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ABSTRACT: There has been a lot of buzz lately about making power electronics work with machine learning, 

specifically CNNs. An overview of the various developments and applications of power electronics as they pertain to 

machine learning is presented in this review article. We examine the possibility that convolutional neural networks 

(CNNs) can strengthen and optimize power electronics systems. The research assesses the current state of the discipline 

and identifies areas for potential additional investigation. The study revealed that the application of machine learning, 

particularly Convolutional Neural Networks (CNNs), in power electronics demonstrates significant potential for defect 

identification, classification, and pattern recognition. Enhancing power electronics efficiency and environmental 

sustainability can be achieved through the integration of data sources, the augmentation of real-time implementation, 

and the optimization of renewable energy source integration. Obstacles include the necessity for current knowledge and 

the implementation of solutions in real-time. 
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I. INTRODUCTION 

 
Power electronics, a crucial component of modern electrical systems, transforms and regulates electrical power through 

solid-state devices. It energizes a variety of devices, rendering it essential in several aspects of daily life, from electric 

vehicles to renewable energy systems. The growing demand for intelligent, dependable, and efficient systems presents 

both opportunities and challenges in the field of power electronics. 

 

The domain of artificial intelligence referred to as machine learning presents a viable resolution to these issues [1-9]. 

Machine learning reduces energy consumption, enhances power system efficiency, and identifies and mitigates system 

failures through the application of sophisticated predictive algorithms. Consequently, machine learning has emerged as 

a crucial component of power electronics, facilitating novel opportunities for advancement and expansion[7–12].  

Numerous machine learning techniques have demonstrated encouraging outcomes in power electronics, with 

Convolutional Neural Networks (CNNs) being one among them [13–18]. Convolutional neural networks (CNNs) are a 

type of deep learning architecture proficient in the analysis of signals and images. Machine learning's application in 

behavioral modeling and the predistortion of wideband power amplifiers illustrates its transformative potential in the 

power electronics sector. 

 

This discussion will provide a detailed examination of machine learning and convolutional neural networks (CNNs) in 

the context of power electronics. We will examine the most recent findings and developments in the field, discuss 

challenges and their solutions, and forecast the future of this intriguing area of study. This study seeks to furnish 

comprehensive insights for researchers, engineers, and enthusiasts in power electronics, fostering further inquiry and 

creativity in the field. 
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II. METHODOLOGY OF THE REVIEW 

 

This article is to analyze machine learning and convolutional neural networks (CNNs) within the realm of power 

electronics. This article examines critical research issues in power electronics related to the integration of convolutional 

neural networks (CNNs), an essential aspect of machine learning. This study primarily examines the subsequent 

research questions: 

 Research into the many uses and developments spurred by the merging of power electronics with 

machine learning, namely convolutional neural networks (CNNs). 

 Applying convolutional neural networks (CNNs) to power electronics, particularly for problem identification 

and categorization. 

 An analysis of convolutional neural networks' (CNNs) capacity for autonomous feature extraction and pattern 

identification. 

 Going over why it's crucial to combine edge computing with IoT devices. 

 

By carefully evaluating the literature, relevant research papers were obtained for this investigation. To this extent, all 

available databases, such as Science Direct, Google Scholar, Scopus, and IEEE, were searched for peer-reviewed 

published works, such as research papers and conference proceedings. The majority of the search terms used to gather 

information fell into two categories: power electronics and neural network systems. "Conventional neural 

networks," "power electronics," "machine learning," "artificial intelligence," "optimization," and "data quality" were all 

part of the list. 

 

III. ML IN POWER ELECTRONICS 

 

Machine learning denotes the enhancement of electrical system functionality and efficiency through data-driven 

algorithms. This section examines several machine learning algorithms and their applications in power electronics 

(Figure 1). 

 

Machine learning is finding widespread use in power electronics for the reasons listed below: 

3.1 Predictive Upkeep 

Machine learning enables power electronic components, such as inverters and converters, to monitor their status and 

condition, as well as forecast potential failures. This may result in diminished downtime and expensive complications. 

Common supervised learning techniques employed for predictive maintenance encompass neural networks, support 

vector machines, and random forests. 

 

3.2 Detecting Anomalies 

Machine learning may identify irregularities and problems in power electronic systems, including harmonics, 

overloads, and short circuits. This approach may sustain system dependability and safety. Unsupervised learning 

techniques like as principal component analysis and clustering are employed in anomaly identification. 

 

3.3 Controller Design 

Inverters and power converters are power electrical devices that can benefit from the optimal control strategies 

provided by machine learning. To enhance stability and energy efficiency, these systems can adjust to various operating 

conditions. Controller design optimization is accomplished by reinforcement learning methodologies, including policy 

gradient and Q-learning. 

 

3.4 Neural Networks 

The deep learning subfield of machine learning analyzes and learns from extensive datasets to perform intricate tasks 

through multi-layered artificial neural networks. Deep learning has numerous applications in power electronics, 

including behavioral modeling, image analysis for fault detection, and time-series analysis for prediction. Two 

techniques employed in deep learning are recurrent neural networks (RNNs) and convolutional neural networks 

(CNNs). 
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3.5 Adaptive Dynamics 

The ability to dynamically alter control parameters in reaction to changes in the system or the environment is what we 

mean when we talk about adaptive control. Power electronic systems, such as microgrids, electric vehicles, and 

renewable energy sources, may benefit from adaptive control with the help of machine learning, which uses data to 

learn and update control settings. Adaptive control makes use of a number of techniques, including fuzzy logic and 

neural networks. 

 

3.6 Optimizing 

Optimization is the procedure of identifying the most effective method to complete a task or attain an objective. 

Machine learning can optimize parameters like switching frequency, duty cycle, and modulation index to improve the 

performance of power electronic devices, including inverters, converters, and motors. Genetic algorithms, particle 

swarm optimization, and ant colony optimization exemplify evolutionary techniques employed in optimization. 

 

Ultimately, machine learning provides numerous valuable resources for power electronics, facilitating the development 

of more intelligent, efficient, and dependable systems. Numerous constraints and obstacles must be overcome before 

machine learning may be effectively implemented, including challenges related to data quality, computational 

complexity, and model interpretability. Subsequently, we will examine some machine learning applications and 

methodologies employed in power electronics. 

 

IV. CONVOLUTIONAL NEURAL NETWORK 

 

As a result of their success in image processing, Convolutional Neural Networks (CNNs) have been effectively 

modified to address problems in power electronics [19-22], especially in the area of defect detection. 

 

Fig. 1: Application of machine learning in the field of power electronics. 

 

4.1 Fundamentals of Convolutional Neural Networks (CNNs) 

Convolutional neural networks (CNNs), a type of deep learning architecture, primarily focus on image and video 

processing and analysis. Convolutional, pooling, and fully connected layers constitute the fundamental components of a 
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convolutional neural network (CNN). To enable the network to acquire hierarchical representations, convolutional 

layers extract features from the input data through the application of sliding filters. Pooling layers reduce the spatial 

dimensions of feature maps to enhance computational efficiency and translational invariance.  

These layers enable CNNs to proficiently extract both global and local patterns from complex datasets. Tailored CNNs 

have been created to address specific challenges in power electronics. A convolutional neural network (CNN) analyzes 

voltage and current waveforms from power electronics systems instead of image pixels. Convolutional neural networks 

(CNNs) can analyze waveforms, discern patterns, and predict system performance through convolution and pooling 

techniques. Altering CNNs in this manner may enhance the comprehension of power electronics performance and issue 

identification. 

 

4.2 Convolutional Neural Networks (CNNs) for Fault Detection 

Convolutional Neural Networks (CNNs) have emerged as a proficient instrument for the identification and 

classification of defects in power electronics devices. Deficiencies or issues within the system can be readily identified 

due to their exceptional ability to learn and recognize intricate patterns in time-series data, such as voltage and current 

waveforms. Convolutional neural networks (CNNs) can autonomously extract features, which is a significant advantage 

in their application for defect detection. The employment of manually constructed features in conventional defect 

detection systems is arduous, susceptible to errors, and likely to overlook tiny anomalies. In contrast, convolutional 

neural networks (CNNs) possess the capability to adjust to various flaws and scenarios as they autonomously learn and 

extract significant information.Due to their expertise in pattern recognition, CNNs can efficiently distinguish between 

normal and anomalous system behavior. Convolutional neural networks (CNNs) may enhance the identification of 

power electronics components such as converters, inverters, and transformers by analyzing voltage and current 

waveforms to detect anomalies. The application of Convolutional Neural Networks in power electronics has facilitated 

advancements in defect classification and identification. To ensure the efficiency and reliability of electrical systems, 

CNNs are crucial because of their ability to autonomously extract features and their proficiency in pattern recognition. 

Ongoing research indicates that convolutional neural networks (CNNs) will be essential in the future detection of 

power electronics issues. 

 

V. CHALLENGES AND FUTURE DIRECTIONS 

 
5.1 Availability and quality of data 

The availability of high-quality data constitutes a significant barrier to the application of machine learning in power 

electronics. Power electronics systems generate substantial amounts of data; yet, this data is frequently incomplete, 

heterogeneous, and may lack the requisite annotations for supervised learning. Collecting and structuring 

comprehensive datasets tailored to the specifications of machine learning models is crucial for addressing this 

challenge. Erroneous model findings may arise from noisy or unreliable data; thus, data consistency and quality are 

crucial. Data pre-processing and augmentation techniques are essential for preparing datasets to train robust machine 

learning models. The accessibility of high-quality data for forthcoming applications relies on the cooperative endeavors 

of academics, institutions, and industry stakeholders. 

 

5.2 Real-time Implementation 

The implementation of machine learning algorithms in power electronics systems is considerably hindered by the 

requirement for real-time performance. To maintain stability throughout operation, these systems frequently necessitate 

rapid responses to fluctuations in load conditions and disturbances. Ensuring the precision of machine learning models 

while satisfying these stringent real-time requirements may be a significant difficulty. To surmount this challenge, we 

require techniques for model optimization, hardware acceleration, and fast model inference. Experts in machine 

learning, power electronics, and real-time systems must collaborate interdisciplinarity to address this issue. 

Advancements in software and hardware are expected to enhance the practicality and efficiency of integrating real-time 

machine learning into power electronics. 

 

5.3 Integration of Edge Computing and Internet of Things (IoT) 

When it comes to improving power electronics with machine learning, edge computing and the IoT are going to be 
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crucial. Reduced latency and the need to transmit data to distant cloud servers are two benefits of locating edge devices 

closer to the data source, which allow for quicker processing and decision-making. Machine learning algorithms may 

be installed directly on electrical grid edge devices in power electronics. These edge devices may receive data in real-

time from Internet of Things (IoT) sensors and devices, which can improve system resilience, optimize power quality, 

and allow for predictive maintenance. Energy systems have the potential to become more efficient, dependable, and 

responsive with the integration of machine learning at the edge of power electronics. 

 

5.4 Incorporation of Renewable Energy 

Solar and wind energy will undoubtedly be essential in the future of power electronics. Machine learning demonstrates 

significant potential in optimizing the integration of renewable energy into the grid. The sporadic and erratic 

characteristics of these sources necessitate energy storage and grid management. Machine learning methods enhance 

grid stability and efficiency by predicting energy generation, demand, and optimizing distribution. Power electronics 

systems can expedite the transition to renewable energy by leveraging the predictive capabilities of machine learning 

and adapting to fluctuations in renewable power. 

Applying machine learning to power electronics presents a multitude of obstacles and opportunities. Important areas of 

emphasis include data difficulties, real-time implementation, computing at the edge, and integration with renewable 

energy sources. In order to overcome these obstacles and fully use machine learning's promise to revolutionize power 

electronics for a more efficient and sustainable future, it is crucial that academics, industry stakeholders, and legislators 

work together. 

 

VI. CONCLUSIONS 

 

Recently, an innovative domain of inquiry in electrical engineering has emerged, focusing on the application of 

machine learning in power electronics, especially convolutional neural networks (CNNs). This review paper has 

examined the various interactions between these two domains, highlighting the transformative potential of machine 

learning in relation to power electronics. The application of convolutional neural networks (CNNs) in power electronics 

demonstrates significant potential, particularly for tasks such as pattern recognition, automated feature extraction, and 

fault detection and classification. Convolutional neural networks (CNNs) are highly effective for addressing issues 

related to system performance and dependability due to their ability to learn and adapt from complex inputs, such as 

voltage and current waveforms. 

 

The paper highlights the existing challenges that scholars and practitioners must surmount to effectively implement 

machine learning in power electronics. These challenges encompass, but are not restricted to, the requirement for high-

quality data and the imperative for real-time execution. The integration of edge computing with Internet of Things 

devices will be crucial for enabling real-time applications. The review study anticipates and identifies promising future 

research directions. The objectives include enhancing the integration of renewable energy sources through machine 

learning, advancing the incorporation of edge computing and the Internet of Things, optimizing real-time 

implementation, and consolidating high-quality data sources. More efficiency, dependability, and sustainability will be 

driven by these trends, which are set to influence the future of power electronics and energy systems. 
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