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Abstract:  This paper explores the integration of artificial intelligence (AI) technologies in power electronics 

applications, highlighting their role in enhancing voltage regulation and computational efficiency. As both 

fields continue to evolve, AI has emerged as a powerful tool for optimizing power electronics, particularly in 

converter control. Power electronics, a key domain in power systems engineering, focuses on medium-to-

high voltage regulation, primarily through converters that require advanced control strategies for efficient 

power switching. AI’s computational capabilities enable more precise and adaptive control, addressing the 

limitations of traditional methods. This study examines three major applications of AI in power electronics, 

discusses the challenges of implementation, and presents a roadmap for overcoming these obstacles. By 

bridging the gap between AI and power electronics, this research aims to pave the way for smarter, more 

efficient power management solutions. 

 

Index Terms - Power Electronics, Artificial Intelligence (AI), Machine Learning (ML), Voltage Regulation, 

Power Converters, Computational Efficiency, Control Systems, Optimization, Adaptive Control, Smart 

Power Management, AI-Powered Switching, Medium-to-High Voltage Conditioning, AI Integration, Power 

Systems Engineering.  

I. INTRODUCTION 

Power electronics plays a crucial role in modern technology, enabling efficient power conversion and 

energy control across various applications. From power systems and renewable energy to motor control, 

industrial automation, and consumer electronics, power electronic devices are an integral part of everyday 

life. As the field continues to advance, integrating artificial intelligence (AI) has emerged as a 

transformative approach to enhancing system performance, efficiency, and reliability.AI, a branch of 

computer science focused on solving complex problems, has a wide range of applications. In power 

electronics, AI is particularly valuable for automating intricate control processes, optimizing energy 

management, and improving fault detection. Recent research highlights AI's ability to enhance efficiency, 

ensure reliability, and create intelligent, self-adaptive systems. This self-awareness and adaptability are 

fundamental to achieving the next generation of autonomous power electronics systems.Several AI 

techniques have proven effective in power electronics applications, including neural networks, fuzzy logic, 

genetic algorithms, machine learning, and reinforcement learning. Neural networks enable pattern 

recognition and complex relationship modeling in power systems, while fuzzy logic is useful for handling 

nonlinearities and uncertainties. Genetic algorithms optimize controller parameters, system designs, and 

efficiency. Machine learning techniques analyze vast datasets to uncover patterns that improve performance, 

and reinforcement learning facilitates adaptive control strategies in dynamic environments.Despite AI's 
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promising potential, integrating these technologies into power electronics presents several challenges, such 

as computational complexity, real-time processing constraints, and data acquisition issues. This study 

provides an in-depth review of AI applications in power electronics, exploring key advancements and 

challenges. Specifically, it examines: 

1. AI applications and challenges in fault diagnosis and condition monitoring. 

2. AI-driven approaches in modeling, control, and design of power electronic converters. 

3. AI applications in wireless power transfer and emerging power electronics technologies. 

By analyzing recent research and technological developments, this study aims to highlight the opportunities 

and challenges in leveraging AI for the future of power electronics, paving the way for more intelligent and 

efficient power management systems. 

II. LITERATURE REVIEW 

The integration of machine learning (ML) techniques in power electronics has gained significant attention 

in recent years, driven by the need for enhanced control, optimization, and automation. Several studies 

have explored ML applications in power electronics, focusing on advancements in technology, 

improvements in system precision, and the challenges associated with ML integration. This section 

reviews key contributions from existing literature, highlighting the role of ML in power electronics 

control and optimization.Power electronics has evolved significantly, enabling efficient energy 

conversion and control across various applications, including renewable energy, electric vehicles, and 

industrial automation. Traditional power electronics control strategies rely on fixed mathematical models 

and heuristic-based methods, which often struggle with nonlinearities and varying load conditions. Recent 

advancements have demonstrated that ML techniques, such as neural networks and support vector 

machines, can enhance system performance by predicting optimal control parameters and adapting to 

dynamic operating conditions. Studies have shown that ML-based approaches improve power converter 

efficiency, optimize switching sequences, and enable predictive fault diagnosis, leading to more robust 

and adaptive systems.Ensuring the efficacy and precision of power electronics systems is critical for 

achieving stable and efficient operation. Researchers have explored various ML algorithms, including 

supervised, unsupervised, and reinforcement learning techniques, to enhance power electronics control. 

Supervised learning methods, such as deep neural networks and decision trees, have been used to develop 

predictive models for power converter efficiency and real-time voltage regulation. Unsupervised learning 

techniques, including clustering and principal component analysis (PCA), have been applied for anomaly 

detection and data-driven optimization. Reinforcement learning has emerged as a promising approach for 

adaptive control, allowing power electronics systems to self-optimize and improve performance in real-

time environments. The application of ML in power electronics requires seamless integration with 

existing control and monitoring systems. Several studies have investigated ML-driven techniques for 

power converter modeling, condition monitoring, and fault prediction. Hybrid approaches combining ML 

with conventional control strategies have been proposed to leverage the strengths of both domains. 

Additionally, researchers have explored the use of real-time data acquisition and edge computing to 

enable fast and efficient ML inference for power electronics applications. However, challenges remain in 

terms of computational complexity, data availability, and real-time implementation constraints. 

This study systematically reviews relevant literature from peer-reviewed journal articles, conference 

proceedings, and research reports obtained from major academic databases such as ScienceDirect, Google 

Scholar, Scopus, and IEEE Xplore. The review focuses on ML applications in power electronics control 

and optimization, with keywords including power electronics converters, control strategies, fault 

detection, and energy management. The findings provide a comprehensive understanding of the current 

state of ML in power electronics, highlighting key trends, challenges, and future research directions. 

III. THE FUNCTIONAL IMPACT OF CONTROL AND OPTIMIZATION  

Control and optimization are integral to the advancement of power electronics systems, enabling precise 

electrical energy conversion and regulation across diverse applications such as renewable energy and 

electric vehicles. While control algorithms maintain system stability and ensure reliable operation, 

optimization techniques refine performance by identifying the most efficient operating conditions.The 

integration of machine learning (ML) has revolutionized power electronics by enhancing control 
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strategies and streamlining optimization processes. ML-driven approaches significantly reduce 

computational overhead in characterizing DC-DC converters, a critical factor in the design and efficiency 

of multi-converter systems. Techniques such as random forest and gradient boosting have demonstrated 

remarkable accuracy in predicting converter performance, paving the way for smarter, self-optimizing 

power electronics. By leveraging ML, these systems can adapt dynamically to varying conditions, 

achieving unprecedented levels of efficiency, reliability, and automation. 

IV. THE EVOLUTION FROM TRADITIONAL TO MACHINE LEARNING  

Historically, control and optimization in power electronics have been driven by mathematical models and 

heuristic algorithms. Conventional methods, such as analog control techniques and sensor-based 

temperature estimation, have long been the foundation of power electronics, ensuring stability and 

efficiency. While these approaches have proven effective, they often lack adaptability in dynamic 

operating conditions.The emergence of machine learning (ML) and artificial intelligence (AI) has 

transformed power electronics by introducing data-driven strategies capable of real-time adaptation and 

performance optimization. ML techniques, including fuzzy logic, feed-forward neural networks, recurrent 

neural networks, and reinforcement learning, are now being leveraged to develop more sophisticated 

control mechanisms. These methods enable power converters to handle complex nonlinearities, improve 

reliability forecasting, and enhance system health monitoring.As power electronics continue to evolve, the 

shift from traditional sensor-based control to AI-driven automation is becoming the new standard. ML-

powered solutions are redefining control and optimization processes, paving the way for more intelligent, 

efficient, and self-regulating power electronics systems. 

V. SUPERVISED LEARNING FOR DYNAMICAL SYSTEM CONTROL 

Supervised learning, a fundamental branch of machine learning, utilizes labeled data to train algorithms in 

identifying patterns and relationships between input and output variables. In power electronics control and 

optimization, supervised learning plays a crucial role in predicting system behavior based on key 

parameters such as voltage, current, and temperature. By leveraging historical data, these techniques 

enable precise forecasting and real-time decision-making to enhance system efficiency and reliability. 

Several supervised learning methods have been effectively applied in power electronics, including linear 

regression, support vector machines (SVMs), and neural networks. 

i) Linear Regression 

Linear regression is a simple yet powerful supervised learning approach widely used for both regression 

and classification tasks. It operates by establishing a best-fit line that minimizes the difference between 

predicted and actual values. In power electronics, linear regression helps in estimating system output, 

such as voltage or current, based on input conditions, aiding in performance optimization and stability 

control. 

ii) Support Vector Machines (SVMs) 

SVMs offer a robust supervised learning framework suitable for classification and regression problems. 

By determining an optimal hyperplane that maximizes the separation between different data classes, 

SVMs effectively categorize operational states of power electronic systems. Additionally, they are 

instrumental in predicting output parameters such as voltage and current, improving system diagnostics 

and control precision. 

iii) Neural Networks 

Neural networks, inspired by the human brain, are advanced machine learning models capable of handling 

complex computational tasks. Comprising multiple interconnected layers of artificial neurons, these 

networks excel at pattern recognition, data processing, and adaptive learning. In power electronics, neural 

networks facilitate accurate prediction of output parameters and enable system optimization through 

dynamic adjustments. Their ability to process large datasets and learn intricate relationships makes them 

invaluable for enhancing performance and reliability in power electronics applications. 
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VI. UNSUPERVISED LEARNING TECHNIQUES FOR OPTIMIZATION 

Unsupervised learning is a machine learning approach that operates without labeled data, focusing on 

uncovering hidden patterns and structures within datasets. In power electronics, these techniques play a 

pivotal role in optimizing system performance, improving efficiency, and enhancing fault detection 

capabilities. Two key unsupervised learning methods widely applied in this domain are clustering and 

Principal Component Analysis (PCA). 

i) Clustering for Pattern Recognition and Anomaly Detection 

Clustering is a data segmentation technique that groups similar data points based on shared characteristics. 

In power electronics, this method is instrumental in various applications: 

 Identifying Patterns in Power Consumption: Clustering algorithms analyze power usage 

behaviors across consumers or devices, categorizing them based on similarity. This information is 

crucial for effective load balancing, enabling utilities to allocate energy resources more efficiently 

and enhance overall grid stability. 

 Detecting Anomalies: By recognizing deviations from normal power usage patterns, clustering 

helps in identifying faults, sudden voltage spikes, or irregular consumption behaviors. Early 

detection of such anomalies aids in preventive maintenance, reducing downtime and improving 

system reliability. 

ii)    Principal Component Analysis (PCA) for Data Simplification and Optimization 

PCA is a dimensionality reduction technique that simplifies complex datasets by extracting their most 

significant components. In power electronics, PCA offers multiple advantages: 

 Minimizing Data Complexity: Power systems generate extensive amounts of data, making it 

challenging to process and analyze efficiently. PCA filters out less relevant variables, retaining only 

the most critical components, which simplifies computations and enhances system understanding. 

 Enhancing Optimization Efficiency: By reducing dataset dimensionality, PCA enables faster and 

more accurate optimization algorithms. These refined models improve decision-making in key areas 

such as load scheduling, power flow analysis, and system parameter adjustments. 

VII. ENHANCING POWER ELECTRONICS THROUGH AI  

i) Utilizing AI for Fault Diagnosis and Condition Monitoring 

AI enhances fault detection and predictive maintenance in power systems, improving safety and efficiency. 

Techniques like deep learning, SVM, CNNs, and GANs enable early defect identification in machinery and 

power transmission components. AI-driven monitoring reduces downtime and optimizes system reliability. 

ii) The AI Revolution in Power Converters 

AI enhances power converter efficiency, control, and maintenance by optimizing transient response, PID 

tuning, and load sharing. It enables real-time optimization, reduces torque ripples, and improves grid 

management. AI also forecasts demand and enhances overall system performance in power electronics. 

iii) The AI Revolution in Wireless Power and Emerging Power Electronics 

Wireless power transfer (WPT) is a key technology for future mobility, enabling energy transfer without 

physical connections. AI enhances WPT efficiency by optimizing system design, improving EV energy 

management, and enabling wireless energy trading in microgrids. It also enhances security in wireless PM 

DC motors and reduces the size of medical implants, advancing smart energy solutions. 
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VIII. AREAS OF FOCUS 

i. Imbalanced datasets limiting AI generalization.  

ii. Transfer learning models struggling with adaptation.  

iii. Environmental variability and noise affecting accuracy.  

iv. Immature AI technologies not ready for real-world deployment.  

v. Limited real-time data collection for AI decision-making.  

vi. Complex multi-objective optimization in power electronics.  

vii. Inefficiencies in AI-driven wireless power conversion.  

viii. Design and control challenges in AI-WPT integration.  

ix. Stability and efficiency issues in wireless power transfer.  

x. Scalability and cost barriers in large-scale AI deployment. 

IX. CONCLUSION 

This article explores the integration of artificial intelligence (AI) and machine learning (ML) in power 

electronics, highlighting their transformative role in control, optimization, and efficiency enhancement. 

As power electronics continue to evolve across diverse applications, AI and ML-driven solutions enable 

intelligent decision-making, adaptive control, and predictive maintenance, significantly improving system 

performance and reliability.The findings emphasize the potential of AI and ML to revolutionize power 

electronics by facilitating real-time optimization, enhancing energy management, and enabling 

autonomous operation. As we move toward more intelligent and efficient power systems, the synergy 

between AI, ML, and power electronics will drive innovation, shaping the future of smart energy 

solutions and next-generation power technologies. 

REFERENCES 

 [1] Markovsky, I., Huang, L., & Dorfler, F. 2023. Data-Driven Control Based on The Behavioral 

Approach: From Theory to Applications in Power Systems. IEEE Control Systems Magazine, 43(5): 28–

68. 

 [2] Zhao, S., Blaabjerg, F., & Wang, H. 2021. An Overview of Artificial Intelligence Applications for 

Power Electronics. IEEE Transactions on Power Electronics, 36(4): 4633–4658. 

 [3] Mohammadi, E., Alizadeh, M., Asgari Moghaddam, M., Wang, X., & Simoes, M.G. 2022. A Review on 

Application of Artificial Intelligence Techniques in Microgrids. IEEE Journal of Emerging and Selected 

Topics in Industrial Electronics, 3(4): 878–890. 

 [4] Beskardes, A., Hames, Y., & Kaya, K. 2024. A comprehensive Review on Fuzzy Logic Control 

Systems for all, Hybrid, and Fuel Cell Electric Vehicles. Soft Comput., 28(13): 8183–8221. 

 [5]  Pandey, U., Pathak, A., Kumar, A., & Mondal, S. 2023. Applications of Artificial Intelligence in Power 

System Operation, Control and Planning: A Review. Clean Energy, 7(6): 1199–1218. 

[6] Bourhnane, S., Abid, M.R., Lghoul, R., Zine-Dine, K., & Elkamoun, N. 2020. Machine Learning for 

Energy Consumption Prediction and Scheduling in Smart Buildings. SN Applied Sciences, January 2020. 

[7] , D., & Y, N. 2023. Lion Algorithm with Levy Update: Load Frequency Controlling Scheme for Two-

Area Interconnected Multi-Source Power System. Transactions of the Institute of Measurement and 

Control. 

[8] Gawde, S., Patil, S., Kumar, S., Kamat, P., Kotecha, K., & Abraham, A. 2023. Multi-Fault Diagnosis of 

Industrial Rotating Machines Using Data-Driven Approach: A Review of Two Decades of Research. 

Engineering Applications of Artificial Intelligence, 123: 106139. 

[9] Hasan, M.J., Islam, M.M.M., & Kim, J.M. 2019. Acoustic Spectral Imaging and Transfer Learning for 

Reliable Bearing Fault Diagnosis under Variable Speed Conditions. Measurement, 138: 620–631. 

[10] Haidong, S., Junsheng, C., Hongkai, J., Yu, Y., & Zhantao, W. 2020. Enhanced Deep Gated Recurrent 

Unit and Complex Wavelet Packet Energy Moment Entropy for Early Fault Prognosis of Bearing. 

Knowledge-Based Systems, 188: 10–50. 

[11] Ahmad, T., Zhang, D., Huang, C., Zhang, H., Dai, N., Song, Y., & Chen, H. 2021. Artificial 

Intelligence in Sustainable Energy Industry: Status Quo, Challenges and Opportunities. Journal of 

Cleaner Production, 289: 125834. 

[12] Al-Othman, A., Tawalbeh, M., Martis, R., Dhou, S., Orhan, M., Qasim, M., & Olabi, A.G. 2022. 

Artificial Intelligence and Numerical Models in Hybrid Renewable Energy Systems with Fuel Cells: 

Advances and Prospects. Energy Conversion and Management, 253: 115154. 

http://www.ijcrt.org/

