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Abstract.

Fault detection in low voltage transmission lines is essential for ensuring reliable power
supply, protecting equipment, and maintaining system safety. Low voltage networks are
more prone to faults such as short circuits, open circuits, grounding faults, and
environmental disturbances. This review paper presents a comprehensive study of fault
detection systems used in low voltage transmission lines, with a primary focus on relay-
based protection techniques. Various types of relays, including electromechanical,
electromagnetic, digital, and intelligent relays, are discussed along with their operating
principles and performance characteristics. The paper also reviews recent advancements
that integrate sensors, microcontrollers, communication modules, and artificial intelligence
techniques for accurate and fast fault identification. Key challenges such as sensitivity,
selectivity, speed of response, compatibility with existing infrastructure, and cost
constraints are analyzed. Finally, the review highlights future research directions aimed at
improving fault detection accuracy, system reliability, and lineman safety in modern
power distribution networks..
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1. INTRODUCTION

Fault detection plays a vital role in the safe and efficient operation of electrical power
systems. Low voltage transmission lines form an important part of the power distribution
network and are directly connected to consumers. Due to their wide geographical spread
and exposure to environmental conditions, these lines are highly susceptible to faults such
as short circuits, line breaks, overloads, and insulation failures. If such faults are not
detected and isolated quickly, they can lead to equipment damage, power interruptions,
and safety hazards for maintenance personnel[1].

With recent technological advancements, relay-based systems have evolved by
incorporating digital processing, sensors, wireless communication, and artificial
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intelligence techniques. These modern approaches enable real-time monitoring, remote
fault reporting, and improved fault classification. This review paper focuses on analyzing
existing relay-based fault detection methods, their challenges, and recent developments,
with the aim of providing insights into building more reliable and intelligent low voltage
fault detection systems[2].

2. METHODOLOGY OF WORK FLOW
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This review paper adopts a systematic survey methodology to analyze fault detection
systems used in low voltage transmission lines. The study primarily focuses on relay-based
fault detection techniques and their integration with modern hardware and software
technologies. A detailed review of published research papers, conference articles, and
technical reports was carried out to understand different fault detection approaches and
their performance.

The methodology involves classifying fault detection systems based on sensing
techniques, relay types, communication methods, and data processing approaches. Systems
using current, voltage, temperature, flame, and smoke sensors are examined to understand
how physical and electrical faults are detected. Microcontroller-based platforms such as
Arduino and NodeMCU are reviewed for local processing, while GSM, Wi-Fi, and LoRa
technologies are analyzed for real-time fault communication and remote monitoring.

Advanced signal processing techniques such as wavelet transform and Fourier analysis are
studied for feature extraction from voltage and current signals. The review also covers
intelligent fault detection methods using artificial neural networks, ANFIS, SVM, and
time-series models like LSTM and ARIMA for fault classification and prediction.
Comparative analysis is performed based on accuracy, response time, reliability, and
practical implementation.
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Finally, the reviewed methodologies are evaluated with respect to real-world challenges
such as environmental disturbances, system compatibility, maintenance requirements, and
cost constraints. This structured approach helps identify the strengths and limitations of
existing techniques and provides a clear direction for future research in low voltage
transmission line fault detection.
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