
International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 3519-3529 

3519 

Application of PID Control System in Mecanum Wheelchair    

Rawiphon Chotikunnan1, Phichitphon Chotikunnan2*, Nuntachai Thongpance3, 
Tasawan Puttasakul4, Yutthana Pititheeraphab5, Manas Sangworasil6  

1, 2, 3, 4, 5, 6College of Biomedical Engineering, Rangsit University, Pathum Thani, Thailand 12000; Email: 
1rawiphon.c@rsu.ac.th, 2phichitphon.c@rsu.ac.th 

Abstracts: This research centers on the design and implementation of a control system for an electric wheelchair 
equipped with Mecanum wheels. The study details a comprehensive research methodology starting with the creation of a 
block diagram to guide system design, hardware selection, and overall implementation. The electric wheelchair system 
incorporates power resources, input devices, and energy output mechanisms, utilizing a 24 VDC battery and a joystick 
with a 10K ohm potentiometer connected to an Arduino Due microcontroller. The operational workflow of the system is 
defined, enabling the wheelchair to respond to joystick commands for forward, left turn, right turn, and other movements. 
A PID control system is employed to regulate motor movement, enhancing control precision. The Cohen-Coon tuning 
method is used to determine the PID controller's gain, ensuring efficient closed-loop control. Results from PID controller 
experiments under P control and PD control are presented, demonstrating the system's responses for different gain 
values. Optimal performance is observed with a Kp value of 80 and Kd value of 1.2, showcasing improved response 
speed, reduced rise time, enhanced setting time, and lower percent overshoot. In conclusion, the combined proportional 
and derivative control system, specifically with Kp = 80 and Kd = 1.2, proves to be effective in enhancing the Mecanum 
wheelchair's performance. This study provides valuable insights into precise parameter adjustments for optimal control in 
Mecanum wheelchair applications.   
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1. INTRODUCTION  

The prevalence of conditions like paraplegia, myasthenia gravis, and the growing aging population highlights the 

increasing demand for assistive devices. Wheelchairs, a common sight in hospitals, come in various types. Hand-

powered wheelchairs, though cost-effective, pose challenges, requiring significant user effort and occasional 

assistance. Electric wheelchairs, propelled by electric motors, offer enhanced mobility but encounter limitations in 

navigating tight spaces or overcoming obstacles. Research has extensively explored wheelchair user behavior, 

body proportions, and ergonomic workspace design [1], wheelchair use skills training, safety, fatigue, and repair 

frequency [2]-[5], with a focus on coaching services, public transport use, and improving wheelchair usability [6]-

[10]. 

Despite advancements, developing a prototype electric wheelchair faces cost challenges in mechanics and 

electrical control system design. The Arduino training kit emerges as an alternative for prototyping. Related studies 

cover motor control systems [11]-[13], autonomous electric vehicles utilizing ultrasonic sensors and GPS [14], car 

parking distance controllers [15], and small-scale robots with servo motor systems [16]. Additional applications 

include a balance robot [17], line-following robot with a camera sensor [18], and a temperature monitoring system 

for a baby incubator [19]. Wheelchair design for individuals with disabilities has evolved, featuring autonomous stair-

climbing wheelchairs [20], electric wheelchairs with balance systems [21], and mechanisms detecting sitting posture 

[22]. Simulation systems aid electric wheelchair practice [23]-[26], and innovative designs incorporate mechanical 

arms for assistance [27]. Control system development explores image processing aids [28], LIDAR for autonomous 

wheelchairs [29], navigation control for indoor travel [30], map applications [31], decision-making programs [32], and 

speed profile studies [33]. Novel approaches use facial expression, hand gesture, and eye detection for movement 

control [34]-[37]. Physiological signals like EOG [38],[39], EEG [41], [42], and haptic feedback [43] have been 

employed. Mecanum wheels offer a solution to mobility challenges, investigated in wheelchair designs [44],[45] and 

dynamic modeling [46]-[48]. Studies apply kinematic equations [49] and Lagrange equations [50] for design and 

control [53], [54]. Omnidirectional wheels [55]-[63], another option, find applications in robot locomotion testing [55] 

and pressure data studies [56]. Layout variations include a triangular arrangement [58]-[60] and a cross-shaped 

layout [61][62]. 

mailto:2phichitphon.c@rsu.ac.th


International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 3519-3529 

3520 

This study presents an electric wheelchair featuring mecanum wheels [64], enabling seamless omnidirectional 

movement. The design prioritizes the use of readily available materials, with a focus on convenient disassembly. 

Employing algorithms for joystick-controlled movement, the construction offers a cost-effective solution. Extensive 

testing has been conducted to validate the system's functionality. Additionally, a PID Controller system [65]-[80] has 

been meticulously designed, incorporating the Cohen-Coon tuning method for gain adjustment. The optimal 

configuration, determined through rigorous testing, reveals the superiority of the PD Controller system. 

2. RESEARCH METHODOLOGY 

2.1. Design of Electric Cart Control System with Mecanum Wheels 

     The research focuses on designing the control system and joystick for operating an electric cart with mecanum 

wheels[64], utilizing four motors corresponding to each wheel. Figure 1 illustrates the schematic diagram of the 

control system. The design process initiates with creating a block diagram to outline stages such as system design, 

hardware selection and design, and overall system implementation. The electric wheelchair system comprises three 

key components: power resources, input, and output. For power, a 24 VDC battery is employed, connected to a 3-

way switch facilitating wheelchair enablement, disablement, and charging mode selection. Input signals controlling 

the wheelchair's movement come from a joystick featuring a 10K ohm potentiometer (VR) and a 2-axis controller. 

These input devices connect to an Arduino Due microcontroller. The speed of the DC motors is regulated by these 

input signals, along with four H-bridge DC motor driver boards and control boxes linked to the Arduino Due. 

Additionally, an emergency button, connected to the Arduino Due, triggers a horn sound (piezo buzzer) in case of 

an emergency. Figure 1 depicts the entire electric wheelchair system, providing a comprehensive overview of its 

components and their connections. 

 

Figure 1. Schematic diagram of the electric cart control system 

     Figure 2 illustrates the configuration of the electric cart, which is steered by Mecanum wheels. The chosen motor 

for the electric cart is the LX44WG2490, featuring a torque of 60 Kg.cm at a speed of 71 RPM, an average torque of 

173 Kg.cm under load, and a maximum torque of 55 Nm. Operating at 24 V, the motor weighs 0.95 kg and is 

specifically designed for propelling the cart's wheels, as depicted in Figure 3. To create a versatile electric 

wheelchair capable of moving in all directions, computer program simulation modeling software was utilized to 
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design and analyze its movement. The design adheres to the ISO 2570-2555 standard and considers size 

requirements outlined in Table 1, employing stainless steel (SUS304L) as the material. The completed design, 

showcased in Figure 2, meets all pertinent criteria for electric wheelchairs with mecanum wheels, featuring 

dimensions of 1100 mm in length, 560 mm in width, and 890 mm in height. 

  

  

Figure 2. Electric cart controlled by mecanum wheels 
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Figure 3. Mecanum wheel electric cart 

Table 1. Comparison of electric wheelchair design dimensions with iso 2570-2555 requirements 
Dimensions ISO 2570-2555 requirements(mm) Designed cart size (mm) 

Overall length 1,200 1,100 

Overall width 700 560 

Overall height 1,090 890 

2.2. The Workflow of System Operation 

The system operation workflow defines the operation schedule of the cart system using mecanum wheels, 

allowing it to move in response to commands received from joystick. The control is approximately determined based 

on the joystick's movement and the generated angles to facilitate forward, left turn, right turn, or other movements. 

The control program resides in the motor control box. After selecting the direction, the system employs a PID 

system to control the movement. The program estimates the control input of the system to drive the motors. The 

system measures signals from the encoder, providing feedback to the control system, thus completing the program 

operation, as depicted in Figure 4. 

 

Figure 4. The workflow of system operation 

2.3. Designing a PID Control System for the Mecanum Wheelchair    

     PID control system [81]-[92] is employed in closed-loop control systems, also known as feedback control 

systems. Ongoing advancements in modern automation continually refine techniques to enhance the efficiency of 

continuous control systems. The PID controller, shown in Figure 5, remains widely accepted in industrial 

applications due to its straightforward structure, simple design, and versatility across various control tasks. The PID 

control mechanism comprises three sub-controllers: 1) The Proportional term or P-controller, 2) The Integral term or 

I-controller, and 3) The Derivative term or D-controller. In the realm of PID control theory, the framework is 
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presented as a Continuous-Time PID controller. However, when implemented in a Microcontroller Unit (MCU), 

adaptation to a Discrete-Time PID controller is necessary. The latter can be derived from the continuous-time PID 

controller theory, as expressed in Equation (1). 
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Figure 5. Block diagram of the PID control system. 

     For determining the Gain value of the PID controller, a Close Loop Control system is employed by setting Kp to 1 and Ki, Kd to 

0. The system's response is then measured, as illustrated in Figure 6. The Cohen-Coon tuning method's table is utilized to find 

the system's gain, with conditions for approximating values during the selection of gain, as depicted in Table 2. The Cohen-Coon 

tuning method, employed in the process, builds upon The Ziegler-Nichols method, incorporating more data from the system. This 

method relies on three variables - the steady state gain (a), the time delay (L), and the time constant (T) - to define the process. 

As this method utilizes more process data, it significantly improves control performance. 

 

Figure 6. Block diagram of the PID control system. 

Table 3. The mecanum wheelchair's system response utilizing P control 
Cohen Coon Kc Ti Td 

P Controller (1/)(1+((0.35)/(1-)))   

PI Controller (0.9/)(1+((0.92)/(1-))) ((3.3-3.0)/(1+1.2))L  

PD Controller (1.24/)(1+((0.13)/(1-)))  ((0.27-0.36)/(1-0.87))L 

PID Controller (1.35/)(1+((0.18)/(1-))) ((2.5-2.0)/(1-0.39))L ((0.37-0.37)/(1-0.81))L 

 
(2) 

 

(3) 
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3. RESULTS 

      In the motor system's PID control testing, experiments were conducted by changing the speed from 0 RPS to 

0.75 RPS using a Step input signal. The tested control systems included P Controller and PD Controller, with tuning 

performed using The Cohen-Coon tuning method and manual adjustments. In this design, the Integral term (I) was 

omitted in the PID control system for the Mecanum Wheelchair, as introducing values in the I term could 

compromise the stability of the motor system used in the wheelchair. 

     For the P Controller experiment, different Kp values (70, 80, 100) were designed for the electric wheelchair, 

observing the system response for each wheel (left-front, left-rear, right-front, right-rear) as depicted in Figure 7. The 

system responses under P control are summarized in Table 3. Notably, with a Kp value of 100, there was a high 

percentage overshoot (%Os) and a considerably higher setting time compared to the setpoint. In contrast, the Kp 

value of 70 showed a significantly lower setting time than the setpoint, lower than that of Kp = 80. However, the 

system did not experience %Os. The optimal performance was recorded at Kp = 80 under P control, with the lowest 

rise time and relatively low percent overshoot. 

  

  

Figure 7. System response of a Mecanum Wheelchair employing P control 

  

  

Figure 8. System response of a Mecanum Wheelchair employing PD control 
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     Moving on to the PD Controller experiment with designed Kp at 80 and Kd at 0.8, 1.2, and 2, respectively, for the 

electric wheelchair, the system response for each wheel (left-front, left-rear, right-front, right-rear) was observed, as 

shown in Figure 8. The system responses under PD control are summarized in Table 4. With Kp = 80 and Kd = 2, 

there was a high %Os and a considerably higher setting time compared to the setpoint. On the other hand, Kp = 80 

with Kd = 1.2 and 0.8 resulted in significantly lower setting times, closely matching each other in response. In 

summary, the combined proportional and derivative control under Kp = 80 and Kd = 1.2 demonstrated the best 

overall performance, improving system response speed, reducing rise time, improving setting time, and lowering 

percent overshoot. 

     These results highlight the effectiveness of combining proportional and derivative control in enhancing the 

performance of the Mecanum Wheelchair. The specific parameter values provide optimal response characteristics. 

The gain adjustments enable precise control, meeting the desired performance criteria for the Mecanum 

Wheelchair. 

Table 3. The mecanum wheelchair's system response utilizing P control 
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Kp(70) - 3.2 -32.86 - 3.2 -37.14 - 3.4 -30 - 3.4 -32.86 

Kp(80) - 3.8 -5.71 - 3.6 -8.57 - 3.8 -15.71 - 3.4 -11.43 

Kp(100) 1.2 4.6 84.29 1.2 4.8 74.29 1.2 4.6 78.57 1.2 4.6 70 

Table 4. The mecanum wheelchair's system response utilizing PD control 
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Kp(80), 
Kd(0.8) 

- 1.6 -14.29 - 2 -15.71 - 2 -11.43 - 1.8 -12.86 

Kp(80), 
Kd(1.2) 

- 1.8 -5.71 - 2 -5.71 - 2.2 -10 - 2 -12.86 

Kp(80), 
Kd(2) 

0.4 2.6 31.43 0.4 2.8 30 0.4 4 42.86 0.4 4 31.43 

CONCLUSIONS 

In conclusion, this research investigated the application of PID control in the motor system of a Mecanum 

Wheelchair, employing P Controller and PD Controller configurations. The experiments involved tuning parameters 

using The Cohen-Coon method and manual adjustments, focusing on achieving optimal performance. For the P 

Controller, varying Kp values were tested, revealing that Kp = 80 yielded the most favorable outcomes, 

demonstrating the lowest rise time and relatively low percent overshoot. The PD Controller experiments with Kp = 80 

and different Kd values indicated that Kd = 1.2 resulted in the best overall performance, exhibiting improved 

response speed, reduced rise time, enhanced setting time, and lower percent overshoot. The combination of 

proportional and derivative control, specifically with Kp = 80 and Kd = 1.2, proved to be the most effective in 

enhancing the Mecanum Wheelchair's performance. This study provides valuable insights into the precise 

parameter adjustments necessary for achieving optimal control and meeting the desired performance criteria for 

Mecanum Wheelchair applications. 

 

 

 



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 3519-3529 

3526 

ACKNOWLEDGMENTS 

The preparation of this research project has been successfully accomplished with the help of grants from the 

National Research Council of Thailand and Glory M Corporation Limited in respect of incash and inkind research 

grants respectively and thanks to the research institute, Rangsit University that facilitates the management of 

research funding.The research team would like to thank Assoc. Prof. Dr. Manas Sangworasilp and all advisors for 

giving advice on conducting the research. Thank you to all experts who have given advice in various fields.We 

would like to thank the College of Biomedical Engineering, Rangsit University for providing support in terms of 

research facilities, as well as thanking the Thai Industrial Standards Institute (TISI) for providing suggestions and 

advice for solving various problems in doubt with industry standard testing until such research can be accomplished. 

REFERENCES  

[1] M. Z. Mistarihi, “A data set on anthropometric measurements and degree of discomfort of physically disabled workers for ergonomic 
requirements in work space design,” Data in brief, vol. 30, 2020. 

[2] G. V. Henderson, M. L. Boninger, B. E. Dicianno, and L. A. Worobey, “Type and frequency of wheelchair repairs and resulting adverse 
consequences among veteran wheelchair users,” Disability and Rehabilitation: Assistive Technology, vol. 17, no. 3, pp. 331-337, 2022. 

[3] R. Gartz, M. Goldberg, A. Miles, R. Cooper, J. Pearlman, M. Schmeler and J. Hale, “Development of a contextually appropriate, reliable and 
valid basic Wheelchair Service Provision Test,” Disability and Rehabilitation: Assistive Technology, vol. 12, no. 4, pp. 333-340, 2017. 

[4] C. J. Tu, L. Liu, W. Wang, H. P. Du, Y. M. Wang, Y. B. Xu and P. Li, “Effectiveness and safety of wheelchair skills training program in improving 
the wheelchair skills capacity: a systematic review,” Clinical rehabilitation, vol. 31, no. 12, pp. 1573-1582, 2017. 

[5] T. E. Nightingale, P. C. Rouse, D. Thompson and J. L. Bilzon, “Measurement of physical activity and energy expenditure in wheelchair users: 
methods, considerations and future directions,” Sports medicine-open, vol. 3, no. 1, pp. 1-16, 2017. 

[6] M. Toro, R. Gartz, M. Goldberg, P. Rushton, N. Seymour, K. Fung and J. Pearlman, “Wheelchair service provision education in 
academia,” African Journal of Disability, vol. 6, no. 1, pp. 1-8, 2017. 

[7] P. Geoerg, J. Schumann, S. Holl and A. Hofmann, “The influence of wheelchair users on movement in a bottleneck and a corridor,” Journal of 
advanced transportation, vol. 2019, 2019. 

[8] E. McSweeney and R. J. Gowran, “Wheelchair service provision education and training in low and lower middle income countries: a scoping 
review,” Disability and Rehabilitation: Assistive Technology, vol. 14, no. 1, pp. 33-45, 2019. 

[9] E. Williams, E. Hurwitz, I. Obaga, B. Onguti, A. Rivera, T. R. L. Sy and E. Bazant, “Perspectives of basic wheelchair users on improving their 
access to wheelchair services in Kenya and Philippines: a qualitative study,” BMC international health and human rights, vol. 17, no. 1, pp. 
1-12, 2017. 

[10] R. Velho, “Transport accessibility for wheelchair users: A qualitative analysis of inclusion and health,” International Journal of Transportation 
Science and Technology, vol. 8, no. 2, pp. 103-115, 2019. 

[11] A. Ma'arif and N. Rahmat Setiawan, “Control of DC Motor Using Integral State Feedback and Comparison with PID: Simulation and Arduino 
Implementation,” Journal of Robotics and Control (JRC), vol. 2, no. 5, pp. 456-461, 2021, doi: 10.18196/jrc.25122. 

[12] M. Saad, A. H. Amhedb and M. Al Sharqawi, “Real time DC motor position control using PID controller in LabVIEW,” Journal of Robotics and 
Control (JRC), vol. 2, no. 5, pp. 342-348, 2021. 

[13] A. Ma'arif and A. Çakan, “Simulation and Arduino Hardware Implementation of DC Motor Control Using Sliding Mode Controller,” Journal of 
Robotics and Control (JRC), vol. 2, no. 6, pp. 582-587, 2021, doi: 10.18196/jrc.26140. 

[14] A. A. Mohammed, A. Abdullahi and A. Ibrahim, “Development of a Prototype Autonomous Electric Vehicle,” Journal of Robotics and Control 
(JRC), vol. 2, no. 6, pp. 559-564, 2021. 

[15] J. Susilo, A. Febriani, U. Rahmalisa and Y. Irawan, “Car parking distance controller using ultrasonic sensors based on arduino uno,” Journal 
of Robotics and Control (JRC), vol. 2, no. 5, pp. 353-356, 2021. 

[16] A. R. Al Tahtawi, M. Agni and T. D. Hendrawati, “Small-scale Robot Arm Design with Pick and Place Mission Based on Inverse 
Kinematics,” Journal of Robotics and Control (JRC), vol. 2, no. 6, pp. 469-475, 2021. 

[17] M. R. Islam, M. R. T. Hossain and S. C. Banik, “Synchronizing of stabilizing platform mounted on a two-wheeled robot,” Journal of Robotics 
and Control (JRC), vol. 2, no. 6, pp. 552-558, 2021. 

[18] S. D. Perkasa, P. Megantoro and H. A. Winarno, “Implementation of a camera sensor pixy 2 CMUcam5 to a two wheeled robot to follow 
colored object,” Journal of Robotics and Control (JRC), vol. 2, no. 6, pp. 469-501, 2021. 

[19] A. Latif, A. Z. Arfianto, J. E. Poetro, T. N. Phong and E. T. Helmy, “Temperature Monitoring System for Baby Incubator Based on Visual 
Basic,” Journal of Robotics and Control (JRC), vol. 2, no. 1, pp. 47-50, 2021. 

[20] M. Hinderer, P. Friedrich and B Wolf, “An autonomous stair-climbing wheelchair. Robotics and autonomous systems, vol. 94, pp. 219-225, 
2017. 

[21] P. Chotikunnan and B. Panomruttanarug, “The application of fuzzy logic control to balance a wheelchair,” Journal of control engineering and 
applied informatics, vol. 18, no. 3, pp. 41-51, 2016. 

[22] C. Ma, W. Li, R. Gravina and G. Fortino, “Posture detection based on smart cushion for wheelchair users,” Sensors, vol. 17, no. 4, pp. 719, 
2017. 

[23] N. W. John, S. R. Pop, T. W. Day, P. D. Ritsos and C. J. Headleand, “The implementation and validation of a virtual environment for training 
powered wheelchair manoeuvres,” IEEE transactions on visualization and computer graphics, vol. 24, no. 5, pp. 1867-1878, 2017. 

[24] Y. Morère, G. Bourhis, K. Cosnuau, G. Guilmois, E. Rumilly and E. Blangy, “ViEW: a wheelchair simulator for driving analysis,” Assistive 
technology, vol. 32, no. 3, pp. 125-135, 2018. 



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 3519-3529 

3527 

[25] A. Alshaer, H. Regenbrecht and D. O’Hare, “Immersion factors affecting perception and behaviour in a virtual reality power wheelchair 
simulator,” Applied ergonomics, vol. 58, pp. 1-12, 2017. 

[26] S. Arlati, V. Colombo, G. Ferrigno, R. Sacchetti and M. Sacco, “Virtual reality-based wheelchair simulators: A scoping review,” Assistive 
Technology, vol. 32, no. 6, pp. 294-305, 2020. 

[27] L. Yang, N. Guo, R. Sakamoto, N. Kato and K. I. Yano, “Electric Wheelchair Hybrid Operating System Coordinated with Working Range of a 
Robotic Arm,” Journal of Robotics and Control (JRC), vol. 3, no. 5, pp. 679-689, 2022. 

[28] A. Hartman and V. K. Nandikolla, “Human-machine interface for a smart wheelchair,” journal of Robotics, vol. 2019. 2019. 

[29] W. Szaj, P. Fudali, W. Wojnarowska and S. Miechowicz, “Mechatronic Anti-Collision System for Electric Wheelchairs Based on 2D LiDAR 
Laser Scan,” Sensors, vol. 21, no. 24, 2021. 

[30] O. Piña-Ramirez, R. Valdes-Cristerna and O. Yanez-Suarez, “Scenario screen: A dynamic and context dependent P300 stimulator screen 
aimed at wheelchair navigation control,” Computational and mathematical methods in medicine, vol. 2018. 2018. 

[31] A. Mobasheri, J. Deister and H. Dieterich, “Wheelmap: the wheelchair accessibility crowdsourcing platform,” Open Geospatial Data, 
Software and Standards, vol. 2, no. 1, pp. 1-7, 2017. 

[32] M. J. Haddad and D. A. Sanders, “Selecting a best compromise direction for a powered wheelchair using PROMETHEE,” IEEE Transactions 
on Neural Systems and Rehabilitation Engineering, vol. 27, no. 2, pp. 228-235, 2019. 

[33] R. M. A. Van der Slikke, B. S. Mason, M. A. M. Berger and V. L. Goosey-Tolfrey, “Speed profiles in wheelchair court sports; comparison of 
two methods for measuring wheelchair mobility performance,” Journal of Biomechanics, vol. 65, pp. 221-225, 2017. 

[34] M. Dahmani, M. E. Chowdhury, A. Khandakar, T. Rahman, K. Al-Jayyousi, A. Hefny and S. Kiranyaz, “An intelligent and low-cost eye-tracking 
system for motorized wheelchair control,” Sensors, vol. 20, no. 14, 2020. 

[35] Y. Rabhi, M. Mrabet and F. Fnaiech, “Intelligent control wheelchair using a new visual joystick,” Journal of Healthcare Engineering, vol. 2018, 
2018. 

[36] Y. Rabhi, M. Mrabet and F. Fnaiech, “A facial expression controlled wheelchair for people with disabilities,” Computer methods and programs 
in biomedicine, vol. 165, pp. 89-105, 2018. 

[37] H. H. Tesfamikael, A. Fray, I. Mengsteab, A. Semere and Z. Amanuel, “Simulation of Eye Tracking Control based Electric Wheelchair 
Construction by Image Segmentation Algorithm,” Journal of Innovative Image Processing (JIIP), vol. 3, no.1, pp. 21-35, 2021. 

[38] J. J. Gu, M. Meng, A. Cook and P. X. Liu, Design, “Sensing and control of a robotic prosthetic eye for natural eye movement,” Applied 
Bionics and Biomechanics, vol. 3, no. 1, pp. 29-41, 2006. 

[39] Q. Huang, S. He, Q. Wang, Z. Gu, N. Peng, K. Li and Y. Li, “An EOG-based human–machine interface for wheelchair control,” IEEE 
transactions on biomedical engineering, vol. 65, no. 9, pp. 2023-2032, 2017. 

[40] R. H. Abiyev, N. Akkaya, E. Aytac, I. Günsel and A. Çağman, “Brain-computer interface for control of wheelchair using fuzzy neural 
networks,” BioMed research international, vol. 2016, 2016. 

[41] S. Mishra, J. J. Norton, Y. Lee, D. S. Lee, N. Agee, Y. Chen and W. H. Yeo, “Soft, conformal bioelectronics for a wireless human-wheelchair 
interface,” Biosensors and Bioelectronics, vol. 91, pp. 796-803, 2017. 

[42] Z. T. Al- Qaysi, B. B. Zaidan, A. A. Zaidan and M. S. Suzani, “A review of disability EEG based wheelchair control system: Coherent 
taxonomy, open challenges and recommendations,” Computer methods and programs in biomedicine, vol. 164, pp. 221-237, 2018. 

[43] M. A. Hadj-Abdelkader, G. Bourhis and B. Cherki, “Haptic feedback control of a smart wheelchair,” Applied Bionics and Biomechanics, vol. 9, 
no. 2, pp. 181-192, 2012. 

[44] L. Sang, M. Yamamura, F. Dong, Z. Gan, J. Fu, H. Wang and Y. Tian, “Analysis, design and experimental research of a novel wheelchair-
stretcher assistive robot,” Applied Sciences, vol. 10, no. 1, 2019. 

[45] I. Zeidis and K. Zimmermann, “Dynamics of a four‐wheeled mobile robot with Mecanum wheels,” ZAMM‐Journal of Applied Mathematics and 
Mechanics/Zeitschrift für Angewandte Mathematik und Mechanik, vol. 99, no. 12, 2019. 

[46] Y. Li, S. Dai, Y. Zheng, F. Tian and X. Yan, “Modeling and kinematics simulation of a Mecanum wheel platform in RecurDyn,” Journal of 
Robotics, vol. 2018, 2018. 

[47] Z. Hendzel and Ł. Rykała, “Modelling of dynamics of a wheeled mobile robot with mecanum wheels with the use of Lagrange equations of 
the second kind,” International Journal of Applied Mechanics and Engineering, vol. 22, no. 1, 2017. 

[48] C. E. O. Lima, “Dynamic Obstacle Avoidance for 4 Wheeled Omni Wheelchair using a New Type of Mecanum Wheel,” International Journal 
of Innovative Science and Research Technology, vol. 4, no. 7, pp. 600-606, 2019. 

[49] Y. Li, S. Dai, L. Zhao, X. Yan and Y. Shi, “Topological design methods for mecanum wheel configurations of an omnidirectional mobile 
robot,” Symmetry, vol. 11, no. 10, 2019. 

[50] Y. Li, S. Ge, S. Dai, L. Zhao, X. Yan, Y. Zheng and Y. Shi, “Kinematic modeling of a combined system of multiple mecanum-wheeled robots 
with velocity compensation,” Sensors, vol. 20, no. 1, 2019. 

[51] R. O. Isah, O. M. Olaniyi, J. G. Kolo and D. Z. “Babatunde, A smart omnidirectional controlled wheelchair,” Journal of Engineering Science,  
vol. 27, no. 4, pp. 88-102, 2020. 

[52] Y. Li, S. Dai, Y. Shi, L. Zhao and M. Ding, “Navigation simulation of a Mecanum wheel mobile robot based on an improved A* algorithm in 
Unity3D,” Sensors, vol. 19, no. 13, 2019. 

[53] P. S. Yadav, V. Agrawal, J. C. Mohanta and M. F. Ahmed, “A robust sliding mode control of mecanum wheel-chair for trajectory 
tracking,” Materials Today: Proceedings, vol. 56, pp. 623-630, 2022. 

[54] Z. Yuan, Y. Tian, Y. Yin, S. Wang, J. Liu and L. Wu, “Trajectory tracking control of a four mecanum wheeled mobile platform: an extended 
state observer‐based sliding mode approach,” IET Control Theory & Applications, vol. 14, no. 3, pp. 415-426, 2020. 

[55] H. Yang, S. Wang, Z. Zuo and P. Li, “Trajectory tracking for a wheeled mobile robot with an omnidirectional wheel on uneven ground,” IET 
Control Theory & Applications, vol. 14, no. 7, pp. 921-929, 2020. 

[56] S. Duda, O. Dudek, G. Gembalczyk and T. Machoczek, “Determination of the kinematic excitation originating from the irregular envelope of 
an omnidirectional wheel,” Sensors, vol. 21, no. 20, 2021. 

[57] J. Palacín, D. Martínez, E. Rubies and E. Clotet, “Suboptimal omnidirectional wheel design and implementation,” Sensors, vol. 21, no. 3, 



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 3519-3529 

3528 

2021. 

[58] R. T. Yunardi, D. Arifianto, F. Bachtiar and J. I. Prananingrum, “Holonomic implementation of three wheels omnidirectional mobile robot using 
dc motors,” Journal of Robotics and Control (JRC), vol. 2, no. 2, pp. 65-71, 2021. 

[59] W. Batayneh and Y. AbuRmaileh, “Decentralized motion control for omnidirectional wheelchair tracking error elimination using PD-fuzzy-P 
and GA-PID controllers,” Sensors, vol. 20, no. 12, 2020. 

[60] E. Rubies and J. Palacín, “Design and FDM/FFF Implementation of a Compact Omnidirectional Wheel for a Mobile Robot and Assessment 
of ABS and PLA Printing Materials,” Robotics, vol. 9, no. 2, 2020. 

[61] D. U. Rijalusalam and I. Iswanto, “Implementation kinematics modeling and odometry of four omni wheel mobile robot on the trajectory 
planning and motion control based microcontroller,” Journal of Robotics and Control (JRC), vol. 2, no. 5, pp. 448-455, 2021. 

[62] C. Kim, J. Suh and J. H. Han, “Development of a hybrid path planning algorithm and a bio-inspired control for an omni-wheel mobile 
robot,” Sensors, vol. 20, no. 15, 2020. 

[63] M. Hijikata, R. Miyagusuku and K. Ozaki, “Wheel Arrangement of Four Omni Wheel Mobile Robot for Compactness,” Applied Sciences, vol. 
12, no. 12, 2022. 

[64] Jam, F.A., Khan, T.I., Zaidi, B., & Muzaffar, S.M. (2011). Political Skills Moderates the Relationship between Perception of Organizational 
Politics and Job Outcomes. 

[65] N. Thongpance and P. Chotikunnan, “Design and Construction of Electric Wheelchair with Mecanum Wheel,” Journal of Robotics and 
Control (JRC), vol. 4, no. 1, pp. 71-82, 2023, doi: 10.18196/jrc.v4i1.17095. 

[66] A. Baharuddin and M. Basri, “Self-Tuning PID Controller for Quadcopter using Fuzzy Logic,” International Journal of Robotics and Control 
Systems, vol. 3, no. 4, pp. 728-748, 2023, doi: 10.31763/ijrcs.v3i4.1127. 

[67] A. Saba, T. Sikiru, I. Bello, A. Salawudeen, and U. Dodo, “Modified Fractional Order PID Controller for Load Frequency Control of Four Area 
Thermal Power System,” International Journal of Robotics and Control Systems, vol. 3, no. 2, pp. 187-205, 2023, doi: 
10.31763/ijrcs.v3i2.957. 

[68] A. Shuraiji and S. 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, pp. 762-768, 2022, doi: 10.18196/jrc.v3i6.15974. 

[69] A. Wongkamhang, N. Wuttipan, R. Chotikunnan, K. Roongprasert, P. Chotikunnan, N. Thongpance, M. Sangworasil, A. Srisiriwat, et al., 
“Design and Develop a Non-Invasive Pulmonary Vibration Device for Secretion Drainage in Pediatric Patients with Pneumonia,” Journal of 
Robotics and Control (JRC), vol. 4, no. 5, pp. 632-642, 2023, doi: 10.18196/jrc.v4i5.19588. 

[70] C. Ben Jabeur and H. Seddik, “Optimized Neural Networks-PID Controller with Wind Rejection Strategy for a Quad-Rotor,” Journal of 
Robotics and Control (JRC), vol. 3, no. 1, pp. 62-72, 2021, doi: 10.18196/jrc.v3i1.11660. 

[71] C. Márquez-Vera, Z. Yakoub, M. Márquez Vera, and A. Ma'arif, “Spiking PID Control Applied in the Van de Vusse Reaction,” International 
Journal of Robotics and Control Systems, vol. 1, no. 4, pp. 488-500, 2021, doi: 10.31763/ijrcs.v1i4.490. 

[72] Jam, F. A., Akhtar, S., Haq, I. U., Ahmad-U-Rehman, M., & Hijazi, S. T. (2010). Impact of leader behavior on employee job stress: evidence 
from Pakistan. European Journal of Economics, Finance and Administrative Sciences, (21), 172-179. 

[73] D. Saputra, A. Ma'arif, H. Maghfiroh, P. Chotikunnan, and S. Rahmadhia, “Design and Application of PLC-based Speed Control for DC Motor 
Using PID with Identification System and MATLAB Tuner,” International Journal of Robotics and Control Systems, vol. 3, no. 2, pp. 233-244, 
2023, doi: 10.31763/ijrcs.v3i2.775. 

[74] P. Chotikunnan, R. Chotikunnan, and P. Minyong, “Adaptive Parallel Iterative Learning Control with A Time-Varying Sign Gain Approach 
Empowered by Expert System,” Journal of Robotics and Control (JRC), vol. 5, no. 1, pp. 72-81, 2024. DOI: 
https://doi.org/10.18196/jrc.v5i1.20890. 

[75] P. Chotikunnan, R. Chotikunnan, A. Nirapai, A. Wongkamhang, P. Imura, and M. Sangworasil, “Optimizing Membership Function Tuning for 
Fuzzy Control of Robotic Manipulators Using PID-Driven Data Techniques,” Journal of Robotics and Control (JRC), vol. 4, no. 2, pp. 128-
140, 2023, doi: 10.18196/jrc.v4i2.18108. 

[76] E. Widya Suseno and A. Ma'arif, “Tuning of PID Controller Parameters with Genetic Algorithm Method on DC Motor,” International Journal of 
Robotics and Control Systems, vol. 1, no. 1, pp. 41-53, 2021, doi: 10.31763/ijrcs.v1i1.249. 

[77] H. Budiarto, V. Triwidyaningrum, F. Umam, and A. Dafid, “Implementation of Automatic DC Motor Braking PID Control System on (Disc 
Brakes),” Journal of Robotics and Control (JRC), vol. 4, no. 3, pp. 371-387, 2023, doi: 10.18196/jrc.v4i3.18505. 

[78] I. Zaway, R. Jallouli-Khlif, B. Maaleja, H. Medhaffar, and N. Derbela, “Multi-objective Fractional Order PID Controller Optimization for Kid's 
Rehabilitation Exoskeleton,” International Journal of Robotics and Control Systems, vol. 3, no. 1, pp. 32-49, 2022, doi: 
10.31763/ijrcs.v3i1.840. 

[79] Z. Abdullah, S. Shneen, and H. 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, doi: 10.18196/jrc.v4i1.15866. 

[80] L. Thuy Anh, T. Thi Thanh Nga, and V. Van Hoc, “PID-Type Iterative Learning Control for Output Tracking Gearing Transmission Systems,” 
International Journal of Robotics and Control Systems, vol. 1, no. 3, pp. 256-268, 2021, doi: 10.31763/ijrcs.v1i3.395. 

[81] M. Shamseldin and M. Abdelghany, “A New Self-Tuning Nonlinear PID Motion Control for One-Axis Servomechanism with Uncertainty 
Consideration,” Journal of Robotics and Control (JRC), vol. 4, no. 2, pp. 118-127, 2023, doi: 10.18196/jrc.v4i2.17433. 

[82] L. Fong, M. Islam, and M. Ahmad, “Optimized PID Controller of DC-DC Buck Converter based on Archimedes Optimization Algorithm,” 
International Journal of Robotics and Control Systems, vol. 3, no. 4, pp. 658-672, 2023, doi: 10.31763/ijrcs.v3i4.1113. 

[83] M. Khalifa, A. Amhedb, and M. Al Sharqawi, “Real Time DC Motor Position Control Using PID Controller in LabVIEW,” Journal of Robotics 
and Control (JRC), vol. 2, no. 5, pp. 342-348, 2021, doi: 10.18196/jrc.25104. 

[84] M. Samuel, M. Mohamad, M. Hussein, and S. Mad Saad, “Lane Keeping Maneuvers Using Proportional Integral Derivative (PID) and Model 
Predictive Control (MPC),” Journal of Robotics and Control (JRC), vol. 2, no. 2, pp. 78-82, 2021, doi: 10.18196/jrc.2256. 

[85] E. Rahayu, A. Ma'arif, and A. Çakan, “Particle Swarm Optimization (PSO) Tuning of PID Control on DC Motor,” International Journal of 
Robotics and Control Systems, vol. 2, no. 2, pp. 435-447, 2022, doi: 10.31763/ijrcs.v2i2.476. 

[86] M. Shamseldin, “Adaptive Controller with PID, FOPID, and NPID Compensators for Tracking Control of Electric – Wind Vehicle,” Journal of 
Robotics and Control (JRC), vol. 3, no. 5, pp. 546-565, 2022, doi: 10.18196/jrc.v3i5.15855. 



International Journal of Membrane Science and Technology, 2023, Vol. 10, No. 3, pp 3519-3529 

3529 

[87] M. Elouni, H. Hamdi, B. Rabaoui, and N. Braiek, “Adaptive PID Fault-Tolerant Tracking Controller for Takagi-Sugeno Fuzzy Systems with 
Actuator Faults: Application to Single-Link Flexible Joint Robot,” International Journal of Robotics and Control Systems, vol. 2, no. 3, pp. 
523-546, 2022, doi: 10.31763/ijrcs.v2i3.762. 

[88] M. Iqbal and W. Aji, “Wall Following Control System with PID Control and Ultrasonic Sensor for KRAI 2018 Robot,” International Journal of 
Robotics and Control Systems, vol. 1, no. 1, pp. 1-14, 2021, doi: 10.31763/ijrcs.v1i1.206. 

[89] M. Zadehbagheri, A. Ma'arif, R. Ildarabadi, M. Ansarifard, and I. Suwarno, “Design of Multivariate PID Controller for Power Networks Using 
GEA and PSO,” Journal of Robotics and Control (JRC), vol. 4, no. 1, pp. 108-117, 2023, doi: 10.18196/jrc.v4i1.15682. 

[90] P. Chotikunnan and R. Chotikunnan, “Dual Design PID Controller for Robotic Manipulator Application,” Journal of Robotics and Control 
(JRC), vol. 4, no. 1, pp. 23-34, 2023, doi: 10.18196/jrc.v4i1.16990. 

[91] D. Sonny Febriyan and R. Dwi Puriyanto, “Implementation of DC Motor PID Control On Conveyor for Separating Potato Seeds by Weight,” 
International Journal of Robotics and Control Systems, vol. 1, no. 1, pp. 15-26, 2021, doi: 10.31763/ijrcs.v1i1.221. 

[92] P. Chotikunnan and Y. Pititheeraphab, “Adaptive P Control and Adaptive Fuzzy Logic Controller with Expert System Implementation for 
Robotic Manipulator Application,” Journal of Robotics and Control (JRC), vol. 4, no. 2, pp. 217-226, 2023, doi: 10.18196/jrc.v4i2.17757. 

[93] 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, doi: 10.18196/jrc.25114. 

[94] R. Chotikunnan, K. Roongprasert, P. Chotikunnan, P. Imura, M. Sangworasil, and A. Srisiriwat, “Robotic Arm Design and Control Using 
MATLAB/Simulink,” International Journal of Membrane Science and Technology, vol. 10, no. 3, pp. 2448-2459, 2023, doi: 
https://doi.org/10.15379/ijmst.v10i3.1974. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DOI: https://doi.org/10.15379/ijmst.v10i3.3395 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License 
(http://creativecommons.org/licenses/by-nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, 
provided the work is properly cited. 

https://doi.org/10.15379/ijmst.v10i3.1974
mailto:https://doi.org/10.15379/ijmst.v10i3.1470

