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ABSTRACT:

Electric power is a basic necessity for modern life, supporting industries, businesses,
and everyday activities. However, a major problem faced by power systems is the loss of
energy during transmission. These losses can be either technical, caused by factors like
resistance in transmission lines and equipment, or non-technical, mainly due to power theft and
faulty metering. this project focuses on analyzing both types of losses and developing a method
to improve the security of power transmission lines. Power theft is a serious issue that leads to
financial losses for electricity boards and affects the quality of power supply to genuine
consumers. Detecting and preventing such unauthorized usage is essential for an efficient
power system. the proposed system aims to monitor power flow continuously and identify any
abnormal variations that may indicate losses or theft. By using sensors and a microcontroller-
based setup, the system compares transmitted and received power values in real time. If any
mismatch beyond a certain limit is detected, it alerts the system, helping in quick identification
of faults or illegal connections. this approach not only improves the reliability and efficiency
of the power transmission system but also helps in reducing economic losses. Overall, the
project contributes to building a smarter and more secure electrical network.

Keywords: Power Transmission ,Transmission Losses ,Power Theft Detection ,Technical
Losses, Energy Monitoring , Microcontroller ,Fault Detection ,Secured Power System

1.Introduction:

Electric power plays a vital role in the development of modern society, supporting
industries, infrastructure, and daily human activities. With the increasing demand for
electricity, maintaining an efficient and reliable power transmission system has become more
important than ever. However, one of the major challenges faced by power utilities is the
occurrence of power losses during transmission and distribution.

These losses are broadly classified into technical and non-technical losses. Technical
losses occur naturally due to the resistance of transmission lines, transformers, and other
electrical equipment. On the other hand, non-technical losses mainly arise due to power theft,
illegal connections, and errors in metering systems. Among these, power theft is a serious issue
that not only causes financial losses to electricity boards but also affects the quality and
reliability of power supply to genuine consumers.
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To address these challenges, there is a need for an efficient system that can monitor
power flow and detect any abnormalities in real time. This project focuses on analyzing
transmission losses and identifying possible power theft in a secured transmission line. By
using sensors and a microcontroller-based system, the proposed model continuously compares
the input and output power values. Any significant variation between these values may indicate
losses or unauthorized usage.

The main objective of this project is to enhance the security and efficiency of power
transmission by providing a reliable method for loss analysis and theft detection. This system
can help in reducing energy losses, improving power quality, and supporting the development
of a smarter and more transparent electrical network.

2. Literature Review:

Komolafe and Udofia (2020) proposed a technique for detecting and locating electrical energy
theft in low-voltage distribution systems. The method compares input and output power to
identify abnormalities and pinpoint theft locations. It improves the efficiency and reliability of
power distribution by enabling quick detection and control of energy losses.

Asfu (2020) proposed an automatic power theft detection and protection system for distribution
lines. The system continuously monitors electrical parameters and detects irregularities that
indicate theft. It can automatically trigger protection mechanisms to prevent further power loss.
This approach improves the security, reliability, and efficiency of power distribution systems.

Yan and Wen (2021) provided an overview of electricity theft detection methods in smart grids,
analyzing various techniques such as data analytics, machine learning, and meter-based
approaches. The study evaluates their performance, accuracy, and limitations in detecting
abnormal consumption patterns. It highlights challenges like data complexity and false
detection, while suggesting improvements for more reliable and efficient smart grid monitoring
systems.

Awasthi et al. (2022) proposed a system for electric power monitoring and theft detection using
Power Line Communication (PLC). The system transmits data over existing power lines to
monitor energy usage and detect irregularities. It enables real-time monitoring and
communication without the need for additional communication infrastructure. The study
improves the efficiency and reliability of detecting power theft in distribution systems.

Wu et al. (2022) proposed p2detect, a privacy-preserving method for electricity theft detection
in smart grids. The system uses advanced techniques to protect both consumer data and
detection models while identifying abnormal energy usage patterns. It ensures accurate
detection without compromising user privacy. This approach enhances the security, reliability,
and confidentiality of smart grid monitoring systems.

Abdulaal et al. (2023) proposed a privacy-preserving power theft detection method for smart
grids using a Change and Transmit (CAT) advanced metering infrastructure. The system
detects abnormal energy consumption patterns while ensuring data privacy and secure
transmission. It reduces unnecessary data sharing by transmitting only significant changes in
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readings. This approach improves the efficiency, security, and reliability of smart grid
monitoring systems.

Elgarhy et al. (2023) proposed a clustering and ensemble-based approach to improve the
security of electricity theft detection systems against evasion attacks. The method combines
multiple detection models to enhance accuracy and robustness. It effectively identifies hidden
or manipulated consumption patterns while resisting malicious attempts to bypass detection.
This approach strengthens the reliability and security of smart grid monitoring systems.

Zhao et al. (2023) proposed a blockchain-based electricity theft detection system that ensures
data privacy and secure transactions in smart grids. The method uses blockchain technology to
store and verify energy data, preventing tampering and unauthorized access. It detects
abnormal consumption patterns while maintaining user privacy. This approach enhances the
security, transparency, and reliability of electricity theft detection systems.

Veeramani et al. (2024) proposed an loT-based power theft detection system for transmission
lines. The system uses sensors and [oT technology to monitor electrical parameters in real time
and detect abnormal conditions indicating theft. It enables remote monitoring, quick detection,
and improved system efficiency. This approach enhances the reliability and security of power
transmission networks.

Akinwole and Akinyemi (2024) developed an electricity theft identification and prevention
system for home use. The system monitors household energy consumption and detects irregular
usage patterns that indicate theft. It also includes mechanisms to prevent unauthorized access
and alert users in real time. This approach improves the security, efficiency, and reliability of
domestic power systems.

Ahmed et al. (2025) proposed a deep learning-based electricity theft detection method using a
Siamese network with a triplet loss function. The system learns patterns of normal and
abnormal energy consumption to accurately identify theft. It improves detection performance
by reducing false alarms and enhancing classification accuracy. This approach strengthens the
security and reliability of smart grid systems.

3. Methodology:

The methodology of this project focuses on designing a system that can monitor power
flow in a transmission line and detect losses or power theft in real time. The entire process is
carried out in a step-by-step manner as follows. first, the system is set up using a
microcontroller as the main control unit. Sensors are installed at both the sending end and the
receiving end of the transmission line to measure electrical parameters such as voltage and
current. These sensors continuously collect real-time data from the system.

Next, the measured values are fed into the microcontroller, where the power at both
ends is calculated. By comparing the transmitted power and the received power, the system
determines if there is any difference between them. Under normal conditions, a small difference
is expected due to technical losses. A threshold value is then set to distinguish between

Page No: 3



Journal on Communications(1000-436X) || Volume 21 Issue 4 2026 || www.jocs.review

acceptable (technical) losses and abnormal (non-technical) losses. If the difference exceeds this
predefined limit, the system identifies it as a possible case of power theft or fault in the line.

Once an abnormal condition is detected, the system triggers an alert mechanism. This
may include displaying a warning on an LCD screen, activating a buzzer, or sending a
notification to the concerned authority. This ensures quick action can be taken to prevent
further losses. additionally, the system can log data for analysis, helping to understand patterns
of losses and improve system performance over time. The overall approach ensures continuous
monitoring, quick detection, and improved security of the power transmission line.

4. RESEARCH AIM:

The aim of this project is to develop an effective and reliable system for analyzing
power losses and detecting electricity theft in transmission lines. In modern power systems, a
significant amount of energy is lost due to technical inefficiencies and unauthorized usage,
which affects both the performance of the system and the economic stability of power utilities.
This project focuses on identifying these issues and providing a smarter approach to monitor
and control them.

The research aims to distinguish between different types of losses, such as technical
losses caused by equipment and transmission limitations, and non-technical losses that arise
from human activities like meter tampering and illegal connections. By integrating monitoring
and detection mechanisms, the system is designed to track power flow, identify abnormalities,
and generate alerts for suspicious activities.

5. System Architecture:

The system architecture consists of a power generation unit, secured transmission line,
and an electrical substation integrated with a monitoring and detection system. Sensors and
smart meters are deployed at key points to continuously measure voltage, current, and power
flow. The collected data is transmitted to a central processing unit, where it is analyzed to
identify technical losses and detect abnormal patterns indicating electricity theft.

The architecture includes separate modules for loss analysis and theft detection,
enabling clear classification of issues such as transmission losses, metering errors, illegal
tapping, and meter bypassing. A communication system supports real-time data transfer, while
the monitoring unit generates alerts and reports for quick decision-making. This structured
approach ensures efficient power management, improved system reliability, and enhanced
security against unauthorized usage. the architecture is further enhanced by incorporating a
data storage and visualization module, which maintains historical records of power
consumption and system performance. This enables trend analysis and helps in predicting
potential losses or theft activities in advance. The system can also be integrated with automated
control mechanisms to isolate affected sections and minimize impact. By combining real-time
monitoring, data analytics, and automated response, the architecture provides a scalable and
intelligent solution for modern power transmission systems.
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The block diagram illustrates the overall architecture of a secured power transmission
system with integrated loss and theft analysis. The system begins at the power plant, where
electrical energy is generated and transmitted through secured transmission lines to the
electrical substation. The substation acts as a central node for monitoring and controlling power
flow.

From the substation, the system is broadly divided into two major analytical sections:
losses and theft detection. The losses section includes technical losses, which occur due to
inherent resistance and inefficiencies in transmission lines, transformers, and equipment. It also
considers metering errors caused by faulty or inaccurate measurement devices, as well as
billing anomalies arising from data processing or administrative issues. the theft section focuses
on identifying unauthorized consumption of electricity. This includes illegal tapping, where
consumers directly connect to transmission lines without authorization, and fraudulent
bypassing, where energy meters are intentionally manipulated to reduce recorded consumption.
to address these issues, the system integrates a monitoring and detection unit that continuously
analyzes data from various points in the network. Advanced sensing, communication, and
surveillance mechanisms are used to detect irregular patterns, enabling early identification of
losses and theft activities. The detected information is then used for reporting, preventive
actions, and legal enforcement. overall, the proposed system enhances the reliability,
efficiency, and security of power transmission by minimizing energy losses and preventing
unauthorized usage.

6. Working Principle:

The working principle of this project is based on continuous monitoring and
comparison of electrical parameters along the transmission line. Sensors and smart meters are
installed at different points, such as the sending end and receiving end, to measure voltage,
current, and power. The measured data is transmitted to a central processing unit for analysis.
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Under normal conditions, the input and output power values follow a predictable
pattern, accounting for minor technical losses. The system continuously compares these values,
and if a significant deviation is detected beyond the expected limit, it indicates the presence of
abnormal losses or possible electricity theft.

The system then classifies the issue by analyzing the pattern of deviation. Gradual
losses are identified as technical losses, while sudden or irregular changes suggest unauthorized
activities such as illegal tapping or meter bypassing. Once detected, the system generates alerts
and reports for further action.

Thus, by combining real-time data monitoring, comparison, and intelligent analysis, the
project ensures efficient detection of losses and prevention of power theft in transmission lines.

7. Conclusion:

This project focused on analyzing power losses and detecting theft in a secured power
transmission line. Throughout the study, it was observed that power losses are unavoidable in
electrical systems, but they can be monitored and controlled effectively. While technical losses
occur naturally due to system components, non-technical losses like power theft create serious
problems for power utilities and consumers.the proposed system successfully demonstrates a
method to monitor power flow and identify abnormal variations between transmitted and
received power. By using sensors and a microcontroller-based setup, the system can detect
possible cases of power theft or faults in real time and provide immediate alerts. This helps in
taking quick corrective actions and reducing energy losses.

Overall, this project contributes to improving the efficiency, reliability, and security of
power transmission systems. It also highlights the importance of adopting smart monitoring
techniques in modern electrical networks. In the future, this system can be further enhanced by
integrating advanced technologies like IoT and remote monitoring, making it more effective
and suitable for large-scale applications.
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