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Recently, there has been a lot of interest in integrating machine learning methods,
specifically Convolutional Neural Networks (CNNSs), with power electronics. An overview
of the many developments and applications at the nexus of machine learning and power
electronics is given in this review paper. We investigate how CNNs might help power
electronics systems overcome obstacles and become more reliable and efficient. The study
reviews the state of the field now and identifies areas for potential future research.
According to the study, machine learning—especially Convolutional Neural Networks
(CNNs)—is a promising field in electrical engineering with substantial promise for defect
detection, classification, and pattern recognition when integrated into power electronics.
Future directions emphasize integrating data sources, expanding real-time implementation,
and optimizing the integration of renewable energy sources for higher efficiency and
sustainability in power electronics. Challenges include the requirement for high-quality data
and real-time implementation.

1. Introduction

Solid-state electronics are used in power electronics, a
crucial component of modern electrical systems, to convert
and regulate electrical power. It is essential to many facets of
daily life as it powers various gadgets, from renewable
energy systems to electric cars. However, the subject of
power electronics faces new opportunities and problems as
the demand for more intelligent, trustworthy, and efficient
systems grows.

A possible way to deal with these issues is machine
learning, a branch of artificial intelligence [1-9]. By utilizing
powerful predictive algorithms, machine learning can
minimize energy usage, improve power system performance,
and detect and prevent system breakdowns. As a result, the
field of power electronics has incorporated machine
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learning, creating new opportunities for advancement and
innovation [7-12].

Convolutional Neural Networks (CNNs) are one of the
many machine learning approaches that have shown great
promise in power electronics [13-18]. CNNs are a deep
learning algorithm that performs very well in image and
signal processing tasks. Machine learning has the potential
to revolutionize the field of power electronics, as evidenced
by its application in behavioral modeling and predistortion
of wideband power amplifiers.

In this brief review, we’ll take a closer look at machine
learning and the role of CNNs in power electronics. We’ll
explore the most recent research findings and developments,
discuss challenges and their solutions, and look ahead to the
future in this exciting field. For researchers, engineers, and
enthusiasts of power electronics, this review is intended to
provide comprehensive insights, fostering further
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exploration and innovation in the field. Methodology of this
systamitic review study, machine learning application in
power electronics, existing conventional neural networks
and challengies and future directions will be discussed in
following sections.

2. Methodology of the Review

The primary objective of this systematic review is to
provide a study on machine learning and the role of CNNs in
power electronics. Convolutional neural networks (CNNs), a
major component of machine learning, are integrated into
power electronics, and this paper covers several important
research questions in this area. The primary research issues
highlighted in this study are as follows:

- Study of the multifaceted applications and
advancements resulting from the intersection of machine
learning, particularly CNNs, and power electronics.

- Utilizing CNNs in power electronics, especially in areas
such as fault detection and classification.

- Study of CNNs capability in automated feature
extraction and pattern recognition.

- Reviewing the importance of integrating edge
computing and Internet of Things (1oT) devices.

The current study gathered pertinent research articles by
methodically screening the literature. Peer-reviewed
published works, including research articles and conference
proceedings, were gathered from all accessible databases,
including Science Direct, Google Scholar, Scopus, and
IEEE, to this degree. The domains of power electronics and
neural network systems were the focus of the most targeted
keywords utilized during the data collection process. These
included  ‘conventional neural networks’,  ‘power
electronics,” ‘machine learning,” ‘artificial intelligence,’
‘optimization,” and ‘data quality’.

3. ML in Power Electronics

The practice of applying data-driven algorithms to
enhance the operation and performance of electrical systems
is known as machine learning. In this section, we'll examine
some of the methods and applications of machine learning in
power electronics (Figure 1). The following are popular
ways that machine learning is being used in power
electronics:

3.1. Predictive Maintenance

Power electronic components, such as inverters and
converters, can monitor their health and condition by
machine learning, which can also be used to anticipate when
these components are likely to fail. This can lessen downtime
and help avoid expensive problems. Neural networks,
Random Forests, and Support Vector Machines are well-
used supervised learning approaches utilized in predictive
maintenance.

3.2. Anomaly Detection

Additionally, machine learning can find power electronic
systems defects and anomalies like harmonics, overloads,
and short circuits. By doing this, system safety and
dependability may be preserved. Principal component
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analysis and clustering are examples of unsupervised
learning techniques used in anomaly identification.

3.3. Controller Design

Power electronic devices, such as inverters and power
converters, can benefit from the best control strategies that
machine learning can provide. These systems can adjust to
changing operating conditions while maximizing stability
and energy economy. Reinforcement learning techniques
like policy gradient and Q-learning are some of the methods
that are optimized for controller design.

3.4. Deep Learning

Deep learning is a kind of machine learning that uses
multi-layered artificial neural networks to process and learn
from large amounts of data to carry out intricate tasks. Deep
learning can be used in power electronics to do tasks,
including signal processing for behavioral modeling, time-
series analysis for prediction, and image analysis for fault
identification. Convolutional neural networks (CNNs) and
recurrent neural networks (RNNs) are two techniques used
in deep learning.

3.5. Adaptive Control

Adaptive control refers to a control mechanism that can
dynamically modify its parameters in response to
environmental or system changes. By using data to learn and
update the control parameters, machine learning can assist in
implementing adaptive control in power electronic systems,
including microgrids, electric cars, and renewable energy
sources. Neural networks and fuzzy logic are two methods
utilized in adaptive control.

3.6. Optimization

The process of determining the optimum solution to a
certain issue or goal is known as optimization. Machine
learning may help identify the ideal values for parameters
like duty cycle, modulation index, and switching frequency,
which can improve the performance of power electronic
devices, including motors, inverters, and converters.
Evolutionary algorithms, including genetic algorithms,
particle swarm optimization, and ant colony optimization,
are some of the methods used in optimization.

In sum, machine learning provides a broad range of
effective tools for power electronics, allowing for the
development of more dependable, intelligent, and efficient
systems. To be implemented successfully, machine learning
must overcome a number of obstacles and restrictions,
including those related to data quality, computational
complexity, and model interpretability. In the ensuing
sections, we will delve more into a few of the particular uses
and methods of machine learning in power electronics.

4. Convolutional Neural Network

Convolutional Neural Networks (CNNs) have gained
immense popularity for their applications in image analysis,
and they have been successfully adapted to tackle challenges
in power electronics [19-22], particularly in the context of
fault detection.
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Figure. 1 ML application in power electronics

4.1. Basics of CNNs

CNNs are deep learning architecture primarily designed
for processing and analyzing visual data, such as images and
videos. The core components of a CNN include
convolutional layers, pooling layers, and fully connected
layers. Convolutional layers are responsible for feature
extraction through sliding filters across the input data,
enabling the network to learn hierarchical representations.
Pooling layers reduce the spatial dimensions of the feature
maps, leading to increased computational efficiency and
translational invariance. These layers make CNNs well-
suited for capturing local and global patterns in complex
data.

In power electronics, CNNs have been adapted to address
unique challenges. Instead of pixels in images, CNNs
process data from power electronics systems, such as voltage
and current waveforms. By applying convolution and
pooling operations to these waveforms, CNNs can extract
relevant features, recognize patterns, and predict system
behavior. This adaptation offers CNNSs valuable insights into
power electronics performance and fault detection.

4.2. CNNs in Fault Detection

CNNs have emerged as a powerful tool for fault detection
and classification in power electronics devices. Their ability
to learn and recognize intricate patterns within time-series
data, such as voltage and current waveforms, is invaluable
for identifying irregularities or faults in the system.

One of the primary benefits of using CNNs for fault
detection is their capability for automated feature extraction.
Traditional fault detection methods often rely on manually
engineered features, which can be time-consuming and may
miss subtle anomalies. CNNs, on the other hand,
automatically learn and extract relevant features, enabling
them to adapt to various fault types and conditions.

Furthermore, CNNs excel at pattern recognition, making
them effective at distinguishing between normal and faulty
system behavior. By analyzing the voltage and current
waveforms, CNNs can detect deviations from expected
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patterns, helping identify issues in power electronics
components such as converters, inverters, and transformers.

In summary, adapting Convolutional Neural Networks to
power electronics has opened up new avenues for fault
detection and classification. Their ability to automatically
extract features and their prowess in recognizing patterns has
made CNNs a valuable asset in ensuring the reliability and
efficiency of electrical systems. As research in this area
continues to evolve, CNNs are poised to play a pivotal role
in the future of power electronics fault detection.

5. Challenges and Future Directions

5.1. Data Availability and Quality

One of the significant challenges in applying machine
learning to power electronics is data availability and quality.
While power electronics systems generate vast amounts of
data, it is often fragmented, and heterogeneous, and may lack
the necessary annotations for supervised learning.
Addressing this challenge requires efforts to collect and
curate comprehensive datasets specifically tailored to the
needs of machine learning models. Furthermore, data quality
and consistency are paramount, as unreliable or noisy data
can lead to inaccurate model outcomes. Data pre-processing
and augmentation techniques are essential to clean and
enhance the datasets, making them suitable for training
robust machine learning models. Collaborative efforts
among researchers, institutions, and industry stakeholders
are necessary to ensure the availability of high-quality data
for future applications.

5.2. Real-time Implementation

Real-time requirements pose a substantial challenge
when deploying machine learning algorithms in power
electronics systems. These systems often demand rapid
responses to load conditions and disturbances changes to
ensure operational stability. Meeting these stringent real-
time requirements while maintaining the accuracy of
machine learning models can be a complex task. This
challenge necessitates efficient model inference, hardware
acceleration, and model optimization techniques. To address
this challenge successfully, interdisciplinary collaboration
between experts in machine learning, power electronics, and
real-time systems is essential. It is expected that advances in
hardware and software technologies will continue to make
real-time machine learning integration in power electronics
more feasible and efficient.

5.3. Edge Computing and 10T Integration

Edge computing and the Internet of Things (loT) are
poised to play a pivotal role in enhancing power electronics
with machine learning. Edge devices located closer to the
data source enable faster processing and decision-making,
reducing latency and the need for data transmission to remote
cloud servers. In power electronics, machine learning
algorithms can be deployed directly on edge devices within
the electrical grid. 10T sensors and devices can collect and
transmit real-time data to these edge devices, facilitating
predictive maintenance, optimizing power quality, and
enhancing system resilience. Integrating machine learning at
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the edge of power electronics promises to make energy
systems more responsive, reliable, and efficient.

5.4. Integration with Renewable Energy

The future of power electronics will undoubtedly be
intertwined with renewable energy sources such as solar and
wind. Machine learning holds tremendous potential in
optimizing the integration of renewable energy into the grid.
These sources can be variable and intermittent, making grid
management and energy storage critical. Machine learning
models can forecast energy production, predict demand, and
optimize energy distribution, improving grid stability and
efficiency. By harnessing machine learning's predictive
capabilities and adapting to renewable energy fluctuations,
power electronics systems can help accelerate the transition
to sustainable energy sources.

The challenges and future directions in applying machine
learning to power electronics are multifaceted. Data
challenges, real-time implementation, edge computing, and
integration with renewable energy sources are key focus
areas. Collaboration among researchers, industry
stakeholders, and policymakers is essential to drive
innovation and address these challenges, ultimately realizing
the full potential of machine learning in transforming power
electronics for a more sustainable and efficient future.

6. Conclusion

In conclusion, integrating machine learning, with a
special focus on Convolutional Neural Networks (CNNs),
into power electronics represents a promising and dynamic
frontier in electrical engineering. This review paper has
delved into the multifaceted applications and advancements
at the intersection of these two domains, shedding light on
the transformative potential of machine learning in the
context of power electronics. As it is obvious, the utilization
of CNNSs in power electronics holds significant promise,
particularly in areas like fault detection and classification,
automated feature extraction, and pattern recognition. The
power of CNNs to adapt and learn from complex data, such
as voltage and current waveforms, is instrumental in
addressing system reliability and performance challenges.

Moreover, the paper underlines the existing challenges,
notably the need for high-quality data and real-time
implementation, that researchers and practitioners must
overcome to harness the potential of machine learning in
power electronics fully. The integration of edge computing
and loT devices is set to play a crucial role in enabling real-
time applications. In looking towards the future, the review
paper highlights exciting research directions. These include
consolidating  high-quality — data  sources,  further
developments in real-time implementation, deeper
integration of edge computing and loT, and the application
of machine learning to optimize the integration of renewable
energy sources. These directions are poised to shape the
future landscape of power electronics and energy systems,
driving greater efficiency, reliability, and sustainability.
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