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Abstract— Photovoltaic (PV) energy has emerged as a
key renewable energy source due to its sustainability, low
environmental impact, and decreasing costs. However, the
efficiency and reliability of PV systems are significantly
affected by faults that can occur due to environmental
conditions, aging, shading, and component failures. Faults
in PV arrays not only reduce power generation efficiency
but also pose safety hazards and increase maintenance
costs. Therefore, the development of advanced fault
detection, classification, and localization methods is crucial
to ensuring the optimal performance of PV systems. This
review provides an in-depth analysis of state-of-the-art
techniques for PV fault diagnosis, covering both
traditional and machine learning-based approaches.
Various fault types, including open-circuit faults, short-
circuit faults, partial shading, and degradation, are
discussed along with their impact on system performance.
The study examines different fault detection strategies,
including electrical parameter monitoring, thermal
imaging, signal processing techniques, and data-driven
models.
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l. INTRODUCTION

The increasing global demand for clean and renewable
energy has accelerated the adoption of photovoltaic (PV)
systems as a viable alternative to conventional fossil fuel-
based power generation. PV technology is widely recognized
for its environmental benefits, modularity, and ability to
harness solar energy for electricity generation. However,
despite its advantages, PV systems are susceptible to various
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faults that can reduce energy output, lower efficiency, and
potentially lead to severe safety risks. Ensuring the reliability
and performance of PV arrays requires robust fault detection,
classification, and localization techniques to identify and
mitigate failures in real time.

Faults in PV arrays can originate from multiple sources,
including environmental factors such as dust accumulation,
bird droppings, and shading, as well as electrical and
mechanical failures like open circuits, short circuits, and
connector degradation. Partial shading, one of the most
common issues in PV systems, results in uneven power
generation, hotspot formation, and potential damage to
modules. Other significant faults include bypass diode failure,
insulation degradation, and inverter malfunctions. If left
undiagnosed, these faults can lead to reduced system
efficiency, increased operational costs, and safety hazards
such as overheating and fire risks. Hence, early detection and
classification of faults play a crucial role in maintaining PV
system reliability and efficiency.

Traditional fault detection techniques primarily rely on
electrical parameter monitoring, including current-voltage (I-
V) characteristics, power fluctuations, and thermal imaging.
These methods offer real-time fault identification but often
require additional hardware and suffer from environmental
interference. Signal processing techniques, such as wavelet
transforms and frequency-domain analysis, have been
employed to enhance detection accuracy by extracting fault
signatures from electrical signals. However, these methods
have limitations in terms of scalability and adaptability to
different operating conditions.

With advancements in artificial intelligence (Al) and
machine learning (ML), data-driven fault diagnosis methods
have gained significant attention. Al-based techniques
leverage historical and real-time operational data to detect and
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classify faults with higher accuracy and adaptability.
Supervised learning algorithms, including support vector
machines (SVMs), artificial neural networks (ANNS), and
deep learning models, have been extensively studied for their
ability to recognize fault patterns and predict system
anomalies. Furthermore, unsupervised and semi-supervised
learning approaches have been introduced to handle limited
labeled data and detect new types of faults dynamically.

Localization of faults within PV arrays is another critical
aspect of fault diagnosis. Precise localization allows for
targeted maintenance, reducing downtime and operational
costs. Conventional localization methods rely on thermal
imaging, electroluminescence, and string-level voltage
measurements. Recently, loT-enabled PV monitoring systems
have integrated sensors and cloud computing to provide real-
time data analysis for fault localization. These smart
diagnostic systems enable remote monitoring and predictive
maintenance, further enhancing the efficiency of PV energy
generation.

Despite the progress in fault detection and localization
methodologies, several challenges remain. Environmental
variability, such as temperature fluctuations and irradiance
changes, can lead to false positives in fault detection. The
integration of Al-driven techniques requires large datasets for
training, which may not always be available for different PV
configurations. Computational complexity and the need for
high-speed processing further limit the deployment of
advanced fault diagnosis systems in small-scale PV
installations.  Addressing these challenges requires a
combination of hybrid detection approaches, improved sensor
technologies, and edge computing for real-time fault analysis.

Future research in PV fault detection is expected to focus
on self-learning diagnostic systems, edge Al implementations,
and blockchain-based decentralized monitoring networks. The
incorporation of digital twins, which create virtual models of
PV systems for real-time performance analysis, is another
promising avenue for enhancing fault detection and prediction
accuracy. Additionally, the integration of PV fault detection
with smart grid infrastructure will enable more efficient
energy management and fault mitigation strategies.
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Il. LITERATURE SURVEY

M. Zulu et al.,[1] use of fossil-energized power stations for
charge has destructively affected the climate, consequently,
requiring elective energy sources. The use of existing
sustainable power sources, for example, sun based and wind
energy, as well as the utilization of microgrids, is acquiring
notoriety as a procedure to accomplish full jolt for country
regions, because of its advantages of being earth safe and
having reasonable execution. In this work, the reenactments of
power stream and DC shortcoming examination were
performed for a PV/Wind half breed DC microgrid in the
MATLAB/SIMULINK. The fundamental points were to
comprehend the impact of DC microgid and concentrate on
the unfaltering quality of the cross-breed framework under
various DC flaws conditions.

S. K. Ruler et al.,[2] DC Microgrid idea is more productive on
the grounds that its little and limited structure causes
extremely low transmission misfortunes. Albeit the DC
framework enjoys many benefits, fostering a successful
assurance plot stays a mind boggling task because of the DC
shortcoming current attributes. As a rule, blames, for example,
post shaft (P), post ground (P-G), and circular segment
shortcomings are more normal in DC Microgrids. Fast issue
identification and assurance are expected in DC Microgrids,
including photovoltaics (PV), fills, batteries, and other energy
sources associated with power electronic converters. This
work presents another way to deal with distinguishing and
portraying the shortcomings in a five-transport ring-type DC
Microgrid framework.

N. Yadav et al.,[3] work portrays an original short out (SC)
issue discovery way to deal with safeguard the low-voltage dc
microgrid (LV-DCMG). The SC shortcomings are the most
widely recognized issue in the dc power framework and can
cause extreme dangers on the off chance that not detached.
Since a DCMG is a capacitor-overwhelmed grid, the presented
plot uses these channel capacitor current elements. A LV-
DCMG framework is considered for building the application
to understand the presented shortcoming discovery conspires.
Dynamic sources, for example, sunlight based photovoltaic
and battery are associated with the uninvolved burdens
through a dc converter, dc link, and strong state transfers. The
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proposal plan thinks about a normal of the capacitor current as
a location boundary.

Z. Zhang et al.,[4] presents a PV framework yield examination
model, zeroing in on the metallic bipolar short out issue for
DC microgrids. Right off the bat, as per the diodes taking care
of progress of the DC/DC converter on the PV side, the entire
metallic bipolar short out issue process is isolated
exhaustively. Then, at that point, precise state conditions are
laid out by the same circuits of various transient stages. PV
source yield trademark is communicated piecewise straightly,
and the statements of each electrical issue variety are given. At
long last, a reenactment model is developed utilizing
MATLAB/Simulink programming. The adequacy of presented
model is approved with recreation results, showing that its
high exactness for various shortcoming areas, light strength,
surrounding temperatures and issue protections.

S. Singh et al.,[5] idea of Mixture Microgrid is acquiring
fascination as the appropriated energy assets (DERS) based
microgrids are giving the way towards innovative turn of
events. In a crossover Microgrid where the Low voltage DC is
associated with the AC Dispersion Framework, shortcoming
recognition is on the DC side. The assurance procedure
accessible for the AC dispersion framework isn't reasonable
for safeguarding the cross-breed circulation framework. A DC
issue location is presented in this work utilizing the
determined energy. The adjustment of energy for a specific
period is used to infer an edge for identifying the shortcoming.

M. Talha et al.,[6] Single-stage low-power PV generators will
be a predominant supporter of power in microgrids.
Nonetheless, PV-inverters are powerless to info and result
aggravations. From one perspective, the inverters disengage
totally for a couple of moments during grid droops. Then
again, the inverter's power yield drops during low sun-oriented
impoliteness, prompting grid voltage gleams. Additionally, the
ordinary low voltage ride-through (LVRT) arrangements can
deal with fixed force droops, while the genuine grid climate
might have milder to serious hangs. This work intends to
introduce a LVRT procedure to deal with a wide range of
hangs and make up for fast sun-based discontinuities while
guaranteeing MPPT activity. A little energy stockpiling cradle
is coupled to the inverter's DC-connection to make up for AC
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and DC unsettling influences. During droops, the
overabundance energy in the inverter's DC-interface is
consumed by the cushion.

M. A. Yagoub et al.,[7] insurance for DC Microgrid one of the
difficulties in the power framework. All past investigations
center around security because of the trouble of connecting
DC and AC sources without planning a reasonable insurance
framework to work this organization in one organization, and
this organization is called Microgrid (AC or DC). In this work,
another DC Microgrid is planned. This Microgrid contains
wind energy, Photovoltaic Framework (PV) with batteries, and
the primary grid (AC).

S. Jadidi et al.,[8] centers around actual flaws and cyberattacks
investigation and smart discovery of deficiencies/assaults with
incorporated shortcoming lenient and digital versatile
regulators for a PV framework at microgrid level. The chance
of recognizing and diagnosing flaws/goes after quickly
empowers the regulators to oblige/alleviate the impacts of
shortcomings/assaults in the microgrid framework. This
permits the microgrid to proceed with activity with no
significant issues or interferences. In such manner, the current
work thinks about a half breed AC/DC microgrid made out of
various sustainable disseminated age assets. To screen
constant information from the PV framework at microgrid
level, a half and half keen finding framework with two equal
analysis units in view of rule-based and model-based
approaches, is introduced.

E. E. Ojo et al.,[9] The admittance to power is one of the
serious issues looked by country regions and disconnected
areas. Throughout the long term, the fossil-energized power
stations used to produce power made an impeding impact and
it has required the requirement for elective energy sources, for
example, sun based, wind, biomass and other sustainable
power sources. Cross breed energy framework (HES) in view
of dispersed energy assets (DERS) combination into the DC
microgrid is considered as the practical means to do the charge
of rustic as well as detached region. In any case, DC
microgrids are restricted by the event of flaws and this
influence their exhibition. This work presents the
demonstrating and recreation of power stream and the issue
examination in a crossover DC microgrid. This half breed DC
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microgrid is powered by PV and wind energy framework, the
detailing, displaying and reproductions was executed in the
MATLAB/SIMULINK.

R. Dogra et al.,[10] DC microgrid is acquiring significance
inferable from the shift of regular grids towards, sun based
photovoltaic (PV), energy unit, and so on and to the utilization
of power hardware-based DC loads. DC microgrids enjoy
benefit of low energy transformation stages, prompting
exceptionally proficient frameworks. Notwithstanding, the
power electronic converters are defenseless to immense
misfortunes if there should be an occurrence of DC
shortcomings, and it is vital to safeguard DC microgrids
against such issue situation. This work subsequently proposes
a technique for issue identification in light of superimposed
parts of the shortcoming present. An electrical switch is then
used to detach the defective area. Reenactment concentrate on
results are introduced to show the presentation of the
presented recognition plot.

I1l. CHALLENGES

Despite significant advancements in fault diagnosis
techniques for photovoltaic (PV) systems, several challenges
remain that hinder the widespread deployment of efficient
fault detection, classification, and localization methods. These
challenges arise due to environmental factors, system
complexity, data limitations, and computational constraints.
Addressing these challenges is crucial to improving the
reliability and efficiency of PV systems.

1. Environmental Variability and External Interference

One of the biggest challenges in PV fault detection is the
impact of environmental conditions such as temperature
variations, irradiance fluctuations, dust accumulation, and
shading. These factors can cause significant changes in PV
system performance, making it difficult to differentiate
between normal fluctuations and actual faults. For instance,
partial shading can mimic certain fault behaviors, leading to
false positives or undetected faults. Accurate modeling of
environmental effects is necessary to improve fault detection
reliability.

2. Lack of Standardized Fault Signatures
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Different PV systems use varying technologies, materials,
and configurations, leading to diverse fault characteristics.
There is no universal standard for defining fault signatures
across different PV installations. As a result, diagnostic
methods that work well for one system may not be effective
for another. The absence of standardized fault patterns
complicates the development of generalized fault detection
algorithms that can be widely applied across different PV
systems.

3. Difficulty in Data Collection and Labeling

Machine learning and artificial intelligence (Al)-based
fault detection techniques require large amounts of labeled
training data to function effectively. However, acquiring real-
world fault data is difficult because PV systems are designed
to minimize faults, and faults occur infrequently. Additionally,
the process of manually labeling fault data is time-consuming
and costly. The lack of comprehensive fault datasets limits the
accuracy and adaptability of Al-based fault detection models.

4. False Positives and False Negatives

Many fault detection methods suffer from high rates of
false positives (incorrectly detecting a fault when none exists)
and false negatives (failing to detect an actual fault). This is
particularly problematic in data-driven approaches, where
noise and environmental fluctuations can lead to incorrect
classifications. False positives result in unnecessary
maintenance costs, while false negatives can lead to
undiagnosed faults, reducing system efficiency and causing
long-term damage.

5. Computational

Requirements

Advanced fault detection algorithms, especially those
based on deep learning, require significant computational
power for real-time analysis. The need for high-speed data
processing and large storage capacity makes it difficult to
implement such methods on low-cost, small-scale PV
installations. Additionally, cloud-based fault detection systems
introduce concerns related to data transmission latency and
cybersecurity threats. Efficient edge computing solutions are
required to enable real-time fault detection in distributed PV
networks.

6. Localization Complexity in Large-Scale PV Systems

Fault localization is particularly challenging in large-scale
PV installations where thousands of modules are connected in

Complexity and Processing
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series-parallel configurations. Traditional methods such as
infrared imaging and electroluminescence testing require
manual inspection, which is time-consuming and impractical
for large PV farms. Automated fault localization techniques
must be developed to accurately identify and isolate faulty
modules  without requiring excessive hardware and
computational resources.

7. Sensor Limitations and Degradation

PV fault detection systems often rely on sensors to monitor
parameters such as voltage, current, temperature, and
irradiance. However, sensors themselves are prone to
degradation, calibration errors, and failures over time, leading
to inaccurate fault diagnosis. The cost and maintenance of
additional sensors add to the overall system expense. Reliable,
low-cost, and self-calibrating sensor technologies need to be
developed to improve fault detection accuracy.

8. Integration with Smart Grids and loT Systems

The integration of PV fault detection with smart grids and
Internet of Things (loT) platforms presents additional
challenges related to interoperability, data security, and
communication protocols. Ensuring seamless data exchange
between PV monitoring systems and smart grid infrastructure
requires standardized communication frameworks. Moreover,
cybersecurity threats pose risks to cloud-based PV monitoring
networks, necessitating robust encryption and authentication
mechanisms.

IVV. CONCLUSION
Fault detection, classification, and localization in
photovoltaic (PV) arrays are critical for ensuring system
reliability, optimizing energy output, and reducing
maintenance costs. While significant advancements have been
made using electrical parameter analysis, machine learning,
and loT-based monitoring systems, several challenges such as
environmental variability, data limitations, sensor degradation,
and computational complexity still hinder widespread
implementation. Addressing these issues requires the
integration of hybrid diagnostic techniques, real-time edge
computing, and self-learning Al models to enhance fault
detection accuracy and efficiency. Future research should
focus on developing scalable, cost-effective, and intelligent
fault diagnosis systems that can adapt to diverse PV
configurations, ultimately contributing to the sustainability

and resilience of solar energy systems.
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