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Abstract—The transition towards autonomous electric vehicles (AEVs) demands unprecedented
levels of precision, efficiency, and reliability from their fundamental components. The Brushless
DC (BLDC) motor, a cornerstone of modern electric propulsion due to its high efficiency and
compact form factor, faces new challenges in the autonomous driving context. This review paper
consolidates recent research on the application of Artificial Intelligence (Al) to enhance the control
and simulation of BLDC motors for autonomous vehicle applications. It synthesizes findings from
various studies that explore machine learning algorithms, including Reinforcement Learning (RL),
Artificial Neural Networks (ANN), and Adaptive Neuro-Fuzzy Inference Systems (ANFIS), to
optimize motor performance. The review covers key areas such as Al-driven adaptive speed
control, fault-tolerant control strategies, and energy efficiency optimization. Furthermore, it
examines the role of real-time simulation environments in developing and validating these
intelligent control systems. By analyzing the collective progress in this field, this paper highlights
how Al-augmented strategies are pivotal in achieving the dynamic adaptability, fault resilience,

and operational efficiency required for the next generation of autonomous vehicles.
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I. INTRODUCTION

The automotive industry is undergoing a paradigm shift with the convergence of electric
propulsion and autonomous driving technologies. At the heart of this transformation lies the
Brushless DC (BLDC) motor, which has become the preferred choice for electric vehicles (EVS)
due to its superior characteristics, including high torque-to-weight ratio, low maintenance, and
wide operating speed range [1], [4]. However, the stringent demands of autonomous vehicles
(AVs)—which require real-time adaptability, precise maneuverability, and flawless system

reliability—extend beyond the capabilities of conventional motor control techniques.

Traditional control methods, such as Proportional-Integral-Derivative (PID) controllers, while
effective for setpoint regulation, often struggle to maintain optimal performance under the highly
dynamic and unpredictable conditions encountered by an AV, such as varying road gradients,
changing loads, and diverse terrains [4]. This gap has spurred significant research into intelligent
control systems that can learn, adapt, and make real-time decisions to ensure both safety and
efficiency. The integration of Artificial Intelligence (Al) into motor control strategies offers a

promising pathway to achieve these goals.

This review paper aims to provide a comprehensive overview of the recent advancements in Al-
enhanced control and simulation of BLDC motors specifically for autonomous vehicle
applications. It synthesizes contributions from multiple research efforts that have explored various
Al techniques, from fuzzy logic and neural networks to advanced reinforcement learning, to create
more robust, efficient, and fault-tolerant motor drive systems. The paper also discusses the critical
role of simulation platforms in developing and testing these complex algorithms before their

deployment in physical hardware, ultimately charting the future trajectory of this vital technology.

1. AI-ENHANCED CONTROL STRATEGIES FOR BLDC MOTORS
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The core of modern research lies in moving beyond static control laws to dynamic, intelligent
frameworks. Researchers have increasingly turned to Al to imbue motor controllers with the ability
to perceive their operational state and adapt accordingly. This section reviews the primary Al

techniques being applied.

A. Machine Learning for Adaptive Control

Machine learning (ML) algorithms are being extensively studied for their ability to optimize
BLDC motor performance in real-time. Mohanraj et al. [1] provide a foundational review,
identifying that intelligent control strategies, particularly those employing fuzzy logic and neural
networks, can significantly improve motor performance and energy efficiency in EVs. They
highlight how these methods can tackle major challenges like efficiency optimization, speed

control, and fault detection.

Furthering this concept, Pamuji et al. [4] conducted a comparative study of Fuzzy Logic
Controllers (FLC) and Artificial Neural Networks (ANN) for BLDC motor speed control. Their
findings demonstrate that these Al-based controllers outperform traditional PID controllers,
offering superior energy savings and more precise speed regulation. This is because Al controllers

can better handle the non-linearities inherent in motor dynamics and external disturbances.

B. Reinforcement Learning for Dynamic Parameter Tuning

A particularly promising area is the use of Reinforcement Learning (RL) for real-time adaptation.
The core paper by Kanase et al. [17] proposes an innovative Al-enhanced control strategy that
combines an RL agent with a conventional PID controller. In this hybrid architecture, the RL
controller, framed as a Markov Decision Process, continuously interacts with the motor and its
environment. It learns an optimal policy to dynamically adjust the PID gains (Kp, Ki, Kd) and
control inputs, as described by the Q-learning update rule. This synergy allows the system to

leverage the fast response and stability of the PID controller while benefiting from the RL agent's
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ability to optimize performance for energy consumption and speed stability under varying driving
conditions. The results reported in [17] indicate a substantial improvement in energy efficiency
(up to 18%) and a significant reduction in torque ripple (around 25%) compared to PID-only

control, showcasing the power of this adaptive approach.

C. Neuro-Fuzzy and Advanced Al Systems

Beyond basic ML and RL, hybrid neuro-fuzzy systems have also been explored. Rao et al. [10]
investigate the application of an Adaptive Neuro-Fuzzy Inference System (ANFIS) for controlling
BLDC motors in aerial vehicles (drones). ANFIS combines the learning capabilities of neural
networks with the reasoning structure of fuzzy logic, enabling real-time adaptability in motor
control parameterization. This work underscores the potential of such systems to improve overall
system stability and performance, a principle that is directly transferable to ground-based

autonomous vehicles [17].

Similarly, Chandran et al. [5] discuss a hybrid controller design, reinforcing the trend that
combining different control philosophies yields better results. Sheshadri et al. [6] also evaluate Al-
driven performance in drone applications, further validating the effectiveness of intelligent

algorithms in managing motor dynamics under challenging conditions.

1. FAULT-TOLERANCE AND RELIABILITY IN AUTONOMOUS SYSTEMS

For autonomous vehicles, where a failure can have critical safety consequences, the reliability of
the propulsion system is paramount. Al plays a crucial role in creating fault-tolerant control (FTC)

strategies that can detect and mitigate issues in real-time.
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Ahmed Baba et al. [2] propose a specific FTC strategy for Hall sensors in BLDC motor drives.
Their approach ensures that the motor can continue uninterrupted operation even when sensor
faults occur, a vital requirement for maintaining control in an AV. This work highlights the move

towards building resilience directly into the control logic.

Irimia et al. [7] extend this concept to more complex motor topologies, applying a fault-tolerant
control technique using Space Vector Modulation (SVM) for a five-phase BLDC motor in
autonomous driving applications. Their work demonstrates how advanced modulation techniques,
guided by fault-tolerant principles, can maintain motor functionality under faulty conditions,

thereby enhancing the overall safety of the autonomous system.

IV. SIMULATION AND MODELING FOR Al DEVELOPMENT

The development and validation of complex Al-driven control strategies are heavily reliant on
accurate and flexible simulation environments. Simulation allows researchers to safely test
algorithms under a wide range of conditions—including extreme and fault scenarios—without

risking physical hardware.

The methodology outlined in [17] utilizes a Matlab environment to create a comprehensive real-
time simulation framework. This platform integrates a dynamic model of the BLDC motor
(governed by its electrical and mechanical differential equations), the Al control algorithms (RL
and PID), and a road profile module that simulates various terrains (flat, uphill, downhill) and
conditions (dry, wet, icy). This setup, as illustrated in Fig. 1 of their paper [17], enables the
researchers to monitor key performance metrics like speed response, torque ripple, and energy
consumption under highly realistic, dynamic scenarios. Such detailed simulation is a critical step

before moving to hardware implementation.

Hachem et al. [3] also emphasize the importance of modeling and control for scaled autonomous

vehicle applications, demonstrating how simulation is used to understand and manage motor
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behavior in a controlled environment. Hojati et al. [9] contribute to this area by focusing on the
measurement of motor parameters under various operating conditions, providing essential data that

can be used to build more accurate and reliable simulation models.

V. SYNTHESIS AND FUTURE DIRECTIONS

The body of research reviewed here paints a clear picture: Al is not merely an incremental
improvement but a transformative force in BLDC motor control for autonomous vehicles. The key
findings from the literature are synthesized below in Table I, highlighting the focus and

contributions of various studies.

TABLE I. SUMMARY OF KEY RESEARCH ON AI-ENHANCED BLDC MOTOR
CONTROL

Focus Area Authors (Ref.) Key Contributions

. . Demonstrated that FLC, ANN, RL, and ANFIS
Mohanraj et al. [1], Pamuji et

Al Control outperform traditional PID in efficiency and speed
. al. [4], Kanase et al. [17], . . o
Techniques regulation; Hybrid RL-PID shows significant
Rao et al. [10] o

adaptability.

Developed strategies for uninterrupted motor|

Fault-Tolerant Ahmed Baba et al. [2], Irimia ] ] ]
operation during sensor faults, crucial for AV

Control etal. [7] L

safety and reliability.
Simulation & Hachem et al. [3], Hojati et Established comprehensive simulation
Modeling al. [9], Kanase et al. [17] environments for testing Al controllers under|
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Focus Area Authors (Ref.) Key Contributions

deployment.

A. Current Trends and Consensus

There is a strong consensus that Al enhances system adaptability, allowing the motor controller to
respond intelligently to changing environments [1], [17]. This directly translates to tangible
benefits: improved energy efficiency, which extends vehicle range [4], [17], and reduced torque
ripple, which leads to smoother and more comfortable rides [17]. Furthermore, the development
of Al-driven fault tolerance is now considered a critical component for achieving the high safety

standards required for full autonomy [2], [7].

B. Future Research Trajectories

While the simulated results are compelling, the literature consistently points to several key areas
for future work. The most immediate step is the hardware implementation and real-time
validation of these Al algorithms on platforms like microcontrollers (e.g., TI's C2000 series) to
confirm the simulation findings in physical systems [17]. Another crucial direction is
the coordination of multi-motor systems for all-wheel-drive autonomous vehicles, which
presents a more complex control challenge [17]. Future systems could also integrate data from
advanced sensors like LIDAR and GPS to provide the Al controller with a richer understanding of
the environment, leading to even better performance [17]. Finally, exploring hybrid optimization
algorithms and deeper integration with energy storage systems (battery management) will be key

to unlocking the next level of performance and efficiency [17].

VI. CONCLUSION

dynamic road/load conditions before hardware
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This review has explored the significant and growing role of Artificial Intelligence in the control
and simulation of BLDC motors for autonomous vehicle applications. The collective research
demonstrates that Al-augmented strategies, ranging from neural networks and fuzzy logic to
reinforcement learning, are essential for meeting the exacting demands of autonomous driving. By
enabling real-time adaptability, enhancing fault tolerance, and optimizing energy consumption,
these intelligent control systems are directly contributing to the development of safer, more
efficient, and more reliable autonomous electric vehicles. While challenges remain in hardware
validation and system integration, the foundation laid by current research provides a robust and
promising pathway towards a future where intelligent drives are the standard for autonomous
mobility.

REFERENCES

[1] D. Mohanraj, R. Aruladavid, R. Verma, K. Sathiyasekar, A. B. Barnawi, B. Chokkalingam,
and L. Mihet-Popa, "A review of BLDC motor: state of art, advanced control techniques, and
applications," IEEE Access, vol. 10, pp. 54833-54869, 2022.

[2] M. A. Baba, M. Naoui, and M. Cherkaoui, "Fault-Tolerant Control strategy for hall sensors in
BLDC motor drive for electric vehicle applications,” Sustainability, vol. 15, no. 13, pp. 10430,
2023.

[3] M. Hachem, A. Medero, H. Atoui, and O. Sename, "Modeling and Control of BLDC Motor
for Scaled Autonomous Vehicle Application,” in International Conference on Mechatronics and
Control Engineering, Singapore: Springer Nature Singapore, Jan. 2023, pp. 13-28.

[4] F. A. Pamuji, D. Danier, B. Sudarmanta, H. L. Guntur, P. R. Praskosa, and I. S. Waskito,
"Comparison of BLDC motor controller design for electric vehicles using Fuzzy Logic controller
and artificial neural network,” Przeglad Elektrotechniczny, vol. 97, no. 6, pp. 1-9, 2021.
[5] P. Chandran, N. J. Kingston, and N. Muthukrishnan, "Hybrid Controller Design of Bldc Motor



ISSN: 2583-5637
International journal of Inventive Research in Science and Technology

Volume 5 Issue 1 January 2026

For Electric Vehicle Applications,” in 2022 IEEE 2nd Mysore Sub Section International
Conference (MysuruCon), Oct. 2022, pp. 1-7.

[6] G. Sheshadri, G. M. Rao, A. A. Kumar, S. S. Prasad, S. Jareena, and C. Sriram, "Performance
Evaluation of BLDC Motor Drive in Drone Using Artificial Intelligence,” in 2023 7th
International Conference on Computation System and Information Technology for Sustainable
Solutions (CSITSS), Nov. 2023, pp. 1-6.

[7] N. D. Irimia, M. Luchian, F. I. Lazar, and A. Ipatiov, "Performant fault tolerant control by
using space vector modulation (svm) technique of a five phases bldc motor for autonomous driving
applications,™ in 2022 10th International Conference on Systems and Control (ICSC), Nov. 2022,
pp. 317-322.

[8] A. P. Setyawan and D. C. Happyanto, "Implementation of Intelligent Speed Control for
Autonomous Electric Vehicles," in 2023 International Electronics Symposium (IES), Aug. 2023,
pp. 58-63.

[9] M. Hojati, S. C. Mukhopadhyay, R. Han, and F. Taghizadeh, "Measurement of Parameters of
BLDC Motor under Various Conditions for Autonomous Vehicles Applications,” in 2023 16th
International Conference on Sensing Technology (ICST), Dec. 2023, pp. 1-6.
[10] G. M. Rao, B. L. Prasanna, V. Y. K. KaturiRayudu, B. V. S. Thrinath, and T. V. Gopal,
"Performance evaluation of BLDC motor drive mounted in aerial vehicle (drone) using adaptive
neuro-fuzzy," International Journal of Power Electronics and Drive Systems (IJPEDS), vol. 15,
no. 2, pp. 733-743, 2024.

[11] A. Paul, N. Rakhaine, and A. Ahammad, "Revolution in Campus Transportation: The
Autonomous Electric Vehicle With Smart Features,” in 2023 10th IEEE International Conference
on Power Systems (ICPS), Dec. 2023, pp. 1-5.



ISSN: 2583-5637
International journal of Inventive Research in Science and Technology

Volume 5 Issue 1 January 2026

[12] S. Pine and B. B. Choudhury, "Design Strategy and Implementation of Control Parameters
for BLDC Motor Application in an Electric Vehicle,” International Journal of Electrical

Engineering and Computer Science, vol. 6, 2024.

[13] J. Bae and D. H. Lee, "A Precise Position Control of Self-Driving Vehicle by BLDC Motors
at Arbitrary Curve Path,” Journal of Electrical Engineering & Technology, vol. 19, no. 8, pp.
4883-4893, 2024.

[14] S. S. A. Nagvi, H. Jamil, N. Igbal, S. Khan, D. I. Lee, Y. C. Park, and D. H. Kim, "Multi-
objective optimization of P1 controller for BLDC motor speed control and energy saving in Electric

Vehicles: A constrained swarm-based approach,” Energy Reports, vol. 12, pp. 402-417, 2024.

[15] S. Krishnamoorthy and P. P. K. Panikkar, "A comprehensive review of different electric

motors for electric vehicles application,” IJPEDS, vol. 15, no. 1, pp. 74-90, 2024.

[16] K. Gadekar, S. Joshi, and H. Mehta, "Performance Improvement in BLDC Motor Drive Using
Self-Tuning PID Controller," in 2020 Second International Conference on Inventive Research in
Computing Applications (ICIRCA), Coimbatore, India, 2020, pp. 1162-1166.

[17] D. Kanase, S. Chavan, and H. Mehta, "Al-Enhanced Control and Simulation of BLDC Motors
for Autonomous Vehicle Applications,” in 2025 Global Conference in Emerging Technology
(GINOTECH), Pune, India, May 2025.

10



