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Abstract - Power grids have become more 

complicated lately, mostly because of new re-

newable energy sources and skyrocketing de-

mand. Spotting problems and keeping every-

thing steady is a bigger challenge than ever. 

Most current fault detection relies on rule-based 

algorithms, but honestly, those just don't hold 

up in real-world situations. In this research, we 

dig into artificial intelligence—specifically ma-

chine learning—to figure out how it can help 

find faults and judge the stability of smart grids. 

By training models on years of historical grid 

data, machine learning gives us a smarter way 

to classify faults and understand how stable the 

grid actually is. 

 

Keywords: Smart Grid Stability, Fault Detec-

tion, Machine Learning, Artificial Intelligence, 

Power System Reliability 

 

I. Introduction 

 

Electricity grids power everything—your 

phone, your fridge, even whole factories. As we 

plug in more devices and feed unpredictable en-

ergy into the system, things get messy fast. Grid 

reliability isn’t just nice to have, it keeps cities 

running and businesses alive. A single failure? 

People notice right away. 

The old-school methods for watching over grids 

stuck around for a reason—they worked when 

everything was steady and predictable. You set 

thresholds, you make rules, and you hope things 

stay the same. But they don’t. Renewables like 

wind and solar come and go with the weather, 

so predicting what the grid needs gets tougher. 

The tools that once worked fine now lag behind. 

 

That’s where artificial intelligence, especially 

machine learning, changes the game. Instead of 

guessing with rigid rules, these algorithms eat 

up mountains of grid data, learn the patterns, 

and actually get better over time. Models like 

decision trees or neural networks already show 

real promise—they catch things humans and older sys-

tems miss. 

 

This research dives into where AI actually fits into to-

day’s smart grids. It looks at the places where machine 

learning pushes past theory, helping engineers deal with 

real headaches in fault detection and stability prediction  
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II. Problem Statement 

 

Modern power grids just keep getting trickier, and 

old monitoring tools aren’t up to the challenge any-

more. Rigid rule-following and constant human 

oversight can’t handle today’s unpredictable supply 

and demand. Faults slip through the cracks, and ex-

pecting anyone to predict stability by hand is wishful 

thinking. This project tackles those issues head-on, 

laying out the problems and showing how AI gives 

us the tools to actually solve them. 

 

Power grids aren’t what they used to be. They’re 

getting more complicated every day—thanks to 

higher electricity demand, fast-paced urban 

growth, and a flood of renewables like solar and 

wind. The problem is, renewables don’t run on a 

predictable schedule. One minute the sun’s out or 

the wind’s blowing, the next minute, nothing. This 

constant back-and-forth messes with voltage, fre-

quency, and the whole balance of the grid. Keep-

ing everything steady and reliable is a real head-

ache now. 

 

Old-school monitoring tools? They just don’t cut 

it anymore. They rely on set rules, basic thresh-

olds, and nonstop human oversight. Back when the 

grid was simpler and more predictable, that was 

enough. But now, things change fast. Problems 

sneak by until they blow up—leading to blackouts, 

fried equipment, lost money, and trust. 

 

This project goes after a smarter solution: using 

Artificial Intelligence and Machine Learning to 

ramp up fault detection and predict when things 

might go off the rails. AI can handle mountains of 

data—historical records, live feeds, all of it—spot 

trends nobody notices, and flag weird activity be-

fore it gets serious. 

 

Letting AI take over early detection, on-the-fly 

monitoring, and forecasting totally changes the 

game. Grids run smoother, bounce back from 

problems faster, and you get fewer nasty surprises. 

Here’s the bottom line: smart tech isn’t just mak-

ing power grids more advanced—it’s making them 

safer, tougher, and better prepared for next. 

 

 

 

III. Literature Survey 

 

Wang et al., conducted a study regarding the use of 

machine learning approaches for smart grid stability 

prediction using the UCI Smart Grid Stability data 

set [1]. In their study, the researchers used several 

classification models and performed 

hyperparameter tuning. The study findings showed the effec-

tiveness of machine learning approaches in classifying the 

states of smart grids, especially when optimizing the support 

vector machine model. 

 

Aliero undertook a survey on the utilization of sophisticated 

machine learning techniques for assessing the stability of 

smart grids through comparing these with the UCI Electrical 

Grid Stability Simulated Dataset [2]. The investigation in-

volved the evaluation of several classification algorithms, all 

of which yielded favorable results, but XGBoost performed 

best, having attained an accuracy rate of 97.5%, alongside im-

pressive results in terms of precision, recall, and F1-score. The 

researcher posited that there exists immense promise in the em-

ployment of artificial intelligence and machine learning in en-

hancing smart grid efficiency, although several challenges re-

main. 

 

In 2025 Arman Fathollahi found out that using renewable en-

ergy sources can cause some problems like the voltage level 

fluctuating constantly and the frequency not being  stable  

enough  which  makes  it  complicated when there are vul-

nerabilities [3]. Arman Fathollahi said that machine learning 

models like Support Vector Machines and Artificial Neural 

Networks can really have an impact on issues like these. The 

study also talked about Decision Trees, Long Short-Term 

Memory and reinforcement learning algorithms. The author 

concluded that AI-driven methods significantly improve grid 

reliability, resilience, and sustainability, with reinforcement 

learning showing strong potential for real-time energy man-

agement in future smart grid systems. 

 

Aman Choudhary and Ankush Pathania proposed a paper which 

studied the application of artificial intelligence and optimization 

techniques for intelligent power systems focusing on fault de-

tection, energy management, and grid stability [4]. The authors 

found that the old ways of doing things with power systems are 

not working well together like they used to due to the increasing 

integration of renewable energy sources, distributed generation, 

and growing system complexity. The study reported that differ-

ent components such as machine learning, deep learning, fuzzy 

logic, genetic algorithms, and particle swarm optimization can 

show a huge difference in improving fault diagnosis and working 

with real-time energy management. 

 

Vishakh K. Hariharan proposed a paper on how to use machine 

learning to detect faults in power distribution grids which are 

smart. It points out that traditional ways of monitoring are slow 

and depend largely on manual analysis, which makes it hard to 

detect faults early [5]. Different machine learning techniques 

like Random Forest Boosting KNN, and Naive Bayes were used 

by the team to find faults in the data of the grid. Besides real 

data, the study also used AI-generated synthetic data for training 

the algorithms. Scores indicate that a mix of actual and synthetic 

data greatly enhances fault detection, with Random Forest and 

Boosting classifiers leading the pack. The paper finally argues 

that AI-based methods can lead to improved fault detection, in-

creased reliability, and more efficiency in smart power grids. 
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C. Moya and S. Zhang presented DeepONet-grid-

UQ, a deep learning method for characterizing the be-

havior of power grids before and after faults [6]. Their 

approach utilizes Deep Operator Networks 

(DeepONet) to model the relationship between fault 

trajectories and post-fault behavior. They also bring 

two uncertainty quantification techniques, Bayesian 

DeepONet and Probabilistic DeepONet into the pic-

ture. Their method is capable of significantly lower-

ing the time needed for performing power system sta-

bility analysis compared to the conventional dynamic 

simulation-based approach. Experimental evidence 

based on the power grid of New York and New Eng-

land shows that the proposed approach is not only ca-

pable of making accurate predictions about post-fault 

trajectories but also trustworthy in terms of prediction 

confidence. 

 

In this research Mbey et al. Look at a problem with 

smart distribution grids [7]. These grids can have 

faults because they are complex and decentralized. 

The authors suggest a way to diagnose problems. This 

way uses Long Short-Term Memory (LSTM) net-

works and an Adaptive Neuro- Fuzzy Inference Sys-

tem (ANFIS). The core of their method uses data 

from meters. The LSTM part helps find patterns in 

how electricity flows over time. The ANFIS part uses 

logic to deal with uncertainties and non-linearities in 

the grid. Mbey et al. Show that their model works 

well. It can classify faults with a precision of 99.99%. 

They test it on the IEEE 123- feeder system. This 

shows that their model can tell types of faults apart in 

real-time. This is important because it helps utility 

providers automate finding faults. This can reduce 

downtime. Prevent high costs from manual inspection 

and grid failures. 

Smart distribution grids have faults because they are 

complex. Mbey et al. Provide a solution that can be 

used by utility providers. Their solution uses smart 

meter data. Can find faults quickly. This can save util-

ity providers a lot of money. Mbey et al. Do a job with 

their research, on smart distribution grids. 

 

Anwar and Mu looked into the stability of power 

transmission lines [8]. These lines are really important 

for a country’s energy. They realized that regular ma-

chine learning models have a time dealing with the 

noise and changes in high-voltage transmission data. 

So they came up with a way of learning called RF-

LSTM Tuned KNN. This model uses the things from 

a few different approaches: the strength of Random 

Forest, the ability of LSTM to track sequences and the 

precision of a tuned K-Nearest Neighbors algorithm. 

Anwar and Mu shared the results of their experiments 

. They showed that using methods together is better 

than using just one. Their model was really good at 

classifying things getting it right 99.96% of the time. 

This was a lot better than models, which got it right 

around 96% to 97% of the time. The researchers said that by look-

ing at voltage and current signals from  all three phases at the 

time their system can find faults even if they are not symmetrical 

and even if the load is changing. This work helps make sure 

power systems keep running which reduces the risk of big black-

outs in large energy networks. Anwar and Mus power transmis-

sion lines study is important, for power transmission lines. 

 

 

Fig. 1. Distribution of AI Techniques Used 

in Smart Grid Stability Prediction and 

Fault Detection 

 

The chart in fig.1 highlights that machine learning and 

deep learning approaches dominate the field due to their 

ability to handle complex, non-linear grid behaviors. Hy-

brid models also contribute significantly by combining 

multiple techniques for improved performance, while tra-

ditional methods occupy a smaller portion, indicating 

their reduced  effectiveness in modern dynamic grid en-

vironments. 

 

IV. Proposed Method 

 

The proposed method introduces an efficient framework 

that enables monitoring for smart power grids using artifi-

cial intelligence and machine learning to work on fault de-

tection and stability predictions. The proposed model 

learns from historic and real-time databases which include 

parameters such as voltage, current, frequency, load de-

mand and power flow. This framework preprocesses the 

data collected, important operational patterns and relation-

ships are identified and analyzed to indicate the real-time 

condition of the grid 

 

 

 

By combining automated monitoring with predictive analy-

sis approach, we frame a centralized system that classifies 

any vulnerabilities with feedback alerts. This approach is ex-

pected to improve the efficiency of the fault detection algo-

rithm and work on accuracy with minimal response time and 

enhance the overall grid reliability 

 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 05 May-2026 | Impact Factor: 3.5 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                                       4 

 

V. Methodology 

 

The methodology involves a sequence of six se-

quential stages, during which the raw data of the 

grid simulation will be transformed into an effec-

tive machine learning model equipped with per-

formance evaluation. 

Dataset acquisition, The UCI Electrical Grid Sta-

bility Simulated Dataset is loaded. The target col-

umn differentiates between stable and unstable 

states of the electrical grid. As the dataset is a sim-

ulated benchmark dataset, there is no need for ex-

ternal sensors. Exploratory data analysis (EDA), 

Distribution, imbalance, and correlation among 

three types of features will be inspected, reaction 

times (14 features), nominal power values (p1p4), 

and price elasticity coefficients (g1g4). Now we 

should recognize whether some of the features are 

extremely skewed.  

 

 
Fig. 2. Proposed Methodology Workflow for 

AI-Based Smart 

 Grid Stability Prediction and Fault Detec-

tion 

 

Preprocessing The data is divided into 

two subsets, training (80% of the data) 

and test (20%). Data scaling is conducted 

since Logistic Regression, SVM, and 

MLP are highly sensitive to feature mag-

nitude. Despite the theoretical nature of 

being scale-invariant in terms of XGBoost and Ran-

dom Forest, their practical value remains the same. 

Model training, as a matter of fact, five classifiers 

are individually trained on the same training set: Lo-

gistic Regression, SVM, Random Forest, XGBoost, 

and MLP Neural Network. The process of tuning is 

performed for all models using cross-validation. 

Model evaluation, all the above five models are 

evaluated against the test set that was reserved pre-

viously in terms of accuracy, precision, recall, F1-

score, and ROC-AUC. Furthermore, a confusion 

matrix is plotted for all individual models to explore 

false-negative rates. 

Best model selection & interpretation, the selected 

best-performing model is determined, and when-

ever possible, feature importance scores are used to 

interpret the significance of certain grid parameters 

that affect instability pr 

VI. Results and Discussion 

 

Artificial Intelligence has seriously raised the bar for smart 

grid monitoring and fault prediction. Take XGBoost, for 

example—it nailed grid stability prediction with 97.5% ac-

curacy. RF-LSTM Tuned KNN didn’t stop there, pushing 

fault classification accuracy all the way up to 99.96%. For 

fault detection, teams combined LSTM networks with AN-

FIS and nearly hit a perfect score—99.99% precision. 

Here’s why that matters: LSTM picks out patterns in elec-

trical signals as they shift over time, while ANFIS deals 

with all the weird uncertainties and tricky behaviors in the 

grid. 

 

Old-school systems just followed strict rules or relied on 

human monitoring. That gets slow, and sometimes things 

slip through the cracks. AI models change the game—they 

study past data and keep up with live information, spotting 

issues faster. This doesn’t just speed up response; it cuts 

blackout risks and makes smart grids more reliable and ef-

ficient than ever. 

 

Helps us get answers faster: using operator networks makes 

it a lot faster to check if the power system is stable compared 

to the old way of doing it. 

 

Uses data well: when you train algorithms, on old grid data 

and data made by artificial intelligence you can find faults a 

lot better. 

 

Handles changes: it can deal with complicated and non-linear 

fluctuations like when the voltage and frequency are not sta-

ble which happens when we use renewable energy. 
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Fig. 3. Improvement in Smart Grid Stability 

Over Time Using  

AI-Based Monitoring 

 

 

Fig.3 shows the upward trend demonstrates how 

the integration of machine learning models en-

hances grid performance progressively. As the 

system learns from historical and real-time data, it 

becomes more efficient in predicting instability 

and preventing faults, thereby increasing overall 

stability. 

 

VII. Conclusion 

 

The paper concludes that changes in 

power infrastructure require a new ap-

proach to monitoring strategies.  

 

Obsolescence of Traditional Methods: 

Conventional rule-based algorithms and 

manual analysis are too slow and inflex-

ible to keep up with the dynamic nature 

of modern smart grids.  

 

Superiority of AI-Driven Solutions: Ma-

chine learning and deep learning effec-

tively address the weaknesses of older 

systems by offering a proactive way to 

identify vulnerabilities.  

 

Enhanced Reliability and Resilience: 

The proposed AI systems enable quick 

fault isolation and fast response times, 

which are crucial for minimizing the risk 

of widespread power failures and eco-

nomic loss.  

 

Necessity for Sustainability:  Incorporat-

ing AI into smart power grids is essential 

for ensuring the long-term sustainability 

and reliability of global energy delivery 

systems. 

 

Automation as the Standard: The research empha-

sizes a significant move toward automated, human-

independent monitoring to meet the high demands 

of modern energy infrastructure. 

 

Fig. 4. Confusion Matrix Representing Classification 

Performance of the Proposed Model 

 

 In Fig.4 the matrix indicates high values along the diagonal, 

representing correct predictions of stable and unstable states. 

The low off-diagonal values suggest minimal misclassifica-

tion. This reflects the effectiveness of the proposed AI-based 

model in accurately identifying grid conditions, which is 

critical for reliable fault detection. 
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