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Abstract - The worldwide transition to renewable energy
has  established solar power as an essential
elementofustainabledevelopment.Nonetheless,theaccumulat
ionofdustonphotovoltaic panels poses a significant obstacle,
potentially diminishing energy output by as much as 50% in
dry regions. This project introduces an innovative automatic
solar panel cleaning system that effectively tackles this vital
maintenance challenge through Adriano-based automation.
The system employs mechanical brushing combined with
controlled water spraying to ensure optimal panel efficiency
with minimal human involvement. Our prototype features
servo motors for brush movement, a diaphragm water pump
to dislodge dust, and limit switches to ensure operational
safety. The Adriano microcontroller coordinates these
components to execute cleaning cycles that can be scheduled
or triggered by sensors. Field tests revealed a 25-40%
increase in energy output following cleaning, utilizing only
200ml of water per cycle substantially less than traditional
manual methods. The system’s affordability (under 5,000
per unit) and scalability render it appropriate for both
residential setups and large-scale solar farms. This project
advances sustainable energy objectives by preserving
optimal solar panel performance, minimizing water usage,
and eliminating the risks associated with manual cleaning.
Future developments may incorporate I0T capabilities for
remote monitoring and Al-driven cleaning schedules. The
successful deployment of this system supports India’s
renewable energy ambitions while providing a practical
solution to one of the most enduring operational challenges
in solar energy.

Keywords - Adriano control, Automated cleaning, Dust
mitigation, Renewable energy efficiency, Solar panel
maintenance

1.INTRODUCTION

The growing use of solar energy as a renewable power
source encounters considerable obstacles due to
environmental factors, especially dust accumulation on
photovoltaic surfaces. In tropical nations such as India,
where solar energy potentials particularly high,
particulate matter resulting from dry conditions and
industrial emissions can diminish panel efficiency by 30-
50% within just a month of exposure. Conventional
cleaning techniques are insufficient; manual cleaning is
labor- intensive and poses risks for rooftop installations,
while water-dependent. These challenges highlight the
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urgent need for automated and efficient cleaning solutions
that can sustain solar panel performance without
excessive water consumption or the need for human
intervention. Our automatic solar panel cleaning system
offers a technological solution to these issues. This system
utilizes microcontroller automation to ensure regular 2
and thorough cleaning at a low operational cost. Central to
its function is an Adriano Uno board, which orchestrates
the movement of cleaning brushes across the panel
surfaces and activates targeted water sprays to dislodge
stubborn debris. The design features fail-safe mechanisms,
including limit switches, to prevent mechanical over
travel, thereby safeguarding both the cleaning system and
the solar panels from potential damage. This method
presents several benefits compared to existing solutions: it
operates without the need for continuous water flow like
traditional spray systems, avoids the high expenses
associated with robotic cleaners, and ensures consistent
cleaning quality, unlike manual methods that can vary
based on human effort. The significance of this innovation
extends beyond technical performance. By maintaining
optimal panel efficiency, the system directly contributes to
higher renewable energy output and reduced carbon
emissions. Its water-efficient operation makes it suitable
for arid regions where both solar potential and water
scarcity coexist. The modular design allows adaptation to
various panel configurations, from small residential setups
gato large solar farms. Furthermore, the project
demonstrates how affordable microcontroller technology
can solve real-world engineering challenges, providing a
blueprint for sustainable innovation in renewable energy
maintenance.

1.1 METHODOLOGY

The creation of our automatic solar panel cleaning system
adhered to a systematic engineering methodology that

included design, prototyping, and performance
assessment. The process commenced with an in-depth
analysis of requirements, pinpointing essential

parameters such as cleaning efficiency (minimum 80%
dust removal), water usage (less than 250ml per cycle),
and energy consumption (under 20Wh per operation).
These criteria informed the selection of components and
the development of the system architecture, ensuring a
well-rounded performance across all specified metrics [5].
The selection of components was based on comprehensive
technical specifications and performance metrics. The
solar panel subsystem features mono crystalline
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photovoltaic modules with a total capacity of 50W,
selected for their optimal balance of efficiency and cost.
The wind energy subsystem includes a horizontal-axis
wind turbine with a rated capacity of 45W, utilizing a
BLDC motor as its generator. Energy storage is 3
facilitated by a 12V 100Ah lithium-ion battery bank,
chosen for its favorable energy density and longevity.
Power conversion and conditioning are managed by a
500W pure sine wave inverter along with suitable charge
controllers for both solar and wind inputs[6].The
mechanical design phase concentrated on developing a
robust yet lightweight cleaning mechanism. We
engineered a rail-mounted brush system featuring nylon
bristles, which provide gentle yet effective surface
cleaning. The brush assembly is connected to a gear motor
that facilitates its movement across panel surfaces, with
waternozzles strategically positioned at 45° angles to
ensure optimal spray coverage. Aluminum rails offer
structural support while being resistant to outdoor
corrosion. For the electronic components, we opted for an
Adriano Uncas the control hub due to its reliability,
input/output capabilities, and vast developer community.
This board interfaces with an L298N motor driver to
enable precise control of the brush movement and a 5V
relay module to activate the water pump. The
implementation of the circuit necessitated meticulous
planning to guarantee safe power distribution and signal
integrity. The motor control circuit connects the Adriano’s
PWMpinstotheL298Ndriver,whichsupplies12Vpower to
the gear motor. A distinct circuit manages the 12V
diaphragm pump via the relay module, with onto isolation
in place to shield the microcontroller from voltage spikes.
Limit switches are connected to the Adriano input pins
with pull-up resistors, providing positional feedback to
prevent over travel .All connections are waterproofed to
endure outdoor conditions [7]. The software development
phase created the intelligence that governs the system's
operation. The Adriano sketch initialize spins and
parameters in the setup () function, then executes cleaning
cycles within the loop() function. Key functions include
move_ forward and move backward() for brush
movement, along with activate pump () for timed water
spraying. The program utilizes miles()- based timing for
scheduled operations and is designed to accommodate
future sensor inputs through a modular code structure.
Error handling routines are in place to motor current
draw, allowing forth detection of stalls or obstructions.
The assembly of the prototype integrated these
components into a cohesive operational system. We
installed rails along the perimeter of a test solar panel,
securing them with brackets designed to resist UV
damage. The brush assembly is connected to aiming belt
powered by a gear motor, facilitating smooth linear
movement. All electronic components are housed in a
weatherproof enclosure equipped with cable glands to
prevent water ingress. The testing process was conducted
in stages, beginning with the validation of individual
subsystems (such as motor movement and pump

functionality) and progressing to assess integrated
performance under varying dust conditions.

1.2 HARDWARE COMPONENTS

The automatic solar panel cleaning system is developed
using several hardware components that work together to
detect dust accumulation and perform the cleaning
operation automatically. These hardware components are
responsible for sensing environmental conditions,
processing data, controlling the cleaning mechanism, and
providing monitoring capabilities. The major hardware
components used in this system include the Adriano Uno
R4 Wi-Fi controller, LDR sensor, relay modules, water
pump, wiper motor, limit switches, 12C LCD display, DC-DC
buck converter, and 12V battery power supply. Each of
these components plays an important role in the overall
operation of the system. The Adriano controller acts as the
main processing unit that receives sensor inputs and
controls the operation of the pump and motor through
relay modules. The LDR sensor measures sunlight
intensity and helps determine whether the solar panel
surface requires cleaning. Relay modules are used to
switch high-power devices such as the pump and motor.
The cleaning mechanism consists of a water pump that
sprays water onto the solar panel and a wiper motor that
moves a cleaning blade across the panel surface. Limit
switches are used to detect the position of the wiper
mechanism and control its movement. The 12C LCD display
provides real-time system information, while the DC-DC
buck converter regulates voltage levels. Finally, the 12V
battery power supply provides the electrical energy
required to operate the system

2. ARDUINO UNO R4 WIFI CONTROLLER

The Arduino Uno R4 WiFi is the central control unit of the
proposed automatic solar panel cleaning system. It is a
microcontroller development board based on the Renesas
RA4M1 microcontroller, which is designed for embedded
system applications. The board includes built-in WiFi
connectivity, allowing it to connect to internet-based
platforms such as the Blynk IoT platform for remote
monitoring and control.In this project, the Arduino
controller continuously monitors the input signal from the
LDR sensor to determine the sunlight intensity falling on
the solar panel surface. The sensor values are processed
by the Arduino and compared with a predefined threshold
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value programmed into the system. If the detected light
intensity falls below this threshold value, the Arduino
interprets this condition as an indication of dust
accumulation on the panel surface.

Once dust accumulation is detected, the Arduino activates
the cleaning mechanism by sending control signals to the
relay modules connected to the water pump and wiper
motor. The controller first activates the water pump to
spray water onto the solar panel surface. After spraying
water for a short duration, the controller activates the
wiper motor to remove the dust particles from the panel.

The Arduino also receives input signals from the limit
switches installed at both ends of the panel. These signals
allow the controller to reverse the motor direction when
the wiper reaches the end of the cleaning path. In addition
to controlling the cleaning process, the Arduino Uno R4
WiFi also sends system data such as sensor values, pump
status, and motor status to the Blynk mobile application
through its WiFi module. This allows users to monitor the
system remotely.

LDR SENSOR

The Light Dependent Resistor (LDR) is a type of
photoresistor that is used to measure the intensity of light.
The resistance of the LDR changes according to the
amount of light falling on its surface. When the light
intensity increases, the resistance of the LDR decreases.
When the light intensity decreases, the resistance
increases

In the proposed solar panel cleaning system, the LDR
sensor is used to detect the sunlight intensity reaching the
surface of the solar panel. When the solar panel surface is
clean, the sensor receives maximum sunlight and
produces a higher voltage output. However, when dust or
dirt accumulates on the solar panel surface, the sunlight
reaching the panel decreases. This reduction in light
intensity causes the sensor output voltage to decrease.

The Arduino microcontroller continuously monitors the
sensor output. If the sensor reading falls below the
predefined threshold value, the system assumes that dust
accumulation has occurred and initiates the cleaning
process. The LDR sensor is widely used in light sensing

applications because it is simple, low-cost, and easy to
interface with microcontrollers.
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Relay modules are electrical switching devices that allow
low-power control circuits to operate high-power
electrical devices. A relay consists of an electromagnetic
coil and a switching contact. When the coil is energized,
the switch changes its position and completes the circuit
connected to the device.

In this project, relay modules are used to control the water
pump and wiper motor. The Arduino microcontroller
operates at a low voltage and cannot directly drive high-
power devices. Therefore, relay modules are used as an
interface between the microcontroller and these devices.

When the Arduino sends a control signal to the relay
module, the relay activates and allows electrical current
from the battery to flow to the connected device. This
allows the pump and motor to operate. Relay modules
provide electrical isolation between the microcontroller
and high-power circuits, which improves system safety
and reliability.

In the proposed solar panel cleaning system, the LDR
sensor is used to detect the sunlight intensity reaching the
surface of the solar panel. When the solar panel surface is
clean, the sensor receives maximum sunlight and
produces a higher voltage output. However, when dust or
dirt accumulates on the solar panel surface, the sunlight
reaching the panel decreases. This reduction in light
intensity causes the sensor output voltage to decrease.
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Water Pump

The water pump is used to spray water onto the solar
panel surface during the cleaning process. Dust and dirt
particles that accumulate on the panel surface can become
firmly attached over time. Spraying water onto the panel
helps loosen these particles and makes it easier for the
cleaning mechanism to remove them.

The pump used in this system operates using a 12V DC
power supply. When the Arduino detects dust
accumulation through the LDR sensor, it activates the
relay connected to the pump. The pump then draws water
from a small storage tank and sprays it onto the panel
surface through a pipe or nozzle.

The water spraying process usually lasts for a short
duration to avoid unnecessary water consumption. Once
the water spraying is completed, the Arduino controller
activates the wiper motor to remove the loosened dust
particles.

WIPER MOTOR

The wiper motor is an essential component of the solar
panel cleaning mechanism used in the proposed system.
Its primary function is to move the cleaning wiper across
the surface of the solar panel in order to remove dust, dirt,
and other contaminants that accumulate on the panel over
time. The presence of dust particles on the solar panel
surface reduces the amount of sunlight reaching the
photovoltaic cells, which directly affects the energy
generation efficiency. Therefore, the wiper motor plays a

critical role in ensuring that the panel surface remains
clean and capable of receiving maximum sunlight.

In this project, a 12V DC wiper motor is used to drive the
cleaning mechanism. Wiper motors are commonly used in
automobile windshield wiper systems because they
provide high torque and reliable operation. These
characteristics make them suitable for moving mechanical
cleaning devices such as brushes or wipers across flat
surfaces like solar panels.

When the Arduino controller detects a decrease in
sunlight intensity from the LDR sensor, it initiates the
cleaning process by activating the relay module connected
to the water pump. After the water spraying process is
completed, the Arduino activates the relay connected to
the wiper motor. Once the motor is activated, it rotates
and drives the cleaning wiper across the solar panel
surface. The mechanical movement of the wiper removes
the loosened dust particles from the panel.

The wiper motor is designed to provide smooth and
controlled motion across the panel. The direction of the
motor is controlled using limit switches placed at both
ends of the panel. When the wiper reaches one end of the
panel, the limit switch sends a signal to the Arduino
controller, which reverses the direction of the motor. This
allows the wiper to move back across the panel surface
and complete the cleaning cycle. The use of a wiper motor
ensures effective mechanical cleaning and improves the
overall efficiency of the solar panel system.

LIMIT SWITCHES

Limit switches are electromechanical devices used to
detect the position or movement of mechanical
components in automated systems. They act as position
sensors that provide feedback to the control unit when a
moving part reaches a predetermined point. In the
proposed automatic solar panel cleaning system, two limit
switches are used to control the movement of the wiper
motor and ensure that the cleaning mechanism operates
safely and efficiently.

The limit switches are installed at both ends of the solar
panel cleaning path. These switches are positioned in such
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a way that when the cleaning wiper reaches either end of
the solar panel surface, it physically presses the
corresponding limit switch. Once the switch is pressed, it
sends an electrical signal to the Arduino Uno R4 WiFi
microcontroller, indicating that the wiper has reached the
end of its travel path.

The Arduino controller continuously monitors the state of
the limit switches while the wiper motor is operating.
When the wiper reaches the first limit switch located at
one end of the solar panel, the switch is activated and
sends a signal to the controller. Upon receiving this signal,
the Arduino immediately changes the direction of the
wiper motor through the relay module. As a result, the
motor rotates in the opposite direction and moves the
wiper back across the solar panel surface.

Similarly, when the wiper reaches the second limit switch
located at the opposite end of the solar panel, the switch is
activated again and sends another signal to the controller.
This process allows the Arduino to control the forward
and reverse movement of the wiper motor, ensuring that
the entire surface of the solar panel is cleaned properly.

The use of limit switches provides several important
advantages in the solar panel cleaning system. First, they
help ensure that the cleaning wiper covers the entire panel
surface, which improves the overall cleaning efficiency.
Second, they provide a position feedback mechanism that
allows the controller to precisely control the movement of
the motor. Third, they protect the mechanical components
from damage by preventing the motor from moving the
wiper beyond tWithout limit switches, the motor would
continue rotating even after the wiper reaches the edge of
the panel. This could lead to excessive mechanical stress,
damage to the wiper mechanism, or failure of the motor.
Limit switches are widely used in automation systems
because they are simple, reliable, and easy to integrate
with microcontrollers. They operate using a simple
contact mechanism that opens or closes an electrical
circuit when the switch is pressed.

In the proposed system, the limit switches play a crucial
role in ensuring that the cleaning process is performed
smoothly and accurately. By providing real-time position
feedback to the Arduino controller, they enable precise
control of the wiper motor and contribute to the safe and
efficient operation of the automatic solar panel cleaning
system.

12C LCD DISPLAY

The 12C LCD display is an important output device used in
the proposed automatic solar panel cleaning system to
provide real-time information about the operation of the
system. The display helps users easily observe the current
working status of the system without needing to access
the IoT monitoring platform. By displaying system
parameters directly on the device, the LCD improves the
usability and convenience of the system during operation
and maintenance.

A Liquid Crystal Display (LCD) is commonly used in
embedded systems to display text, numbers, and system
messages. In this project, a 16x2 LCD display is used,
which means the display can show 16 characters per line
and two lines of text at a time. The LCD used in this project
is equipped with an I12C interface module, which simplifies
the connection between the LCD and the Arduino
controller. Normally, a standard LCD requires multiple
data and control pins to communicate with the
microcontroller. However, by using the 12C interface, the
number of required connections is reduced significantly.
The 12C communication protocol uses only two signal
lines, namely:

In addition to these two communication lines, the LCD also
requires power connections such as VCC (5V) and GND.
The use of the I[2C interface helps reduce wiring
complexity and allows more Arduino pins to remain
available for other components in the system.The [2C LCD
display is connected to the Arduino Uno R4 WiFi
controller, which sends data to the display based on the
current system conditions. The Arduino continuously
updates the LCD screen with relevant information
obtained from the sensors and control system. This allows
users to monitor the system status directly from the
device.

By displaying these parameters on the LCD screen, users
can quickly understand the current state of the system.
For example, when the sunlight intensity detected by the
LDR sensor falls below the threshold value, the LCD
display may show a message indicating that the cleaning
process has started. Similarly, when the water pump is
activated, the display will show that the pump is
operating.
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The LCD also provides useful feedback during system
testing and troubleshooting. Engineers or technicians can
easily observe the sensor readings and system responses
while developing or maintaining the system. This makes
the LCD display an important diagnostic tool for
monitoring the behavior of the system.

Overall, the 12C LCD display plays a significant role in
improving the user interface and monitoring capability of
the automatic solar panel cleaning system. By providing
clear and real-time information about system operations,
it enhances system transparency and allows users to

easily track the performance of the cleaning mechanism.

DC-DC BUCK CONVERTER

The DC-DC buck converter is an important component
used in the proposed automatic solar panel cleaning
system to regulate and reduce the input voltage to a
suitable level for electronic components. In this system,
the main power source is a 12V battery, which provides
sufficient voltage for high-power devices such as the water
pump and the wiper motor. However, electronic
components such as the Arduino Uno R4 WiFi
microcontroller, LDR sensor, limit switches, and 12C LCD
display require a much lower operating voltage, typically
5V. Supplying a higher voltage directly to these
components could damage them. Therefore, a DC-DC buck
converter is used to step down the voltage from 12V to a
regulated 5V output.

A buck converter is a type of switching voltage regulator
designed to efficiently convert a higher DC voltage into a
lower DC voltage. It operates using electronic components
such as switching transistors, inductors, capacitors, and
diodes to regulate the output voltage. Unlike traditional
linear voltage regulators, which dissipate excess energy as
heat, buck converters use a switching mechanism that
significantly improves efficiency. This allows the converter
to reduce voltage with minimal power loss and heat
generation.

In the proposed system, the 12V battery output is
connected to the input terminals of the buck converter.
The converter then regulates and converts this voltage

into a stable 5V output, which is supplied to the Arduino
controller and other low-power components. The output
voltage of many buck converters can be adjusted using a
small potentiometer, allowing precise control of the
output voltage level.

Providing a stable and regulated voltage is very important
for the proper operation of microcontrollers and sensors.
Microcontrollers such as the Arduino Uno R4 WiFi are
sensitive to voltage fluctuations and must operate within a
specific voltage range. If the voltage supplied to the
controller exceeds the recommended limit, it may cause
overheating or permanent damage to the circuit. Similarly,
sensors such as the LDR and display modules require
stable voltage to provide accurate readings and reliable
operation.

The buck converter also helps improve the overall
efficiency of the system. Since the system is powered by a
battery, minimizing power loss is essential to extend the
operating time of the system. Buck converters are known
for their high efficiency, often achieving efficiencies above
85-90%, which makes them ideal for battery-powered
applications.

Another advantage of using a buck converter is its ability
to maintain a constant output voltage even when the input
voltage varies slightly. As the battery discharges over time,
its voltage may fluctuate. The buck converter compensates
for these variations and ensures that the output voltage
remains stable at 5V. This helps maintain consistent
performance of the microcontroller.

In summary, the DC-DC buck converter plays a crucial role
in the proposed solar panel cleaning system by safely
regulating the voltage supplied to sensitive electronic
components. It ensures efficient power conversion,
protects the control circuitry from excessive voltage,
reduces energy loss, and improves the reliability and
performance of the entire system.

BATTERY POWER SUPPLY (12V 7Ah)

1 2V-7AH

L
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The battery power supply is an essential component of the
proposed automatic solar panel cleaning system because it
provides the electrical energy required to operate all the
hardware components in the system. In this project, a 12V
7Ah rechargeable battery is used as the main power
source. The battery supplies power to both high-power
components, such as the A 12V battery is commonly used
in embedded and automation systems because it provides
sufficient voltage and current to operate motors, pumps,
and electronic circuits. The 7Ah (Ampere-hour) rating of
the battery indicates its energy storage capacity. It means
that the battery can theoretically supply 7 amperes of
current for one hour, or a smaller current for a longer
duration. This capacity allows the system to operate for
extended periods without requiring frequent recharging.

In the proposed solar panel cleaning system, the battery
directly supplies power to high-power devices such as the
water pump and wiper motor. These components require
higher current to operate, especially during the cleaning
process when the pump sprays water and the motor
moves the cleaning wiper across the solar panel surface.
The battery provides sufficient current to ensure smooth
and reliable operation of these mechanical components.
The connection between the battery and these devices is
controlled through relay modules, which allow the
Arduino controller to turn the devices ON or OFF as
required.

The battery also provides power to the DC-DC buck
converter, which regulates the voltage for the control
circuitry. Since the Arduino controller and sensors operate
at a lower voltage of 5V, the buck converter reduces the
battery voltage from 12V to 5V. This regulated output
voltage is then supplied to the Arduino Uno R4 WiFi
microcontroller, LDR sensor, limit switches, and the 12C
LCD display. By using a buck converter, the system
ensures that sensitive electronic components receive
stable and safe operating voltage.

One of the major advantages of using a rechargeable
battery in this system is that it allows the system to
operate independently without requiring a continuous
connection to the electrical grid. This makes the system
suitable for installations in remote areas where grid
power may not be easily available. The battery can also be
recharged using solar energy from the solar panels
themselves, which further improves the energy efficiency
and sustainability of the system.

Another benefit of the battery power supply is its ability to
provide stable and reliable power during system
operation. Unlike some power sources that may fluctuate
due to external factors, a battery provides a consistent
voltage output that ensures proper operation of the
microcontroller and other electronic components. This
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helps prevent unexpected system failures or malfunctions
during the cleaning process.

The 12V 7Ah battery capacity also ensures that the system
can operate for a long period before needing to be
recharged. Since the cleaning process does not run
continuously and only activates when dust accumulation is
detected, the battery consumption remains relatively low.
This allows the system to function efficiently while
conserving energy.

In summary, the battery power supply plays a crucial role
in the proposed solar panel cleaning system by providing
reliable and stable energy for both high-power and low-
power components. It enables the system to operate
independently, supports energy-efficient operation, and
ensures continuous performance of the cleaning
mechanism. The use of a rechargeable 12V 7Ah battery
makes the system suitable for practical deployment in
solar panel installations where reliable and portable
power is required.

Block Diagram

The block diagram of the proposed automatic solar panel
cleaning system represents the overall architecture and
interaction between the different functional units of the
system. It illustrates how the various hardware
components are interconnected to detect dust
accumulation and perform the cleaning operation
automatically. The system mainly consists of the power
supply unit, sensor unit, control unit, switching unit,
cleaning mechanism, position detection unit, and IoT
monitoring system. Each of these units performs a specific
function and together they form an intelligent system
capable of maintaining the cleanliness of the solar panel
surface.

The power supply unit provides the necessary electrical
energy for the operation of the entire system. In the
proposed design, a 12V battery is used as the main power
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source, which supplies power to high-power components
such as the water pump and the wiper motor. Since the
Arduino controller and sensors require a lower operating
voltage, a DC-DC buck converter is used to step down the
voltage from 12V to 5V. This regulated voltage is then
supplied to the Arduino Uno R4 WiFi microcontroller, LDR
sensor, limit switches, and relay modules to ensure stable
and safe operation of the electronic components.

The sensor unit consists of an LDR (Light Dependent
Resistor) sensor, which is used to measure the intensity of
sunlight falling on the surface of the solar panel. The
resistance of the LDR varies depending on the amount of
light detected. When the solar panel surface is clean, the
sensor receives higher light intensity. However, when dust
accumulates on the panel surface, it blocks sunlight and
reduces the detected light intensity. The LDR sensor
converts this variation in light intensity into an electrical
signal that is sent to the Arduino microcontroller for
further processing.

The Arduino Uno R4 WiFi microcontroller acts as the
central control unit of the system. It continuously reads
the sensor data from the LDR sensor and compares it with
a predefined threshold value programmed in the system. If
the detected light intensity falls below the threshold value,
the controller interprets this condition as an indication
that dust has accumulated on the solar panel surface. Once
this condition is detected, the Arduino initiates the
cleaning process by activating the relay modules
connected to the pump and motor.

The switching unit consists of relay modules, which act as
electronic switches used to control high-power devices.
The Arduino microcontroller cannot directly power
devices such as pumps and motors due to current
limitations. Therefore, relay modules are used as an
interface between the microcontroller and these devices.

To control the movement of the wiper motor, the system
uses two limit switches placed at the edges of the cleaning
path. These switches detect the position of the wiper
during its movement. When the wiper reaches one end of
the solar panel, the corresponding limit switch is activated
and sends a signal to the Arduino controller. Based on this
signal, the controller reverses the direction of the motor,
allowing the wiper to move back across the panel surface.
This forward and reverse movement ensures that the
entire solar panel surface is cleaned effectively.

In addition to the automatic cleaning operation, the
system also incorporates loT-based monitoring using the
Blynk platform. The Arduino Uno R4 WiFi controller
connects to the internet through its built-in WiFi module
and sends system data to the Blynk cloud platform.
Through the Blynk mobile application, users can monitor

important system parameters such as LDR sensor values,
pump operation status, and wiper motor movement in real
time. Users can also manually control the pump or motor if
necessary through the mobile application.

Overall, the block diagram of the proposed system clearly
illustrates the interaction between the various
components involved in the automatic solar panel cleaning
system. It demonstrates how the sensor, controller,
switching devices, cleaning mechanism, and IoT
monitoring platform work together to detect dust
accumulation, perform automatic cleaning, and ensure
efficient solar panel performance.

solar cleaning *

The proposed automatic solar panel cleaning system is
integrated with the Blynk IoT platform to enable remote
monitoring and control of the system. The integration of
IoT technology enhances the functionality of the system by
allowing users to observe system performance and control
certain operations from a mobile device. In this project,
the Arduino Uno R4 WiFi microcontroller uses its built-in
WiFi capability to connect to the internet and
communicate with the Blynk cloud server.

The Blynk platform acts as a bridge between the hardware
system and the mobile application. The Arduino controller
continuously collects data from the connected sensors and
system components and transmits this information to the
Blynk cloud through a WiFi network. The data is then
displayed in real time on the Blynk mobile application,
which provides a graphical interface for monitoring
system parameters.

During the experimental testing of the system, the Arduino
controller successfully transmitted important information
such as the LDR sensor readings, water pump status,
wiper motor operation, and overall cleaning process
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status to the Blynk platform. The mobile application
displayed these parameters clearly through widgets such
as value displays, indicators, and status labels. This
allowed users to observe the system performance from
anywhere using their smartphones.

One of the key parameters monitored through the Blynk
application is the LDR sensor value, which represents the
sunlight intensity detected on the solar panel surface. By
observing this value, users can understand the lighting
conditions affecting the panel. When dust accumulates on
the panel surface, the sunlight intensity detected by the
LDR decreases, and the system automatically initiates the
cleaning process.

The Blynk application also displays the status of the water
pump used in the cleaning process. When the Arduino
controller activates the pump through the relay module,
the Blynk platform updates the pump status in real time,
allowing users to see whether the pump is currently
operating or turned off.

Similarly, the operation of the wiper motor is also
monitored through the Blynk platform. The application
indicates when the motor starts moving the cleaning
wiper across the solar panel surface and when the
cleaning process is completed. This real-time feedback
helps users understand the behavior of the cleaning
mechanism during system operation.

Another important feature provided by the Blynk platform
is the ability to manually control certain system
components. Through the mobile application interface,
users can manually activate the water pump or wiper
motor if necessary. This feature provides flexibility in
situations where the user may want to initiate cleaning
even when the automatic threshold condition is not met.
For example, if the panel appears dirty even though the
sensor reading is still above the threshold value, the user
can start the cleaning process remotely.

The IoT integration also improves system accessibility and
monitoring efficiency. Instead of physically checking the
system, users can monitor the performance of the solar
panel cleaning system from any location with internet
access. This is especially useful for solar panel installations
located in remote areas or large solar farms where manual
inspection may be difficult.

The experimental results confirmed that the Blynk IoT
platform successfully received and displayed sensor data
from the Arduino controller. The real-time monitoring
capability allowed users to track system performance
effectively and verify the correct operation of the cleaning
mechanism.

Overall, the integration of the Blynk IoT platform
significantly enhances the functionality of the automatic
solar panel cleaning system. It enables real-time

monitoring, remote control, and improved system
management, making the system more intelligent, user-
friendly, and suitable for modern solar energy
applications.

FINAL SETUP OF THE SOLAR PANEL CLEANING
SYSTEM

The experimental setup of the proposed solar panel
cleaning system consists of several hardware components
assembled together to simulate the operation of an
automated solar panel maintenance system. A solar panel
model or flat surface is used to represent the solar panel
on which dust accumulation can occur.

The main control unit used in the setup is the Arduino Uno
R4 WiFi microcontroller, which processes sensor data and
controls the cleaning mechanism. The LDR sensor is
positioned near the solar panel surface to detect the
intensity of sunlight reaching the panel. When dust or
other particles accumulate on the panel surface, the
amount of sunlight detected by the LDR sensor decreases.

A 12V water pump connected through a relay module is
used to spray water onto the solar panel surface during
the cleaning process. The water helps loosen dust particles
attached to the panel surface. After spraying water, a 12V
wiper motor drives a cleaning wiper that moves across the
panel surface to remove the loosened dust.

Two limit switches are installed at both ends of the solar
panel cleaning path to detect the position of the wiper
mechanism. These switches provide feedback to the
Arduino controller so that the direction of the motor can
be reversed when the wiper reaches the edge of the panel.

The system is powered using a 12V 7Ah rechargeable
battery, and a DC-DC buck converter is used to provide a
regulated 5V supply to the Arduino controller and sensors.
The system is also connected to the Blynk IoT platform,
which allows users to monitor sensor readings and device
status through a mobile application.
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3. CONCLUSIONS

This project effectively illustrates that cost effective
automation can address one of the most enduring
challenges in solar energy efficiency loss due to dust
buildup. Our Adriano-based cleaning system provides
dependable, water-efficient maintenance at a significantly
lower cost compared to traditional solutions. Technical
indicates energyoutputimprovementsof25- 40%, while
the economic analysis reveals a strong return on
investment across residential, commercial, and utility-
scale applications. The importance of the system goes
beyond its technical features. Ensuring the optimal
performance of solar panels plays a vital role in promoting
renewable energy adoption and achieving carbon
reduction targets. The design philosophy utilizing
straightforward, durable components in an innovative
arrangement serves as a model for sustainable
engineering solutions globally. Future research avenues
include the integration of IOT for intelligent monitoring
and the exploration of advanced materials to extend
service life. As solar energy becomes increasingly
significant in global electricity generation, maintenance
technologies like ours will be essential in optimizing the
potential of renewable energy. This project not only offers
a practical solution for immediate application but also
establishes a foundation for continuous innovation in
renewable energy maintenance systems.
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