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Abstract: - This study suggests DC motor position control, an interesting control that most manufacturers are
interested in. A number of applications use it, but autonomous valet parking is the most prominent. A fuzzy
logic controller, a type of artificial intelligence controller, is used to implement this control. Prior to being
implemented in LabVIEW software and QNET 2.0 DC motor hardware, it was first simulated in the
MATLAB/SIMULINK environment. This controller's simulation feature helps get a favorable result without
really harming the material. The same simulated outcome was obtained when this controller was experimented
with on a QNET 2.0 DC motor using LabVIEW software. This environment is used to visualize the system's
response or outcomes using virtual tools. The system responds quickly and effectively receives the order; there
is no overshoot, peak time, or settling time.
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1 Introduction database or an expert creates rule bases, [5], [6], [7].
Because of their durability, affordability, and In order to obtain the proper output for controlling
adaptability, DC motors are employed in a wide the DC motor, it presents them with a few p0551b1e
range of industries, including robotics and outcomes and regulates the output to the incoming
automotives. This is especially true in automated req}llred control. The next step 1s defuzzification,
valet parking, where various sensors, including which uses the Mamdani system qnd th§ center‘of
cameras, lidar, and fusion lidar, are used to gather arca approach to convert a fuzzy signal 1nto a crisp
data about the surroundings and destinations. signal. Fuzzy logic controllers are becoming more
Consequently, the DC motor is instructed using this a.nd more popular because. they can.solve the non-
processed data. Until the vehicle is fully parked, linearity issue and work with dynamic systems with
position control is necessary. ease, [6]. . ) ) .

To guarantee correct parking, a variety of It was challenglng to increase efficiency since
controls are utilized to regulate the car's position. the fuzzy logic controller will restore the status that
Nonetheless, many enterprises and the industrial the DC motor had lost due to non-linearity,
sector continue to use fuzzy logic controllers more disturbance, etc, [8]. Due to advancements in
frequently, [1]. artificial 1nt§:111gence-based controller;, sgch as the

A method based on fuzzy set theory developed one used in thesej work. and artificial neural
in [2], [3] is the fuzzy logic controller. where a networks aqd gen'etlc alg(?rlthm, DC motors have
continuous membership function is used to regained their s1gn%ﬁcance in recent years, [9].
categorize the items, [4]. In ordgr Fo improve system efficiency .qnd

The three essential phases that make up a fuzzy reduce oscillations, this .research proposes position
logic controller are fuzzification, which transforms a control of DC motors using a fuzzy logic controller.
crisp input into membership functions that display a The QNET 2-0 DC motor board was used to
flow variable that represents the input values. A implement this work; an encoder on the board

senses the position and controls the armature
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voltage. The LabVIEW environment is used to turn
on or off the motor and visualize the system's
response. Here, the response will be visualized in
the virtual instruments present in the environment,
and the software will use certain toolkits and
system-compatible drivers to control the system's
on/off function. The first simulation, which was
conducted in a MATLAB/SIMULINK environment
utilizing a fuzzy logic block and a model of the DC
motor utilized in the practical portion, yielded the
results of the experiment.

2 DC Motor Model

An electrical device that transforms electrical
energy into mechanical energy is a DC motor, [10].
Either the armature voltage [11] or a resistor
connected in line with the circuit's armature voltage
might be adjusted to control it. The first method will
be used for control in this study. The motor's
equations and equivalent scheme are discussed in
Figure 1.
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Fig. 1: Electromechanical model of DC motor

The electric equation of the armature voltage
applying to the circuit:
w(t) = Ry i(t) + Ly 28

dt

tep(® (D
Where, the back electromagnetic force expressed by
the following equation:

ep(t) = K. win (t) (2)
The mechanical equation is expressed by the second
law of Newton as:

d?o(t) de(t)

T (®) = Ta(t) + Jm- 2 + B.2D - (3)
Where:

T (t) = K.i(t) 4)
And:

w(e) = 22 (5)

Applying Laplace transformation, these equations
become:
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The armature voltage presented by:

US)=R.IS)+L.S.IS)+E(S) (6)
The back electromagnetic voltage becomes:

E(S) = Kin-Q(S) (7
The mechanical equations become:

Tm(S) = Tr(S) + (J.S + B)Q(S) (®)

Tm(S) = K.I(S) ©)

Where U is the input voltage (V), Rm is the
armature resistance (Q), Lm is the armature self-
inductance (H), E is the back electromagnetic force
(EMF) (V), 1 is the armature current (A), Tm is the
torque developed by the motor (N.m), 8 is the
angular position, w is the angular velocity(rad/s), Jm
is the rotor inertia (Kg.m2), B is the equivalent
coefficient of friction, Km is the emf constant
(V.s/rad), K is the torque constant (N.m/A).

The block diagram that represents the DC motor
using these equations is presented in Figure 2:

KIR#Lr8) » /(B9

| Ko f
Fig. 2: DC motor Block diagram

From these equations and the block diagram, the

transfer function is:
_ s _ K
H(S) = UGS)  Ljm.S2+(LB+R.Jm).S+RB+K Kpy

(10)

3 Fuzzy Logic Controller Method

Fuzzy logic is a method for increasing the
intelligence of a process, [12]. L.A. Zadeh invented
it in 1965, using some state to describe the flow
values. There are other options, such as artificial
neural networks and evolutionary algorithms, but
fuzzy logic is still easier for people to understand,
[13], [14]. As shown in Figure 13, the fuzzy logic
controller is made up of four major components,
[15], [16], [17]. Fuzzification: the first block of the
fuzzy controller that converts the crisp input into a
fuzzy input, where this state is represented by
membership functions with linguistic variables
reflecting the range of input. Inference engine: a
mechanism that uses various techniques expert from
a human. Mamdani and Takagi-Sugeno are well-
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known systems, [18]. They are based on
membership functions, logical operators (and/or),
and IF-THEN rules, [8]. Rule base: a group of
linguistic statements helps to take the right decision
to classify the input and give the right output. The
form of writing for a MISO (multiple input single
output) system is:

IF (fuzzy input 1) AND/OR (fuzzy input 2) THEN
(Fuzzy output)

Defuzzification: is the step to produce a crisp output
from a fuzzy input, [19]. The center of area gravity
is the method used by this controller, [20].

3

Crisp E E Crisp
input N output

5 Inference é.

& engine 2

5 g

: I 2

Rule base

Fig. 3: Fuzzy logic controller blocks

This study uses MATLAB/SIMULINK to
simulate position control using a fuzzy logic
controller. LabVIEW software and a QNET 2.0 DC
motor are then used to implement the simulation.
The fuzzy Mamdani inference system was used.
where the error change and the error are the inputs.
The DC motor's armature voltage is the output.
Rule bases try to determine the proper voltage
instruction to the motor by examining the
membership functions given by linguistic variables
for the inputs and outputs. Seven membership
functions are utilized for the inputs (error(e) and
change of error (DE)) and output (voltage delivered
to DC motor). They have a triangle shape, and
Table 1 shows the linguistic variable:

Table 1. Linguistic variables
Linguistic variable Abbreviation

Negative Big NB
Negative Medium NM
Negative Small NS
Zero Z
Positive Small PS
Positive Medium PM
Positive Big PB

This triangular membership functions are
divided using step value rule and by precision of the
interval or range of each input and output as the
Figure 4, Figure 5 and Figure 6 shown:
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Fig. 4: Error membership functions
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Fig. 5: Change of error membership functions
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Fig. 6: Armature voltage membership functions

From the number of input and output
membership functions. There will be 49 rule bases,
with 7 membership functions for each input and
output. They are stated using the IF-THEN formula.
Table 2 resume the rule bases.

Table 2. Rules base

e/DE NB NM NS Z PS PM PB

NB NB NB NB NB NM NS Z
NM NB NB NB NM NS Z PS
NS NB NB NM NS Z PS PM
V4 NB NM NS Z PS PM PB
PS NM NS Z PS PM PB PB
PM NS Z PS PM PB PB PB
PB Z PS PM PB PB PB PB

They are expressed by this instruction shown in
Figure 7:
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2. IF'e" 15 'MEB' AI"-.ID ‘DE" 15 'MW THEM 'U" IS 'NE
3.1F'e' I5'NE" AND 'DE' |5 'MS" THEM 'U" |5 'ME'

4, IF'e' IS'MNB" AND 'DE' 15 "Z' THEM 'U" 15 'ME
5.0F'e" IS 'MNB' AMD 'DE' 15 'PS' THEM 'U" IS "NM'

. IF'e' [S'MNB' AND 'DE' 15 'PM' THEM 'U' 5 'NS'

7. IF'e' IS 'MNB' AND 'DE' 15 'PB' THEN 'U' |5 2"

Fig. 7: Rules base formula in LabVIEW software

These rules are visualized in the test system by a 3-
dimension surface as the Figure 8 shows:

Input/Output relationship

Nidkgnls &
423y ~

Fig. 8: Test of rules base using 3D surface (e/DE
and U)

The position of the DC motor will be regulated
by this theory and these blocks of the fuzzy logic
controller. Before that, the QNET 2.0 DC motor is
bump tested to determine the transfer function that
will be used to represent it. This test was carried out
utilizing hardware and LabVIEW software. The
transfer function was discovered by giving a step
command to the motor of first order, with steady-
state gain K=29 rad/(v.s) and time constant of 0.17s.
The DC motor had a second-order transfer function,
as shown in the first work, but due to its small
value, the armature self-inductance was eliminated
in this work.

4 Simulation  and Experimental
Results

After testing the DC motor in

MATLAB/SIMULINK  environment, LabVIEW
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software is used to realize it using a QNET 2.0 DC
motor.

4.1 DC Motor Position Control Simulation
using MATLAB/SIMULINK
Environment

The MATLAB/SIMULINK environment was used

to develop a DC motor model with a fuzzy logic

controller, as shown in Figure 9. The fuzzy logic

controller's inputs are where the anticipated position

and the actual position are compared to produce the

error and error change. It gives the DC motor the

right output, or the right armature voltage, so that it
lmm ’

can deliver the right position.
1
0-tor—4 |8
Desired position ‘ ¥

Fig. 9: Diagram used in MATLAB/SIMULINK
simulation

w
Ouputs> 1

DC motor

As seen in Figure 10, the required position
control fluctuated between 0 and 2 radians. The
response of a DC motor following regulation with a
fuzzy logic controller is shown in Figure 11.
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Fig. 10: Selected position profile of fuzzy logic
controller validation

Position control (rad)
T T T
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I | | | I I I | |
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Fig. 11: Position response of DC motor for 0 rad
and 2 rad
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4.2 Implementation of  Fuzzy Logic
Controller using QNET 2.0 DC Motor
This part validates the position control performed by
the simulation in a MATLAB/SIMULINK
environment using LabVIEW software and a QNET

2.0 DC motor.

A Dblock design utilizing the fuzzy logic
discussed in the previous section and the toolkits
and drivers of the QNET 2.0 DC motor is depicted
in Figure 12. The experiment uses fuzzy logic rule
bases that are studied in simulation using
MATLAB/SIMULINK, as well as the same position
control command of a DC motor and membership
functions. As demonstrated in LabVIEW using the
virtual instrument, the result is either the same in
reality as seen in Figure 13 and Figure 14. The
white trace in the motor's inertia is used in Figure 15
and Figure 16 to illustrate the change in DC motor
position, confirming the outcomes of the orders 0
and 2 radians.
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Fig. 12: LabVIEW

controlling DC motor
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Fig. 13: Position response of QNET 2.0 DC motor
for 0 radian and 2 radian using virtual instruments
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Fig. 14: Zoom in on the first step command of the
position response using QNET 2.0 DC motor for 2
radians

Fig. 15: Experimental position response of QNET
2.0 DC motor for 0 radian

2 radians

Fig. 16: Experimental position response of QNET
2.0 DC motor for 2 radians

The simulation results (Figure 11) demonstrate
that the fuzzy logic controller enhances system
reliability, achieving a response time of 0.2 seconds
for 0 and 2 radian commands while closely
following the reference. This is further validated by
the experimental results shown in Figure 13.

Volume 20, 2025



WSEAS TRANSACTIONS on SYSTEMS and CONTROL
DOI: 10.37394/23203.2025.20.35

According to Figure 11 (simulation) and Figure
14 (experiment), the control strategy is effective, as
the system responds within 0.2 seconds to a 2-radian
instruction without overshoot, peak time, or settling
time, exhibiting only a minimal rise time.

In our application, sensors detect the region for
autonomous valet parking, generating the necessary
command. The fuzzy logic controller determines the
appropriate voltage for the DC motor, ensuring
accurate positioning. The system’s reliability is
confirmed in Figure 17, where various commands
result in rapid and precise responses.

Position control (rad)

Time (s)

Fig. 17: Performance validation of fuzzy logic
controller for different positions

4.3 Comparison with other Works

In [21], the authors found that the settling time using
the optimized ACO algorithm based on a PID
controller is 2.68 s, with no overshoot and no peak
time. In [22], the authors use the optimized PSO
algorithm based on a PID controller, they found that
the settling time is 0.22 s, with no overshoot and no
peak time. In comparison to our work, the FLC
controller gives a better response where there is no
overshoot and no peak time, only a small settling
time of 0.2 s. To summarize, the controller
employed in this paper is better due to the shorter
settling times in both the’ simulation and
experimentation.

5 Conclusion
This study aims to regulate the position of a DC
motor, commonly used in autonomous valet parking
systems, by leveraging the advantages of a fuzzy
logic controller. LabVIEW software is employed to
visualize the controller's response with the QNET
2.0 DC motor and highlight its key role.

As previously demonstrated, this controller
performs exceptionally well, eliminating overshoot
and peak values while achieving precise control in a
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short time. Consequently, the fuzzy logic controller
enhances system performance and is gaining
popularity due to its effectiveness in dynamic and
nonlinear systems.

References:

[1] A. Farhan, « Optimization of DC motor speed
control based on fuzzy logic-PID controller »,
Anal. Data Process. Syst., p. 143-153, 2021,
doi: 10.17212/2782-2001-2021-3-143-153.
M. T. Islam, A. Sutradhar, S. Miah, et S. M.
Karim, « Fuzzy Logic and PID Controllers for
DC Motor Using Genetic Algorithm », Int. J.
Control Sci. Eng., vol. 10, p. 37-41, 2020,
doi: 10.5923/j.control.20201002.03.

N. Ismail, K. Zakaria, N. Shiema, M.
Syaripuddin, A. Mokhtar, et S. Thanakodi,
«DC motor speed control using fuzzy logic
controller», AIP Conference Proceedings, vol.
1930. 2018. doi: 10.1063/1.5022920.

J. A. Goguen, «L. A. Zadeh. Fuzzy sets.
Information and control, vol. 8 (1965), pp.
338-353. - L. A. Zadeh. Similarity relations
and fuzzy orderings. Information sciences,
vol. 3 (1971), pp. 177-200», The Journal of
Symbolic Logic, vol. 38, no 4, p. 656-657,
1973, doi: 10.2307/2272014.

H. R. Berenji, « Fuzzy Logic Controllers », in
An Introduction to Fuzzy Logic Applications
in Intelligent Systems, R. R. Yager et L. A.
Zadeh, Ed. Boston, MA: Springer US, 1992,
p- 69-96. doi: 10.1007/978-1-4615-3640-6_4.
Jemaa Aymen, Zarrad Ons, Aurelian
Craciunescu, et Mihai Popescu, « Comparison
of Fuzzy and Neuro-Fuzzy Controllers for
Maximum Power Point Tracking of
Photovoltaic Modules », RE&PQJ, vol. 14, no
6, 2024, doi: 10.24084/repqj14.465.

J. Yen, « Fuzzy logic—A modern perspective
», Knowl. Data Eng. IEEE Transactions on
Knowledge and Data Engineering, Vol. 11,
Issue 1, Jan.-Feb. 1999, p.153-165, doi:
10.1109/69.755624.

A. Jilani, S. Murawwat, et S. O. lJilani,
« Controlling Speed of DC Motor with Fuzzy
Controller in Comparison with ANFIS
Controller », ICA, vol. 06, no 01, p. 64-74,
2015, doi: 10.4236/ica.2015.61008.

S. Sami, Z. Obaid, M. Muhssin, et A.
Hussain, « Detailed modelling and simulation
of different DC motor types for research and
educational purposes », Int. J. Power

[4]

[5]

[6]

[7]

[9]

Volume 20, 2025



[13]

[14]

[15]

[16]

[17]

WSEAS TRANSACTIONS on SYSTEMS and CONTROL
DOI: 10.37394/23203.2025.20.35

Electron. Drive Syst. IJPEDS, vol. 12, p. 703,
2021, doi: 10.11591/ijpeds.v12.i2.pp703-714.
R. Burns, Advanced control engineering.
Elsevier, 2001, ISBN: 0 7506 5100 8.

A. M. Almawla, M. J. Hussein, et A. T.
Abdullah, « A Comparative Study of DC
Motor Speed Control Techniques Using
Fuzzy, SMC and PID », J Eur. Systémes
Autom., vol. 57, no 2, p. 397-406, 2024, doi:
10.18280/jesa.570209.

Y. A. Almatheel et A. Abdelrahman. « Speed
control of DC motor using Fuzzy Logic
Controller» in 2017 International Conference
192 on Communication, Control, Computing
and Electronics Engineering (ICCCCEE),
2017, p- 1-8. doi: 193
10.1109/ICCCCEE.2017.7867673

I. Olenych, «Fuzzy Logic Controller For
Smart Home  Lighting Control», in
Information and Telecommunication
Sciences, 2017, p- 50-55. doi:
10.20535/2411-2976.22017.50-55.

D. Pelusi, « Optimization of a fuzzy logic
controller using genetic algorithms » in 2011
Third International Conference on Intelligent
Human-Machine Systems and Cybernetics,
2011, wvol. 2, p. 143-146. doi:
10.1109/THMSC.2011.105.

M. Meriem, G. Ahmed, et M. Youness, «
Speed Control of Induction Motor using
Fuzzy Logic Controller and DTC Strategy »,
in 2024 4th International Conference on
Innovative Research in Applied Science,
Engineering and Technology (IRASET), FEZ,
Morocco: IEEE, 2024, p. 1-5. doi:
10.1109/IRASET60544.2024.10548936.

M. G. M. Abdolrasol, A. Ayob, A. H. Mutlag,
et T. S. Ustun. «Optimal fuzzy logic
controller based PSO for photovoltaic
systemy». Energy 199 Reports, vol. 9, p. 427-
434, 2023, doi: 10.1016/j.egyr.2022.11.039.
M. A. R. Shafei, D. K. Ibrahim, et M. Bahaa.
«Application of PSO tuned fuzzy logic
controller for LFC of two-area power system
with redox 201 flow battery and PV solar
park». Ain Shams Engineering Journal, vol.
13, no 5, p. 101710, 2022, doi:
10.1016/j.as€j.2022.101710

D. Upuy et A. H. Hiariey, « Comparison of
Sugeno and Mamdani Fuzzy System
Performance in Predicting the Amount of
Virgin Coconut Oil (VCO) Productiony, JIKO
J. Inform. Dan Komput., vol. 6, no 3, 2023,
doi: 10.33387/jiko.v6i3.7051.

E-ISSN: 2224-2856

335

[19]

[22]

Contribution of

Meriem Megrini, Ahmed Gaga, Youness Mehdaoui

J. N. Rai, « Speed Control of Dc Motor Using
Fuzzy Logic Technique », IOSR J. Electr.
Electron. Eng., vol. 3, no 6, p. 41-48, 2012,
doi: 10.9790/1676-0364148.

J. M. Mendel, «Fuzzy logic systems for
engineering: a tutorial », Proc. IEEE, vol. 83,
no 3, p. 345-377, 1995, doi:
10.1109/5.364485.

0. Kasim, «Speed Control of DC Motor under
Reverse Torque Disturbance with Ant Colony
Optimized PID Controller», Aksaray Univ. J.
Sci. Eng., wvol. 5, avr. 2021, doi:
10.29002/asujse.892979.

M. Megrini, A. Gaga, et Y. Mehdaoui, «
Particle Swarm Optimization with PID
Controller for BLDC Motor Speed Control »,
in Digital Technologies and Applications, vol.
1098, S. Motahhir et B. Bossoufi, Ed., in
Lecture Notes in Networks and Systems, vol.
1098, Cham: Springer Nature Switzerland,
2024, p. 441-447. doi: 10.1007/978-3-031-
68650-4 42.

Individual Authors to the

Creation of a Scientific Article (Ghostwriting

Policy)

- Meriem Megrini, Ahmed Gaga carried out the
simulation and implemented the the contributions
in both environement MATLAB/SIMULINK and
LabVIEW.

- Youness Mehdaoui has supervised the work.

Sources of Funding for Research Presented in a
Scientific Article or Scientific Article Itself
No funding was received for conducting this study.

Conflict of Interest
The authors have no conflicts of interest to declare
that are relevant to the content of this article.

Creative Commons Attribution License 4.0
(Attribution 4.0 International, CC BY 4.0)

This article is published under the terms of the
Creative Commons Attribution License 4.0
https://creativecommons.org/licenses/by/4.0/deed.en

“US

Volume 20, 2025


https://creativecommons.org/licenses/by/4.0/deed.en_US
https://creativecommons.org/licenses/by/4.0/deed.en_US



