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Abstract 

Addressing fuel shortages stands as one of the most critical global challenges today, alongside the 

significant issue of water scarcity for both urban and rural populations. A considerable portion, around 

60-70%, of the country's electricity demand is fulfilled by burning wood and agricultural waste. Solar 

energy is the most abundant renewable energy on earth which doesn’t pollute the environment while 

producing the energy. Solar power, harnessing renewable energy from gentle solar radiation, holds 

immense potential. Transitioning from petroleum-based energy to electric energy is pivotal for 

advancing renewable sources. Solar energy has evolved into a sustainable energy choice, urging an 

expansion in its utilization. Particularly in dusty regions like tropical nations such as India, solar 

photovoltaic (PV) panels are extensively deployed. However, dust accumulation on these panels 

hampers their efficiency by obstructing sunlight, reducing electricity generation by up to 50% if left 

uncleaned for a month. The goal of this project is to argument robotic technology and WiFi connection 

to design, develop, and deploy a fully autonomous solar panel cleaning system. The primary aim is to 

tackle the decline in solar panel efficiency as a result of collecting particles. It aims to create a 

sophisticated cleaning robot capable of independent operation. Integrated with WiFi, the system allows 

remote monitoring, control, and scheduling of cleaning processes. The breakthrough is in the way 

wireless technologies and automated machines are seamlessly combined to improve solar panel 

performance and maintenance while guaranteeing peak energy production.  
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INTRODUCTION 

The need to optimize solar panel efficiency grows as the globe shifts toward using solar energy as its 

main alternate power source. 

 

However, the accumulation of dirt and debris poses a significant challenge, diminishing the panels' 

performance and efficiency over time. In response 

to this pressing issue, we introduce the Automatic 

Solar Panel Cleaning Robot—a cutting-edge 

solution designed to ensure optimal performance 

and longevity of solar panel systems. Harnessing 

the abundance of solar energy, this innovative robot 

offers a proactive approach to maintaining solar 

panels by autonomously cleaning them at regular 

intervals. By employing advanced technologies 

such as artificial intelligence, robotics, and sensor 

systems, this robot is capable of efficiently 

navigating across solar arrays, detecting and 

removing various forms of contaminants, including 

dust, pollen, and bird droppings. Unlike traditional 

manual cleaning methods that are labor-intensive, 

time-consuming, and often impractical for large-

scale installations, the Automatic Solar Panel 

Cleaning Robot offers a cost-effective and 
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sustainable alternative. Because of its autonomous performance, less human intervention is required, 

which lowers labor costs and boosts system uptime overall. Additionally, this robot maximizes energy 

output by keeping solar panels clean, which boosts energy yields and increases the return on investment 

for solar power plants.  

 

It also contributes to environmental sustainability by promoting the use of clean energy while 

reducing water consumption associated with manual cleaning methods. 
 

A robot is developed using omni wheels that can be rotate on pv panel. They have some sensors on 
wheels to prevent falling off. Since it is designed to be used on rooftop panels [1]. A cleaning system 

with or without water is developed by providing two press buttons on either side to wipe out water and 
nylon brush used to avoid damages to pv panel [2]. A robot with increased efficiency, reduced water 

usage and labor cost is developed for both cleaning and detection of other defects. It is easy to move 
the cleaning head so that it offers lowest risk on scratching the panels [3]. Self powered remotely 

controlled robot which can sense the dimension of panel and can adjust the robot is developed and 
cleaning is done using enviroclean liquid and drying the panel by air blow [4]. A robot which allows 

multidirectional motion, so it can move freely along pv panel is developed by using omni wheels results 

in better efficiency and reduced time for cleaning with the help of mobile application [5].  
 

In this paper, The Automatic Solar Panel Cleaning Robot represents a breakthrough solution in the 
field of solar energy technology, addressing the critical issue of dirt accumulation and enabling solar 

panels to operate at peak efficiency. With its advanced features and benefits, this robot paves the way 
for a cleaner, more efficient, and sustainable future powered by solar energy [6].  

 
AUTOMATIC SOLAR PANEL CLEANING ROBOT USING WI-FI 

The existing model consists of a cleaning robot and an automated carrier track, designed to clean 
multiple solar panels in a solar- powered facility. The robot moves on a semicircular platform that 

connects to the neighboring panel, allowing it to transfer from one panel to another. It is equipped with 
a front-facing brush powered by a DC motor and a water line to clear the panel. The system is controlled 

by an Arduino microcontroller programmed in C language [7]. Additionally, the model includes a DC 
motor and an IR sensor for detecting changes in the environment. The IR sensor uses infrared light to 

track the movement of objects. The overall control of the system is depicted in a schematic diagram 
with a motor driver circuit and a communication module. By utilizing this model, the cleaning time can 

be reduced, water and power consumption can be minimized, and the cleaning process can be made 

more efficient [8]. By utilizing this model, the cleaning time can be reduced, water and power 
consumption can be minimized, and the cleaning process can be made more efficient. A potential 

disadvantage of a Bluetooth-based solar panel cleaning robot is it limited range. Bluetooth typically has 
a range of around 100 meters, which might constrain the robot's ability to receive commands or transmit 

data if the controlling device is far away from the solar panels [9]. This could lead to operational 
challenges in larger solar installations or areas with substantial distances between the control point and 

the cleaning robot (Figure 1). 
 

Automatic solar panel cleaning robot using Wi-Fi works by using a combination of components and 
technologies. An Arduino microcontroller containing C code is in charge of operating the robot. It has 

a Wi-Fi module installed, permitting remote robot control [10].  
 

The robot has a cleaning mechanism that includes a front-facing brush powered by a DC motor. A 
DC pump is used to bring water to the brush, which is then cleared through a water line integrated into 

the front panel. The robot moves on a semicircular platform that connects to the neighboring panel, and 
it transfers from one panel to another through connecting surfaces. The user can control the robot using 

a remote control that communicates with the Wi-Fi module. The remote control has buttons for moving 

the robot left, right, front, and back. There is also a button to activate the water pump for cleaning [11]. 
The brush swings to clean the solar panel's surface as the robot advances. 
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Overall, the Wi-Fi solar panel cleaner robot provides a wireless and automated solution for cleaning 

solar panels, reducing the need for manual labor and improving cleaning efficiency 

 

 
Figure 1. Block diagram of existing system. 

 

 
Figure 2. Block diagram of automatic solar panel cleaning robot using Wi-Fi. 

 

An automatic solar panel cleaning robot that utilizes WiFi operates through a blend of advanced 

technologies and seamless connectivity. The robot employs sensors to detect the layout and positioning 

of solar panels within its operating environment. This initial detection phase is crucial as it allows the 

robot to create a map or grid of the solar panel array. Once the solar panels are identified, the robot 

autonomously navigates towards them. The cleaning mechanisms are designed to effectively remove 

various types of debris, including dust, dirt, pollen, bird droppings, and other contaminants that may 

accumulate on the panels over time [12]. The precise operation of these cleaning mechanisms ensures 

                 

     

     

     

         

        

         

      

 

 

 

 

 

 

          

                       

                 

                 

     

     

     

           

          

          

      

          

      

     

      

                       

                   

 

 

 

 

 

 



 

 

Automatic Solar Panel Cleaning Robot Using Wi-Fi                                                                                 Roy et al. 

 

 

© STM Journals 2024. All Rights Reserved 9  
 

thorough cleaning without causing damage to the delicate surface of the solar panels. The integration 

of WiFi connectivity is a pivotal aspect of the robot's functionality. The robot may link digitally to a 

user interface or central control center via WiFi, allowing for autonomous control and monitoring 

(Figure 2). 

 
This connectivity allows operators to remotely monitor the robot's cleaning progress, receive real-

time updates on its status, and intervene if necessary. Additionally, WiFi connectivity enables the robot 
to transmit data related to its power levels, cleaning schedule, and any encountered issues, providing 
valuable insights for optimization and maintenance purposes. Furthermore, WiFi connectivity facilitates 
the implementation of scheduled cleaning tasks based on predetermined criteria or environmental 
conditions. Operators can remotely adjust the cleaning schedule as needed, ensuring that the solar panels 
are cleaned at regular intervals to maintain peak performance and efficiency [13-17]. An automatic solar 
panel cleaning robot that utilizes WiFi operates through a combination of advanced technologies, 
including autonomous navigation, specialized cleaning mechanisms, and seamless connectivity. By 
leveraging WiFi connectivity, the robot can provide remote monitoring and control capabilities, 
optimize cleaning schedules, and facilitate efficient power management, ultimately ensuring the 
effective maintenance and performance of solar panel arrays [18-20].  
 
RESULT AND DISCUSSION 

For the construction of robot, we used Arduino uno r3 ATmega328p as microcontroller, L298N as 
motor driver, node MCU ESP8266 as WIFI module, HC-SR04 as ultrasonic sensor (Figure 3). For the 
assembling of robot, we used Poly Bluetooth Controlled Omni Wheel Robot Kit (Figure 4). The 
assembled robot has been put in the solar panel and it has been working perfectly. The output of the 
solar panel increased once it is cleaned. 
 

 
Figure 3. Circuit diagram of automatic solar panel cleaning robot using Wi-Fi. 

 

 
Figure 4. Robot trainer kit. 
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CONCLUSION 

The development and implementation of an automatic solar panel cleaning robot utilizing WiFi 

connectivity present a significant advancement in the field of renewable energy maintenance. Through 

the integration of intelligent design and wireless communication technology, this system offers several 

key advantages. Firstly, the automation of solar panel cleaning reduces the need for manual labor, 

thereby enhancing efficiency and minimizing operational costs. The robot may be remotely enjoyed 

and controlled through WiFi connectivity, allowing for real-time scheduling and improvements based 

on weather and energy production need.  

 

Secondly, the autonomous nature of the robot ensures consistent and thorough cleaning, optimizing 

the performance of solar panels and maximizing energy output over time. This enhances the lifetime 

and trustworthiness of solar power systems and adds to the overall ecological sustainability of the 

infrastructure for renewable energy suppliers. 

 

Overall, the automatic solar panel cleaning robot presented in this study represents a promising 

solution for addressing the maintenance challenges associated with solar power generation. As 

renewable energy continues to play a crucial role in mitigating climate change and meeting global 

energy demands, innovations such as this will be instrumental in enhancing the efficiency, reliability, 

and sustainability of solar technology. Further research and development in this area are warranted to 

optimize performance and expand the applicability of such systems in diverse environmental 

conditions. 
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