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ABSTRACT 

The increasing complexity of modern smart grids demands faster, more accurate, and intelligent fault detection 

systems to ensure uninterrupted power delivery and operational reliability. Traditional fault diagnosis methods 

often fall short due to their reliance on manual analysis and fixed rule-based algorithms, which are insufficient 

in handling dynamic, non-linear grid behaviors. This research presents an AI-based fault diagnosis framework 

utilizing deep learning, specifically Convolutional Neural Networks (CNNs), to automatically detect and classify 

different types of faults in smart grids. A synthetic dataset of current and voltage signals under various fault 

scenarios is used to train and evaluate the model. The proposed system demonstrates high accuracy, robustness 

against noise, and the ability to operate in real-time using data from SCADA and PMU devices. This approach 

not only enhances the reliability of fault detection but also enables automated grid monitoring, paving the way 

for smarter, self-healing power networks. 

Smart grids are an evolution of traditional power systems, integrating communication technologies and 

computational intelligence to improve efficiency, reliability, and sustainability. One of the most critical 

challenges in smart grid operations is accurate and fast fault detection. Delays or inaccuracies in identifying 

faults can lead to equipment damage, service interruptions, and economic losses. 

 

1. INTRODUCTION  

Conventional techniques such as impedance measurement and waveform analysis are limited in handling high-

dimensional, noisy, and non-linear data. Artificial Intelligence (AI), particularly deep learning, offers a promising 

alternative by learning complex patterns directly from raw or pre-processed data. This paper explores the 

implementation of deep learning—specifically CNNs—for fault classification in smart grids using simulated 

datasets. 

The deployment of Phasor Measurement Units (PMUs), Remote Terminal Units (RTUs), and SCADA systems in 

smart grids facilitates real-time monitoring and data acquisition at high sampling rates. This real-time data, when 

integrated with AI models, enables predictive diagnostics and autonomous control actions, significantly improving 

the grid’s responsiveness to faults. Furthermore, the development of edge computing and embedded AI systems 

allows fault diagnosis to be implemented at or near the source of data generation, reducing latency and dependency 

on centralized processing. 

This research paper presents a comprehensive AI-based fault diagnosis system designed for smart grids. A deep 

learning model is developed and trained using simulated fault data from IEEE standard bus systems. The model is 

evaluated for its accuracy, robustness to noise, and real-time applicability. The system’s architecture is designed for 

potential deployment in edge devices or GPU servers, ensuring scalability and adaptability for both small-scale 

microgrids and large utility networks. 

In addition to enhancing fault detection accuracy, this work contributes to the growing body of research advocating 

the fusion of machine learning and power systems engineering. By shifting from rule-based systems to data-driven 

models, the paper envisions a smarter, more autonomous, and fault-resilient future for power distribution networks. 

 

2. LITERATURE REVIEW 

Recent studies have focused on the fusion of AI and smart grid systems. Major contributions include: 

• AI in Power Systems: Several works (Zhang et al., 2020; Li et al., 2019) demonstrated the potential of AI 

in improving fault tolerance and self-healing capabilities of smart grids. 

• Deep Learning in Electrical Engineering: CNNs have been used in load forecasting, energy theft 

detection, and power quality analysis. 

• Fault Classification Methods: Traditional methods like Wavelet Transform and Support Vector Machines 

have been outperformed by deep neural networks in terms of accuracy and adaptability. 



International Journal of Interdisciplinary Innovative Research & Development (IJIIRD) 

ISSN: 2456-236X 

Vol. 10 Issue 01 | 2025 

EE021 www.ijiird.com 617 

• SCADA and PMU Data Integration: Using SCADA and PMU (Phasor Measurement Unit) datasets, 

researchers have successfully applied LSTM and CNN architectures to real-time fault prediction. 

 

3. PROPOSED SYSTEM: 

The proposed system leverages a Convolutional Neural Network (CNN) architecture to detect and classify faults in a 

smart grid. The system architecture includes: 

• Data Acquisition: Time-series voltage and current signals from smart meters and PMUs. 

• Preprocessing: Normalization and transformation into 2D matrix formats. 

• Model Design: A multi-layer CNN trained to identify line-to-line (LL), line-to-ground (LG), and three-

phase faults. 

• Prediction Layer: The output layer consists of softmax nodes representing each fault class. 

• Real-Time Integration: A data pipeline enables real-time inference using live grid data via SCADA 

systems. 

 
Fig. 2 Relay System 

 

 

3.1 Hardware Components 

 

3.1.1 High-performance GPU Server or Edge AI device (e.g., Jetson Nano) 

These are computing platforms equipped with powerful GPUs designed to handle the intensive computation 

required for deep learning models. A GPU server can be used for training large datasets, while edge AI devices like 

NVIDIA Jetson Nano allow real-time inference at the field level, reducing latency. 

 

 
Fig. 3.1 GPU SERVER MODULATION 

 



International Journal of Interdisciplinary Innovative Research & Development (IJIIRD) 

ISSN: 2456-236X 

Vol. 10 Issue 01 | 2025 

EE021 www.ijiird.com 618 

 

3.1.2 Real-Time Data Acquisition Module (PMU/RTU) 

Phasor Measurement Units (PMUs) and Remote Terminal Units (RTUs) are used to collect real-time electrical data 

such as voltage, current, and frequency from various points in the smart grid. This high-resolution data is essential 

for training and testing AI-based fault detection systems. 

 
Fig 3.2 (PMU/RTU) MODULATION 

 

3.1.3 SCADA-based Communication Interface 

Supervisory Control and Data Acquisition (SCADA) systems are used for monitoring and controlling grid 

operations. The communication interface allows your AI model to interact with real-time grid data, enabling 

dynamic fault detection and response. 

 

3.1.4 Microcontroller (Optional for edge deployment) 

Microcontrollers such as Arduino or ESP32 can be used in edge deployments to collect local sensor data, control 

devices, and transmit signals. These are crucial when building a compact, embedded version of the fault diagnosis 

system. 

 

3.2 Software Components 

3.2.1 Python with TensorFlow/Keras 

Python is the primary programming language used for developing AI models. TensorFlow and Keras are libraries 

that simplify building and training deep learning architectures like Convolutional Neural Networks (CNNs) for fault 

classification. 

 
Fig 3.2 Tensor Flow Work 
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3.2.2 MATLAB/Simulink for signal simulation 

MATLAB and Simulink are used for simulating electrical power systems and fault conditions. These simulations 

help generate synthetic data for training and validating AI models when real-world data is unavailable 

 

3.2.3 Arduino/Embedded C (if real-time edge deployment) 

When deploying the model on hardware like Arduino, Embedded C is used for programming the microcontroller. It 

handles data acquisition, basic logic, and communication with sensors or other control units 

 

3.2.4 Anaconda Environment, Jupyter Notebook 

Anaconda is a Python distribution that simplifies package management. Jupyter Notebook provides an interactive 

development environment for writing and testing AI code, visualizing results, and documenting experiments 

 

3.2.5 Wireshark/OPC-UA Tools for SCADA Communication Monitoring 

Wireshark is a network protocol analyzer that monitors communication between devices. OPC-UA tools are used to 

facilitate secure and reliable data exchange between the AI model and SCADA systems. 

 

3.3. Simulation & Results 

The CNN model was trained on a benchmark dataset containing fault signatures from IEEE 14-bus simulated 

networks. The dataset included five types of faults under varying load conditions and noise levels. 

• Accuracy Achieved: 97.8% 

• Precision: 95.4% 

• Recall: 96.3% 

• F1 Score: 96.1% 

The model was compared with SVM and Decision Tree classifiers and showed a significant performance 

improvement, especially under noisy conditions. 

 

4. CONCLUSIONS 

This research confirms that AI—especially deep learning models like CNNs—can be a game-changer for smart grid 

fault diagnostics. The system provides fast, accurate, and reliable classification of faults, making it a viable solution 

for real-world deployment. Future work will focus on real-time edge implementation and training the model with 

actual grid data. 
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