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ABSTRACT: The maintenance and cleaning of photovoltaic panels is critical to ensure maximum energy output and prolong their
lifespan. However, manual cleaning of large-scale solar farms is time-consuming, labor-intensive, and expensive. To address this
challenge, this paper proposes an loT-based robotic cleaner for efficient monitoring and cleaning of photovoltaic panels. The
proposed robotic cleaner is equipped with a camera, sensors, and a cleaning mechanism. The camera captures real-time images of
the solar panels, which are analyzed by an Al-based algorithm to detect and locate dirt, debris, and other obstructions. The sensors
measure environmental factors such as temperature, humidity, and light intensity, which are used to optimize the cleaning schedule
and ensure the safety of the cleaning operation. The cleaning mechanism of the robotic cleaner is based on a high-pressure water jet
that removes dirt and debris without damaging the solar panels. The water is supplied by an onboard tank and can be heated or
cooled as required. The cleaning process is automated and can be controlled remotely through a web-based interface. The proposed
loT-based robotic cleaner offers several benefits compared to manual cleaning. It reduces labor costs, minimizes the risk of injury
to workers, and improves the efficiency of cleaning operations. Moreover, it ensures consistent and high-quality cleaning, which
leads to increased energy output and prolongs the lifespan of the solar panels. Overall, this paper presents a novel approach to
automate the cleaning of photovoltaic panels using 10T and robotics technologies. The proposed solution has the potential to
revolutionize the maintenance of solar farms and contribute to the development of sustainable and clean energy systems.
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INTRODUCTION

The world is becoming increasingly connected, with the
Internet of Things (1oT) revolutionizing the way we live and
work [1,2]. 1oT devices are being integrated into various
industries to provide automated and efficient solutions [3].
One such industry is the field of photovoltaic (PV) panel
cleaning, where 10T-based robotic cleaners can help improve
the efficiency of cleaning and monitoring the panels [4,5].
The use of PV panels has been on the rise in recent years, as
they provide a sustainable and cost-effective source of energy
[6]. However, the efficiency of these panels can be reduced
due to the accumulation of dust, dirt, and other debris on their
surface [7]. This can result in a significant reduction in the
energy output of the PV panels, ultimately leading to
decreased efficiency and increased operating costs [8].
Therefore, it is important to develop efficient and effective
methods of cleaning and monitoring these panels [9].
Traditionally, PV panels have been cleaned manually, which
is a time-consuming and labor-intensive process [10].
However, with the advancements in robotics and loT
technologies, automated robotic cleaners can be deployed to
clean and monitor PV panels efficiently and effectively
[11,12]. These robotic cleaners can be equipped with various
sensors to monitor the performance of the PV panels, such as
temperature sensors, humidity sensors, and irradiance sensors
[13].

Furthermore, 10T-based robotic cleaners can be programmed
to operate autonomously, reducing the need for manual
intervention and supervision [14]. This not only improves the
efficiency of the cleaning process but also reduces the costs
associated with manual labor [15]. Additionally, these robotic
cleaners can be controlled remotely, allowing for real-time
monitoring and control of the cleaning process [15].

In recent years, there has been an increased interest in the use
of loT-based robotic cleaners for PV panel cleaning [11,15].
These cleaners can provide several advantages over
traditional cleaning methods, including increased efficiency,
reduced labor costs, and improved performance monitoring.
Moreover, the integration of artificial intelligence (Al)
algorithms and machine learning techniques into these
cleaners can further enhance their efficiency and performance
[2,13].

Figure 1: Robotic Unit: Fabricated Prototype [16]
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Figure 2: Robotic Unit: 3D Model [16]

The development of 10T-based robatic cleaners for PV panel
cleaning has also led to the emergence of new business
models, such as cleaning-as-a-service (CaaS) [12]. CaaS
allows PV panel owners to outsource the cleaning and
maintenance of their panels to specialized service providers,
who use loT-based robotic cleaners to perform the cleaning
and monitoring tasks [14]. This can result in cost savings for
the PV panel owners and provide new revenue streams for the
service providers [15].

In this paper, the integration of 10T technologies and robotics
in the field of PV panel cleaning can help improve the
efficiency and effectiveness of the cleaning and monitoring
process. This can ultimately result in increased energy output
and decreased operating costs. However, further research is
needed to optimize the design and performance of loT-based
robotic cleaners for PV panel cleaning. Moreover, the
emergence of new business models based on loT-based
robotic cleaners highlights the potential for these
technologies to disrupt traditional service industries.

LITERATURE REVIEW

Recent advancements in robotics and the Internet of Things
(1oT) have led to the development of innovative solutions for
cleaning and monitoring photovoltaic (PV) panels. The
integration of robotics and 10T technologies has the potential
to significantly improve the efficiency and effectiveness of
PV panel cleaning, leading to increased energy output and
decreased operating costs [16].

One major advantage of using 1oT-based robotic cleaners for
PV panel cleaning is the ability to monitor the performance
of the panels in real-time. These robotic cleaners can be
equipped with various sensors to monitor factors such as
temperature, humidity, and irradiance levels [17]. This real-
time monitoring can help detect and address any issues with
the PV panels promptly, improving their overall efficiency
and lifespan [18].

Additionally, loT-based robotic cleaners can operate
autonomously, reducing the need for manual labor and
supervision [19]. This can lead to significant cost savings for

PV panel cleaning and maintenance. Furthermore, the
remote-control capability of these robotic cleaners enables
real-time monitoring and control of the cleaning process from
a central location [20].

Several studies have investigated the use of 10T-based robotic
cleaners for PV panel cleaning. For example, a study by
Chouhan and Chouhan [21] proposed the use of a mobile
robot equipped with a dust cleaning system for PV panel
cleaning. The robot was controlled using an 1oT-based mobile
application and was capable of autonomously cleaning PV
panels.

Another study by Jayakrishnan and Pillai [22] proposed the
use of a solar-powered robot for cleaning PV panels. The
robot was equipped with a dust detection sensor and was
capable of autonomously cleaning PV panels using a rotating
brush.

Overall, the integration of 10T technologies and robotics in
the field of PV panel cleaning has the potential to
significantly improve the efficiency and effectiveness of the
cleaning and monitoring process. However, further research
is needed to optimize the design and performance of loT-
based robotic cleaners for PV panel cleaning and to evaluate
their cost-effectiveness compared to traditional cleaning
methods [23].

The use of loT-based robotic cleaners in the cleaning and
monitoring of photovoltaic (PV) panels has been gaining
momentum in recent years. This technology offers a solution
to the challenges of manual cleaning, which can be time-
consuming and labor-intensive [16, 18, 19]. The loT-based
robotic cleaners are equipped with various sensors that help
in the monitoring of the PV panels, such as temperature
sensors, humidity sensors, and irradiance sensors [20, 21].
The robotic cleaners can also be programmed to operate
autonomously, which reduces the need for manual
intervention and supervision [22, 23].

One of the main benefits of using loT-based robotic cleaners
is that they provide an efficient and effective method of
cleaning and monitoring PV panels. Studies have shown that
these robotic cleaners can improve the efficiency of cleaning
and monitoring by up to 30% compared to traditional
cleaning methods [24, 25]. Moreover, the use of robotic
cleaners reduces the risk of damage to the PV panels that can
result from manual cleaning [26, 27].

Several studies have focused on the development of the
robotic cleaners themselves, including their design and
functionality. For example, some researchers have developed
robotic cleaners that are designed to work on tilted PV panels
[28, 29], while others have developed robotic cleaners that
can work in environments with high levels of dust [30, 31].
Furthermore, some researchers have investigated the impact
of different cleaning frequencies on the performance of PV
panels [32, 33].

Another area of research has been the integration of loT
technologies into the robotic cleaners. The integration of 10T
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allows for real-time monitoring and control of the cleaning
process, which can help optimize the performance of the
robotic cleaners [34, 35]. Additionally, 10T technologies can
be used to collect and analyze data on the performance of the
PV panels, which can help identify potential issues early on
and allow for timely maintenance and repair [36, 37].
Despite the numerous benefits of using loT-based robotic
cleaners, there are still some challenges that need to be
addressed. For example, the cost of deploying the robotic
cleaners can be a barrier for some PV panel owners [38, 39].
Additionally, the maintenance and repair of the robotic
cleaners can also be costly, and there is a need for further
research on the design of the cleaners to ensure their
durability [40].

In conclusion, the use of loT-based robotic cleaners for the
cleaning and monitoring of PV panels provides an efficient
and effective solution to the challenges of manual cleaning.
The technology has numerous benefits, including increased
efficiency, reduced risk of damage, and real-time monitoring
and control. However, further research is needed to address
the challenges associated with cost and maintenance, as well
as to optimize the design and functionality of the robotic
cleaners.

THE EXPECTED RESULTS

Based on the literature review of loT-based robotic cleaners

for PV panel cleaning, the expected results can include:

1. Improved cleaning efficiency: The use of loT-based
robotic cleaners can result in improved cleaning
efficiency of PV panels compared to traditional manual
cleaning methods [1, 5, 6, 10, 13, 17, 19]. This can lead
to increased energy output of the panels, ultimately
resulting in decreased operating costs.

2. Real-time monitoring: The integration of IloT
technologies in robotic cleaners can allow for real-time
monitoring of the performance of the PV panels [4, 8, 11,
13, 16, 20]. This can provide valuable insights into the
health of the panels and help identify any potential issues
before they become major problems.

3. Reduced maintenance costs: loT-based robotic cleaners
can operate autonomously, reducing the need for manual
labor and supervision [2, 9, 12, 14]. This can lead to
reduced maintenance costs associated with traditional
manual cleaning methods.

4. Increased safety: Robotic cleaners can operate in
hazardous environments, reducing the need for human
intervention in potentially dangerous situations [2, 7, 18,
21]. This can result in increased safety for workers and
decreased liability for companies.

5. Customization and flexibility: loT-based robotic

cleaners can be customized to fit the specific needs of
PV panel cleaning, allowing for flexibility in the
cleaning process [3, 15, 22]. This can result in a more

efficient and effective cleaning process tailored to the
specific needs of the panels.

Overall, the expected results of the integration of loT
technologies and robotics in PV panel cleaning are
improved efficiency, real-time monitoring, reduced
maintenance costs, increased safety, and customization
and flexibility. However, further research and
development are needed to optimize the design and
performance of l0T-based robaotic cleaners for PV panel
cleaning.

CONCLUSIONS

In conclusion, the integration of 10T technologies and
robotics in the field of PV panel cleaning has the potential to
revolutionize the way we maintain and monitor PV panels.
The use of 10T-based robotic cleaners can help improve the
efficiency and effectiveness of the cleaning and monitoring
process, ultimately resulting in increased energy output and
decreased operating costs. The literature review has shown
that there is a significant amount of research being conducted
in this area, with various approaches and technologies being
developed to optimize the design and performance of loT-
based robotic cleaners for PV panel cleaning.

One key finding is that the use of sensors is crucial for the
effective monitoring of PV panels, as they can provide
valuable data on the performance of the panels and the
effectiveness of the cleaning process. These sensors can
include temperature sensors, humidity sensors, irradiance
sensors, and more, and can be used to adjust the cleaning
process to optimize efficiency. Additionally, the use of
machine learning algorithms can help to further optimize the
cleaning process by analyzing the data collected by these
sensors and adjusting the cleaning parameters accordingly.
Another important consideration is the design of the robotic
cleaners themselves. Various types of cleaners have been
developed, including those that utilize brushes, sprayers, and
suction, among others. The design of the cleaner should take
into account factors such as the type of debris being cleaned,
the surface of the PV panel, and the environmental conditions
in which the panels are located. Additionally, the size and
shape of the cleaner can also have an impact on its
effectiveness and efficiency, with smaller and more compact
designs often being more effective.

Furthermore, the use of autonomous operation and remote
monitoring can significantly improve the efficiency of the
cleaning process. This allows the robotic cleaners to operate
without the need for manual intervention or supervision,
reducing labor costs and increasing efficiency. Remote
monitoring also allows for real-time monitoring and control
of the cleaning process, allowing for quick adjustments to be
made if necessary.

It is clear that the development of loT-based robotic cleaners
for PV panel cleaning is a rapidly evolving field, with many
opportunities for further research and development. Future
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research could focus on optimizing the design and
performance of the cleaners, further developing the use of
sensors and machine learning algorithms, and exploring new
approaches to autonomous operation and remote monitoring.
Overall, the use of loT-based robotic cleaners for PV panel
cleaning has the potential to greatly improve the efficiency
and effectiveness of the cleaning and monitoring process,
ultimately leading to increased energy output and decreased
operating costs. With continued research and development,
this technology has the potential to play an increasingly
important role in the field of renewable energy

The development of 10T-based robotic cleaners for PV panel
cleaning is an exciting and promising area of research. The
potential benefits of this technology are vast, including
increased efficiency, reduced operating costs, and improved
energy output. However, there are still several challenges that
need to be addressed in order to fully realize these benefits.
For example, the development of more advanced and accurate
sensors is necessary to ensure effective monitoring of the PV
panels. In addition, more research is needed to optimize the
cleaning process and ensure that the robotic cleaners can
effectively remove all debris from the panels.

One potential avenue for future research is the integration of
machine learning algorithms into the control systems of 10T-
based robotic cleaners. This could allow the cleaners to learn
from their past experiences and adapt their cleaning strategies
accordingly. Additionally, machine learning algorithms
could be used to predict when cleaning is necessary, based on
data collected from the sensors on the PV panels. This could
help to further reduce the need for manual intervention and
increase the efficiency of the cleaning process.

In conclusion, the integration of loT technologies and
robotics in the field of PV panel cleaning has the potential to
revolutionize the way we approach this important task. The
benefits of this technology are numerous, including increased
efficiency, reduced costs, and improved energy output.
However, there are still several challenges that need to be
addressed in order to fully realize these benefits. By
continuing to invest in research and development in this area,
we can work towards creating a more sustainable and
efficient future for energy production.
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