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The study explores a Load Frequency Control (LFC) system using a Fractional Order
Proportional-Integral-Derivative (FOPID) controller. The study focuses on a three-area
system with LFC, and the parameters of the proposed FOPID controller (kp, ki, kd) are
improved using the ftransit search method. Through comprehensive MATLAB
simulations, the response of the LFC system is rigorously investigated, with a particular
focus on frequency stability and tie-line power variations. A comparison study is
performed, and the results obtained with the FOPID controller are compared to those of
standard control approaches. Highlighting the efficacy of the FOPID controller tuned
via Transit Search Optimization. Results of the two controllers show the optimized
FOPID controller can improve the dynamic response of the system frequency and the
tie-line power. The study offers knowledge of power system stability and control,
demonstrating the efficacy of sophisticated control in boosting the operational

dependability of complex multi-area power systems.

1. INTRODUCTION

The quality of the electrical power system is one of the main
concerns for electrical engineers. Over the years, the power
system has become more complicated and nonlinear because
of the high power demand and increased use of nonlinear
devices. The voltage and frequency are the two main variables
that should remain at their prescribed values. Any deviations
in these two variables reflected negatively on the operation of
the network and customer devices, especially the power
electronic devices that are very sensitive to voltage and
frequency variations. The losses in the power system can also
be considered as one of the problems resulting from the poor
quality of the energy.

In addition, the significant deviation in voltage and
frequency becomes a stability problem that threatens the
power system and may lead to blackouts. Thus, power system
engineers nowadays witness real issues related to the quality
and stability of the network, which enhances them to introduce
new techniques to sustain the system frequency and voltages
at their allowable limits.

The present paper is interested in the control of the
frequency of the power system, or what is called Load
Frequency Control. The active power in the network has a
direct effect on the frequency. The new intelligent control
methods aim to deal with active power in the lines and power
generated from the generator with the mechanical power input
of the synchronous generator.

The function of Load Frequency Control is maintaining the
frequency and absolute power of the single-area or multi-area
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system within its prescribed values. In addition, LFC also
distributes the load demand between generators in one region
or multiple regions and controls the scheduled tie-line power
between areas [1]. The control scheme used should be able to
maintain the frequency and tie-line power within its limits and
return zero steady-state error. The joint controllers used for
this purpose are the conventional PI or PID controllers [2-4].
The conventional PID control can’t perform efficiently with
the system's nonlinearity. FOPID controller is an updated
version of the PID control but with different tuning parameters
that give better dynamic performance of the LFC system.
However, FOPID has five parameters to be designed.
Innovative optimization techniques are used to design the
optimum parameters of the controller. Different mathematical
algorithms are adopted to better deal with the power system
nonlinearity and give fast and more accurate results for system
response. Particle Swarm Optimization, Artificial Neural
Networks, and Genetic Algorithms are well-known smart
methods for dealing with power system nonlinearity problems
[5-10].

Pandit et al. [11], describe other intelligent algorithms
applied to power system problems. The proposed controller in
the paper is an FOPID controller with the optimal tuning of the
controller parameters using the transit search optimization
algorithm. The function of the controller is to give better
system performance. The results come with the use of the
proposed control with optimized parameters to emphasize the
robustness and high-quality features of the control [12-15].

The proposed control scheme in the work employs the
transit search algorithm to optimize the FOPID parameters to
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improve its performance. The FOPID controller improves the
system's performance by reducing the overshoot in the speed
response and reducing the time taken to reach the steady state
value of the speed. Leads to a more stable and robust system.

The primary purpose is to harness the advantages of FOPID
controllers, as revealed in the study conducted by Prakash et
al. [16]. FOPID controllers, by adding fractional-order
calculus into the control loop, offer higher resilience and
increased transient response, making them well-suited for the
complexity of modern power systems. By adopting and
extending the FOPID framework, the study intends to achieve
precise and adaptive load frequency control. The second
objective is to optimize the FOPID controller parameters using
the Transit Search Optimization technique. Transit Search
Optimization is a recently developed metaheuristic algorithm
inspired by the movement patterns of public transit vehicles
[13, 16]. The algorithm exhibits excellent efficiency in
addressing complicated optimization issues. By using Transit
Search Optimization in the FOPID controller, the study
intends to fine-tune the controller parameters, ensuring
optimal performance under different operating situations.

Load Frequency Control (LFC) is a crucial part of power
system operation, ensuring real-time balance between
generation and consumption. Historically, it used
Proportional-Integral-Derivative (PID) controllers to respond
to frequency changes. Modern systems, like renewable energy
integration and smart grids, present new challenges and
opportunities for LFC. Tuning these components is essential
for optimal functioning.

Load Frequency Control (LFC) is a critical aspect of power
system operation, preserving the real-time balance between
generation and consumption. It serves a key function in
maintaining system frequency and tie-line power flows within
acceptable limits following unexpected load changes or
outages [17, 18]. LFC prevents frequency variations, which, if
not managed, can cause grid instability and blackouts.
Historically, LFC was mainly achieved through Proportional-
Integral-Derivative (PID) controllers, which give a simple and
effective technique of controlling the power output of
generators to match the demand.

PID controllers are widely used in industrial applications
due to their simplicity and effectiveness. They consist of three
components: Proportional (P), Integral (I), and Derivative (D)

terms. Proper tuning is crucial for optimal control performance.

Voltage and frequency variations pose significant challenges
in power systems, potentially leading to instability and
equipment damage. These variations can disrupt
synchronization and cause cascading failures and blackouts.
Load Frequency Control (LFC) and PID controllers help
minimize these variations by balancing power generation and
load demand. PID controllers, with their proportional, integral,
and derivative components, stabilize the system by altering
generator outputs in response to frequency fluctuations [18].
In the ever-changing landscape of power systems,
guaranteeing steady functioning, particularly in multi-area
systems, is paramount. Load Frequency Control (LFC) is
crucial for maintaining frequency stability, which is vital for
the reliable operation of linked electricity grids [19].
Advanced control techniques, such as Fractional Order
Proportional-Integral-Derivative (FOPID) controllers, are
becoming increasingly popular due to their capacity to manage
complicated and nonlinear systems. Additionally, including
optimization methods, like Transit Search Optimization,
boosts the adaptability and efficiency of these controllers.
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The work conducted by Hossam-Eldin et al. [20] focuses on
the dynamic performance of Load Frequency Control in a
three-area system utilizing a novel FOPID controller
optimized by Transit Search Optimization. The research
addresses a crucial gap in the field by evaluating the
effectiveness of sophisticated control techniques in multi-area
power systems. The study intends to analyze how the FOPID
controller, coupled with sophisticated optimization
approaches, may improve the dynamic response and stability
of the system wunder diverse operating settings and
disturbances.

The introduction discusses the importance of Load
Frequency Control (LFC) in power system stability,
particularly in multi-area systems. Traditional methods face
challenges in handling complex and nonlinear systems. The
study introduces Fractional Order Proportional-Integral-
Derivative (FOPID) controllers and Transit Search
Optimization to enhance dynamic performance. The study
uses mathematical models and simulations to evaluate the
dynamic performance of a three-area system, showing the
effectiveness of the FOPID controller.

2. LOAD FREQUENCY CONTROL

The study Prakash et al. [16] proposed an advanced LFC
model that uses Fractional Order Proportional-Integral-
Derivative (FOPID) controllers and Transit Search
Optimization to enhance system dynamic performance.
Understanding the model's significance requires a deeper
understanding of LFC and the need for more sophisticated
control strategies.

Regulating System Frequency: The fundamental purpose
of an LFC model is to maintain system frequency within a
specified range. Frequency variances can come from changes
in load demand, fluctuations in renewable energy output, or
disturbances in the power system. These deviations need to be
corrected promptly to prevent grid instability.

Multi-Area System Considerations: The LFC model is
created for a three-area system in the study framework. In
multi-area systems, the coordination of LFC becomes more
difficult due to the interconnections between multiple regions.
Effective control mechanisms are essential to ensure minimal
frequency variations and the power flow between zones is
well-balanced.

FOPID Controller: The paper introduces the usage of
Fractional Order Proportional-Integral-Derivative (FOPID)
controllers. Unlike traditional PID controllers, FOPID
controllers can capture and respond to complex, fractional-
order dynamics. Provides for a more precise and adaptive
control response, particularly in systems with nonlinearities
and uncertainties.

Transit Search  Optimization: Transit  Search
Optimization is employed to further increase the LFC model's
performance. Optimization approaches, including Transit
Search Optimization, assist in fine-tuning controller
parameters to produce the desired system response.
Optimization ensures that the control strategy reacts efficiently
to different operating scenarios.

Dynamic Performance Assessment: The LFC model's
success is evaluated based on dynamic performance
parameters, including settling time, overshoot, and steady-
state inaccuracy. The study examines how effectively the



model can maintain system stability and adapt to disruptions
by assessing these characteristics.

Load Frequency Control in a single area is one of the two
essential schemes on the generator unit, which includes the
LFC and the Automatic Voltage Regulator AVR. Whereas the
LFC is responsible for the frequency and absolute power, the
AVR function maintains the generator's terminal voltage on its
allowable limits by controlling the injected flux from the
excitation system [1]. As the actual power output from the
generator is changed by increasing or decreasing the load
demand, the frequency according to the swing equation is
changed, mismatch is sensed, and the speed governor in the
LFC system adjusts the valve position, which allows for a less
or more amount of input energy to flow to the turbine to
balance the change occurs in the output [21].

The Swing Equation: Commonly known as the
synchronous machine transient stability equation, is a crucial
equation used in power system analysis. It describes the
dynamic behavior of synchronous generators in power
systems during transient stability investigations. Transient
stability refers to the ability of a power system to retain
synchronism following a disruption, such as a malfunction or
a quick shift in demand.

Delta (A) in Power Systems: In power systems, "delta" (A)
often refers to the change or difference in a parameter, such as
frequency, voltage, or power, from its nominal or beginning
value. For example, Af denotes the change in frequency from
the nominal frequency. Delta values are critical indicators of
system departures from the planned state. Monitoring and
regulating these delta values within certain limits are essential
in LFC to maintain stable frequency and voltage levels.

The model of the generator is derived from the swing
equation. Applying the equation of synchronous machine to
small perturbation:

2H d?A§

wg dt?

= AP, — AP, (1)

Or in terms of small deviations in speed:

dAw 1
= — — 2
= (8P, — AR) @

Taking the Laplace transform of the previous equation,

Aw(s) = % [AB,(s) — AP,(s)] 3)

The block diagrams for the Load Frequency Control (LFC)
of an isolated power station are shown in Figure 1. The block
diagrams of the governor and turbine in the scheme use the
linear transfer function of the two devices in the simplest form,
as seen in the figure.

—AP,
APrer AP, AP, l
1 ﬂ 1 1 Aa;:
1+ 148 1+ 178 2Hs+ [
Governor Turbine Generator
and load
1
R

Figure 1. The LFC model for single area system

The expression 1:

1
2Hs +D

Represents a transfer function in the Laplace domain, where
s is the complex frequency variable, H represents the inertia
constant, and D represents the damping factor. The transfer
function is often used in control systems and power system
stability studies to represent the dynamics of a synchronous
generator connected to an electrical grid.

e  His the generator's inertia constant, representing the
generator's ability to store kinetic energy. It is
typically given in seconds per unit (s/pu).

e D is the damping factor, representing the damping
effect on the generator's oscillations. It is a
dimensionless parameter.

The transfer function describes the relationship between an
input signal (for example, a disturbance in the electrical grid)
and the generator's response regarding angular velocity (or
frequency) variations.

The expression 2:

1
1+ 7,8

Represents a transfer function in the Laplace domain, where
S is the complex frequency variable, and 7, is a time constant.
The transfer function is a first-order system commonly used in
control systems and dynamics analysis.

The expression 3:

1
1+1:8

Represents a transfer function in the Laplace domain, where
S is the complex frequency variable, and zris a time constant.
The transfer function is a first-order system often used in
control systems, signal processing, and other areas of
engineering.

The expression 4:
K;
K, + K4 + 5

Represents a transfer function in the Laplace domain for a
control system. In the expression:

e K, represents the proportional gain, which determines
the effect of the present error on the control output.

e Ky represents the derivative gain, which determines
the rate of change of the error and is used to anticipate
the system's future behaviour.

e K represents the integral gain, which considers the
accumulation of past errors and is used to eliminate
steady-state error.

Represents a transfer function in the Laplace domain, where
s is the complex frequency variable, H represents the inertia
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constant, and D represents the damping factor. The transfer
function is often used in control systems and power system
stability studies to depict the dynamics of a synchronous
generator connected to an electrical grid.

LFC maintains the system frequency within an acceptable
range (typically 50 Hz or 60 Hz) by adjusting generation in
response to load variations. Deviations in frequency can harm
equipment and disrupt operations. LFC ensures that the total
generation matches the total load demand in real-time. Sudden
imbalances can lead to blackouts or equipment breakdowns.
LFC supports the integration of demand response algorithms,
allowing the grid to respond to changes in demand patterns
[20].

LFC optimizes the generation mix to minimize costs while
fulfilling demand. It assists in economic dispatch when
generators with lower running costs are employed more,
conserving fuel and reducing operational expenses. With the
advent of renewable energy sources like wind and solar, LFC
become crucial in managing changes in their output, providing
grid stability despite variability. LFC can coordinate energy
storage systems' charging and discharging cycles, boosting
grid reliability. LFC can execute load shedding in a regulated
manner, preventing widespread blackouts during severe
disturbances. It helps sustain crucial services even in crisis
conditions. LFC enables a rapid response to disturbances such
as unexpected demand shifts or generator outages, preventing
cascading failures and maintaining grid resilience [22]. By
maximizing generating and avoiding inefficient operation,
LFC indirectly assists in reducing greenhouse gas emissions.
It aids in accomplishing environmental goals and supporting
sustainable behaviors. Studying LFC models helps specialists
replicate numerous scenarios and understand how the system
responds to disturbances and control tactics. Researchers may
build, test, and tune LFC controllers for real-world
deployment, assuring the stability and reliability of power
grids under varied scenarios. With the integration of smart grid
technologies, micro grids, and renewable energy sources,
analyzing and developing LFC models are vital for planning
future grids that are dependable, robust, and environmentally
benign.

3. SINGLE AREA WITH PID CONTROLLER

The Proportional Integral Derivative (PID) controller is a
commonly utilized feedback control mechanism in different
engineering applications, including temperature control
systems. It is designed to autonomously control a process or
system to attain a desired state or set point by continuously
calculating and modifying the control input. In the PID
controller, the control output is the sum of three terms: the
proportional term (K;), the integral term (K;), and the
derivative term (Kq). Each phrase is distinct in determining the
controller's response [23]—proportional Term (Kp).

The term is proportional to the present error, which is the
difference between the desired set point and the current system
state. A higher Kp value results in a stronger response to the
current error. It gets the system closer to the specified point
but might lead to overshooting if set too high. The proportional
term immediately reacts to the error, exerting more control
effort when the error is significant.

1. Integral Term (K)):
e The integral term is proportional to the accumulated sum
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of past errors over time.

e [t eliminates steady-state error, which occurs when the
system cannot reach the desired set point due to friction
or system biases.

e The integral term acts slowly but persistently, ensuring
that even minor, persistent errors are corrected over time.

2. Derivative Term (Kd):
e The derivative term is proportional to the rate of change
of the error.

e Itanticipates future errors by considering the error's trend.
A rapidly changing error suggests an imminent overshoot
or undershoot.

e The derivative term helps dampen the system's response,
preventing overshooting and oscillations.

In the study, Tong [23] likely analyses the PID controller's
parameters (K, K;, and Kg) to optimize the furnace's
temperature control. The PID controller effectively manages
temperature variations and ensures heating stability by
adjusting settings based on the furnace's response to varied
conditions. A logic adaptive optimization model allows
dynamic parameter modification based on real-time feedback.

With the above LFC model in Figure 1, there is a steady
state deviation in the speed (frequency) due to a change in the
load power. To improve the system behaviour, an additional
proportional, integral, and derivative control action (PID
controller) should be installed in the feedback of the LFC
scheme. The effect of critical control is to eliminate the steady-
state deviation in the speed. The derivative management aims
to reduce the overshoot in the response. Figure 2 shows the
block diagram of the LFC improved with the PID controller.

—AP,
AP APy, AP,,i
1 1 1
> sHe oS
1+ 1,5 1+ 1rs 2Hs +D -
Gov Turbine
overnor Generator
and load
1
R
K;
Kp + Kas +— o E—

Figure 2. LFC improved with the PID controller

The comparison between the PID (Proportional Integral
Derivative) controller and the FOPID (Fractional Order
Proportional Integral Derivative) controller, as highlighted in
the research of Izci and Ekinci [24], Energy, demonstrates the
advancements made by adopting the FOPID controller. Here's
the comparison of the two control systems based on the
research:

PID Controllers: PID controllers are effective in various
applications but struggle with complex or nonlinear systems
due to their integer-order structure. High precision requires
substantial tuning, and they can be resilient in steady situations
but struggle with rapid changes or shifting conditions. Tuning
parameters for adaptability can be challenging, and they can
handle linear systems but may struggle with highly nonlinear
systems.



FOPID Controller: FOPID controllers utilize fractional
calculus to accurately simulate complex and nonlinear systems,
enhancing control precision and adaptability to changing
dynamics. Their fractional order structure provides stability
margins and robustness against system changes and
uncertainties. FOPID controllers accurately represent and
regulate nonlinear systems, making them suitable for a wider
range of systems due to their flexible method for capturing
nonlinear behavior [25]. The study by Daraz et al. [26] favors
the Fractional Order Proportional Integral Derivative (FOPID)
controller over the regular PID controller due to its advantages.
FOPID controllers can accurately describe and regulate
systems with fractional order behavior, which is common in
complex and nonlinear systems, such as renewable energy
systems. They can manage highly nonlinear systems ideal for
stable and efficient control. FOPID controllers also offer
improved adaptability to changing system dynamics and
diverse operating situations, particularly in hybrid systems
with conventional and renewable sources. Additionally,
FOPID controllers provide increased stability margins and
robustness against uncertainties and disturbances, ensuring
constant frequency regulation under diverse conditions.

3.1 Fractional order proportional - integral-derivative
controller FOPID

The fractional order proportional integral and derivative
(FOPID) controller deals with the orders of the derivative and

is necessary as a fraction of integers. The control parameters
in the scheme are the conventional gains K;, K, K4, in addition
to the parameter A, which is the order of the integral, and
parameter x4, which is the order of the derivative. The transfer
function of the FOPID is written in the form.

K;
Ky + 3 Kys @)

The FOPID controller is used to enhance the performance
of the LFC during minor disturbances applied to the system.
As seen in Figure 3, a slight increase in the absolute power by
0.2pu is applied to the generator to simulate the input
disturbance. The controller improves the frequency response
of the system to remove the deviation in the speed and reduce
the settling time required by the system to reach the steady
state condition. The transit search algorithm optimizes the
controller parameters to attain better performance.

Input
Power Sp e.ed .
deviation

FOPID
Control

Optimization Generator

Figure 3. FOPID scheme for the LFC system
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Figure 4. LFC in three area system representation [1]
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3.2 Transit search algorithm

Transit search is a meta-heuristic optimization algorithm
based on the famous exoplanet exploration method used to
discover a new planet. The technique detects the new world
depending on the radiation change from the nearest star to that
planet in a specific interval.

The search for the best solution in the proposed
mathematical algorithm is the same as the search for a new
planet from several solutions.

Two parameters in the transit search algorithm are known:
the number of host stars and the signal-to-noise ratio. The
product of the two parameters is equal to the amount of the
initial population (Location) L, of the algorithm [27].

There are five phases for implementing the TS, which
include the phases of galaxy, star, transit, planet, neighbor, and
exploitation.

The process begins with choosing a galaxy of random
location L,,

L., = Ls; +D — Noise
I=1,.....,(ng X SN)

where, L is the center of the galaxy,

D is the distance between the random location L, and the
center of the galaxy L.

The location L, is updated by calculating the brightness
radiating from the star through a mathematical formula and
comparing the two areas where the planet can be detected. In
such a way, the possible solution could be found between two
updated location values.

The global solution of the technique is the best planet

between the whole ng detected. Another investigation about
the algorithm is found in study [27].

3.3 Load Frequency Control in three area system

A multi-area system has more than one region and is
connected through the tie-line. The control scheme function
here is extended to be responsible not only for the frequency
and the power in each area, but it should maintain the tie-line
power on its mutual agreement. Each area should be able to
meet its load demand. But in case of a shortage in one place,
the demand should be compensated from the other regions
through the tie-line, and the frequency change in one area
affects the frequency in the rest of the system regions [28, 29].
A simple configuration of the LFC in an area system is shown
in Figure 4, in which each area is represented by its generator
main elements and load transfer function model. More details
about the model are included in study [1].

The FOPID controller in the scheme is used to remove the
steady-state error (deviation) in the speed response. Also, it
keeps the scheduled power flow in the tie-line within its limits.
The controller has an input signal from the area bias factor B;
the other signals come from the tie lines powers. The Area
Control Error ACE for the area is written as

ACE; = AP + BjAw; %)
where, AP;; is the tie-line power deviation between area i and
area j, and B; is the frequency bias factor of area i, is equal to:

1

Bi= = +D, (©)

1
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4. THE SIMULATION RESULTS

The study compares the performance of a regular PID
controller and an improved Fractional Order Proportional
Integral Derivative (FOPID) controller in a three-area Load
Frequency Control (LFC) system using MATLAB Simulink.
The simulation includes generators, loads, and tie-line
connections, with a load adjustment of 0.2 per unit in Region
2. The system data are included in Table 1. The improved
FOPID controller shows superior dynamic responses
regarding system frequency and tie-line power. The study uses
graphical representations to highlight the variations in system
responses between the two controllers. The statistics and
analysis aim to demonstrate the differences in responses
produced by the traditional PID controller and the improved
FOPID controller. The paper presumably analyzes the
ramifications of these differences, illustrating how the
enhanced dynamic responses produced with the optimized
FOPID controller might boost the stability and performance of
the three-area system under load variations. Fractional Order
Controllers, notably FOPID, can more precisely simulate and
manage complicated systems with fractional order dynamics.
Systems with fractional order behavior are ubiquitous in
power systems, especially with incorporating renewable
energy sources. FOPID controllers offer versatility in
capturing integer and fractional order dynamics, making them
appropriate for various systems, including those with non-
linear or time-varying features.

The study aims to optimize the FOPID controller for a three-
area system, focusing on dynamic responses in system
frequency and tie-line power during load variations. This is
particularly important for power systems with complex and
non-linear characteristics.

The system used in the work includes an area system
simulated using Matlab Simulink, as seen in Figure 5. The
LFC system is simulated with conventional PID and the
optimized FOPID controller under a load change in area 2 by
0.2 pu. The results of the two controllers show how the
optimized FOPID controller can improve the dynamic
response of the system frequency and the tie-line power. The
comparison in the figures aims to show the difference in the
responses when using the two controllers’ schemes.

. -3
05 x10 i . .
0 NN f\\/ "

=]
%-0.5 .
E 4 PID controller
o Optimized FOPID controller
o
)
2-15 1
9]
=]
o
g 2 1
N

3L L 4 1 L .
0 10 20 30 40 50

Time/sec
Figure 6. Response of frequency deviation in area 1
Figure 6, which shows the response of frequency deviation

for area 1, implies how the peak overshoot and the peak
undershoot are reduced very clearly by using the FOPID

controller. The number of overshoots and undershoots also is
fewer with the FOPID. The same advantage is shown from the
response of frequency deviation for area 2 and area 3 in
Figures 7 and 8 respectively. The settling time is also reduced
in the frequency response for all three regions when using the
FOPID controller.

Table 1. The system under study parameters

Parameters Areal Area?
Governor time constant z,/sec 0.2 0.3
Turbine time constant T/ sec 0.5 0.6
Inertia constant H/pu 5 4
Sensitive load frequency coefficient D 0.6 0.9
Speed regulation R 0.05 0.05

The response of the tie-line power change shown in Figures
9-11 illustrate how the dynamic response is improved when
using the FOPID controller.
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Figure 7. Response of frequency deviation in area 2
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Figure 8. Response of frequency deviation in area 3

Table 2 shows a comparison in the overshoots in speed
response of areas 1, 2 and 3.

Table 2. Comparison in overshoot of responses in area 1,
area 2, and area 3

Controller Areal Area?2 Aread
PID 0.0029 0.0175 0.0034
Optimized FOPID  0.00001 0.0025 0.000013
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Figure 9. Response of tie-line 1-2 power change
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Load Frequency Control (LFC) is crucial for power system
stability and dependability, especially in three-area systems. A
Fractional Order Proportional Integral Derivative (FOPID)
controller optimized with Transit Search Optimization offers
advantages like overshoot and settling time reduction.
Overshoot occurs when the system reaction briefly exceeds the
expected steady-state value, leading to instability or
component damage. Minimizing overshoots smooths the
system response and ensures stability by preventing extreme
deviations from desired values. Stable systems minimize
equipment malfunctions and maintain constant performance,
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reducing resource loss and optimizing energy source
exploitation.

Table 3. Comparison in settling time of responses in area 1,
area 2, and area 3

Controller Areal Area2 Area3
PID 30.0 36.0 30
Optimized FOPID 8 10 8

Table 4. Comparison in settling time of responses in Tie

lines powers
Controller Line1-2 Line2-3 Line3-1
PID 35.0 36.0 30
Optimized FOPID 12 12 10

Settling time is the timeframe for a system to reach and stay
within a specified percentage of its final value after a
disruption. Shorter settling times indicate quicker response to
shocks, while faster settling times can quickly restore stability
and operational parameters. Reduced settling time makes
systems more resilient against sudden load changes or external
perturbations. Stable systems are essential for reliable
electricity grid operation, ensuring power delivery even in
variable loads and unforeseen events. Efficient and stable
systems optimize power generation resources, reduce waste,
and reduce wear and tear on equipment, leading to lower
maintenance costs and longer system lifespans.

Tables 3 shows comparison in the settling time of response
of areas 1, 2, and 3. Whereas Table 4 shows a comparison in
the tie line power settling time responses.

Looking for a comparison between the results of the
dynamic performance of Load Frequency Control (LFC) using
a Fractional Order Proportional Integral Derivative (FOPID)
controller optimized with Transit Search Optimization in the
context of a three-area system with results from other similar
studies.

Comparing the precise configurations of the FOPID
controller applied in the current study with those used in
similar investigations:

1. Differences in controller tuning processes, parameter
values, or fractional order values could lead to varying
results. Compare the performance metrics used to
evaluate the LFC system. Common measures include
overshoot, settling time, rising time, and steady-state error.
Ensure consistency in the metric calculation for relevant
comparisons.

2. Analyze how the LFC system responds under different
load changes, disturbances, or system uncertainties in the
current study and similar studies. Variations in system
behavior can be essential in understanding the controller's
effectiveness.

3. Investigate the stability and robustness of the LFC system
in all studies. A controller could function effectively
under certain conditions but poorly under others.
Understanding the controller's limitations is key.

5. CONCLUSIONS

The use of the FOPID controller comes with several
advantages in different applications. The present work



illustrates how the FOPID controller optimized with the transit
search algorithm can improve the system's dynamic
performance. Two schemes are studied in the paper for the
LFC system; the first is the simple LFC with the conventional
PID controller, and the other is the FOPID controller scheme.
The parameters of the FOPID controller are optimized to
minimize the frequency error (speed) and the tie line power
change. A transit search optimization algorithm is employed
to optimize the FOPID controller parameters. The comparison
between the two controllers implies that the LFC system has
better dynamic performance when using the FOPID controller.
The overshoot, undershoot, and settling time of the frequency
response are reduced by the aid of the fuzzy controller. The
tie-line power response is also improved with the proposed
controller.

The FOPID controller significantly reduces peak overshoot
and undershoot in frequency deviation responses for all three
sections, resulting in a more stable and controlled response.
This reduces the potential for system instability or oscillations.
The FOPID controller also significantly reduces settling time,
the time taken to reach a stable condition following a
disturbance, indicating a faster system response. The paper's
"Dynamic Performance of Load Frequency Control of Three
Area System Using FOPID Controller with Transit Search
Optimization" findings are significant in power systems and
control engineering. The improved stability prevents power
grid failures, ensures continuous power supply, and minimizes
blackout risks. A reliable and responsive Load Frequency
Control system promotes effective utilization of energy
resources. By minimizing errors and enhancing control
dynamics, the system may optimize both conventional and
renewable energy sources, resulting in energy conservation
and reduced waste. The findings are particularly relevant in the
context of renewable energy integration. Renewable energy
sources often generate changes in power supply due to their
dependence on environmental conditions. As demonstrated in
the study, a robust LFC system ensures the smooth integration
of renewables, promoting a sustainable and greener energy
mix. The study focuses on the importance of stable power
supply regulation for equipment wear and tear, reducing stress
on components, and boosting the efficiency of the electrical
grid. It suggests that power utilities and grid operators can use

the enhanced FOPID controller with Transit Search
Optimization to improve Load Frequency Control
mechanisms, improving power system stability and

dependability. However, the optimization process can be
computationally intensive, especially in large-scale power
systems. The study also acknowledges that the simulation
model may not fully capture real-world complexities and
variables, such as regulatory constraints, market dynamics,
and environmental policies. The study suggests future research
to implement the optimized FOPID controller on real-time
hardware platforms and address issues related to computing
resources, communication latency, and hardware limits for
real-world applications.
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NOMENCLATURE

AP et A change in the reference real power output of a

generator or a power plant

APy Change in valve position

APp It often denotes a change or deviation from the

initial or nominal mechanical power input, which
can be positive.

Ao Speed deviation

-AP_ This means that the active power demand has

decreased by a certain amount

R Speed regulation

AO Rotor angle deviation

Ps Synchronizing power coefficient between two

areas

AP Non-frequency-sensitive load change

APyq Change in governor power

H Inertia constant

B Frequency bias factor

ACE Area control error

D frequency-sensitive load coefficient

Ty Governor time constant

7 Turbine time constant

ws Synchronous speed

Ki Integral controller gain

Ko Proportional controller gain

Kq Derivative controller gain
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