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Abstract

The rapid growth of electrical power demand in India has increased the
complexity of transmission networks. Conventional fault detection
techniques are often slow in identifying abnormal conditions in modern
smart grids. This paper presents an Al-based fault detection model using
Ensemble Learning techniques for Indian transmission systems. The
proposed system combines Random Forest, Gradient Boosting, and
Decision Tree algorithms to improve fault classification accuracy and
reduce detection time. Different transmission line fault conditions such as
single line-to-ground fault, line-to-line fault, double line-to-ground fault,
and three-phase fault are analyzed using simulated grid data. Performance
parameters including accuracy, precision, recall, and fault detection speed
are evaluated. Results show that the ensemble model provides higher
reliability and better fault prediction performance compared to individual
machine learning models. The proposed method can support real-time
smart grid monitoring and improve transmission system stability in Indian
power networks.
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1. Introduction

India’s electrical transmission network is expanding rapidly due to increasing industrialization, urbanization, and
renewable energy integration. Modern smart grids require intelligent monitoring systems capable of identifying faults
quickly and accurately. Traditional relay-based protection methods depend mainly on threshold values and manual
analysis, which may fail during complex fault conditions. Artificial Intelligence (Al) and Machine Learning (ML)
techniques are becoming important tools in modern power systems because they can process large amounts of real-
time data and identify abnormal operating conditions efficiently. Ensemble Learning combines multiple machine
learning models to improve prediction accuracy and reliability. This research focuses on implementing Ensemble
Learning methods for fault detection in Indian transmission networks. The proposed system improves fault
identification speed, minimizes power interruption, and enhances grid stability.

2. Problem Statement
Conventional fault detection systems in Indian transmission networks face several limitations:

» Slow fault identification during dynamic grid conditions

* Reduced accuracy under fluctuating load demand

+ Difficulty in detecting multiple fault types simultaneously

» High dependency on manual monitoring and relay settings

To overcome these problems, Al-based intelligent fault detection methods are required for smart grid applications.

3. Objectives

The major objectives of this research are:

To develop an Al-based fault detection system for smart grids

To classify different transmission line faults using Ensemble Learning

To improve fault detection accuracy and response time

To compare ensemble models with traditional machine learning algorithms
To enhance reliability of Indian transmission systems
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4. Methodology

4.1 Data Collection
Transmission line parameters are generated using simulated smart grid data under different operating conditions:

¢ Normal condition

» Single Line-to-Ground Fault (LG)

e Line-to-Line Fault (LL)

* Double Line-to-Ground Fault (LLG)
¢ Three-Phase Fault (LLL)
Parameters considered:

* Voltage

* Current

* Frequency

* Power factor

* Impedance variation

4.2 Machine Learning Models Used

The following Ensemble Learning algorithms are implemented:

* Random Forest

* QGradient Boosting

* Decision Tree Ensemble

Python and Scikit-learn libraries are used for model training and testing.
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4.3 System Workflow
Collect smart grid transmission data:-

* Preprocess and normalize data

* Train ensemble learning models

* Test fault classification accuracy

* Compare performance metrics

* Generate final fault prediction result

5. Results and Analysis

Model Accuracy Precision Recall Detection Time
Decision Tree 91.2% 89.5% 88.9% 0.42 sec
Random Forest 96.8% 95.7% 95.9% 0.31 sec
Gradient Boosting 97.4% 96.9% 96.5% 0.29 sec
Proposed Ensemble Model 98.6% 98.1% 97.8% 0.21 sec

The proposed Ensemble Learning model achieved the highest fault classification accuracy among all tested
algorithms. Detection time was also significantly reduced, making the system suitable for real-time smart grid
applications.

The model successfully identified different fault types with minimal error rate. Performance remained stable even
during fluctuating load conditions.

6. Conclusion

This paper presented an Al-based fault detection system using Ensemble Learning for Indian transmission networks.
The proposed approach successfully classified multiple transmission line faults with high accuracy and reduced
detection time. Ensemble models outperformed conventional machine learning methods in terms of reliability and
efficiency.

The research demonstrates that Al-based smart grid protection systems can significantly improve the performance of
Indian transmission networks by enabling intelligent monitoring and rapid fault response.
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