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Abstract

Photovoltaic (PV) systems have emerged as a prominent source of renewable energy owing to
their ease of availability, contributing significantly to the global shift towards sustainability and
reduced carbon emissions. Despite these encouraging aspects, PV arrays are susceptible to var-
ious faults. The conventional protection schemes fail to detect array faults in the presence of a
blocking diode and other typical operating conditions, which causes additional losses and may
lead to fire hazards. Therefore, to enhance the PV-based system’s efficiency, safety, and relia-
bility, there is a vital need to design new techniques to identify and classify PV array faults with
high efficacy. This work first presents the identification and classification of LL and LG faults,
which incorporates the challenges associated with the existing fault detection scheme. It is also
competent in distinguishing array faults from partial shading conditions (PSCs), as both have
similar characteristics. The developed scheme is based on machine-learning techniques, which
mitigate the shortcomings of existing ML-based methods. Following this, the integration of the
ML-based method for large PV-based systems with limited data sets has been investigated by
leveraging the concept of transfer learning. In addition, another major challenge of PV-based
systems is the low conversion efficiency and non-linear characteristics of PV panels. This ne-
cessitates the incorporation of the Maximum PowerPoint Technique (MPPT) with PV- based
system. Therefore, an easy-to-implement and efficient parabolic curve fitting-based MPPT
technique is presented to mitigate the downside of the conventional method under uniform
shading conditions. Following this, challenges associated with meta-heuristic techniques for
partial shading conditions have been studied, and a particle swarm optimization-based MPPT

method has been introduced, which is competent in distinguishing different dynamics.

Key Words: PV array, MPPT, Fault identification and classification, Optimisation, Machine

learning.
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