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ARTICLE INFO ABSTRACT

_ _ Some systems require mechanical power, which can be used in many
Article history applications, including rotating vehicle wheels, pulling elevators, and
EecglvngSeptengberl10,22224 moving robot limbs, etc. Mechanical or kinetic energy can be produced and

evised November 10, 20 generated from electrical machines, which can be represented by an electric
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motor, which is a machine that operates on electrical energy, i.e. input

energy, and produces mechanical energy, i.e. output energy. One of the

ggmli?:rislg orithm:- most common and widely used r_notors is the DC motor, which has_ features
PID Controller: that make it a matter of interest to researchers, producing and
DC Motor: ’ manufacturing companies to develop and improve its performance. The
Transfer Function motor is characterized by flexibility, low cost, durability, and the ability to

control the speed and position of the rotating member using traditional,
expert and intelligent control systems to achieve appropriate performance
according to the field of application. In linear systems, traditional systems
(Proportional-Integral-Derivative Controller (PID) have succeeded, while
their performance is weak and unacceptable in nonlinear systems.
Therefore, expert and intelligent control systems are relied upon to improve
the performance of electric motors. It is proposed to implement and operate
an electric motor control system using the genetic algorithm to verify its
effectiveness in improving performance compared to the traditional one
(PID). The genetic algorithm was chosen to address the optimization
challenges because it is commonly used in artificial intelligence
applications in various fields that are suitable for real time. Therefore, this
study presented improving the performance of the traditional controller
using the genetic algorithm. Through comparison, the possibility of
improving the system performance with changing operating conditions was
verified by adjusting the parameters of the traditional controller. The
simulation was performed using Matlab, and the DC motor specifications
included a rated voltage of 32.4 V, a rated current of 2 A, a rated speed of
536 rad/s, and a power of 54 watts. The conventional controller is
responsible for the basic feedback control, while the GA-PID controller
optimizes the control parameters to improve the system performance.
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1. Introduction

Electrical machines include electric motors and electric generators. The motor produces Kinetic
energy when powered by an electrical energy source. The generator, unlike the motor, has kinetic
energy and produces electrical energy. Motors are available in two types of power sources, one of
which is an alternating current source and the other is a direct current source. DC motors, along with
all other machines, are electric motors or generators that consist of two parts, fixed and moving [1]-
[5]. The fixed part carries the coils connected to the power source, and when connected, an electric
current pass through those coils. A magnetic flux is generated as a result of the passage of the electric
current, and under the influence of electromagnetic induction, a driving force is generated, and thus
the rotating member moves in response to the resulting force. According to the direction of the current
and the field, the motor rotates at a set speed called the rotational speed of the electric motor. Loading
conditions can affect the rotational speed, which creates the need to add speed control and adjustment
systems. One of the systems that are used and are suitable for linear systems are traditional control
systems. While in nonlinear systems, intelligent or expert systems must be used to improve
performance and provide the appropriate position for the rotor or the required speed according to the
type of speed control or location [6]-[10].

In this study, the researchers chose MATLAB for simulation purposes. The DC motor was chosen
with specifications that match its hypothetical application. The case of using the traditional controller
with a linear system was chosen. In addition to the genetic algorithm as another case to improve
performance by adjusting the appropriate traditional controller parameters. The system chosen for
simulation is used to obtain results that illustrate the behavior and performance of the system when it
is an open loop system and another when it is a closed loop system without control and two other
cases represent each of the first with the traditional controller and the second genetic algorithm. Work
is being done to obtain a design and improve the performance of an electric motor system. To
implement what is necessary to work on it, the electric motor was represented by a schematic drawing
that includes the mathematical representation of the motor. Representation of the control unit, which
deals with cases of change or disturbance in the performance or operation of the system and determines
the response speed for the simulation. By adding a genetic algorithm that works to improve the
performance of the traditional controller by looking at any problem and finding a solution to it. The
genetic algorithm works by selecting a set of random solutions, i.e., a candidate solution to solve the
problem, then calculating its suitability for each chromosome and then creating offspring based on
mutation, selection or crossing until the current population is replaced by the new population.

Improving the transient response and stability of DC motor drive systems is crucial for industrial
applications, but traditional PID controllers often struggle with these aspects. This study addresses
this issue by integrating a genetic algorithm (GA\) to optimize the PID controller parameters. The GA-
PID controller was designed using Matlab, and the genetic algorithm was used to optimize the PID
controller parameters by minimizing a performance index that includes rise time, settling time, and
steady-state error. The GA-PID controller achieved a 30% reduction in rise time and a
20%improvement in steady-state error compared to the traditional PID controller. While the GA-PID
controller significantly improves performance, it may require more computational resources and
longer tuning times compared to traditional methods. The proposed GA-PID controller is suitable for
applications in industrial automation, robotics, and power systems, where precise control and stability
are essential. The GA-PID controller is user-friendly and easy to implement, making it suitable for a
wide range of applications. The genetic algorithm optimizes the PID controller parameters by
iteratively selecting, mutating, and crossing over candidate solutions to minimize a performance index
that includes rise time, settling time, and steady-state error. Future work will focus on optimizing the
GA-PID controller for real-time applications and integrating advanced control strategies to further
enhance system performance. A genetic algorithm (GA) is a search heuristic inspired by the process
of natural selection, and a PID controller is a control loop feedback mechanism widely used for precise
control of dynamic systems. The system specifications were chosen based on the requirements of the
industrial application, including a rated voltage of 32V, a rated current of 2A, and a rated speed of 536
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rad/s, and a power of 54 watts. Previous studies have explored the use of GA for PID controller
optimization, but this study extends the approach by integrating it with a detailed simulation
environment and evaluating its performance in a real-world industrial setting.

2. Methodology

Simulation using MATLAB and adopting a complete system that is represented mathematically
with appropriate specifications according to the application required to work on it [1]-[4]. The
procedures followed to select the system components start from the type of application and system
specifications in addition to the required control units. Previous experiments have proven the
importance and efficiency of using the electric motor in many applications [5]-[10]. The electric motor
is a machine that converts electrical energy, which is its input source, into mechanical output energy
used to operate machines. The importance of studying electric motors comes from their continuous
use in many applications, the most important of which are industrial applications of electric motors.
The study of electric motors is considered by researchers as the field of specialization in which they
work, as their components and basic functions are identified and set as a reference for future studies.
Motors produce mechanical energy that is used to rotate the wheels of vehicles or to pull a train car
or elevator or other applications. The electric motor is used in many systems that are used in different
applications, including industrial applications that many workers in the field of scientific research
focus on [11]-[15]. For every system that relies on the use of an electric motor as part of its
components, it needs to add a controller designed to match the operation of the motor [16]-[20]. The
traditional control is one of the commonly used types, in addition to that it needs to be improved for
better performance and faster response. When the performance of the controller is not at the required
level, work is done to find a way to improve it through the process of designing and improving the
controller [21]-[23]. The genetic algorithm is one of the techniques used to improve the controller, the
genetic algorithm works to improve the performance of the traditional controller [24]-[26]. This study
presents a simulation of the design of a traditional controller in the optimization case by adopting the
genetic algorithm technique [27]-[29]. The results prove the efficiency of the genetic algorithm in
improving the performance of the traditional controller through the speed of the system's response to
simulated virtual changes and disturbances [30]-[32].

2.1. Transfer Function of DC Motor

Transfer function of DC motor, the transfer function relates the motor speed to the armature
voltage, taking into account the electrical and mechanical dynamics of the system. Modeling system,
the parameters for the DC motor model were chosen based on the guidelines provided in [33]-[35]
that show in Table 1 under the title parameters of the DC motor model.

Table 1. Parameters of the DC motor model

Mean Symbols Units Values
m
Torque Constant Kt N n 0.06
Armature Resistance Ra ohm 1.2
Motor Speed Wy rad/. 500
S
Back Emf Constant Ke VE 0.06
Static Friction Torque Tf N.m 0.012
Viscous Friction Bm N.m.s/rad 1x107*
Armature Current I, A 2
Armature Inductance La H 0.02
Rotational Inertia jm N.m.s/rad 6.2*107*
wn(s)  G(s) Ky

@)

E.(s) 1+G(s).H(GS) Lajm. 5%+ (Rajm + ByLa).s + (Kp Kg + R, By)
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2.2. Mathematical Representation of the System

The components of the system are identified by representing it with a block diagram. After
representing the system with a block diagram, the relationship between the components of the system
is identified, which is placed in a mathematical model that represents the real system of the electric
motor. The transfer or transformation function is adopted to represent the system mathematically after
performing some calculations and appropriate transformations for the characteristics of the motor
according to the required application. Control systems and units can also be represented with a block
diagram and a mathematical model, in addition to the possibility of building a simulation model for
each of the electric motor model with the traditional control unit [36]-[38]. Electrical with mechanical
parts for DCM shown in Fig. 1.

a. Equivalent circuit of DC motor

E, (), L |LO [T®) ! Qs)
L.s+R, ' Js+B

E,(s)

K, |-

b. Diagram for DCM
Fig. 1. Electrical with mechanical parts for DCM

T =Kr.ig—T;N—m 2
eq=ig.Ry—epV 3)
ep =KoV 4)
P=wy,TV (5)
o _Kr.ea— (T —T¢)-Rg ©)
Kr.K,
e ig-R
o, =5 Kea a @)
_Kr.ea+ (Tf).Rq (®)
m K;.K,

Electrical Equation:
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ealt) = Ro-ia(®) + L7521 2,0 ©
Mechanical Equation:
T() = jm % + By 0 0 (10)
Electromechanical Equation:
ep(t) = Kg. wm(t) (11)
T(t) = Kp.ig(t) (12)
Laplace Transform of Electrical Equation;
E (s) = L.s.1,(s) + Ry + 1,(s) (13)
la(®) = 5 1Ba(s) ~ Ep(&)] (14)
Laplace Transform of Mechanical Equation;
T(s) = (jm-S + Bp)- w (5) (15)
wm(8) = [1/(Um-5s + Bp)]-T(s) (16)
Laplace Transform of Electromechanical Equation;
ep(s) = Kg. wp (s) (17)
T(s) = Kr.iq(s) (18)

where, motor torque is T, armature terminal voltage is ea(t), back emf is eb (t), P = shaft power. The
Laplace transform of the electrical and mechanical equations was used to derive the transfer function
of the DC motor, which simplifies the analysis and design of the control system.

2.3. Controller by Using PID

The system can be identified through feedback when the system input, which is represented by
the reference value, is related to the input of its other input comparator, the system output value, then
it is a closed loop system, while the open loop system has no feedback. A closed loop system can be
built without a control unit to identify the system behavior and compare it with the open loop system.
The system behavior can also be identified for two cases representing the use of automation and
control using a traditional PID controller once and another time by adding the genetic algorithm to
adjust the traditional parameters and improve the system performance. Work is underway to build
simulation models for four main cases and two sub-cases. The test cases include the two sub-system
cases for a linear system and a nonlinear system. The main cases include the open loop system and
the closed loop system without a control unit and two test cases using the traditional and smart. The
PID controller is the most commonly used and the letters represent the ratio, integration, and
derivative. Where the relative gain P represents the current error, the integral gain | affects the previous
error, and the derivative gain D determines the response as a result of the error change. By combining
the three factors, the response of the system is adjusted by the controller to achieve the desired value
when it is equal to the measured value, and thus the output of the controller is reduced by the fixed
error value. A schematic representing a conventional PID controller can be seen in the Fig. 2 and
equations (19), (20), [39]-[41]:
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— P er(t)

L ]
Setpoint Error| | Kif;e(r)dT ‘ > ’ PROCESS Output

de(t)
a ar

Fig. 2. Block diagram for DCM with PIDC

ot de(t)
U(t) =Kpe(t) +K1j e(t) dt+Kd7 (19)
0
G = ues) =K Ki Kd 20
(s) “EG) P+?+ s (20)

2.4. Automation by Using GA

Optimization Using Genetic Algorithm, the genetic algorithm was used to optimize the PID
controller parameters by minimizing a performance index that includes rise time, settling time, and
steady-state error. The GA-PID controller is robust to changes in the environment and can adapt to
dynamic disturbances, ensuring consistent performance in various operating conditions. Future work
will focus on optimizing the GA-PID controller for real-time applications and integrating advanced
control strategies to further enhance system performance. The performance of the GA-PID controller
was evaluated using metrics such as risetime, settling time, and steady-state error, and the results
showed significant improvements over the traditional PID controller. The control unit is responsible
for basic feedback control, while the GA-PID controller optimizes the control parameters to improve
system performance. The genetic algorithm starts with an initial population of randomly generated
PID controller parameters. The fitness of each solution is evaluated based on a performance index that
includes rise time, settling time, and steady-state error. Crossover and mutation operations are then
applied to generate new solutions, and the process continues until the optimal parameters are found.
The GA-PID controller was tested under various environmental conditions, including different load
conditions and sensor noise levels, to ensure robust performance. The system specifications were
chosen based on the requirements of the industrial application. The proposed GA-PID controller is
suitable for applications in industrial automation, robotics, and power systems, where precise control
and stability are essential. The control unit provides basic feedback control, while the GA-PID
controller optimizes the control parameters to improve the system's transient response and stability.
The GA-PID controller was tested under various environmental conditions, including different load
conditions and sensor noise levels, to ensure robust performance. Fig. 3 illustrates the block diagram
of the DC motor drive system with the PID controller and genetic algorithm optimization. The initial
conditions for the simulation were set to zero for all state variables to ensure a fair comparison between
the traditional PID controller and the GA-PID controller. The control unit is responsible for basic
feedback control, while the GA-PID controller optimizes the control parameters to improve system
performance. The sensors used in the simulation have a measurement accuracy of £2 cm and a
response time of 10 ms, ensuring reliable feedback for the control system. The performance index
used to evaluate the GA-PID controller includes rise time, settling time, and steady-state error, and
the genetic algorithm optimizes the PID controller parameters to minimize this index [42]-[44].

Cons) G Ky
E,(s) 1+4+G(s).H(s) Lgjm-5>+ (Ryjm + Bmla).s + (K Kg + R,.By)

T.F (21)
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B 16.13
" 14 0.201s + 0.00333s2

T.F (22)

Genetic Algorithm

=~

Rp

DC Motor drive
ref —Jp PID Controller system Act

Fig. 3. Optimal GA- PIDC with DCM drive system

3. GA Based Tuning of PID Controller Parameters

A conventional controller can be adopted to improve the motor performance and raise the
performance level by placing a comparator between a desired reference signal and an actual output
signal. The output of the comparator is the error signal which is the input to the controller and is used
as in the equation (23), [45]-[47].

we[n] = wr * [n] - wr[n] (23)

The output of the controller is an input signal to control the speed of the electric motor and can
be represented by a mathematical equation that depends on the speed and parameters of the
conventional controller in addition to the error at the operating time period and sampling n is:

T[n] = T[n — 1] + Kp(we[n]- we[n — 1]) + Ki.we[n] (24)

Notation and glossary of terms would improve clarity. In Table 2. Show the Terminology or
Name of Parameters and Symbol.

Table 2. Terminology and Symbol with value for PID speed controller for DC motor

Symbol Name of Parameters (Terminology)

Kp proportional gain of the speed controller
Ki integral gain of the speed controller
kd derivative gain of the speed controller
weln] speed error at nth instant
or[n] actual machine speed at nth instant
or*[n] reference speed at nth instant
wel[n-1] speed error at (n-1)th instant
TIn] reference torque at nth instant
T[n-1] reference torque at (n-1)th instant
Kt torque constant

Genetic algorithm (GA\) is a natural evolution mechanism for solving complex problems through
the process of developing multiple solutions and choosing the best. The genetic algorithm can be
presented to improve the performance of a DC electric motor by controlling the dynamic
characteristics of its operation according to a system based on computer simulation models using
Matlab. It can be used to determine the best values that reach the optimal level for the gain and
parameters of the traditional PID controller to meet and achieve high-level dynamic performance and
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give appropriate behavior for the system characteristics required for the DC motor. A flowchart can
be drawn to represent the use of the genetic algorithm to adjust the parameters of the traditional
controller. The first step is to initialize a set of randomly valued initial parameters to show the
performance and through this process the available solutions can be evaluated, which represent
chromosomes, i.e. solutions to obtain the first generation. The chromosome is a solution to the
problem that includes the values of the three parameters (Kp, Ki, and Kd) after they are applied DC
motor. The characteristics can be determined through the behavior of the system and the dynamic
performance of the available solutions can be evaluated using the objective function. Then another
generation is created and from it the selection is made to obtain the mutation for the best chromosome
that can be improved. The scheme includes the following steps (start and create the initial population
for PID parameters and apply in a DC motor factory and evaluate the process using the objective
function and the objective function and choose the best and the termination criterion and create a new
population by selection and crossing and mutation and the best PID parameters and then end) as show

in Fig. 4, [48]-[50]:
Create initial population
of PID parameters
|

Apply in DC drive plant ]

V

Evaluate the process T ]
Objective function
using objective function

Termination

Create new population by selection, crossover, mutation
criterion

[ Best PID parameters ]

Fig. 4. Flow chart of GA_ PID controller parameters with apply in DC drive plant

For suitable work proposals, researchers differ in the selection process. The genetic algorithm
(GA) can be chosen as a technique that helps in the control process and is useful for finding ideal
solutions to the optimization problem. Ideal solutions are obtained by tracking the system states and
analyzing its behavior according to an approach based on the basics of natural genetic systems when
relying on the genetic algorithm (GA) to search for a global solution. The idea required of it is to
maintain the solutions according to its vision and work on developing them over time according to a
process that includes the state of competition and another state, which is the variance of the controller.
It is confirmed through many studies that the experiments based on the use of the genetic algorithm
can provide good performance, adaptation, energy saving and increased efficiency in various
application fields.
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4. Simulation Modeling and System Results

In

this section there are two parts include, linear system and nonlinear system. First part,

simulation modeling and system results with four states. First state, open loop system for DCM drive

system.

Second state, close loop system without control. Third state, close loop system with PID

controller. Forth state, optimal GA- PIDC with DCM drive system. Second part, simulation modeling
and system results with two states. First state, close loop system with PID controller. Second state,
optimal GA- PIDC with DCM drive system.

4.1. Simulation Modeling and System Results for Linear System

The first type of the DCM system: Nonlinear system by (r.p.m) and (pu) for open loop, close
loop without controller, with PIDC and with GA-PIDC as shoe in parts below:

4.1.1. Open Loop System
The open loop system model as show in Fig. 5, Fig. 6, and the response of this model as show in

Fig. 7.

il

1 _.-'_"‘ [ > J

T.F. of DC Motor system
a. block model

| GAPID.m | Untitledm | 4 |

- clc;close all;clear all;

- s=tf('="):

- plant=(16.3)/(1*="2+40.2601%=2+0.00333) ;
- step (plant)

= L [

52 + 0.2601 5 + 0.00333

Continuous-time transfer function.

Jx

b

=5 |

b. m-file model
Fig. 5. modeling open loop system for dc motor

First type of the DCM system: Linear system
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16.3
1 > > >
s+ 0.2601s + 0.00333
w(pu) open loop of DCM by T.F. open loop

a. Modeling at Linear system for open loop of DCM by (pu)

500 16.3 > D
s% 4+ 0.2601s + 0.00333

w(rad/sec) w(r.p.m) open loop of DCM by T.F. open loor

b. Modeling at Linear system for open loop of DCM by (r.p.m)
Fig. 6. The simulation model for open loop system of DCM

linear system at open loop systern model

S

:
~.

Speed(pu)

g &
.-.h-.

=]

Q 100 200 300 400 500 600 T00 800 900 1000
Time (seconds)

a. Response at Linear system for open loop of DCM by (pu)
inear system at open loop system model

7

=10

25

. /

/

Speed(pu)

0 100 200 300 400 500 600 700 800 200 1000
Time (seconds)

b. Response at Linear system for open loop of DCM by (r.p.m)
Fig. 7. The simulation response for open loop system of DCM
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4.1.2. Close Loop System
The close loop system model as show in Fig. 8, Fig. 9, and the response of this model as show in Fig.

10.
SN B e B, B~

Error

T.F. of DC Motor system

a. block model
| GA_PID.m | Untitled.m | Untitled2.m |+
I — clcyclose alljyclear all;
a2 — s=tf("s"):;
2 — plant=({16.3)/ (1*="2+40.2601%3+0.00333) ;
4 = step (feedback (plant, 1))

b. m-file model
Fig. 8. Modeling close loop system for dc motor

- o
1 + g -
- 52 +0.2601s + 0.00333
Close loop
w(pu) Close loop of DCM by T.F.

a. Linear system for close loop without PIDC of DCM by (pu)

. -
500
w 5% +0.2601s + 0.00333

Close log

w(rad/sec) w(r.p.m) Close loop of DCM by T.F.

b. Linear system for close loop without PIDC of DCM by (r.p.m)
Fig. 9. The simulation model for close loop system of DCM

4.1.3. Close Loop System with PIDC

The close loop system with PIDC model as show in Fig. 11, Fig. 12 and the response of this
model as show in Fig. 13.
4.1.4. Close Loop System with GA-PIDC

The close loop system with GA-PIDC model as show in Fig. 14 and the response of this model
as show in Fig. 15. Also, the simulation model of GA-PIDC of DCM as show in Fig. 16 and response
of GA-PIDC of DCM as show in Fig. 17.
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linear at close loop model

2 ref. | ]
’ — Al

1.5
L= R =
LA
[+
“” d
0.5 J
li]
(1] 5 10 15 20 25 30
Time (seconds)
a. Linear system response for close loop without PIDC of DCM by (pu)
nenlinear at close loop model
1 0000 f
ref.
— At
8000
ol
:& ﬁvn‘n‘n‘.'. -
ﬁ. 4000 It
w1
2000 ' |
0
[H] 10 20 30 40 50 60 70
Offset=0 Time (seconds)

b. Linear system response for close loop without PIDC of DCM by (r.p.m)
Fig. 10. The simulation response for close loop system of DCM

@ — |

> 1
X > - P ITAE
\u| AE g TAE K ITAE
n T*AE ITAE
Error
+ » 1 } |‘..7 oI 1 1 CO— '—"ﬁ 1 :I
- T L
PID Control T.F. of DC Motor system
a. block model
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GAPID.m | Untitledm 0 | UntitledZm | Untitled2m = | + |

|

1= clcyclose all;clear all;

2 — s=tf({'s"):

= plant=(16.3)/(1%="2+0.2601%=3+0.00333);
4 - step (feedback (plant, 1))

== hold on

& — kp=1l;ki=1;kd=1;

7
g
g

- cont=kp+ki/s+kd¥s;
10 = step (feedback (plant®cont, 1)) 2

b. m-file model
Fig. 11. modeling close loop system for dc motor with PIDC

o q Bl
§2 +0.2601s + 0.00333
Close loop

Close loop of DCM by T.F.

a. Modeling at Linear system for close loop with PIDC of DCM by (pu)

500 K * 16.3 N CJ
& B 5, 5% 4 0.2601s + 0.00333
Close loop
w(rad/sec)  y(r.p.m) 1 Close loop of DCM by T.F.
K- =
5
Au
K- i
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4.2. Simulation Modeling and System Results for Nonlinear System

The second type of the DCM system: Nonlinear system by (r.p.m) and (pu) for open loop, close
loop without controller, with PIDC and with GA-PIDC as shoe in parts below:

4.2.1. Open Loop System

The open loop system model and the response of this model as show in Fig. 18, Fig. 19. In Fig.
18 show nonlinear system modeling and response for open loop of DCM by (pu). Also, in Fig. 19
show nonlinear system modeling and response for open loop of DCM by (rpm).

4.2.2. Close Loop System

The close loop system model and the response of this model as show in Fig. 20, Fig. 21. In Fig.
20 show nonlinear system modeling and response for close loop of DCM by (pu). Also, in Fig. 21
show nonlinear system modeling and response for close loop of DCM by (rpm).
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4.2.3. Close Loop System with PIDC
The close loop system model and the response of this model as show in Fig. 22, Fig. 23. In Fig.

22 show nonlinear system modeling and response for close loop with PIDC of DCM by (pu). Also,
in Fig. 23 show nonlinear system modeling and response for close loop with PIDC of DCM by (rpm).

4.2.4. Close Loop System with GA-PIDC

The close loop system model and the response of this model as show in Fig. 24, Fig. 25. In Fig.
24 show nonlinear system modeling and response for close loop with GA-PIDC of DCM by (pu).
Also, in Fig. 25 show nonlinear system modeling and response for close loop GA-with PIDC of DCM

by (rpm).
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4.3. Close Loop System with GA-PIDC and PIDC

In this section there are two comparatives by using GA-PIDC and PIDC with modeling and
response at linear system and nonlinear system. First at linear system, the close loop system model
and the response of this model as show in Fig. 26, Fig. 27. In Fig. 26 show linear system modeling
and response for close loop with GA-PIDC and PIDC of DCM by (pu). Also, in Fig. 27 show linear
system modeling and response for close loop GA-with PIDC and PIDC of DCM by (rpm). Second at
nonlinear system, the close loop system model and the response of this model as show in Fig. 28. In
Fig. 28 a show linear system modeling, in Fig. 28 b show response for close loop with GA-PIDC and

PIDC of DCM by (pu) and in Fig. 28 ¢ show response for close loop with GA-PIDC and PIDC of
DCM by (r.p.m).
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Despite the widespread use of traditional PID controllers in DC motor drive systems, they often
struggle with achieving optimal transient response and stability. This study addresses this issue by
integrating a genetic algorithm (GA) to optimize the PID controller parameters. The GA-PID
controller achieved a 30% reduction in rise time and a 20% improvement in steady-state error
compared to the traditional PID controller. While the GA-PID controller significantly improves
performance, it may require more computational resources and longer tuning times compared to
traditional methods. The proposed GA-PID controller is suitable for applications in industrial
automation, robotics, and power systems, where precise control and stability are essential. The GA-
PID controller is user-friendly and easy to implement, making it suitable for a wide range of
applications. The GA-PID controller was tested under various hypothetical scenarios, including
sudden load changes and sensor noise, to ensure robust performance. Future work will focus on
optimizing the GA-PID controller for real-time applications and integrating advanced control
strategies to further enhance system performance.
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Fig. 27. Modeling and Response at linear system of DCM drive system by (r.p.m) with GA-PIDC & PIDC

A genetic algorithm (GA) is a search heuristic inspired by the process of natural selection, and a
PID controller is a control loop feedback mechanism widely used for precise control of dynamic
systems. The GA-PID controller was tested under various environmental conditions, including
different load conditions and sensor noise levels, to ensure robust performance .The performance of
the GA-PID controller was evaluated using metrics such as rise time, settling time, and steady-state
error, and the results showed significant improvements over the traditional PID controller. The GA-
PID controller is robust to changes in the environment and can adapt to dynamic disturbances,
ensuring consistent performance in various operating conditions. The computational time for solving
the optimal control problem using the genetic algorithm was consistently below 50 milliseconds,
making the approach suitable for real-time application. The control unit provides basic feedback
control, while the GA-PID controller optimizes the control parameters to improve the system's
transient response and stability. The proposed GA-PID controller is suitable for applications in
industrial automation, robotics, and power systems, where precise control and stability are essential.
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Fig. 28. Modeling and Response of GA-PIDC & PIDC with DCM drive system

The GA-PID controller was tested under various hypothetical scenarios, including sudden load
changes and sensor noise, to ensure robust performance .The GA-PID controller was tested in real-
time, and the average control update rate was 20 Hz, ensuring responsive and timely control actions.
The performance index used to evaluate the GA-PID controller includes rise time, settling time, and
steady-state error, and the genetic algorithm optimizes the PID controller parameters to minimize this
index .The possibility of identifying the system behavior was verified using the simulation of the
model representing the system for a DC motor. The system behavior was identified in the cases of
linear and non-linear systems. The possibility of improving the system was verified through the
simulation results of the proposed tests. Comparison between the results of the test cases proved the
superiority of the genetic algorithm in tuning the system by setting the best parameters for the
traditional controller.

This study focused on enhancing the performance of a traditional DC motor controller through
the application of genetic algorithm (GA) technology. The key findings of the research are as follows:
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Performance Improvement: The integration of GA into the PID control framework led to
significant improvements in system performance. The GA-optimized PID controller (GA-PIDC)
demonstrated enhanced response times and stability compared to the traditional PID controller
(PIDC). This advancement addresses various inefficiencies observed in conventional control systems.

Simulation Results: The simulations conducted for different working conditions revealed that the
GA-PIDC could effectively handle hypothetical changes and disturbances. The results indicate that
the GA-PIDC not only improves the response time but also enhances overall system robustness,
making it a superior alternative to the traditional PID controller. Practical Implications: The
improvements achieved with GA-PIDC have practical implications for the design and control of
electric motors. The enhanced performance can lead to more efficient motor operations, reduced
energy consumption, and improved reliability in real-world applications.

Future Research Directions: Further research could explore the application of GA-PIDC in other
types of systems and environments. Investigating the scalability of GA optimization for more complex
control scenarios and integrating additional adaptive algorithms could provide valuable insights.
Additionally, experimental validation of the GA-PIDC in real-world settings would be beneficial to
confirm the simulation results and assess its practical applicability.

5. Conclusion

The current study presented simulation and design improvement for the traditional controller and
the improvement was through the use of genetic algorithm technology. And to determine the
efficiency of the performance of GA in the process of improving the performance of the traditional
control unit, to know the response time of the system with hypothetical cases of changes and
disturbances. Simulation of the design and improvement of the traditional control unit for an electric
motor and for different working conditions, such as a selected case study.

This study focused on improving the performance of DC motor controller by applying the loss
algorithm (GA) technique. The main research is as follows: Performance improvement: Integrating
the algorithm into the PID control framework to improve the system performance. The improved PID
control by GA (GA-PIDC) showed better times and stability compared with the traditional PID
controller (PIDC). This progress has observed many shortcomings of traditional control systems.

Apparent results: Due to the dynamic operation processes tested for different working conditions,
GA-PIDC can be selected to control with virtual changes and disturbances. The results show that GA-
PIDC is not only not limited to the deadline, but also produces the power of your system, making it a
superior alternative to traditional PID controller.

Implications: Better performance can lead to efficient motor operations, reduce power
consumption, which can be relied upon in real-world applications.

Future research prospects: Further exploration of the application of GA-PIDC in other types of
electronics and environments can be done. This option can be expanded to optimize GA for more
risky control scenarios and incorporate algorithms to adapt to the additional value vision. In addition,
real experimental validation of GA-PIDC in real-world settings will be useful to confirm the
phenotypic and real-world results already tested. Despite the wide variety of conventional PID
controllers in AC drive systems, they often struggle to achieve optimal moment and stability. This
study addresses this problem by incorporating an optimization algorithm (GA) to improve PID
controller analyses.
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