculated for the next generation
and it depends on objective function value.
The fitness function
can be calculated by
reciprocating
the
objective
function
Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

Improved DE Algorithm for Power System Stabilizer for Damping Low Frequency Oscillations
given in (7). Fitness function is given in (13)

Fitness Function =

k
J DI

The convergence curve for SMIB system under normal
condition is shown in Fig. 3.
(13)
0.7
0.65
0.6

The test system under consideration for evaluating the
performance of the proposed technique is Single machine
Infinite Bus system (SMIB). The performance evaluation is
done under normal operating condition and during the fault
condition. From the standard transfer function Heffron
Philips Model of SMIB, the state space representation of the
system is considered.
From the state matrix A, the damping coefficient can be
calculated and system behaviour can be observed from the
eigenvalues. Based on the observation, by tuning the
parameters of PSS based on Improved DE, the critical modes
present in the system can be suppressed.
The SMIB system is simulated using Matlab/Simulink and
the execution of Improved DE is performed by using Matlab
Coding Technique.
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VI. RESULTS AND DISCUSSIONS
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Fig 4. Response of rotor speed deviation of the SMIB
under normal condition.
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Table I-Optimal Improved DE PSS under normal
condition
Sl. No
Parameters
Values
Kstab
Tw
T1
T2

0

Fig. 3. Convergence curve for Improved DE PSS under
normal condition.

A. SMIB system under normal conditions
The model for SMIB system includes structure of
Synchronous machine, Excitation and PSS. Synchronous
machine structure consist of flux decay loop and torque angle
loop. The linearized model of SMIB system incorporating the
mechanical control loop and electrical control loop is shown
in Fig (1). The input to the PSS is the rotor speed deviation.
Improved DE algorithm is applied to tune the parameters of
PSS and the voltage response of the PSS is given as feedback
to exciter along with Vref.. Optimal tuned values of the
parameters of Improved DE PSS for the control parameters of
Improved DE has been listed below:
Max. Generation: 45
Population Size: 30
Scaling Factor (F):2
Cross-over Constant (CR): 0.8
Comparison of the proposed technique is done with DE
PSS, CPSS, PID-AVR PSS. And the time response
evaluation is depicted for rotor speed deviation and rotor
angle deviation. From the response analysis, it shows that the
oscillations in Improved DE PSS implemented system has
damped in a faster manner compared with the remaining
comparison techniques. The eigen values of the system to
which the Improved DE PSS is installed, better damping
coefficient and improved performance is damping the
frequency deviations in the system.
The optimal tuned parameters of Improved DE PSS under
normal condition is given in Table I
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Fig. 5. Response of rotor angle deviation of SMIB system
under normal condition
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B. SMIB system under
fault conditions
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For the second case, the SMIB system has subjected to a
fault condition, has been considered. The upgraded system
has been compared with the standard conventional technique.
The optimal parameters tuned for Improved DE for fault
condition is given in Table II. The convergence curve for the
Improved DE PSS has been shown in Fig 6. Fig 7 and Fig 8
show the rotor speed deviation and rotor angle deviation of
response curve of Improved DE PSS system has been
compared with Standard conventional technique. Under the
duration of fault, the system has been got severe disturbance
.In the presence of proposed technique, oscillations in the
system has been damped out in a faster manner. Improved DE
PSS rotor speed response has compiled a better stable system
within a short duration of less than 1.5 seconds. The rotor
angle deviation has been reduced to -1.5 (rad) for the
Improved DE PSS compared to other comparison techniques.
Table III shows the Time domain response characteristics for
the rotor angle deviations under fault condition.
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Fig 8. Response of rotor angle deviation of SMIB system
under fault

Table II-Optimal Improved DE PSS under fault
condition
Sl. No
Parameters
Values
1.

DE PSS
IDE PSS
CPSS
PID AVR PSS

6

Operating
Condition

Tuning
Method

SMIB system
under fault
condition

0.75
0.7

Settling
Time(sec)

Overshoot
(deg)

IDE PSS

1.653

5.231

DE PSS

2.125

5.412

CPSS

2.232

6.316

PID-AVR
PSS

2.321

6.527

0.65

VII. CONCLUSION
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Fig. 6. Convergence curve for IDE PSS under fault
condition.
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The paper has presented an Improved DE Algorithm for
tuning the parameters for PSS for damping the low frequency
oscillations. DE/Best Mutation Operation has played a vital
role in converging the DE optimization problem in a faster
manner. Damping index has been framed as an optimization
problem and the fitness of the objective is calculated. The
results shows that proposed approach has given a better
performance for time response characteristics. It is very
simple, fast and adoptable algorithm for wide arrange of
operation. The simulation response it is observed that the
proposed method has damped out the oscillations present in
the system in a better manner and enhanced the small signal
stability of the system is an effective way. Based on
simulation response, it can be implemented for real time
application.
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