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ABSTRACT 

The growing adoption of solar microgrids presents unique challenges in terms of reliability and efficiency. Fault 

detection and diagnostics (FDD) play a critical role in maintaining optimal operation. This paper reviews 

various methodologies and technologies for FDD in solar microgrids, focusing on advances over the past 

decade. We analyze different approaches, including signal processing, machine learning, and model-based 

techniques, highlighting their strengths and limitations. 
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I. INTRODUCTION 

Solar microgrids are integral to modern renewable energy systems, providing sustainable power in distributed 

and often remote locations. Ensuring their reliability through effective fault detection and diagnostics is crucial 

for minimizing downtime and maximizing energy output. Faults in solar microgrids can arise from various 

components, including photovoltaic (PV) panels, inverters, batteries, and the grid connection. This paper 

reviews the state-of-the-art methods for FDD in solar microgrids, examining recent advancements and 

identifying future research directions. 

II. METHODOLOGIES FOR FAULT DETECTION AND DIAGNOSTICS 

Signal Processing Techniques 

Signal processing techniques are among the earliest methods used for FDD in solar microgrids. These methods 

analyze electrical signals from the system to identify anomalies indicative of faults. 

In research paper [1], Chen et al. (2015) utilized wavelet transform to detect transient faults in PV systems. The 

study demonstrated that wavelet transform could effectively decompose the complex signal patterns of PV 

output into components that highlight fault characteristics. The wavelet-based method showed high accuracy in 

distinguishing between various fault types, such as short circuits and open circuits, by analyzing the transient 

response of the system. The authors highlighted the method’s robustness against noise, making it suitable for 

real-world applications where signal interference is common. 

In research paper [2], Khan and Iqbal (2017) applied Fourier transform-based methods to identify frequency 

domain features associated with inverter faults. The study focused on detecting harmonic distortions and other 

frequency-related anomalies that are indicative of inverter malfunctions. By transforming the time-domain 

signals into the frequency domain, the method allowed for precise identification of faults based on their unique 

spectral signatures. The research showed that Fourier transform techniques could reliably detect faults that 

might be overlooked in the time domain, thus improving the overall reliability of solar microgrids. 

Machine Learning Approaches 

Machine learning (ML) has gained significant traction in FDD for solar microgrids, offering powerful tools for 

pattern recognition and anomaly detection. 

Research paper [3] by Golmohammadi et al. (2018) employed support vector machines (SVM) for fault 

classification in PV arrays. The study involved creating a dataset of normal and faulty operation scenarios, 

which was then used to train the SVM model. The trained model achieved high detection rates across various 

fault scenarios, including partial shading and module degradation. The study highlighted the model’s ability to 

generalize well to unseen data, making it a robust solution for real-time fault detection. The authors 

emphasized the importance of feature selection and extraction in enhancing the SVM’s performance, suggesting 

that integrating domain knowledge could further improve accuracy. 
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Research paper [4] by Li and Haim (2019) developed a neural network model that leverages historical data to 

predict and diagnose faults in real-time. The study used a multi-layer perceptron (MLP) network trained on 

historical performance data of the PV system. The neural network could accurately detect deviations from 

normal operation patterns, identifying faults as they occurred. The research demonstrated the neural network’s 

ability to adapt to changing conditions in the solar microgrid, offering a dynamic and responsive fault detection 

solution. The authors discussed the potential for integrating their model with Internet of Things (IoT) 

technologies to enable remote monitoring and diagnostics. 

In research paper [7], Toma and Ochoa (2020) proposed enhanced diagnostic methods for solar PV systems 

using advanced signal processing. The study combined various signal processing techniques with machine 

learning algorithms to improve fault detection accuracy. The proposed method effectively detected faults in 

different PV system components by analyzing signal features and patterns that are indicative of faults. The 

authors highlighted the method's ability to handle noisy and incomplete data, making it suitable for practical 

applications in real-world PV systems. 

In research paper [8], TamizhMoozhi and Vasudevan (2020) explored the use of wavelet packet decomposition 

(WPD) for fault diagnosis in PV systems. The study demonstrated that WPD could decompose the PV output 

signal into detailed frequency bands, which are then analyzed to detect anomalies indicative of faults. The 

method showed high accuracy in detecting different fault types, including partial shading and module 

degradation. The authors emphasized the advantages of WPD in handling non-stationary signals, making it a 

robust solution for real-time fault detection in PV systems. 

Research paper [9] by Elavarasan and Vijayaraghavan (2020) provided a comprehensive review of machine 

learning techniques for diagnosing faults in PV systems. The review highlighted various ML algorithms, 

including decision trees, random forests, and deep learning, and their applications in fault detection. The 

authors discussed the advantages and limitations of each technique, emphasizing the importance of data quality 

and feature selection in improving diagnostic accuracy. The review also identified future research directions, 

such as the integration of ML techniques with IoT and big data technologies for enhanced fault detection 

capabilities. 

Model-Based Methods 

Model-based approaches create detailed simulations of solar microgrid components to compare actual 

performance against expected behavior. 

In research paper [5], Verma and Singh (2016) used a model-based observer approach to detect and isolate 

faults in PV arrays. The study involved developing a mathematical model of the PV array that accounted for 

various operational parameters. By comparing real-time measurements with model predictions, the observer 

could identify discrepancies indicative of faults. The method proved effective in detecting both abrupt and 

gradual faults, providing early warnings before significant performance degradation occurred. The authors 

noted that the accuracy of the model-based approach depends on the precision of the system model, suggesting 

that advanced modeling techniques could further enhance fault detection capabilities. 

Research paper [6] by Manoharan et al. (2020) proposed a hybrid model that combines physical models and 

ML techniques for enhanced fault detection accuracy. The hybrid model leveraged the strengths of both 

approaches, using physical models to provide a baseline understanding of the system’s expected behavior and 

machine learning algorithms to detect deviations. The study demonstrated that the hybrid model could achieve 

higher detection accuracy than either method alone, particularly in complex fault scenarios. The authors 

highlighted the model’s ability to adapt to different types of PV systems, making it a versatile solution for 

various applications. 

In research paper [10], Mehrabi and Sheikholeslami (2021) conducted a comprehensive review on fault 

detection and diagnosis in solar PV arrays. The review covered various model-based techniques, including 

observer-based methods, state estimation, and parameter estimation. The authors discussed the strengths and 

limitations of each technique, emphasizing the importance of accurate system modeling in improving 

diagnostic performance. The review also highlighted recent advancements in model-based fault detection, such 

as the integration of ML techniques and the use of advanced sensor technologies. 
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In research paper [11], Javed and Javed (2020) proposed a neural network-based fault diagnosis system for 

solar power plants. The study developed a neural network model trained on historical fault data to detect and 

classify different types of faults. The neural network showed high accuracy in diagnosing faults in various PV 

system components, including inverters and batteries. The authors emphasized the potential of neural 

networks in handling large and complex datasets, making them suitable for real-time fault detection in large-

scale solar power plants. 

Research paper [12] by Rana and Khan (2020) reviewed machine learning applications for PV system fault 

detection. The review covered various ML algorithms, including SVM, decision trees, and deep learning, and 

their applications in fault detection. The authors discussed the advantages and limitations of each technique, 

emphasizing the importance of data quality and feature selection in improving diagnostic accuracy. The review 

also identified future research directions, such as the integration of ML techniques with IoT and big data 

technologies for enhanced fault detection capabilities. 

In research paper [13], Hong and Chen (2017) proposed hybrid intelligent diagnostics for solar PV systems. 

The study combined model-based techniques with artificial intelligence (AI) algorithms to improve fault 

detection accuracy. The hybrid approach leveraged the strengths of both techniques, using model-based 

methods to provide a baseline understanding of the system’s expected behavior and AI algorithms to detect 

deviations. The authors demonstrated that the hybrid approach could achieve higher detection accuracy than 

either method alone, particularly in complex fault scenarios. 

Research paper [14] by He and Chen (2019) proposed an online fault detection and diagnosis system for solar 

PV systems using incremental learning methods. The study developed an incremental learning algorithm that 

adapts to changing conditions in the PV system, providing real-time fault detection and diagnosis. The 

algorithm showed high accuracy in detecting and diagnosing various types of faults, including partial shading 

and module degradation. The authors emphasized the potential of incremental learning in handling large and 

complex datasets, making it suitable for real-time fault detection in large-scale PV systems. 

In research paper [15], Zhang and Li (2019) proposed a fault detection and diagnosis system for PV systems 

using ensemble learning techniques. The study developed an ensemble learning model that combines multiple 

ML algorithms to improve fault detection accuracy. The ensemble model showed high accuracy in detecting and 

diagnosing various types of faults, including partial shading and module degradation. The authors emphasized 

the advantages of ensemble learning in handling large and complex datasets, making it suitable for real-time 

fault detection in large-scale PV systems. 

Research paper [16] by Yan and Xu (2018) proposed a real-time fault diagnosis system for solar PV systems 

using deep learning. The study developed a deep learning model trained on historical fault data to detect and 

diagnose different types of faults. The deep learning model showed high accuracy in diagnosing faults in 

various PV system components, including inverters and batteries. The authors emphasized the potential of 

deep learning in handling large and complex datasets, making it suitable for real-time fault detection in large-

scale solar power plants. 

In research paper [17], Perea and Luna (2020) proposed improved fault detection methods for PV systems 

using enhanced signal processing techniques. The study combined various signal processing techniques with 

ML algorithms to improve fault detection accuracy. The proposed method effectively detected faults in different 

PV system components by analyzing signal features and patterns that are indicative of faults. The authors 

highlighted the method's ability to handle noisy and incomplete data, making it suitable for practical 

applications in real-world PV systems. 

Research paper [18] by Hu and Zhang (2018) proposed the development of fault detection algorithms for solar 

PV systems. The study developed various fault detection algorithms based on signal processing and ML 

techniques to improve fault detection accuracy. The proposed algorithms showed high accuracy in detecting 

and diagnosing various types of faults, including partial shading and module degradation. The authors 

emphasized the potential of these algorithms in handling large and complex datasets, making them suitable for 

real-time fault detection in large-scale PV systems. 
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In research paper [19], Islam and Karim (2020) reviewed diagnostic methodologies for PV systems. The review 

covered various fault detection techniques, including signal processing, ML, and model-based methods. The 

authors discussed the strengths and limitations of each technique, emphasizing the importance of accurate 

system modeling in improving diagnostic performance. The review also highlighted recent advancements in 

fault detection, such as the integration of ML techniques and the use of advanced sensor technologies. 

Research paper [20] by Luo and Zhang (2020) proposed adaptive fault diagnosis for PV systems using 

unsupervised learning methods. The study developed an unsupervised learning algorithm that adapts to 

changing conditions in the PV system, providing real-time fault detection and diagnosis. The algorithm showed 

high accuracy in detecting and diagnosing various types of faults, including partial shading and module 

degradation. The authors emphasized the potential of unsupervised learning in handling large and complex 

datasets, making it suitable for real-time fault detection in large-scale PV systems. 

In research paper [21], Sayed and Amer (2019) proposed a novel approach for fault detection in solar PV 

systems using wavelet transform and SVM. The study combined wavelet transform techniques with SVM 

algorithms to improve fault detection accuracy. The proposed method effectively detected faults in different PV 

system components by analyzing signal features and patterns that are indicative of faults. The authors 

highlighted the method's ability to handle noisy and incomplete data, making it suitable for practical 

applications in real-world PV systems. 

Research paper [22] by Zhang and Wu (2018) reviewed machine learning techniques for fault detection in PV 

systems. The review covered various ML algorithms, including SVM, decision trees, and deep learning, and their 

applications in fault detection. The authors discussed the advantages and limitations of each technique, 

emphasizing the importance of data quality and feature selection in improving diagnostic accuracy. The review 

also identified future research directions, such as the integration of ML techniques with IoT and big data 

technologies for enhanced fault detection capabilities. 

In research paper [23], Kaushik and Kumar (2019) proposed intelligent fault detection for solar PV systems 

using hybrid learning techniques. The study developed a hybrid learning model that combines multiple ML 

algorithms to improve fault detection accuracy. The hybrid model showed high accuracy in detecting and 

diagnosing various types of faults, including partial shading and module degradation. The authors emphasized 

the advantages of hybrid learning in handling large and complex datasets, making it suitable for real-time fault 

detection in large-scale PV systems. 

Research paper [24] by Rizwan and Ahmad (2020) proposed fault diagnosis in solar power plants using 

advanced signal processing and ML techniques. The study combined various signal processing techniques with 

ML algorithms to improve fault detection accuracy. The proposed method effectively detected faults in different 

PV system components by analyzing signal features and patterns that are indicative of faults. The authors 

highlighted the method's ability to handle noisy and incomplete data, making it suitable for practical 

applications in real-world PV systems. 

In research paper [25], Alam and Lee (2020) reviewed data-driven fault detection and diagnosis techniques for 

PV systems. The review covered various data-driven techniques, including signal processing, ML, and model-

based methods. The authors discussed the strengths and limitations of each technique, emphasizing the 

importance of accurate system modeling in improving diagnostic performance. The review also highlighted 

recent advancements in fault detection, such as the integration of ML techniques and the use of advanced 

sensor technologies. 

Zhang, Chen, and Liu [26] (2023) developed a deep learning-based framework for real-time fault detection in 

solar microgrids. The study utilized a convolutional neural network (CNN) to analyze time-series data from PV 

systems, aiming to identify and classify various fault types with high accuracy. The CNN model was trained on a 

large dataset comprising both normal and faulty operating conditions. The authors demonstrated that their 

model could detect faults such as shading, soiling, and equipment malfunctions with a high degree of precision. 

The model’s real-time processing capability was highlighted as a key advantage, enabling immediate fault 

detection and minimizing downtime. The study concluded that deep learning techniques, particularly CNNs, 

offer a robust solution for enhancing the reliability and efficiency of solar microgrids by providing accurate and 

timely fault detection. 



                                                                                                                     e-ISSN: 2582-5208 

International Research Journal of  Modernization  in  Engineering  Technology  and Science 
( Peer-Reviewed, Open Access, Fully Refereed International Journal ) 

Volume:06/Issue:07/July-2024                       Impact Factor- 7.868                                www.irjmets.com                                                                                                                                                   

www.irjmets.com                              @International Research Journal of Modernization in Engineering, Technology and Science 

 [1437] 

Ahmed, Patel, and Fernandez [27] (2024) proposed a hybrid machine learning approach to improve fault 

diagnosis in solar microgrids. The research combined decision trees and support vector machines (SVM) to 

create an ensemble learning model capable of handling diverse fault scenarios. The hybrid model was trained 

and validated using a comprehensive dataset that included various fault types, such as inverter failures, grid 

disruptions, and battery issues. The study found that the ensemble model outperformed individual machine 

learning algorithms in terms of accuracy and robustness. The authors also implemented feature engineering 

techniques to enhance the model’s performance, focusing on critical parameters that influence fault detection. 

The research highlighted the importance of hybrid models in providing a balanced approach that leverages the 

strengths of different machine learning techniques, thereby improving the overall fault diagnostic capability of 

solar microgrids. 

III. COMPARATIVE ANALYSIS 

Each methodology has its unique advantages and limitations. Signal processing techniques are straightforward 

but may require significant manual feature extraction. Machine learning approaches offer high accuracy but 

demand large datasets and substantial computational resources. Model-based methods provide detailed 

insights but can be complex and require accurate system modeling. 

IV. CHALLENGES AND FUTURE DIRECTIONS 

Despite significant advancements, several challenges remain in the field of FDD for solar microgrids: 

 Data Scarcity: Limited availability of fault data for training ML models. 

 System Complexity: Increasing complexity of microgrid systems complicates fault modeling. 

 Real-Time Implementation: Balancing accuracy and computational efficiency for real-time applications. 

Future research should focus on developing hybrid models that combine the strengths of different 

methodologies, improving data acquisition and labeling techniques, and enhancing real-time diagnostic 

capabilities. 

V. CONCLUSION 

Effective fault detection and diagnostics are essential for the reliable operation of solar microgrids. This review 

highlights the progress made in various FDD methodologies, including signal processing, machine learning, and 

model-based approaches. By addressing current challenges and leveraging advancements in technology, the 

reliability and efficiency of solar microgrids can be significantly enhanced. 
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