International Journal of Advanced Research in
Education and TechnologY (IJARETY)

Volume 13, Issue 3, May - June 2026

Impact Factor: 9.971

INTERNATIONAL
\‘ ‘ STANDARD d
SERIAL o SFALE e
\ NUMBER sref
' INDIA SJIF Scientific Journal Impact Factor Cros

NISCAIR

* www.ijarety.in ™ editor.ijarety@gmail.com


http://www.ijarety.in/
mailto:editor.ijarety@gmail.com

International Journal of Advanced Research in Education and TechnologY(IJARETY)

| ISSN: 2394-2975 | www.ijarety.in| | Impact Factor: 9.971| A Bi-Monthly, Double-Blind Peer Reviewed & Refereed Journal |

‘f’} IJARETY [| Volume 13, Issue 3, May - June 2026 ||

DOI:10.15680/IJARETY.2026.1303041

Al-Based Solar Panel Micro-Crack Detection

Annapurna Kulkarni'!, Mr. Naseerhusen Ankalagi’
PG Student, Dept. of MCA, City Engineering College, Bengaluru, Karnataka, India'
Assistant Professor, Dept. of MCA, City Engineering College, Bengaluru, Karnataka, India®

ABSTRACT: Al-Based Solar Panel Micro-Crack Detection is an intelligent and automated system designed to identify
minute structural defects in photovoltaic panels using advanced artificial intelligence and computer vision techniques.
Solar panels, being continuously exposed to environmental stress factors such as temperature fluctuations, wind
pressure, humidity, and mechanical loading, are highly prone to developing micro-cracks over time. These cracks are
often invisible during routine inspections but can significantly reduce the solar panels' power output and efficiency if
they go unnoticed. Algorithms for deep learning are employed in the suggested system.

to examine high-resolution images obtained through drones, thermal imaging, or electroluminescence techniques. The
photographs are processed using multiple stages including categorisation, feature extraction, and preprocessing. This
system reduces dependency on manual inspection, minimizes human error, and enables faster and more reliable fault
detection. By facilitating early identification of defects, the system supports predictive maintenance, enhances energy
efficiency, and contributes to the long-term sustainability of solar power systems.

L. INTRODUCTION

The growing demand for clean and sustainable energy has led to the widespread adoption of solar power systems across
residential, commercial, and industrial sectors. Despite their advantages, solar panels are subject to degradation due to
prolonged exposure to environmental and operational conditions. Among the most important issues affecting solar
panel performance is the development of micro-cracks, which can occur during manufacturing, transportation,
installation, or regular usage. These micro-cracks disrupt the electrical pathways within the panel, leading to reduced
efficiency, localized heating, and potential long-term damage. Traditional inspection methods, such as manual visual
inspection or basic testing techniques, are not effective in identifying these fine defects, especially in large solar farms
where thousands of panels are deployed. Moreover, manual methods are time-consuming, labor-intensive, and prone to
inconsistencies. In order integration in defect detection has gained significant importance. The proposed Al-based
system utilizes machine learning and computer vision to automatically detect micro-cracks from solar panel images,
This approach enables continuous observation. and early fault detection, shifting maintenance strategies from reactive
to proactive. As a result, it improves system reliability, reduces maintenance costs, and ensures optimal energy
generation over time.

II. SYSTEM MODEL AND ASSUMPTIONS

Feature extraction, preprocessing, and image acquisition, model training, and prediction are all part of the multi-stage
pipeline that makes up the system model. First, sophisticated imaging methods like drones with high-resolution
cameras, heat sensors, or electroluminescence imaging systems are used to take pictures of solar panels. The
comprehensive visual information provided by these imaging techniques is crucial for identifying micro-level flaws. In
order to guarantee consistency and clarity, the acquired images are subsequently put through preprocessing procedures
that comprise contrast improvement, noise reduction, scaling, and normalisation. After preprocessing, pertinent
patterns, textures, and anomalies linked to microcracks are found using feature extraction algorithms.The system's
fundamental component is a deep learning model that is trained on a labelled dataset that includes pictures of both
faulty and non-defective panels. This model is usually Convolutional neural networks are used in its implementation or
architectures like ResNet-18. The model gains the capacity to categorise photos according to the presence of fractures
by learning intricate feature representations.

The system assumes the availability of a sufficiently large and diverse dataset, proper imaging conditions, and adequate

computational resources for training and deployment. It also assumes that the photos used as input are of good quality
to ensure accurate detection results
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L. EFFICIENT COMMUNICATION

Efficient communication within The system guarantees that the detection results are delivered accurately and promptly
to the intended users. Once the Al model identifies a micro-crack in a solar panel, the system generates an alert that
includes detailed information such as the panel identification, location, type of defect, and severity level. These
notifications are conveyed via various channels, including web-based dashboards, mobile applications, or centralized
monitoring systems used in solar farms. The system's purpose is to operate in real-time or near real-time, enabling
quick response and immediate maintenance actions. Low-latency communication protocols are implemented to reduce
delays and ensure seamless data flow between different system components. Additionally, textual alerts, the system
provides visual outputs such as annotated images highlighting the detected cracks, making it easier for technicians to
understand the issue. This structured and clear communication improves coordination between automated systems and
human operators, allowing for efficient decision-making thus lowering the possibility of system failure. Overall,
effective communication enhances the usability and practicality of the real-world system applications.

IV. SECURITY

Security is a crucial aspect of the system, as it involves handling sensitive image data and analytical results. The system
incorporates multiple security methods to safeguard data integrity, confidentiality, and dependability of the system. All
data transmitted between the image acquisition devices and processing units is protected by secure communication
techniques., preventing unauthorized access and data interception. The system's access is restricted through
authentication mechanisms such as usernames, passwords, and role-based permissions, guaranteeing that only
permitted personnel can access or modify the information. The Al models and datasets are also protected against
potential threats such as data tampering, model poisoning, or unauthorized modifications. Regular updates and system
monitoring are performed to identify and mitigate security vulnerabilities. Since Few privacy issues exist because the
system is primarily concerned with equipment inspection rather than personal data. However, The proper methods for
managing data are still followed to ensure compliance with security standards. Overall, the implementation
Implementing strong security measures guarantees the dependable and secure operation of the system in various
deployment environments.

V. RESULT AND DISCUSSION

The outcomes of the implementation of the Al-based solar panel micro-crack detection system indicate a great degree
of precision and efficiency in identifying defects. The deep learning model successfully recognizes micro-cracks of
varying sizes and patterns, demonstrating its ability to handle complex visual data. The system significantly reduces the
time required for inspection compared to manual methods, making it ideal for large-scale solar installations.
Experimental evaluations show that the When trained, the model performs better. on a diverse dataset that includes
variations in lighting conditions, panel types, and defect patterns. However, certain challenges such as low image
quality, shadows, and The accuracy of detection may be impacted by ambient noise. Despite these limitations, the
system provides consistent and trustworthy outcomes, demonstrating its efficacy

as an automated inspection tool. The discussion highlights that integrating Al-based detection systems into solar energy
infrastructure can increase operational effectiveness, decrease maintenance costs, and extend the lifespan of solar
panels. It also emphasizes the importance of continuous model improvement and dataset expansion to enhance
performance further.

VI. CONCLUSION

The Al-Based Solar Panel Micro-Crack Detection system presents a modern and efficient solution for detecting defects
in photovoltaic panels. By combining deep learning, artificial intelligence, and image processing techniques, the system
enables accurate and early identification of micro-cracks, preventing potential failures and energy loss. This approach
transforms traditional inspection methods into an automated and intelligent process, reducing manual effort and
improving reliability. The system supports predictive maintenance strategies, enhances energy output, and contributes
to the sustainable utilization of renewable energy resources. Although the system's performance depends on factors
such as data quality and environmental conditions, It still has a lot of benefits over conventional methods. Future
improvements may include real-time drone-based monitoring, integration with IoT platforms, and the use of
increasingly complex neural network architectures to achieve higher accuracy. Overall, the proposed systems are a
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noteworthy development in The use of Al in solar energy management, ensuring better efficiency, cost-effectiveness,
and long-term sustainability.
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