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ABSTRACT:

Load Frequency Control (LFC) plays a crucial role
in maintaining power system stability by regulating
frequency deviations and tie-line power flows
following load disturbances. In this study, the
performance of a Proportional-Integral-Derivative
(PID) controller is evaluated and compared with
other classical controllers (P and PI) in thermal—
thermal, thermal-hydro, and multi-area
interconnected systems. The analysis focuses on key
performance indices, namely overshoot, rise time,
and settling time. Results show that the PID
controller generally enhances dynamic response by
reducing settling time and improving damping
characteristics, particularly in hydro and hybrid
systems where settling time is minimized to 27.93 s
and tie-line power deviations are significantly
reduced compared to the uncontrolled case.
However, in thermal-thermal systems, PID control
sometimes amplifies overshoot (e.g., 0.06205 pu
compared to 0.005524 pu without control),
highlighting its sensitivity to tuning. Comparatively,
P1 controllers offer more balanced improvements in
both frequency and tie-line power stabilization,
while proportional control excels in reducing rise
time but may worsen settling performance in certain
cases. These findings align with previous studies
that emphasize the superior performance of PID
controllers in complex and hybrid networks due to
their combined proportional, integral, and derivative
actions, but also confirm observations in literature
that improper tuning can degrade performance in
purely thermal systems. The comparative analysis
underscores the importance of controller design and
parameter optimization in LFC applications and
demonstrates that while PID offers the most
versatile performance, Pl control remains a reliable
alternative for ensuring consistent stability.

KEYWORDS: Load Frequency Control (LFC),
Dynamic Response, Power System Stability,
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l. INTRODUCTION

Load Frequency Control (LFC) is essential
for maintaining the balance between power supply
and demand, ensuring system stability and reliability
in power systems. However, the application of
Proportional-Integral-Derivative (PID) controllers in
LFC faces several challenges. The increasing
integration of renewable energy sources introduces
nonlinearity into the power system, complicating the
LFC task. PID controllers struggle to manage these
nonlinearities effectively, leading to frequency
deviations and instability (Bevrani et al., 2010).
Modern power systems are characterized by high
penetration of intermittent renewable energy sources
and more complex grid dynamics. Conventional
PID-based LFC systems often fail to adapt to these
changes, necessitating more advanced control
strategies (Bevrani 2009; Kundur 1994). Achieving
precise frequency regulation and set point tracking
is challenging due to the inherent uncertainties and
disturbances in power systems. PID controllers, with
their fixed parameters, may not respond adequately
to these variations, resulting in frequency
oscillations and deviations (Zhao et al., 2015).

Traditional Proportional- Integral-
Derivative (TPID) controllers, despite their
widespread use due to simplicity, clarity in
functionality, and ease of use, face limitations in
robustness when tuned via conventional methods.
Furthermore, the integration of renewable energy
sources introduces additional variability and non-
linearity, exacerbating the challenge of frequency
stabilization. The advent of advanced control
strategies, including fractional-order PID
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controllers, two-degree freedom PID type
controllers, and Internal Model Control (IMC)-
based PID controllers, offers new pathways to
enhance load frequency control (LFC). However,
these strategies must be scrutinized for their ability
to handle the inherent non-linearity of the system,
parametric uncertainties, and the effects of
communication delays. This study aims to address
the gap in current LFC mechanisms by developing,
testing, and validating a PID controller design that
ensures robust frequency stabilization across
varying load conditions and system nonlinearities.
By leveraging the latest advancements in PID
controller design, this research will contribute to the
development of a more resilient, efficient, and
sustainable power system. (Bevrani 2009; Tan 2009;
Li, C., & Zhang, Y. 2011).

Load frequency control wusing PID
controllers has been a topic of interest for
researchers in past decades. Modeling and
simulation of such has been caried out by the
researchers. PID, It has been widely used in power
system to Maintaining power system stability and
reliability and to compensate for load variations and
disturbances. This paper explores the role of PID
controllers in LFC, analyzing their effectiveness in
reducing steady-state errors and improving transient
response. Md.Al-Amin Sarker and A.K.M Kamrul
Hasan (2016) presented load frequency in power
systems. The paper presented a decentralized control
scheme for Load Frequency Control in a multi-area
Power System by appreciating the performance of
the methods in a single-area power system. Several
modern control techniques are adopted to implement
a reliable stabilizing controller. An attempt was
made aiming at investigating the load frequency
control problem in a power system consisting of two
power generation units and the dynamic
performance of Load Frequency Control (LFC) in a
three-area interconnected hydrothermal reheat
power system by the use of Artificial intelligence. In
this proposed scheme, control methodology was
developed using a conventional controller, for a
three-area interconnected hydro-thermal reheat
power system. In this research, area-1 and area-2
consist of thermal reheat plants whereas area-3
consists of hydropower plants. Further in this
scheme, the combination of the most complicated
systems like a hydro plant and thermal plant with a
reheat  turbine  were interconnected. The
performance of the controllers is simulated using
MATLAB/SIMULINK package. The robustness and
reliability of the wvarious control schemes are
examined through simulation.

Enes Yalgin; Ertugrul Cam; and Murat
Liy(2010) discussed Load frequency control in

four-area power systems using PID controller. In
this paper, load frequency control (LFC) which is
one of the most important issues in interconnected
power systems is affected by using PID controller,
which is used in many sectors, and also investigated
its performance. Four-area power system is
preferred for LFC problem in multi area power
systems are more complex and important than one
area power system. In this paper, LFC problem is
defined firstly, and then mathematical models of
power systems are explained. Finally, PID controller
are described shortly and power system is modelled
by using MATLAB-Simulink platform.

Surya Prakash and S.K. Sinha (2011)
presented a paper on Load frequency control of
three area interconnected hydro-thermal reheat
power system using artificial intelligence and PI
controllers. In the proposed scheme, control
methodology developed using a conventional Pl
controller, Artificial Neural Network (ANN) and
Fuzzy Logic controller (FLC) for three area
interconnected hydro-thermal reheat power system.
In this paper area-1 and area-2 consists of thermal
reheat power plants whereas area-3 consists of
hydropower plants. In this proposed scheme, the
combination of the most complicated systems like
hydro plant and thermal plant with reheat turbines
are interconnected which increases the nonlinearity
of the system. The performances of the controllers
are simulated using MATLAB/SIMULINK
package. A comparison of Pl controller, Fuzzy
controller and ANN controller-based approaches
shows the superiority of the proposed ANN-based
approach over Fuzzy and PI for the same conditions.
To enhance the performance of PI, Fuzzy and neural
controller sliding surface are included. The
simulation results are also tabulated as a
comparative performance because of settling time
and peak overshoot.

1. METHOD

In dynamic modelling and simulation of
response on load frequency control using
Proportional Integral Derivative (PID), we will use
MATLAB software to model and understand load
frequency control using a PID controller. This is to
ascertain the rise time, overshoot, and settling time
of a three-area interconnected hydro-thermal reheat
power system using Proportional, Integral, and
Derivative controllers.

In an isolated control area case, the
incremental power (APg-APp) accounted for by the
rate of stored kinetic energy and the increase in area
load caused by frequency. The transfer function of
the different blocks used in power system models is
presented in equation numbering.
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Transfer function (T/F) of hydraulic Turbine is
—Tw .s+1

0.5 Tw.s+1 (1)
T/F of hydraulic Governor is
Kd.sZ+Kp.s+Ki @)

Kd.s%+(Kp +§/R;)s+Ki

T/F of the governor (thermal plant) is

1

Tg .s+1 (3)
T/F steam turbine
Kr .Tr s+1
Tr.s+1 (4)
T/F of Re-heater is
1
(%)

Tt .s+1

And the transfer function of the Generator

Kp
Tp s+1 (6)

2.1 MODELING OF THE TIE-LINE
The power transfer equation through tie line is

P, =12 sin(s, — 8,) (7)

Considering area 1 has surplus power and transfer to
area 2

P, = power transferred from area 1 to 2 through tie
line.

p,,vallval villval |V2| sin(8; — 85) ®)

X12

Where

61,8, and 63 = power angles of end voltages V,V,
and V3 of equivalent machine of the three
respectively.

Xy, = reactance of the tie line.

The order of the subscript indicates that the
tie line power is defined as positive in direction 1 to
2. For a small deviation in the angles and the tie line
power changes with the amount. i.e small deviation
in 8,,8,and 63 changes by A81,A82 and A83
respectively.

Power P, changes to Py, +AP;,

Therefore, power transferred from Area 1 to Area 2
as given

APy, (s) = (Afl(s) A)(Z(S)) ©)

T° =Torque produced

2nT®

2.2 TIE LINE CONTROL
In normal operation the power on the tie-line
follows from the equation

[APT (s)- AP12(S)]— 5A3c1 +B1Af4(5)

(10)
Afl(S)B S+1] (11)
2H, By _ "1
o @)
B_1 =T pl . (13)

Equation (3.10) can be given as

Afi(s) — Gpl (3) [AP7 (S) - APg (5) - AP12(S)] .(14)
Gopi(s) = 1+5Tp1 (15)
APy, = AP,; = AP3; (16)

Where AP is the real load change.
Due to the action of the turbine controllers, the
generator increases its output by the amount A P+

The net surplus power APt - APg will be absorbed
by the system.

Tie-line bias control is used to eliminate
steady-state error in frequency in tie-line power
flow. This states that each control area must
contribute its share to frequency control in addition
to taking care of its own net interchange.

Let ACE, = area control error of area 1

ACE , = area control error of area 2

ACE; = area control error of area 3

In this control, ACE;, ACE ,, and ACE; are made
linear combination of frequency ant tie line power
error (parkash S et al, 2009).

ACE,= AP, +bAf, (17)
ACE , = AP ,; + b,Af, (18)
ACE ;= AP 3, + b3 Af; (19)

Where the constants by, b,, and b; are called area
frequency bias area 2 and 3 respectively.

Now APRj, APR,, and APR3 are model integrals of
ACE;, ACE,, and ACE; respectively.

APR]_ = 'Kil fol(AP]_Z + bl Afl) dt (20)
APRZ = 'KiZ fol(APZJ_ + b2 Afz) dt (21)
APRZ = 'KiS fol(Aplg + b3 Afg) dt (22)
AP1p = APy, 1, APy = APy, 5, and AP3; = APy, 3(23)
Therefor 22222 = . Tz = constant (24)

APtie T21
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Hence = APyie,1 = APyie,, = = APyie,3 = 0 (25)
APR; -APR, = APR; (25)
AndAf]_:AfzzAf:g:O (26)

Thus, under steady conditions change the
tie-line power frequency of each area is zero. This
has been achieved by integration of ACEs in the
feedback loops of each area (Kothari D P et al,
2003). The control methodology used (P, PI, and
PID) is mentioned in the preceding sections.

2.3 CONTROL METHODOLOGY

Each of these controllers has a different control
methodology, influencing system performance in
terms of stability, accuracy, and transient response.

MODEL OF A
CONTROLLER

A P controller is the simplest form of a controller,
where the control output is proportional to the error
signal.

Time-Domain Representation

The control law for a P controller is given by:

U(t) = Kpe(t) (29)

PROPORTIONAL(P)

Where:

e u(t) is the control output (e.g. input to a
governor in a power system).

o e(t) =r(t) — y(t) is the error signal (difference
between reference r(t) and output y(t)

e K, is the proportional gain, which determines
the control response

Laplace Transform (Transfer Function Form)
Taking Laplace Transform:

U(s) = K,E() (30)
The transfer function of the P controller is:

Gy(8) = 53 =Ky (31)
Were

o Gp(s) is the transfer function of the P controller
e Sisthe Laplace variable

Closed-Loop System with a P controller
Is a P controller is applied to a general
system with plant transfer function G(s), the closed-
loop transfer function is:
(ka+5)G(s)
1+(KB+G(s)

T(s) = (32)

24 MODEL OF A PROPORTIONAL
INTEGRAL (Pl) CONTROLLER

A Proportional-Integral (PI) controller
combines proportional control and integral control

to improve system performance by eliminating

steady-state error.

The time PI control law is:

U(t) = Kee(t) + Ki[ e(t)dt (33)

Where:

e U(Y) is the control output.

o e(t) =r(t) - y(t) is the error signal (difference
between reference r(t) and output y(t)

o K, is the proportional gain, which reacts to the
current error

e K; is the integral gain, which eliminates steady-
state error by integrating past errors.

Laplace Transform (Transfer function form)

U(S) = KoE(S) +Ki 2 (34)
The transfer function of the PI controller is

U K;
Gai(9) = 50 =K + 7 (35)

Closed-Loop system with a PI Controller

If a PI controller is applied to a system with
plants transfer function G(s), the closed-loop
transfer function is:

_ (k240
T6) = 1+(KB+HG(s) (36)
1. MODEL OF A PROPORTIONAL

INTEGRAL DERIVATIVE (PID)

CONTROLLER

PID combines Proportional Control and
Integral Derivative control to improve system
performance by eliminating steady-state error is
mathematically expressed as

U()=Ke() +Kife(t)dt+ Ko

@37

Where;

e u(t) is the control output (e.g., valve position in
a power system)

o e(t) = r(t) — y(t) is the error signal (difference
between reference t (t) and output y(t).

o K,is the Proportional gain, which controls the
reaction to the present error.

e K is the integral gain, which eliminates steady
state error by integrating past errors

o Kgyis the derivative gain, which predicts future
error based on its rate of change

Transfer Function Representation
Taking the Laplace transform (assuming zero initial
conditions)

U(S) = KpE(S) + Kt + KesE(s) (38)
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U(s) = (ki +~* + Kes) E(s) (39)
U K;
Geip = % = Ky + Ky (40)
Where:
o Gpp(s) is the transfer function of the PID
controller

e Sisthe Laplace variable

Discrete-time PID controller
For digital implementation (e.g. in
microcontrollers), the discrete PID equations is

e(k)—e(k)—-1)

At
(41)

UK = Kee) + K Te( At . K

Where k represents discrete times steps and At is the
sampling

This model is widely used in Load
Frequency Control (LFC) application in power
systems to regulate frequency deviation in thermal,
hydro, and renewable energy systems

IV.  RESULTS AND DISCUSSION
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Figure 1: Plot of change in Area 1 Thermal Plant frequency without a controller
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Figure 2: Plot ofchange Area 1 Thermal Plant frequency with P controller
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Figure 1 and 2 shows that without a
controller, Area 1 in a thermal power plant
experiences oscillatory, underdamped frequency
behavior, slow settling, and a negative steady-state

103 Plot ofChange in Frequency Thermali(Area 1)
T T T

error. This indicates the need for a controller to
enhance damping, speed up settling, and eliminate
steady-state errors

15

20 L B 4
0 10 20

A | L -l
30 40 50 60

tme(s)

Figure 3: Plot of change in Area 1 Thermal Plant frequency with PI controller

Figure 3 shows that with a proportional
controller, Area 1's frequency response shows
reduced oscillations, faster settling, and improved
transient stability. However, a small steady-state
error remains, indicating the possible need for
additional control like integral action. Figure 4

Plot of Change in Freguency Thermali(4rea 1)
T T T

shows that with a proportional controller, Area 1's
frequency response shows reduced oscillations,
faster settling, and improved transient stability.
However, a small steady-state error remains,
indicating the possible need for additional control
like integral action.
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Figure 4: Plot of change in Area 1 Thermal Plant frequency with PID controller
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Plot of Change in Frequency Thermal1(Area 1)
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Figure 5: Plot of change in Area 1 Thermal Plant frequency for all models

Figure 5 shows that the application of a
PID controller in Area 1 of the thermal power plant
significantly improves the frequency response. The
system experiences minimal overshoot and reduced
oscillations, indicating enhanced stability and
smoother transient behaviour compared to other
control methods.

The comparison of the frequency responses
demonstrates that the implementation and increasing
complexity of control strategies lead to progressive
and significant improvements in both the frequency
stability and dynamic response of Area 1 in the
thermal power plant. Starting from an uncontrolled
system, which exhibits poor  performance
characterized by large oscillations, slow settling
times, and persistent steady-state errors, the system
gradually improves as more sophisticated controllers
are introduced. The basic proportional (P) controller
brings a noticeable enhancement by reducing the
magnitude of oscillations and accelerating the
damping process. This leads to a quicker
stabilization of the frequency compared to the
uncontrolled case. However, despite these
improvements in transient response, the P-controller
alone cannot fully eliminate the steady-state
frequency error. This limitation arises because the
proportional action reacts only to the current error
and cannot compensate for persistent discrepancies
that arise due to system disturbances or load
changes. Building upon the P-controller, the
proportional-integral  (PI) controller introduces
integral action, which accumulates the error over
time and effectively eliminates the steady-state
frequency deviation. This addition not only ensures

that the frequency settles exactly at its nominal
value but also enhances the transient response by
further reducing oscillations and speeding up the
settling time. The integral component thus plays a
critical role in improving the accuracy and reliability
of frequency regulation in the thermal plant, making
the system more robust against steady-state
disturbances. Finally, the proportional-integral-
derivative (PID) controller offers the most advanced
level of control, delivering superior overall
performance. The inclusion of the derivative term
allows the controller to anticipate future errors based
on the rate of change of the frequency deviation. As
a result, the P1D controller minimizes overshoot and
oscillations to the greatest extent, leading to a
smooth and stable transient response. It also
achieves the fastest settling time among all tested
controllers, quickly bringing the frequency back to
its desired value after a disturbance. Additionally,
the PID controller maintains zero steady-state error,
ensuring precise frequency regulation at all times.
This progression from no control to P, then PI, and
finally PID control highlights the critical importance
of advanced control techniques in modern power
system operations. Effective frequency control is
essential for maintaining system stability, preventing
equipment damage, and ensuring the efficient and
reliable delivery of power. The results clearly show
that more sophisticated controllers not only improve
transient response characteristics but also ensure
long-term accuracy and stability, ultimately enabling
the thermal power plant to operate more safely and
efficiently under varying load conditions and
disturbances.
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Figure 6 illustrates the frequency response
of Area 2 in a thermal power plant operating without
the aid of any control mechanisms. At the onset, the
system experiences significant frequency deviations
characterized by large oscillations. These
oscillations indicate that the system is underdamped
and lacks sufficient inherent damping to quickly
stabilize after a disturbance. As time progresses, the
amplitude of these oscillations gradually decreases,
but the rate of damping is slow, resulting in a

30

40 50 60

time(s)

Figure 6:Plot of change in Area 2 thermal Plant frequency without controller

prolonged settling time before the frequency
approaches a steady state. Importantly, the
frequency does not fully return to its nominal or
desired reference value, which reveals the presence
of a steady-state frequency error. This offset
indicates that without any form of control, the
system cannot adequately correct persistent
deviations in frequency caused by load changes or
disturbances.
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Figure 6 Plot of change in Area 2 Thermal Plant frequency without controller

Figure 6 illustrates the frequency response
of Area 2 in a thermal power plant operating without
the aid of any control mechanisms. At the onset, the
system experiences significant frequency deviations

characterized by large oscillations. These
oscillations indicate that the system is underdamped
and lacks sufficient inherent damping to quickly
stabilize after a disturbance. As time progresses, the
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amplitude of these oscillations gradually decreases,
but the rate of damping is slow, resulting in a
prolonged settling time before the frequency
approaches a steady state. Importantly, the
frequency does not fully return to its nominal or
desired reference value, which reveals the presence

x10°

Plot of Change in Frequency Thermal2(Area 2)
T T T

of a steady-state frequency error. This offset
indicates that without any form of control, the
system cannot adequately correct persistent
deviations in frequency caused by load changes or
disturbances.

Change in Frequency (pu)

-18 : !

| 1

0 10 20

30
time(s)

40 50 60

Figure 7 Plot of change in Area 2 Thermal Plant frequency with P controller

Figure 7 shows how the frequency in Area
2 of a two-area thermal power system responds over
time to a disturbance when using a proportional
controller. Initially, the frequency oscillates, but the
system gradually stabilizes. However, it doesn’t

return exactly to the nominal frequency, indicating a
steady-state error. The oscillatory response is due to
system dynamics, and the lack of integral action
means error correction is incomplete.

0.005

Plot of Change in Frequency Thermal2(Area 2)
T T T

— T 2P|

oy

__-0.005}
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Figure 8:Plot of change in Area 2 Thermal Plant frequency with PI controller

Figure 8 depicts the frequency response of
Area 2 in the thermal power plant when controlled
by a proportional-integral (P1) controller. Compared
to an uncontrolled system, the Pl controller
significantly improves the system's dynamic

behavior. Initially, the frequency experiences some
oscillations after a disturbance, but these oscillations
are much smaller and more rapidly damped than in
the uncontrolled scenario. The controller effectively
reduces overshoot and mitigates fluctuations,
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leading to a smoother transition toward the desired
nominal frequency.

One of the key benefits of the PI controller,
as evident in this graph, is its ability to eliminate
steady-state frequency error. This means the system
frequency settles exactly at the target value without

Plot of Change in Frequency Thermal2(Area 2)
T T T

any persistent deviation, ensuring reliable and
accurate frequency regulation. Furthermore, the
settling time—the duration for the frequency to
stabilize within a certain range of the nominal
value—is considerably shorter with the PI
controller, indicating a faster system response.
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Figure 9:Plot of change in Area 2 Thermal Plant frequency with PID controller

Figure 9 illustrates the frequency response
of Area 2 in the thermal power plant when regulated
by a  proportional-integral-derivative  (PID)
controller. The introduction of the PID controller
markedly enhances the system’s dynamic behavior
compared to other control approaches. Specifically,
the controller effectively reduces the magnitude of
oscillations that occur immediately after a
disturbance, providing a smoother and more
controlled response. Additionally, the PID controller

minimizes overshoot, preventing the frequency from
exceeding its desired value by a large margin, which
is critical for maintaining system reliability and
avoiding stress on equipment. Moreover, the PID
controller successfully eliminates the steady-state
frequency error, ensuring that the system frequency
returns exactly to its nominal reference value
without any persistent deviations. This precise
regulation is essential for maintaining power quality
and operational efficiency within the thermal plant.
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Figure 10: Plot of change in Area 2 Thermal Plant frequency for all the models
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The comparison Without any controller,
the system experiences significant challenges in
maintaining stable operation. It exhibits large
oscillations in frequency, which means the system’s
response swings widely before beginning to settle.
This results in a long settling time, indicating that
the system takes a considerable amount of time to
stabilize after a disturbance. Moreover, there is a
noticeable steady-state error, where the frequency
does not return fully to its desired nominal value,
highlighting poor accuracy and overall system
stability in the absence of control. Introducing a
Proportional (P) controller improves the situation by
reducing the magnitude of oscillations, thereby
making the system less erratic. The system also
settles faster compared to the uncontrolled case.
However, while the P controller enhances transient
response, it still cannot fully eliminate the steady-
state error. This means that even after the system
stabilizes, there remains a persistent deviation from
the target frequency, which compromises the
system’s precision. To address this issue, an Integral
component is added, forming a Proportional-Integral
(P) controller. The inclusion of the integral action
effectively removes the steady-state error by
continuously adjusting the control input based on
accumulated past errors. This leads to a more
accurate steady-state response where the frequency
fully returns to its nominal value. Additionally, the
P1 controller further dampens oscillations, leading to
smoother system behavior and improved stability
overall. Finally, the Proportional-Integral-Derivative
(PID) controller combines the benefits of
proportional, integral, and derivative actions to
achieve the best performance among the three. The
derivative component helps predict system behavior,
thereby minimizing overshoot and oscillations more
effectively than the other controllers. As a result, the
PID controller provides the fastest settling time,
with the system stabilizing quickly after
disturbances. It also ensures zero steady-state error,
delivering highly accurate frequency regulation.
Overall, the PID controller significantly enhances
both transient and steady

V.  CONCLUSSION

Load Frequency Control (LFC) is essential
for ensuring stable and reliable power system
operation, especially in interconnected grids where
frequency deviations can affect system stability and
power quality. PID controllers have been widely
used in LFC due to their simple structure, ease of
implementation, and satisfactory performance in
handling  small-signal ~ frequency  deviations.
However, the growing complexity of modern power
systems characterized by high renewable energy

penetration, demand-side management,
deregulation, and cyber-physical interactionshas
highlighted the limitations of conventional PID
controllers.  These limitations include fixed
parameters, slow adaptability, and sensitivity to
system nonlinearities and disturbances.Advanced
tuning and hybrid approaches, such as Fuzzy-PID,
Artificial Neural Networks (ANN)-PID, Particle
Swarm Optimization (PSO)-PID, and Adaptive PID,
have demonstrated superior dynamic responses,
robustness, and adaptability in handling these
complexities.Moreover, integrating demand
response and smart grid technologies into LFC
strategies necessitates more intelligent and self-
learning control mechanisms to cope with varying
loads, distributed energy resources (DERs), and
cyber-physical vulnerabilities

REFERENCE

[1]. Aghaei, J.. (2013). "Demand Response
Programs in Smart Grids: A Survey,"
Renewable and Sustainable Energy
Reviews, 18, 64-72).

[2]. Astrom, K.J., & Hagglund, T.(2006).
Advanced PID Control. ISA - The
instrumentation Systems and Automation
Society.

[3]. Astrom, K.J., & Murray, R.M. (2010).
Feedback Systems: An Introduction for
Scientists and  Engineers.  Princeton
University Press).( Dorf, R.C., & Bishop,
R.H. (2011). Modern Control Systems.
Pearson).

[4].  Astrom, KJ. &Wittenmark, B. (1997).
Computer-Controlled Systems: Theory and
Design. Prentice Hall). (Franklin, G.F.,
Powell, J.D., & Emami-Naeini, A. (2015).
Feedback Control of Dynamic Systems.
Pearson.

[5].  Astrom, K.J., & Hagglund, T. (2001). The
Future of PID Control.  Control
Engineering Practice, 9(11), 1163-
1175) (Bennett, S. (1993). A History of
Control Engineering 1930-1955. IET.

[6]. Astrom, K. J., & Hagglund, T. (1995). PID
Controllers: Theory, Design, and Tuning.
Instrument Society of America

[71. Bennett, Stuart (1996). "A brief history of
automatic _control" (PDF). IEEE Control
Systems Magazine. 16 (3): 17—
25. d0i:10.1109/37.506394. Archived
from the original (PDF) on 2016-
08-09. Retrieved 2014-08-21.

[8]. Bennett, S. (1993). A History of Control
Engineering 1930-1955. IET institution of
Electrical Engineers

DOI: 10.35629/5252-070810291040 |Impact Factorvalue 6.18| 1ISO 9001: 2008 Certified Journal ~ Page 1039


https://web.archive.org/web/20160809050823/http:/ieeecss.org/CSM/library/1996/june1996/02-HistoryofAutoCtrl.pdf
https://web.archive.org/web/20160809050823/http:/ieeecss.org/CSM/library/1996/june1996/02-HistoryofAutoCtrl.pdf
https://web.archive.org/web/20160809050823/http:/ieeecss.org/CSM/library/1996/june1996/02-HistoryofAutoCtrl.pdf
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.1109%2F37.506394
http://ieeecss.org/CSM/library/1996/june1996/02-HistoryofAutoCtrl.pdf

\% International Journal of Advances in Engineering and Management (IJAEM)
Volume 7, Issue 08 Aug. 2025, pp: 1029-1040 www.ijaem.net

—

IJAEM
[9]. Bevrani, H (2009). Rubust power system Machine  Learning,”  Addison-Wesley,
frequency control New York, United States 1989.
[10]. Bollen, M. H., & Hassan, F. (2011). [25]. Gomez-Estern, F. J., & Alonso, A. J.
Integration of Distributed Generation in the (2006). "Design and Implementation of
Power System. Wiley-IEEE Press. Fractional Order PID Controllers," IEEE
[11].  Camacho, E. F., &Bordons, C. (2007). Transactions on  Control  Systems
Model Predictive Control (2nd Ed. Technology.
Springer.) London, United Kingdom [26]. Guerrero, J. M. 2011. Control of Power
[12]. Cohen, G.H. and Coon, G.A., "Theoretical Inverters in Renewable Energy and Smart
Consideration of Retarded Control," Trans. Grid Integration. Wiley-IEEE Press.
ASME, vol. 75, no. 1, pp. 827-834, 1953). [27]. Guerrero, J. M. 2011 "Hierarchical Control
[13]. Chien, C. F., & Lin, C. T. (2012). "Multi- of Droop-Controlled AC and DC
Objective Tuning of PID Controller Using Microgrids—A General Approach Toward
Particle Swarm Optimization,” Journal of Standardization,” IEEE Transactions on
Process Control, 22(3), 441-450) Industrial Electronics, 58(1), 158-
[14]. Deb, K. (2001).Multi-Objective 172
Optimization Using Evolutionary [28]. Guerrero, J. M. (2011). "Control of Power
Algorithms. Wiley Inverters in Renewable Energy and Smart
[15]. Dorf, R.C., & Bishop, R.H. (2011). Grid Integration," Wiley-IEEE Press.
Modern Control Systems. upper Saddle [29]. H. |Bevrani, V. Mitani, K. Tsuji, “Robust
River, NJ, United States: Pearson Decentralized AGC in a Re structed Power
[16]. Doyle, J. C., Francis, B. A, & System Energy Conversion and
Tannenbaum, A. R. (1992).Feedback [Management” 45 (2004), 2297-2312
Control Theory. Macmillan Publishing [30]. Hassan Haes Alhelou ,Karrar S. Faraj
Company. (2018), Robust Power System Frequency
[17]. Dorigo, M., Birattari, M., and Stutzle, T., Control. New York: Springer;
"Ant Colony Optimization: Artificial Ants 2009. pp. 15-61. DOI: 10.1007/978-0-387-
as a Computational  Intelligence 84878-5)
Technique,” IEEE Computational [31]. Hills, R. L. (1996). Power from the wind:
Intelligence Magazine,  vol. 1, no. 4, pp. The evolution of wind power generation.
28-39, 2006.) Cambridge, England: Cambridge
[18]. Ennett, Stuart (June 1986). A history of University Press. ISBN 9780521561174,
control  engineering, 1800-1930. IET. [32]. Huang, Y., & Kuan, H. (2007).
pp. 142-148. ISBN 978-0-86341-047-5.) "Feedforward Control in PID Control
[19]. Elgerd, O.l., "Electric Energy Systems Systems,” Control Engineering Practice,
Theory: An Introduction,” McGraw-Hill 15(8), 957-968.IEEE, "Load frequency
Education, 1982. control using ANN-PID controller".
[20]. Ennett, C. M., Haynes, J. A., & Lee, R. W.
(1986). "The Evolution of Feedback
Control in Naval Applications." IEEE
Transactions on  Control  Systems
Technology, 4(2), 125-  133.
[21]. Faraj, K. S. (2018). Load frequency control
for power systems: A review. International
Journal of Engineering & Technology,
7(4), 3505-3510
[22]. Franklin, G.F., Powell, J.D., and Emami-
Naeini, A., "Feedback Control of Dynamic
Systems," 7th Edition, Pearson, 2015.
[23]. Gaing, Z.L., (2004) "A Particle Swarm
Optimization Approach for Optimum
Design of PID Controller in AVR System,"
IEEE Transactions on Energy Conversion,
vol. 19, no. 2, pp. 384-391, 2004
[24]. Goldberg, D.E.(1989), "Genetic

Algorithms in Search, Optimization, and

DOI: 10.35629/5252-070810291040

[Impact Factorvalue 6.18| 1SO 9001: 2008 Certified Journal

Page 1040


https://books.google.com/books?id=1gfKkqB_fTcC&pg=PA142
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-86341-047-5

