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of (FACTS) devices. The allocation of these devices, however, represents a complex non-linear, mixed-integer optimization problem
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in optimizing the placement, sizing, and type of FACTS device to get improved system security, voltage stability, and reduce power
losses in both normal and faulty conditions. We explore hybrid PSO methods, multi-objective optimization strategies, and constraint
handling. Additionally, we discuss the challenges of applying PSO to large-scale power systems and provide recommendations for
future research directions. Simulation results demonstrate that PSO is an effective tool for enhancing system resilience and reducing
transmission losses, making it a promising optimization tool for modern power grids.
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Flexible AC Transmission System device (FACTS),
are implemented to get improved dynamic and transient
stability, reliability, and transfer capacity of the system.
These devices also contribute to ensuring the power system's
dependability and security, aiming for optimal control
outcomes. Examples of various FACTS devices that can be
used are Static VAR compensator (SVC), Static Synchronous
Series compensator (SSSC), Thyristor-Controlled Series
¢ It tom fail T e ¢ tabilit Reactor (TCSR), Thyristor-Controlled Series Capacitor
1t cafl Tesult i system failure. 10 maiftain systetil stabiity, (TCSC), Unified Power Flow Controller (UPFC), and the
operators must implement measures to safeguard the system. ) e .

. . power system's dependability and security. One of the key
If proper control actions are delayed or not available, the . . . o
, . . challenges is determining the ideal positioning of these
load’s service level may either be reduced or completely devices to i th v of Svst di ¢
halted. The overall security of the power system defines its cVIees 10 liprove Tie seourity 0T Systems and mprove 1t
' loading capacity. Research has shown that proper placement

resilience :EO unforeseen ﬂdlsrup t10r;s. Wlﬁh theb evolution of of FACTS devices significantly improves mostly security and
POWET Systems, POWET TIOW equations have become more reliability of deregulated power systems. Artificial

intricate. A variety of methods, such as genetic algorithms, intelligence techniques, like (PSO) method, have been

are now applied to solve thesg complex f?quatlons. Thls’. 15 implemented successfully to determine the best possible
partie ule}rly relevant uncertainty analys1s: and planning locations for these devices. Additionally, Genetic Algorithms
app 11catlops. In the management ofan elegtrlc powet system, (GA) have been employed for Optimal positioning of FACTS
the Eogll.ls o optl?lze powekr. ﬂov;l Wltho:lt élesortmg t’o technology in power systems to achieve goals like efficient
resc le uling generation or making changes to the system’s power flow, controller optimization, and cost-effective power
topology. dispatch. These algorithms, including GA and atom search,

are also effective for solving complex optimization problems

1. INTRODUCTION

Mostly power security and reliability of
transmission networks is a critical concern in electrical power
systems. Power system instability is often triggered by
overload conditions or major disturbances in the system.
These disturbances can cause vulnerabilities, leading to
insecure operating conditions. When such instability persists,
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with multiple objectives. However, despite addressing the
objective functions, these methods still struggle with certain
issues, such as complex constraints, the nonlinearity of power
networks, and the challenge of fully resolving Optimal Power
Flow (OPF) problems.

The growing need for electricity combined with the
for robust and efficient power transmission systems, has
made the optimizations applying, one important field of study
in electrical power engineering is (FACTS). FACTS devices
which can be used are SVCs (Static VAR Compensator’s),
TCSCs (Thyristor-Controlled Series Capacitor’s), and
UPFCs (Unified Power Flow Controller’s), play a crucial role
in regulating voltage, improving voltage stability, managing
reactive power, and controlling power flow. The optimal
placement, sizing, and type selection of these devices are key
to enhancing system performance, but the decision-making
process is complex due to the associated many numbers of
variables and constraints.

This study examines the application of a population-
based metaheuristic method called Particle Swarm
Optimization (PSO). It draws inspiration from birds' social
behaviour and fish, for solving the FACTS allocation
problem. PSO has gained widespread recognition for its
ability of exploring large search spaces and find nearly-
optimal solutions. By applying PSO to FACTS device
allocation, this research paper aims to present a
comprehensive review in the existing approaches, challenges,
also many advancements in the field.

Main Contributions of the Research:
The primary goals of the proposed model are outlined and

addressed as follows:

e The study develops the analysis performance of typical
IEEE 30, 118-bus systems, examining a variety of
performance scenarios.

e A power injection model using voltage-source-based for
FACTS devices has been initiated to improve the
electrical system's security network under both typical
and unforeseen circumstances. This research explores an
advanced FACTS localization approaching Particle
Swarm Optimization (PSO), evaluating the system in both
standard and contingency The optimal
placement and sizing of compensators are determined by

scenarios.

considering six objective functions and constraints.

e The initial population for the used PSO is predicated on
the certain quantity of buses and lines in the system to help
decide the appropriate locations for the FACTS devices.

e The proposed applied optimization model is effective in
determining the optimal positioning of FACTS devices,
improving system security while simultaneously reducing
losses and operational costs under normal and
contingency conditions.

In this paper the structure follows as: Section 2, reviews
recent advancements in power system security. Section 3,
provides in detail description of the proposed method,
including its objective functions and security-related
constraints. Section 4 evaluates the effectiveness of the
proposed methodology. Finally, for the research.

The conclusions and future directions are presented in
Section 5.

2. Related work

Several methods have been developed to reduce costs and
also improve security of the power systems. Traditionally, for
optimal locations and sizes of mentioned compensators were
determined using statistical models and mathematical
designs. However, these approaches have several limitations,
including high computational demands and limited
applicability to dynamic conditions. To address these
challenges, computer-aided approaches have been
introduced. Recently, artificial intelligence-based models,
optimization algorithms particularly, have been are used to
enhance the security of power systems. Some of these
approaches are discussed below.

El Moursi et al. [1] proposed method to allocate
FACTS devices in the network of a power system for voltage
stability enhancement using (PSO). The improvement
focused on finding the best location and dimensions of
FACTS devices to improve voltage stability. While this
method effectively enhanced system stability, it had high
computational involving complexity and was not suitable for
real-time of implementation due to the time required for
convergence.

Jayaraman et al. [2] employed both Genetic

Algorithms (GA) and PSO to ascertain the nearby best
optimal devices positioning of FACTS in the system. The
study focused on improving power system stability and
reducing active/reactive power losses. Although the method
showed promise, its computational cost was significant,
particularly for large-scale systems. Additionally, the
approach primarily targeted cost reduction rather than
security enhancement.
Kennedy and Eberhart [3] introduced the PSO algorithm, a
widely used optimization technique in power systems. PSO
has since been used and applied to various optimization
problems, including the placement and sizing of FACTS
devices. However, despite its success in convergence speed
and simplicity, PSO can face challenges such as premature
convergence, which might affect the robustness of solutions
in highly complex power networks.

Sahoo et al. [4] applied PSO to find an ideal power
flow solution (OPF) problems with the inclusion of FACTS
devices. Their method aimed to improve power flow control
and voltage regulation while reducing system losses. While
effective for solving the OPF problem, the method faced
convergence delays and might not be suitable for dynamic
system changes, where real-time adaptability is critical.

Soman et al. [5] demonstrated the application of
PSO for FACTS device placement and sizing, focusing on
optimizing voltage profiles and minimizing power losses.
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The method showed that PSO could handle a large number of
variables and provide feasible solutions. However, as with
other evolutionary algorithms, the optimization process could
be computationally intensive, limiting its practical use in
large-scale systems.

Zhang et al. [6] extended the use of multi-objective
PSO to simultaneously optimize the placement, also sizing of
FACTS devices with the goals of reducing both power losses
and improving voltage stability. Although this method
provided a more holistic approach by considering multiple
objectives, the computational complexity increased, and it
required more iterations to reach optimal solutions.

Zadeh [7] proposed a new method for the analysis of
complex systems using fuzzy logic and fuzzy sets. This
approach is useful in handling uncertainty and imprecision in
data, which is common in power systems. However, while the
theoretical foundations are solid, its application to real-time
optimization of FACTS devices is still under exploration and
requires more development.

Xie and Liu [8] deployed a best position and size for
FACTS devices are determined by the Genetic Algorithm
(GA), specifically aimed at improving system stability. The
method was effective in large-scale power systems, but it
suffered from slow convergence rates and was
computationally expensive, especially for systems with high
complexity or nonlinearities.

Safdarian et al. [9] multi-objective PSO was taken to
optimize the FACTS device placement and size, considering
objectives such as decrease of power loss and improvement
of voltage profile. While this approach was effective in multi-
objective optimization, it required significant computational
resources and was not ideal for real-time system adjustments.

Chaturvedi [10] demonstrated the use of PSO for the
ideal position for FACTS equipment for enhancing system
stability and reduce power losses. The study showed that PSO
could offer good solutions but also pointed out that the
method could be sensitive to initialization and could converge
to local optima in complex power systems.

Summary of Common Drawbacks:
The literature reveals several recurring challenges:

e Many methods focus on cost reduction or power loss
minimization but do not adequately address system
security under dynamic conditions.

e The computational burden of algorithms like PSO and GA
can make them unsuitable for real-time operation in large
power networks.

e Slow convergence rates and difficulty in adapting to real-
time system changes are common issues, especially when
the power system is under overloading or congestion.

e The inability of some optimization techniques to handle
nonlinearity and complex constraints in practical power
networks limits their scalability and effectiveness.

Given these challenges, a new optimization methodology that
balances cost reduction with enhanced security, faster
convergence, and adaptability to dynamic conditions is

needed. The proposed methodology aims to address these
limitations while ensuring efficient and secure operation of
power systems under varying load conditions.

3. PROPOSED MODEL FOR POWER SYSTEM SECURITY
IMPROVEMENT

Power system security is considered to be of utmost
importance for stable and reliable system. Enable the
safety and reliability within the system, for the proposed
work distinct types of FACTS devices are taken into
consideration. TCSR, UPFC, TCSC, SVC, and
SSCR are the gadgets used in the proposed model for
security improvement. Many objective factors are
considered when determining where to deploy the
FACTS device, including severity index, LOSI, power
loss, voltage variation, device investment cost, fuel
costs, and so forth. FACTS's perfect place devices
inside the bus system is chosen according to the purpose
of functions. A good site for the FACTS device is
selected using the wild horse optimization that is which
place location has a low cost and high level of security.

3.1. Devices(FACTS gadgets)

Power systems frequently employ five main kinds of
FACTS devices.: the TCSR, UPFC, TCSC, SVC, and SSSC.
This model uses these five FACTS devices for analysis of
security, which are succinctly summarized below.

1. TCSR

The firing delay angle, of thyristors are continually
modified, the inductive reactance of the TCSR, A
compensation for inductive reactance. It is made up of a
reactor. connected in series that is controlled by a thyristor.
The TCSR functions as an uncontrollable reactor (L1) at 180
degrees firing angle delay. The inductive reactance of the
TCSR drops below 180 degrees, while the shunt reactor
connection (L1/L2) breaks at 90 degrees.

The expression of XTCSR and the controlled thyristors
angle (a)are directly related by the following equation.

_ (X12) _ X1 (@)
Xpcsr= (@) [_(XLZ)' X +(X1 ()
(Xi2.X1-max) m -
- XL) +(Xuuax) [(1‘{-2(0()- sin)(Z(x))
1

2. UPFC

The UPFC is a hybrid device composed of two voltage
source converters that share a common capacitor on the DC
link side and one control system. It allows for the controlling
simultaneous and regulation of active and also reactive power
flow at the UPFC terminals with the necessary voltage
magnitude. Real power was introduced into the system using
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a shunt branch in the series. However, the series and shunt
branches actually interchange power in a way that is equal
and in the opposite direction, so the UPFC as a whole is not
actually absorbing or delivering power. The system can trade
reactive power with the UPFC's shunt and series branches.
The UPFC voltage sources are computed as using below
equation,

Eyr = (cosbyg + ] sindyg) 2

WhereV,, the voltage source corresponding to the shunt
converter, will range from (0 < §yp < 20) and have a
customizable magnitude and phase angle.

The series-injected voltages phase angle determines
the mode of power flow regulation.

3. 1CSC

The TCSC is a part of the FACTS series compensator.
The apparatus consists of a capacitance (C). connected
shunted with an inductance(L), It is controlled by a valve.
found in anti-parallel thyristors (T'1 andT2). The extinction
angle (@), It controls the valve's operation and can be
changed to any value between 90° and 180°. The
compensator TCSC injected a changeable capacitive
reactance into the transmission line (XTCSC). The angle (o)
of the controlled thyristors can range from 90° to 180°. is
directly related to the expression of XTCSC and is expressed
by the equation below.

Xresg(@)
s
~ Ximax [M]
= X,. X.
T
+ Ximax [ i 3)
7w — 2(a) — sin(2a)

4.8VC

It is a device that is connected to a shunt. for which output
can be set for the exchange of reactive power in order to
enhance the voltages magnitude profile, and mostly to reduce
active power flow loss, and promote systems loadability and
concerning security.The SVC is composed of a condenser
and a reactor controlled by a thyristor. A device for reactive
power injection is the SVC controller.

Qsve = —V? =
Bsvc 4

Where , V denotes the bus voltage magnitude and Bgy.
stands for the SVC’s susceptance.Eqn. (5) provides the
SVC’s operational range .
100 MVAR < Qgp¢ <
100MVAR 5)

5. 888C

The device of series compensation in a power
transmission line is the (SSSC). It is a Synchronous Voltage
Generator (SVG) mainly powered by power electronics that
generates a voltage in three phases. from a bank of dc
capacitors with the line current in quadrature. It is a voltage
source inverter that is solid-state and transformer connected
always in series to a transmission line make up the SSSC. It
can alter the main power flow on the transmission network
line by offering inductive or capacitive compensation, which
can increase power transfer efficiency, transient stability, and
power oscillation damping. Therefore, The inductive mode of
operation of the SSSC. As the amount of compensation is
increased, the SSSC injects voltage that is behind the line
current to simulate the capacitive reactance connected to the
transmission in series network line, increasing power flow
and line current. As a result, the SSSC is running in capacitive
mode. The real (P) and reactive (Q) powers flows at the
receiving end voltage source are given by:

2

'
P=vv,/xy, sini?i( 85-6, )= . sin & (6)
L
V 2
Q=V,V,. /X, (1- cos#i( 6, -8,))= A sin§ @)
L

3.2. Problem Formulation
In this study, six fitness functions are minimized while
taking the restrictions of the power system into account.
According to the subsections below, these fitness functions
can be optimized as either single-objective functions or multi-
objective functions.

Objective operation

The losses (active power), bus magnitude voltage
variation, and system running cost are termed as mono-
objective function each individually optimized. These
functions can be stated mathematically as follows:

objective=01x02x03x04x05x 06 (8)

where, O1 is a power loss, 02 is voltage deviation, O3 is
investment cost, 04 is fuel cost, O5 is severity function
index, 06 is line overload sensitivity index.

1. Minimizing active power, losses (PL)
By decreasing active power losses, the system reliability
is improved, that is shown in the diagram below:

NL

01 = (minp,) = minz Gy [VZ +V?
k=1

- 2ViV;cos(6i]-)] 9

Where NL is, the overall quantity of transmission
networks lines, the magnitudes of the voltages are V; and V;at
buses i and j, G represents the conductance of the kth line,

1JDDT, Volume 16 Issue 29s, 2026

Page 1008



A Comprehensive Approach for Power System Stability and Security Optimizing FACTS Device Allocation Using
Particle Swarm Optimization.

and §;; is the angle differences between busses I and J's
voltages.

2. Bus voltage deviation is minimized (VD)

Bus voltage is improved to remain within the permitted
limits when the bus voltage deviation is reduced, which is
stated as in (10). The total number of load buses is indicated
by the notation NL , where V; stands for the magnitude of the

voltage on the ith bus.
NL

02 =MinVD = min
k=1

(V; — 1.0)2 (10)
3. Severity index

The system's severity index is minimised during this
period. The equation below serves as a function of the
severity index (11).

03 =Si=
Bty O fman)®™ (11)
L

The overload lines set is described as follows: M stands
for the integer 7 exponent = 1, which stands for the line
rating and denotes the inline flow. I, S/*** Lmax is the line

rating, and S; (the inline power flow which is almost 1
(MVA)).

4. LOSI

Then best location for the compensators can be
determined at this phase using the Line Overload Sensitivity
Index (LOSI). Then, under various conditions, the LOSI of
each transmission line is evaluated. The network line power
flow- I is added to many contingency Nc to determine the
LOSI parameter for that line. The following equation
provides the LOSI calculation formula for the mentioned load
scenario (12).

ne sn
04 = LOSIP' = Z —

S (12)
Where S, S§"** can be used to indicate power
contingency flows and line-biggest i's power flows.

5. For Minimization of operating cost (OC)

The cost of the original investment and the cost of energy
losses in the FACTS controllers make up the operational cost
(OC), which is split into two components. In order to achieve
the desired function, active power losses using FACTS
devices must be reduced along with the investment
expenditures for FACTS devices. Equation depicts the cost
function for TCSR, UPFC, TCSC, SVC, and SSSC (13).

05 = Cracrs = Cresg + Cyprc + Crese + Csve
+ Csssc (13)
6. for the Fuel cost
Near to the generator is employed to lower the price of
fuel at this stage. The equation shown below mentions The
quadratic fuel cost functions of the producing units properly
works.

ng

= ) [ApEy+

i=1

06=mincost"(X)

Bp#  +C' (14)

Where the bus number index specifies the number of
buses, the i generator fuel cost coefficients are given by
Al,B!, C, the i generator active power generation limit is
denoted by p#!, and the number of generators is specified by
ng.

3.3 Constraints

1. For the Solution of optimal placement of FACTS

The optimal allocation and sizing of Flexible AC
Transmission network System (FACTS) devices are carried
out using the (PSO) method technique. PSO is inspired by the
combined collective and cooperative behavior observed in
groups such as bird flocks or fish schools, where individuals
adjust their positions by learning from their own experiences
and those of their neighbour’s. This social interaction enables
the swarm to efficiently explore and exploit in the search
space to identify and give optimal solutions.

In this study, PSO method is applied to determine the best
locations and sizes of different FACTS compensators in the
power network. The optimization process aims to minimize
both the total system cost and with the concerned severity
index, ensuring improved voltage stability and power flow
performance. In this subsequent section, provided with a
detailed explanation of this proposed PSO-based approach for
optimal FACTS device placement.

2. Step-by-step instructions of PSO method for ideal
positioning of FACTS

1. Initialization of System Data: Load the power
system network data, including bus, line, and
generator information. Specify the operating limits,
load conditions, and candidate locations for
installing FACTS devices.

2. Define Objective Function: Formulate the
minimization of the objective function. This may
include minimizing real power loss, voltage
deviation, or system severity index while
maintaining voltage stability and line flow
constraints.

3. Particle Initialization: Initialize a population
(swarm) of particles, where each of the particle
represents a possible solution containing the
locations and sizes of FACTS devices. Assign to
random positions and velocities within the properly
defined search space.

4. For Fitness Evaluation: For each of the particle,
perform a power flow analysis (such as the N-R
method) to calculate the objective function value.
Evaluate Each's level of fitness of the particle based
on the defined objective criteria.

5. Update Personal and Global Best:
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o Which Compare the current fitness value of
each particle to its (pBest), or personal
best.

o And Update the global best (gBest) if a
particle achieves a better solution than the
previous global best.

6. Velocity and Position Update: Update each
particle’s velocity and position using the PSO
update equations.

7. Constraint Checking: Ensure that the updated
positions (device sizes and placements) satisfy
system constraints such as voltage limits, power
flow limits, and device capacity limits.

8. Termination Criterion: Repeat the evaluation and
update process until the maximum iteration count is
reached, or the improvement in the objective
function becomes negligible.

9. Result Extraction: The final global best (gBest)
position, represents for the minimum locations and
sizes of FACTS devices that yield the minimum
objective function value.

10. Performance Verification: Conduct a final power
flow analysis with the optimized FACTS placement
to validate improvements in system performance
such as reduced losses, improved voltage profiles,
and enhanced stability.

4. RESULTS WITH DISCUSSION

In this study research, five types of FACTS
devices—TCSR, UPFC, TCSC, SVC, and SSCR—are
employed to improve security and stability of the system
network. The initial and most crucial step in improving
system performance is the optimal placement of these
devices, aimed at minimizing power losses and maximizing
the transfer of reactive power.

Two standard test systems, namely the IEEE (30and
118-bus) networks, are used to evaluate the proposed
approach. The best locations and ratings are found using the
Particle Swarm Optimization (PSO) method. for the FACTS
devices in these networks. This optimization process ensures
efficient voltage regulation, improved power flow, and
enhanced system reliability.

The performance of the test systems is analyzed
under two conditions—with and without of the integration in
the FACTS devices— which assess the effectiveness of the
PSO-based placement strategy. The obtained results
demonstrate the capability of PSO to achieve significant
performance improvements through intelligent allocation of
FACTS compensators.

Comparisons between the newly devised method and
those currently in use, such as PSO, FF, and ASO, are made.
The mentioned technique is validated using mainly three
different scenarios, including

Scenario 1-  Security evaluation, normal and

contingency circumstances
Scenario 2- Power flow optimization and security analysis
Scenario 3- Using FACTS devices to increase security

Each circumstance is studied in isolation and compared to
existing of the techniques for verifying the performance.

A. For the Performance of the evaluation (IEEE 30 bus
system)

This section examines the effectiveness of the proposed
method after several tests. Devices used in FACTS include the
TCSR, UPFC, TCSC, SVC, and SSCR. The above proposed
method is used to The IEEE 30 bus network to examine how
well the target functions such as the severity index and voltage
deviation—perform. The results are contrasted with those of
the proposed main system. The outcomes are noted contrasted
and compared to those of the suggested main system.

Casel: for security (normal and contingency conditions)

5
Bus Numbar

Fig. 1. For the voltage magnitudes.

For the change in voltage level magnitudes under various
emergency conditions, included normal, line, generator, and
both outage situations, is shown in above Figure 1. Typically,
the magnitudes is increased gradually from 1 to 30 buses.
Gradually, the magnitude rises up to 1 to 14 buses when there's
a generator outage, a line breakdown, or both. After 16 buses,
there is only a slight variation in the voltage magnitude.

Case2: Power flow optimization and security analysis

[ '
0 50 6 70 80 % 100
leration

1JDDT, Volume 16 Issue 29s, 2026

Page 1010



A Comprehensive Approach for Power System Stability and Security Optimizing FACTS Device Allocation Using
Particle Swarm Optimization.

Fuel cost,$h

890 1 ' 1 ' 1 1

—ooa
—pso
|—rr
—]

H

3

8

3

) \

a0 0 o 7 8 E 100
Iteration
T 1 1
[—ooa|
—ps0
—F
A0

3

%

8

H]

I

w0 £ 7 B %0 100
Heration

Fig. 2. For the Analysis of Convergence curve, for generation fuel cost
under (a) for normal (b) in line outage (c) for generator outage (d) both the
outage.

In the Figure 2(a), under typical conditions, the
characteristics of generating fuel cost convergence, for the
proposed and known algorithms like PSO are depicted. After
25 iterations, the cost of the generation fuel in the designed
PSO is reduced to $812. The generation fuel is decreased for
PSO, at iterations 60, 45, 70, 30, and 75, respectively. Figure2
illustrates how the cost of generator fuel converges during a
line outage (b). In the 25th iteration of the proposed WHO, the
cost of the generating fuel is reduced to $825. However, the
amount of fuel needed for generation decreased in the 62nd,
30th, 23rd, 30th, and 95th iterations for PSO. Figure2
illustrates for the convergence characteristics of the generation
fuel cost after a generator outage (c). The cost of the
generation fuel falls, for the proposed PSO. However, at the
62nd, 30th, 35th, 35th, and 45th iterations, respectively, the
generation fuel for FF, and ASO is decreased. Figure 2
illustrates the generation fuel cost convergence characteristics
for both types of outages (d). After the 25th iteration, the
generating fuel cost in the proposed PSO decreases to $815.

The generation fuel is decreased for PSO, however, at the
third, 35th, fifth, thirty-fifth, and seventy-fifth iterations.

Severity function value

15 -
\

14 L L L L L L L L L
0 10 20 30 40 50 60 70 80 90 100
lteration

Figure 3: for the Analysis of system severity function convergence curve,
(normal and contingency conditions)

The convergence qualities in both normal and contingency
scenarios are shown in Figure 3. This graph shows, from the
normal condition to the lines and generator simultaneously
outage condition, the starting value of the iterative process and
the number of iterations required for final convergence rise.

Case3: FACTS devices to improve security

——Wihout devics.
—wih UPFC

—wih IPFC
—win TCsC

—winsvc

Severity function value

(b)
Fig. 4. Convergence properties of system severity functions with and

without FACTS (normal conditions and contingency conditions) are
suggested.

Figure 4 shows how the system severity operates under
typical conditions with and without FACTS devices using the
suggested PSO. The graph demonstrates that the suggested
PSO for the iterative process with FACTS devices initiate with
a respectable beginning value. Similar, to this, additional
interactions are necessary to obtain the optimal result because
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Numerous FACTS devices are taken into consideration for
solving NR load flow. This is far superior to the current
algorithms.

B.  Forthe, IEEE 118 bus system, performance

After being used in several tests, the effectiveness of the
suggested method is investigated in this of the part. Our
proposed system will be used to find or position the FACTS
devices in the most beneficial location in order to boost system
security. The UPFC, TCSR, TCSC, SVC, and SSCR are some
of the devices used by FACTS. The proposed approach is used
to evaluate the effectiveness of the objectives functions,
including voltage, voltage deviation, and severity index, in the
IEEE 118 bus system. It contrasts and compares the findings
with those of the suggested scheme.

Casel: for the Security analysis (normal and contingency
conditions)

Voltage Magnitude,p.u

Fig. 5. For voltage magnitudes.

Accordingly in many contingency scenarios, such is both
outage conditions, generator outage conditions, line outage
conditions, and normal conditions., Figure 5 depicts, for the
IEEE 118 bus system variation in voltage magnitudes. In
typical situations, the magnitude from 1 to 50 buses is
gradually increased. During a line outage, the magnitude
progressively rises to 1 to 1.099 p.u. A bus generator outage
might affect 1 to 70 buses at once. Furthermore, the combined
impact of the two outages grows until it reaches 118 buses.

Case2: Power flow optimization and Security analysis

Figure 5 showing the characteristics of fuel cost
convergence, PSO for IEEE 118 bus system for various
conditions.
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Fig. 6. Convergence curve for generation fuel cost: (a) normal (b) line
outage, (b) generator outage, (c) both outage.

This convergence characteristics of producing fuel cost for
methods like PSO for IEEE 118 bus system are shown in
Figure 6 (a) under typical circumstances. Utilizing the
proposed PSO technique in this case, the generation of fuel
cost starts out low and remains constant. The cost of the
generation fuel, however, initially increases and then swiftly
decreases according to the present algorithms. The
recommended PSO has a low and consistent generation fuel
cost across all scenarios.
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Figure 7 : Analysis of system severity function convergence curve under
normal and contingency conditions
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Figure: 7 displays, convergence characteristics’ for both
normal and contingency like uncertainty conditions. This
graph shows how, from the normal condition to the
simultaneous outage of the generator and lines like condition,
the starting value in the number of iterations and the starting
point of the iterative method required for final convergence
rise.

Case3: FACTS devices to improve security
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Fig. 8. obtained Convergence characteristics of systems severity functions
with FACT, for normal and contingency like condition.

Figure 8, the convergence’s behaviour of the systems severity
function for the bus system IEEE 118 under for the normal
operating conditions, using the proposed Particle Swarm
Optimization (PSO) approach. Figure compares the
convergence performance with and without the integration of
FACTS devices. The results indicate that the PSO algorithm
with FACTS devices begins with a favourable initial fitness
value, showing effective initialization of the optimization
process. As the iterations proceed, the solution gradually
converges toward the optimal value, since the Newton—
Raphson (NR) load flow analysis is repeatedly executed
while considering multiple FACTS devices.

In this proposed method, it demonstrates faster and more
stable convergence compared to existing optimization
algorithms, confirming its higher efficiency in minimizing
the system severity function and improving overall system
performance.

5. CONCLUSION

An innovative PSO-based approach was utilized for
the best localization of The test bus system's FACTS devices
for the system security reliablity improvising in both
contingency as well as normal conditions. Identifying the
possible optimal locations for the FACTS devices in this case
was achieved through the PSO method. For the power system

to operate securely, FACTS devices need to be placed at
strategically —advantageous positions. The proposed
methodology for improving the security of the electrical
system incorporates mentioned FACTS devices: TCSR,
UPFC, SVC, TCSC and SSCR. Main advantages of deploying
these devices include reduced fuel costs and losses, as well as
improved adaptability in both normal and contingency
scenarios.

The factors that influence the placement of FACTS
devices are captured through various objective functions,
which include constraints, sensitivity index, losses, cost
functions, and voltage deviation. Using the PSO method, the
optimal locations for It is possible to identify FACTS devices.
The effectiveness of the suggested model is evaluated using
two different IEEE bus systems. To assess performance, each
FACTS device is tested individually in the bus system and
analyzed under three different failure conditions: line failure,
generator failure, and simultaneous line and generator failure.

The proposed method is compared to various
existing techniques such as like FF, and ASO. The
comparative analysis shows that the suggested applied
strategy achieves a lower cost effetive function compared to
the other methods. In the ahead future, advanced artificial
intelligence models, coupled with novel compensators, will be
employed to further enhance system security while
minimizing costs and losses.

In this paper, we have reviewed for the application of
(PSO) used for the optimal best possible allocation of FACTS
in power systems. We have highlighted PSO’s strengths in
solving this complex, non-linear optimization problem while
also discussing its challenges, such as local optima and
computational complexity. The case studies demonstrated that
PSO could effectively reduce power losses, improve voltage
stability, and enhance system security, making it a viable
optimization tool for modern power grids. Future research
directions include real-time optimization, hybrid PSO
techniques, and the use of cloud computing to handle large-
scale systems.
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