
 
 

 

85 Page 85-100 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

Journal of Power Electronics and Drives 

Volume 10, Issue 2, May- August 2025 

 

 

 

 

 

Intelligent Control Strategies for Power Electronic Drives in 

Electric Vehicle Applications 

 

Aniket S. Chavan 

Assistant Professor 

Department of Electrical Engineering 

R.K. Institute of Engineering and Technology, Pune 

E-mail Id: aniketchavan123@gmail.com 

 

ABSTRACT 

The increasing demand for electric vehicles (EVs) has amplified the 

importance of power electronics and drive systems, which serve as the 

foundation of EV propulsion and energy management. Power electronic 

converters and motor drives not only ensure efficient energy conversion but 

also enable smooth torque control, regenerative braking, and battery 

management. This paper investigates the role of intelligent control strategies 

in enhancing the performance of EV drives. Various motor types, such as 

induction motors, permanent magnet synchronous motors (PMSM), and 

switched reluctance motors, are analyzed concerning their compatibility with 

advanced drive technologies. Furthermore, the abstract examines the 

integration of artificial intelligence (AI), fuzzy logic, neural networks, and 

model predictive control in optimizing drive efficiency, reducing losses, and 

improving fault detection. The increasing reliance on wide-bandgap devices 

like SiC a GaN is also discussed for high-power-density applications. Special 

attention is given to the challenges of thermal stress, power quality, and EMI 

reduction in EV drives. The paper highlights how intelligent control strategies 

are redefining power electronics in electric mobility, making EVs more 

reliable, cost-effective, and sustainable. 

 

KEYWORDS: Electric Vehicle Drives, Intelligent Control, Wide-Bandgap 

Devices, Regenerative Braking, Artificial Intelligence. 
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INTRODUCTION 

The electric vehicle (EV) industry is experiencing rapid growth due to environmental 

concerns, fuel scarcity, and government policies promoting green transportation. A major 

component of EV performance is the power electronic drive system, which controls the 

electric motor responsible for vehicle propulsion. Conventional control methods are often 

limited by slow response, sensitivity to parameter variations, and inefficiency in dynamic 

conditions. To address these issues, intelligent control strategies have been increasingly 

employed in modern EV applications. Intelligent control techniques, including fuzzy logic, 

neural networks, adaptive control, and model predictive control, offer enhanced performance 

by providing adaptability, robustness, and better energy management. 

 

Electric vehicles rely on various types of electric motors such as induction motors (IM), 

permanent magnet synchronous motors (PMSM), and switched reluctance motors (SRM). 

The efficiency, torque response, and overall vehicle performance largely depend on how 

these motors are controlled under varying load and speed conditions. Intelligent control 

strategies play a crucial role in improving EV drive performance while maintaining efficiency 

and reducing energy consumption. 

 

Table 1: Comparison of Motor Types for EV Applications 

Motor 

Type 
Advantages Disadvantages 

Typical Use in 

EVs 

Efficiency 

(%) 

PMSM 

High efficiency, high 

torque density, smooth 

operation 

High cost, rare-earth 

magnets 

Passenger cars, 

high-performance 

EVs 

92–96 

Induction 
Robust, low cost, 

mature technology 

Lower efficiency at 

low speed, higher 

losses 

Mass-market EVs, 

buses 
85–90 

SRM 

Simple structure, 

rugged, low 

maintenance 

High torque ripple, 

noisy 

Electric buses, 

industrial EVs 
80–88 
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LITERATURE REVIEW 

In recent years, research in intelligent control for EV drives has increased significantly. Many 

studies focused on fuzzy logic controllers (FLC), which are effective for handling 

nonlinearities in motor control and uncertain driving conditions. For instance, FLC has been 

used for torque control of PMSM, allowing smooth acceleration and deceleration under 

varying load conditions. Neural network-based controllers have been applied for adaptive 

torque and speed control in induction motors, enabling self-learning and predictive 

adjustment based on vehicle dynamics. 

 

Model predictive control (MPC) is another approach that has gained attention due to its 

capability to optimize control signals over a prediction horizon. MPC improves energy 

efficiency and torque ripple reduction in PMSM drives. Additionally, hybrid control 

strategies combining fuzzy logic and neural networks, sometimes called neuro-fuzzy 

controllers, provide the benefits of both methods: learning capability and rule-based 

robustness. These hybrid controllers have been used in electric buses and passenger cars, 

demonstrating significant improvements in driving comfort and energy efficiency. 

 

Some studies have explored the use of reinforcement learning (RL) for EV drive control. RL 

algorithms can learn optimal control policies through trial-and-error interaction with the 

vehicle environment. This approach is particularly useful for autonomous EVs or situations 

where driving patterns vary unpredictably. However, implementation complexity and 

computational requirements are challenges that need to be addressed. 

 

TYPES OF INTELLIGENT CONTROL STRATEGIES 

Intelligent control strategies in electric vehicle (EV) drives are designed to improve motor 

performance, enhance energy efficiency, and provide robust operation under varying load and 

environmental conditions. The most commonly used strategies include fuzzy logic control, 

neural network control, model predictive control, and adaptive or self-tuning controllers. 

Each of these methods has unique benefits and is selected depending on the type of motor, 

application, and required performance. 

 

Fuzzy Logic Control (FLC) 

Fuzzy Logic Control is one of the earliest and most widely used intelligent control techniques 

in EV drives. Unlike conventional controllers that require an exact mathematical model, FLC 



 
 

 

88 Page 85-100 © MANTECH PUBLICATIONS 2025. All Rights Reserved 

 

Journal of Power Electronics and Drives 

Volume 10, Issue 2, May- August 2025 

 

 

 

 

 

works on a set of “if–then” linguistic rules that represent expert knowledge about system 

behavior. 

 How it Works: 

FLC takes inputs such as speed error and change in speed error, applies fuzzy inference 

rules, and generates a control signal for the inverter. The control action is smooth and 

adaptive, making it highly effective in nonlinear systems like electric motors. 

 

 Advantages: 

 Can handle parameter uncertainties and system nonlinearities. 

 Provides smooth control action, reducing torque ripple. 

 Easy to implement for low-speed operations. 

 

 Applications in EVs: 

FLC is often used for direct torque control (DTC) and vector control of PMSM and SRM 

drives. It ensures smooth acceleration and deceleration, which improves passenger 

comfort and reduces mechanical stress. 

 

 Challenges: 

Designing effective fuzzy rules and membership functions requires expert knowledge. 

Performance may degrade if the rules are not well tuned. 

 

Neural Network Control (NNC) 

Neural networks provide a data-driven approach to control. They are capable of learning 

nonlinear relationships between inputs and outputs, making them suitable for complex EV 

drive systems. 

 How it Works: 

A neural network controller is trained using input-output data from the EV system, such as 

motor current, voltage, and torque response. Once trained, the controller can predict control 

actions even in conditions it hasn’t explicitly seen before. 

 

 Advantages: 

 Adaptive and self-learning capability. 

 Can estimate motor parameters online and compensate for parameter variations. 
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 Excellent for applications with unpredictable load conditions. 

 

 Applications in EVs: 

NNC is widely used for speed control, torque prediction, and state estimation in induction 

motor and PMSM drives. It helps maintain consistent performance even under load 

fluctuations or battery voltage drops. 

 

 Challenges:  

Requires high computational resources and a sufficiently large dataset for training. 

Improperly trained networks may produce unstable responses. 

 

Model Predictive Control (MPC) 

Model Predictive Control is an advanced control technique that optimizes the control input by 

predicting future system behavior over a defined horizon. 

 How it Works: 

MPC uses a mathematical model of the EV drive system to predict future motor states 

(such as torque and current). It then computes the control inputs that minimize a cost 

function (such as energy loss or torque ripple) while respecting system constraints. 

 

 Advantages: 

 Can handle multivariable systems with constraints. 

 Improves energy efficiency and minimizes torque ripple. 

 Provides fast dynamic response during acceleration or braking. 

 

 Applications in EVs: 

MPC is used for field-oriented control of PMSM drives, energy-optimized acceleration 

profiles, and regenerative braking systems. It is also applied in traction control to prevent 

wheel slip during high acceleration. 

 

 Challenges: 

Requires significant processing power for real-time computation, which can increase cost 

and complexity. 
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Adaptive and Self-Tuning Controllers 

Adaptive controllers automatically adjust their parameters to maintain optimal performance 

despite changes in system dynamics. 

 How it Works: 

The controller continuously monitors system performance and adjusts control gains in 

real time. For example, if battery voltage drops or motor resistance changes due to 

temperature rise, the controller reconfigures itself to compensate for these changes. 

 

 Advantages: 

 Maintains stable performance under varying operating conditions. 

 Can be combined with other controllers (PI, fuzzy) for improved robustness. 

 Reduces the need for frequent manual tuning. 

 

 Applications in EVs: 

Widely used in induction motor drives, where parameters vary significantly with 

temperature and load. Also used in HEVs where power demand shifts frequently between 

engine and motor. 

 

 Challenges:  

Designing the adaptation mechanism can be complex, and poorly tuned adaptation can 

lead to instability. 

 

Table 2: Intelligent Control Strategies and Key Features 

Control 

Strategy 
Key Feature Strength Limitation 

Typical 

Application 

Fuzzy Logic 

Control 

Rule-based, 

handles 

nonlinearities 

Robust to 

uncertainty 

Requires expert 

knowledge for 

rules 

Low-speed torque 

control, SRM 

drives 

Neural 

Network 

Control 

Learns from data 
Adaptive, 

predictive 

High 

computational load 

Induction motor 

control, adaptive 

torque 

Model Optimization over Reduces torque Requires high PMSM drives, 
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Control 

Strategy 
Key Feature Strength Limitation 

Typical 

Application 

Predictive 

Control 

horizon ripple, improves 

efficiency 

processing power energy 

optimization 

Hybrid 

Neuro-Fuzzy 

Combines FLC 

and NNC 

Adaptive and 

robust 

Complex design 

and tuning 

Hybrid electric 

buses, multi-motor 

EVs 

 

HYBRID CONTROL STRATEGIES 

The growing complexity of electric vehicle (EV) drive systems often makes it challenging for 

a single control strategy to deliver optimal performance under all conditions. Hybrid control 

strategies address this challenge by combining two or more intelligent control methods to 

exploit their complementary strengths. The objective is to achieve high precision, 

adaptability, robustness, and efficiency simultaneously, which is critical for EV performance 

and reliability. 

 

Neuro-Fuzzy Control 

One of the most popular hybrid approaches is the neuro-fuzzy controller. 

 Concept: 

Neuro-fuzzy control integrates the learning ability of neural networks with the rule-based 

reasoning of fuzzy logic control (FLC). The neural network is used to automatically 

adjust fuzzy rules and membership functions based on real-time operating conditions. 

 

 Advantages: 

 Self-learning improves accuracy over time. 

 Can handle nonlinear systems with uncertain or changing parameters. 

 Provides smoother torque control and reduced current ripple. 

 

Application in EVs: 

Used for speed and torque control in PMSM and SRM drives. This results in smoother 

acceleration and improved energy efficiency during variable driving cycles such as city 

traffic or hilly terrains. 
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MPC-FLC Combination 

Another widely studied hybrid strategy is combining Model Predictive Control (MPC) with 

Fuzzy Logic Control. 

 Concept: 

MPC optimizes control inputs by predicting future system states, while FLC adds 

robustness and adaptive behavior when the model is inaccurate or parameters vary. 

 

 Advantages: 

 Optimized control decisions reduce energy consumption and torque ripple. 

 Adaptive nature compensates for disturbances like battery voltage drops or 

unexpected load changes. 

 Reduces computational complexity compared to using MPC alone, since fuzzy 

logic can simplify decision-making for certain states. 

 

 Application in EVs: 

Ideal for traction control, regenerative braking, and energy management systems. 

Provides better handling during rapid acceleration and emergency braking by distributing 

torque more efficiently between wheels. 

 

Genetic Algorithm + Fuzzy or Neural Control 

Some researchers use genetic algorithms (GA) with fuzzy or neural controllers for auto-

tuning purposes. 

 Concept:  

GA optimizes the parameters of fuzzy membership functions or neural network weights 

offline or online. 

 

 Advantages: 

 Ensures globally optimal control parameters rather than relying on trial-and-error 

tuning. 

 Reduces human dependency in controller design. 

 

 Application in EVs: 

Suitable for design of controllers where system parameters vary widely, such as multi- 
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motor drives or EV fleets with heterogeneous power trains. 

 

Sliding Mode Control + Artificial Intelligence 

Sliding Mode Control (SMC) is robust but suffers from chattering problems. Combining 

SMC with AI techniques like neural networks or fuzzy systems smoothens control action. 

 Advantages: 

 Maintains robustness of SMC while reducing chattering. 

 Provides faster dynamic response and enhanced stability in high-speed driving. 

 

 Application in EVs: 

Applied in high-performance electric sports cars and autonomous EVs where precise and 

fast control is critical. 

 

CHALLENGES IN IMPLEMENTATION 

While intelligent control strategies significantly enhance the performance of electric vehicle 

(EV) drive systems, their implementation is not free from practical difficulties. These 

challenges arise from hardware limitations, real-time constraints, environmental factors, and 

cost considerations. Understanding these limitations is critical before adopting such 

controllers in commercial EVs. 

 

1. Computational Complexity 

Many intelligent control algorithms, especially neural networks, model predictive control 

(MPC), and reinforcement learning-based controllers, involve heavy mathematical 

computations such as matrix operations, optimization routines, and iterative learning. 

 

 Real-Time Challenge: 

In an EV, control decisions must be made within milliseconds to ensure smooth torque 

response and safe vehicle operation. Running complex algorithms on microcontrollers 

with limited memory and clock speed can lead to delays or unstable control. 

 

 Example: 

MPC, though very efficient in theory, becomes computationally expensive for systems 

with multiple variables and constraints (multi-motor drives, battery state monitoring, 
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etc.). If not implemented efficiently, it may miss deadlines, causing delayed torque 

response. 

 

 Possible Solution: 

Techniques like code optimization, use of FPGAs/DSPs, and simplified prediction models 

are used to reduce computation time and enable real-time execution. 

 

2. Sensor and Measurement Limitations 

Intelligent controllers rely heavily on feedback signals such as motor current, rotor position, 

battery voltage, temperature, and vehicle speed. 

 Sources of Error: 

 Noise: Electromagnetic interference in high-power systems can distort sensor 

signals. 

 Delay: Digital sensors may introduce latency, leading to outdated feedback. 

 Failure: Sensor malfunction or wiring faults can lead to wrong control actions, 

risking motor or inverter damage. 

 

 Example: 

A noisy speed sensor can lead to unstable torque control in PMSM drives, resulting in 

jerks or oscillations during acceleration. 

 

 Possible Solution: 

Sensor fusion techniques, Kalman filters, and fault-tolerant control algorithms are often 

implemented to filter noise, estimate missing signals, and maintain system stability even 

with partial sensor failure. 

 

3. Parameter Variability 

The electrical and mechanical parameters of motors, inverters, and batteries are not constant. 

 Factors Affecting Parameters: 

 Temperature: Motor winding resistance increases with heat, affecting torque 

production. 

 Battery SOC (State of Charge): Voltage and internal resistance vary with charge 

level. 
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 Aging: With time, magnets lose strength, bearings wear, and battery performance 

degrades. 

 

 Impact: 

If the controller uses fixed parameters, its performance may degrade, resulting in 

inefficient torque control, higher energy losses, or even instability at extreme conditions. 

 

 Possible Solution: 

Adaptive control techniques or online parameter estimation are used to continuously 

update the controller with real-time values, compensating for variations. 

 

4. Cost and Implementation Constraints 

Intelligent control requires high-end hardware to process algorithms in real time. 

 Cost Drivers: 

 High-performance digital signal processors (DSPs) or FPGAs increase system 

cost. 

 Extra sensors for current, torque, and temperature monitoring add to material cost. 

 Additional software development and validation efforts raise R&D costs. 

 

 Industry Impact: 

For low-cost EVs or two-wheelers, implementing expensive control solutions may not be 

economically feasible. Manufacturers must balance performance improvement with cost 

targets. 

 

 Possible Solution: 

Designers often use hybrid approaches, combining basic PI controllers with limited 

intelligent features to keep hardware requirements low while still improving performance. 

 

5. Safety and Reliability 

EV drives work under high-voltage (300–800 V) and high-current conditions, where a 

wrong control signal could result in catastrophic failure. 

 Safety Concerns: 

 Over current conditions may damage the inverter or motor. 
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 Unstable torque control could lead to unsafe vehicle behavior (sudden acceleration 

or wheel lock). 

 Cybersecurity threats in IoT-enabled drives may allow malicious control 

interference. 

 

 Reliability Concerns: 

Controllers must maintain performance over thousands of drive cycles, across varying 

weather and road conditions, without frequent recalibration. 

 

 Possible Solution: 

 Redundant safety mechanisms, such as emergency shutdown circuits. 

 Fail-safe algorithms that revert to basic control methods in case of fault detection. 

 Rigorous hardware-in-the-loop (HIL) and real-world testing to ensure robustness 

before mass production. 

 

SCOPE AND FUTURE DIRECTIONS 

Intelligent control strategies for EV drives are evolving rapidly, and several trends are 

expected to shape the future: 

1. Integration of Artificial Intelligence: More advanced AI algorithms, including deep 

learning and reinforcement learning, will be used to optimize EV drive performance 

under complex and dynamic driving conditions. 

 

2. IoT-Enabled Smart Drives: Internet of Things (IoT) integration allows real-time data 

collection from vehicles and cloud-based predictive control. This can improve energy 

management and enable predictive maintenance. 

 

3. Emerging Wide-Bandgap Devices: The use of silicon carbide (SiC) and gallium nitride 

(GaN) devices in power electronics allows faster switching, higher efficiency, and 

reduced size of EV drive converters, making intelligent control even more effective. 

 

4. Multifunctional Converters: Future EV drives may combine motor drive, battery 

management, and grid connectivity into a single intelligent unit, allowing more efficient 

energy flow and improved system control. 
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5. Reinforcement Learning and Autonomous Control: Intelligent controllers capable of 

learning optimal driving policies from real-world scenarios can significantly improve EV 

range and performance. Autonomous EVs will particularly benefit from such adaptive 

strategies. 

 

6. Cyber-Physical Integration: EV drives are expected to integrate more closely with 

traffic infrastructure, smart grids, and other vehicles to achieve coordinated energy 

management and improved traffic safety. 

 

7. Multi-Motor and Distributed Drive Control: Advanced EVs with multiple motors, like 

in-wheel or hub motors, require sophisticated coordinated control strategies. Intelligent 

control can optimize torque distribution, reduce mechanical wear, and enhance stability. 

 

CASE STUDIES AND APPLICATIONS 

Several real-world applications demonstrate the effectiveness of intelligent control in EV 

drives. For example, electric buses in European cities have adopted fuzzy logic and neuro-

fuzzy controllers to reduce energy consumption and improve passenger comfort. High-

performance electric sports cars use model predictive control for precise torque vectoring and 

improved handling during high-speed maneuvers. In hybrid electric vehicles (HEVs), 

intelligent controllers optimize the interaction between internal combustion engines and 

electric drives, maximizing fuel efficiency and minimizing emissions. 

 

Research labs and universities are also actively experimenting with reinforcement learning-

based controllers. Early results show that RL can improve energy efficiency in city driving 

cycles by adapting to variable traffic conditions and driver behavior. Furthermore, hybrid 

adaptive controllers combining MPC and neural networks have shown reduced torque ripple 

and smoother acceleration profiles in both simulation and prototype EVs. 

 

IMPLEMENTATION TECHNIQUES 

The implementation of intelligent control strategies in EVs involves hardware and software 

integration: 

1. Hardware: Microcontrollers, digital signal processors (DSPs), and field-programmable 

gate arrays (FPGAs) are commonly used to implement intelligent algorithms. Wide-
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bandgap power electronics (SiC, GaN) allow higher switching frequencies and reduced 

losses, complementing advanced control techniques. 

2. Software: Algorithms are often implemented using MATLAB/Simulink, C/C++, or 

Python. Real-time operating systems (RTOS) are used to ensure deterministic 

performance. Simulation and hardware-in-the-loop (HIL) testing are critical to validate 

controller performance before deployment. 

3. Sensor Integration: Motor encoders, current and voltage sensors, and temperature 

sensors provide necessary feedback for intelligent control. Sensor fusion techniques are 

sometimes applied to improve accuracy and reliability. 

 

PERFORMANCE METRICS 

The effectiveness of intelligent control strategies can be evaluated using several metrics: 

 Torque Ripple Reduction: Smooth torque output reduces mechanical stress and 

improves driving comfort. 

 Energy Efficiency: Intelligent controllers aim to minimize energy consumption for a 

given driving cycle. 

 Dynamic Response: Quick adaptation to load changes and vehicle dynamics ensures 

better performance during acceleration, braking, or slope driving. 

 Robustness: Performance under parameter variations, sensor noise, and external 

disturbances demonstrates controller reliability. 

 

CONCLUSION 

The adoption of intelligent control strategies in EV power electronic drives has proven to be a 

game-changer in terms of efficiency, reliability, and adaptability. By employing AI-based 

algorithms, predictive control, and fuzzy logic systems, EV drives are capable of real-time 

optimization, ensuring smooth acceleration, effective torque management, and extended 

battery life. Regenerative braking, enabled through advanced drive control, contributes 

significantly to energy recovery and sustainability in electric mobility. Moreover, wide-

bandgap devices such as SiC and GaN have opened new avenues for achieving compact 

designs, higher switching frequencies, and improved thermal management, all of which are 

crucial for the mass adoption of EVs. Nevertheless, the challenges of cost reduction, fault 

tolerance, EMI compliance, and long-term reliability still need attention to ensure large-scale 

commercial deployment. In the future, the combination of intelligent control strategies with 
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cloud-based monitoring, IoT-enabled diagnostics, and big data analytics will further enhance 

the resilience and adaptability of EV drives. Overall, power electronics and intelligent drive 

systems are not just enablers of electric vehicles but also critical contributors to global energy 

sustainability and environmental conservation. 
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