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ABSTRACT : 

 

There has been a lot of emphasis lately focused on the integration of power electronics with machine 

learning methods, namely Convolutional Neural Networks (CNNs). The purpose of this review article is to 

present a summary of the many developments and applications of power electronics in connection to 

machine learning. The potential of convolutional neural networks, often known as CNNs, to enhance the 

resilience and efficiency of power electronics systems is something that we investigate. The study 

investigates the current state of the subject and identifies areas that may benefit from more research once it 

has been conducted. According to the findings of the study, machine learning, and more especially 

convolutional neural networks (CNNs), offers a significant amount of promise for defect diagnosis, 

classification, and pattern recognition when it is applied to power electronics. The integration of data 

sources, the enhancement of real-time implementation, and the polishing of the integration of renewable 

energy sources are all ways in which power electronics may be made more efficient and less harmful to the 

environment. When it comes to the challenges, some of the impediments include the need for current 

information and the implementation of solutions in real time. 
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1.   INTRODUCTION 

Solid-state electronics are used in power electronics, which is an essential component of modern electrical 

systems. Power electronics is responsible for converting and controlling electrical power. As a result of its 

ability to power a wide variety of devices, it is an essential component of many aspects of day-to-day life, 

including electric vehicles and renewable energy systems. The area of power electronics is now facing both 

new opportunities and problems as a result of the growing need for systems that are more intelligent, more 

dependable, and more efficient.  

Machine learning, which is a subfield of artificial intelligence, presents a possible answer to the issues that 
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have been raised [1-9]. Through the use of sophisticated prediction algorithms, machine learning helps to 

reduce the amount of energy that is consumed, enhance the efficiency of the power system, and identify and 

avoid system problems. The use of machine learning has thus become an essential component of power 

electronics, which has resulted in the opening of fascinating new doors for development and expansion [7–

12]. 

A number of different machine learning techniques have shown encouraging outcomes in the field of power 

electronics, and Convolutional Neural Networks (CNNs) are only one of those techniques [13–18]. Among 

the many types of deep learning systems, convolutional neural networks (CNNs) are particularly effective 

when it comes to the analysis of signals and pictures. The use of machine learning in behavioral modeling 

and the predistortion of wideband power amplifiers are two examples that illustrate the transformative 

potential of this technology in the power electronics sector.  

 

Fig. 1: convolutional neural network architecture diagram. 

In this section, we will take a more in-depth look at the use of machine learning and convolutional neural 

networks (CNNs) in power electronics. We are going to discuss the most recent findings and 

accomplishments in the field, as well as challenges and potential solutions to those challenges, and we are 

going to speculate about what the future holds for this interesting field of research. It is the purpose of this 

study to give academics, engineers, and enthusiasts in the field of power electronics with comprehensive 

insights, with the goal of inspiring greater inquiry and invention in the field. 

2. METHODOLOGY OF THE REVIEW 

This article seeks to analyze machine learning and convolutional neural networks (CNNs) within the context 

of power electronics. This article examines numerous critical research issues in power electronics related to 

the integration of convolutional neural networks (CNNs), an essential element of machine learning. This 

study mainly examines the following research questions: 

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

machine learning, namely convolutional neural networks (CNNs). 
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 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. 

 

For the purpose of this examination, relevant research articles were gathered by conducting a thorough 

analysis of the existing literature. In order to do this, every database that was accessible, including Science 

Direct, Google Scholar, Scopus, and IEEE, was searched for published works that had been subjected to peer 

review. These works included research papers and conference proceedings examples. Power electronics and 

neural network systems were the two categories that accounted for the bulk of the search phrases that were 

used in the process of information gathering. "Conventional neural networks," "power electronics," 

"machine learning," "artificial intelligence," "optimization," and "data quality" were all included on the list 

of things to consider. 

3. ML IN POWER ELECTRONICS 

The term "machine learning" refers to the practice of enhancing the operation and performance of electrical 

systems via the use of algorithms that are inspired by data. Here, we will examine a few different machine 

learning algorithms and the applications that they have in the field of power electronics (Figure 2).  

The following are some of the reasons why machine learning is becoming more popular in the field of power 

electronics: 

3.1. Predictive Upkeep 

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

state and condition while forecasting potential failures. This may result in decreased downtime and 

expensive problems. Common supervised learning techniques used for predictive maintenance include 

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 preserve system dependability and safety. 

Unsupervised learning techniques like as principal component analysis and clustering are used in anomaly 

identification. 

3.3. Controller Design 

Inverters and power converters are examples of power electronic equipment that might potentially gain 

advantages from the very effective control strategies that machine learning has to offer. These systems are 

able to adjust to a variety of various operating conditions, which allows them to maximize both their stability 

and their energy efficiency. Utilizing reinforcement learning strategies like policy gradient and Q-learning, 

optimization for controller design may be accomplished via the use of these approaches. 

3.4. Neural Networks 
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Deep learning is a branch of machine learning that examines and learns from enormous datasets in order to 

carry out complicated tasks by using artificial neural networks that have several layers. Deep learning has a 

wide range of applications in the field of power electronics, some of which include behavioral modeling, 

image analysis for defect identification, and time-series analysis for prediction. Other applications include. 

Both recurrent neural networks (RNNs) and convolutional neural networks (CNNs) are examples of 

techniques that are used in the field of deep learning. 

3.5. Adaptive Dynamics 

Adaptive control refers to the capability to modify control parameters dynamically in response to variations 

within the system or its environment. Power electronic systems, including microgrids, electric vehicles, and 

renewable energy sources, can benefit from adaptive control facilitated by machine learning, which employs 

data to learn and refine control parameters. Adaptive control employs various techniques, including fuzzy 

logic and neural networks. 

3.6. Optimizing  

The process of determining the most effective approach to complete a job or reach an objective is known as 

optimization. Machine learning may be able to identify the ideal values for parameters like duty cycle, 

modulation index, and switching frequency to improve the performance of power electronic devices 

including motors, converters, and inverters. Evolutionary algorithms used in optimization include genetic 

algorithms, particle swarm optimization, and ant colony optimization. 

When everything is taken into consideration, machine learning provides a massive amount of helpful 

resources for power electronics, which paves the way for the development of systems that are more 

intelligent, more efficient, and more dependable. There are a number of constraints and obstacles that need 

to be overcome before machine learning can be used in an efficient manner. These include problems with the 

quality of the data, the complexity of the computations, and the interpretability of the models. In the 

following section, we will examine in further detail a few of the applications and methods of machine 

learning that are used in the field of power electronics. 

4. CONVOLUTIONAL NEURAL NETWORK 

The success that Convolutional Neural Networks (CNNs) have had in the field of image processing has led 

to their successful modification for the purpose of addressing issues that are present in power electronics, 

particularly in the department of defect identification. 
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Fig. 2: Application of machine learning in the field of power electronics. 

4.1. Fundamentals of Convolutional Neural Networks (CNNs)  

Image and video processing and analysis constitute the primary applications of convolutional neural 

networks (CNNs), a specific form of deep learning architecture. Convolutional, pooling, and fully connected 

layers constitute the fundamental components of a convolutional neural network (CNN). To enable the 

network to learn hierarchical representations, convolutional layers extract features from the input data 

through the use of sliding filters. To enhance computational efficiency and translational invariance, pooling 

layers reduce the spatial dimensions of the feature maps. Thanks to these layers, convolutional neural 

networks are highly effective at capturing both global and local patterns within complex datasets. 

Customized convolutional neural networks have been designed to address specific challenges in power 

electronics. A convolutional neural network (CNN) analyzes voltage and current waveforms from power 

electronics systems, rather than image pixels. Convolutional neural networks (CNNs) can analyze these 

waveforms, recognize patterns, and predict system performance through the application of convolution and 

pooling operations. By altering CNNs in this manner, the performance of power electronics and the 

identification of issues may be more comprehensively understood. 

4.2. Convolutional Neural Networks (CNNs) for Fault Detection 

Convolutional neural networks (CNNs) have emerged as a powerful technique for detecting and classifying 

power electronics device defects. Its exceptional ability to learn and recognize complicated patterns in time-

series data, such voltage and current waveforms, may make system flaws or issues easy to spot. When used 

for defect identification, convolutional neural networks' (CNNs) ability to automatically extract features is a 

huge plus. Traditional defect detection systems rely on features that are manually constructed, which is a 

tedious, error-prone, and sometimes misshapen process. On the other hand, convolutional neural networks 

(CNNs) automatically learn and extract crucial information, allowing them to adapt to various types of 

problems and circumstances. Thanks to their exceptional pattern recognition capabilities, CNNs are able to 

distinguish between normal and pathological system activity with remarkable accuracy. Convolutional 

neural networks (CNNs) can examine current and voltage waveforms to detect anomalies; this might help 
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with the identification of power electronics components such as transformers, inverters, and converters. 

Taken as a whole, the use of CNNs in power electronics has opened up exciting new avenues for the 

identification and classification of defects. Convolutional neural networks (CNNs) are a priceless asset for 

ensuring the reliability and efficiency of electrical systems because of their ability to automatically extract 

features and recognize patterns. According to current research in this area, convolutional neural networks 

(CNNs) are anticipated to play a pivotal role in the detection of power electronics defects moving forward. 

5. CHALLENGES AND FUTURE DIRECTIONS 

5.1. Availability and quality of data 

Access to high-quality data remains a significant barrier to the application of machine learning in power 

electronics. Although power electronics systems generate substantial quantities of data, this data is 

frequently incomplete, heterogeneous, and may lack the necessary annotations to facilitate supervised 

learning. Collecting and systematically arranging comprehensive datasets tailored to the specifications of 

machine learning models is crucial for addressing this challenge. Because inaccurate model outcomes may 

stem from chaotic or unreliable data, ensuring data consistency and quality is of paramount importance. To 

effectively prepare datasets for training robust machine learning models, data pre-processing and 

augmentation techniques are essential. The accessibility of high-quality data for future applications relies on 

the collaborative endeavors of scholars, institutions, and industry stakeholders. 

5.2. Real-time Implementation 

The implementation of machine learning algorithms within power electronics systems is considerably 

hindered by the requirement for real-time operation. In order to maintain stability during operation, these 

systems must frequently respond promptly to fluctuations in load conditions and disturbances. Ensuring the 

accuracy of machine learning models while satisfying these stringent real-time requirements can be a 

significant challenge. To address this challenge, it is essential to employ techniques for model optimization, 

hardware acceleration, and efficient model inference. Experts in machine learning, power electronics, and 

real-time systems must collaborate across disciplines to address this challenge. It is expected that ongoing 

developments in software and hardware will further enhance the feasibility and efficacy of implementing 

real-time machine learning within power electronics. 

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

Enhancing power electronics using machine learning will significantly rely on edge computing and the 

Internet of Things (IoT). Proximity of edge devices to the data source diminishes latency and the need for 

data transmission to remote cloud servers, facilitating expedited processing and decision-making. Machine 

learning techniques may be implemented directly on edge devices inside power electronics of the electrical 

grid. These edge devices may receive real-time data from Internet of Things (IoT) sensors and devices, 

enhancing system resilience, optimizing power quality, and facilitating predictive maintenance. Energy 

systems may achieve enhanced efficiency, reliability, and responsiveness with the use of machine learning at 

the edge of power electronics. 
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5.4. Incorporation of Renewable Energy 

To name just a few examples, solar and wind power will undoubtedly play a significant part in the 

development of power electronics in the years to come. One of the areas in which machine learning has a 

great deal of potential is the optimization of the integration of renewable energy grids. As a result of the 

intermittent and unpredictability of these sources, energy storage and grid management become very 

necessary. Machine learning models have the capacity to forecast energy production and demand, as well as 

optimize distribution, which helps to improve grid stability and efficiency. By using the predictive 

capabilities of machine learning and reacting to changes in renewable power, power electronics systems 

have the potential to reduce the amount of time required to transition to renewable energy sources.  

The use of machine learning to power electronics brings a wide range of challenges as well as possibilities. 

Data issues, real-time implementation, computation at the edge, and integration with renewable energy 

sources are all important areas of attention that need to be addressed. Collaboration between academics, 

industry stakeholders, and lawmakers is very necessary in order to overcome these challenges and fully use 

the potential that machine learning holds to improve power electronics in order to create a future that is both 

more efficient and more environmentally friendly. 

6. CONCLUSIONS 

Ultimately, a novel and stimulating area of inquiry in electrical engineering is the use of machine learning to 

power electronics, especially convolutional neural networks (CNNs). This review paper examines the 

interactions between these two domains, highlighting the transformative potential of machine learning in 

relation to power electronics. The use of convolutional neural networks (CNNs) in power electronics has 

significant promise, particularly for tasks like as pattern recognition, automated feature extraction, and fault 

detection and classification. Convolutional neural networks (CNNs) are very 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 address to properly use 

machine learning in power electronics. These challenges include, but are not limited to, the need 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 

possible future research directions. The objectives include enhancing the integration of renewable energy 

sources using machine learning, advancing the incorporation of edge computing and the Internet of Things, 

optimizing real-time implementation, and consolidating high-quality data sources. These developments are 

poised to enhance efficiency, reliability, and sustainability in the future of power electronics and energy 

systems. 
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