
International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 12 Issue: 2 

Article Received: 25 November 2023 Revised: 12 December 2023 Accepted: 30 January 2024 

________________________________________________________________________________________________________ 
 

 
    804 
IJRITCC | February 2024, Available @ http://www.ijritcc.org 

Study on Intelligent Power Electronics Dominated 

Grid Via Machine Learning Techniques 

Bharatbhai Pravinbhai Navadiya  

Electrical Engineer, Svtronics Inc.  

bharatnavadiya96@gmail.com 

ABSTRACT 

Intelligent power electronics and machine learning algorithms are gradually reshaping the context of the more progressive electrical 

power grids today’s world. This abstract looks into how intelligent power electronics can be incorporated into grid systems and how 

control using machine learning can be applied. By using of complex algorithms, real-time analysis, these technologies improve 

temporal flexibility of the grid, its ability to prevent disruptions, and optimize the usage of renewable sources of energy. Intelligent 

power electronics can join forces with machine learning to provide completely new ways of managing the much-needed grid stability 

and low energy losses.  The rapid emergence and evolution of power electronics has presented various challenges and opportunities 

in modern electrical grids. These include their ability to enhance grid flexibility and efficiency, but also their potential to introduce 

complex stability and control issues. This paper proposes a framework for addressing these issues using machine learning. The 

paper presents a comprehensive review of the current state of the art in machine learning and its potential to improve the stability 

and control of electrical grids. It proposes a framework that will help facilitate the transition to a more resilient and smart electrical 

system. 
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I. Introduction 

The integration of advanced electronic devices and renewable 

energy sources is driving the transformation of the electrical 

grid. This shift aims to improve its flexibility, efficiency, and 

reliability, allowing it to meet the increasing demand for clean 

energy. Wind and solar energy sources are commonly used in 

combination with power electronics to provide a sustainable 

energy source. They help cut down on greenhouse gas 

emissions and promote ecological sustainability [1]. 

Although power electronic devices are widely used, their 

integration poses challenges that need to be resolved to ensure 

the reliability and stability of the electrical grid. These 

components are essential for converting electrical energy, but 

their nonlinear behavior and fast switching can cause issues 

with stability. Grid management is also complicated by the 

interactions between different components. Using machine 

learning techniques, such as deep learning, solutions can be 

developed to address these issues by analyzing the data 

collected by the grid. They can then make informed decisions 

to improve the performance and stability of the electrical 

system [2]. 

Predictive maintenance solutions that use ML can help 

predict the likelihood of equipment failure before it happens, 

which can reduce the cost of repairs and downtime. An 

example of anomaly detection using ML is to find irregular 

patterns that can be used to isolate and resolve problems. ML 

can also be used to develop control strategies for electric grids 

that are heavily affected by power electronic devices [3] [4]. 

This type of machine learning can learn from the data 

collected by a grid and adapt to changes in the environment. 

The integration of such techniques would enable the electrical 

grid to become more resilient and intelligent, allowing it to 

support the increasing complexity of power electronics and 

renewable energy sources. 

Various power electronic devices, such as converters, 

generators, and inverters, play a vital role when it comes to 

integrating renewable energy sources into the electrical grid. 

These components help regulate the voltage levels, control 

the flow of power, and integrate batteries [5]. These devices 

play a vital role in regulating the intermittency and variability 

of renewable power, which ensures that the electricity 

generated from wind and solar power is delivered to the 

electrical grid reliably and efficiently. Aside from being 
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beneficial, power electronics also have some disadvantages. 

One of these is the introduction of distortion in the electrical 

waveform, which could lead to equipment damage. In 

addition, the fast-switching nature of these components can 

cause issues with the transmission and delivery of electricity. 

Dynamic interactions between different electronic devices 

can also make it harder to predict the behavior of the electrical 

grid [6] [7]. An advanced control strategy is therefore 

required to address these issues. It should be able to manage 

the complex dynamics of power electronic devices and 

minimize the negative effects of harmonics. It should also be 

able to operate seamlessly with renewable energy sources. 

II. Challenges in Power Electronics-Dominated 

Grids 

Modern electrical grids are becoming more complex and 

interconnected with the addition of power electronics. This 

has created various challenges that have to be resolved to 

make the system more efficient. 

One of the most common challenges that electrical engineers 

face is maintaining the stability of the grid due to the high-

frequency and nonlinear behaviors of power electronic 

devices. This issue can cause disturbances and oscillations in 

the system. To prevent this, advanced control techniques are 

required to manage these effects effectively [8]. 

Another challenging issue is the timely and accurate 

identification of faults. The complexity of power electronics 

can make it hard to identify and isolate faults. Without prompt 

measures, minor problems can lead to cascading failures, 

which can cause power outages. Having the necessary tools 

and monitoring systems can help engineers address these 

issues [9]. 

To optimize the grid's performance, it is important that the 

engineers can effectively control the various functions of 

power electronic devices. As the number of such devices 

continues to increase, it is important that they have the 

necessary control strategies to maximize their efficiency and 

minimize losses. Dynamically adjusting the functions of such 

devices using real-time conditions is required to achieve 

optimal control. This can be achieved using machine learning 

and advanced algorithms [10] [11]. 

The integration of renewable energy sources and the 

enhanced grid performance achievable with the use of power 

electronic devices require overcoming these obstacles [12] 

[13]. New control strategies and solutions must be developed 

to overcome these obstacles and guarantee the grid's stability. 

III. Machine Learning Techniques for Grid 

Management 

Modern electrical grids face challenges when it comes to 

integrating power electronics [14]. ML techniques can help 

solve these issues by utilizing data-driven approaches to 

improve the management of grids. This can include the 

detection of anomalies and optimal control. 

Using ML techniques, predictive maintenance can help 

predict the likelihood of equipment failures and provide a 

schedule for routine maintenance [15]. This approach can 

also help reduce the risk of unexpected downtime and extend 

the life of critical infrastructure. 

An algorithm for detecting anomalies in an electrical grid is 

used to identify potential faults before they become major 

issues. This process can be carried out using unsupervised 

learning methods such as PCA [16]. Early detection can help 

prevent potential issues from escalating into major problems. 

In power electronic-dominated grids, machine learning can 

offer significant enhancements in control strategies [17], [18]. 

For instance, reinforcement learning systems, such as Q-

learning, can learn optimal policies through in-grid 

interaction. These algorithms can then adapt to changes in 

grid conditions to optimize the operation of electronic 

devices. Machine learning [19]-[21] can dynamically adjust 

control strategies in real time to ensure that the grid functions 

properly. 

ML models [22]-[24] and historical data are used in 

predictive maintenance to identify potential issues before 

they happen. These techniques then analyze the data to come 

up with accurate predictions about the life of electronic 

components. Predictive maintenance can help keep vital 

components running smoothly and reduce the risk of 

unexpected breakdowns. 

Unidentified patterns in the data collected by the grid are 

often referred to as anomalies [25]. These patterns can be 

identified by using unsupervised learning techniques such as 

PCA and clustering. These methods analyze the grid's normal 

behavior to highlight areas of concern. Identifying and 

isolating anomalies can help prevent minor faults from 

leading to major issues and guarantee the reliability of the 

grid. 
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Power electronic-dominated grids can benefit from machine 

learning to enhance their control strategies [26]. Algorithms 

such as deep Q-networks or reinforcement learning can learn 

ideal policies through in-grid interactions, which can help 

them adapt to changes in the grid's conditions. This helps 

improve the stability and efficiency of the system. Control 

strategies can be dynamically adjusted to respond to real-time 

data by utilizing RL. This enables power electronic devices 

to perform at their optimal levels, thereby improving the 

efficiency and resilience of the grid. 

IV. Proposed Framework for Intelligent Grid 

To effectively utilize machine learning in managing power 

electronic grids, we have designed a framework that includes 

various essential components. This ensures that ML 

techniques can be integrated seamlessly into the grid 

operations. 

The first step in implementing the framework is to collect 

real-time data from various devices and sensors. This data can 

be used to improve the efficiency of the grid. To provide the 

necessary foundation for the development of ML models, the 

data acquisition process must be performed accurately. 

The collected data undergoes various steps before it is 

analyzed and transformed into a model. These include 

preprocessing, which involves removing noise and ensuring 

its reliability; and feature extraction, which highlights the 

most relevant features from the data. This process is very 

important to improve the efficiency and accuracy of the 

models. 

The training and validation phase of the development of 

machine learning models involves validating them for 

specific applications, like optimal control and fault detection. 

Various algorithms, such as unsupervised and supervised 

learning, are used to train the models. They are then subjected 

to different datasets to ensure their robustness and accuracy. 

After validating the model, it is then deployed in the grid, 

where it can make decisions and control the various 

operations of the system. These models are constantly 

analyzing the data to provide better control signals and 

insights. Real-time implementation helps the grid respond 

quickly to changes in the environment, ensuring its stability 

and efficiency. 

The framework's final component, which is continuous 

learning, involves continuously updating the models to 

improve their performance. This process is carried out as the 

data collected by the grid changes. The updated models are 

then retrained to keep up with the latest conditions. This 

process helps the models maintain their accuracy and 

effectiveness. 

V. Conclusion 

The combination of the intelligent power electronics and the 

integration of the smart machine learning methods appears to 

be a viable way of harnessing the electrical grid of the future 

which happens to be efficient and well sustainable. So these 

technologies effectively allow the integration of more large-

scale renewable energy sources by utilizing data analysis and 

control systems to efficiently manage grid stability. 

Furthermore, the decision-making benefits of machine 

learning help the grid operators to make accurate estimations 

about assets, identify probable failures, and control the energy 

flow in actual-time enhancing the total operational 

performance and the expenses of the power grid. Machine 

learning techniques can help improve the stability and control 

of electrical grids. They can also help us create a resilient and 

more intelligent system that can meet the energy demands of 

the future. To fully realize the potential of this technology, 

research must focus on developing robust models and 

improving the quality of data. 
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