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1. Introduction 

Electric motors are generally used in a variety of applications, including those requiring 

mechanical energy, such as moving a train or elevator. When a motor is added to produce 

mechanical energy, operating conditions may change, requiring analysis of these conditions and 

their impact on system operation. Any changes that could reduce performance must be addressed, 

along with solutions to improve performance. System disturbances can cause poor performance, 
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 Currently, systems generally need control units, which requires designing 

them to analyze the behavior of the system when there are suitable 

characteristics of the motor according to the required application. The 

electric motor is very important in many applications and is widely used 

because of the high-efficiency mechanical power, small sizes, and 

relatively high torques that these electrical machines have. Improving the 

performance of systems requires control units, which are of the types of 

traditional PID, expert Fuzzy, and intelligent control systems. Two 

systems were proposed, a system that relies on a traditional control unit 

and a system that relies on fuzzy logic to improve and raise the efficiency 

of performance and handle system fluctuations resulting from 

disturbances and different operating conditions. Simulation tests were 

conducted using MATLAB. The effectiveness of the proposed controllers 

is evaluated through measurement criteria including efficiency 

improvements, torque ripple reduction, or settling time. Simulation results 

for both the closed-loop system using the conventional controller and the 

expert controller showed that the improvement in system performance 

can be determined according to criteria that include response speed as 

well as the overshoot and undershoot rates. Specifically, the settling time 

using the conventional controller was 3.05 msec. The rise time using the 

conventional controller was 205.406 msec, while using the expert 

controller it was 205.406 msec. The overshoot rate (%) using the 

conventional controller was 18.452%, while using the expert controller it 

was 6.989%. The undershoot rate using the conventional controller was 

6.633%, while using the expert controller it was 1.987%. 
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including transients and torque changes. Specialists develop and run simulation models to conduct 

tests that enhance the identification and validation process for testing under various conditions, as 

well as demonstrate and analyze the system's response to these conditions. 

There is increasing interest in using Brushless DC (BLDC) motors widely in industrial 

production due to their many advantages such as simple structure, robust design, high stability, 

torque density, high efficiency, low noise, and low maintenance. BLDC motors are used in 

aerospace, medical, automotive, disk drives and variable speed drive systems for electric vehicles 

and industrial applications. Achieving continuity of BLDC motor speed control under different 

operating conditions require the design of a modern and efficient controller. This design involves a 

complex process of modeling, selecting the best control system, simulation and adjusting controller 

parameters [1]-[5]. There are many solutions to control the speed of a BLDC motor and fast braking 

operation that have been recently proposed to adjust the parameters of the controller, thus obtaining 

optimal motor performance [6]-[12]. 

Systems are classified into open-loop systems, which operate without feedback. Through this, 

the system's behavior can be observed without a control unit. The system's performance is somewhat 

weak compared to the other case, which is a closed-loop system. Both open-loop and closed-loop 

systems can be built, and a control unit with a reference value can be added, such as conventional, 

expert, or intelligent. Conventional PID controllers are simple and suitable for linear systems, but 

they are weak for nonlinear systems. Therefore, an intelligent or expert controller is required to 

improve the performance of nonlinear systems, such as fuzzy logic. 

The PID control unit is a traditional unit of widely used control units in control systems in 

industrial fields due to the strength and simplicity of design, reliability and high accuracy. 

Parameters can be switched (kd, kp, ki) effectively good output and stable response can be obtained 

when the parameters are set correctly. The application of the traditional PID control algorithm for 

speed control faces major problems, namely the effects of non-linear characteristics of DC motors, 

including saturation, changing some variables, and the difficulty of adjusting the parameters of the 

PID control unit, which leads to inaccurate control and poor optimal performance of the motor [13]-

[21]. In [22], two types of sliding controllers FOSMC and FSMC were used to obtain the best 

performance of BLDC motor in terms of speed control and braking operations. The research proved 

the superiority of FOSMC controller over FSMC to obtain the best performance of BLDC motor by 

optimizing the parameters through GA. 

In [23], A simulation model combining fuzzy controller and PID was used to control the speed 

of BLDC motor better than traditional PID controller and several types of commutation tests of 

BLDC motor were used. The torque was improved by choosing the suitable commutation type of the 

sinusoidal of third harmonic component. In [24], This paper presents a comparison between PID 

conventional controller and fuzzy controller for controlling the speed of BLDC motor for the 

purpose of addressing uncertainty and nonlinearity in real applications. The simulation results 

demonstrate the ability to eliminate interference and improve the static and dynamic response of the 

system. In [25], Presents the use of PSO controller based on PID to control the speed of BLDC 

motor using different (speeds and loads). The performance of PSO-PID control system was 

compared with other controllers and the results showed improvement in response speed and 

reduction of electromagnetic torque ripple and current ripple of BLDC motor. In [26], the work 

focused on two main aspects, the first: a simulation system for controlling the speed of a BLDDC 

motor using a fuzzy logic controller. This fuzzy system's rules are defined based on the Lyapunov 

function. The “Chameleon Swarm” algorithm was used to optimize gain coefficients of fuzzy 

controller. Second part included practical tests using a low-power electronic device. This device 

contains:1- Microcontrollers (STM32-ARM) were used for the purpose of measuring variables, 

calculating the control algorithm and generating the control signal 2- Microcomputer to define the 

parameters, apply the control and the reference value. Fuzzy logic is an artificial intelligence 

technique that relies on thinking using linguistic terms and thus analyzing and interpreting 

inaccurate information [27]-[28]. In fuzzy logic, little mathematical formulas are used because it 
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relies on the use of linguistic terms, which leads to reducing the complexity of the system. Fuzzy 

logic is superior to traditional controllers (PID, PI) in non-linear systems and is very similar to 

human logic because it allows the use of human experience and expertise in the design of 

controllers. Compared with PID controllers, fuzzy logic has shorter stability time and more adaptive 

control system. Fuzzy logic is based on IF-THEN rules which focus on human operators in decision 

making and knowledge process [29]-[33]. Fuzzy logic is used in wide industrial applications in 

control systems, traffic signals, air conditioners and many large economic systems. There are several 

things that must be specified when designing a fuzzy logic control system, the first is monitoring and 

modifying the input and output variables, i.e. the controlled plant can be observed and controlled. 

The second is the presence of input and output data from which rules can be extracted. FLC operates 

on the assumption that there is a solution that is not necessarily optimal but within an acceptable 

range of accuracy [34]-[41]. 

In this study, the researchers propose developing a simulation model to conduct tests involving 

open-loop and closed-loop systems with no-load, constant-load, and variable-load conditions to 

represent linear and nonlinear systems. By analyzing the simulation results, the system's behavior 

for all proposed test cases is identified, which will be detailed later. The present research contributes 

to the tuning of gain constants by presenting and designing a conventional proportional integral 

derivative (PID) controller. Another contribution to the tuning of gain constants is the presentation 

and design of an expert Fuzzy Logic Controller (FLC) type. Through simulation and using the 

prototype and the proposed model according to the system results, this aims to experimentally verify 

the effectiveness of the proposed system. 

Brushless DC motors (BLDC motor) are machines that have important applications in many 

fields. Applications for systems that require an electric motor as part of this system. The system also 

needs a power source to operate the electric motor from suitable power sources that may change 

with different working conditions. Therefore, it requires the addition of a boost-type power 

converter with the possibility of adding control systems to deal with disturbances in the system. A 

system has been designed with specifications that suit and represent the contribution of the research 

in processing the high starting current and working to determine it through a control unit at the 

output of the converter that feeds the motor and the other contribution in improving and processing 

the amount of energy needed by the system. The speed of the BLDC motor is controlled using 

electronic switching of electronic inverter switches pulses called voltage source inverter (VSI). 

Simulation was conducted using MATLAB to verify the effectiveness of the system through factors 

including improving the system behavior and raising the level of performance indicators in real-time 

operating conditions that suit the proposed process. The simulation was conducted to test the system 

optimization using the conventional controller and the expert controller with different setup 

conditions and different loading conditions, i.e. the case of a linear system and a non-linear system. 

In comparison, the linear system proved to be effective with different control systems, while in the 

non-linear system, the expert outperformed the conventional one. The comparison was conducted 

according to measurement criteria such as the excesses of the specified amount above and below, 

response speed, rise time and settling time. The expert systems responded faster than the 

conventional ones. 

2. Method  

In this section there are two part include the first is Brushless DC (BLDC) motors that show in 

subpart number (A). Second is Speed Control Performance in BLDC Motor that show in subpart 

number (B). Control systems are typically used with electric motors specifically to control and 

regulate the rotational speed, rotor position, and torque variation. 

2.1. Brushless DC (BLDC) Motors 

The three phase BLDC motor like the permanent magnet in dynamic features and different 

from traditional DC motor because it has three phase windings and a permanent magnet rotor as in 
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Fig. 1 [42]-[44]. Similarly, equations (1)-(5) and Fig. 2 represent the mathematical model of BLDC 

motor [45]-[49]. 

 𝜔(𝑠)

𝑉𝑎𝑝𝑝(𝑠)
=

𝐾𝑡

𝐿. 𝑗. 𝑠2 + (𝐿𝐷 + 𝑗𝑅). 𝑠 + 𝐾𝑡 + 𝐾𝑏
 (1) 

 
𝑉𝑎𝑝𝑝(𝑠) = 𝐿.

𝑑𝑖(𝑡)

𝑑𝑡
+ 𝑅. 𝑖(𝑡) + 𝑉𝑒𝑚𝑓(𝑠) (2) 

 𝑉𝑒𝑚𝑓(𝑠) = 𝐾𝑏.𝜔(𝑡) (3) 

 𝑇(𝑡) = 𝐾𝑡. 𝑖(𝑡) (4) 

 
𝑇(𝑡) = 𝐽

𝑑𝜔(𝑡)

𝑑𝑡
+ 𝐷. 𝜔(𝑡) (5) 

Where: - 𝑉𝑎𝑝𝑝(𝑡) is input voltage, ω(t)t is instants motor speed, (L) is stator inductance, i(t) is circuit 

current, R is resistance of stator, 𝑉𝑒𝑚𝑓(t)is back electromotive force, (𝑇) is motor torque, (D) is 

viscous coefficient, (J)is moment of inertia, (Kt) is motor torque constant, and (𝐾𝑏)is back 

electromotive force constant. The transfer function of BLDC motor as shown in Fig. 2. 

 

Fig. 1.  Internal structure of BLDC motor 

 

Fig. 2. Transfer function of BLDC system 

2.2. Speed Control Performance in BLDC Motor by Proportional–Integral–Derivative (PID) 

Controller 

One of the most important applications of the traditional controller (PID controllers) is its use in 

controlling the movement and position of robots by controlling the electric motor. This is done by 
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controlling the rotational speed and setting it to the appropriate reference value. There is another 

application for controlling the position of the rotor and the torque. 

The control system has two types, open loop (no feedback) a system has output only and close 

loop (with feedback) a system that uses sensors to minimize error. In close loop type output 

becomes more optimized as shown in Fig. 3. The equations (6) Represent mathematical formulae for 

the PID controller. 

 
𝐶(𝑠) = 𝐾𝑝 +

𝐾𝑖

𝑠
+ 𝐾𝑑. 𝑠 (6) 

 
𝐶(𝑠) =

𝐾𝑝. 𝑠 + 𝐾𝑖 + 𝐾𝑑. 𝑠2

𝑠
 (7) 

 
𝑢(𝑡) = 𝐾𝑃 . 𝑒(𝑡) + 𝐾𝐼 . ∫ 𝑒(𝑡)

𝑡

0

𝑑𝑡 + 𝐾𝐷 .
𝑑𝑒(𝑡)

𝑑𝑡
 (8) 

 𝑢(𝑡) = 𝐾𝑃 + 𝐾𝐼/𝑠 + 𝐾𝐷 . 𝑠 (9) 

Where, the proportional (𝐾𝑃), integral (Ki), derivative(𝐾𝐷), constant gain respectively. (𝑡) Is the 

output of the PID controller, 𝑒(𝑡) is the error signal between input reference and output process [50]-

[55]. 

 

Fig. 3. Block diagram of PID controller 

2.3. Speed Control Performance in BLDC Motor by Fuzzy Logic control (FLC) 

The traditional control pid adjusts the frequency but faces difficulties in dealing with the large 

and fast changes. The performance improved fuzzy algorithm combing the pid-fuzzy control applied 

in this research to rapid and stable speed and torque control. A fuzzy-pid controller is used to adjust 

a pid controller parameters (kp, ki, kd) automatically. This modification allows fuzzy logic 

controller to work to meet the specified system requirements as shown in Fig. 4, where fuzzy logic 

controller receives two inputs: - the error e(t) and error change Δe(t) and gives three outputs: (kp, ki, 

kd). Error signal is generated by comparing real speed with required speed of stand-alone SG, while 

the change in error is calculated from the differentiation of error signal. The two signals are an 

income for fuzzy logic block. The system uses a knowledge base for fuzzy reasoning, where the 

system generates immediate corrections to the PID controller parameters Δkp, Δki, Δkd. These 

corrections enable the PID controller to adjust its parameters depending on the working conditions 

faced of the BLDC motor [56]-[62].  

3. Results and Discussion 

This section explains two parts include Modeling for open loop BLDC motor, Modeling closed 

loop of BLDC motor with PIDC or FLC. 
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Fig. 4. Block diagram of Fuzzy-PID controller 

3.1. Modeling for Open Loop of BLDC Motor 

In the current study, system tests are conducted under various conditions to identify the 

system's behavior for each of the proposed test cases. The first test case involves an open-loop 

system, which can be represented as a model in Fig. 5 and in Fig. 6, where the reference signal is the 

supply voltage, which is a positive input to the comparator with the actual value. The comparator's 

output is then input to the electrical component. An electrical current is then obtained at the 

electrical component's output and multiplied by a specified constant to obtain the torque, which is 

compared to the load as a mechanical torque. The comparator's output is then input to the 

mechanical component of the electric motor. The actual output is then obtained, allowing the motor 

to operate according to a specific behavior. This behavior is achieved by placing sensors for these 

quantities, as in Fig. 5 and in Fig. 6, which represent two test cases: a load and a constant load. In 

this part there are two test by using the modeling in Fig. 5 and in Fig. 6 that show the test at no load 

and at load bellow: 

 

Fig. 5. Modeling for open loop of BLDC motor at no load 

 

Fig. 6. Modeling for open loop of BLDC motor at load 

3.2. Simulation Results for Open Loop of BLDC Motor 

The system behavior for two initial open-loop test cases can be identified using the simulation 

models in the previous paragraph by drawing the reference voltage waves followed by the actual 

voltage value, current, and torques as shown in the Fig. 7, Fig. 8, Fig. 9, Fig. 10. 
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Fig. 7. Response of (EMF) for open loop BLDC at no load 

 

Fig. 8. Response of (current) for open loop BLDC at no load 

 

Fig. 9. Response of (torque) for open loop BLDC at no load 
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Fig. 10. Response of (speed)for open loop BLDC at no load 

The figures show a 20-second test run, with a waveform fluctuating halfway through the period, 

after which it stabilizes at a certain value. For example, in the voltage signal, we notice an increase 

in the voltage of approximately 30 volts, which is 50% higher than the specified value, and a 

decrease to 15 volts, which is 25% higher than the specified value. The other figure represents the 

current value, with the stabilization current being close to one, while the increase reaches 

approximately 2.5 and the decrease reaches 0.25. When looking at the torque wave signal, the 

stabilizing torque can be identified at 0.13, while the increase is more than 0.35, while the decrease 

is less than 0.05. The figure representing the value of the rotor speed of the motor indicates stability 

at an amplitude of approximately 130 revolutions, while the increase reaches 200 revolutions and 

the decrease reaches 100 revolutions. In the second test, when a load is added to the motor, current 

and torque signals and waves can be plotted, along with speed, to determine the magnitude of the 

change, as shown in the Fig. 11, Fig. 12, Fig. 13. 

 

Fig. 11. Response of (speed) for open loop BLDC at constant load 

The change in speed can be observed as the speed increases to 300 rpm and decreases to less 

than 100 rpm, while the load increases to 1.1 Nm, and the current drawn increases to 8 amps. 
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3.3. Simulation Modeling for Closed Loop System with PIDC Controller of BLDC Motor 

In this section the system response can be identified when the traditional control unit is added 

to the system. By conducting simulation tests, the response curve for current and speed can be drawn 

and compared to the previous case, as in the Fig. 14. 

 

Fig. 12.  Response of (torque) for open loop BLDC at constant load 

 

Fig. 13.  Response of (current) for open loop BLDC at constant load 

 

Fig. 14. Modeling of closed loop system with PIDC for BLDC at load 
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3.4. Response for Closed Loop System with PIDC Controller of BLDC Motor 

The system behavior for the closed loop system with PIDC for BLDC at load test cases can be 

identified using the simulation models in the previous paragraph by drawing the reference voltage 

waves followed by the actual voltage value, current, and torques as shown in the Fig. 15, Fig. 16, 

Fig. 17. 

 

Fig. 15. Speed response of closed loop system with PIDC for BLDC at variable load 

 

Fig. 16. Torque response of closed loop system with PIDC for BLDC at variable load 

3.5. Modeling for Closed Loop with Fuzzy Logic Control (FLC) of BLDC Motor 

In this part there are two test by using the modeling in Fig. 14, and in Fig. 15, that show the test 

at no load and at constant load load and the Fig. 16 show the subsystem of FLC model. Fuzzy logic 

is represented in simulations by input and output variables, which can be represented in Fig. 17 

under the heading (Fuzzy Logic Designer). After determining the number of variables in the input 

and output of the fuzzy logic simulation model (membership function editor)., the type of variables 

and the change limits for each type (-1,1) can be determined, as can be seen in Fig. 18 include (NB, 

NS, Z, PS and PB). The rules of fuzzy logic are represented in the simulation by the change in the 
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appropriate input and output limits of the variables in all possible input and output states as can be 

seen in Fig. 19. 

 

Fig. 17. Current response of closed loop system with PIDC for BLDC at variable load 

 

Fig. 18. Modeling for closed loop with FLC controller of BLDC motor at no load 

 

Fig. 19. Modeling for closed loop with FLC controller of BLDC motor at load 

3.6. Response for Closed Loop System with FLC Controller of BLDC Motor with Load 

The first test of this section by using the simulation model in Fig. 14 and the response can be 

show in Fig. 20, Fig. 21, Fig. 22, Fig. 23. The second test of this section by using the simulation 

model in Fig. 15 and the response can be show in Fig. 24, Fig. 25, Fig. 26, Fig. 27, Fig. 28, Fig. 29. 

Through simulation results for both the closed-loop system using the traditional controller and 

the expert controller, the level of improvement in system performance can be identified according to 

criteria that include response speed, specifically the settling time, the rise time, and the Overshoot 

(%), undershoot % (over- and under-exceeding rates) of the set value, which can be written in a 

Table 1.  
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Fig. 20. Model of FLC controller 

 

Fig. 21. Model of fuzzy logic designer for FLC controller 

 

Fig. 22. Model of membership function editor for FLC controller 



1564 
International Journal of Robotics and Control Systems 

ISSN 2775-2658 
Vol. 5, No. 2, 2025, pp. 1552-1570 

 

 

Zainab B. Abdullah (Performance Enhancement of BLDC Motor Drive Systems Using Fuzzy Logic Control and PID 

Controller for Improved Transient Response and Stability) 

 

 

Fig. 23. Model of rule editor for FLC controller 

 

Fig. 24. Speed response for closed loop with FLC controller of BLDC motor at no load 

 

Fig. 25. EMF response for closed loop with FLC controller of BLDC motor at no load 
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Fig. 26. Current response for closed loop with FLC controller of BLDC motor at no load 

 

Fig. 27. Torque response for closed loop with FLC controller of BLDC motor at no load 

 

Fig. 28. Speed response for FLC controller of BLDC motor at variable load 
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Fig. 29. Current response for FLC controller of BLDC motor at variable load 

Table 1.  System performance for conventional controller and the expert controller 

Type of Control Units 
Traditional Controller 

(PID Controller) 

Expert System (Fuzzy 

Logic Controller) 
Rise Time (Tr) 205.406 msec 71.780msec 

Settling Time 3.05 msec 5.505 msec 

Overshoot (%) 18.452% 6.989% 

Under Shoot (%) 6.633% 1.987% 

4. Conclusion 

In this study, a simulation model is proposed for development through implementation and 

operation tests. The model includes open- and closed-loop systems, under no-load, constant-load, 

and variable-load conditions, to represent linear and nonlinear systems. By analyzing the simulation 

results, the system behavior for all proposed test cases was determined. This research contributes to 

the tuning of gain constants by introducing and designing a conventional proportional-integral-

derivative (PID) controller. Another contribution to the tuning of gain constants is the introduction 

and design of an expert fuzzy logic controller (FLC). Through simulation, the use of a prototype, 

and the proposed model based on the system results, the effectiveness of the proposed system was 

experimentally verified. The conventional controller can be used to control rotational speed, torque, 

and rotor position in linear systems, while the expert controller is suitable for nonlinear systems. 

Future applications that can leverage the results of this study include electric vehicles and robotics, 

among others. 

 

Author Contribution: All authors contributed equally to the main contributor to this paper. All authors read 

and approved the final paper. 

Funding: This research received no external funding. 

Conflicts of Interest: The authors declare no conflict of interest. 

 

References 

[1] R. Kristiyono and W. Wiyono, “Autotuning Fuzzy PID Controller for Speed Control of BLDC Motor,” 

Journal of Robotics and Control (JRC), vol. 2, no. 5, pp. 400-407, 2021, 

https://doi.org/10.18196/jrc.25114.  

[2] M. Sai P. Reddy, K. Pranav, W. Rahman, B. V. Kumar, A. Jain and G. A B, “Speed Control of BLDC 

Motor using PWM and Arduino Uno,” E3S Web of Conferences, vol. 619, p. 02007, 2025, 

https://doi.org/10.1051/e3sconf/202561902007. 

https://doi.org/10.18196/jrc.25114
https://doi.org/10.1051/e3sconf/202561902007


ISSN 2775-2658 
International Journal of Robotics and Control Systems 

1567 
Vol. 5, No. 2, 2025, pp. 1552-1570 

  

 

Zainab B. Abdullah (Performance Enhancement of BLDC Motor Drive Systems Using Fuzzy Logic Control and PID 

Controller for Improved Transient Response and Stability) 

 

[3] R. Arulmozhiyal, “Design and Implementation of Fuzzy PID controller for BLDC motor using 

FPGA,” 2012 IEEE International Conference on Power Electronics, Drives and Energy Systems 

(PEDES), pp. 1-6, 2012, https://doi.org/10.1109/PEDES.2012.6484251.  

[4] R. Nutenki and B. V. Varma, “PID Controller Design for DC Motor Speed Control,” 2024 Fourth 

International Conference on Advances in Electrical, Computing, Communication and Sustainable 

Technologies (ICAECT), pp. 1-6, 2024, https://doi.org/10.1109/ICAECT60202.2024.10469124.  

[5] D. Zhang and J. Wang, “Fuzzy PID speed control of BLDC motor based on model design,” Journal of 

Physics: Conference Series, vol. 1303, no. 1, p. 012124, 2019, https://doi.org/10.1088/1742-

6596/1303/1/012124.  

[6] S. Muralidharan, T. Balasubramaniyam, P. K. KS, C. Aswin, “Performance analysis of controllers in 

BLDC motor,” E3S Web of Conferences, vol. 387, p. 01001, 2023, 

https://doi.org/10.1051/e3sconf/202338701001.  

[7] P. Palanivel, H, Alemayehu, R. Selvarasu, B. Chandramouli, R, Hiremath, “Design and Analysis of 

BLDC Motor Drive Based On Fuzzy-PID Controller,” International Journal of Electrical Engineering 

and Technology (IJEET), vol. 11, pp. 281-290, 2020, 

https://iaeme.com/MasterAdmin/Journal_uploads/IJEET/VOLUME_11_ISSUE_10/IJEET_11_10_039.

pdf.  

[8] K. Kroiˇcs and A. Bumanis, “BLDC Motor Speed Control with Digital Adaptive PID-Fuzzy Controller 

and Reduced Harmonic Content,” Energies, vol. 17, no. 6, p. 1311, 2024, 

https://doi.org/10.3390/en17061311.  

[9] A. Ramya, A. Imthiaz, M. Balaji, “Hybrid Self Tuned Fuzzy PID controller for speed control of 

Brushless DC Motor,” Automatika, vol. 57, no. 3, pp. 672-679, 2016, 

https://doi.org/10.7305/automatika.2017.02.1769.  

[10] Y. Cetinceviz, “Optimal Design, Electromagnetic–Thermal Analysis and Application of In-Wheel 

Permanent Magnet BLDC Motor for E-Mobility,” Applied Sciences, vol. 15, no. 6, p. 3258, 2025, 

https://doi.org/10.3390/app15063258. 

[11] K. Sayed, H. H. El-Zohri, A. Ahmed, M. Khamies, “Application of Tilt Integral Derivative for Efficient 

Speed Control and Operation of BLDC Motor Drive for Electric Vehicles,” Fractal and Fractional, vol. 

8, no. 1, p. 61, 2024, https://doi.org/10.3390/fractalfract8010061.  

[12] S. W. Shneen, Z. B. Abdullah, and H. S. Dakheel, “Design and Implementation of Voltage Source 

Inverter Using Sinusoidal Pulse Width Modulation Technique to Drive A Single-Phase Induction 

Motor,” International Journal of Robotics and Control Systems, vol. 4, no. 4, pp. 1527-1546, 2024, 

https://doi.org/10.31763/ijrcs.v4i3.1541.  

[13] A. L. Shuraiji, S. W. Shneen, “Fuzzy Logic Control and PID Controller for Brushless Permanent 

Magnetic Direct Current Motor: A Comparative Study,” Journal of Robotics and Control (JRC), vol. 3, 

no. 6, 2022, https://doi.org/10.18196/jrc.v3i6.15974.  

[14] S. W. Shneen, Z. B. Abdullah, H. S. Dakheel, “Design and Implemntation of No Load, Constant and 

Variable Load for DC Servo Motor,” Journal of Robotics and Control (JRC), vol. 4, no. 3, pp. 323-329, 

2023, https://doi.org/10.18196/jrc.v4i3.17387.  

[15] M. A. Shamseldin and A. A. EL-Samahy, “Speed control of BLDC motor by using PID control and 

self-tuning fuzzy PID controller,” 15th International Workshop on Research and Education in 

Mechatronics (REM), pp. 1-9, 2014, https://doi.org/10.1109/REM.2014.6920443.  

[16] S. I. Khather, M. A. Ibrahim, and M. H. Ibrahim, “Dual fuzzy logic PID controller based regulating of 

dc motor speed control with optimization using Harmony Search algorithm,” Eastern-European Journal 

of Enterprise Technologies, vol. 4, no. 8 (124), pp. 6-14, 2023, https://doi.org/10.15587/1729-

4061.2023.282830.  

[17] Y. O. M. Sekyere, P. O. Ajiboye, F. B. Effah, B. T. Opoku, “Optimizing PID control for automatic 

voltage regulators using ADIWACO PSO,” Scientific African, vol. 27, p. e02562, 2025, 

https://doi.org/10.1016/j.sciaf.2025.e02562.  

https://doi.org/10.1109/PEDES.2012.6484251
https://doi.org/10.1109/ICAECT60202.2024.10469124
https://doi.org/10.1088/1742-6596/1303/1/012124
https://doi.org/10.1088/1742-6596/1303/1/012124
https://doi.org/10.1051/e3sconf/202338701001
https://iaeme.com/MasterAdmin/Journal_uploads/IJEET/VOLUME_11_ISSUE_10/IJEET_11_10_039.pdf
https://iaeme.com/MasterAdmin/Journal_uploads/IJEET/VOLUME_11_ISSUE_10/IJEET_11_10_039.pdf
https://doi.org/10.3390/en17061311
https://doi.org/10.7305/automatika.2017.02.1769
https://doi.org/10.3390/app15063258
https://doi.org/10.3390/fractalfract8010061
https://doi.org/10.31763/ijrcs.v4i3.1541
https://doi.org/10.18196/jrc.v3i6.15974
https://doi.org/10.18196/jrc.v4i3.17387
https://doi.org/10.1109/REM.2014.6920443
https://doi.org/10.15587/1729-4061.2023.282830
https://doi.org/10.15587/1729-4061.2023.282830
https://doi.org/10.1016/j.sciaf.2025.e02562


1568 
International Journal of Robotics and Control Systems 

ISSN 2775-2658 
Vol. 5, No. 2, 2025, pp. 1552-1570 

 

 

Zainab B. Abdullah (Performance Enhancement of BLDC Motor Drive Systems Using Fuzzy Logic Control and PID 

Controller for Improved Transient Response and Stability) 

 

[18] M. A. Abdelghany, A. Okasha Elnady, and S. O. Ibrahim, “Optimum PID Controller with Fuzzy Self-

Tuning for DC Servo Motor,” Journal of Robotics and Control, vol. 4, no. 4, pp. 500-508, 2023, 

https://doi.org/10.18196/jrc.v4i4.18676.  

[19] M. Jabari and A. Rad, “Optimization of Speed Control and Reduction of Torque Ripple in Switched 

Reluctance Motors Using Metaheuristic Algorithms Based PID and FOPID Controllers at the Edge,” 

Tsinghua Science and Technology, vol. 30, no. 4, pp. 1526-1538, 2025, 

https://doi.org/10.26599/TST.2024.9010021.  

[20] S. W. Shneen, H. S. Dakheel, Z. B. Abdullah, “Simulation and modeling for controlling stepper motor 

with tuned PID by GWO: comparative study,” International Journal of Advances in Applied Sciences, 

vol. 13, no. 2, pp. 234-248, 2024, http://doi.org/10.11591/ijaas.v13.i2.pp234-248.  

[21] Z. B. Abdullah, H. S. Dakheel, S. W. Shneen, “Simulation model of using ANN and PID controller for 

2Ph-HSM by matlab,” AIP Conference Proceedings, vol. 3002, no. 1, p. 050004, 2024, 

https://doi.org/10.1063/5.0206748.  

[22] G. Sonugür, “Efficient speed control of DC motors: imitation learning with fuzzy logic expert systems,” 

Automatika, vol. 66, no. 2, pp. 306-320, 2025, https://doi.org/10.1080/00051144.2025.2480425.   

[23] A. Turan, “PID controller design with a new method based on proportional gain for cruise control 

system,” Journal of Radiation Research and Applied Sciences, vol. 17, no. 1, p. 100810, 2024, 

https://doi.org/10.1016/j.jrras.2023.100810.  

[24] C. G. Vázquez, D. T. Cotfas, A. G. Santos, P. A. Cotfas, L. Ávila, V. P. Garrido, “Optimal tuning of 

PID controllers focused on energy efficiency in a multivariable and coupled system. Case study: An 

AHU in the biopharmaceutical industry,” Applied Thermal Engineering, vol. 269, p. 126053, 2025, 

https://doi.org/10.1016/j.applthermaleng.2025.126053.  

[25] A. Turan, “Improved PID Control Design for Electric Power Steering DC Motor,” IEEE Access, vol. 

13, pp. 6080-6088, 2025, https://doi.org/10.1109/ACCESS.2024.3524303.  

[26] H. S. Dakheel, Z. B. Abdullah, N. S. Jasim, S. W. Shneen, “Simulation model of ANN and PID 

controller for direct current servo motor by using Matlab/Simulink,” TELKOMNIKA 

(Telecommunication Computing Electronics and Control), vol. 20, no. 4, pp. 922-932, 2022, 

http://doi.org/10.12928/telkomnika.v20i4.23248.  

[27] R. Saatch, “Fuzzy Logic Concepts, Developments and Implementation,” Information, vol. 15, no. 10, p. 

656, 2024, https://doi.org/10.3390/info15100656.  

[28] S. Audomsi, S. Wattana, N. Uthathip, W. Sa-ngiamvibool, “Development and Design of an Optimal 

Fuzzy Logic Two Degrees of Freedom-Proportional Integral Derivative Controller for a Two-Area 

Power System Using the Bee Algorithm,” Energies, vol. 18, no. 4, p. 915, 2025, 

https://doi.org/10.3390/en18040915.  

[29] A. B. Wazir, S. Alghamdi, A. Alobaidi, A. A. Alhussainy, A. H. Milyani, “Efficient Frequency 

Management for Hybrid AC/DC Power Systems Based on an Optimized Fuzzy Cascaded PI−PD 

Controller,” Energies, vol. 17, no. 24, p. 6402, 2024, https://doi.org/10.3390/en17246402.  

[30] M. A. Shamseldin, M. Araby, and S. El-khatib, “A Low-Cost High Performance Electric Vehicle 

Design Based on Variable Structure Fuzzy PID Control,” Journal of Robotics and Control, vol. 5, no. 6, 

pp. 1713-1721, 2024, https://doi.org/10.18196/jrc.v5i6.22071.  

[31] P. Chotikunnan et al., “Hybrid Fuzzy-Expert System Control for Robotic Manipulator Applications,” 

Journal of Robotics and Control (JRC), vol. 6, no. 1, pp. 155-165, 2025, 

https://doi.org/10.18196/jrc.v6i1.24956.  

[32] H. S. Dakheel, Z. B. Abdullah, S. W. Shneen, “Simulation model of FLC-PID based speed control 

system for DC motor drive by using matlab,” AIP Conference Proceedings, vol. 3002, no. 1, p. 060030, 

2024, https://doi.org/10.1063/5.0206580.  

[33] A. Kholiq, “Development of Adaptive PD Control for Infant Incubator Using Fuzzy Logic,” Journal of 

Robotics and Control, vol. 5, no. 3, pp. 756-765, 2024, https://doi.org/10.18196/jrc.v5i3.21510.  

https://doi.org/10.18196/jrc.v4i4.18676
https://doi.org/10.26599/TST.2024.9010021
http://doi.org/10.11591/ijaas.v13.i2.pp234-248
https://doi.org/10.1063/5.0206748
https://doi.org/10.1080/00051144.2025.2480425
https://doi.org/10.1016/j.jrras.2023.100810
https://doi.org/10.1016/j.applthermaleng.2025.126053
https://doi.org/10.1109/ACCESS.2024.3524303
http://doi.org/10.12928/telkomnika.v20i4.23248
https://doi.org/10.3390/info15100656
https://doi.org/10.3390/en18040915
https://doi.org/10.3390/en17246402
https://doi.org/10.18196/jrc.v5i6.22071
https://doi.org/10.18196/jrc.v6i1.24956
https://doi.org/10.1063/5.0206580
https://doi.org/10.18196/jrc.v5i3.21510


ISSN 2775-2658 
International Journal of Robotics and Control Systems 

1569 
Vol. 5, No. 2, 2025, pp. 1552-1570 

  

 

Zainab B. Abdullah (Performance Enhancement of BLDC Motor Drive Systems Using Fuzzy Logic Control and PID 

Controller for Improved Transient Response and Stability) 

 

[34] U. K. Bansal and R. Narvey, “Speed Control of DC Motor Using Fuzzy PID Controller,” Advance in 

Electronic and Electric Engineering, vol. 3, no. 9, pp. 1209-1220, 2013, 

https://www.ripublication.com/aeee/070_pp%20%20%20%20%201209-1220.pdf.  

[35] E. Natsheh, “Enhancing Field-Controlled DC Motors with Artificial Intelligence-Infused Fuzzy Logic 

Controller,” Journal of Applied Data Sciences, vol. 6, no. 1, p. 455-469, 2025, 

https://doi.org/10.47738/jads.v6i1.508.  

[36] A. A. A. Hashim, N. M. A. Ghani, S. Ahmad, M. R. Hashim, N. Z. A. Naharuddin, and A. Irawan, 

“Optimized Type-2 Fuzzy Logic Control for Low-Speed Vehicle Pedal Pressing Automation Using 

Hybrid Spiral Sine Cosine Algorithm,” IIUM Engineering Journal, vol. 26, no. 1, pp. 563-584, 2025, 

https://doi.org/10.31436/iiumej.v26i1.3436.  

[37] M. Siavashi and M. Hasanlu, “Experimental optimal control of servo-pneumatic with sliding mode and 

GA-fuzzy-PID-PWM,” Journal of Mechatronics and Artificial Intelligence in Engineering, vol. 5, no. 

2, pp. 199-214, 2024, https://doi.org/10.21595/jmai.2024.24656.  

[38] Z. B. Abdullah, S. W. Shneen, H. S. Dakheel, “Simulation model of PID controller for DC servo motor 

at variable and constant speed by using MATLAB,” Journal of Robotics and Control (JRC), vol. 4, no. 

1, pp. 54-59, 2023, https://doi.org/10.18196/jrc.v4i1.15866.  

[39] S. Autsou, K. Kudelina, T. Vaimann, A. Rassõlkin, A. Kallaste, “Principles and Methods of Servomotor 

Control: Comparative Analysis and Applications,” Applied Sciences, vol. 14, no. 6, p. 2579, 2024, 

https://doi.org/10.3390/app14062579.  

[40] S. B. Al-Tuhaifi and K. M. Al-Aubidy, “Neuro-fuzzy-based anti-swing control of automatic tower 

crane,” TELKOMNIKA (Telecommunication Computing Electronics and Control), vol. 21, no. 4, pp. 

891-900, 2023, http://doi.org/10.12928/telkomnika.v21i4.24044.  

[41] S. H. Omran, S. W. Shneen, B. I. Jameel, O. Hassoon, M. A. Fayad, F. B. Ismail, “Fuzzy Logic 

Technique Based on Classification Function Application in Quality Control,” Journal of Engineering 

and Sustainable Development, vol. 29, no. 1, pp. 105-111, 2025, https://doi.org/10.31272/jeasd.2326.  

[42] M. S. Hasan, A. F. Sharaf, M. D. Albakhait, A. I. Jaber, “High performance rectifier/multilevel inverter 

based BLDC motor drive with PI controller,” IOP Conference Series: Materials Science and 

Engineering, vol. 745, no. 1, p. 012005, 2020, https://doi.org/10.1088/1757-899X/745/1/012005.  

[43] S. Muralidharan, T. Balasubramaniyam, P. K. KS, C. Aswin, “Performance analysis of controllers in 

BLDC motor,” E3S Web of Conferences, vol. 387, p. 01001, 2023, 

https://doi.org/10.1051/e3sconf/202338701001.  

[44] D. Mohanraj et al., “A Review of BLDC Motor: State of Art, Advanced Control Techniques, and 

Applications,” IEEE Access, vol. 10, pp. 54833-54869, 2022, 

https://doi.org/10.1109/ACCESS.2022.3175011.  

[45] Z. A. Al-Dabbagh, S. W. Shneen, “Design of a PID Speed Controller for BLDC Motor with Cascaded 

Boost Converter for High-Efficiency Industrial Applications,” International Journal of Robotics and 

Control Systems, vol. 5, no. 1, pp. 22-46, 2025, http://dx.doi.org/10.31763/ijrcs.v5i1.1601.  

[46] K. Fathoni et al., “Performance Investigation of Model Predictive Control for Brushless DC Motor,” 

IOP Conference Series: Earth and Environmental Science, vol. 1381, no. 1, p. 012009, 2024, 

https://doi.org/10.1088/1755-1315/1381/1/012009.  

[47] H. S. Dakheel, Z. B. Abdullah, S. W. Shneen, “Advanced optimal GA-PID controller for BLDC motor,” 

Bulletin of Electrical Engineering and Informatics, vol. 12, no. 4, pp. 2077-2086, 2023, 

https://doi.org/10.11591/eei.v12i4.4649.  

[48] Z. Ahmad and R. Areg, “Intelligent Control System for Quadcopter Motor's (BLDC),” 2023 Seminar on 

Electrical Engineering, Automation & Control Systems, Theory and Practical Applications (EEACS), 

pp. 7-10, 2023, https://doi.org/10.1109/EEACS60421.2023.10397220.  

[49] Z. U. A. Zafar, N. Ali, C. Tunç, “Mathematical modeling and analysis of fractional-order brushless DC 

motor,” Advances in Difference Equations, vol. 43, pp. 1-25, 2021, https://doi.org/10.1186/s13662-021-

03587-3.  

https://www.ripublication.com/aeee/070_pp%20%20%20%20%201209-1220.pdf
https://doi.org/10.47738/jads.v6i1.508
https://doi.org/10.31436/iiumej.v26i1.3436
https://doi.org/10.21595/jmai.2024.24656
https://doi.org/10.18196/jrc.v4i1.15866
https://doi.org/10.3390/app14062579
http://doi.org/10.12928/telkomnika.v21i4.24044
https://doi.org/10.31272/jeasd.2326
https://doi.org/10.1088/1757-899X/745/1/012005
https://doi.org/10.1051/e3sconf/202338701001
https://doi.org/10.1109/ACCESS.2022.3175011
http://dx.doi.org/10.31763/ijrcs.v5i1.1601
https://doi.org/10.1088/1755-1315/1381/1/012009
https://doi.org/10.11591/eei.v12i4.4649
https://doi.org/10.1109/EEACS60421.2023.10397220
https://doi.org/10.1186/s13662-021-03587-3
https://doi.org/10.1186/s13662-021-03587-3


1570 
International Journal of Robotics and Control Systems 

ISSN 2775-2658 
Vol. 5, No. 2, 2025, pp. 1552-1570 

 

 

Zainab B. Abdullah (Performance Enhancement of BLDC Motor Drive Systems Using Fuzzy Logic Control and PID 

Controller for Improved Transient Response and Stability) 

 

[50] R. Arulmozhiyal and R. Kandiban, “Design of Fuzzy PID controller for Brushless DC motor,” 2012 

International Conference on Computer Communication and Informatics, pp. 1-7, 2012, 

https://doi.org/10.1109/ICCCI.2012.6158919.  

[51] S. A. Aessa, S. W. Shneen, and M. K. Oudah, “Optimizing PID Controller for Large-Scale MIMO 

Systems Using Flower Pollination Algorithm,” Journal of Robotics and Control, vol. 6, no. 2, pp. 553-

559, 2025, https://doi.org/10.18196/jrc.v6i2.24409.  

[52] T. M. Krishna, N. V. Gowri, G. S. Babu, B. Akshita, G. Agarwal, M. Netha, “Modelling and 

development of controller for BLDC motor,” International Journal of Electrical Engineering and 

Technology (IJEET), vol. 12, no. 6, pp. 200-210, 2021, 

https://iaeme.com/MasterAdmin/Journal_uploads/IJEET/VOLUME_12_ISSUE_6/IJEET_12_06_019.p

df.  

[53] I. Anshory, I. Robandi, A. Fudholi, “Transfer function modeling and optimization speed response of 

bldc motor e-bike using intelligent controller,” Journal of Engineering Science and Technology, vol. 16, 

no. 1, pp. 305-324, 2021, 

https://jestec.taylors.edu.my/Vol%2016%20issue%201%20February%202021/16_1_22.pdf.  

[54] R. Ma, X. Li, Y. Li, “Research on the speed control system of brushless DC motor based on fuzzy PID 

control,” Journal of Physics: Conference Series, vol. 2803, no. 1, p. 012047, 2024, 

https://doi.org/10.1088/1742-6596/2803/1/012047.  

[55] S. W. Shneen, R. K. Gaber, R. S. Salih, S. M. Jiaad, “Artificial Neural Network (ANN) based 

Proportional Integral Derivative (PID) for Arm Rehabilitation Device,” Kufa Journal of Engineering, 

vol. 16, no. 1, pp. 80-103, 2025, https://doi.org/10.30572/2018/KJE/160106.  

[56] M. Elhawat, H. Altınkaya, “Frequency Regulation of Stand-Alone Synchronous Generator via Induction 

Motor Speed Control Using a PSO-Fuzzy PID Controller,” Applied Sciences, vol. 15, no. 7, p. 3634, 

2025, https://doi.org/10.3390/app15073634.  

[57] M. Sall, A. Kebe, I. Gueye, M. Diop, “Comparative Study between the PID Regulator and the Fuzzy 

Regulator Applied to the Operation of a Brushless DC Motor,” Energy and Power Engineering, vol. 13, 

no. 11, pp. 365-376, 2021, https://doi.org/10.4236/epe.2021.1311025.  

[58] S. H. Omran, S. W. Shneen, M. H. Ali, Q. A. Jawad, S. A. Gitaffa, and H. M. Salman, “Comparative 

Traditional Methods of Attributes with Fuzzy Quality Control Charts for Improving the Quality of a 

Product,” Journal of Fuzzy Systems and Control, vol. 3, no. 1, pp. 22-29, 2024, 

https://doi.org/10.59247/jfsc.v3i1.273.  

[59] B. Xian, “DC Motor Angular Speed Stability Study Using the Fuzzy PID Controller,” International 

Conference on Mechanics, Electronics Engineering and Automation (ICMEEA 2024), 2024, 

https://doi.org/10.2991/978-94-6463-518-8_33.  

[60] M. I. Abdelwanis, “Optimizing the performance of six-phase induction motor-powered electric vehicles 

with fuzzy-PID and DTC,” Neural Computing and Applications, vol. 37, pp. 9721-9734, 2025, 

https://doi.org/10.1007/s00521-024-10455-0.  

[61] H. Li, H. Lin, J. Zhang, Y. Lu, “Design of precision machining servo system based on fuzzy PID 

composite control algorithm,” Third International Conference on Electrical, Electronics, and 

Information Engineering (EEIE 2024), vol. 13512, pp. 357-361, 2025, 

https://doi.org/10.1117/12.3057919.  

[62] S. M. Jiaad, S. W. Shneen, R. K. Gaber, “Disturbance Handling and Efficiency Optimization for 

SPWM-Three Phase Inverter by Using PID Controller System,” Journal of Robotics and Control (JRC), 

vol. 6, no. 2, pp. 1024-1032, 2025, https://doi.org/10.18196/jrc.v6i2.26146.  

https://doi.org/10.1109/ICCCI.2012.6158919
https://doi.org/10.18196/jrc.v6i2.24409
https://iaeme.com/MasterAdmin/Journal_uploads/IJEET/VOLUME_12_ISSUE_6/IJEET_12_06_019.pdf
https://iaeme.com/MasterAdmin/Journal_uploads/IJEET/VOLUME_12_ISSUE_6/IJEET_12_06_019.pdf
https://jestec.taylors.edu.my/Vol%2016%20issue%201%20February%202021/16_1_22.pdf
https://doi.org/10.1088/1742-6596/2803/1/012047
https://doi.org/10.30572/2018/KJE/160106
https://doi.org/10.3390/app15073634
https://doi.org/10.4236/epe.2021.1311025
https://doi.org/10.59247/jfsc.v3i1.273
https://doi.org/10.2991/978-94-6463-518-8_33
https://doi.org/10.1007/s00521-024-10455-0
https://doi.org/10.1117/12.3057919
https://doi.org/10.18196/jrc.v6i2.26146

