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Abstract--- This work aims at the recent application of technological innovations towards 

the implementation of AI-enabled fault detection systems in electrical networks. It poses an 

appropriate methodology for the application of machine learning algorithms within real time 

monitoring and control systems. Consequently, precision and responsiveness in detection 

and response were greatly improved compared to results obtained from previous attempts. 

In comparison with cutting-edge systems, the analysis undertaken suggests that there are 

indeed real deficits of concentration regarding automated maintenance and predictive 

resiliency augmentation of the system AI focus zones. The conclusions are useful for 

network dependability enhancement and smart grid technologies development. 
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1. INTRODUCTION 

Power system as an infrastructure in any country is critical and needs to focus 

on structural dependability and operational continuity. Any failures temporary or 

permanent in power delivery can cause severe disruption along with potential 

financial loss and jeopardize public safety. Fault detection using traditional 

methods based on impedance or travelling wave techniques have efficiencies but 

lack in speed, accuracy, and flexibility in modern grids. The advancement of 

Artificial Intelligence (AI) technologies promises solutions to many complex 
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problems out there. For example, compared to traditional methods, there are AI-

based tools that can process data, identify relevant patterns, and accurately 

predict faults in large data sets. Advanced Machine Learning (ML) and Deep 

Learning (DL) Technologies have had a significant impact on fault detection. AI 

models can not only detect faults, but also predict them and suggest maintenance 

actions using real-time data from smart sensors and IoT devices.  

This paper focuses on reviewing the latest technological innovations aimed at 

applying AI to automate the fault detection processes in electrical networks. Its 

objectives involve studying the frameworks of the advanced approaches, 

developing a system model using new AI algorithms, comparing its performance to 

existing systems, and outlining the further development opportunities. Some gaps 

in the literature will need to be addressed such as the increasing complexity of 

modern electrical grids due to the integration of renewable energy sources and 

distributed generation. Existing fault detection systems, on the other hand, 

continue to become less effective. Additionally, the increasing intensities of cyber-

physical systems require agile and robust fault detection mechanisms which is the 

strength of AI technologies. 

An overview of the works published between 2022 and 2023 will be presented 

in one of the later sections of this document. Afterward, a system design and 

development methodology will be presented. Subsequently, there will be 

descriptions of results from simulation analyses and evaluations of actual data 

which will be accompanied by graphical and tabular illustrations. Finally, the 

emphasis of this paper will explain why the findings are important, in addition to 

other research activities, as part of the conclusion. 

2. REVIEW OF LITERATURE  

From 2022–2023, there has been an advancement in the development of AI 

technologies for enabling fault detection and diagnosing aiding systems in 

servicing electrical devices and equipment. The application of AI techniques for 

assisting in the automation of Wheeled Mobile Robots has also been updated. Wei 

(2022) published research on the application of Convolution Neural Networks 

(CNN)-based methods for fault signature recognition within smart grids. Their 
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research demonstrated that CNN techniques outperformed traditional means of 

signal processing methods by more than 15 percent concerning accuracy of 

detection (Franki et al., 2023). 

Kaul (2020) developed an advanced automatic fault detection model for the first 

stage of an automatic distribution system by integrating LSTM networks with 

support vector machines into a single hybrid model. Their methodology yielded 

diminished rates of false alarms, an issue of concern in most other competing fully 

automated fault detection systems. 

Sodhro et al. (2019) researched the problem of adaptive fault isolation for 

microgrids, concentrating on the application of reinforcement learning. Their 

model improved response time to parameters by 20% in controlled network 

conditions, achieving significant efficiency gains. 

Moreover, Raihan (2023) examined a smart grid’s intricate topology by 

developing a fault classification system based on Graph Neural Networks (GNNs). 

Their results show that GNN-based models achieve significant accuracy even on 

noisy and incomplete datasets.  

In another angle to the problem, Elahi et al. (2023) incorporated Explainable AI 

(XAI) augmenting the AI fault detection system’s interpretability, giving focus to AI 

model opacity in infrastructures deemed critical. 

Also, Stecuła et al. (2023) developed federated learning of the fault detection 

models for multiple substations so that model training could occur without 

centralized data harvesting, ensuring data privacy and security. These studies 

collectively suggest an increased reliance on intelligent, adaptive, and automated 

electrical fault detection systems with an emphasis on security, which underpins 

the methodology developed in this research. 

3. METHODOLOGY  

The proposed system architecture includes three primary components: Data 

acquisition, feature extraction and processing, and AI-based fault detection and 

classification.  
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To improve the models' performance, I set up a computing environment with 

GPU acceleration, which greatly enhanced the learning speed of the frameworks 

TensorFlow and PyTorch offered in Python, and optimized the model’s training, 

validation, and testing phases. 

4. RESULTS AND DISCUSSION  

The validation of the system was performed using the fault data simulation 

from MATLAB Simulink coupled with real-world data collected from publicly 

available online data repositories. The model performance was measured based on 

vitally important KPIs like the model Accuracy, Precision, Recall, and F1-Score 

which shows the model’s performance: 

Table 1: Accuracy, Precision, Recall, and F1-Score which shows the Model’s 

Performance 

Metric Value (%) 

Accuracy 96.7 

Precision 95.8 

Recall 97.2 

F1-Score 96.5 

 

Figure 1: Comparison of Different Fault Detection Methods 

5. CONCLUSION 

This case illustrates that fault detection technologies, especially those applying 

a DNN and LSTM combination, enhance the accuracy and response times of 

monitoring electrical networks. The comparison analyses indicates that there is AI 

infrastructure which can be easily adapted to outpace older practices in speed, 

reliability, fault detection, and adaptability. There is also the use of more 

advanced methods like federated learning or explainable AI which offer elucidated 

concealing strategies for diagnosing faults which is a step further in advancing 
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privacy preserving techniques. While these developments are promising, 

challenges remain such as high computational costs, limited scalability, and lack 

of extensive, high-quality, well-organized datasets. Later investigations should 

focus on optimizing the model's performance, integrating edge computing for real-

time fault detection at the network core for quicker response times, and proactive 

exploration of decentralized systems for active explanations through XAI. 

Alongside the further advancement of smart grid technologies, the ongoing 

development of artificial intelligence will be essential for creating resilient, 

intelligent, and sustainable future electrical networks. 
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