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Abstract- The electrical power system is a complex network of interconnected components that can experience disturbances 

or electrical faults. One challenging task is to detect these faults and determine their underlying causes. In this paper, a new 

approach using semi-supervised machine learning techniques is presented for fault detection and classification on 

transmission lines. The approach employs Decision Tree (DT), Random Forest (RF), Logistic Regression and SVM 

classifiers, which are designed to analyze and classify different types of faults. To extract relevant information from the 

fault current and voltage signals, a technique called Discrete Wavelet Transform (DWT) is applied for feature extraction. 

The Decision Tree classifier makes decisions based on constructing an optimal classification tree. It uses a set of rules to 

determine the most appropriate fault classification. The Random Forest and Logistic Regression also contribute to the fault 

analysis process. To evaluate the performance of the proposed system, various datasets are used. The results obtained from 

the two classifiers are compared based on their accuracy. This helps identify the most suitable technique for fault analysis 

in the given context. This paper presents an innovative approach to classify faults in transmission lines using machine 

learning techniques. By applying the Decision Tree, Random Forest, and Logistic Regression, along with the feature 

extraction capabilities of the Discrete Wavelet Transform. The Random Forest and Decision Tree improve the accuracy 

and effectiveness of fault analysis in the electrical power system 

 

1. INTRODUCTION 

Smart Grid is an Electrical Grid with Automation, Communication and IT systems that can monitor power flows from points of 

generation to points of consumption (even down to appliances level) and control the power flow or curtail the load to match 

generation in real time or near real time. A smart grid uses sensing, embedded processing and digital communications to enable the 

electricity grid to be observable (able to be measured and visualized), controllable (able to manipulated and optimized), automated 

(able to adapt and self-heal), fully integrated (fully interoperable with existing systems and with the capacity to incorporate a diverse 

set energy sources). A smart grid uses digital technology to improve reliability, security, and efficiency (both economic and energy) 

of the electric system from large generation, through the delivery systems to electricity consumers and a growing number of 

distributed-generation and storage resources.” From the above mentioned definitions the Smart Grid can be described as the 

transparent, seamless and instantaneous two-way delivery of energy information, enabling the electricity industry to better manage 

energy delivery and transmission and empowering consumers to have more control over energy decisions. A Smart Grid 

incorporates the benefits of advanced communications and information technologies to deliver real-time information and enable the 

near-instantaneous balance of supply and demand on the electrical grid. Fault detection of smart grid is an important research 

problem that has attracted increasing attention from both academia and industry. It is essential to improve the performance and 

reduce disruptions of smart power systems. The presence of faults or incipient faults in smart grid can be determined by measuring 

and analyzing changes in electrical power (e.g., current and voltage), environmental and equipment parameters, a process known 

as smart grid fault detection. Achieving autonomous smart grid fault detection is crucial to system status awareness, maintenance 

and operation. With the continuous innovation of power systems and equipment, and the carbon neutral goals, more devices and 

technologies are used for fault detection. 

 

2. LITERATURE OVERVIEW 

Power generation, transmission, and distribution systems are essential for our modern economy and daily lives. It's crucial for these 

electrical power networks to provide continuous and reliable service. However, a lack of awareness about the network's condition 

can lead to abnormal operation or even a blackout. That's why power system protection has been a focal point of research since the 

advent of electricity. Detecting and classifying faults in the power system is a crucial task, and advancements in technology have 

made significant progress in analyzing these events over the years. In today's interconnected power system, it's important to have a 

reliable, sensitive, and fast-acting protection scheme to minimize damage to transmission lines caused by disturbances. Additionally, 

identifying the location of the disturbance is vital to reduce system outage time. Numerous efforts have been made to develop 

various methods for protecting power systems. These efforts aim to ensure the reliability and stability of the electrical network and 

enhance its resilience against faults and disruptions. The study [1] relies on analyzing the zero sequence and negative sequence 

values of currents and voltages to determine the type of fault, such as single phase to ground or two phases to ground. In [2], the 

Multiresolution analysis (MRA) technique is utilized to extract important features from the current signal. These features are then 

used for fault classification. The location of fault and type of fault were determined in [3] using a combination of the principle and 

sequence component analysis. Since expert knowledge-based techniques can be limited without real data, Machine Learning (ML) 

algorithms are being used to overcome this challenge. ML algorithms can automatically extract knowledge from available data, 
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making them valuable tools in various applications within the power system field [4]. The paper [5] discusses the use of Machine 

Learning (ML) for fault analysis in power systems. Specifically, Supervised Machine Learning, a common type of ML, has been 

widely employed for fault classification. However, one challenge is that a significant amount of power system data is recorded 

without labels, making it difficult for Supervised ML to accurately classify faults. To address this, the paper proposes using a Semi-

supervised ML approach, which can effectively handle the large amount of unlabeled power system data. In the previous work [7], 

a semi-supervised Machine Learning (ML) approach called KNN for fault identification and classification in a small transmission 

system. They used the amplitude of the fault current as the feature to detect and classify faults. The results showed that the classifier 

performed well for small systems with fewer attributes. 

In the present work, the focus is on a new technology where only a small amount of data is labeled, which is then used to label the 

unlabeled data using suitable classifiers. To extract the features from the three-phase current and voltage signals, they implemented 

a technique called Discrete Wavelet Transform (DWT). The DWT helps uncover hidden information in the fault current and voltage 

signals, and the derived frequency components carry the fault-related information. In [8] the decomposed current and voltage signals 

are used as feature vectors to predict the fault class in transmission lines. The K Nearest Neighbor (KNN) and Decision Tree (DT) 

classifiers are employed for fault detection and classification. The performance of both classifiers is compared to determine which 

one is most suitable for accurately detecting and classifying transmission line faults. 

 

3. METHODOLOGY 

Machine learning is a growing technology which enables computers to learn automatically from past data. Machine learning uses 

various algorithms for building mathematical models and making predictions using historical data or information. Currently, it is 

being used for various tasks such as image recognition, speech recognition, email filtering, Facebook auto-tagging, recommender 

system, and many more. With the help of sample historical data, which is known as training data, machine learning algorithms build 

a mathematical model that helps in making predictions or decisions without being explicitly programmed. Machine learning brings 

computer science and statistics together for creating predictive models. Machine learning constructs or uses the algorithms that 

learn from historical data. The more we will provide the information, the higher will be the performance. A Machine Learning 

system learns from historical data, builds the prediction models, and whenever it receives new data, predicts the output for it. The 

accuracy of predicted output depends upon the amount of data, as the huge amount of data helps to build a better model which 

predicts the output more accurately. Suppose we have a complex problem, where we need to perform some predictions, so instead 

of writing a code for it, we just need to feed the data to generic algorithms, and with the help of these algorithms, machine builds 

the logic as per the data and predict the output. Machine learning has changed our way of thinking about the problem. The below 

block diagram explains the working of Machine Learning algorithm. 

 

 

Figure: 1ML Model 

 

4. MACHINE LEARNING ALGORITHMS 

Machine Learning algorithms are the programs that can learn the hidden patterns from the data, predict the output, and improve the 

performance from experiences on their own. Different algorithms can be used in machine learning for different tasks are Logistic 

Regression, SVM (Support Vector Machine), Decision Tree and Random Forest. Classification result and based on the majority 

votes, the algorithm predicts the final output. Random forest is a fast algorithm, and can efficiently deal with the missing incorrect 

data. The below Figure shows the Dataset of the Transmission Line faults For working on the dataset we use Jupiter Notebook and 

for reading the dataset we import Pandas library, Pandas is a Python library used for working with data sets. It has functions for 

analyzing, cleaning, exploring, and manipulating data.  
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Figure2: Dataset of Transmission Line 

 

5. RESULTS AND DISCUSSION 

A. Logistic Regression 

            The Logistic Regression Machine gives the Training Accuracy is 33.59 % and the Model Accuracy is 31.98 

 

 

B. Random Forest 

Random Forest is a classifier that contains a number of decision trees on various subsets of the given dataset and takes the average 

to improve the predictive accuracy of that dataset. The Random Forest gives the Training Accuracy is 100.0% and the Model 

Accuracy is 89.07 

 

 

C. Support Vector Machine 
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Support Vector Machine (SVM) is a supervised machine learning algorithm used for both classification and regression. The 

objective of the SVM algorithm is to find a hyperplane in an N-dimensional space that distinctly classifies the data points. The 

Support Vector Machine gives the Training Accuracy is 76.46% and the Model Accuracy is 74.13 

 

D. Decision Tree 

Decision Tree is the most powerful and popular tool for classification and pre-diction. A Decision tree is a flowchart-like tree 

structure, where each internal node denotes a test on an attribute, each branch represents an outcome of the test, and each leaf node 

(terminal node) holds a classlabel. The Support Vector Machine gives the Training Accuracy is 100.0% and the Model Accuracy is 

89.64 

 

CONCLUSION 

This paper focuses on the fault detection in smart grid using Machine Learning techniques. The machine learning is efficiently used 

for estimating Instruments loss of life, detecting power quality events and faults, making optimal energy dis-patch decisions to 

reduce cost of energy, efficient electricity market operations, and securing data and preventing attacks on smart grid. The application 

Machine Learning of in smart grids provides powerful technical support to the digital power systems.These include limitation of 

finding past labelled data, rapid changes in failure patterns, issues with generating high resolution synthetic data for training, finding 

efficient feature selection techniques. By using the ML models we can predict which type of fault is occurred in the System. We 

used different Machine Learning Algorithms, Which has different accuracy. The Random Forest and Decision Tree improve the 

accuracy and effectiveness of fault analysis in the electrical power system 
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