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Abstract

Electromechanical oscillations in power systems usually exist due to incompatible conditions and disturbances in the network.
Meta-heuristics using search strategy are used to find near-optimal solutions. Typically, the implementation of this approach
involves the utilization of a fitness function to assess the candidate solutions. In nature-inspired metaheuristics optimization
algorithms, an analogy from nature is used to generate approximate solutions for practical optimization problems. This work
presents a comprehensive investigation into various nature-inspired optimization algorithms, including ant colony
optimization, genetic algorithm, and bat algorithm. The primary focus of this paper is to explore their efficacy in the
coordinated design of Power System Stabilizers (PSS) and Flexible Alternating Current Transmission Systems (FACTS). The
objective of this coordinated design is to improve energy system stability and mitigate power system oscillations. Finally, new
directions are provided to researchers who work in the field of applications of nature-inspired optimization algorithms and

coordination configuration of PSS and FACTS regulators.
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1. Introduction

Energy is an essential requirement for the
sustained progress of economic development, social
well-being, enhancement of quality of life, and
societal security [1,2]. The efficient storage of
electric energy on a wide scale remains a challenge,
necessitating the establishment of a balance between
grid demand and consumption as a primary operatio-
nal requirement [3-14].

The significance of energy supply is
paramount in light of the advancements in the
industry and the increasing necessity for electrical
energy. This holds particular economic importance,
while simultaneously acknowledging the demand to
address environmental concerns [15,16]. In light of
the economic and environmental characteristics, it is
advisable to locate energy-producing facilities at a
substantial distance from consumption centers. The
obligation of transporting this energy lies with the

transmission grid, as indicated by previous studies
[17,18]. The proliferation of renewable power
sources and their influence on the traditional energy
grid is experiencing considerable growth [19,20].
The influential integration of power electronic
converters, such as photovoltaic, wind, and solar
systems, in the power grid has led to a
transformation in the performance and control of the
interconnected power system. This has resulted in a
heightened focus on maintaining and enhancing
stability, which has emerged as a crucial and pivotal
undertaking [21,22]. Recently, the growing scarcity
of non-renewable energy resources has led to
increased recognition of the significance of
renewable energies on a global scale. Consequently,
several studies have been undertaken to investigate
and harness the potential of these resources [23,24].
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Nowadays, academics have dedicated signif-
icant efforts to analysing and developing methods to
enhance the dynamic stability of energy networks
and mitigate low frequency variations. The utiliza-
tion of a controller within the power system serves
the objective of enhancing its stability and
responsiveness towards dynamic alterations in
system conditions [25,26].

A) Power oscillations damping

The power system is encountering continuous
growth, and the mitigation of oscillations is of
utmost importance in guaranteeing the dependable
transfer of power to various types of loads [27,28].
The interconnection of an energy grid through a
weak transmission line results in the occurrence of
low-frequency oscillations within the grid. In the
event that the level of damping is inadequate, these
oscillations can lead to disturbances in the power
network [29,30]. This issue in the energy grid is
addressed through the implementation of power
oscillations dampening techniques [31,32]. The
major risk to the stability of modern systems is
energy fluctuations. The Power System Stabiliser
(PSS) is employed to mitigate oscillations, while
Flexible Alternating Current Transmission System
(FACTYS) devices are utilized to improve damping
performance [33,34].

B) Short summary of optimization algorithms

The primary aim of optimization algorithms is
to identify a viable solution that aligns with the
constraints and requirements of the situation at hand
[35,36]. In addressing a given problem, it is possible
for there to exist multiple solutions. Hence, in order
to evaluate and select the most favourable solution,
it is crucial to take into account the objective
function, which is contingent upon the problem's
characteristics [37,38]. Hence, the selection of the
objective function can be identified as a paramount
stage within an optimization technique [29].

Several optimization strategies have been
discussed in the literature, each targeting different
objectives. For instance, the studies have highligh-
ted the improved whale optimization algorithm [40],
the crow search technique [41], the hybrid rectified
grey wolf optimization cosine algorithm [42], the
intelligent bacteria foraging technique [43], the
cuckoo search with the ability for partial shading
[44], and the particle swarm optimization [45]. It is
worth noting that all three of these optimization
methods have been employed in the design of
regulators and stabilizers in the multi-machine
energy system.

C) Innovation and contributions
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In this paper, we have conducted a concise yet
comprehensive review focused on the tuning of PSS
and FACTS devices, with the explicit goal of
enhancing stability and damping of oscillations. To
achieve this, we leveraged the power of nature-
inspired metaheuristics optimization algorithms. By
meticulously studying and analysing over 100
articles, our research aims to offer valuable insights
and novel directions to researchers working in the
field of nature-inspired optimization algorithms and
the coordination design of FACTS and PSS
controllers. The primary innovation of this study lies
in its exploration of cutting-edge approaches to
improving the performance of power systems by
integrating nature-inspired metaheuristics. By
synthesizing the knowledge gathered from a diverse
range of sources, we have provided an up-to-date
and coherent overview of the efficacy of these
optimization algorithms in addressing stability and
damping issues. Through a rigorous examination of
various techniques and methodologies applied in
real-world scenarios, we have identified key
strengths and potential areas for further
development in this field. Furthermore, our work
contributes to the broader domain of power system
engineering by highlighting the viability of nature-
inspired metaheuristics as a promising avenue for
enhancing control strategies in PSS and FACTS
devices. This paper not only showcases the current
state of research in the application of such
algorithms but also emphasizes their practical
significance in addressing critical challenges faced
by modern power systems.

D) Paper organization and structure

This work furnishes a concise review of
metaheuristic optimization strategies inspired by
nature for the coordination design of FACTS and
PSS regulators, based on existing investigations.
This study is organized in the following manner. The
configuration of the power system stabilizer is
explained in Section 2. Section 3 provides a concise
review of the various types of FACTS devices. The
utilization of various nature-inspired metaheuristics
optimization algorithms for the coordinated
structure of controllers is explicated in section 4. To
overcome the disadvantages of the optimization
procedure, a combination of several methods is
examined. Ultimately, the conclusion is illustrated
in section 5.

2. Power System Stabilizer

The utilization of weak connection lines in
extensive power systems results in the occurrence of
low frequency oscillations within the energy
network. If these oscillations are not sufficiently
dampened, they have the potential to escalate and
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ultimately lead to the disconnection of the power
system [46,47]. The primary purpose of
implementing PSS is to develop supplementary
control signals for the synchronous machine's
excitation system, with the aim of mitigating both
inter-area mode and local mode oscillations [48,49].
The performance and efficiency of the system are
contingent upon the implementation and
identification of the most suitable location and
design for the parameters [50,51]. The selection of
the location and optimal local input signals is
accomplished via the utilization of the deterministic
procedure and time domain simulation examination
[52,53]. The configuration of a PSS, seen in Fig. 1,
comprises a wash filter, lead-lag compensation
block, gain block, and limiter [54,55].

In order to achieve adequate damping of
electromechanical oscillations, several metaheuris-
tic optimization algorithms, including gradient-
based and hybrid gorilla troops optimization
techniques [56], as well as Tabu search [57], have
been employed for tuning PSS parameters.
Additionally, intelligent control design techniques
such as fuzzy logic [58,59] and artificial neural
networks [60,61], have also been utilized. In an
investigation conducted by the authors of [62], a
technique is suggested that utilizes artificial neural
networks to dynamically adjust PSS parameters in
real time. The delivered procedure involves
selecting two online measurements, namely
generator power factor and real power output, as
input signals for the neural network. The neural
network then accommodates the appropriate PSS
parameters as outputs. The study conducted in [63]
examines the impact of utilizing an artificial neural
network as a power system stabilizer to mitigate
multi-mode oscillations in a five-machine energy
system.

The input for the neural network is the
accelerating power of the producing unit. The neural
network is additionally trained to retain the inverse
output/input mapping of the synchronous machine.
The research introduces the utilization of recurrent
neural networks (RNNs) for the adaptive design of
PSS. The proposed adaptive PSS framework
consists of two RNNs: a tracker network that learns
the dynamic features of the energy plant, and a
regulator network that mitigates disturbances-
induced fluctuations. This technique is presented in
[64].
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Fig. 1. Structure of conventional power system stabilizer
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3. Overview of FACTS Devices Types

In the context of a power system, the
coordination between production and demand
becomes an essential and significant factor due to
the ever-increasing need for electrical energy. As the
demand for electricity continues to rise, it becomes
crucial to strike a balance between the amount of
energy being produced and the amount required by
consumers.

Effective coordination ensures that the power
system can efficiently meet the growing demands
without compromising its stability, reliability, and
overall performance. By properly managing the
generation and distribution of electrical energy,
power systems can function optimally and cater to
the needs of consumers, industries, and various
sectors relying on a steady and uninterrupted power
supply. This coordination also plays a vital role in
supporting  economic  growth, technological
advancements, and societal well-being, making it a
fundamental aspect of modern power system
planning and operation [65,66]. Hence, in order to
effectively address the surge in demand, it is
imperative for all constituent elements to function at
their utmost efficiency [67,68]. FACTS tools are
employed to enhance the effectiveness of the
transmission grid [69,70]. The utilization of FACTS
devices encompasses several benefits, including
load distribution control, reduction of transmission
line losses, enhancement of dynamic stability,
reinforcement of transient stability, improvement of
dependability and security, enhancement of power
quality, and optimization of voltage profile [71,72].

The categorization of FACTS devices based on
the manner in which tools are connected to the
power system is depicted in Fig. 1. The separation
into two categories, namely one-port, and two-port,
has been documented in previous studies [73,74].
This section provides a brief overview of many
commonly utilized FACTS devices.
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Fig. 2. The categorization of FACTS devices according to their
connection type
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Fig. 3. Basic diagram of static VAR compensator

A) Static VAR Compensator (SVC)

The Static VAR Compensator (SVC) is an
essential element inside power networks, speci-
fically engineered to enhunce the stability and
overall efficiency of the transmission network. The
system has a static capacitor bank that is coupled in
parallel with an inductor controlled by thyristors.
This configuration enables accurate regulation of the
power consumed by the inductor.

The SVC is capable of successfully
manipulating the reactive power flow, hence
facilitating the adjustment of voltage levels,
enhancement of power factor, mitigation of
harmonics, and stabilization of the transmission
network. The fixed capacitor bank of the Static Var
Compensator (SVC) plays a vital role in the
generation or absorption of reactive power,
depending on the specific characteristics of the
energy system [75].

When the electrical network requires a
significant amount of reactive power in the form of
capacitance, the capacitor bank is utilized to supply
the required support to compensate for the reactive
power that is lagging. On the other hand, in
situations where there is a decrease in reactive power
demand, namely inductive loads, the thyristor-
controlled inductor is employed to regulate the flow
of power. This regulation is necessary to maintain a
power factor that is both balanced and stable within
the network. The basic diagram of static VAR
compensator is illustrated in Fig. 2.

B) Static Synchronous
(STATCOM)

Compensator

The Synchronous Static = Compensator
(STATCOM) is an advanced device engineered to
offer swift and accurate regulation of reactive
current at the point of interface with the power
system. The component in question plays a pivotal
function in the regulation of voltage at the site of
connection and is renowned for its rapid response
time. The STATCOM, apart from its capability to
inject or absorb reactive power, also exerts an
influence on active power, so establishing itself as a
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versatile and potent compensator inside power
systems. When comparing SVC and STATCOM, it
is generally observed that STATCOM demonstrates
superior characteristic curves, hence improving its
effectiveness in voltage control and power
regulation [76,77].

One of the noteworthy advantages of STATC-
OM in comparison to SVC is its capacity to influe-
nce both active and reactive power transmission.
The utilization of STATCOM enables enhanced
flexibility and efficiency in addressing voltage
stabilization and power quality enhancement inside
the grid by effectively managing both power compo-
nents.

This functionality enables operators to
optimize the power distribution according to the
specific needs of the system and promptly adapt to
changes in load demand. The utilization of
STATCOM in power systems encompasses a range
of applications, notably the enhancement of stability
and the mitigation of sub-synchronous oscillations
inside wind farms. Wind farms are susceptible to
sub-synchronous resonance problems, which can
result in unfavorable power oscillations and
instability. The rapid response and accurate
regulation of reactive power by STATCOM provide
it a suitable remedy for mitigating these oscillations
and improving the overall stability of wind farm
integration into the grid [78,79]. The fundamental
diagram of static synchronous compensator is
depicted in Fig. 3.

C) Thyristor-Controlled Series Capacitor
(TCSC)

The Thyristor-Controlled Series Capacitor
(TCSC) is a significant device utilized in power
systems for the purpose of regulating the series
impedance and improving the efficiency of power
transmission. The system comprises a capacitive
reactance that is linked in series with the power
supply, enabling the dynamic manipulation of the
series capacitance. The TCSC system consists of a
parallel connection between a capacitor bank and a
thyristor-controlled reactor [80].
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Fig. 4. Basic diagram of STATCOM
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The fundamental function of the capacitor
bank is to introduce a variable and continuous series
capacitance, which can be modified as required to
improve the energy flow and voltage regulation in
the transmission line [81,82]. Through the
manipulation of thyristors, the TCSC can modify the
effective capacitance within the system. This
adjustment enables the regulation of impedance and
subsequently impacts the flow of power. The
operation of the TCSC is contingent upon its
dynamic capability to manipulate the capacitive
reactance instantaneously.

Under typical operating conditions, where
power flow remains within acceptable parameters,
the thyristors maintain a state of high impedance,
leading to the presence of a substantial series of
capacitive reactance. This process significantly
raises the voltage of the line, hence improving the
efficiency of power transmission. Nevertheless, in
situations of contingency or high demand, it is
possible to activate the thyristors to diminish
impedance. This action results in a reduction of
series capacitance, effectively counteracting voltage
drops or disruptions within the power system.

The control mechanism of the TCSC enables
prompt response to system conditions, facilitating
dynamic compensation and ensuring the stability of
power transmission. The TCSC assists in the
mitigation of voltage fluctuations, improvement of
overall system stability, and dampening of
oscillations through the regulation of the series
capacitance [83,84]. Thyristors are used to control
system impedance. A simple block diagram of
thyristor-controlled series capacitor is illustrated in
Fig. 4.

A) Static Synchronous Series Compensator
(SSSC)

The Static Synchronous Series Compensator
(SSSC) is a prominent apparatus employed in
energy systems to augment the controllability and
stability of transmission lines. The system consists
of a high-voltage direct current (HVDC) source and
a transformer, which are interconnected in series
with the transmission line.
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Fig. 5. Simple block diagram of thyristor-controlled series
capacitor
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Fig. 6. Simple block diagram of static synchronous series
compensator

The main purpose of the SSS) is to introduce a
nearly sinusoidal voltage in series with the power
transmission line. SSSC functions as a regulated
voltage source, providing the ability to
autonomously adjust its voltage magnitude within a
predetermined operational span, irrespective of the
line current [85,86].

This distinctive attribute enables operators to
effectively control and enhance the voltage profile
along the transmission line, thereby minimizing
voltage dips or fluctuations that may arise as a result
of fluctuating loads or disturbances in the grid. The
SSSC is capable of modifying the line impedance
and exerting control over the flow of reactive power
by introducing an adjustable voltage in series with
the line. The aforementioned capability renders it an
important asset for power flow manipulation and
voltage regulation, as it possesses the potential to
promptly adapt to evolving grid circumstances and
actively facilitate the transmission of power between
distinct sections of the network [87,88].

B) Interline Power Flow Controller (IPFC)

The Interline Power Flow Controller (IPFC) is a
sophisticated device employed in power networks
for the goal of managing energy flow and improving
the overall stability and efficiency of interconnected
transmission lines. The IPFC is comprised of many
voltage source converters that are interconnected in
a series configuration with the transmission lines via
coupling transformers [89,90].

The IPFC primarily serves the purpose of series
reactive compensation. The IPFC can inject or
absorb reactive power into the transmission lines by
manipulating the output of the voltage source
converters. This functionality enables the system to
manage the line impedance and efficiently govern
the power transfer between interconnected grids or
transmission corridors. The IPFC can effectively
regulate reactive power flow, leading to the
mitigation of voltage fluctuations, enhancement of
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voltage profiles, and overall improvement in power
system stability [91,92]. The configuration of the
controller is depicted in Fig. 5.

C) Unified Power Flow Controller (UPFC)

Power systems use the Unified Power Flow
Controller (UPFC) to modify transmission line
settings in real time. It controls transmission line
dynamic power flow by changing line impedance,
node voltage, and phase angle [93,94]. The UPFC
actively regulates transmission line power flow. The
UPFC balances power transfer between grid sectors
by dynamically altering line impedance and other
factors. This optimizes power flow distribution and
reduces line congestion and overloading.

However, like any sophisticated power system
device, UPFC interruption during abnormal
conditions can threaten power system stability
[95,96]. Thus, the UPFC must have sufficient
safeguards to operate reliably and uninterruptedly.
The UPFC reduces rotor oscillations to boost
generator damping [97]. This damping increase
improves the power system's dynamic stability and
disturbance responsiveness. The UPFC should
behave like a PSS [98,99]. How to connect the
converters in the controller is presented in Fig. 6.

4. Literature Review

Several researchers have employed meta-
heuristic techniques to individually adjust the
coefficients of power system stabilizers and to locate
or create controllers for FACTS devices [100,101].

Several techniques have been suggested for the
synchronization of FACTS and PSS [102,103].This
section presents a concise description of the
coordination control between FACTS and PSS
regulators, utilizing optimization strategies inspired
by nature. A concise explanation is furnished for
each optimization procedure, followed by a
description of its use in the coordinating design of
controller parameters.

A) Genetic Algorithm (GA)

The Genetic Algorithm (GA) is well recognized
as a prominent example of swarm intelligence
search. The algorithm in question emulates the
biological phenomenon of natural selection,
incorporating three fundamental evolutionary
operators: crossover, mutation, and selection. The
utilization of genetic algorithms for the identificat-
ion of genetic models and the detection of epistasis
has been found to be straightforward [104,105]. Fig.
7 illustrates the overall procedure of executing the
algorithm, which is subject to variation depending
on the specific goal function [106,107]. The paper
presented in [1] introduces a method for the robust
tuning of proportional integral derivative (PID) SVC
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and PSS in multi-machine energy systems. The
adapting is performed using a genetic algorithm.
The placement of PSS and SVC is decided using
participation factors and the residue approach,
respectively.

B) Particle Swarm Optimization (PSO)

The particle swarm optimization (PSO) metho-
dology is a population-based stochastic optimization
method that is particularly suitable for optimizing
nonlinear functions in multidimensional space
[109,110]. The strategy presented below draws
inspiration from the collective movement patterns
observed in avian species during foraging activities.
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The fitness value of each solution is determined
through the utilization of a fitness function. Every
individual particle possesses a specific velocity and
assumes the role of governing the trajectory of such
particle [2,3]. Every individual particle in the
problem space persists in its movement by adhering
to the optimal particles present in the current state.
The utilization of this strategy demonstrates a wide
range of applications in problem-solving [4,5]. Fig.
8 displays the flowchart illustrating the various
stages of the procedure [6,7].

One of the notable features of this algorithm is
the utilization of all available historical data,
fostering collaboration and information sharing
among particles. Additionally, it offers simplicity in
both implementation and execution, along with the
ability to effectively address local optimal problems.
Furthermore, it demonstrates a high convergence
speed [8]. Additionally, this technique is associated
with drawbacks such as premature convergence, the
entrapment of particles in local optima, and a
decrease in population variety [9,10].
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¥ :
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Simulation m the time position and
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Checking the algorithm Find the fitness of
completion condition —»{ each particle in the
(Maximum epochs or current population
optimum?)
yesy

Fig. 10. A view of the PSO algorithm process

The paper [11] presents a study on the best
placement of STATCOM and its coordinated
structure with PSS for enhancing energy stability.
The research focuses on the optimization problem of
designing a compensator with a stabilizer, which is
solved using the PSO approach. The findings from
the nonlinear simulation establish that the strategic
placement of the compensator in the best position
yields enhancements in the transient stability of the
power system.

Furthermore, the coordinated design approach
effectively enhances the damping characteristics of
the power system. In the study presented in
reference [12], a proposal is made to improve the
stability of a energy grid through the implementation
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of coordination techniques for SSSC and PSS. The
authors employ a hybrid optimization approach,
combining the Bacteria Foraging Optimisation
approach (BFOA) and PSO, to efficiently search for
the best parameters of the regulators.

Fig. 9 illustrates the behavior of system speed
deviation in response to a heavy load scenario with
a load interruption occurring at bus 1, specifically at
the 1-second mark, lasting for a duration of 100
milliseconds. The suggested strategy effectively
mitigates power system fluctuations, resulting in
rapid stabilization of the system even in the presence
of potential alterations. Fig. 10 illustrates the speed
deviation of the system when subjected to variations
in generator loading and the presence of a 3-cycle
and 3-phase fault in the transmission line. The
aforementioned simulation outcomes demonstrate
the improved performance of the combined strategy
in comparison to the GA.

In [13], showcases the utilization and assessment
of three optimization techniques, namely GA, PSO,
and Farmland Fertility Algorithm (FFA), for the
purpose of designing coordination amongst
stabilizers in a multi-machine energy system. Fig. 11
illustrates the rate at which the stabilizer design
index converges in a power grid consisting of
multiple machines.

In this particular scenario, we are examining a
three-phase fault occurring in bus 39, with a duration
of 100 milliseconds, precisely at the 1-second mark.
The data demonstrates that the agricultural fertility
algorithm approach exhibits a notably higher
convergence rate (92 iterations) in comparison to
both PSO (78 iterations) and GA (83 iterations). To
improve the stability of the energy grid in [14],
researchers have employed a combination of PSS
and TCSC. To determine the appropriate controller
parameters, they utilized the Velocity Update
Relaxation  Particle Swarm  Optimisation
(VURPSO) technique and the GA.

The figures, labeled as Figs. 12 and 13, depict
the rotor angle response of machines 1 and 4,
respectively, in reaction to a disturbance. The
utilization of both VURPSO and GA algorithms has
demonstrated a notable improvement in the system's
stability, surpassing the efficacy of the remaining
two approaches. Figs. 14 and 15 depict the
variations in machine speed within a single machine
power system under two scenarios: (a) when the
POD controller function is only performed by the
UPFC, and (b) when a coordinated design is
implemented between the UPFC and PSS. The
coordination of design between the UPFC and the
PSS is achieved through the utilization of two
optimization  approaches, namely  Dolphin
Echolocation Optimisation (DEO) and PSO. The
coordinated structure of PSS and Unified Power
Flow Controller - Phase-Order Decomposition
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(UPFC-POD) yields improved dynamic
responsiveness. Additionally, it has been detected
that the utilization of DEO has resulted in reduced
fluctuations compared to the PSO technique, as well
as a significantly faster response time [15].

C) Artificial Bee Colony (ABC)

One of the optimization techniques belonging to
the group of swarm intelligence algorithms, which
simulates the foraging behavior of honeybees, the
artificial bee colony (ABC) algorithm is an
optimization technique [16,17]. This method has
been successfully applied to wvarious practical
problems [18,1928]. In this algorithm, there are
three types of bees: (a) employed bees (foraging
around a food source and sharing information with
onlooker bees), (b) onlooker bees (choosing a higher
quality food source) and (c) scout bees (abandoning
their food sources and seeking new ones) [20,21]. In
the ABC algorithm, the first half and the second half
of the swarm include used bees and onlooker bees,
respectively [22] [23]. The flowchart of this method
is depicted in Fig. 16 [24] [25].

To coordinate between STATCOM and PSS to
improve the better damping of electromechanical
oscillations, he ABC algorithm is employed in [26],
and the outcomes are analogized with the PSO
strategy. The simulation results in a two-area four-
machine system show the advancement of
electromechanical oscillation damping in the area
and inter-area modes using the ABC technique
compared to the PSO strategy.
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To coordinate between STATCOM and PSS to
improve the better damping of electromechanical
oscillations, he ABC algorithm is employed in [27],
and the outcomes are analogized with the PSO
strategy. The simulation results in a two-area four-
machine system show the advancement of
electromechanical oscillation damping in the area
and inter-area modes using the ABC technique
compared to the PSO strategy.

The application of ABC algorithm in PSS design
with TCSC-based controller to improve transient
stability in a single machine power system is
suggested in [28], which simulation results for
different loading conditions show the superiority of
ABC algorithm in the design of inter-controller
coordination. Fig. 17 shows the convergence
characteristics of artificial bee colony strategy
towards the optimum for different loading
conditions including heavy, normal, and light. Fig.
18 shows the rotor angle changes for 5% step
changes in load to tunning TCSC parameters in two
different algorithms.
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Fig. 19. Convergence features of artificial bee colony algorithm
towards optimal for different loading conditions
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Fig. 20. Rotor angle changes to tunning TCSC parameters in
two algorithms
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D) Ant Colony Optimization (ACO)

The Ant Colony Algorithm (ACO) is considered
as one of the approximate optimization approaches
[29,30]. The core concept of this technique is rooted
in the indirect local communication that occurs
among individuals within an artificial ant colony.
The concept of ACO is derived from the empirical
study of ant behavior. The fundamental aspect of
this significant and intriguing behavior lies in the
indirect communication that takes place between ant
colonies, enabling them to efficiently navigate
between their nests and sources of food [31,32]. The
method in question is a probabilistic strategy utilized
for the resolution of computer issues. It employs a
model-based search approach and bears a
resemblance to an estimate of distribution
techniques. Fig. 19 depicts the flowchart illustrating
the implementation of the algorithm in question
[33].

In [34], the use of the ant colony algorithm for
coordinating SSSC and PSS controllers on a four-
machine system is discussed. The study focuses on
the analysis of a three-phase failure in two different
scenarios. Subsequently, the obtained simulation
outcomes are compared with those obtained using
the PSO procedure.
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Fig. 21. A view of the ACO algorithm process
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E) Cuckoo Search (CS)

The cuckoo optimization algorithm is a
collection of meta-heuristic algorithms that draws
inspiration from the behavior of cuckoos. It is
introduced as a method that begins with an initial
population [35,36]. The algorithm is established
upon the endeavor of avian species to ensure their
survival. It is not uncommon for certain avian
species to experience mortality in their pursuit of
survival [37,38]. Subsequently, the avian specimens
that have been saved embark on a migratory journey
to a more favorable habitat, where they commence
the process of reproduction by engaging in egg-
laying activities. The optimal environment is
represented by the highest value attained by the
objective functions within the algorithm, as
indicated by references [39,40]. Fig. 20 displays the
flowchart illustrating the cuckoo optimization
technique [41].

The paper [42] presents the utilization of the
cuckoo search algorithm for achieving the optimal
structure of STATCOM parameter setting in a multi-
machine energy system. The comparison between
the simulation results and eigenvalues obtained from
this method, in conjunction with the genetic
algorithm, demonstrates its superior performance in
mitigating damping fluctuations and enhancing
voltage profiles.

Fig. 21 illustrates the variation of goal functions
when utilizing two optimization strategies, namely
CS and GA, in the design of STATCOM. It is
evident that the objective functions exhibit a drop in
value during the iterations of the optimization
methods. Furthermore, the convergence speed is
observed to be higher in the case of the CS approach,
requiring only 53 generations, as opposed to the GA
method, which necessitates 72 generations. The
authors of reference [43] present a computer science
program that aims to achieve the best design of PSS
in a energy system with many machines. The
algorithm focuses on solving the optimization
problem related to determining the appropriate
parameters for the stabilizers.

The determination of the objective function also
takes into account the eigenvalues associated with
electromechanical modes exhibiting low damping.
Fig. 22 illustrates the angular velocity (expressed in
radians per second) reaction between machines 2
and 3 within the power system when subjected to
high load conditions. The CS approach has
demonstrated efficacy in diminishing settling time
and mitigating power system oscillations.
Additionally, the mean settling time of oscillations
for the three approaches, namely CS, GA, and
conventional PSS, is recorded as 1.0, 1.43, and 5.3
seconds, respectively.
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F) Bat Algorithm (BA)

This method has been utilized to optimize
various objectives, which can be mentioned tuning
the PSS to increase small signal stability [44].

G) Hybrid Algorithm

Hybrid algorithms are commonly employed to
address the limitations inherent in optimization
strategy when tackling optimization problems
[45,46]. The integration of many methodologies
enables the utilization of the respective benefits in
the development of the regulator [47,48].

Fig. 23 depicts the flowchart illustrating an
instance of the integration of the gravitational search
algorithm and particle swarm optimization methods.
It is evident that the hybrid method commences with
random initialization and ultimately fulfills the
requirements pertaining to the velocity and location
of the final criterion [49].

Update parameters Evaluate the fitness | Generate initial
for population for all agents population
v Foo t
Calculate Meeting end Start
parameters for all criterion?
agents
‘ l}'es
Update velocity and Returnthe | Stop\\l
position best zolution

Fig. 25. Flowchart of a hybrid algorithm based on two
optimization methods

In [50], the utilization of STATCOM,
supplementary POD, and PSS is implemented to
enhance the stability of power systems within the
transmission grid. This involves the optimization of
controller parameters through the application of an
advanced intelligent optimization algorithm,
specifically the hybrid PSO and GA algorithm,
which effectively addresses the issue of local
convergence in PSO.

In addition, the objective function encompasses
voltage control and STATCOM damping control as
means to mitigate the Low-Frequency Oscillation
(LFO). In order to mitigate the occurrence of low
frequency oscillations within a energy system, a
novel approach is presented in reference [51]. This
approach involves the utilization of an interval type-
2 fractional order fuzzy proportional integral
derivative-PS), where the input signals taken into
account are speed deviation and acceleration.

In addition, a strategy that combines the firefly
algorithm with particle swarm optimization is used
to optimize the coefficients. The authors of
reference [52] have presented a novel approach that
utilizes a combination of continuous wavelet
transform and the Prony algorithm for the



136 International Journal of Smart Electrical Engineering, Vol.13, No.2, Spring 2024

coordinated optimization of UPFC and PSS param-
eters. The objective of this strategy is to mitigate
low-frequency electromechanical oscillations in the
power system.

The multi-objective optimization problem is
addressed by employing the Improving the Strength
Pareto Evolutionary Algorithm. Additionally, the
hysteresis approach is employed to enhance dampi-
ng and ensure compliance with power system cont-
roller limitations. In a study conducted by [53], an
examination was conducted on the effectiveness of
two controllers, namely STATCOM and PSS, in
enhancing transient stability and small signal
stability in wind energy systems.

The study utilized a genetic algorithm to
optimize the coefficients of the regulators. The
optimization of parameters in transient stability has
been explored through the use of three distinct
methods: grey wolf optimization (GWQO), PSO, and
GA. A comparative analysis has been conducted to
evaluate the implementation of these techniques.
Fig. 24 compares the convergence of three
optimization strategies for the same objective
function and restrictions.

The convergence of GWO, PSO, and GA to a
value of 109.138 is noted. Figs. 25 and 26 depict the
transient response of the active power of a wind farm
based on a double-fed induction generator, as well
as the rotor angle of the synchronous generator, for
design parameters, utilizing the three optimization
techniques mentioned. The outcomes demonstrate
that the implementation of the design with the GA
method had a more pronounced impact on
mitigating fluctuations compared to the other two
methods.
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Fig. 26. Comparison of convergence between three optimization
methods
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Fig. 27. Transient response of active power flow of DFIG-based
wind farm
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Fig. 28. Transient response of rotor angle of synchronous
generator

5. Conclusion

Oscillations within linked power networks can
have a substantial impact on the coordination among
system generators, resulting in disruptions in power
transmission and stability concerns. The effective
transmission of electricity by the power system can
be constrained by low-frequency variations. In order
to tackle these issues, FACTS and PSS devices are
utilized to improve stability and mitigate power
system oscillations. This paper provides a succinct
overview of the utilization of different optimization
algorithms, specifically Genetic Algorithm (GA),
Artificial Bee Colony (ABC), Particle Swarm
Optimisation (PSO), Cuckoo Search (CS), Ant
Colony Optimisation (ACO), and Bat Algorithm
(BA), in the development of coordination between
PSS and FACTS regulators.
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