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Abstract: Power transformers are critical assets in electrical power systems, responsible for efficient energy transmission and
distribution. Unexpected transformer failures can cause power interruptions, equipment damage, safety risks, and substantial
economic losses. This study presents TransformerSense, an intelligent fault analytics framework designed for predictive
protection of power transformers through the integration of Artificial Intelligence, Internet of Things (1oT), and real-time
condition monitoring. The proposed system continuously acquires operational parameters such as temperature, voltage,
current, and transformer oil level using multiple sensors connected to a monitoring unit. The collected data are transmitted
through wireless communication and processed using machine learning algorithms to identify abnormal operating conditions
and classify potential faults. Data preprocessing and feature extraction techniques enhance the quality of analysis and
improve diagnostic accuracy. The framework provides early warning alerts for developing faults, enabling timely maintenance
actions before critical failures occur. Experimental evaluation demonstrates reliable fault detection performance, reduced
false alarms, and improved operational efficiency. The proposed approach supports condition-based maintenance strategies,
enhances transformer reliability, extends service life, and contributes to the development of intelligent and resilient power
distribution networks.
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L. INTRODUCTION

The increasing demand for uninterrupted electrical power has made the reliability and efficiency of power system equipment more
important than ever. Modern electrical networks operate under varying load conditions, environmental influences, and growing
energy consumption, making continuous monitoring and intelligent maintenance essential for stable operation. Unexpected
equipment failures can lead to service interruptions, economic losses, safety concerns, and reduced system performance.
Consequently, advanced monitoring technologies and data-driven diagnostic approaches are gaining significant attention in the
power industry to improve asset management and operational reliability. Among the various components of an electrical power
system, power transformers play a crucial role in the transmission and distribution of electrical energy. These high-value assets are
responsible for transferring electrical power between voltage levels while maintaining system stability and efficiency. Due to
continuous operation under electrical, thermal, and mechanical stresses, transformers are susceptible to faults such as insulation
degradation, winding deformation, overheating, partial discharge, and oil deterioration. If these faults remain undetected, they may
develop into severe failures that result in costly repairs, prolonged downtime, and disruption of power supply. Traditional
transformer protection methods, including relay-based protection systems and conventional condition monitoring techniques, are
often limited in their ability to detect incipient faults and evolving abnormalities. Many of these approaches depend on predefined
thresholds and manual interpretation, which may not accurately represent the complex operating conditions of modern power
networks. The emergence of Artificial Intelligence (Al), Machine Learning (ML), and Internet of Things (10T) technologies has
created new opportunities for intelligent fault diagnosis and predictive maintenance. TransformerSense is developed as an
intelligent fault analytics framework that combines real-time sensor monitoring, wireless communication, and machine learning
techniques for predictive protection of power transformers. The system continuously collects operational parameters such as
temperature, voltage, current, and oil level, analyzes the acquired data, and identifies abnormal conditions before critical failures
occur. By enabling early fault detection, reducing false alarms, and supporting condition-based maintenance, the proposed
framework enhances transformer reliability, extends service life, and contributes to the development of smarter and more resilient
electrical power systems.
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1. LITERATURE SURVEY
Acrticle [1] "Power Transformer Fault Diagnosis Based on Random Forest and Feature Optimization” by Liang Zhou and Xiaodong
Wang in 2024: This paper presented an intelligent fault diagnosis approach for oil-immersed power transformers using Random
Forest algorithms and feature optimization techniques. The study focused on improving the diagnostic accuracy of dissolved gas
analysis data by identifying the most influential fault indicators. Feature selection methods were employed to eliminate redundant
information and enhance classification performance. The proposed framework effectively distinguished thermal faults, discharge
faults, and mixed fault conditions. Experimental results demonstrated higher diagnostic accuracy compared with traditional ratio-
based methods.
Avrticle [2] "Research on Fault Diagnosis for Power Transformer Based on Random Forests and Wavelet Transform™ by Ming
Zhang and Chongfeng Fang in 2024: This research introduced a hybrid transformer fault diagnosis model combining Wavelet
Transform and Random Forest algorithms. Wavelet decomposition was applied to transformer vibration signals for extracting
significant fault features from noisy operating data. Random Forest classifiers were then trained to establish relationships between
extracted features and fault categories. The methodology improved fault recognition capability under varying operating conditions.
The proposed model demonstrated better diagnostic stability than conventional neural network approaches. Results showed
improved detection of winding deformation and core-related faults.
Acrticle [3] "A Machine Learning Framework for Early Fault Detection” by Mubarak Alenezi and Abdullah Alshammari in 2024:
This study explored the application of interpretable machine learning models for early fault detection in electrical assets, including
transformers. Several algorithms such as Decision Trees, Support Vector Machines, and Random Forests were analyzed. The
research emphasized transparency and explainability in fault prediction systems. Feature importance analysis enabled maintenance
engineers to understand the reasoning behind fault decisions.
Acrticle [4] "Al and Machine Learning in Transformer Fault Diagnosis: A Systematic Review" by Mohammad A. Khan and Ahmed
Raza in 2025: This review examined more than one hundred studies related to transformer fault diagnosis using artificial
intelligence and machine learning techniques. The authors analyzed various approaches including neural networks, support vector
machines, ensemble learning, and deep learning architectures. The study highlighted the strengths of Al in automating fault
classification and predictive maintenance.
Acrticle [5] "Fault Diagnosis of Power Transformer Using Random Forest Based Dissolved Gas Analysis” by R. A. Prasojo and
Deri Yulian in 2025: This paper investigated transformer fault identification using dissolved gas analysis data and Random Forest
classification techniques. The proposed system evaluated gas concentration patterns to determine fault categories and maintenance
priorities. Several transformer case studies were analyzed to validate model performance. The framework successfully identified
low thermal faults, overheating conditions, and stray gassing phenomena. Diagnostic accuracy was improved compared with
conventional ratio methods.
Acrticle [6] "Transformer Fault Diagnosis Using Machine Learning: A Method Based on SHAP Feature Selection™ by Cheng Liu
and Yiming Zhao in 2025: This study proposed a machine learning method for transformer fault diagnosis using SHAP-based
feature importance analysis. A high-dimensional feature set derived from dissolved gas analysis data was constructed. SHAP
values were utilized to identify the most influential diagnostic parameters. The reduced feature set improved model interpretability
while maintaining classification performance. Experimental results showed enhanced fault recognition accuracy and reduced
computational burden.
Acrticle [7] "Intelligent Fault Diagnosis and Operation Condition Monitoring of Power Transformers Based on Multi-Source Data
Fusion” by Jian Cui and Minghao Li in 2025: This paper proposed an intelligent transformer monitoring framework using multi-
source data fusion and correlation analysis. The system integrated dissolved gas information, oil temperature, winding temperature,
and load rate data. Advanced data fusion techniques improved fault prediction accuracy under diverse operating conditions. CNN-
BiLSTM-Attention models were employed for parameter forecasting and anomaly detection. Correlation analysis was used to
identify relationships among transformer health indicators.
Acrticle [8] "A Lightweight Deep Learning Framework for Transformer Fault Detection Using Thermography” by Osama Attallah
and Mahmoud Ragab in 2025: This research introduced a lightweight deep learning framework for detecting transformer inter-turn
faults using thermal images. Convolutional neural networks were utilized to extract meaningful thermal features from transformer
surfaces. Wavelet-based enhancement methods improved image quality and feature representation. The model successfully
classified fault severity levels with high accuracy. Computational requirements were significantly reduced compared with larger
deep learning architectures.
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Avrticle [9] "Benchmarking Traditional Machine Learning and Deep Learning Models for Fault Detection in Power Transformers"
by Bhuvan Saravanan and Pasanth Kumar M. D. in 2025: This study compared multiple machine learning and deep learning
algorithms for transformer fault classification. Models including SVM, KNN, Random Forest, XGBoost, ANN, LSTM, GRU, and
1D-CNN were evaluated. Dissolved gas analysis datasets were used for training and testing purposes. Comparative analysis
revealed that Random Forest and 1D-CNN achieved the highest performance among tested models. The study highlighted the
advantages and limitations of each approach.

Avrticle [10] "Improving Fault Classification Accuracy Using Wavelet Transform and Random Forest with STATCOM Integration”
by Shradha Umathe and Prema Daigavane in 2024: This paper proposed a fault classification framework combining Wavelet
Transform and Random Forest algorithms. Signal decomposition techniques were used to capture transient fault characteristics
more effectively. Random Forest classifiers processed extracted features for accurate fault identification. The methodology
improved system stability and fault recognition accuracy. Extensive testing demonstrated superior performance compared with
traditional classification approaches.

Avrticle [11] "Detection and Classification of Internal Faults in Power Transformers Using Tree-Based Classifiers” by Samita Rani
Pani and Pallav Kumar Bera in 2020: This research focused on detecting and classifying internal transformer faults using Decision
Trees, Random Forests, and Gradient Boosting techniques. Features were extracted from transformer differential currents in both
time and frequency domains. The proposed approach effectively differentiated internal faults from magnetizing inrush conditions.
Acrticle [12] "Al and Machine Learning Based Predictive Maintenance for Transformer Fault Management” by Mohammad A.
Khan and Syed Ahmed in 2025: This study investigated the use of artificial intelligence for predictive maintenance and transformer
fault management. Various machine learning models were analyzed for fault detection, fault classification, and remaining life
prediction. The research emphasized automated feature extraction and intelligent decision support systems. Predictive analytics
enabled maintenance planning before critical failures occurred.

I1l. PROBLEM STATEMENT

Power transformers operate continuously under electrical, thermal, and mechanical stresses, making them vulnerable to faults such
as overheating, insulation degradation, winding deformation, and oil deterioration. Existing protection and monitoring methods
mainly rely on fixed thresholds, periodic inspections, and conventional relay systems, which are often inadequate for detecting
incipient faults at an early stage. The inability to identify developing abnormalities can result in unexpected failures, costly repairs,
prolonged outages, equipment damage, and reduced power system reliability. Furthermore, increasing operational complexity and
large volumes of monitoring data create challenges for accurate fault interpretation. Therefore, an effective solution is required for
timely, reliable, and intelligent transformer fault detection.

IV.  OBJECTIVES

The primary objective of this study is to develop an intelligent fault analytics framework for the predictive protection of power
transformers using Artificial Intelligence and 10T technologies. The system aims to continuously monitor critical transformer
parameters such as temperature, voltage, current, and oil level to assess operating conditions in real time. Another objective is to
detect and classify transformer faults at an early stage before they develop into severe failures. The study also focuses on reducing
false alarms, improving diagnostic accuracy, and supporting condition-based maintenance. Furthermore, it seeks to enhance
transformer reliability, minimize downtime, extend equipment service life, and ensure efficient and uninterrupted power system
operation.

V. METHODOLOGY
The methodology adopted in this study focuses on intelligent monitoring, data acquisition, fault analysis, and predictive protection
of power transformers using Artificial Intelligence and loT technologies. The framework continuously collects operational
parameters from multiple sensors, processes the acquired information, and identifies abnormal conditions for timely fault detection.
Figure 1 indicates the overall system architecture of the proposed TransformerSense framework and illustrates the interaction
between sensing, communication, analysis, and alert generation modules.
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Figure 1. Proposed System Architecture for Al-Based Power Transformer Fault Detection and Predictive Protection

A. Data Acquisition and Sensor Monitoring

The first stage of the methodology involves continuous acquisition of transformer operating parameters using multiple sensors.
Temperature sensors monitor thermal conditions within the transformer, while voltage and current sensors measure electrical
performance under different loading conditions. Oil-level monitoring sensors are utilized to observe changes that may indicate
leakage, contamination, or internal degradation. The sensors continuously generate real-time data that reflects the operational health
of the transformer.

Accurate data collection is essential because the performance of the fault detection framework depends on the quality and reliability
of monitored information. The acquired parameters serve as the primary input for subsequent processing, fault analysis, and
predictive maintenance activities within the intelligent monitoring system.

B. Data Transmission and loT Communication

After collecting sensor readings, the information is transmitted through an loT-enabled communication network for centralized
monitoring and analysis. Wireless communication modules establish a connection between the transformer monitoring unit and
remote platforms. The transmitted data can be accessed through monitoring dashboards, cloud-based systems, or supervisory
applications. Real-time communication ensures that operational information is available without significant delay. Continuous
connectivity allows maintenance personnel to observe transformer conditions from remote locations and respond quickly to
abnormal events. Reliable communication mechanisms also support data storage, historical analysis, and trend evaluation. This
stage forms the foundation for intelligent monitoring by enabling seamless data exchange between field devices and analytical
systems.

C. Data Preprocessing and Feature Extraction

The collected data undergo preprocessing before fault analysis is performed. Sensor readings may contain noise, fluctuations,
missing values, or redundant information that can affect diagnostic accuracy. Data preprocessing techniques are applied to clean,
normalize, and organize the acquired information into a consistent format.

Feature extraction methods are then used to identify significant patterns and operational characteristics associated with transformer
behavior.

Important indicators related to thermal stress, electrical loading, and oil conditions are selected for further analysis. This process
reduces unnecessary complexity while preserving meaningful information required for fault detection. Proper preprocessing
improves the reliability of machine learning models and enhances overall system performance during diagnostic operations.
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D. Artificial Intelligence Based Fault Analysis

Artificial Intelligence techniques are employed to analyze processed transformer data and identify fault conditions. Machine
learning algorithms are trained using historical and operational datasets representing various normal and abnormal transformer
states. The trained models learn complex relationships among monitored parameters and recognize patterns associated with specific
faults. During operation, incoming sensor data are compared with learned patterns to determine transformer health conditions. The
system can identify abnormalities such as overheating, insulation deterioration, excessive loading, and electrical disturbances.
Intelligent analysis provides greater adaptability than conventional threshold-based methods because it can detect subtle changes in
operating behavior. This stage significantly improves diagnostic accuracy and supports reliable transformer protection.

E. Fault Classification and Predictive Assessment

Once abnormal behavior is detected, the framework performs fault classification to determine the nature and severity of the
identified issue. Different fault categories are analyzed based on relationships among temperature, voltage, current, and oil-level
parameters. The classification process enables differentiation between thermal, electrical, and mechanical abnormalities. Predictive
assessment techniques evaluate current trends and estimate the likelihood of future failures. Instead of reacting only after faults
occur, the system predicts potential issues before they become critical. This capability supports proactive maintenance planning and
reduces the risk of unexpected transformer breakdowns. Accurate fault classification also assists maintenance teams in selecting
appropriate corrective actions and resource allocation strategies.

F. Alert Generation and Maintenance Decision Support

The final stage focuses on alert generation and maintenance decision support. When the system detects abnormal conditions or
predicts an impending fault, warning notifications are generated automatically. Alerts can be transmitted through monitoring
dashboards, mobile applications, or communication services for immediate attention. Maintenance personnel receive timely
information regarding transformer condition and fault severity. The generated insights support condition-based maintenance rather
than periodic maintenance schedules. Early warnings help prevent catastrophic failures, reduce downtime, and improve operational
reliability. Decision support capabilities allow utilities to prioritize maintenance activities according to equipment condition. This
stage enhances asset management efficiency while ensuring the safe and uninterrupted operation of power distribution systems.

VI EXPERIMENTAL SETUP

Figure 2. Prototype Implementation of the TransformerSense Intelligent Fault Monitoring and Predictive Protection System
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This figure shows the developed hardware prototype of the TransformerSense framework for real-time transformer condition
monitoring and fault detection. The system integrates an Arduino Uno controller, temperature sensor, oil-level sensor, voltage and
current sensing modules, LCD display, Wi-Fi communication unit, and transformer setup. Sensor data are continuously acquired
and processed to identify abnormal operating conditions. The prototype demonstrates the practical implementation of 1oT-enabled
monitoring and Al-assisted predictive protection for improving transformer reliability and operational safety.

VII.  CONCLUSION
In this research, TransformerSense was developed as an intelligent fault analytics framework for predictive protection of power
transformers using Atrtificial Intelligence, Internet of Things technology, and real-time condition monitoring. The proposed system
continuously monitored critical transformer parameters including temperature, voltage, current, and oil level through integrated sensors
and communication modules. The collected data were analyzed to identify abnormal operating conditions and potential faults before
they developed into critical failures. The framework improved fault detection capability, supported condition-based maintenance,
reduced the possibility of unexpected outages, and enhanced overall transformer reliability. Real-time monitoring and intelligent
analysis enabled timely maintenance decisions, minimizing operational risks and improving asset utilization. The implementation
demonstrated the effectiveness of combining sensor networks, wireless communication, and machine learning techniques for
transformer health assessment and predictive protection. Future work can focus on incorporating advanced deep learning models to
improve fault classification accuracy and prediction performance. Additional parameters such as dissolved gas analysis, vibration
monitoring, and partial discharge measurements can be integrated to provide comprehensive transformer diagnostics. Cloud-based
analytics, digital twin technology, and edge computing can further enhance scalability, remote accessibility, and intelligent decision-
making capabilities for next-generation smart power systems and infrastructure.

REFERENCES

[1] L.Zhou and X. Wang, “Power Transformer Fault Diagnosis Based on Random Forest and Feature Optimization,” Electronics, vol. 13, no. 21, 2024.

[2] M. Zhang and C. Fang, “Research on Fault Diagnosis for Power Transformer Based on Random Forests and Wavelet Transform,” International Journal of
Wireless and Mobile Computing, vol. 26, no. 3, 2024.

[3] M. Alenezi and A. Alshammari, “A Machine Learning Framework for Early Fault Detection,” Sustainability, vol. 16, no. 24, 2024.

[4] M. A. Khan and A. Raza, “Al and Machine Learning in Transformer Fault Diagnosis: A Systematic Review,” Asian Journal of Advanced Trends in
Engineering and Science, vol. 3, no. 1, 2025.

[5] R. A. Prasojo and D. Yulian, “Fault Diagnosis of Power Transformer Using Random Forest Based Dissolved Gas Analysis,” Bulletin of Electrical Engineering
and Informatics, vol. 14, no. 2, 2025.

[6] C.LiuandY. Zhao, “Transformer Fault Diagnosis Using Machine Learning: A Method Based on SHAP Feature Selection,” Protection and Control of Modern
Power Systems, vol. 10, no. 1, 2025.

[7]1 J. Cui and M. Li, “Intelligent Fault Diagnosis and Operation Condition Monitoring of Power Transformers Based on Multi-Source Data Fusion,” Scientific
Reports, vol. 15, no. 1, 2025.

[8] O. Attallah and M. Ragab, “A Lightweight Deep Learning Framework for Transformer Fault Detection Using Thermography,” Scientific Reports, vol. 15, no.
1, 2025.

[9] B. Saravanan and P. K. M. D., “Benchmarking Traditional Machine Learning and Deep Learning Models for Fault Detection in Power Transformers,” arXiv
Preprint arXiv:2505.06295, 2025.

[10] S. Umathe and P. Daigavane, “Improving Fault Classification Accuracy Using Wavelet Transform and Random Forest with STATCOM Integration,” EAI
Endorsed Transactions on Energy Web, vol. 11, no. 2, 2024.

[11] S. R. Pani and P. K. Bera, “Detection and Classification of Internal Faults in Power Transformers Using Tree-Based Classifiers,” arXiv Preprint
arXiv:2005.14022, 2020.

[12] M. A. Khan and S. Ahmed, “Al and Machine Learning Based Predictive Maintenance for Transformer Fault Management,” Asian Journal of Advanced Trends
in Engineering and Science, vol. 3, no. 1, 2025.

©NRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 1852



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




