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https://doi.org/10.18280/jesa.570209 ABSTRACT

An overview of intelligent control techniques for the speed control of a direct current (DC)
motor has been described in this study. Using the MATLAB SIMULINK platform, the
individually excited DC motor speed control system implemented as a physical model. A
mathematical model for both the sliding mode control (SMC) method and PID control, a
traditional control methodology that ensures the speed controller has been developed. For
comparison's sake, fuzzy logic is constructed using the Mamdani Technique with two
inputs to obtain the necessary speed control. In addition, to select the optimal gain, the
output signal of The PID controller and SMC were contrasted with fuzzy logic in terms of
overshoot peak and stability time period. The outcomes prove the SMC's superiority over
the PI controller and fuzzy logic approach. Based on time domain characteristics, this
article presents a comparative study between Proportional-Integral-Derivative (PID), a
sliding mode control (SMC), and fuzzy logic controller (FLC) controllers. The study
concludes the less overshoot peak and fast response through fixed Properties for the DC
motor and its mechanical variations due to operating conditions. Based on transient
response study, the results show that SMC is superior to fuzzy logic and classical
controllers PID.
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1. INTRODUCTION

Commercially, DC motors are used for speed control for
industrial and residential purposes. There were two methods
used for speed control mainly armature voltage control and
field flux control. The involvement of Field flux for assessing
the performance of the DC motor is more than the base speed
and armature voltage is kept constant in this process [1, 2].

With PID control, the parameters can be changed to get a
system that performs noticeably well, with minimal overshoot
and good speed stability at the target value. In addition, the
PID controller offers a quick system response with
straightforward mathematical formulas. Conversely, non-
linearity in the plant results in a decrease in PID performance
[3].

Sliding mode control is an effective solution to handle
complex, nonlinear, and high-order dynamic plants operating
under uncertain conditions It is also considered as a high-speed
switching feedback control that is reliable and efficient in
managing both linear and non-linear DC Motor speed. SMCs
are widely used in industrial environments [3].

It was proposed that fuzzy logic controllers be used to
control the speed of a DC motor by varying the field current in
the constant power region and the armature voltage in the
constant torque region, thereby combining armature voltage
and field current [4]. Fuzzy logic control applies the human
way of thinking to control something, specifically in the form
of "if-then" rules, rather than using traditional methods to
obtain a control result using mathematical equations [5]. Thus,
it makes sense that fuzzy logic control is used in the industrial
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sector to control DC motors [6].

In this research, three types of controllers were proposed to
control the speed of a DC motor. A Fuzzy Logic, PID, and
SMC controller by using MATLAB, and Simulink, were
intended to achieve increased control precision, decreased
settling time, and improved steady-state performance. Reliable
accuracy is provided by the fuzzy controller for DC motors.

It provides a wide range of speed control and requires
manual or automatic control. So, often designers try to find the
best control method that can help in controlling the motor
output (position or speed) to a predefined set point [7].

1.1 Literature review

Previous studies provided several types of controllers for
enhancing the DC motor's performance. PID controllers are
the most widely used controllers in industrial control processes
because of their robust performance under a variety of
operating conditions, easy design, as well as simple structure.
The first PID was developed in 1911 by Elmer Sperry for the
US Navy, but Minorsky introduced in 1922 the PID control
method that we use today [8]. Several modifications were
made to it in the 1930s and these have been in industrial use
of various process control works ever since the 1940s [9].

PID controller performance is mainly determined by how
accurately system models and their parameters are developed.
It is essential to obtain a fine-tuning of parameters to achieve
the desired control action. As manual tuning can prove to be a
tedious task so, numerous efforts were made for tuning the PID.
Ziegler and Nichols gave the well-known Ziegler-Nichols


https://orcid.org/0009-0006-0223-2819
https://orcid.org/0009-0008-4480-9107
https://orcid.org/0009-0002-3055-5288
https://crossmark.crossref.org/dialog/?doi=10.18280/jesa.570209&domain=pdf

tuning method in 1942-1943 [10, 11]. Father Cohen and Coon
gave the alternative for tuning in the 1950s which was
accepted by certain types of plants [12].

Several other tuning methods and strategies like fractional
order PID [13], DSP-based self-tuning IP [14], etc. We're
introduced to improve the performance of PIDs, some of
which are discussed in the studies [14, 15]. However, PIDs are
often inefficient for a system with undefined complexities like
time delays, oscillatory behavior, nonlinearities, or for
multiple-input multiple-output (MIMO) systems [16].
Additionally, a kick or spike called a set-point kick is
experienced in the output due to the proportional and
derivative action of the PID whenever there is a change in the
set point [17]. This action can cause serious damage to the
system receiving the control signal from the controller like a
motor, control valve, etc. These effects are avoided by
modifying the PID controller structure to the I-PD controller
[18].

Recently, intelligent process control has drawn the attention
of many. Fuzzy logic control (FLC) gives an intelligent tuning
that uses a linguistic control algorithm based on rules that use
general statements instead of mathematical equations [19]. It
has been suggested as a better control than the conventional
control algorithms in complicated systems with dynamics that
are not certain and those with nonlinearities [20].

Lotfi A. Zadeh introduced fuzzy logic, a fuzzy set-based
logic, in 1965. According to Mamdani and Assilian, fuzzy
logic was successfully applied for the first-time control.
Furthermore, Kingt and Mamdani proposed in [21] the use of
fuzzy logic control systems in industrial processes. The
compositional rule of interface (CRI) has been the most often
utilized reasoning technique in fuzzy. However, because there
is an error in the robust control, the traditional CRI is still not
very satisfactory [22].

The success of fuzzy logic inspired work in the field of
developing autotunes fuzzy-based PID controllers. It has been
used to improve the performance of PID controllers by
developing fuzzy-based PI/PID controllers [23], ANFIS-based
hybrid PID [24], a fuzzy logic-based pre-compensation
approach for PID controllers [25], and many others. The
results indicated the superiority of such controllers over the
conventional ones. An improved genetic algorithm to regulate
fuzzy controller parameters has been discussed for the control
of a series DC motor [26]. Considering the points outlined
above, several studies on the control of DC motors have been
performed. It has been demonstrated in preceding studies how
fuzzy logic control can provide suitable procedures to find the
best control [27].

In recent studies, by implementing the ABC algorithm to
optimize the PID gains, this innovative technique has
demonstrated its ability to effectively improve the speed
response of the DC motor [28]. The PSO algorithm-tuned PI
controller provides better system performance than the trial-
error method in terms of speed and load response variations
[29].

The proposed sliding mode controller with integral surface
and improved reaching law for better dynamic performance in
brushless DC motor speed management. Outperforms
traditional SMC and other existing methods [30].

DA-based sliding mode control is more effective than
optimized Proportional-Integral (PI) controller and SMC. DA-
optimized SMC performs better, converges faster to the
desired speed value, and reduces torque ripple in non-uniform
or variable conditions [31]. A fuzzy logic controller is shown
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to be more efficient than the conventional PI controller in
achieving the desired speed in a shorter time and at a lower
cost in term control BLDC motors for electric two-wheelers
[32]. Field-oriented control (FOC) with FLC technique
controls motor speed by positioning magnetic fields at right
angles [33].

To continue the existing studies, this work presents A
comparison between three techniques related to the control
speed of DC motors by using 3 closed-loop controllers known
as PID, SMC, and FLC. A control method for manipulating
the gain and input parameters for PID and SMC while in fuzzy
logic control, two input error membership functions had been
designed with their rules using the Mamdani fuzzy model. The
schemes are discussed in detail, tested with MATLAB
Simulink simulation model of DC motor, and their results are
compared.

The paper is organized as follows: Section 2 describes the
mathematical model of the DC motor in which all the
mathematical equations related to speed control are detailed,
Section 3 discusses the PID and tuning approach followed by,
SMC and the fuzzy logic controller, Section 4 consists of the
results and discussion, and Section 5 discusses the conclusions
drawn.

1.2 Mathematical modelling of DC motor

A typical actuator found in the majority of control systems
is the DC motor. It transforms electrical energy into rotational
motion and can also produce translational motion when
combined with components like wheels and cables. The free
body diagram and electrical circuit for the DC motor's rotor
system are displayed in Figure 1. Table 1 lists the parameters
along with their respective values. The supply voltage (V) is
the system's input, and the shaft rotational speed (w) is the
resultant output. The following equations show how the
armature constant factor Kt links the motor torque T and
armature current I, and how the motor constant Kb links the
back emf (e) to the rotational velocity:
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Figure 1. DC motor diagram with the electrical circuit [1]

Table 1. Parameters of DC motor

Parameter Value
R 0.5
L 3.3
J 0.0005
B 0.008
Kb 0.0027
Kt 0.018
Ke 0.06




T =K, xi (1)
do

e=K x— 2

bxdt 2

When KVL and Newton's law are applied to the circuit, we
obtain:

d’o dée .
—+B—=Kii 3
dt? dt @
L9+Ri=V—Kb% “)
dt dt
Using the Laplace transform, we obtain:
s(Js+B)&(s) = Kti(s) (5)
(Ls+R)i(s) =V —sKbd(s) (6)
o K,
(7

V  s,(Ls+R)(Js+B)+ KK,

The transfer function from input voltage to output speed (w)
will be:

Kt
(L+R)(J:+B)+ KK,

w
v ®)

By solving and removing i(s), open-loop transfer function
can be obtained, where the angle is the output, and the voltage
is the input. The equivalent block diagram of an armature-
controlled DC Motor based on (8) is shown in Figure 2, where,
Resistance (R), Inductance (L), Motor Inertia (J), Viscous
friction coefficient (B), Motor Constant (Kb), Torque constant
(Kt) and Back EMF (Ke) and their values are given in Table 1.

Wref . 1
Ls+R|

i L W,
K—iB T

-

Kb

Figure 2. DC motor equivalent block diagram [3]

2. METHODOLOGY
2.1 PID controllers

A conventional PID controller combines derivative, integral,
and proportional actions simultaneously. Figure 3 depicts a
PID controller's construction. By comparing the answer with
the intended value, these controllers tend to reduce errors, or
the difference between the process variable and setpoint. Three
parameters must be specified in its design: the derivative D
parameter, the integral I parameter, and the proportional P
parameter. The following is a description of the parameters
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and the actions that go along with them (6):

e Proportional gain Kp: lowers steady-state error and rising
time

e Derivative gain Kd-reduces overshoot

e Integral gain Ki: keeps error to a minimal

Frocess |

Figure 3. PID closed loop system [8]

According to Table 2, The parameters for the classic PID
controller were chosen by applying the Ziegler-Nichlos
method, which is a heuristic tuning method, to find the initial
parameters of the controller as follows:

Performing our step test for the 12V DC motor and
observing the output response of the simulation, such as
overshot, settling time, rising time, and overall stability.

Table 2. Ziegler-nichols method [10]

Controller Type Kp Ti Td
P 0.5 Ku - -
PI 10 Ku Tu/1.2 -
Classical PID 0.6 Ku 0.5Tu 0.125 Tu

Calculating the ultimate gain (Ku) by increasing the
proportional gain (Kp) until the output oscillates with a
constant amplitude and measuring the oscillation time (7u).

Set up: Proportional Gain (Kp): (k, = 0.6 X K,) for a P-
controller.

Integral Time (77): (T; = Tz—” ) for a PI-controller.

Derivative Time (7d): (T4 = %u) for a PID controller.

After fine-tuning the PID parameters based on our
simulation’s response with the lowest possible overshoot and
settling time, we were able to validate our selected parameters

after a few iterations, and we were able to optimize the best
value, which is (Kp = 10, Ki = 2, and Kd = 0.5).

de
U], = Kpe(t) + K fe(®)dt + K, =

t

©)

The PID controller's transfer function is expressed as
follows:

U(s) .1
%:GP,D(S):KP+K|§+KC,S (10)
Regarding derivative time 7d and integral time 7i:
1
GP,D(S)=Kp[1+E+(TdS)J (11)



Here,
(12)

(13)

Heuristics, automated techniques, or manual tweaking can
all be used to adjust these parameters. The input-output
relationship is processed by a mathematical model in the
automatic tuning or self-tuning method.

It is desirable to move proportional and derivative actions
to the feedback (so that only the feedback signal is impacted)
while keeping the integral action in the feedforward channel,
given the kicking effect these actions have on a PID
controller's output.

2.2 Design of sliding mode controller for DC motor

Sliding mode control's fundamental idea is to move the
system's state trajectory in the direction of a surface S(X)=0
and then use the switching logic function Un to keep it there.
The fundamental sliding mode control law can be written as
[20] (Figure 4):

U =Ueq +U, (14)
Gand =
»
X > }l\ ’>.‘__|'i & D'
’!‘:.“‘? 0 o0 Gan!  Irdagrovor q
S | R
Proguct
—
">

Figure 4. Sliding mode control technique Simulink design

Two terms, Ueg and Un had been used as expressions, and
Ueq is established offline using models that signify the plant
is the most suitable.

The trajectory tracking problem consists in determining a
control law u(x) which makes it possible to ensure the
convergence of the state x of the system towards the desired
state xd.

The selection of the SMC parameters was chosen based on
understanding the system dynamics, defining the sliding
surface, and designing a control law to achieve robustness and
stability. The first step is to design the slide mode controller
by designing the slide mode function as mentioned in Eq. (15).

Tracking error (e) and the variable (A) must satisfy the
Hurwitz condition (A>0) as mentioned in Eq. (16).

To guarantee the stability condition, the derivation of the
Lyapunov function (V=1/(2) s2) must be (V<0) and (SS<0).

To satisfy the condition (S$<0), the slide mode controller is
designed as (SS = -K sgn(s) < 0), where:

1 S>0
sgn(s)=< 0 S=0
-1 S<0
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In our design, we set up (K=10, A=5) to achieve higher
stability, zero overshoot and reducing the chattering effect of
the system.

The sliding variable is:

S=e+1e (15)
with, A>0.
e: The error
e=X% =% =Q-Qy (16)
€: The error derivative
e=x, —% (17)

The transfer function:

F(oy= XP) _ Ke
(p)_ - . 2 -
U,(p) JLP*+(R,j)+(L,f)P+R,f +K.K,
We pose:
L, =A
R j+L,f =B
R f+K.K,=C
ap) K,

F(p) = -
(P) U(p) Ap*+Bp+C

The equation is divided on A4:

QP) K. /A

F = =
(P) U(P) P2+B/AP+C/A

The formula F(p) in the time domain can be expressed as
follows:

PZQ+EPQ+EQ=&U
A A

K
c}')+Ed)+Ea)=—°U

A
cb:ﬁU —Ea)—ga)
A A A
X =% =Q(t)
X =% =Q(t)

When, x, = aw(t).
After that, the system can be transformed into the canonical
form shown below. Thus:

S=e+1e
A A A

S=(% —%)+A(X —%)

The command that is discontinuous is issued by:



Ueq found by using the relationship: $=0.
S=(%=%)+A(% —%)

By applying values in Table 1

Kb Kt
X1 i
= ,A: ,B: 1
Xzl j_Ke Ry T
L L
= [1 0]
[ 54 36 B 0
1-0.0181 -0.1515|" | -0.3030
5.4 36 0
= X+ Uy
-0.0181 -0.1515 0.3030
=[1 0]X

By converting state model to transfer function:

10.91

u@s)»———
( )52 +5.5525 +1.47

2.3 Fuzzy logic controller

Any dynamic controller can be designed alternatively by
utilizing fuzzy logic control, or FLC. Its foundation is fuzzy
logic, a linguistic control method that does not rely on
mathematical equations but rather on broad assertions. The
fuzzy reasoning approach and a control structure with gains
and rules make up FLC's architecture. to design a controller, it
can make use of human expertise and experience [27].

The rules that have been modified to create fuzzy control
are straightforward "IF-THEN" statements rather than
mathematical formulas. Figure 5 depicts the architecture of a
fuzzy control system. The fuzzy control system's building
blocks are:

e Pre-processing: This is the initial stage of input
conditioning that takes place before input reaches the
controller.

e Fuzzification: In this block, discrete inputs are converted
into fuzzy sets or linguistic value settings.

e Rule base: Human decision-making is similar to fuzzy
adaptive rules. Fuzzy rules found in the fuzzy output are
used to understand it.

fuzzy inference

o defurzification—

\ ne
i flazzy ﬁ"f fazzy
rule base |
LB B s

Figure 5. Fuzzy logic modules [2]
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An FLC's decision-making system is based on a set of fuzzy
rules, which is known as the rule base. These rules use "IF-
THEN" conditional expressions to analyze complex data sets
and produce accurate results. The "Then" side is referred to as
the consequence, and the "If" side is known as the antecedent
or premise. One instance of a fuzzy rule is this one: a high
temperature corresponds to a high fan speed.

. Inference: Each rule's conclusion is based on the
antecedent's truth value, which is determined under
inference. As a result, a fuzzy subset is allocated to each
output variable for every rule. For inference, MIN or
PRODUCT operations are typically utilized. The output
membership function in MIN inference is clipped off at a
specific height. This paper employed a classic
interpretation of Mamdani for the rule bases. Figure 6
shows a two-input, single-output Mamdani fuzzy model,
where x and y are the inputs and z are the fuzzy logic
controller's output.

» Defuzzification: Fuzzification done the other way around.
This fuzzy output is transformed into real numbers or crisp
values [1, 13, 19]. The CENTROID technique was used in
this paper to de-fuzzify.

* Post-processing: Output scaling is completed in this final
stage of fuzzy logic control.

R A min R
A
7\ / |' ('I
\l ”/ Q" o~
¥, F X N\ 4 U 8 p— -
X1 x2 od y
W oa om W BB m C: G
~ /
\ // \\‘ 3 [
A AN W
X1 x2 ¥
[} max
uh
c
A
y
Figure 6. Mamdani fuzzy model [7]
2.3.1 Mamdani fuzzy model
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Figure 7. FLC membership functions of error



Figures 7 and 8 represent the FLC membership functions
error (¢) and Sum error (Sum ¢) as inputs respectively, while
(O) refer to the output membership function as shown in
Figure 9. For effective speed control, a suitable domain must
be set; this domain is chosen via practice and simulation tests.
The domains of e and O are, respectively, [-20, 20], [-10, 10],
and [-50, 50].

X 0
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Unry Range 110 %3y l Hen l Closs l]
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Figure 8. FLC membership functions of sum error
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Figure 9. FLC membership functions of output

Linguistic variables define the output space of o and the
input space of e and Sum e. These variables are present in the
fuzzy input and output sets. {low error (LE), medium error
(ME), high error (HE)} [2, 5] defines the input e. O by {low
output (LO), medium output (MO), high output (HO)} and the
Sum e by {low change (LC), medium change (MC), high
change (HC)}. The sensitivity and robustness were assessed
using triangular membership functions. The construction of
fuzzy logic rules is based on empirical observations.

Figure 10 identify the FLC rules. These rules can be
expressed as follows: (O is LO) if (e is LE) and (Sum e is LC).
In the same way, the other rules can all be described. Figure
11 displays the FLC's rule viewer. In Figure 12, the control
surface for fuzzy lofic control can be specified and noticed
clearly.

This research is a testament to the power of advanced
control techniques in optimizing the performance of DC
motors. The study involved designing three cutting-edge
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control methods - Proportional Integral Derivatives (PID),
Fuzzy Logic Control (FLC), and Sliding Mode Control (SMC)
- using MATLAB Simulink and the mathematical model of the
motor as can be noticed in Figure 13.

By analyzing the behavior and results of each technique, the
study provides valuable insights into the most effective means
of controlling the motor's speed.

'Rule Weight  Name
I Ertor s Negatve and Sum_Ervor is Negative then Speed is Negative [ 1 .Met
_lt Error s Negative and Sum_Eivor 3 Zarg than Spead & Negatve 1 nie2
[ Error Negative and Qx;m_.Er'nv is Postrve then Speec is Zeso 1/ ned
4| 1T Errer & Zeo and Sum_Emor 5 Nebame n\e‘;~ Scéen = Ne)alué 1 .ued
{1 Erree s 2o and Surm_Emor s Zero hhen Spead is Zero 1/ e
It Exveris Zero and S«.}«;En:t 5 Positve en Speed & Posiive 1| ntes
| 1f Error = Postive and Sum_Errar is Negative then Speed is Zeso 1| nde?
[ Error s Postive and Su—.a_Er;:v 15 Zesa then S;;eed = Posnve 1/ ntet
.l! Em:r':s' Postive ar;) Sum_Emof i3 Pne«inu ,',",M éo:'éll " Fns-lv;e 1 .l\;EQ
Figure 10. FLC’s rules
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Speed

5

10

Sum_Erroe 0 Eror

Figure 12. Control surface for FLC
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Figure 13. DC motor control model design via Matlab Simulink

3. RESULTS AND DISCUSSION

As can be seen from the result in Figure 14 when the motor
is running in an open loop (depicted by the black line), about
20% offset error is present as the responses are limited to
around 80%. This problem is resolved when the motor is
operated in a closed-loop system having different controllers.

L .

Figure 14. DC motor gain

For effective comparison, the system is simulated at speeds
of 5 sec their simulation result is shown in Figure 15. As it can
be noticed that:
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Figure 15. Output response characteristics for FLC, SMC
and PID

e Steady-State Error: Figure 16 and 17 indicate that FLC
tuned using Mamdani Fuzzy Model to improve response
time, tuned PID Minimize this error but SMC show the
desired speed of the motor when it which is crucial for
applications requiring quick acceleration.

o Settling Time: SMC has the shortest time (1.627 ms) taken
for the motor to reach and stay within the target speed after
a change in input or disturbance. According to Figure 18,



FLC has moderate settling time (2.165 ms). the DC motor
Control functional as PID control technique, the time for
settle will took almost (6.707 ms) to reach the required
settling point. huge PID settling time.

e Overshoot: A tuned PID technique helps in stabilizing the
system which has an overshoot Value (1.09), while the
fuzzy logic gives an overshoot value (1.118) When the
SMC technique with the same parameter has overshoot
value (1) as can illustrate in Figure 19. which should be
helpful to prevent stress on the motor and connected
machinery also it is essential for applications where
exceeding a certain speed can be hazardous.

e Rise Time: which is the time taken for the motor to go
from a standstill to the target speed. SMC show the shorter
rise time (0.593 ms) indicate a more responsive system in
compare to FLC (1.135 ms) and PID (1.422 ms) as shown
in Table 3.

Megreree 14T
[ )

g : :

. rn..-lg; [

Figure 16. Bode plot for DC motor
~--?Ilrbc!aa
&
Yn-’mlhl
Figure 17. Step response for DC motor
Difference in Settling Time
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Figure 18. Settling time for SMC, fuzzy and PID
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Sover Vs o

Figure 19. Maximum overshoot value for FLC, SMC and
PID

DC motor’s performance influenced by the three control
techniques mentioned previously in practical applications such

as:

Table 3. Difference in DC motor controllers’ behavior

No. Control Technique PID FLC SMC
1 Rise Time 1.422  1.135 0.593
2 Settling Time 6.707 2.165 1.627
3 Overshoot 1.09 1.118 1

« PID controller

PID controllers offer precise speed control in robotics and
conveyor systems. Tuning the PID controller minimizes
steady-state error and overshoot. Electric vehicles and lifting
mechanisms benefit from a short rise time and minimized
overshoot and settling time.

PID controllers are simple and effective, but may not be the
most robust option in handling system uncertainty and large
disturbances. They require careful parameter tuning (Kp?, Tdf,
1/T17) for getting perfect Rise Time, Settling Time and
Overshoot value.

FLC controller

Fuzzy logic control (FLC) is ideal for Electric Vehicles,
Robotics, and Conveyor Systems. FLC ensures precise throttle
control, smooth acceleration, and responsive motor control for
manipulation and navigation. FLC also maintains consistent
speed while preventing product damage due to sudden starts
or stops.

Also (FLCs) excel at handling system uncertainties and
non-linearities. They are more robust than PID controllers
when it comes to disturbances and parameter changes. FLCs
has model design (Mamdani Fuzzy Model) by using
Simulink/MATLAB, when the fuzzy logic controller receives
error (e) and Sum error (Sum e) as inputs, and (O) is the output.
For effective speed control, a suitable domain must be set; this
domain is chosen via practice and simulation tests.

SMC controller

SMC can have a significant impact on DC motor speed
control in industrial automation. It ensures consistent speed
control for conveyor belts and assembly lines, guarantees
robustness and accuracy for Electric Vehicles, and provides
precision and quick response for Robotics.

SMC is a robust control method that maintains the system
state on a sliding surface, making it effective in high-
uncertainty environments. Although it may suffer from
chattering, SMC offers excellent performance in systems with
non-linearity and parameter variations when sliding mode
control guides a system's state trajectory towards S(X)=0 using

7
0‘0
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Un and Ueq. The control law u(x) ensures that the system's
state converges to the desired state xd.

Table 4 compares three closed-loop control methods based
on their time response characteristics. Sliding mode control
(SMC) outperforms the others, offering superior set-point

tracking, faster response speed, and the lowest overshoot value.

Table 4. Result analysis for different controllers

No. Controller Strengths Weaknesses
Technique
1 FLC Reasonable Significant overshoot value
settling time
2 SMC Faster response Unstable at higher set point, and
and less settling logic needs to be manipulated
time due to the chattering effect
3 PID Acceptable Has longer settling time
overshoot
4. CONCLUSIONS

This study presents an improved DC motor speed control
system that utilizes fuzzy logic, PID, and sliding mode
controllers. The fuzzy logic control can be adjusted to improve
rise time (1.135), but this will result in a longer settling time
(2.165) and increased overshoot (1.118). The output of the PID
controller results in a slow settling time of (6.707) and a rising
time of (1.422). However, it is worth mentioning that this
controller produces an average overshoot value of (1.09).

The SMC controller is the right choice for high-quality
output and resilient performance in the presence of
disturbances or variations because it offers excellent output
quality and eliminates the need for any tuning. The SMC is a
highly effective controller that delivers superior output quality
compared to its relatively fast rising time (0.593) and settling
time (1.627). It is especially useful in scenarios where speed
control is critical, owing to its ability to overshoot with a value
of (0.593). Therefore, if you are looking for a dependable and
efficient controller that meets your requirements, the SMC is
the ideal option.

Based on the data analysis, it has been found that PID and
FLC are not efficient in delivering the optimal control for the
same reference signal and time. Therefore, when modifying
the logic of FLC and PID, the set point needs to be considered.
In contrast, sliding mode control has shown great potential in
tracking and speed regulation performance. It has a fast
response speed with low overshoot and no static error, making
it an effective control method. Additionally, it has several
strengths, including its quick response time and ease of
deployment, as well as its ability to withstand both internal and
external interruptions. In summary, this controller achieves:
v’ a good pursuit of the reference pace.

v’ a smooth start.

Future research on DC motor speed control recommends
hybrid approaches that merge fuzzy logic, PID, and SMC.
These techniques have the potential to improve DC motor
speed control strategies by offering superior performance,
adaptability, and speed tracking with reduced rise and settling
time, zero overshoot, and steady-state inaccuracy. For
producing superior control and efficiency, it is highly
recommended to integrate fuzzy logic with predictive PIDs,
fuzzy self-tuning PID controllers, and adaptive fuzzy-PID
controllers.
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