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Abstract

In the power system, any change in the input or any disturbance causes oscillations in frequency,
voltage, and real and reactive power. The Power System Stabilizer (PSS) stands out as a renowned
and effective equipment for damping power system oscillations, extensively explored in studies
aimed at enhancing the dynamic stability of power systems. Challenges such as low-frequency
fluctuations and the intricate nature of power systems have spurred the application of intelligent
methods and optimization algorithms for addressing PSS-related issues. In this paper, a brief
review of the studies conducted in the field of meta-heuristic optimization algorithms for PSS
design is presented. Meta-heuristic methods are divided into three groups, and based on them,
more than 200 articles have been studied in the field of PSS parameter optimization. The balance
between exploration and exploitation is a common theme among all meta-heuristic methods.
Researchers and practitioners of meta-heuristic optimization methods belong to a wide range of
audiences in the fields of power systems optimization, who will benefit from this research.
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to various uncertainties in power system
performance [1,2], making them susceptible
to instability [3,4].

Also, system anomalies have a negative
impact on the stable operation of the power
system [5,6]. Today, the use of renewable
energies is increasing, and their use has a
significant impact on the stability of power
systems [7,8]. Disruption in the power
system causes oscillations in the frequency,
load angle, and voltage of the units; if the
power system is stable, these fluctuations
disappear within a few seconds, and the
system continues to work in new conditions
[9,10]. These oscillations in the power
system are called low-frequency oscillations
(LFO) [11,12], and they are usually in the
range of a fraction of a hertz (a few tenths of
a hertz) to several hertz and are divided into
two types: local (low-frequency oscillations
of a power plant unit) and inter-regional
(oscillations of the units of one region
compared to the units of another region)
[13,14]. The stability and integrity of power
systems are vulnerable to failures caused by
LFOs, emphasizing the importance of dam-
ping these fluctuations to enhance system
stability and reliability [15,16]. Nowadays,
due to the increasing consumption of
electrical energy and the increase in power
passing through the transmission lines, which
is associated with the development of the
transmission  system, maintaining the
dynamic stability of the power system is of
particular importance [17,18]. Dynamic
instability is caused by the disturbance of the
balance between the input mechanical power
and the output electrical power and the lack
of damping torque [19,20]. In dynamic
stability, the amplitude of the disturbance is

considered small, and the oscillations are
damped after the occurrence of the
disturbance [21,22]. Prolonged oscillation
damping can harm power system units,
emphasizing the importance of the speed of
oscillation damping. In addition to frequency
and voltage control loops, an additional
controller known as the power system sta-
bilizer (PSS) is employed to eliminate
transient state fluctuations. Ideally, the PSS
should not respond to system frequency
changes [23,24].

1.1. A Summary of Optimization
Algorithms

In  recent years, various optimization
techniques, including the crow search
algorithm [25], farmland fertility algorithm
[26], grey wolf optimization-sine cosine
algorithm [27] and genetic algorithms
[28,29], and intelligence techniques such as
fuzzy logic [30,31] and neural networks
[32,33] have been presented to obtain and
select optimal PSS parameters under
different working points. These new
techniques solve non-linear and non-
derivable optimization problems, which are
difficult to solve with the usual differentiable
optimization algorithms, with random and
intelligent ~ search  methods  [34,35].
Optimization  algorithms are  broadly
categorized into heuristic and meta-heuristic
groups [36,37]. Algorithms based on meta-
heuristics are divided into three groups:
evolutionary algorithms such as genetic
algorithm (GA) [38,39] and harmony search
optimization (HSO) [40,41], swarm-based
algorithms such as particle swarm
optimization (PSO) [42,43], Dacterial
foraging optimization (BFQO) [44], bat
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algorithm, cuckoo search optimization (CSO)
[45,46], firefly algorithm [47], ant colony
optimization (ACO) [48,49] and artificial bee
colony (ABC) [50,51], and trajectory-based
algorithms such as Tabu search (TS) [52] and
simulated annealing (SA) algorithm [53,54].

1.2. Stability and Damping of Oscillations

The power system is one of the most
important parts of power transmission [55].
The power system is continuously affected
by small or large disturbances [56,57]. Power
system stability is the ability of the system's
synchronous machines to remain in
synchronous mode against any disturbance.
Power system stability is divided into three
categories: steady-state stability, transient
stability, and dynamic stability [58,59].

1.3. Contribution and Paper Organization

There are several papers with results about
optimization algorithms from various aspects
of the application in the design of power
system stabilization to improve oscillation
damping.

The study of the application of several
meta-heuristic optimization algorithms in six
challenges of the power system is presented
in [60]. The challenges are optimization of
power flow in transmission and distribution
networks, optimization of reactive power
dispatching, optimization of economic and
emission combined dispatching, optimal
volt/var control of distribution power
systems, and optimization of the size and
placement of distributed generation sources.
The presented results show the ability of a
meta-heuristic optimization algorithm to
effectively solve power system problems.

This paper provides a brief review of
various meta-heuristic optimization
algorithms for tuning PSS parameters that
have been reported in the literature during
recent years. The significance and the novelty
of the research is as follows:

- The use of this paper review as a basis for

further research work on the design of

stabilizing parameters of the power system
in the industry.

- Review of meta-heuristic optimization

algorithms used for tuning of PSS for

improvement of power system stability.

- Brief review of meta-heuristic

optimization algorithms.

- Review of the available types for

application of different optimization

algorithms.

In this paper, a brief overview of meta-
heuristic optimization methods for designing
PSS parameters based on the studies is
presented.

The structure of this paper is organized as
follows. The methods of PSS design
optimization algorithms are categorized
based on the meta-heuristic technique and
presented in Section 2. The application of
some meta-heuristic algorithms based on
evolution, based on trajectory, and based on
bio for the design of PSS parameters are
described in Sections 3, 4, and 5,
respectively. In power system stability
studies, coordinated control  between
controllers PSS and FACTS is an important
problem, for this reason, the use of meta-
heuristic methods in coordination between
these two controllers is mentioned in Section
6. To overcome the disadvantages of the
optimization method, a combination of
several methods is used, which is mentioned
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in Section 7. Finally, Section 8 provides the
conclusion of this paper.

2. POWER OSCILLATIONS DAMPING

Currently, an additional controller is
necessary to enhance stability in electrical
power systems, particularly during system
disturbances [61,62]. Usually, there are two
types of power oscillation damping (POD)
methods [63,64], which include the power
system stabilizer (in the generator unit)
[65,66] and flexible AC transmission systems
(FACTS) controllers (in the transmission
system) [67,68]. PSS is a control device for
damping low-frequency oscillations [69,70].
The parameters of the power system
stabilizer are determined based on the
linearized model of the power system at the
nominal working point of the system and are
used in a wide range. PSS parameters are
optimized for damping small disturbance
power fluctuations, with the potential to
enhance system damping even under large
disturbance conditions [71,72].

2.1. Power System Stabilizer Structure

Fig. 1 shows the structure of a conventional
PSS (CPSS) with a compensator, which
includes a phase compensation block, a twist
filter, a limiting block, a gain block, and a
washout block that removes the effect of the
steady state signal, which is the speed
deviation input signal [73,74]. The output
signal is regarded as voltage change (Us).
The stabilizer is designed to have a zero
output in the steady state. Due to the block
that removes the steady state effect, PSS only
responds to speed changes [75,76]. In lengthy
axles, it is necessary to measure the speed

deviation at a number of points on the axis
and use this information to calculate the
average value of the speed deviation [77,78].
The phase shift of the input signal and signals
created by the high-pass filter and low-pass
filter must be considered in the phase
compensation design [79,80]. The phase
compensation blocks with their time
constants  create  suitable  pre-phase
characteristics for optimal post-phase
compensation of input and output signals
[81,82].

2.2. Types of Flexible AC Transmission
Systems

FACTS controllers are systems based on
power electronics and other static equipment
that provide power current and voltage
control [83,84]. These controllers are used in
the power system to improve stability
[85,86].

In terms of connection type, FACTS
controllers are divided into four types [87]
[88]: a) Series compensators such as
thyristor-controlled series capacitors (TCSC)
[89] and synchronous static  series
compensators (SSSC) [90,91], b) Shunt
controllers such as static VAR compensators
(SVC) [92,93] and static synchronous
compensators (STATCOM) [94], c) Series-
series controllers such as interline power-
flow controller (IPFC) [95,96] and thyristor-
controlled phase angle regulators (TCPAR)
[97,98] and d) Series-shunt controllers such
as unified power flow controllers (UPFC)
[99,100].

3. OPTIMIZATION ALGORITHMS
BASED ON META-HEURISTIC
METHODS
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Many engineering optimization problems in
the real world are very complex in nature, and
solving them using optimization algorithms
based on numerical, linear, and nonlinear
programming methods has been very
difficult, and in most cases impossible
[101,102]. The field of power system
programming requires very complex
computer programs, and the design is done in
such a way that the programs can be run
multiple times for corrective changes
[103,104]. Until now, various types of
optimization techniques have been used to
find optimal or near-optimal solutions to
determine the parameters and placement of
PSS in the power system [105,106].

In the following sections, some of these
methods and studies conducted using the
aforementioned methods are described.
Optimization  algorithms are  broadly
classified into two groups: heuristic and
meta-heuristic [107]. Meta-heuristic
optimization methods are divided into two
groups based on meta-heuristic origins:
inspired by nature, such as genetic
algorithms, ant  colony  optimization
algorithms, simulated annealing, and particle
swarm optimization, and inspired by non-
nature, such as Tabu search [108].

power system stabilizer

filter

Aa(s)

4. META-HEURISTIC ALGORITHMS
BASED ON EVOLUTIONARY

The main advantages of evolutionary
algorithms are resistance to dynamic
changes, wide application, ability to combine
with other methods, and less difficulty for
automatic problem-solving routines [109].

4.1. Harmony Search Optimization (HSO)

The harmony search algorithm is from a
series of meta-heuristic algorithms based on
nature, and it is conceptualized using the
musical process of searching for the perfect
state of harmony [110,111]. This algorithm is
one of the best optimization methods for
single-objective problems, and it uses
random search instead of gradient search to
provide better solutions for problems
[112,113].

As shown in the flowchart of the harmony
search algorithm according to Fig. 2, this
algorithm includes 5 basic steps. This is how
new harmonies are generated, sorted by the
objective function values, and will be
generated [114].

This method has been used in various
studies such as robust and effective

regulation of FACTS-PODs of
______________ 1
limiter I
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Fig. 1. Structure of conventional power system stabilizer
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interconnected systems [115], determining
the optimal location and setting parameters of
static synchronous compensator
(STATCOM) [116], load frequency control
in power systems [117], and optimization of
controller ~ parameters in  distributed
production systems [118].

A harmony search algorithm for multi-
machine PSS tuning is presented in order to
eliminate local and inter-regional mode
oscillations to enhance small-signal stability
in  [119], where the multi-objective
eigenvalue-based  optimization  problem
(max. damping coefficient and damping
ratio) are formulated to design PSS
parameters. The results of dynamic
simulation and eigenvalue analysis in a 10-
machine, 39-bus New England test system
show that for severe disturbances, in order to
reduce LFO, the design with the HS method
is superior to the design with the PSO
method. The speed deviation of one of the
power system generators is shown in Fig. 3.

An HSA-based method for the robust and
optimal design of a PSS-connected PID
controller for LFO damping of a one-
machine infinite bass power system is
presented in [120], where the optimization
problem is the exact selection of PID
controller parameters.

4.2. Genetic Algorithm (GA)

Genetic algorithms, a special type of
evolutionary algorithm, employ techniques
from evolutionary biology to find optimal
formulas for prediction or pattern matching
[121,122]. Genetic algorithms are usually a
suitable option for prediction techniques
based on regression [123,124]. Modeling is a
programming technique that uses genetic

evolution as a problem-solving model
[125,126]. The range of applications of the
genetic algorithm is very wide for problem-
solving [127,128]. The computational
flowchart of the GA optimization method is
shown in Fig. 4. A fuzzy power system
stabilizer design (FPSS) using an adaptive
evolutionary algorithm consisting of a
genetic algorithm for global search capability
and an evolution strategy for local search is
proposed in [129], which is used to optimize
membership functions and scaling factors of
FPSS. The simulation results show the
superiority of FPSS control performance over
conventional power system stabilizer (CPSS)
for three-phase faults under heavy loads

In [130], a method based on an improved
genetic algorithm is proposed for the optimal
placement of PSS and their simultaneous
adjustment in a multi-machine system. In this
method, the minimum number of PSS is used,
and their parameters are simultaneously
adjusted to move the poles to the left side of
the hypothetical axis. Then, by maximizing
the damping ratio of mechanical modes, the
best place to install PSSs is determined.

A GA-based optimization approach is
presented [131], improving GA optimization
performance in terms of solution quality and
convergence rate. The method is applied to
PSS optimal design in a 16-machine, 68-bus
system, showcasing its impact on damping
electromechanical oscillations and enhancing
the dynamic stability of the system.

In [132], a robust selection of PSS
parameters is regarded as an optimization
problem in a multi-machine power system,
which is solved by the genetic algorithm
with a multi-objective function based on
eigenvalue. The PSSs are set in such a way
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that the damped and undamped
electromechanical states of all power plants
are transferred simultaneously to a
designated region in the s-plane.

The genetic algorithm will add an
intelligent dimension to the stabilizer during
the design of the fuzzy logic power system
stabilizer. This will greatly cut down on the
time needed for calculations during the
design process [133]. In [134], genetic
algorithm has been used in the design of
fuzzy logic power systems, and stabilizers in
multi-machine power systems, so that genetic
algorithm has been used to set the centers of
membership functions and parameters of
fuzzy logic controllers.

Start \}ﬂ
Fandom Determining the
generate of the [« parameters for
initial population genetic algorithm
— Perform fitness
Investigating the evaluation
stopping criterion of
the genetic algorithm T
_ Perform mutation
Find the _ﬁ'_mess u_:nf operation
each individual in
the corrent
population T
¥ Perform crossover
operation
Satizfy end
criterion? T
Mo
¥ esl Selection parents for
—» reproduction based
on their guality

Fig. 4. Flowchart of the genetic algorithm.

5. META-HEURISTIC ALGORITHMS
BASED ON TRAJECTORY

5.1. Simulated Annealing Algorithm

The simulated annealing (SA) algorithm,
inspired by metallurgical smelting, involves
controlled heating and cooling to enhance
crystal size and reduce material deformation.
In SA, heat liberates atoms from their initial
state, placing them in higher energy levels,
and gradual cooling allows the atoms to
achieve lower internal energy than the initial
state [135]. Each step of the SA algorithm
replaces the current solution with a near
stochastic solution, which depends on the
probability of dependence between the values
of the corresponding function and the
temperature parameter [136]. Also, the global
parameter of temperature decreases in a
gradient way [137,138]. The simulated
annealing method is used only when the
search space is discrete. This algorithm is a
derivative-free optimization method that
does not require sensitivity analysis to
evaluate the objective function, which is a
good reason for designing the power system
stabilizer based on it. The SA algorithm is an
unconstrained algorithm that is used for hard
designs. According to the flowchart of the SA
algorithm shown in Fig. 5, in this algorithm,
it first starts from an initial solution and then
moves to neighboring solutions in an
iteration loop.

In [139], a robust design of multi-
machine PSSs using the SA optimization
technique is proposed in which SA is used to
search for optimal parameter settings of a
conventional fixed-structure lead-lag PSS.
The robustness of the method compared to
the initial parameter settings is one of its
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advantages. It should be noted that the
integration of SA as a derivative-free
optimization technique in PSS design
significantly reduces the computational
burden.

5.2. Tabu Search (TS)

Local search methods often encounter
challenges in escaping non-optimal regions.
Another meta-heuristic local search method
is Tabu search (TS), which is used for
mathematical optimization. A key element of
the adaptive memory framework of Tabu
search is balancing search intensification and
variation. Comparing the Tabu search and the
genetic algorithm, it can be said that the Tabu
search has been a pioneer in the systematic
exploration of memory functions in search
processes, while genetic algorithms have

(" stam )
i
solution

‘

Generate a trial solution in the
neighborhood of present solution

'

Calculate the difference between the objective function
of the current response and the neighboring response

v

Acceptnew |V

ae solution?

Checking and
updating stored values

Setting parameter
| Checking the stopping criteria | no

and being satisfied with it?

l yes

Stop

Fig. 5. Flowchart of the simulated annealing
algorithm.

been pioneers in implementing methods that
exploit the idea of combining solutions [140].
This meta-heuristic method is used to find
optimal and near-optimal solutions for a wide
variety of classical and practical problems
[141,142].

A TS-based PSS is presented in [143],
where the proposed method uses the TS
algorithm to search for optimal settings of
conventional lead-lag parameters in PSS. The
results show that using the TS algorithm in
PSS design significantly reduces the time
spent in the design process, and also the TS
algorithm leads to the optimal solution
without considering the initial guess.

The design of robust PSS in a multi-
machine power system as a decentralized
controller and a multi-output multi-input
system is proposed using the TS algorithm in
[144], where a common lead-lag PSS
structure is widely used. Also, the robust
stability index is considered the objective
function to obtain a better stability margin.

6. META-HEURISTIC ALGORITHMS
BASED ON BIO

6.1. Particle Swarm Optimization (PSO)

Particle swarm optimization is a global
optimization method. PSO is a collective
search algorithm modeled on the social
behavior of flocks of birds [145,146].

Within the PSO framework, particles
traverse the search space, continuously
adjusting their positions based on the best
locations they have individually encountered
and those within their entire neighborhood
[147,148]. The overarching steps of the PSO
method are elucidated in Fig. 6 [149,150].
PSO algorithm has been used in solving
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various engineering problems [151,152]. The
PSO method for the design of PSS
parameters has been proposed in various
studies and each of them tries to improve the
design parameters [153]. The flexibility to
achieve a compromise between conflicting
design objectives, overshoot, and control
limitation is one of the advantages of using
this algorithm in PSS design [154,155].

In [156], using the PSO algorithm with
two steps to simultaneously adjust the
parameters of the automatic voltage regulator
(AVR) and PSS to control voltage
fluctuations and damping in a synchronous
generator is investigated, in which an
objective function based on the time response
of the system to the change in the reference
voltage is used to analyze the performance of
the controllers.

{ Start
Specify the . | Generate initial
parameters - population
| A random bunch of particles }<—|
¥
Moving the
Evaluate the ﬁtue:as- valoe of particle
each particle T
¥ :
Update particle
Simulation 1_11 the time position and
domain velocity
Checking the algorithm no Find the fitness of
completion condition —m each particle in the
(Maximum epochs or current population
optimum?)
yesy

Fig. 6. Flowchart of the PSO algorithm.

Additionally, the modified particle
swarm optimization algorithm is used to
adjust the parameters of the four-band PSS in
[157]. Employing a two-step optimization
process, this study takes into account the
varied influence levels of each block
concerning the frequency characteristic.

In [158], the improvement of the transient
stability of the two-area four-machine system
using a single-band, single-input PSS is
investigated, and PSS parameters are
optimized using PSO to increase stability and
reduce oscillations. The simulation results
show that the transient stability is
significantly improved by optimizing the
parameters of PSS, and the oscillations are
reduced. Fig. 7 shows the speed changes
when only PSS is present in the single-
machine power system. Stabilizer design has
been done using two methods: dolphin
echolocation optimization (DEO) and PSO
algorithm. Notably, the DEO technique
demonstrates a faster settling time than the
PSO technique [159].

6.2. Bat Algorithm

The Bat Algorithm (BA) represents a meta-
heuristic approach inspired by the social life
of bats, boasting several advantages. This
algorithm has many advantages, and one of
its key advantages is that it can achieve very
fast convergence in the early stages by
switching from exploration to exploitation. It
is therefore an efficient algorithm for
applications that require a fast solution.

The design of a CPSS using the bat
algorithm to optimize the gain and pole-zero
parameters of an objective function based on
the eigenvalue shift is presented in [160].
Also, eigenvalues for single-machine power
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systems with conventional power system
stabilizer for two optimized methods BA and
PSO are shown in Figs. 8 and 9, respectively.

6.3. Ant Colony Optimization (ACO)

The ant colony algorithm is inspired by
studies and observations on ant colonies
[161]. In this method, artificial ants by
moving on the graph of the problem and by
leaving marks on the graph, make the next
artificial ants able to provide better solutions
to the problem. In this method, it is possible
to find the best path in a diagram by
calculating numerical problems based on the
science of probabilities [162,163]. The
general process of the algorithm is shown in
Fig. 10 [164].

ACO is used in solving various problems,
which can be mentioned to improve the
stability of multi-machine power systems.
Using the ACO method is based on static
synchronous compensators [165], optimal
design of radial distribution networks in
which the feeding path is known [166], the
design of microgrids as an optimization
problem to minimize the total costs of the

microgrid development plan [167] and the
study of coordination between SSSC and PSS
in a four-machine power system after the
occurrence of a three-phase short circuit
[168].

A multi-objective design of a multi-
machine power system PSS utilizing the
ACO is presented in [169], so that the fine-
tuning of PSS parameters is considered as an
optimization problem and solved using the
ACO method. Simulation results show that
PSS design using the ACO method reduces
settling time and maximum overshoot more
than other techniques such as genetic local
search and PSO.

The changes in generator speed in the
New England test system in terms of per unit
with respect to time for three types of PSS
design are shown in Figs. 11, 12, and 13
where PSS parameters utilizing the ACO,
BA, and GA, respectively, are designed. As
can be seen, among the above three
techniques, the bat algorithm has provided
better results than the other two approaches
and achieved the minimum required damping
ratio by reducing the number of iterations
[170].

0.04
{\\ dolphin echolocation optimization
G' - % II|I - e
1 -
.+ particls swanm optimization
002

time (=)

Fig. 7. Response speed changes with independent controller (PSS only).
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Fig. 9. Power system eigenvalues with PSO optimization method.

6.4. Artificial Bee Colony

The Atrtificial Bee Colony (ABC) emulates
the optimization strategy observed in honey
bee colonies [171,172], deriving inspiration
from the diverse roles within a hive. This
algorithm is inspired by the foraging
behavior and collective work of different
types of bees [173,174]. The mathematical
model of the artificial bee colony has three
types of bees: worker bees (finding food and
locating it), observer bees (watching the bees

at work and helping to find food), and
watcher bees (randomly searching for new
food source and communicating and
coordinating with each other to find the
optimal solution in a short time) [175,176]. In
this algorithm, the location of the food source
represents the solution to the optimization
problem, and the amount of nectar represents
the  appropriateness value of the
corresponding solution [177,178]. The
process of performing different steps of this
method is shown in Fig. 14 [179] [180].
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A design procedure for simultaneous
coordinated  designing of the static
synchronous compensator controller
(STATCOM) parameters and PSS in a multi-
machine power system is developed in [181],
that the ABC algorithm is employed to search
for optimal controller parameters. A method
based on ABC optimization to adjust PSS
parameters in a 16-machine, 68-bus power
system is proposed in [182], where a multi-
objective problem is formulated to optimize
a combined set of objective functions.

6.5. Cuckoo Search Optimization

Cuckoo Search  Optimization (CSO)
algorithm, designed to tackle both non-linear
and continuous optimization problems, takes
inspiration from the life and behaviors of
cuckoo birds [183,184]. This algorithm is
inspired by the life of the cuckoo bird
[185,186]. CSO algorithm is built based on
the optimal lifestyle and interesting features
of this species, such as their egg-laying and
reproduction [187,188]. Fig. 15 shows the
flowchart of the cuckoo optimization
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algorithm [189,190]. As can be seen, it starts
with the movement of all cuckoos towards a
better environment, and the position of the
nest is corrected using the flight equation
[191]. The cuckoo approach involves stealth,
surprise, and speed [192,193].

The meta-heuristic CSO technique for an
optimal and robust PSS for multi-machine
power systems is designed in [194], and its
performance is compared with three other
optimization  techniques. The typical

convergence for PSS design to four
optimization methods is shown in Fig. 16. As
can be seen, the CSO algorithm has found the
best solution faster (18 iterations) compared
to HSO (40 iterations), PSO (58 iterations)
and GA (90 iterations). The eigenvalue-based
multi-objective function is designed to
simultaneously  control the  damping
coefficient and the damping ratio to cancel
the local and inter-regional LFO modes.
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In a three-machine power system, with a
20% increase in mechanical torque for
generator 1 as a small disturbance, the speed
changes between machines 1 and 2 in rad/s
under different loading conditions are shown

in Figs. 17 and 18. In this system,
STATCOM parameters are designed in two
methods. It can be seen that the power system
with CS is more stable than GA. Also, the
average settling time required to reduce
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power system fluctuations is less with CS
than with GA [195].

6.6. Bacterial Foraging Optimization (BFO)

Widely acclaimed for its effectiveness in
distributed optimization and control, the
Bacterial Foraging Optimization (BFO)
algorithm finds applications in addressing
diverse optimization problems [196,197].
The BFO algorithm has been considered in
various studies such as optimal power flow in
dynamic environments [198], find the
optimal location of the FACTS controller
[199] and distributed optimization and
control [200]. The classical BFO algorithm
has two disadvantages, which are fixed size
and weak communication between bacteria
[201]. This algorithm has poor convergence
behavior towards complex optimization

problems compared to other nature-inspired
optimization techniques [202,203].

In [204], the controller design problem is
formulated as an optimization problem, and
the BFO algorithm is used to search the PSS
parameters. The simulation results show the
effect of the proposed controller in different
loading conditions, as well as its superiority
compared to GA and the conventional
method in a wide range of operating
conditions and system configurations.

In [205], BFOA-based PSS is proposed
for oscillation damping, where PSS design
with different loading conditions and system
configurations is considered as an
optimization problem. BFOA has also been
used to search for optimal controller
parameters by minimizing the time domain
objective function.
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Fig. 17. Speed changes between machines 1 and 2 under normal load conditions.
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7. COORDINATED DESIGN OF FACTS
CONTROLLER AND PSS

To overcome the inability of the power
system stabilizer to damp the low-frequency
oscillations in the power system when
abnormal faults occur, the FACTS-based
damping controller is wused, and the
coordination between them is presented as an
optimization problem [206,207]. In power
system stability and power system
oscillations reduction, coordinated control
between PSS and FACTS controllers is one
of the important problems of designers
[208,209]. In this section, some studies
conducted in the field of coordinated design
FACTS controller and PSS using meta-
heuristic methods are mentioned.

The modified harmonic search algorithm
for the coordinated design of multiple PSS
and TCSC for effective damping of

oscillations in [210] is investigated, and the
simulation results in the experimental power
system with the simulation results obtained
from GA, PSO, HAS, and bacterial swarm
optimization are compared.

The BFO algorithm is utilized to
determine PSS and TCSC parameters in
[211], which aims to synchronize the settings
of these controllers, and LFO damping in
electric power systems. This method has been
applied in a power system of two areas with
4 generators, 10 buses, and 15 transmission
lines, and the simulation results show the
damping of fluctuations.

The BFO algorithm is suggested for the
simultaneous coordinated design of PSS and
static variable compensator (SVC) in a multi-
machine power system in [212]. This
algorithm is used to search for optimal
controller parameters, and by minimizing the
objective function (taking into account the
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speed deviations between generators), the
stability performance of the system is
improved.

In [213], TCSC and PSS controller
parameters are designed to increase the
stability and oscillation damping in nonlinear
four-machine power systems by velocity
update relaxation PSO or GA algorithms. The
simulations show that using both of the above
controllers at the same time makes the power

1.003

system more stable and cuts down on
oscillations. Using the velocity update
relaxation PSO algorithm instead of the GA
speeds up the process of stopping power
system oscillations. The rotor angle of
generator 1 is shown in Fig. 19. As can be
seen, the damping response of the rotor angle
with the coordination design by the PSO
method is better than with the coordination
design by the GA scheme.
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Fig. 20. Comparison of convergence between three optimization methods.
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Robust tuning of proportional integral
derivative PSS and SVC using genetic
algorithms in multi-machine power systems
(4-machines, 10 buses, two area systems) is
presented in [214], where the location of PSS
and SVC is determined using participation
factors and the residue method, respectively.

A comparative analysis of two
controllers, including PSS and STATCOM,
to improve small signal stability and transient
stability in wind power systems has been
investigated in [215], where a genetic
algorithm is used for tuning the parameters of

two controllers. Three methods of gray wolf
optimization (GWO), PSO, and GA have
been used to optimize the parameters for
transient stability, and a comparison has been
made between them. The convergence of
these three optimization methods for the
same objective function and constraints is
compared in Fig. 20. It is observed that
GWO, PSO, and GA converge to 109.138,
97.526, and 95.162, respectively. Figs. 21
and 22 show the transient response of the
active power of a double-fed induction
generator-based wind farm and the rotor
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angle of a synchronous generator for design
parameters with three optimization methods,
respectively. As can be seen, the design with
the GA method had a greater effect on
reducing fluctuations than the other two
methods

8. COMBINED
METHODS

OPTIMIZATION

The amalgamation of various optimization
methods enables the utilization of the unique
advantages each brings to the power system
stabilizer design [216]. A hybrid meta-

heuristic algorithm for designing a fractional
order multi-band power system stabilizer is
proposed in [217] to improve the dynamic
stability of multi-machine power systems,
which is a dynamic combination of genetic
algorithm and standard particle swarm
optimization algorithm to solve the
optimization  problem  (setting PSS
parameters multiple bands) is used. The
convergence of PSO and GA-PSO dynamic
hybrid for the 9-bus and three-car system is
shown in Fig. 23. It can be seen that the
hybrid method converges faster than PSO.

objective function

rrr7grjrrrrJrerYy rerrypreeY

PO
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Fig. 23. Comparison of convergence of combined optimization methods.
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Fig. 24. The effect of the 3-cycle fault in the middle of the transmission line on the power angle under
normal loading conditions.
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Addressing the limitations of GA and TS,
an enhanced hybrid tabu-genetic algorithm is
introduced in [218]. This integration
leverages the global search capabilities of
GA and the local optimization proficiency of

TS, culminating in effective coordination
between PSS and SVC. Simulation results
affirm the efficacy of this amalgamated
approach in damping electromechanical
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oscillations and fortifying power system
stability.

Additionally, in [219], STATCOM,
additional POD, and PSS are used to improve
the stability of power systems in the
transmission network, which is utilized to
optimize the controller parameters from an
advanced intelligent optimization algorithm
(the idea of hybrid GA and PSO algorithm to
overcome the local convergence problem
PSO is employed). Also, voltage control and
STATCOM damping control are considered
for the objective function, which is to
eliminate the LFO. Coordination to improve
the stability of a power system for PSS and
SSSC is proposed in [220], where hybrid
bacteria foraging optimization algorithm and
particle swarm optimization (HBFOA—-PSOQ)
are used to search for optimal controller
parameters. The effect of the fault in the
middle of the transmission line on the power
angle and power passing through the
transmission line under normal loading
conditions is shown in Figs. 24 and 25,
respectively. As can be seen, the combined
optimization method has a greater effect on
the response.

To minimize generator fuel cost, a
combined tabu search and simulated
annealing method for optimal power flow
control with four types of FACTS devices is
presented in [221]. The results show that the
combined search method approach can
provide better solutions and requires less
CPU time than the genetic algorithm, SA, or
TS alone. The flowchart of an example of the
combination  of  gravitational  search
algorithms and PSO methods is shown in Fig.
26. As can be seen, the hybrid algorithm
starts from a random initialization, and at the

end, it satisfies the criteria of speed and
position of the final criterion. Fig. 27 shows
the system speed deviation response under
small disturbances in heavy load conditions
for an energy system. As can be seen, the
hybrid controller is very effective against the
new conditions and provides more stable
performance compared to the other two
controllers, particle swarm optimization and
gravitational search algorithms [222].

9. CONCLUSION

The problem of finding the shortest path is an
optimization problem, which is sometimes
very difficult to solve, and sometimes very
time-consuming. Power systems are subject
to repeated extreme oscillations that may
cause generator shaft fatigue and failure. The
PSS is an effective device, which damps the
low-frequency oscillations LFO of the
electrical power system by generating
supplementary damping control signals for
the excitation system. The use of techniques
based on artificial intelligence has covered a
wide range of applications related to the
design and tuning of control parameters of
electric power systems.

In this survey paper, more than 200
research articles on the application of meta-
heuristic methods in the design of PSS
parameters have been studied and analyzed,
in order to provide a good summary for
researchers interested and eager to optimize
PSS parameters to reduce power system
oscillations fluctuation damping. Meta-
heuristic methods, often characterized as
population-based, stochastic, and non-
greedy, constitute a diverse array of
approaches. The majority of these methods
employ a static objective function to address
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Table 1. Summary of advantages and disadvantages of meta-heuristic methods studied.

Optimization technique

Disadvantages

Advantages

Harmony search

The possibility of stagnation in the
convergence performance in the final

Easy implementation
Less adjustable parameters

optimization . .
P iterations Fast convergence
. The possibility of having a high cost - .
evolutionary P . y g g Finding solutions to problems that
. in implementation e . .
algorithms . Cop . are difficult to solve with traditional
Genetic Difficulty understanding the methods
algorithm algorithm . . .
- . Solving problems with multiple
Difficulty debugging S .
e A objectives or constraints
Difficulty of optimization.
Convenience collapse in high-
dimensional space to local optima . .
. . P P . Having fewer parameters to adjust
Particle swarm  Having a low convergence rate in the o .
Lo . . Obtaining the best solution from
optimization iterative process article interaction
Showing low-quality results with P
complex and large datasets
based on Obtaining population-based solutions
imitation and local search-based algorithms - . .
. . .g Obtaining population-based solutions
Bat algorithm Comfortable trapping in local .
. and local search-based algorithms
minima
Lack of high accuracy
Bacterial The chemotactic step size is constant. .
» . . . Reduce user-defined parameters
IS foraging The connection between bacteria is
< Lo Fast convergence
= optimization weak.
= Continuously running the algorithm
2 Ant colon Low convergence speed and solution  and adapting to changes in real-time
= o y accuracy when dealing with a large Having good performance in solving
= optimization .
2 amount of data discrete problems
2 Good stability
Being efficient in the global search
Balanced mixin
Cuckoo search — . g .
s Slow convergence Suitability for solving continuous
Based on optimization S
sian problems and multi-objective
g problems
Insufficient population diversity
Weak developing capacity
Premature convergence in the later Strong robustness
Bee colony search period Fast convergence
The accuracy of the optimal value High flexibility
cannot meet the requirements
sometimes
. N . Easy implementation
. Simulated More repetition is required than . y P .
trajectory-based . . S It is possible to find the global
. annealing conventional spring fitters . -~
algorithms . . . optimum even after finding the local
algorithm Slow cooling to apply design rules

minimum
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Balancing search intensity and

variety
A pioneer in the systematic
exploration of memory functions in

Tabu Search

search processes

Used to find optimal and near-
optimal solutions for a wide variety

The semi-deterministic nature of the
algorithm
Use a flexible memory of search
history to avoid getting stuck in local
optima

of classical and practical problems

optimization challenges. In reviewing
various meta-heuristic  techniques for
adjusting PSS parameters, it becomes evident
that the utilization of bio-inspired techniques
presents a notable advantage- the availability
of different solutions after each run. Fuzzy
logic is more effective than other methods in
non-linear problems. Also, the integration of
the above method with other methods helps
to determine the optimal parameters of PSS.
Table 1 summarizes the advantages and
disadvantages of the studied meta-heuristic
methods.

REFERENCES

[1] T. D. Taheriet al., "Design and imple-
mentation of charging circuit for energy
storage system in multi-input non-
isolated converter with high gain”,
Proceeding of the IEEE/INES, pp.
000083-000087, Nairobi, Kenya, July
2023.

[2] D. Taheriet al., "Analysis, design and
implementation of a high step-up multi-
port non-isolated converter with
coupled inductor and soft switching for
photovoltaic applications", IET Gener-
ation, Transmission and Distribution,
vol. 16, no. 17, pp. 3473-3497, Sept.
2022..

[3] B. Keyvani-Boroujeni et al., "Virtual

[4]

[5]

[6]

[7]

[8]

impedance-based droop control scheme
to avoid power quality and stability
problems in VSI-dominated
microgrids”, IEEE Access, vol. 9, pp.
144999-145011, 2021.

E. Hosseini and G. Shahgholian, "Diff-
erent types of pitch angle control strate-
gies used in wind turbine system appli-
cations”, Journal of Renewable Energy
and Environment, vol. 4, no. 1, pp. 20-
35, Feb. 2017.

D.U. Sarkar and T. Prakash, "A recent
review on approaches to design power
system stabilizers: Status, challenges
and future scope”, IEEE Access, vol.
11, pp. 34044-34061, Feb. 2023.

M.A. El-Dabah et al, "Robust
parameters tuning of different power
system stabilizers using a quantum
artificial gorilla troops optimizer",
IEEE Access, vol. 10, pp. 82560-
82579, Aug. 2022.

H. Karimi et al., "A protection strategy
for inverter-interfaced islanded micro-
grids with looped configuration™,
Electrical Engineering, vol. 101, no. 3,
pp. 1059-1073, Sept. 2019.

G. Shahgholian and A. Movahedi,
"Modeling and controller design using
ANFIS method for non-linear liquid
level system", International Journal of
Information and Electronics
Engineering, vol. 1, no. 3, pp. 271-275,



40

Zanjani, Mahdavian, Honarvar, Riahinasab, Fathollahi. A Review ...

[9]

[10]

[11]

[12]

[13]

[14]

[15]

Nov. 2011.

S. Abrazeh et al., "Virtual hardware-in-
the-loop  FMU co-simulation based
digital twins for heating, ventilation,
and air-conditioning (HVAC)
systems”, IEEE Trans. on Emerging
Topics in Computational Intelligence,
vol. 7, no. 1, pp. 65-75, Feb. 2023.

B. Keyvani-Boroujeni et al., "A
distributed secondary control approach
for inverter-dominated microgrids with
application to avoiding bifurcation-
triggered instabilities”, 1EEE Journal
of Emerging and Selected Topics in
Power Electronics, vol. 8, no. 4, pp.
3361-3371, Dec. 2020.

J. Bhukya and V. Mahajan, "Mathema-
tical modelling and stability analysis
of PSS for damping LFOs of wind
power system”, IET Renewable Power
Generation, vol. 13, no. 1, pp. 103-115,
Jan. 2019.

A. Shoulaie et al., "Damping torsional
torques in turbine-generator shaft by
novel PSS based on genetic algorithm
and fuzzy logic", Journal of Intelligent
Procedures in Electrical Technology,
vol. 1, no. 2, pp. 3-10, Sept. 2010.

Z. Ping et al., "Sparse learning of
network-reduced models for locating
low frequency oscillations in power
systems", Applied Energy, vol. 262,
Article Number: 114541, March 2020.
M. Mahdavian et al., “Analysis and
simulation of damping low frequency
oscillations using STATCOM”, Proce-
eding of the IEEE/ECTI-CON, pp. 1-6,
Chiang Mai, Thailand, June/July 2016.
X. Zhou et al, "Influence of
photovoltaic power plants based on vsg

[16]

[17]

[18]

[19]

[20]

[21]

technology on low  frequency
oscillation of multi-machine power
systems"”, IEEE Trans. on Power
Delivery, vol. 37, no. 6, pp. 5376-5384,
Dec. 2022.

V. Snasel et al., "Weighted mean of
vectors optimization algorithm and its
application in designing the power
system stabilizer”, Applied Soft
Computing, vol. 136, Article Number:
110085, March 2023.

A. Fathollahi et al., "Enhancement of
power system transient stability and
voltage regulation performance with
decentralized synergetic TCSC contro-
ller”, International Journal of Electrical
Power and Energy Systems, vol. 135,
Article Number: 107533, Feb. 2022.

E. Hosseini and G. Shahgholian,
"Partial- or full-power production in
WECS: A survey of control and
structural strategies”, European Power
Electronics and Drives, vol. 27, no. 3,
pp. 125-142, Dec. 2017.

S. Ahmadi et al., "Protection of LVDC
microgrids in grid-connected and
islanded modes using bifurcation
theory”, IEEE Journal of Emerging and
Selected Topics in Power Electronics,
vol. 9, no. 3, pp. 1-8, June 2021.

G. Shahgholian et al., “Impact of PSS
and STATCOM devices to the dynamic
performance of a multi-machine power
system*, Engineering, Technology and
Applied Science Research, vol. 7, no. 6,
pp. 2113-2117, Dec. 2017.

G. Shahgholian, “Power system
stabilizer  application  for load
frequency control in hydro-electric
power plant”, Engineering


https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245517
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245517
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245517
https://ietresearch.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Bhukya%2C+Jawaharlal
https://ietresearch.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mahajan%2C+Vasundhara
https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/iet-rpg.2018.5555
https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/iet-rpg.2018.5555
https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/iet-rpg.2018.5555
https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/iet-rpg.2018.5555
https://ietresearch.onlinelibrary.wiley.com/journal/17521424
https://ietresearch.onlinelibrary.wiley.com/journal/17521424
https://ieeexplore.ieee.org/document/8939447/
https://ieeexplore.ieee.org/document/8939447/
https://ieeexplore.ieee.org/document/8939447/
https://ieeexplore.ieee.org/document/8939447/
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245517
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6245517
https://pdfs.semanticscholar.org/871e/ef489680c65e4fb459a6765274d7b51c6767.pdf
https://pdfs.semanticscholar.org/871e/ef489680c65e4fb459a6765274d7b51c6767.pdf
https://pdfs.semanticscholar.org/871e/ef489680c65e4fb459a6765274d7b51c6767.pdf
https://pdfs.semanticscholar.org/871e/ef489680c65e4fb459a6765274d7b51c6767.pdf

Signal Processing and Renewable Energy, March 2024

41

[22]

[23]

[24]

[25]

[26]

[27]

Mathematics, Vol. 2, No. 1, pp. 21-30,
Feb. 2017.
G. Shahgholian, “Review of power

system stabilizer: Application,
modeling, analysis and control
strategy”, International Journal on

Technical and Physical Problems of
Engineering, vol. 5, no. 3, pp. 41-52,
Sep. 2013.

A.S.V Lakshmi et al., "Design of a
robust PID-PSS for an uncertain power
system with simplified stability
conditions”, Protection and Control of
Modern Power Systems, vol. 5, no. 20,
pp. 1-16, 2020.

G. Shahgholian and A. Etesami, "The
effect of thyristor controlled series
compensator on  power  system
oscillation damping control”,
International Review of Electrical
Engineering, vol. 5, no. 2, pp. 1822-
1830, Aug. 2011.

S. Gorji et al., "Techno-economic and
environmental base approach for

optimal energy management of
microgrids  using crow  search
algorithm", Journal of Intelligent

Procedures in Electrical Technology,
vol. 11, no. 43, pp. 49-68, Oct. 2020.
A. Sabo et al., "Optimal design of

power system stabilizer for
multimachine power system using
farmland fertility algorithm™,

International Transactions on Electrical
Energy Systems, vol. 30, no. 12, Article
Number: €12657, Dec. 2020.

R. Devarapalli and B. Bhattacharyya,
"A hybrid modified grey wolf
optimization-sine cosine algorithm-
based power system

[28]

[29]

[30]

[31]

[32]

stabilizer parameter tuning in a multi-
machine power system", Optimal
Control Applications and Methods, vol.
41, no. 4, pp. 1143-1159, July/Aug.
2020.

P. Zhang and A.H. Coonick,
"Coordinated synthesis of PSS
parameters in multi-machine power
systems using the method of
inequalities  applied to  genetic
algorithms”, IEEE Trans. on Power
Systems, vol. 15, no. 2, pp. 811-816,
May 2000.

M. Shafiullah et al., "Online tuning of
power system stabilizer employing
genetic programming for stability
enhancement”, Journal of Electrical
Systems and Information Technology,
vol. 5, no. 3, pp. 287-299, Dec. 2018.
G. Shahgholian et al., "Fuzzy and
proportional integral controller design
for thyristor controlled series capacitor
and power system stabilizer to improve

power system stability”, Revue
Roumaine des Sciences Techniques
Serie Electrotechnique et

Energetique, vol. 61, no. 4, pp. 418-
423, 2016.

G. Shahgholian et al., "Impact of PSS
and STATCOM on  dynamic
parameters of power system based on
neuro-fuzzy controllers”, Proceeding of
the IEEE/ECTICON, Chiang Mai,
Thailand, June/July 2016.

M. Ghasemi et al, “Coordinated
control of FACTS devices by using
ADALINE neural network to enhance
the transient stability of power system”,
Journal of Intelligent Procedures in
Electrical Technology, vol. 3, no. 9, pp.


https://pcmp.springeropen.com/articles/10.1186/s41601-020-00165-9#auth-Vijaya_Lakshmi-A_S_V
https://pcmp.springeropen.com/
https://pcmp.springeropen.com/
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Sabo/Aliyu
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12657
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12657
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12657
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12657
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/toc/20507038/2020/30/12
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Devarapalli/Ramesh%0A
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Bhattacharyya/Biplab
https://onlinelibrary.wiley.com/doi/10.1002/oca.2591
https://onlinelibrary.wiley.com/doi/10.1002/oca.2591
https://onlinelibrary.wiley.com/doi/10.1002/oca.2591
https://onlinelibrary.wiley.com/doi/10.1002/oca.2591
https://onlinelibrary.wiley.com/doi/10.1002/oca.2591
https://onlinelibrary.wiley.com/journal/10991514
https://onlinelibrary.wiley.com/journal/10991514
http://rsf.arsheet.ir/Index.php?itemId=11419
http://rsf.arsheet.ir/Index.php?itemId=11419
http://rsf.arsheet.ir/Index.php?itemId=11419
http://rsf.arsheet.ir/Index.php?itemId=11419

42 Zanjani, Mahdavian, Honarvar, Riahinasab, Fathollahi. A Review ...
27-40, June 2012. stabilizer”, European Transactions on

[33] L. Khalilzadeh-Ganjali-khani, et al., Electrical Power, vol. 14, no. 3, pp.
"System identification of a nonlinear 151-160, May/June 2004.
multivariable steam generator power [40] D. Wu et al, "Optimal parameter
plant using time delay and wavelet coordination  of  power  system
neural networks", Journal of Intelligent stabilizers in multi-machine power
Procedures in Electrical Technology, systems employing harmony search”,
vol. 3, no. 12, pp. 67-73, Jan. 2013. Proceeding of the IEEE/APSCOM, pp.

[34] H. Sheng et al., "Robust adaptive 1-5, Hong Kong, China, Nov. 2009.
backstepping  active  control  of [41] R.Krishanand A. Verma, "An efficient
compressor surge based on wavelet approach to tune modern power system
neural network", Aerospace Science stabilizers using harmony search”,
and Technology, vol. 106, Article Proceeding of the IEEE/INDICON, pp.
Number: 106139, Nov. 2020. 1-6, New Delhi, India, Dec. 2015.

[35] A. Khosravi et al, "System [42] B. Dasu et al., "Design of robust
identification using NARX and modified power system stabilizer for
centrifugal compressor control through dynamic stability improvement using
the intelligent, active method—Case particle swarm optimization
study: K-250 centrifugal compressor”, technique”, Ain Shams Engineering
Asian Journal of Control, vol. 24, no. 6, Journal, vol. 10, no. 4, pp. 769-783,
pp. 3345-3364, Nov. 2022, Dec. 2019.

[36] M. Abd Elaziz et al.,, "Advanced [43] M. Mahdavian et al., "Coordinated
metaheuristic techniques for control of PSS and variable impedance
mechanical design problems: Review", devices by wusing AVURPSO to
Archives of Computational Methods in enhance the stability in power system",
Engineering, vol. 29, pp. 695-716, Jan. Proceeding of the IEEE/ECTICON, pp.
2022. 407-410, Phuket, Thailand, June 2017.

[37] M. Eusuff et al., "Shuffled frog-leaping [44] M.I. Alomoush, "Coordinated tuning of
algorithm a memetic meta-heuristic for IPFC and PSS to improve power
discrete optimization", Engineering system  stability  using  BFO",
Optimization, vol. 38, no. 2, pp.129- Proceeding of the IEEE/UPEC, Cardiff,
154, Jan. 2007. UK, pp. 1-6, Aug./Sept. 2010.

[38] K. Sebaa and M. Boudour, "Optimal [45] S. Paul and P.K. Roy, "Oppositional
locations and tuning of robust power cuckoo optimization algorithm for
system stabilizer using genetic algorit- optimal tuning of power system
hms",  Electric Power  Systems stabilizers", Proceeding of the IET/CP,
Research, vol. 79, no. 2, pp. 406-416, pp. 176-181, Kolkata, Sept. 2015.

Feb. 20009. [46] N. Nayak et al., "Dynamic stability

[39] K. Sundareswaran and S.R. Begum, improvement of PSS and STATCOM

"Genetic tuning of a power system

based power system using cuckoo


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Sundareswaran%2C+K
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Razia+Begum%2C+S
https://onlinelibrary.wiley.com/journal/15463109
https://onlinelibrary.wiley.com/journal/15463109

Signal Processing and Renewable Energy, March 2024

43

[47]

[48]

[49]

[50]

[51]

[52]

search based PI controller"”, Proceeding
of the IEEE/CINE, pp. 139-144,
Bhubaneswar, India, Jan. 2016.

P.K.Ray etal., "A hybrid firefly-swarm
optimized fractional order interval
type-2 fuzzy PID-PSS for transient
stability improvement”, IEEE Trans. on
Industry Applications, vol. 55, no. 6,
pp. 6486-6498, Nov./Dec. 2019.

S. Zarmahi et al., "A new algorithm for
link scheduling in MIMO wireless

mesh  networks  with  various
interference condition by ant colony
algorithm”, Journal of Intelligent

Procedures in Electrical Technology,
vol. 15, no. 58, pp. 31-44, Sept. 2024.
M.R. Djalal et al., "Optimization power
system stabilizer and energy storage
using ant colony optimization”,
Proceeding of the IEEE/ISMODE, pp.
120-124, Jakarta, Indonesia, Jan. 2022.
A.S.V.V. Lakshmi et al., "Control
constraint-based optimal PID-
PSS design for a widespread operating
power system using SAR algorithm™,
International Transactions on Electrical
Energy Systems, vol. 31, no. 2, Article
Number: e13146, Dec. 2021.

S. Oztiirk et al., "Variants of artificial
bee colony algorithm and its
applications in  medical image
processing”, Applied Soft Computing,
vol. 97, Article Number: 106799, Dec.
2020.

A.K. Sangaiah and R. Khanduzi, "Tabu
search with simulated annealing for
solving a location—protection—
disruption in hub network", Applied
Soft Computing, vol. 114, Article
Number: 108056, Jan. 2022.

[53]

[54]

[55]

[56]

[57]

[58]

[59]

M.A. Abido, "Simulated annealing
based approach to PSS and FACTS
based stabilizer tuning”, International
Journal of Electrical Power and Energy
Systems, vol. 22, no. 4, pp. 247-258,
May 2000.

E.V. Fortes et al., "Analysis of the
influence of PSS and IPFC-POD
controllers in small-signal stability
using a simulated annealing algorithm",
Proceeding of the IEEE/INDUSCON,
pp. 1-8, Curitiba, PR, Brazil, Nov.
2016.

A. Nocon and S.A. Paszek, "A
comprehensive review of power system
stabilizers”, Energies, vol. 16, Article
Number: 1945, Feb. 2023.

M. Mahdavian et al., "Analysis and
simulation of PID-PSS design for
power system stability improvement”,
Proceeding of the IEEE/ECTI-CON),
pp. 1-6, , Chiang Mai, Thailand,
June/July 2016.

H. Fayazi et al., “A first swing stability
improvement approach in microgrids
with synchronous distributed
generators®, \International
Transactions on Electrical Energy
Systems, vol. 31, no. 4, Atrticle
Number: e12816, April 2021.

N. Hatziargyriou et al., "Definition and
classification of  power system
stability— Revisited and Extended",
IEEE Trans. on Power Systems, vol.
36, no. 4, pp. 3271-3281, July 2021.

P. Kundur et al., "Definition and classi-
fication of power system stability
IEEE/CIGRE joint task force on
stability terms and definitions”, IEEE
Trans. on Power Systems, vol. 19, no.


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=A.S.V.%2C+Vijaya+Lakshmi
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.13146
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.13146
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.13146
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.13146
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/journal/20507038

44 Zanjani, Mahdavian, Honarvar, Riahinasab, Fathollahi. A Review ...
3, pp. 1387-1401, Aug. 2004. system stability”, IEEE Trans. on
[60] A.M.. Nassef et al., "Review of Power Systems, vol. 34, no. 5, pp.
metaheuristic optimization algorithms 3977-3979, Sept. 20109.
for power systems  problems", [67] S. Ghosh et al., "Cross-gramian model
Sustainability, vol. 15, no. 12, Article reduction approach for tuning power
Number: 9434, June 2023. system stabilizers in large power
[61] M.R. Djalal et al, "Stability networks", IEEE Trans. on Power
enhancement of sulselrabar electricity Systems, vol. 35, no. 3, pp. 1911-1922,
system using mayfly algorithm based May 2020.
on static var compensator and multi- [68] G. Zhang et al., "Deep reinforcement
band power system stabilizer PSS2B", learning-based approach for
IEEE Access, vol. 11, pp. 57319- proportional resonance power system
57340, June 2023. stabilizer to prevent ultra-low-
[62] J. Faiz et al., “Design and simulation of frequency oscillations", IEEE Trans. on
UPFC for enhancement of power Smart Grid, vol. 11, no. 6, pp. 5260-
quality in  transmission  lines”, 5272, Nov. 2020.
Proceeding of the IEEE/POWERCON, [69] G. Shahgholian et al., "Analysis of
pp. 1-5, Hangzhou, Oct. 2010. speed control in DC motor drive by
[63] E.L. Miotto et al., "Coordinated tuning using fuzzy control based on model
of the parameters of PSS and POD reference adaptive control”, Proceeding
controllers using bioinspired of the IEEE/ECTI-CON, pp. 1-6,
algorithms”, IEEE Trans. on Industry Chiang Mai, Thailand, June/July 2016.
Applications, vol. 54, no. 4, pp. 3845- [70] G. Shahgholian et al., "Design a power
3857, July/Aug. 2018. system stabilizer based on fuzzy sliding
[64] F.H. Gandoman et al., "Review of mode control theory"”, International
FACTS technologies and applications Review on Modelling and Simulations,
for power quality in smart grids with vol. 5, no. 5, pp. 2191-2196, Oct. 2012.
renewable energy systems", Renewable [71] G. Shahgholian et al., "Analysis and
and Sustainable Energy Reviews, vol. design of PSS for multi-machine power
82, pp. 502-514, Feb. 2018. system based on sliding mode control
[65] O. Kahouli et al., “PSS design for theory"”, International Review of
damping low-frequency oscillations in Electrical Engineering, vol. 4, no. 2,
a multi-machine power system with Oct. 2010.
penetration of renewable power [72] G. Tuetal., "Distributed power system
generations”, IET Renewable Power stabiliser for multimachine power
Generation, vol. 13, no. 1, pp. 116-127, systems", IET Generation,
Jan. 20109. Transmission and Distribution, vol. 13,
[66] M. Liu et al., “On the impact of the no. 5, March 2019.
dead-band of power system stabilizers [73] A. Fattollahi et al., “Decentralized

and frequency regulation on power

synergistic control of multi-machine


https://www.sciencedirect.com/science/article/pii/S1364032117313151#!
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321
https://www.sciencedirect.com/science/journal/13640321/82/part/P1
https://www.sciencedirect.com/science/journal/13640321/82/part/P1
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4159946
https://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=4159946
http://research.iaun.ac.ir/pd/shahgholian/pdfs/PaperM_2321.pdf
http://research.iaun.ac.ir/pd/shahgholian/pdfs/PaperM_2321.pdf
http://research.iaun.ac.ir/pd/shahgholian/pdfs/PaperM_2321.pdf
http://research.iaun.ac.ir/pd/shahgholian/pdfs/PaperM_2321.pdf
https://ietresearch.onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Tu%2C+Ganggang
http://spre.azad.ac.ir/article_677286.html
http://spre.azad.ac.ir/article_677286.html

Signal Processing and Renewable Energy, March 2024

45

[74]

[75]

[76]

[77]

[78]

[79]

power system using power system
stabilizer”, Signal Processing and
Renewable Energy, vol. 4, no. 4, pp. 1-
21, Dec. 2020.

P. Mari¢ et al., "Power system stabilizer
tuning algorithm in a multimachine
system based on S-domain and time
domain system performance
measures”, Energies, vol. 14, no. 18,
Article Number: 5644, Sept. 2021.

A. Fattollahi, "Simultaneous design and
simulation of synergetic power system
stabilizers and a thyristor-controller
series capacitor in  multi-machine
power systems”, Journal of Intelligent
Procedures in Electrical Technology,
vol. 8, no. 30, pp. 3-14, September
2017.

G. Shahgholian et al., “Design of power
system stabilizer based on sliding mode
control theory for multi- machine
power system”, Journal of Intelligent
Procedures in Electrical Technology,
vol. 1, no. 1, pp. 13-22, Feb. 2010.

G. Shahgholian et al., "Damping power
system oscillations in single-machine
infinite-bus power system using a
STATCOM", Proceedding of the
IEEE/ICCEE, pp.130-134, Dubai, Dec.
20009.

P.R. Nakhi and M.A. Kamarposhti,
"Multi objective design of type Il fuzzy
based power system stabilizer for
power system with wind farm turbine
considering uncertainty”, International
Transactions on Electrical Energy
Systems, vol. 30, no. 4, Article
Number: €12285, April 2020.

A Fattollahi et al., "Analysis and
simulation dynamic behavior of power

[80]

[81]

[82]

[83]

[84]

[85]

system equipped with PSS and
excitation system stabilizer", Signal
Processing and Renewable Energy, vol.
6, no. 1, pp. 99-111, March 2022.

G. Shahgholian et al., "Analysis and
simulation of the single-machine
infinite-bus ~ with  power  system
stabilizer and parameters variation
effects”, Proceeding of the
IEEE/ICIAS, Kuala Lumpur, Malaysia,
pp. 167-171, Nov. 2007.

Y.L. Abdel et al., "Robust tuning of
power system stabilizers in
multimachine power systems”, IEEE
Trans. on Power Systems, vol. 15, no.
2, pp. 735-740, May 2000.

A.A. Ba-mugabel and M.A. Abido,
"Review of conventional power system
stabilizer design methods", Proceeding
of the IEEE/GCC, pp. 1-7, Manama,
Bahrain, March 2006.

G. Shahgholian, "A brief overview of
microgrid performance improvements
using distributed FACTS devices",
Journal of Renewable Energy and
Environment, vol. 10, no. 1, pp. 43-58,
Jan. 2023.

O. Gomis-Bellmunt et al., "Flexible
converters for meshed HVDC grids:
From flexible ac transmission systems
(FACTYS) to flexible DC grids", IEEE
Trans. on Power Delivery, vol. 35, no.
1, pp. 2-15, Feb. 2020.

G.S. Chawda et al., "Comprehensive
review of distributed FACTS control
algorithms ~ for  power  quality
enhancement in utility grid with
renewable energy penetration", IEEE
Access, vol. 8, pp. 107614-107634,
2020.


http://spre.azad.ac.ir/article_677286.html
http://spre.azad.ac.ir/article_677286.html
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Rokni+Nakhi/Payam
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Ahmadi+Kamarposhti/Mehrdad
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/journal/20507038

46 Zanjani, Mahdavian, Honarvar, Riahinasab, Fathollahi. A Review ...

[86] S.Bruno etal., "Distributed FACTS for oscillations improvement by using
power system transient stability static var compensator”, Proceeding of
control", Energies, vol. 13, no. 11, the IEEE/ECTICON, Chiang Mai,
Article: 2901, pp. 1-16, June 2020. Thailand, June/July 2016.

[87] G. Shahgholian and J. Faiz, [93] C. Gong et al.,, "Hoo optimal control
"Coordinated control of power system design of static var compensator
stabilizer and FACTS devices for coupling hybrid active power filter
dynamic performance enhancement- based on harmonic  state-space
State of art", Proceeding of the modeling”, CPSS Trans. on Power
IEEE/IEPS, pp. 1-6, Kyiv, Ukraine, Electronics and Applications, vol. 6,
June 2016. no. 3, pp. 227-234, Sept. 2021.

[88] G. Shahgholian and Z. Azimi, [94] M. Mahdavian et al., "Modeling and
"Analysis and design of a DSTATCOM damping controller design for static
based on sliding mode control strategy synchronous compensator”, Proceeding
for improvement of voltage sag in of the IEEE/ECTICON, pp. 300-304,
distribution systems", Electronics, vol. Pattaya, Chonburi, May 2009.

5, no. 3, pp. 1-12, 2016. [95] E. Jafari et al., "Designing an emotional

[89] G Shahgholian and A Movahedi, intelligent controller for IPFC to
"Coordinated control of TCSC and improve the transient stability based on
SVC for system stability enhancement energy function”, Journal of Electrical
using ANFIS method"”, International Engineering and Technology, vol. 8,
Review on Modelling and Simulations, no. 3, pp. 478-489, 2013.
vol. 4, no. 5, pp. 2367-2375, 2011. [96] R. Rajbongshi and L.C. Saikia, "Perfo-

[90] P.R. Sahu et al., "Modified whale rmance of coordinated interline power
optimization algorithm for coordinated flow controller and power system
design of fuzzy lead-lag structure- stabilizer in combined multiarea
based SSSC controller and power restructured ALFC and AVR system”,
system stabilizer"”, International Trans- International Transactions on Electrical
actions on Electrical Energy Systems, Energy Systems, vol. 29, no. 5, Article
vol. 29, no. 4, Article Number: 2797, Number: €2822, May 2019.

April 2019. [97] S. Nyati et al., "Design issues for a

[91] J. Bhukya and V. Mahajan, single core transformer thyristor
“Optimization of damping controller controlled phase-angle regulator”,
for PSS and SSSC to improve stability IEEE Trans. on Power Delivery, vol.
of interconnected system with DFIG 10, no. 4, pp. 2013-2019.
based wind farm”, International Journal [98] R. Rezvanfar et al., "Impact of
of Electrical Power and Energy optimally located thyristor controlled
Systems, vol. 108, pp. 314-335, June phase angle regulator on system
2019. security and reliability", Proceeding of

[92] M. Mahdavian et al., “Power system the IEEE/EEEIC, pp. 1-4, Rome, Italy,


javascript:void(0)
javascript:void(0)
javascript:void(0)
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Sahu%2C+Preeti+Ranjan
https://onlinelibrary.wiley.com/doi/10.1002/etep.2797
https://onlinelibrary.wiley.com/doi/10.1002/etep.2797
https://onlinelibrary.wiley.com/doi/10.1002/etep.2797
https://onlinelibrary.wiley.com/doi/10.1002/etep.2797
https://onlinelibrary.wiley.com/doi/10.1002/etep.2797
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/journal/20507038
https://www.sciencedirect.com/science/article/pii/S0142061518318465#!
https://www.sciencedirect.com/science/article/pii/S0142061518318465#!
https://www.sciencedirect.com/science/journal/01420615/108/supp/C
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Rajbongshi%2C+Rumi
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Saikia%2C+Lalit+Chandra
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.2822
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.2822
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.2822
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.2822
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.2822
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/journal/20507038

Signal Processing and Renewable Energy, March 2024

47

May 2011.

[99] G. Shahgholian et al., "Analysis and
simulation of UPFC in electrical power
system for power flow control”,
Proceeding of the IEEE/ECTICON, pp.
62-65, Phuket, Thailand, June 2017.

[100]S. Ranganathan and S. Rajkumar,
"Self-adaptive firefly-algorithm-based
unified power flow  controller
placement with single objectives",
Complexity, wvol. 2021, Article
Nomber: 5571434, July 2021.

[101]M. Hashemi and G. Shahgholian,
"Distributed robust adaptive control of
high order nonlinear multi agent
systems”, ISA Transactions, vol. 74,
pp. 14-27, March 2018.

[102] M. Mosayebi et al., "Smart emergency
EV-to-EV portable battery charger",
Inventions, vol. 7, no. 2, Article
Number: 45, June 2022.

[103] A. Fathollahi et al., "Optimal siting and
sizing of wireless EV charging
infrastructures  considering  traffic
network and power distribution
system”, IEEE Access, vol. 10, pp.
117105-117117, 2022.

[104]E. Aghadavoodi and G. Shahgholian,
"A new practical feed-forward cascade
analyze for close loop identification of
combustion control loop  system
through RANFIS and NARX", Applied
Thermal Engineering, vol. 133, pp.
381-395, March 2018.

[105]O. Kahouli et al., "Type-2 fuzzy logic
controller based PSS for large scale
power systems stability”, Engineering,
Technology and Applied Science
Research, vol. 8, no. 5, pp. 33803386,
Oct. 2018.

[106] S.P. Ghoshal et al., "Bio-inspired fuzzy
logic based tuning of power system
stabilizer”, Expert Systems with
Applications, vol. 36, no. 5, pp. 9281-
9292, July 2009.

[107] V. Sharma and A.K. Tripathi, "A syste-
matic  review of meta-heuristic
algorithms in 10T based application”,
Array, vol. 14, Article Number:
100164, July 2022.

[108] A.E. Ezugwu et al., "Metaheuristics: a
comprehensive overview and
classification along with bibliometric
analysis”,  Artificial Intelligence
Review, vol. 54, pp. 4237-4316, Aug.
2021.

[109]S. Ghasemi and E. Gholipoor,
"Reactive power optimization in the
presence of FACTS devices using
evolutionary algorithms based on fuzzy
logic", Journal of Intelligent Procedures
in Electrical Technology, vol. 6, no. 23,
pp. 45-54, Nov. 2015.

[110] A.A. Alomoush et al., "Enhancing three
variants of harmony search algorithm
for continuous optimization problems™,
International Journal of Electrical and
Computer Engineering, vol. 11, no. 3,
pp. 2343-2349, June 2021.

[111]A. A. Al-Omoush et al., “Comprehe-
nsive review of the development of the
harmony search algorithm and its
applications”, IEEE Access, vol. 7, pp.
14233-14245, Jan. 2019.

[112]F. Zhao et al., “A differential-based
harmony search algorithm  with
variable neighborhood search for job
shop scheduling problem and its
runtime analysis”, IEEE Access, vol. 6,
pp. 76313-76330, Oct. 2018.


https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aCV8tDYAAAAJ&citation_for_view=aCV8tDYAAAAJ:Y0pCki6q_DkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=aCV8tDYAAAAJ&citation_for_view=aCV8tDYAAAAJ:Y0pCki6q_DkC
https://www.sciencedirect.com/science/article/pii/S1359431117358209#!
https://www.sciencedirect.com/science/article/pii/S1359431117358209#!
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311
https://www.sciencedirect.com/science/journal/13594311/133/supp/C
https://link.springer.com/article/10.1007/s10462-020-09952-0#auth-Absalom_E_-Ezugwu
https://link.springer.com/journal/10462
https://link.springer.com/journal/10462

48 Zanjani, Mahdavian, Honarvar, Riahinasab, Fathollahi. A Review ...

[113]M. Shahab and G. Shahgholian,
"HVDC line model for load frequency
control  using  harmony  search
algorithm application", Signal
Processing and Renewable Energy, vol.
5, no. 1, pp. 79-95, March 2021.

[114]K. Chen et al., "A variational stacked
autoencoder with harmony search
optimizer for valve train fault diagnosis
of diesel engine", Sensors, vol. 20, no.
1, Article Number: 223, 2020.

[115]Z.S. Hasa and M.N. Hawas, "Robust
and effective tuning of FACTS-PODs
of interconnected systems using
harmony search algorithm™, Proceeding
of the IEEE/SICN, pp. 80-85, Al-Najef,
Irag, April 20109.

[116] T. Zhang et al., “Optimum location and
parameter setting of STATCOM based
on improved differential evolution
harmony search algorithm”, IEEE
Access, vol. 8, pp. 87810-87819, May
2020.

[117] M. Najeeb et al., "An optimal LFC in
two-area power systems using a meta-
heuristic  optimization  algorithm™,
International Journal of Electrical and
Computer Engineering, vol. 7, no. 6,
pp. 3217-3225, Dec. 2017.

[118]M.N. Ambia et al., “Harmony search
algorithm-based controller parameters
optimization for a distributed-
generation system”, IEEE Trans. on
Power Delivery, vol. 30, no. 1, pp. 246-
255, Feb. 2015.

[119]D. Chitara et al., "Multimachine power
system stabilizer tuning using harmony
search algorithm", Proceeding of the
IEEE/ICEPES, pp. 94-99, Bhopal,
India, Dec. 2016.

[120] K.A. Hameed et al., "Robust design of
power system stabilizer using harmony
search algorithm", Automatika, vol. 55,
no. 2, pp. 162-169, 2014.

[121]S. Eshtehardiha et al., "Coordinating
the  multivariable  state-feedback
controller on static synchronous
compensator with Genetic Algorithm™,
Proceeding of the IEEE/ICIAS, pp.
864-869, Kuala Lumpur, Malaysia,
Nov. 2007.

[122]S.M.R. Mousavi and A. Naghsh,
"Robust digital image watermarking
method using graph-based transform
(GBT) and genetic algorithm™, Journal
of Intelligent Procedures in Electrical
Technology, vol. 10, no. 39, pp. 13-22,

Nov. 2019.
[123]A. Najar Khoda Bakhsh et al., N.
Abjadi, "Stabilization of

electromagnetic  suspension  system
behavior by genetic algorithm”, Journal
of Intelligent Procedures in Electrical
Technology, vol. 3, no. 11, pp. 53-61,
Sept. 2013.

[124]H. Mustapha et al., "An improved
genetic algorithm based power system
stabilizer for power system
stabilization”, Proceeding of the
IEEE/AFRICON, pp. 1-5, Accra,
Ghana, Sept. 20109.

[125]S. Tuo et al., "A survey on swarm
intelligence search methods dedicated
to detection of high-order SNP
interactions”, IEEE Access, vol. 7, pp.
162229-162244, Nov. 2019.

[126]G. Shahgholian et al., "A novel
approach in automatic control based on
the genetic algorithm in STATCOM for
improvement power system transient


https://www.tandfonline.com/author/Hameed%2C+Kalifullah+Abdul
https://www.tandfonline.com/journals/taut20

Signal Processing and Renewable Energy, March 2024

49

stability"”, Proceeding  of  the
IEEE/ICIS, vol. 1, pp.14-19, Varna,
Sep. 2008.

[127]E. Faghihnia et al., "Improved intrusion
detection system based on distributed
self-adaptive genetic algorithm to solve
support vector machine in form of multi
kernel learning with auto encoder”,
Journal of Intelligent Procedures in
Electrical Technology, vol. 12, no. 45,
pp. 77-93, June 2021.

[128]M. Karimi et al., "A novel prosthetic
hand control approach based on genetic
algorithm and wavelet transform
features”, Proceeding  of  the
IEEE/CSPA, pp. 287-292, Penang,
Malaysia, March 2011.

[129] G.H. Hwang et al., “Design of fuzzy
power system stabilizer using adaptive
evolutionary algorithm”, Engineering
Applications of Artificial Intelligence,
vol. 21, no. 1, pp. 86-96, Feb. 2008.

[130] A. Sheykhsarraf et al., A novel method
for optimal placement and tuning of the
power system stabilizer in the multi-
machine system", Electric Power
Systems Research, vol. 221, Article
Number: 109451, Aug. 2023.

[131]H. Alkhatib and J. Duveau, "Dynamic
genetic algorithms for robust design of
multimachine power system
stabilizers”, International Journal of
Electrical Power and Energy Systems,
vol. 45, pp. 242-251, Feb. 2013.

[132] Y.L. Abdel-Magid and M.A. Abido,
"Optimal multiobjective design of
robust power system stabilizers using
genetic algorithms”, IEEE Trans. on
Power Systems, vol. 18, no. 3, pp.
1125-1132, Aug. 2003.

[133]L. Suganthi et al., "Applications of
fuzzy logic in renewable energy
systems— A review", Renewable and
Sustainable Energy Reviews, vol. 48,
pp. 585-607, Aug. 2015.

[134]M. Dubey, "Design of genetic
algorithm based fuzzy logic power
system stabilizers in multimachine
power system”, Proceeding of the
IEEE/ICPST, pp. 1-6, New Delhi,
India, Oct. 2008.

[135]S. Pirzadi et al., "Delay-tolerant routing
optimization using simulated annealing
heuristic algorithm in disrupted mobile
ad-hoc networks", Journal of Intelligent
Procedures in Electrical Technology,
vol. 14, no. 56, pp. 131-150, March
2024.

[136]H.B. Tolabi et al., "A robust hybrid
fuzzy—simulated annealing—intelligent
water drops approach for tuning a
distribution static compensator
nonlinear controller in a distribution

system", Journal Engineering
Optimization, vol. 48, no. 6, pp. 1-20,
2016.

[137]M.A.  Abido, "Pole placement

technique for PSS and TCSC-based
stabilizer design using simulated
annealing”, International Journal of
Electrical Power and Energy Systems,
vol. 22, no. 8, pp. 543-554, Nov. 2000.
[138]A.A. Kida et al., "An improved
simulated annealing—linear
programming hybrid algorithm applied
to the optimal coordination of
directional overcurrent relays"”, Electric
Power Systems Research, vol. 181,
Acrticle Number: 106197, April 2020.
[139]M.A. Abido, "Robust design of


https://www.tandfonline.com/author/Bagheri+Tolabi%2C+Hajar
https://www.tandfonline.com/toc/geno20/current
https://www.tandfonline.com/toc/geno20/current

50 Zanjani, Mahdavian, Honarvar, Riahinasab, Fathollahi. A Review ...

multimachine power system stabilizers
using simulated annealing”, IEEE
Trans. on Energy Conversion, vol. 15,
no. 3, pp. 297-304, Sept. 2000.

[140]F. Glover et al., "Genetic algorithms
and tabu search: Hybrids for
optimization", Computers and
Operations Research, vol. 22, no. 1, pp.
111-134, Jan. 1995.

[141]M.A. Abido and Y.L. Abdel-Magid,
"Eigenvalue assignments in
multimachine power systems using
tabu search algorithm™, Computers and
Electrical Engineering, vol. 28, no. 6,
pp. 527-545, Nov. 2002.

[142]S. Pothiya et al., "Design of optimal
fuzzy logic based PI controller using
multiple tabu search algorithm for load
frequency  control”,  International
Journal of Control, Automation, and
Systems, vol. 4, no. 2, pp. 155-164,
April 2006.

[143]M.A. Abido, "A novel approach to
conventional power system stabilizer
design using tabu search”, International
Journal of Electrical Power & Energy
Systems, vol. 21, no. 6, pp. 443-454,
Aug. 1999.

[144]S. Dechanupaprittha and 1. Ngamroo,
"Design of robust power system
stabilizers in a multimachine power
system using tabu search algorithm™,
Proceeding of the IEEE/ICIT, vol. 1,
pp. 291-296, Bankok, Thailand, Dec.
2002.

[145] F.H. Fesharaki, A. Haghshenas, "STA-
TCOM controller design with using of
improved robust backstepping
algorithm based on PSO to reduce large
signal  disturbances in  power

systems", Journal of Intelligent
Procedures in Electrical Technology,
vol. 10, no. 37, pp. 3-12, May 2019.

[146]F. Khajeh-khalili and M.A. Honarvar,
"Design and simulation of a wilkinson
power divider with high isolation for
tri-band  operation using  PSO
algorithm”, Journal of Intelligent
Procedures in Electrical Technology,
vol. 6, no. 23, pp. 13-20, Dec. 2015.

[147]H. Barati et al., “Intelligent control of
UPFC for enhancing transient stability
on multi-machine power systems”,
Journal of Intelligent Procedures in
Electrical Technology, vol. 1, no. 1, pp.
3-12, Feb. 2010.

[148]G. Shahgholian et al., "Frequency
control in autanamous microgrid in the
presence of DFIG based wind turbine”,
Journal of Intelligent Procedures in
Electrical Technology, vol. 6, no. 23,
pp. 3-12, December 2015.

[149]M. Peyvandi et al., "Comparison of
particle swarm optimization and the
genetic algorithm in the improvement
of power system stability by an SSSC-
based controller”, Journal of Electrical
Engineering and Technology, vol. 6,
no. 2, March 2011.

[150]A.G. Gad, "Particle swarm optimiz-
ation algorithm and its applications:
A systematic review", Archives of
Computational Methods in Engin-
eering, vol. 29, pp. 2531-2561, April
2022.

[151]S. Kiani et al., "Optimizing the cutting
of inconel 718 sheets with co2 laser by
particle swarm algorithm", Journal of
Intelligent Procedures in Electrical
Technology, vol. 13, no. 51, pp. 109-


https://jipet.iaun.iau.ir/?_action=article&au=1791802&_au=Fariborz++Haghighatdar+Fesharaki&lang=en&lang=en
https://jipet.iaun.iau.ir/?_action=article&au=2253748&_au=Alireza++Haghshenas&lang=en&lang=en
https://jipet.iaun.iau.ir/article_663766_523d1f59a700a950146d4853cdaafcf5.pdf?lang=en&lang=en
https://jipet.iaun.iau.ir/article_663766_523d1f59a700a950146d4853cdaafcf5.pdf?lang=en&lang=en
https://jipet.iaun.iau.ir/article_663766_523d1f59a700a950146d4853cdaafcf5.pdf?lang=en&lang=en
https://jipet.iaun.iau.ir/article_663766_523d1f59a700a950146d4853cdaafcf5.pdf?lang=en&lang=en
https://jipet.iaun.iau.ir/article_663766_523d1f59a700a950146d4853cdaafcf5.pdf?lang=en&lang=en
https://jipet.iaun.iau.ir/article_663766_523d1f59a700a950146d4853cdaafcf5.pdf?lang=en&lang=en
https://www.researchgate.net/profile/Mehdi-Peyvandi-2
https://www.researchgate.net/journal/Journal-of-Electrical-Engineering-and-Technology-1975-0102
https://www.researchgate.net/journal/Journal-of-Electrical-Engineering-and-Technology-1975-0102

Signal Processing and Renewable Energy, March 2024

51

121, December 202.

[152] R. Borjali-Navesi et al., "Coordination
of switchable capacitor banks and
dynamic network reconfiguration for
the improvement of distribution
network operation integrated with
renewable energy resources”, Journal
of Intelligent Procedures in Electrical
Technology, vol. 12, no. 48, pp. 43-59,
March 2022.

[153]A. Safari, "A PSO procedure for a
coordinated tuning of power system
stabilizers for multiple operating
conditions”, Journal of Applied
Research and Technology, vol. 11, no.
5, pp. 665-673, Oct. 2013.

[154]H.M. Soliman et al., "Power system
stabilizer design for minimal overshoot
and control constraint using swarm
optimization™, Electric Power
Components and Systems, vol. 37, no.
1, pp. 111-126, Dec. 2008.

[155]H. Verdejo et al., "Implementation of
particle swarm optimization (PSO)
algorithm for tuning of power system
stabilizers in multimachine electric
power systems", Energies, vol. 13, no.
8, Article Number: 2093, April 2020.

[156]F. Rodrigues et al., "Simultaneous
tuning of AVR and PSS using particle
swarm optimization with two stages”,
IEEE Latin America Transactions, vol.
18, no. 9, pp. 1623-1630, Sept. 2020.

[157]1D. Wang et al., "Parameters tuning of
power system stabilizer PSS4B using
hybrid particle swarm optimization
algorithm", International Transactions
on Electrical Energy Systems, vol. 28,
no. 9, Article Number: e2598, Sept.
2018.

[158] A.A. Alsakati et al., "Particle swarm
optimization for tuning power system
stabilizer towards transient stability
improvement in  power  system
network™, Proceeding  of  the
IEEE/IICAIET, pp. 1-6, Kota
Kinabalu, Malaysia, Sept. 2021.

[159]O0.M. Neda, "Optimal coordinated
design of PSS and UPFC-POD using
DEOQO algorithm to enhance damping
performance”, International Journal of
Electrical and Computer Engineering,
vol. 10, no. 6, pp. 6111-6121, Dec.
2020.

[160] D.K. Sambariya and R. Prasad, "Robust
tuning of power system stabilizer for
small signal stability enhancement
using metaheuristic bat algorithm”,
International Journal of Electrical
Power and Energy Systems, vol. 61, pp.
229-238, Oct. 2014.

[161]M. Vafaei et al., "A new gos-based
routing protocol for video streaming in
VANETs using ACO algorithm and
fuzzy logic”, Journal of Intelligent
Procedures in Electrical Technology,
vol. 12, no. 46, pp. 49-68, Sept. 2021.

[162] M. Dorigo and C. Blum, "Ant colony
optimization theory: A  survey",
Theoretical Computer Science, vol.
344, no. 2-3, pp. 243-278, Nov. 2005.

[163]A.M.S. Yunus and M.R. Dijalal,
"Optimal tuning of PID control on
single machine infinite bus using ant
colony optimization”, Proceeding of
the  IEEE/IEEECON, pp. 1-6,
Yogyakarta, Indonesia, Oct. 2019.

[164]F. Vasilyev et al., "Synthesis of
hydrometallurgical ~ processes  for
valorization of secondary raw materials


https://jipet.iaun.iau.ir/article_680727_3abfd5ed56480bafb715b61cdf3a2de8.pdf?lang=en
https://jipet.iaun.iau.ir/article_680727_3abfd5ed56480bafb715b61cdf3a2de8.pdf?lang=en
https://jipet.iaun.iau.ir/article_680727_3abfd5ed56480bafb715b61cdf3a2de8.pdf?lang=en
https://jipet.iaun.iau.ir/article_680727_3abfd5ed56480bafb715b61cdf3a2de8.pdf?lang=en
https://jipet.iaun.iau.ir/article_680727_3abfd5ed56480bafb715b61cdf3a2de8.pdf?lang=en
https://jipet.iaun.iau.ir/article_680727_3abfd5ed56480bafb715b61cdf3a2de8.pdf?lang=en
https://www.tandfonline.com/author/Soliman%2C+H+M
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Wang%2C+Delin
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/journal/20507038

52 Zanjani, Mahdavian, Honarvar, Riahinasab, Fathollahi. A Review ...

using ant colony optimization and key
performance indicators", Hydrometall-
urgy, vol. 153, pp. 121-133, March
2015.

[165]R. Kumar et al., "Stability enhancement
of multi-machine power systems using
ant colony optimization-based static
synchronous compensator", Computers
and Electrical Engineering, vol. 83,
Article 106589, May 2020.

[166]R. Roshanfekr et al., “ACO algorithm
implementation in radial distributed
network  planning”, Journal of
Intelligent Procedures in Electrical
Technology, vol. 1, no. 3, pp. 27-36,
Dec. 2010.

[167]M. Movahedpour et al.,, “Optimal
design of residential microgrids with
regard to fault occurrence and
possibility of power outage”, Journal of
Intelligent Procedures in Electrical
Technology, vol. 10, no. 39, pp. 29-44,
Dec. 2019.

[168] M.A. Kamarposhti et al., “Optimal
coordination of PSS and SSSC
controllers in power system using ant
colony  optimization  algorithm®,
Journal of Circuits, Systems and
Computers, vol. 31, no. 4, Article
Number: 2250060, 2022.

[169]M.M. Linda and N.K. Nair, "Optimal
design of multi-machine power system
stabilizer using robust ant colony
optimization technique”, Trans. of the
Institute of Measurement and Control,
vol. 34, no. 7, pp. 829-840, Oct. 2012.

[170]W. Peres et al., "Coordinated tuning of
power system stabilizers using bio-
inspired  algorithms", International
Journal of Electrical Power and Energy

Systems, vol. 64, pp. 419-428, Jan.
2015.

[171]G. Shahgholian et al., "Power system
oscillations damping by optimal
coordinated design between PSS and
STATCOM using PSO and ABC
algorithms”,  Proceeding of the
IEEE/ECTI-CON, Chiang Mai,
Thailand, pp. 1-6, July 2016.

[172] M. Natarajan et al.,"Optimal location
and sizing of MW and MVAR based
DG units to improve voltage stability
margin in distribution system using a
chaotic
artificial bee colony algorithm®”,
International Transactions on Electrical
Energy Systems, vol. 27, no. 4, Article
Number: e2287, April 2017.

[173]A. Banharnsakun, "Artificial bee
colony algorithm for content-based
image  retrieval”,  Computational
Intelligence, vol. 36, no. 1, pp. 351-367,
Deb. 2020.

[174]1B. Kruekaew and W. Kimpan,
"Enhancing of artificial bee colony
algorithm  for  virtual  machine
scheduling and load balancing problem
in cloud computing", International
Journal of Computational Intelligence
Systems, vol. 13, no. 1, pp. 496 — 510,
April 2020.

[175]M. Shafiof and N. Behzadfar,
"Diagnosis of brain tumor position in
magnetic  resonance images by
combining bounding box algorithms,
artificial bee colonies and grow cut",
International  Journal of  Smart
Electrical Engineering, vol. 11, no. 1,
pp. 1-12, March 2022.

[176] M. Bigdeli et al., "Energy saving by


https://www.sciencedirect.com/science/article/pii/S0045790619322414
https://www.sciencedirect.com/science/article/pii/S0045790619322414
https://www.sciencedirect.com/science/article/pii/S0045790619322414
https://www.sciencedirect.com/science/article/pii/S0045790619322414
https://www.sciencedirect.com/science/journal/00457906
https://www.sciencedirect.com/science/journal/00457906
https://www.worldscientific.com/doi/10.1142/S0218126622500608
https://www.worldscientific.com/worldscinet/jcsc
https://www.worldscientific.com/worldscinet/jcsc
file:///H:/HH/DRIVE%20L/my-papers/vol.%2031,%20no.%204,%20Article%20Number:%202250060,%202022%20(https:/doi.org/10.1142/S0218126622500608)
file:///H:/HH/DRIVE%20L/my-papers/vol.%2031,%20no.%204,%20Article%20Number:%202250060,%202022%20(https:/doi.org/10.1142/S0218126622500608)
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Natarajan%2C+Mohandas
https://onlinelibrary.wiley.com/doi/10.1002/etep.2287
https://onlinelibrary.wiley.com/doi/10.1002/etep.2287
https://onlinelibrary.wiley.com/doi/10.1002/etep.2287
https://onlinelibrary.wiley.com/doi/10.1002/etep.2287
https://onlinelibrary.wiley.com/doi/10.1002/etep.2287
https://onlinelibrary.wiley.com/doi/10.1002/etep.2287
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/toc/20507038/2017/27/4
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Banharnsakun/Anan
https://www.researchgate.net/scientific-contributions/Boonhatai-Kruekaew-2119872892
https://www.researchgate.net/scientific-contributions/Warangkhana-Kimpan-2093208279
https://www.researchgate.net/journal/International-Journal-of-Computational-Intelligence-Systems-1875-6883
https://www.researchgate.net/journal/International-Journal-of-Computational-Intelligence-Systems-1875-6883
https://www.researchgate.net/journal/International-Journal-of-Computational-Intelligence-Systems-1875-6883

Signal Processing and Renewable Energy, March 2024

53

timely replacing three-phase induction
motors with the help of accurate
estimation of its efficiency using

modified artificial bee  colony
algorithm”, Journal of Intelligent
Procedures in Electrical
Technology, vol. 8, no. 30, pp. 45-54,
Aug. 2017.

[177]1K. Ayan and U. Kilig, "Artificial bee
colony algorithm solution for optimal
reactive power flow", Applied Soft
Computing, vol. 12, no. 5, pp. 1477-
1482, May 2012.

[178] A.M. Eltamaly, "An improved cuckoo
search algorithm for maximum power
point tracking of photovoltaic systems
under partial shading conditions",
Energies, vol. 14, no. 4, Article
Number: 953, Feb. 2021.

[179]L.L. Dinh et al., “Artificial bee colony
algorithm for solving optimal power
flow problem”, wvol. 2013, Article
Number: 159040, Dec. 2013.

[180] A.F. Mohamed et al., A new technique
based on artificial bee colony algorithm
for optimal sizing of stand-alone
photovoltaic  system”, Journal of
Advanced Research, vol. 5, no. 3, pp.
397-408, May 2014.

[181]S. Fazeli-Nejad et al., "Artificial bee
colony algorithm based approach for
power system oscillation damping with
PSS and STATCOM", International
Journal of Research Studies in
Electrical and Electronics Engineering,
vol. 5, no. 1, pp. 27-39, 2019.

[182]G. Naresh et al., "Design and
parameters optimization of multi-
machine power system stabilizers using
artificial bee colony algorithm",

Proceeding of the IEEE/APCET, pp. 1-
6, Mylavaram, India, Aug. 2012.

[183]R. Rajabioun, "Cuckoo optimization
algorithm", Applied Soft Computing,
vol. 11, no. 8, pp. 5508-5518, Dec.
2011.

[184]J. Ahmed and Z. Salam, "A maximum
power point tracking (MPPT) for PV
system using cuckoo search with partial
shading capability”, Applied Energy,
vol. 119, pp. 118-130, April 2014.

[185]M. Gheisarnezhad and H. Mojallali,
“Fractional order PID controller design
for level control of three tank system
based on improved cuckoo
optimization algorithm", Journal of
Intelligent Procedures in Electrical
Technology, vol. 5, no. 20, pp. 55-66,
March 2015.

[186]S. Ansari and S. Mohammadi, "Determ-
ination of optimal battery capacity in
economic operation of micro grid by
cuckoo search algorithm", Journal of
Intelligent Procedures in Electrical
Technology, vol. 10, no. 38, pp. 51-64,
Aug. 2019.

[187]M. Shehab et al., "A survey on
applications and variants of the cuckoo
search algorithm”, Applied Soft
Computing, vol. 61, pp. 1041-1059,
Dec. 2017.

[188]M.A. Al-Gabalawy et al., "Cuckoo
search algorithm based for tunning both
Pl and FOPID controllers for the DFIG-
wind energy conversion system",
International Journal of Electrical and
Computer Engineering, vol. 10, no. 6,
pp. 2343-2349, Dec. 2020.

[189]M. Einan et al., "Optimized fuzzy-
cuckoo controller for active power


https://sciprofiles.com/profile/482393
javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)

54 Zanjani, Mahdavian, Honarvar, Riahinasab, Fathollahi. A Review ...

control of battery energy storage
system, photovoltaic, fuel cell and wind
turbine in an isolated micro-grid",
Batteries, vol. 3, Article Number: 23,
Aug. 2017.

[190]S.J. Zand et al., "Optimized fuzzy
controller based on cuckoo
optimization algorithm for maximum
power-point tracking of photovoltaic
systems"”, IEEE Access, vol. 10, pp.
71699-71716, July 2022.

[191]S.M.A. Elazim and E.S. Ali, "Optimal
power system stabilizers design via
cuckoo search algorithm™, International
Journal of Electrical Power and Energy
Systems, vol. 75, pp. 99-107, Feb.
2016.

[192]R. Teimouri and H. Sohrabpoor,
"Application of adaptive neuro-fuzzy
inference  system and  cuckoo
optimization algorithm for analyzing
electro chemical machining process”,
Frontiers of Mechanical Engineering,
vol. 8, no. 4, pp. 929-442, Dec. 2013.

[193]M. Aryanezhad et al., "Voltage dip
mitigation in wind farms by UPQC
based on cuckoo search neuro fuzzy
controller”,  Proceeding of the
IEEE/IFSC, pp. 1-6, Qazvin, Iran, Aug.
2013.

[194]D. Chitara et al., "Cuckoo search
optimization algorithm for designing of
a multimachine  power  system
stabilizer”, IEEE Trans. on Industry
Applications, vol. 54, no. 4, pp. 3056-
3065, July/Aug. 2018.

[195]S.M. Abd-Elazim and E.S. Ali, “Opt-
imal location of STATCOM in multi-
machine power system for increasing
loadability by  cuckoo  search

algorithm”, International Journal of
Electrical Power and Energy Systems,
vol. 80, pp. 240-251, Sept. 2016.

[196]J. Yi et al., "Multi-objective bacterial
foraging optimization algorithm based
on parallel cell entropy for aluminum
electrolysis production process”, IEEE
Trans. on Industrial Electronics, vol.
63, no. 4, pp. 2488-2500, April 2016.

[197]D.P. Acharya et al., "Effects of finite
register length on fast ICA, bacterial
foraging optimization based ICA and
constrained genetic algorithm based
ICA algorithm”, Digital  Signal
Processing, vol. 20, no. 3, pp. 964-975,
May 2010.

[198]W.J. Tang et al., "Bacterial foraging
algorithm for optimal power flow in
dynamic environments”, IEEE Trans.
on Circuits and Systems 1. Regular
Papers, vol. 55, no. 8, pp. 2433-2442,
Sept. 2008.

[199] T.N.V.L.N. Kumar and R.V.S. Satyan-
arayana, "Optimal location and sizing
of UPFC to enhance power system
security using modified BFOA",
Current Trends in Technology and
Science, vol. 6, no. 3, pp. 720-726,
2012.

[200]K. Passino, "Biomimicry of bacterial
foraging for distributed optimization
and control”, IEEE Control Systems
Magazine, vol. 22, no. 3, pp. 52-67,
June 2002.

[201]H. Chen et al., "An enhanced bacterial
foraging  optimization and its
application for training kernel extreme
learning machine”, Applied Soft
Computing, vol. 86, Article Number:
105884, Jan. 2020.



Signal Processing and Renewable Energy, March 2024

55

[202]C. Guo et al., "A survey of bacterial
foraging optimization”,
Neurocomputing, vol. 452, pp. 728-
746, Sept. 2021.

[203]F. Li et al, "Quantum bacterial
foraging optimization: from theory to
MIMO system designs”, IEEE Open
Journal of the Communications
Society, vol. 1, pp. 1632-1646, 2020.

[204]S.M. Abd-Elazim and E.S. Ali, "Power
system stability enhancement via
bacteria foraging optimization
algorithm™,  Arabian Journal for
Science and Engineering, vol. 38, pp.
599-611, March 2013.

[205]S.M. Abd-Elazim and E.S. Ali, "A hyb-
rid particle swarm optimization and ba-
cterial foraging for optimal power sys-
tem stabilizers design”, International
Journal of Electrical Power and Energy
Systems, vol. 46, pp. 334-341, March
2013.

[206] E. Gholipour and S.M. Nosratabadi, "A
new coordination strategy of SSSC and
PSS controllers in power system using
SOA algorithm based on pareto
method", International Journal of
Electrical Power and Energy Systems,
vol. 67, pp. 462-471, May 2015.

[207]R.K. Khadanga and J.K. Satapathy,
"Co-ordinated design of PSS and SSSC
based damping controller using evolu-
tionary algorithms", Proceeding of the
IEEE/INDICON, pp. 1-6, New Delhi,
India, Dec. 2015.

[208] G. Shahgholian et al., "Transient stabil-
ity promotion by FACTS controller
based on adaptive inertia weight
particle swarm optimization method",
Advances in Electrical and Electronic

Engineering, vol. 16, no. 1, pp. 57-70,
March 2018.

[209] A. Kazemi-Zahrani and M. Parastegari,
"Designing PSS and SVC parameters
simultaneously through the improved
quantum algorithm in the multi-
machine power system”, Journal of
Intelligent Procedures in Electrical
Technology, vol. 8, no. 31, pp. 68-75,
Dec. 2017.

[210] G. Naresh et al., "Coordinated design of
power system stabilizers and TCSC
employing improved harmony search
algorithm”, Swarm and Evolutionary
Computation, vol. 27, pp. 169-179,
April 2016.

[211]]M.M. Menezes et al., "Bacterial
foraging optimization algorithm used to
adjust the parameters of power system
stabilizers and thyristor controlled
series  capacitor-power  oscillation
damping controller”, Proceeding of the
IEEE/IAS, pp. 1-6, Juiz de Fora, Brazil,
Dec. 2014.

[212]S.M. Abd-Elazim and E.S. Ali, "Coo-
rdinated design of PSSs and SVC via

bacteria foraging optimization
algorithm in a multimachine power
system”, International Journal of

Electrical Power and Energy Systems,
vol. 41, no. 1, pp. 44-53, Oct. 2012.
[213]G. Shahgholian et al., "Coordinated
design of TCSC and PSS controllers
using VURPSO and genetic algorithms
for multi-machine power system
stability”, International Journal of
Control, Automation, and Systems, vol.
13, no. 2, pp. 398-409, April 2015.
[214]H.R. Jariwala and A. Chowdhury,
"Design of PID-PSS and SVC in a



56 Zanjani, Mahdavian, Honarvar, Riahinasab, Fathollahi. A Review ...

multi-machine system for damping of
power system oscillations using genetic
algorithm", Proceeding of the IEEE/II-
CPE, pp. 1-6, Delhi, India, Dec. 2012,

[215]J. Bhukya and V. Mahajan, "Parameter
tuning of PSS and STATCOM
controllers using genetic algorithm for
improvement of small-signal and
transient stability
of power systems with  wind power",
International Transactions on Electrical
Energy Systems, vol. 31, no. 7, Article
Number: 12912, July 2021.

[216]M.A. El-Dabah et al., "Optimal tuning
of power system stabilizers for a multi-
machine power systems using hybrid
gorilla troops and gradient-based
optimizers”, IEEE Access, vol. 11, pp.
27168-27188, Feb. 2023.

[217]H.K. Abdulkhader et al., "Fractional-
order lead-lag compensator-based
multi-band power system stabiliser
design using a hybrid dynamic GA-
PSO algorithm”, IET Generation,
Transmission and Distribution, vol. 12,
no. 13, pp. 3248-3260, May 2018.

[218] L. Zhijian et al., "Coordination control
between PSS and SVC based on
improved genatic- tabu  hybrid
algorithm™, Proceeding of the IEEE/
SUPERGEN, pp. 1-5, Nanjing, China,
April 2009, pp. 1-5.

[219]P. He etal., "Coordinated design of PSS
and STATCOM-POD based on the
GA-PSO algorithm to improve the
stability of wind-PV-thermal-bundled
power system", International Journal of
Electrical Power and Energy Systems,
vol. 141, Article Number: 108208, Oct.
2022.

[220]S. Panda et al., "Hybrid BFOA-PSO
approach for coordinated design of PSS
and SSSC-based controller considering
time delays"”, International Journal of
Electrical Power and Energy Systems,
vol. 49, pp. 221-233, July 2013.

[221]P. Bhasaputra and W. Ongsakul, "Opt-
imal power flow with multi-type of FA-
CTS devices by hybrid TS/SA appro-
ach"”, Proceeding of the IEEE/ICIT, vol.
1, pp. 285-290, Bankok, Thailand, Dec.
2002.

[222]R.K. Khadanga and J.K. Satapathy,
"Time delay approach for PSS and
SSSC based coordinated controller
design using hybrid PSO-GSA
algorithm", International Journal of
Electrical Power and Energy Systems,
vol. 71, pp. 262-273, Oct. 2015.


https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Bhukya/Jawaharlal
https://onlinelibrary.wiley.com/authored-by/ContribAuthorRaw/Mahajan/Vasundhara
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12912
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12912
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12912
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12912
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12912
https://onlinelibrary.wiley.com/doi/10.1002/2050-7038.12912
https://onlinelibrary.wiley.com/journal/20507038
https://onlinelibrary.wiley.com/journal/20507038

