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Abstract  

This project focuses on improving the efficient and 

reliable operation of photovoltaic (PV) systems by 

detecting faults such as partial shading and dirt 

accumulation, which reduce power output. A machine 

learning-based framework is proposed to classify faults 

using electrical and environmental data. Supervised 

algorithms including Logistic Regression, Decision Tree, 

Random Forest, Support Vector Machine (SVM), and 

Artificial Neural Network (ANN) were applied. The 

dataset contains features like voltage, current, ambient 

temperature, and irradiance under normal, shading, and 

dirt conditions. Data preprocessing techniques such as 

normalization, label encoding, and data splitting were 

performed. Model performance was evaluated using 

accuracy, precision, recall, F1-score, and confusion 

matrix. Results show that ANN achieved the highest 

accuracy (above 98%). However, model performance 

decreased when tested on different PV systems, 

indicating the importance of system-specific training. 

 

1.INTRODUCTION 

The growing demand for clean and sustainable energy has 

made photovoltaic (PV) systems an important source of 

modern power generation. PV systems convert sunlight 

into electricity and support the global shift away from 

fossil fuels. However, their performance is affected by 

environmental factors such as partial shading, dirt 

accumulation, and hardware issues, which reduce power 

output and overall efficiency. Detecting these faults in 

large-scale PV installations is challenging using 

traditional methods because they are costly and often 

require manual inspection. To overcome these 

limitations, this study proposes a machine learning-based 

fault detection framework using electrical and 

environmental data. Algorithms such as Logistic 

Regression, Decision Tree, Random Forest, Support 

Vector Machine (SVM), and Artificial Neural Network 

(ANN) are used to classify system conditions and 

improve fault detection accuracy and reliability. 

 

2. LITERATURE REVIEW 

Several studies have explored the use of Artificial 

Intelligence (AI) and machine learning for fault detection 

in photovoltaic (PV) systems. A systematic review by 

Mahmudul Islam et al. (2023) analyzed 31 AI-based 

studies and found that deep learning techniques such as 

CNN and RNN generally achieve higher accuracy than 

traditional machine learning methods. Stylianos 

Voutsinas et al. (2023) proposed a logistic regression 

model using PV operational data such as irradiance, 

temperature, voltage, and current, achieving 97.11% 

accuracy in detecting DC-side faults. Sahbi Boubaker et 

al. (2023) used infrared thermography images with ML 

and DL models for PV fault diagnosis, where deep 

learning achieved up to 98.71% accuracy. Bo Liu et al. 

(2024) introduced a stacking ensemble classifier that 

combines multiple ML models to detect PV string faults 

with high accuracy. More recently, Mansurov et al. 

(2025) applied the MobileNetV3 deep learning model to 

detect multiple PV panel conditions, achieving around 

95% overall accuracy. 
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3. System Architecture 

The system architecture for Machine Learning-Based 

Fault Detection in Photovoltaic (PV) Systems is 

designed to automatically detect and classify faults in 

solar panels using electrical and environmental data. The 

architecture consists of multiple interconnected stages 

that process data and apply machine learning models for 

accurate fault identification. 

The first stage is Data Acquisition, where important 

parameters from the PV system are collected using 

sensors. These parameters include voltage, current, 

irradiance, and ambient temperature. The collected data 

represents different operating conditions such as normal 

operation, partial shading, and dirt accumulation. This 

data is stored in a dataset that will be used for training and 

testing the machine learning models. 

The second stage is Data Preprocessing. In this stage, 

the collected data is cleaned and prepared for analysis. 

Missing values are handled, and irrelevant or noisy data 

is removed. Techniques such as normalization and label 

encoding are applied to ensure that the dataset is suitable 

for machine learning algorithms. After preprocessing, the 

dataset is divided into training and testing sets. 

The third stage is Model Training and Implementation. 

Various supervised machine learning algorithms such as 

Logistic Regression, Decision Tree, Random Forest, 

Support Vector Machine (SVM), and Artificial Neural 

Network (ANN) are trained using the processed data. 

Each model learns patterns that distinguish normal 

conditions from faulty conditions. 

The final stage is Fault Detection and Performance 

Evaluation. The trained models are used to classify the 

operating condition of the PV system. Performance is 

evaluated using metrics such as accuracy, precision, 

recall, F1-score, and confusion matrix. The system then 

identifies faults and provides results that help improve PV 

system reliability and efficiency. 

 

 

4. PROPOSED METHODOLOGY 

The system architecture for Machine Learning-Based 

Fault Detection in Photovoltaic (PV) Systems consists 

of several sequential stages that enable accurate 

identification of faults in solar panels using electrical and 

environmental parameters. 

The architecture begins with the Data Acquisition Layer, 

where sensors collect important PV system parameters 

such as voltage, current, irradiance, and ambient 

temperature under different operating conditions 

including normal operation, partial shading, and dirt 

accumulation. 

The collected data is then passed to the Data Storage and 

Dataset Preparation Layer, where the information is 

organized and stored in a structured dataset for further 

processing. 

Next is the Data Preprocessing Layer, which includes 

operations such as data cleaning, normalization, feature 

selection, and label encoding to ensure the dataset is 

suitable for machine learning models. The processed 

dataset is then divided into training and testing subsets. 

The Machine Learning Model Layer follows, where 

supervised algorithms such as Logistic Regression, 

Decision Tree, Random Forest, Support Vector Machine 

(SVM), and Artificial Neural Network (ANN) are 

implemented and trained using the prepared dataset. 

After training, the system moves to the Fault 

Classification Layer, where the trained models classify 

the PV system condition into categories such as normal, 

partially shaded, or dirt-affected. 

Finally, the Performance Evaluation Layer measures 

the effectiveness of the models using metrics such as 

accuracy, precision, recall, F1-score, and confusion 

matrix. 

 

 

5. RESULTS AND DISCUSSION  

 

The results of the machine learning models show that the 

proposed fault detection framework can effectively 

identify different operating conditions in photovoltaic 

(PV) systems. Multiple supervised algorithms, including 

Logistic Regression, Decision Tree, Random Forest, 

Support Vector Machine (SVM), and Artificial Neural 

Network (ANN), were trained and tested using electrical 

and environmental data such as voltage, current, 

irradiance, and temperature. Among these models, the 

Artificial Neural Network achieved the highest 

performance, with accuracy and precision exceeding 

98%. Random Forest and SVM also produced strong 

classification results, while Logistic Regression and 
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Decision Tree showed slightly lower accuracy. The 

evaluation metrics, including precision, recall, F1-score, 

and confusion matrix, confirmed the reliability of the 

models. However, when tested on data from different PV 

systems, performance decreased, indicating the need for 

system-specific model training. 

 

 
 

 

 
 

 
 

6. Quantitative Security Analysis 

This evaluates the security of a system using measurable 

metrics and numerical data. It involves identifying 

potential threats, vulnerabilities, and risks, and analyzing 

their impact using statistical and mathematical methods. 

Techniques such as probability analysis, risk assessment 

models, and performance metrics are used to measure 

system security. This approach helps organizations make 

informed decisions, prioritize security measures, and 

improve the overall reliability and protection of  

7.CONCLUSION 

This project demonstrates the effective use of machine 

learning, particularly the Random Forest algorithm, for 

detecting and classifying faults in photovoltaic (PV) 

systems using electrical and environmental data. Key 

parameters such as voltage, current, temperature, and 

irradiance are used to identify faults like partial shading 

and dirt accumulation that reduce solar power output. 

Data preprocessing and supervised learning techniques 

help improve model accuracy and reliability under the 

same system conditions used for training. Experimental 

results show that the Random Forest model achieves high 

accuracy and reliable fault classification. However, 

performance may decrease when applied to different PV 

systems, indicating the need for system-specific training 

for better real-world implementation.  

8. FUTURE SCOPE 

The scope of this project is to develop a machine learning-

based framework for detecting faults in photovoltaic (PV) 

systems using electrical and environmental data. It 

focuses on identifying normal operation, partial shading, 

and dirt accumulation. Various supervised algorithms 

such as Logistic Regression, Decision Tree, Random 

Forest, SVM, and ANN are applied and evaluated using 

standard performance metrics. The study also examines 
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limitations in model performance across different PV 

systems and emphasizes the need for system-specific 

training.  
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