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Abstract: Optimal control of DC motors remains a critical research area in modern
control systems, given their wide industrial applications and the need for accurate
performance under variable conditions. This paper explores the application of genetic
algorithms (GAs) to optimize the control parameters of DC motors, particularly PID
controllers, with the goal of improving the dynamic response and robustness of DC
motor systems. Compared to traditional constraint-based tuning methods, GAs, inspired
by natural selection and evolution, offer comprehensive search capabilities that
significantly improve parameter optimization, providing better speed regulation, reduced
overshoot, and minimal steady-state error. This review highlights the key challenges
faced when using GAs. Comparative results from various studies demonstrate that GA-
based controllers consistently outperform traditional tuning methods in terms of
stability, efficiency, and adaptability. Key findings related to energy consumption and
stability are highlighted. It is essential to analyze the system performance in terms of rise
time (tr), settling time (ts), overshoot ratio (Mp%), and steady-state error (Ess). A
proportional-integral-differential (PID) controller provides a stable response by tuning
its parameters according to a specific methodology using a genetic algorithm. This paper
concludes by emphasizing the potential of genetic generators as a powerful and flexible
optimization tool for intelligent control of DC motors.

Keywords: Genetic algorithm (GA); PID control; DC Motor; Optimum technique;

speed control.

1 Introduction

NOTABLE feature of DC motors is their exceptional

operational flexibility, which allows for fine-tuning
of speed and torque based on external requirements. This
adaptability has led to their widespread use in various
fields, including robotics, automotive engineering,
household appliances, and industrial machinery.
Additionally, DC motors offer advantages such as
simple control mechanisms and generally easier
maintenance compared to other motor types. In terms of
control techniques, traditional methods often utilize
Proportional-Integral-Derivative (PID) controllers due to
their effectiveness in managing dynamic responses
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within systems like DC motors. These controllers
operate by adjusting the output based on feedback
regarding system parameters, particularly focusing on
the difference between target set-points and actual
performance indicators. However, controlling DC
motors in complex environments can present challenges
due to non-linear behaviors that arise from fluctuations
in conditions such as load variations or system
disturbances. As a result, advancements in optimization
strategies have been explored to enhance conventional
control  approaches. Innovative techniques that
incorporate metaheuristic algorithms, such as Genetic
Algorithms (GAs), are being combined with PID
controllers to improve tuning processes and increase
adaptability .This integration not only aims to optimize
PID parameters but also addresses inherent limitations
found in traditional methods when confronted with more
complex operational scenarios. Research suggests that
combining these approaches can lead to significant
improvements in performance metrics, including
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response time and overall system stability. See
references. There is a diagram showing the relationship
between genetic algorithm and PID as shown in Figure 1
[1], [2], [3] and [4].In a comparative study, the
researcher used a PID controller tuned using particle
swarm optimization (PSO), an algorithm that tracks the
social behavior of a flock of birds or fish, to tune the
PID parameters, and a genetic algorithm (GA), an
optimizer that simulates natural selection of species, to
tune the PID gains. Simulations indicate that using PSO
results in a lower overshoot ratio and better system
response to torque load disturbances [5].

Genetic Algorithm

Kpl Ki| Kd
YyYvyYy

R(s) E(s) u(s) ¥(s)
PID Controller Plant

A 4

Fig 1. This figure represents a closed loop control system
that uses a genetic algorithm to adjust the parameters of a
PID (Proportional-Integral-Derivative Controller). [1]

1.1 Background and Theory

The basics of DC motor. For example, a DC motor
doesn't need to be driven slowly. It also changes its
speed quickly, concentrates its torque, and collapses for
all time maintenance. A DC motor is the easiest motor in
layout and operation. It should at all times be occasion-
driven and could even be managed with a PID controller.
However, the time fixed for a DC motor might be
laborious to resolve. In addition to that, a DC motor
cannot get rid of any stagnant friction 'FO' or dynamic
friction 'Fr' equal to 'Kr' x 'Fn' during a non-zero field
current. In the same token, the imbalance of a DC motor
ends in oscillation, and the settling velocity is inherently
negligible. Some friction arises in DC motor to
additional difficulties to be managed; static friction 'FO'
or kinetic powers 'Fk' equal to 'KrNon-zero' [6]. Genetic
algorithm. The genetic algorithm (GA) is planned for
investigating and approximating systems that give the
best outcome. They're twisted with impetus within the
partition of Charles Darwin's hypothesis of evolution.
The fundamental beliefs which are part of genetic
algorithms could be the prime piece of the breakthrough
of individuals over many maxims. As in searching stuff,
an opportunity stand up to find the best. The GAs churn
out an over-all explanation over time that is able to be
also false. In due time it's feasible that this explanation
will be an approximate one that best might be either
found or handed out. Often, in tangible aerodynamic
distortions and purposes, it's utilized within
improvement. The methods will include have 3 options
or else 2 choices; low/high, each with an accusative

output of how performance is a priority. Furthermore,
the information stuffing of a GA isn't often an unknown
curtain of being. This simply ensures to have a specific
solution that requires estimates in constancy on the
reality. The time it takes to search for a solution reduced
as the most demanded in terms of outcome [7].

1.2 Genetic Algorithms

A Genetic algorithms (GAs) are designed to deal with
the problem space as defined by Holland in the 1960s
[8]. The idea attracted computer scientists and engineers
such as Holland, Booker, Goldberg, Reynolds,
Grefenstette, and De Jong to begin investigating this
bioinspired approach [9]. Since their inception, steady
strides have been made in developing techniques and
software tools for their implementation [10]. Genetic
algorithms (GAs) are inspired by the theory of natural
selection. Natural selection is often summarized as the
process whereby organisms with better quality traits
most suited to their environment tend to survive and
procreate, while those with deleterious traits have less
success in procreating. Genetic algorithms mimic the
behavior and processes of natural selection, internally
specified as described by genetic algorithm operators:
crossover, mutation, and evolution [11]. Crossover is the
operation that merges two strings of the current
generation to create a new string of a subsequent
generation. Mutation is the operation of making small
randomly changes to bits of a string with small
probability. Evolution is the vinculum of genetic
algorithm with natural selection theory. Genetic
algorithm operations take the improvements from each
generation provided via crossover operation in the hope
that a collection of succeeding improved generations
over several generations will approximate, to optimize
the solution sought in a problem space [12]. Ever since
the first commercial application of a GA as a part of an
adaptive control system of a paper-making process in
1955, it has become a powerful discrete optimization
tool used in many fields where application of simulation
models is explicitly possible [13].

1.2.1 Genetic Algorithm Process

In this section, the process of Genetic Algorithm will
be summarized in a flowchart. The summary of the
process will be described in Figure 2 [14].

The steps involved in creating and implementing a
genetic algorithm are as follows:

1.Generate an initial, random population of individuals
for a fixed size.

2. Evaluate their fitness.
3. Select the fittest members of the population.

4. Reproduce using a probabilistic method.
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5. Implement crossover operation on the reproduced
chromosomes (choosing probabilistically both the
crossover site and the ‘mates’).

6. Execute mutation operation with low probability.

7. Repeat step 2 until a predefined convergence
criterion is met.

Create Population

}

Measure Fitness “

l

Select Fittest

l

Mutation

l

Crossover/reproduction

|

l *  Non-optimum solution

Optimum Solution |

Fig 2. Genetic Algorithm process flowchart

The convergence criterion of a genetic algorithm is a
user-specified condition e.g. the maximum number of
generations or when the string fitness value exceeds
certain threshold.

1.3 Comparing genetic algorithms with traditional
methods

In the field of DC motor control, the selection of
control methods is critical to ensuring optimal
performance and efficiency. Traditional control
methods, such as proportional-integral-derivative
control, have been the backbone of many systems for
years. With the advent of modern computational
techniques, such as genetic algorithms, there is growing
interest in comparing these two approaches in terms of
performance, reliability, and computational efficiency.
This section delves into these comparisons, highlighting
the advantages of genetic algorithms and the potential
tradeoffs of traditional methods, supported by case
studies and real-world examples. When we discuss
performance in the context of DC motor control, we are
primarily concerned with how quickly and accurately the
motor achieves the desired speed and position.
Traditional control methods, such as PID controllers,
have specific tuning parameters that require careful
adjustment to achieve the desired performance levels.
The tuning process can be time-consuming and often

results in controllers that may perform well under certain
conditions but perform poorly under others [15]. An
important advantage of genetic algorithms is their ability
to adaptively search for optimal parameters without the
need for manual tuning. Genetic algorithms mimic the
process of natural selection, whereby the most suitable
individuals are selected for reproduction to produce the
next generation of offspring. This property allows
genetic algorithms to explore a wider solution space than
traditional methods, leading to potentially superior
performance in dynamic environments. For example, a
study by Liu et al. (2020) [16] demonstrated that a
genetic algorithm-based controller for a DC motor could
achieve a rise time of 0.5 seconds and a settling time of
1.2 seconds, significantly better than a PID controller,
which recorded a rise time of 1.0 seconds and a settling
time of 2.5 seconds under similar conditions [17]. These
improvements in response time are critical in industrial
systems where delays can lead to decreased operational
efficiency. Furthermore, generative genetics can also
better handle nonlinearities and uncertainties in motor
dynamics. In traditional methods, nonlinearities can lead
to oscillations or overshoot in performance, but
generative genetics can dynamically optimize control
parameters, resulting in smoother operation. Traditional
control methods often struggle with reliability due to
their sensitivity to parameter changes and disturbances.
For example, PID controllers may require frequent
recalibration if load conditions change significantly or if
there are fluctuations in the power supply. Among these
traditional methods is the Nicholas Ziegler method. A
comparison table from previous research between the
genetic algorithm (GA) and Nicholas Ziegler's method
(N-Z)is shown in Table 1.

2 Literature Review

To control DC motors, many researchers have
discussed various hardware and software applications.
Currently, there are many software system solutions that
focus on applying genetic algorithms to algorithm
implementation and results. While many research papers
explain the algorithms and simulation results, they are
unclear in specifying the software, settings, and
operating environments. In this section, research
conducted by researchers will be discussed to generalize
relevant knowledge. The theoretical background of the
main control system model will be briefly summarized,
and examples of control methods used in the system will
be covered [22], [23], [24], and [25]. Currently, it is very
difficult for low-level industrial control systems to
operate without some form of control system. A review
of the working practices of various genetic algorithms in
various autonomous systems reveals that the vast
majority of controllers often rely on manual tuning or
trial-and-error methods. However, these methods are
likely to be ineffective in ensuring the principle of
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Table 1. Comparison between genetic algorithm and Nicholas Ziegler's method.

Readings N-Z GA N-Z GA N-Z GA N-Z GA
numyt;irrand Nurettin, A., et al 2022. Rashid, Y. G. et Lawrence ,B. Deraz,S. A. (2014).
Rescarch (18] al,2021.[19] (2020). [20] [21]
R.T (sec) 1.263 0.5615 0.12 0.056 66.2 0.254  0.00775  0.0249
S.T (sec) 2.263 0.7875 1.26 1.12 0.205 0.226 0.1243 0.0892
05% 5.7 0 9.65 0 7.8 0392 443262 0
Kd 0.55 27.5 - - - - 0.04439 0.049
Kp 15.17 299.6 - - - - 13.7312  5.0196
Ki 105.70 295 - - - - 1061.89  80.8051

maximum performance index. Fortunately, genetic
algorithms provide an excellent alternative for
optimizing the tuning of any control parameters in an
automated and efficient manner, especially for
developing the optimal control strategy. Thus, this
development encourages further research in various
directions. According to the experiments, the motor
speed and settling time of the proposed system are
improved compared with a general-purpose trinomial
controller [26], [27], [28], and [29].The use of DC
motors remains the preferred choice in various sectors
due to their excellent characteristics and compatibility
with modern control methodologies. See references:
[30], [31], [32], [33], and [34].Despite all these
researches, many new techniques can be used in motor
control and many works can be done. Since these
controllers are algorithm-based, the results obtained do
not lead to the optimal state. Therefore, optimization
must be performed to obtain the best control strategy.
Many optimization approaches can be used for this
purpose. One such approach is the genetic algorithm.
Genetic algorithms are optimization algorithms that take
advantage of the principle of evolution. In this approach,
geometric operations such as inheritance, mutation,
function, and crossover are used [35]. Genetic
algorithms originated in the late 1960s as a simulation
research tool that uses the principles of evolution to
search a space of possible solutions. Over time, their
application has been extended to various fields,
including optimization, especially in solving control
problems. Genetic algorithms are used to solve problems
related to the operation and design of control systems.
They are used to optimize control law parameters,
design an optimal control law, and determine the design,
controllers, and control strategies. The combination of
genetic algorithm methods with control concepts has
effectively helped in improving control strategies in real-
world systems, especially when using numerical
techniques that are difficult to solve and/or solve the
problem analytically. Reference [36] Genetic algorithms
applied to control systems have been used in various
applications. In the design of multi-car parking systems,

genetic algorithms have been used to solve two related
optimization problems, namely parking sequence and
vehicle routing. In the field of power electronic
converters, genetic algorithms have been used to
determine the control strategy to optimize the parameters
of the proportional integral controller. They have also
been used to reduce the ripple of the output voltage of
the boost converter by adjusting the input filter and
modulating the pulse width. The indirect optimization
approach of the Integrated Gasification Combined Cycle
(IGCC) plant has been used to optimize the derived
proportional integral controller. Genetic algorithms have
been applied to gyro-stabilized spacecraft with a gravity
gradient controller. They are integrated into adaptive
control with immediate feedback to improve the control
system of clean robots. They have been used in central
heating systems with electric boilers and heat pumps,
and in urban road traffic optimization and control. Both
programs are designed to demonstrate the value and
performance of this strategy when used in complex real-
world systems. Reference [37] below we will discuss
some previous studies that address the topic of DC speed
optimization using genetic algorithms, which are as
follows:

1. Researcher (M. Mavrinac et al., 2022) presented an
effective method for eliminating harmonics in single-
phase PWM rectifiers. Based on the genetic algorithm, a
control loop was developed to achieve the desired DC
voltage with the lowest ripple, the input current with the
lowest harmonics, and the highest possible input power
factor. The genetic algorithm is one of the optimization
techniques that can be used to obtain the best results
from a system. This paper discusses the use of the
genetic algorithm to optimize four variables: power
factor, settling time, input current harmonics, and output
voltage ripple. The rectifier load parameters are L =
10mH and R = 200, while the input voltage is 220 V, 50
Hz. The table shows the appropriate range for the four
variable parameters, and Tables 2 and 3 show the results
[38].
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Table 2. Appropriate range [38]

Appr\(fggzt)eliiange Variables Appropriate Range
Fs(kHz) 35 70
C(uF) 300 1000
Kp 1.8 5
T 0.03 0.07

Table 3. Best outcome with optimization [38]

Technique  Fs(Hz) Fs(Hz) Kp T(s) THD
Without 60000 0.00039 2 0.035 7.2076%
optlmlzatlon
With 68500. 0.00041 2.85 0.028 .
optimization 8 578 55 026 3.7458%

2. To create a separately excited DC motor control
system regulated by rotor angle the researchers used a
genetic algorithm (GA) in this study (B. B. Acharya et
al., 2021). A mathematical model with distinct electrical
and mechanical subsystems serves as the basis for the
presented study. Using this method, PID controllers can
be fine-tuned through an evolutionary process,

essentially a genetic algorithm. A novel fitness function
that integrates multiple step response parameters was
used to fine-tune the PID to create a characteristic
surface, which was then minimized using a genetic
algorithm. The results indicate that the elitism-based
algorithm outperformed the eligibility-based selection
method. With a fitness value of 0.999982, this method
produced a steady-state inaccuracy of 0.000584 rad. As
shown in Tables 4 and 5 [39].

3. Since the PID approach to evolutionary algorithm
optimization for a typical elevator can reduce overshoot
and accelerate station operation time, the researcher
wanted to demonstrate the system response results (K. B.
Prasetyo et al., 2021). The PID parameter value in the
genetic algorithm approach to study the elevator system
is KP = 8,946; KI = 3,898; KD = 0.011. After
determining and simulating the PID parameter using
Simulink, the results of the steady-state system response
are demonstrated with an overshoot of 0.327%. The
optimal system response at the setpoint is 29 rpm with a
time constant (Ts) of 1.168 seconds. The time delay (Td)
is 0.2032 seconds, and the steady-state error is 0.3%.
The researcher produced Tables 6 and 7 for the
parameters and comparison tables of his investigation
results [40]

Table 4. Results obtained using GA with and without duplication elimination are compared [39].

Genetic Algorithm configuration

Results from GA with and without Comparison of GA's outcomes for
duplication removal are compared. various selection techniques
D1 D2 D3 D4 S1 S2 S3
Population size 15 15 20 20 15 15 15
Preputial
choosing Elitism Elitism Rank Rank Elitism Rank to fitness
0.5)
Allowable duplicates Yes No Yes No No No No
Probability of Mutations 0.1 0.1 0.1 0.2 0.1 0.1 0.1
Time of rise (s) 1.3394 1.334 1.1993 1.3131 1.4024 1.2036 1.4008
Peak of time (s) 3.1256 2.8815 3.0029 2.9394 2.8408 2.8488 2.9829
Settling of time (s) 2.4374 2.3544 3.4517 2.8198 2.4048 3.5436 2.2652
Overshoot (%) 1.0892 0.4524 6.3599 1.4884 0.6001 5.9579 0.2493
Error in steady-state (rad) 0.1152 0.0739 0.2046 0.22 0.0731 0.1781 0.0571
Maximum personal fitness 0.998615 0.999511 0.914317  0.9913 | 0.99446 0.7367 0.98783
Maximum population fitness 0.99856 0.99937 0.90143  0.99021 | 0.99439  0.703505 0.98759
time of Execution (s) 385.64 624.39 418.19 738.49 679.31 591.94 585.46
Rate of success 100 100 84 96 100 50 96
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Table 5. Comparison of results achieved with GA for different fitness tolerance [39]

Genetic Algorithm configuration

15T Torque 25T Torque
Size of the population 15 15
Tolerance 0.01 0.000001
Choosing Elitism Elitism
Allowable duplicates No No
Probability of Mutations 0.1 0.1
Rise of time (s) 1.3699 1.3704
Peak of time (s) 3.0255 3.0256
Settling of time (s) 2.4227 2.2318
Overshoot (%) 1.0435 1.0436
Error in steady-state (rad) 0.1179 0.0414
Maximum personal fitness 0.99188 0.99994
Maximum population fitness 0.99288 0.999919
time of Execution (s) 505.70 1086.36
Rate of success 98 100
revealed a 15% to 30% reduction in energy

Table 6. Hasil simulasi response system [40]

Variable 29 rpm 33 rpm

Time Rise (tr) (s) 0.601 s 0.606 s
Time Delay (td) (s) 0.2032s 0.2033 s
Settling Time (ts) (s) 1.168 s 1.163 s
Steady State Error % 0.003% 0.003%
Overshoot 0.327% 0.324%

Table 7. Hasil perbandingan dengan jurnal acuan [40]

Variables PID PI Algfgfﬁirfl
Time Rise (tr) 437s 2.75s 0.601 s
Time Delay (td) 1.381s 2.09 s 0.2032 s
Settling Time(ts) 597s 335s 1.168 s
Steady State Error 1.59% 0.065% 0.003%
Overshoot - - 1.327

4. To maximize the benefits of energy storage in
reducing peak power and energy consumption in
railways, some researchers (S. Nallaperuma et al., 2021)
developed a genetic algorithm-based optimization
framework to optimize a DC electric railway network in
terms of a comprehensive set of decision variables,
including storage size, charging/discharging power
limits, schedule, and train/track driving style. Based on
the train operating style and peak power reduction,
experimental results for the real networks under study

consumption. Text on energy efficiency. These models
were analyzed using basic physics formulas related to
motion and energy. Traction, resistance, and gradient
forces are the primary determinants of train motion. The
complexity of these models varies depending on the
number of trains, substations, and the number of cars
within the train. In general, a train journey between two
locations consists of four operating phases: acceleration,
departure, slip, and braking. However, in real life,
depending on route gradients, speed limits, and dynamic
factors with schedule changes, the actual journey phases
can be altered [41].

5. The researcher optimized the proportional-integral
derivative of the controller to obtain the best speed
regulation for a three-phase BLDC motor using a
contemporary heuristic optimization approach (L.
Adebayo et al., 2020). To achieve excellent dynamic
control performance, a Genetic Algorithm (GA)-based
PID controller was used. Using DC electrical machine
theory, the mathematical equation for a brushless DC
motor—which defines the voltage, rotational angular
velocity, and associated torque—was applied. To capture
and compare the best speed and torque control
characteristics of BLDC motors, the genetic algorithm
was further examined using the three common
performance indicators of integral time absolute error
(ITAE), integral square error (ISE), and integral absolute
error (IAE). When compared with the existing ZN-PID
controller technology, the simulation result showed that
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the system equipped with the GA-PID controller has
superior system response, as shown in Table 8 [42].

6. To determine the constants of the PID coefficients—
the proportional gain, the integral gain, and the
derivative gain, the researchers (E. W. Suseno and A.
Ma'arif, 2021) adjusted the trial-and-error technique.
This idea, which is used to alter the PID coefficients,
leads to biological evolution. The Matlab simulation
technique is used in this work, and the results are applied
to DC motor devices constructed using the Arduino Uno
board. Compared to the trial and error method, the
evolutionary algorithm methodology yields a system
with a lower maximum height and a better constant time.
With settling time = 13.5, overshoot = 2, and rising time
of 2.7872, the testing procedure produced the best two

statements. For mutation 1, the PID coefficient was KP
= 3.7500, KI = 1.3184, and KD = 0.2051. With an
overshoot value of 2, a settling time of 18, and a rising
time of 2.6462, the ideal PID coefficient value at the
intersection is 0.4, which translates to KP = 4.2090, KI =
1.2012, and KD = 0.2539. After the investigation and
data processing for this study are finished, the following
conclusions might be drawn. With a crossover effect of
0.8, a mutation impact of 0.4, and an overshoot of less
than 10%, the optimal solution was identified by the
genetic algorithm for modifying PID control settings
after 100 generations. Furthermore, the impact of the
generational count of differences 120 and 150 is also
shown in Figure 3, Tables 9, and 10 [43].

Table 8. Controlled system response characteristics for BLDC motor [42]

Corresponding Kp ,

Controlled system response characteristics for Ki and Kd

BLDC motor control values for

BLDC motor

Tuning technique Percentage Overshoot Tr (s) Ts (s) Kp Ki
ZN-PID 21.44 0.51 3.56 107.45 238.37
GA-PID (ITAE) 0.00 0.65 1.82 204.62 189.23
GA-PID (ISE) 3.57 0.61 2.51 196.44 232.33
GA-PID (TAE) 10.71 0.59 2.62 182.74 212.65

Table 9. The Trial and Error Method is used in Testing 1 [43].

PID Controller Parameter

No. KP KI KD

1 1 8 15
2 10 25 15

Laptop/PC
ry

Serial

h 4
Ardumno UNO

PID Controller
F Y

+5V

Power Supply

RPM

PWM

Tr (s) Ts(s)  Overshoot
1.4440 NaN 85.6825
0.8129 NaN 49.2620
+12V
: =12V .
Molor Dniver > DC Motor

Angular Speed

Encoder Sensor -

Fig 3. Hardware Block Diagram (DC Motor Speed Control System Using Arduino and PID Controller)[43
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Table 10.Genetic Algorithm technique with mutation and cross-over impact [43]

The Genetic Algorithm technique with mutation impact is used in Test 2.
No. | Mutation | Cross-over Generations Fﬁrelsetss KP KI KD Tr (s) Ts (s) Overshoot
1 0.8 0.6 100 25.1027 7.6270 1.9238 0.2930 0.0813  0.1500 0
2 1 0.6 100 25.6586 3.7500 1.3184 0.2051 0.1288  0.2428 0
Testing 3 uses the GA Method with the crossover Effect
No. | Mutation | Cross-over | Genera-tions Fﬁzsetss KP KI KD Tr (s) Ts (s) Overshoot
1 0.6 0.2 100 22.6874 1.8750 5.9961 0.0195 0.0746 0.6191 36.1315
2 0.6 0.4 100 259547 42090 1.2012 0.2539 0.1444 0.2737 0
The GA technique with the impact of the number of generations of variations is used in Testing 4.
No. | Mutation | Cross-over | Genera-tions Fﬁrenitss KP KI KD Tr (s) Ts (s) Overshoot
1 0.6 0.6 120 23.4426 3.7695 0.5469 0.6152 0.3889 0.7122 0
2 0.6 0.6 150 29.5037 8.6532 0.1855 4.9025 1.2614 2.2480 0
Comparison of PID Parameters for Hardware-Based Testing 14
No. Methods KP KI KD Tr (s) Ts (s) Overshoot
1 Trial and Error 1 1 8 15 2.2882  99.800 25
2 Trial and Error 2 10 25 15 1.7756 NaN 20
3 G. A. with Mutation 0.8 7.6270 19238 0.2930 1.3754 42.250 12
4 G. A. with Mutation 1 3.7500 1.3184 0.2051 2.7872 13.500 2
5 G. A. with crossover 0.2 1.8750 5.9961 0.0195 2.2917 94.250 10
6 G. A. with crossover 0.4 42090 1.2012 0.2539 2.6462 18.000 2
7 G- A. with number of Generations 120 37695 0.5469 0.6152 13200 243333 7
8 G. A. Influence Number of Generation 150 86532  0.1855 49025 34228 NaN 15
7. To regulate the speed of a DC motor, the researchers 1 PID GA 0.55 200 399 1
(V. Melnic and 1. Cojuhari, 2022) created a fuzzy 2 PID MSD 093 5039 783 1
controller. The outcomes of fine-tuning the controller Fuzzy
3 controll 4.2 4.2 - -

using the maximum stability approach were contrasted
with iterations and genetic algorithms. A computer
simulation was used to confirm the effectiveness of the
developed fuzzy controller, and the fuzzy controller
tuning algorithm was created based on the error and the
rate of change of the error signal. This resulted in the
closed-loop step response performance results are
presented in Table 1 [44].

8. The genetically engineered DC motor was the subject
of the study carried out by M. S. Amiri et al. (2020).
Kirchhoff's law and the dynamic model of the shafts and
gearbox, determine the mathematical model of the DC
motor. MATLAB/Simulink first estimates the DC motor
parameters based on the values displayed in Table 3.12.
In order to reduce the simulated and real angular path
error that the encoder records, the estimated parameters
are the starting values of the genetic algorithm (GA).

Table 11.Table 11 Performance Automatic Control System

[44]
Controll Performance of the
No OI;rrO Method system
Tr Ts G A

cr

The DC motor's mathematical model and the best
estimated model is verified using various voltages as
inputs to the real DC motor. Table 3.13 displays the
findings and numerical analysis, which demonstrate that
the evolutionary algorithm is appropriate for estimating
the parameters of platforms with nonlinear features [45].

Table 12.Table 12 Estimated parameters of a DC motor [45]

Km Kb L R Jsh Jr Br Bsh
1542 0.003 0.027 0.002 0.05 0.1 0.1 0.00
2 5 7 1 18 35

Table 13.Table 13 Mathematical model, numerical analysis of

error [45]
Method GA Conventional
method
Voltages AE ME AE ME
V=35sin(0.5 nt) 0.0782 0.245 3.3643 6.68
V=5sin (0.5 nt) 0.7299 145  6.2678 12.4
V=T7sin (0.5 nt) 1.6698 3.06 9.4237 18.5
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9. In this research (M. A. Alwan and A. J. M. Al-Furaiji,
2021), the researcher proposed a large-scale design for a
speed and load controller for DC motor conversion,
based on a proportional integral derivative (PID)
controller with a genetic system to adjust the controller
parameters. The genetic-based PID controller was
simulated using the Matlab software package and tested
under various sudden load values and operating speeds.
The current control loop contains the proposed PID
controller, a pulse width modulation PWM generator,
and an H-bridge inverter. With the genetic system
optimizing the advanced PID controller parameters, the
results show that this module has a significant effect in
maintaining the motor speed profiles and output torque
after applying a sudden load, as shown in Figure 4, and
intensifying the motor performance at various speeds
and load conditions.[46]
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% Instant of | — wree 140 e %0
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Fig 4. The motor speed and electrical torque profiles at time
instant (t = 5 sec) with varying operating speeds (80, 140,
and 180 rad/sec) with a sudden load of 30 Nm [46]

10. The researchers ( M. T. OzdemiR, M. M. Karaca,
and A. T. KaragahiN,2020) discussed the inverted
pendulum system which is preferred by many people to
examine the performance of control techniques as the
inverted pendulum is an engineering problem that is
difficult to control due to the nonlinear structure of the
system. For the inverted pendulum problem, the
equations of motion were derived and expressed in the
form of a state space and the design criteria were
determined. The design in the inverted pendulum system
aims to control the positions of the car and the pendulum
as a criterion. The control technique was determined
according to these goals and the linear quadratic
regulator (LQR) technique was used as a controller.
Multiple cases were preferred with the LQR controller in
the inverted pendulum system because its variables can
be controlled. In the study conducted, the LQR
controller improved the Q and R matrices which directly
affect the performance using the genetic algorithm. The
LQR controller was improved and two different methods
were applied as the standard LQR controller. The
genetic algorithm, wunlike the exhaustive search
algorithms, focuses on the best. It may not reach the best
because it does not have an approach to achieve it, but it

is one of the best algorithms in taking into account the
time constraint. It was preferred because it was one of
them. In the improvements of the inverted pendulum
system, the objective functions are generally modified
according to the reference value. It is used as a
combination of rise time, settling time and steady state
errors. In the study conducted, a different fitness
function proposal for the genetic algorithm was
presented. This recommendation is based on the
reference position value of the car and its value and is
designed to minimize the difference between the
position values. The fitness function of the genetic
algorithm (GA). It has been shown to achieve acceptable
results when used with the formula proposed in the
study. As a result of the experiments conducted, the
LQR controller, optimized using the genetic algorithm,
works with the values found by trial and error method. It
has been observed that it is more successful than the
controller. At the same time, since the Q and R matrices
are determined by the genetic algorithm, this prevents
wasting time in determining the parameters [47].

3 Optimum Control Strategies

Several methods based on different strategies have
been proposed to control the DC motor optimally.
Control strategies can be implemented using the indirect
optimization approach, such as the analytical approach,
and the direct optimization approach, such as linear
programming, dynamic programming, and the optimum
genetic algorithm [48] and [49].

3.1 PID Control

The Proportional-Integral-Derivative (PID) controller
is a robust and widely used control strategy in
engineering applications, including control systems. It is
distinguished by its effectiveness and simplicity in both
theory and simulation outcomes. A PID controller
consists of three terms: proportional, integral, and
derivative. The proportional term is used to reduce the
static error or steady-state error. The integral term is
used to reduce the steady-state error and produce a faster
system response. The last term is the derivative term
[50]. Most control systems in industry use PID
controllers because they have unique functions
compared to other controllers. They are simple, do not
require much time to design, and do not require any core
work. The human brain is not perfect and can be
inconsistent, but a computer can perform consistently.
Therefore, a PID controller is like a brain for an
electronic gadget. Once you design the PID parameters
for your control system, you do not need to work with it
constantly. It automatically works for your outputs. It is
the most commonly used controller in Control System
Engineering [51]. When a set-point is changed quickly,
the PID controller's response to these changes is slow.
This happens because the proportional term primarily
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controls the system response, as kP is significantly
higher than kI and kD. The system response depends on
the value of the controller parameters (Proportional,
Integral & Derivative Values). There are much faster
response systems designed using only controllers like
neural networks (NN), fuzzy logic controllers (FLC),
etc. They are used because they provide a much faster
response for the system and maintain system stability
using fewer controller gains compared to systems that
use Classical PID Controllers [52]. As shown in
Figure 5.

y(t)
e

Plant
process

Fig 5. Block diagram of a PID control system
3.2 Optimal Control Theory

By recommending optimal connections between
system states and practices that are subject to a number
of constraints, optimal control theory is used to create
suitable system states. If this is achieved, a dynamic
system can offer excellent performance. The optimal
control law or policy created by optimal control theory is
enacted as a means of providing a state feedback control
law for performance improvement. It integrates the state
feedback method's advantages with fundamental
optimization strategies. In most cases, the optimal
control law provided by optimal control theory is
provisional [53]. The optimal supervisor must
recalculate the optimal control law's coefficients on a
routine basis to reflect load alterations or alterations in
other categories of procedures. Genetic algorithms have
the ability to manipulate continuous and discrete
parameters, and the capability to deal with multiple
variables are some of their unique features. The genetic
algorithm affects an object paradigm, that is, the fittest
individuals will live on, in analogy to selection. The
individuals who are to be manipulated are chosen
through controlled or random training, which is
comparable to breeding in nature. It has also been
demonstrated that the algorithm is a successful approach
for optimizing functions that are difficult to solve.
Genetic algorithm is utilized as an optimization
technique in this investigation [54].

3.3 Genetic Algorithm Optimization

Genetic algorithm is a major component of
computational techniques. This technique is used to
optimize different parameters of a system. The full
potential of this technique can be utilized if the

dimensions of the optimization problem are large or the
parameters of the system to be optimized are
interconnected, or the function of the system is multi-
modal. Genetic algorithms use the principle of evolution
to carry out the optimization process. In evolution, the
fittest organisms survive. The genetic algorithms will
work similarly. The quality of the solution in genetic
algorithms is the fitness of an individual. The individuals
are the solutions represented in the form of strings. At
the start of genetic algorithms, a new generation of
individuals is created from the parents which have good
fitness. The offspring has mutations in it and starts to
form new generations [55]. Two major issues will be
discussed in this paper: 1) the optimization using the
powerful technique of genetic algorithms, and 2) the
application of genetic algorithm to control the DC
motor. A genetically based search and optimization
method is called a genetic algorithm (GA). Essentially,
solutions representing potential designs are measured
according to their "fitness." The fittest designs are then
selected and modified to produce the next generation.
This selection and modification process continues until a
termination condition is met. The genetic algorithm first
generates a random population of individuals. Each
individual represents a specific design. The elements in
the design, which may also be called genes, are
independent variables defining the design. All
individuals are evaluated with an objective function. The
genetic algorithm uses a fitness function to evaluate each
individual and assign a value of fitness to it. The fitness
of each individual represents how good a solution the
individual represents. The evaluation process is repeated
for every individual in the population to find the fitness
of each [56].

3.3.1 Encoding Schemes

In genetic algorithm optimization, encoding is the
representation and manipulation of possible solutions in
a form which allows the variation and natural selection
processes of GA to operate. Valid encoding schemes
allow the search to be performed systematically, and are
an important consideration during any optimization
process. A wide variety of encoding approaches have
been developed. A considerable part of current
methodology in the genetic algorithm approach to
optimization involves the development of encoding
schemes suitable for representation of particular
candidate solution (string) structures. Various encoding
techniques in genetic algorithm can be found in the
literature. For example, binary encoding where string
represents binary numbers, and Gray encoding where
binary number is converted into the binary-reflected
Gray code [57]. Encoding schemes have been widely
employed for optimization of control strategies in DC
motor systems. It represents state vector (s) as discrete-
time representation (sampling period t) according to
(17). However, we have chosen a treasury of features to
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construct the controller, for example, to jointly provide
and optimize the proper control regime in cyber-physical
systems with variable elements, as well as jointly
optimize the control of actuators (encoded through the
control table). Taking into account the variety of types of
AC motors and the number of control parameters, the
control table we opted for in this context was chosen for
its simplicity and optimization. The control table values
provide the logical intuitions writers in terms of desired
direction, and are held constant to ensure the
convergence toward the optimal control, which
counteract the influence of various random noise factors
affecting the motor current [58].

3.3.2 Fitness Functions

The main part of the genetic algorithm optimization of
a present problem is the way of the definition of fitness
functions. The purpose of the definition of the fitness
function is the estimation of the quality of an individual
of the population. The definition of the fitness function
must encourage the evolution towards the best possible
solution. The way of defining the fitness function
depends on the surface of the solution. The genetic
algorithm optimization is very sensitive to fitness
functions. The difficulty is to find a formula that delivers
good convergence, knowing that a fitness function is
defined once (at the early simulation stage) and is not
updated throughout optimization. A good fitness
function should take into consideration the objectives of
the solution, the constraints, and the possible range of
solutions. The adoption of "soft constraints" is also a
quality of a good fitness function since it reduces the
search space and the time of the genetic algorithm
optimization procedure [59] and [60] The fitness
function should be defined in such a manner as to be the
reflection of the objective function that must be
minimized (or maximized) and of the constraints that
must be satisfied by a certain solution. Thus, it is rather
clear to say that a fitness function represents a measure
for how far the individuals of the given population are
from the optimum or from satisfying the constraints.
Further, the value of the fitness function influences the
evolution of the individuals or, in other words, the
concentration rate should be a function of the solution's
classic value. The genetic algorithm is capable of using
the relationships which already exist in one or another
manner [61] and [62].

4 Challenges and Future Directions

While an optimal control scheme seems to be
appealing, there are some challenges and potential
complex issues associated with the process of using such
techniques in a real-time domain. A requirement of
complete knowledge of the system state and uncertainty
of the system model response and change of parameters
during control system design due to aging of the DC

motor or some other uncertainties like change of load
inertia, abrupt change in input voltage, and mutations,
make these methods impractical. Another challenge with
using optimum control strategies, particularly for DC
motor systems, is that they are highly non-linear in
nature, which results in difficulties when converting
these systems into state space form. This is because it is
often difficult to get a reasonably accurate model with
reasonable convergence. In most control techniques, the
required change of direction of the actuated system or
system load changes, such as that which can occur in a
commercial hard disk drive (HDD), leading to a power-
on suggested tau value that is non-physical. This
requires some additional time-consuming steps to be
carried out before control can be reinstated.
Furthermore, this seemingly simple problem becomes
convoluted with an additional electrical disturbance,
such as RFI/EMI on the actuator, or an adjustment to the
required performance, causing the problem to get worse
[63]. The development of new methods to be able to deal
with such problems needs to be developed. As it is
widely known, DC motors are very efficient in most
drive applications. However, the requirement of an
accurate and high-performance controller is much
needed. Sustained research needs to be directed to
finding new and efficient control techniques that
improve the level of the feed-forward control to drive
the system and to give the information to the controller
setup for the system as a stable system. Finally, instead
of using extensive techniques or getting a model directly
from the system, some mathematical techniques can be
used to get the model. This model will represent the
characteristics of the given system. A model-based
technique will be developed to use this obtained model.
Also, some more sophisticated and advanced methods
can be developed for an adaptive system.

4.1 Challenges in Implementing Optimum Control
Strategies

In the last two decades, numerous research works have
been published relating to the control of electrical
motors. The different control methods used, along with
their optimum strategies, are available to make the
performance of the motor more reliable. The use of these
strategies makes the performance of the motor excellent,
and the control process performed in this manner is also
economical. However, the use of an optimum strategy in
the control system increases the hardware complexity.
The simulation model of the control system has to be
created to determine the optimum parameters and
identify the system. Implementing an optimum control
strategy becomes a challenging task due to the above
problems [64].

4.2 Controller Design

The output model selects a suitable controller. The
tuning of the controller in the continuous domain is done
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using techniques such as genetic algorithm and particle
swarm optimization. The obtained controller is then
converted into the discrete domain by following the
model-based optimization. The design of a controller is
done using these methods and then tested with torque or
speed transients. Four types of disturbances are also
applied in the system [65].

4.3 Future Research Directions

In spite of intensive research regarding the
implementation of optimum control strategies for the DC
motor system, it seems that there are still many problems
to investigate. Hence, for the near future, the following
studies should be given some attention. The optimization
of control strategies for robotic systems presents a
promising research approach that may be further
developed. Therefore, finding a DC motor's model, its
control issues, and eventual optimization is also an
inviting novel step. Optimum control of electric drives
that are powered by alternative energy sources such as
wind or solar power systems is another promising
research direction. The existing drives are controlled in
such a way that they prime the motor to have maximum
power from alternative energy sources. There is no
doubt that this research direction carries the weight of
the future as the energy source is a life source.
Designing accurate motor drives with the application of
sophisticated control systems is currently a principal
research interest. It is important to investigate novel
drive control systems that could be operated using
Motorsymb (a symbolic computing environment for
electromagnetic design). Even though reference exists
for investigation of optimal control of this novel
approach, a detailed investigation to maximize the
capabilities and identify underlying methods is an
inviting research step. Inverse problems are also
interesting because motor drives are nothing but
intended solutions for the designed structures. Hence,
how effectively the designed structures help in vibrant
applications is another research direction that could be
addressed. Investigations of speed control and current
control designs are also inviting research issues. The
existing methods use efficiency minimization as an
objective function, and most of the functions are dual-
endedly formulated.

5 Conclusions

In this paper, the idea of effective use of genetic
algorithm to design an efficient control strategy from the
perspective of optimal control is proposed. The feedback
controller, as a design strategy, plays a vital role in
controlling any electrically driven system. The driving
mechanism of the system may offer different options,
but all the factors will converge in controlling the motor
or driver mechanism. Due to the highly interconnected
whole driving principle. The basic and most important

goal of the research is to get the optimum value of the
useful parameters in the electrical system; however. The
latest emerging controller design technique is to design
the optimum value of the parameters using soft
computing techniques. This research is mainly based on
the optimization work of DC motor by applying genetic
algorithm in real-time applications for efficient or
optimal control of DC motor system. The inversion of
small-scale DC motor is very popular nowadays,
especially in the purposes of robotics and control
system. From the detailed and insightful research, it can
be concluded that some of the following situations have
consumed the application and soft simulation. It may be
said that the research work will give high-quality and
effective results. The application of genetic algorithm to
control DC motor system from the perspective of multi-
factor optimization may help to outsource a number of
different applications. With all the detailed study, it is
known that it can be used to achieve the highest
efficiency in the current system. At the same time, this
theoretical and experimental transfer may give the
highest efficiency of multiple parameters and provide
good results.

Declaration of conflicting interests

The authors declare no potential conflicts of interest
with respect to the research, authorship, and/or
publication of this article.

Author Contributions

Conceptualization, Thamir Hassan Atyia;
Methodology, Suhail; Software, Suhail Mahmoud
Abdullah; Validation, Suhail Mahmoud Abdullah and
Thamir Hassan Atyia; Resources, Suhail Mahmoud
Abdullah and Thamir Hassan Atyia; Data Curation,
Suhail Mahmoud Abdullah; Writing original draft
preparation, Suhail Mahmoud Abdullah; Writing review
and editing, Suhail Mahmoud Abdullah and Thamir
Hassan Atyia, Supervision, Thamir Hassan Atyia,
Project Administration, Suhail Mahmoud Abdullah.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this article.

Declaration of generative Al and Al-assisted technologies

The authors declare that no generative Al or Al-
assisted technologies were used in the writing process of
this manuscript.

Acknowledgments

The authors would like to thank the Electrical
Engineering department at Tikrit University in
facilitating this research work.

12 Iranian Journal of Electrical & Electronic Engineering, Vol. 21, No. 04, December 2025



REFERENCES

[11 E. Flores-Moran, W. Yanez-Pazmifio, L. Espin-
Pazmino, I. Carrera-Manosalvas and J. Barzola-
Monteses. "Particle Swarm Optimization and
Genetic Algorithm PID for DC motor position
controllers". (accessed Mar 06, 2025). [Online].
Available.

[2] Y. Zhi, W. Weiqing, C. Jing and N. Razmjooy.
"Interval linear quadratic regulator and its
application for speed control of DC motor in the
presence of  uncertainties". Jan 2022.
[Online].Available:https://www.sciencedirect.com/s
cience/article/abs/pii/S0019057821003712.

[3] S. Oladipo, Y. Sun and Z. Wang. "Optimization of
PID Controller with Metaheuristic Algorithms for
DC Motor Drives: Review". Jan 2020. [Online].
Available:
https://www.researchgate.net/publication/34659717
8 Optimization_of pid controller with metaheuris
tic_algorithms for dc _motor drives Review.

[4] E. Deng, L. Joykutty and J. Caulkins. "Comparison
of Machine Learning Algorithms for DC Motor PID
Control with Genetic Algorithm". Jan 2023.
[Online]. Available:
https://www jsr.org/index.php/path/article/view/193
6.

[5] Ramya, M. A., Jadhav, S. P., & Pawar, S. N. (2020,
June). Design and implementation of particle swarm
optimization (PSO) tuned PID controller for speed
control of permanent magnet brush less DC
(PMBLDC) motor. In 2020 International
Conference for Emerging Technology (INCET) (pp.
1-6). IEEE.

[6] 1. Aliyu, A. M. Arigi, T. W. Um, and J. Kim,
"Digital Twinning of a Pressurized Water Reactor
Startup Operation and Partial Computational
Offloading in In-network Computing-Assisted
Multiaccess Edge s arXiv  preprint
arXiv:2407.12011, 2024. [PDF].

[7] I. Shchur and D. Jancarczyk, "Electromagnetic
torque ripple in multiple three-phase brushless DC
motors for electric vehicles," Electronics, 2021.
mdpi.com.

[8] M. Gen and L. Lin, "Genetic algorithms and their
applications," Springer handbook of engineering
statistics, 2023. [HTML].

[9] OA Filina, NV Martyushev, BV Malozyomov,
"Increasing the Efficiency of Diagnostics in the
Brush-Commutator Assembly of a Direct Current
Electric Motor," Energies, vol. 2023, mdpi.com,
2023. mdpi.com.

[10]L. Sun, "Low speed sensorless control method of
brushless DC motor based on pulse high frequency
voltage injection," Alexandria Engineering Journal,
2022. sciencedirect.com.

[11]X. Ding, M. Zheng, and X. Zheng, "The application
of genetic algorithm in land use optimization
research: A review," Land, 2021. mdpi.com.

[12]1FA Zainuddin, MF Abd Samad, "A review of
crossover methods and problem representation of
genetic  algorithm  in  recent  engineering
applications,”" International Journal of ..., 2020.
researchgate.net.

[13]1Q. Zhang, S. Yang, M. Liu, J. Liu, et al., "A new
crossover mechanism for genetic algorithms for
Steiner tree optimization," IEEE Transactions on ...,
2020. [HTML].

[14] Aziz, G. A., Abdullah, F. N., & Shneen, S. W.
(2025). Performance Enhancement of DC Motor
Drive Systems Using Genetic Algorithm-Optimized
PID Controller for Improved Transient Response
and Stability. International Journal of Robotics &
Control Systems, 5(1).

[15]Du, W., & Chen, W. (2023). Genetic-Algorithm-
Driven  Parameter  Optimization of  Three
Representative DAB  Controllers for Voltage
Stability. Applied Sciences, 13(18), 10374.

[16]Zeng, R., Zhao, J., Xiong, Y., & Luo, X. (2023).
Active disturbance rejection control of five-phase
motor based on parameter setting of genetic
algorithm. Processes, 11(6), 1712.

[17]1L4, X., Wu, Y., Lian, J., Zhang, Y., Chen, C,
Wang, P., & Meng, L. (2020). Energy management
of hybrid electric vehicles: A review of energy
optimization of fuel cell hybrid power system based
on genetic algorithm. Energy Conversion and
Management, 205, 112474.

[18] Nurettin, A., Ates, V., & Lity, M. (2022). ‘Tuning of
PID controller for speed control of DC motor using
genetic algorithm. Int. J. Eng. Inf. Syst, 6(6), 26-32.

[19]Rashid, Y. G., & Hussain, A. M. A. (2021).
Implementing optimization of PID controller for DC
motor speed control. Indonesian Journal of
Electrical Engineering and Computer Science,
23(2), 657-664.

[20] Lawrence, B. (2020). Tuning of a PID controller for
optimal performance of ball and beam system. Int. J.
Eng. Res, 9(04), 1-5.

[21]Deraz, S. A. (2014). Genetic tuned PID controller
based speed control of DC motor drive.
International Journal of Engineering Trends and
Technology, 17(2), 88-93.

Iranian Journal of Electrical & Electronic Engineering, Vol. 21, No. 04, December 2025 13


https://www.researchgate.net/publication/346597178_Optimization_of_pid_controller_with_metaheuristic_algorithms_for_dc_motor_drives_Review
https://www.researchgate.net/publication/346597178_Optimization_of_pid_controller_with_metaheuristic_algorithms_for_dc_motor_drives_Review
https://www.researchgate.net/publication/346597178_Optimization_of_pid_controller_with_metaheuristic_algorithms_for_dc_motor_drives_Review
https://www.jsr.org/index.php/path/article/view/1936
https://www.jsr.org/index.php/path/article/view/1936

[22]1Goldberg, D. E. (1989). Genetic Algorithms in
Search, Optimization and Machine Learning.
Addison-Wesley.

[23]Mitchell, M. (1998). An Introduction to Genetic
Algorithms. MIT Press.

[24] Eiben, A. E., & Smith, J. E. (2003). Introduction to
Evolutionary Computing. Springer.

[25]Talbi, E. G. (2002). A taxonomy of hybrid
metaheuristics. Journal of Heuristics, 8(5), 541-564.

[26] Kennedy, J., & Eberhart, R. (1995). Particle swarm
optimization. In Proceedings of ICNN'95
International Conference on Neural Networks (Vol.
4, pp. 1942-1948). IEEE.

[27] Storn, R., & Price, K. (1997). Differential Evolution
— A simple and efficient heuristic for global
optimization over continuous spaces. Journal of
Global Optimization, 11(4), 341-359.

[28]A. Lotfy, M. Kaveh, M.R. Mosavi, and A.R.
Rahmati, "An enhanced fuzzy controller based on
improved genetic algorithm for speed control of DC
motors," Analog Integrated Circuits and Signal
Processing, vol. 2020. Springer, 2020. [HTML]

[29]A. Ali and S. Naeem, "The controller parameter
optimization for nonlinear systems using particle
swarm optimization and genetic algorithm," Journal
of Applied and Emerging Sciences, 2022.
buitms.edu.pk.

[30]S. Oladipo, Y. Sun and Z. Wang. "Optimization of
PID Controller with Metaheuristic Algorithms for
DC Motor Drives: Review". Jan 2020. [Online].
Available:https://www.researchgate.net/publication/
346597178 Optimization_of pid_controller with
metaheuristic_algorithms_for dc_motor drives Re
Viw.

[31]S. K. Suman and V. K. Giri. "Genetic Algorithms
Techniques Based Optimal PID Tuning For Speed
Control of DC Motor". Jul 2016. [Online].
Available:
https://www.sciencepublishinggroup.com/article/10.
116438/j.ajetm.20160104.12.

[32]S. L. Ayinla, T. I. Amosa, O. Ibrahim, Md. Siddikur
Rahman, A. A. Bahashwan, M. G. Mostafa and A.
O. Yusuf. "Optimal control of DC motor using
leader-based Harris Hawks optimization algorithm".
Jan 2024. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S2
77318632300052X.

[33]1Z. ORTATEPE. "Genetic Algorithm based PID
Tuning Software Design and Implementation for a
DC Motor Control System". Sep 2023. [Online].
Available:

https://dergipark.org.tr/en/download/article-
file/3331226.

[34]E. Flores-Moran, W. Yanez-Pazmifio, L. Espin-
Pazmino, I. Carrera-Manosalvas and J. Barzola-
Monteses. "Particle Swarm Optimization and
Genetic Algorithm PID for DC motor position
controllers". (accessed Mar 12, 2025). [Online].
Available:
https://ieeexplore.ieee.org/document/9272127/

[35] K. Nonoyama, Z. Liu, T. Fujiwara, M. M. Alam et
al., "Energy-efficient robot configuration and
motion planning using genetic algorithm and
particle swarm optimization," Energies, 2022.
mdpi.com.

[36]GA Walters, DA Savic, "Recent applications of
genetic algorithms to water system design," WIT
Transactions on Ecology and the Environment vol.
2024, witpress.com. witpress.com.

[37]1D. Talah and H. Bentarzi, "A General Overview of
Combined Cycle Gas Turbine Plants," Algerian
Journal of Signals and Systems, 2022. ajss.dz.

[38] M. Mavrinac, 1. Lorencin, Z. Car, and M. Sercer,
“Genetic Algorithm-Based parametrization of a PI
controller for DC motor control,” Tehnicki Glasnik,
vol. 16, no. 1, pp. 16-22, Feb. 2022, doi:
10.31803/tg-20201119185015.

[39]1B. B. Acharya, S. Dhakal, A. Bhattarai, and N.
Bhattarai, “PID speed control of DC motor using
meta-heuristic algorithms,” International Journal of
Power Electronics and Drive Systems/International
Journal of Electrical and Computer Engineering,
vol. 12, no. 2, p. 822, Jun. 2021, doi:
10.11591/ijpeds.v12.i2.pp822-831.

[40] K. B. Prasetyo, E. Endryansyah, 1. G. P. Asto, and
L. Anifah, “Desain sistem kontrol kecepatan motor
DC dengan metode Optimization Genetic Algorithm
pada lift konvensional,” Indonesian Journal of
Engineering and Technology (INAJET), vol. 3, no.
2, pp- 66-75, Apr. 2021, doi:
10.26740/inajet.v3n2.p66-75.

[41]S. Nallaperuma, D. Fletcher, and R. Harrison,
“Optimal control and energy storage for DC electric
train systems using evolutionary algorithms,”
Railway Engineering Science, vol. 29, no. 4, pp.
327-335, Jul. 2021, doi: 10.1007/s40534-021-
00245-y.

[42]1. Adebayo, D. Aborisade, and O. Adetayo,
“Optimization of proportional integral derivative
parameters of brushless direct current motor using
genetic algorithm,” Journal of Engineering Research
and Reports, pp. 24-32, Sep. 2020, doi:
10.9734/jerr/2020/v16i1317170.

14 Iranian Journal of Electrical & Electronic Engineering, Vol. 21, No. 04, December 2025



[43]1E. W. Suseno and A. Ma’arif, “Tuning of PID
Controller Parameters with Genetic Algorithm
Method on DC Motor,” International Journal of
Robotics and Control Systems, vol. 1, no. 1, pp. 41—
53, Feb. 2021, doi: 10.31763/ijrcs.v1il.249

[441V. Melnic and I. Cojuhari, “Tuning the fuzzy
controller for speed control of the DC motor,”
Proceedings of the 12th International Conference on
“Electronics, Communications and Computing", pp.
240-243, Dec. 2022. doi:10.52326/ic-
ecco.2022/ce.05

[45]1M. S. Amiri, M. F. Ibrahim, and R. Ramli, “Optimal
parameter estimation for a DC motor using genetic
algorithm,” International Journal of Power
Electronics and Drive Systems/International Journal
of Electrical and Computer Engineering, vol. 11, no.
2, p- 1047, Jun. 2020, doi:
10.11591/ijpeds.v11.i2.pp1047-1054.

[46]M. A. Alawan and O. J. M. Al-Furaiji, “Numerous
speeds-loads controller for DC-shunt motor based
on PID controller with on-line parameters tuning
supported by genetic algorithm,” Indonesian Journal
of Electrical Engineering and Computer Science,
vol. 21, no. 1, p. 64, Jan. 2021, doi:
10.11591/ijeecs.v21.il.pp64-73.

[47]M. T. OzdemiR, M. M. Karaca, and A. T.
KaragahiN, “Ters sarka¢ sistemi i¢in LQR kontrolcii
tasariminda genetik algoritma optimizasyonu,”
European Journal of Science and Technology, Nov.
2020, doi: 10.31590/ejosat.820337.

[48]1D. Mariano-Hernandez, L. Hernandez-Callejo, et
al., "A review of strategies for building energy
management system: Model predictive control,
demand side management, optimization, and fault
detect & diagnosis," Journal of Building
Engineering, vol. 2021, Elsevier, 2021. uva.es

[49]1M. S. Amiri, M. F. Ibrahim, and R. Ramli, "Optimal
parameter estimation for a DC motor using genetic
algorithm," Int. J. Power Electron. Drive Syst, 2020.
academia.edu

[S0]RP Borase, DK Maghade, SY Sondkar, et al., "A
review of PID control, tuning methods and
applications," Journal of Dynamics and Control, vol.
2021, Springer, 2021. [HTML]

[51]V. Dubey, H. Goud, P.C. Sharma, "Role of PID
control techniques in process control system: a
review," in Data Engineering for Smart Systems,
Springer, 2022. [HTML]

[52]T. Shuprajhaa, S. K. Suyjit, and K. Srinivasan,
"Reinforcement learning based adaptive PID
controller design for control of linear/nonlinear

unstable processes," Applied Soft Computing, 2022,
[HTML]

[53]M. Gerdts, "Optimal control of ODEs and DAEs,"
2023. [HTML]

[54]SE Hosseini, O Karimi, "Experimental investigation
and multi-objective optimization of savonius wind
turbine based on modified non-dominated sorting
genetic  algorithm-II," Wind ..., vol. 2024,
journals.sagepub.com preprints.org

[S5TA. Sohail, "Genetic algorithms in the fields of
artificial intelligence and data sciences," Annals of
Data Science, 2023. [HTML]

[56]T. Alam, S. Qamar, A. Dixit, and M. Benaida,
"Genetic algorithm: Reviews, implementations, and
applications,” arXiv preprint arXiv:2007.12673,
2020. [PDF]

[571E. Wirsansky, "Hands-on genetic algorithms with
Python: applying genetic algorithms to solve real-
world deep learning and artificial intelligence
problems," 2020. [HTML]

[58]S. Mahfoud, A. Derouich, N. El Ouanjli, M. El
Mahfoud et al., "A new strategy-based PID
controller optimized by genetic algorithm for DTC
of the doubly fed induction motor," Systems, 2021,
mdpi.com. mdpi.com

[591M. A. Albadr, S. Tiun, M. Ayob, and F. Al-Dhief,
"Genetic algorithm based on natural selection theory
for optimization problems," Symmetry, 2020.
mdpi.com

[60]1DC Laughlin, JR Gremer, PB Adler, RM Mitchell,
et al., "The net effect of functional traits on fitness,"
Trends in Ecology & Evolution, vol. 2020, cell.com.
sciencedirect.com

[611E.W. Suseno, A. Ma'arif, "Tuning of PID controller
parameters with genetic algorithm method on DC
motor," in International Journal of Robotics and
Control Systems, 2021. ascee.org

[62]1W. Cai, X. Wu, M. Zhou, Y. Liang et al., "Review
and development of electric motor systems and
electric powertrains for new energy vehicles,"
Automotive Innovation, 2021. springer.com

[63]1Z. Massaq, A. Abounada, R. Mohamed, "Robust
non-linear control of a hybrid water pumping
system based on induction motor," in Electronics
and Drive Systems, 2020, academia.edu.
academia.edu

[64] FN Abdullah, GA Aziz, SW Shneen, "Simulation
model of servo motor by using matlab," in Journal
of Robotics and Control (JRC), vol. 3, no. 1, pp. 1-
6,2022. umy.ac.id

Iranian Journal of Electrical & Electronic Engineering, Vol. 21, No. 04, December 2025 15



[65]E. Agamloh, A. Von Jouanne, and A. Yokochi, "An
overview of electric machine trends in modern
electric vehicles," Machines, 2020. mdpi.com.

Biography

Thamir Hassan Atyia © B B ©
received the B.Eng. degree in
Electrical and Electronics
Engineering from the University of
Technology, Iraq in 1988, the MPhil
in Control System Engineering, from
the University of Newcastle upon
Tyne, United Kingdom in 1994 and
Ph.D. in control system engineering,
from the University of Newcastle upon Tyne, United Kingdom
in 1999. He is a member of IET. Currently, he is an Associate
Professor Lecturer in Electrical Engineering Department, Tikrit
University. Thamir Atyia has over thirty years of experience in
industry and academia, as an engineer, educator, and
administrator. He is well known as a technical leader in the
machine control industry, a researcher in electric power
engineering, an educator in engineering, and an administrator
in higher education. His research interest cover: control and
optimization, mathematical modeling and simulation, electrical
machines, power systems, and renewable energy. He can be
contacted at email: dr.thamir.atyia@tu.edu.iq.

Suhail Mahmoud Abdullah: received the B.Eng. degree in
Electrical and Electronics Engineering from the University of
Technology, Iraq in 2005. Currently he is studying for MSc in
Electrical Engineering at Tikrit University, Iraq.

16 Iranian Journal of Electrical & Electronic Engineering, Vol. 21, No. 04, December 2025


https://orcid.org/0000-0001-6068-6006
https://scholar.google.com/citations?user=qz1CyMgAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57205202484
https://www.webofscience.com/wos/author/record/AAV-4974-2020

	1 0F(Introduction
	1.1 Background and Theory
	1.2 Genetic Algorithms
	1.2.1 Genetic Algorithm Process

	1.3 Comparing genetic algorithms with traditional methods

	2 Literature Review
	3 Optimum Control Strategies
	3.1 PID Control
	3.2 Optimal Control Theory
	3.3 Genetic Algorithm Optimization
	3.3.1 Encoding Schemes
	3.3.2 Fitness Functions


	4 Challenges and Future Directions
	4.1 Challenges in Implementing Optimum Control Strategies
	4.2 Controller Design
	4.3 Future Research Directions

	5 Conclusions
	Declaration of conflicting interests
	Author Contributions
	Funding
	Declaration of generative AI and AI-assisted technologies
	Acknowledgments
	REFERENCES
	Biography

