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Abstract 

The solar panels are mostly used in dusty environments. The dust particles 

are accumulated on the surface of panel and it blocks the sunlight. It 
decreases the energy generation capacity of the panel. In this situation, 

periodic cleaning of solar panels is required to improve solar energy. In this 

paper, a cleaning robot is designed and developed to consistently clean the 

dust particles on the solar panel. The robot is cleaning a solar panel by using 
a rotary brush with water spray. The sun tracking is also integrated to 

improve the efficiency of the panel. 

 
Keywords: Robot cleaning, Sun tracking, Solar panel, Robot clean solar 

panel, Design and    simulation 
 

1 Introduction 
 

Nowadays the availability of the electrical energy becomes very 

important for developing the nation, due to the production of power from 

fossil fuel, gas, oil, and coal is expensive, limited, difficult to store and lead 
to global warming. Solar energy is available in massive amounts as well as  
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free from pollution. The technology in which the energy obtained from the 
sun throws solar panel is called solar energy. The panel comprises of the 

solar cell. The cell is made by the semiconductor material, whenever the sun 

hits the cells, the electrons will be free from their atoms, due to the 

movement of particles in the conductor, the energy produced. 
Solar energy demand has increased because solar energy is free from 

pollution and available in huge amount, a massive solar power plant has 

installed in the various country [1].The solar power plant production increase 
to the maximum whenever installed at deserts where the sunshine is high, 

and the solar panel collects the highest solar radiation contrasted to the solar 

panel mounted to the undersets area [2]. 
The main problem in solar energy is that, it is installed outdoor so it can 

be affected by bird droppings, dust, and snow, which would reduce the 

efficiency of production. Another problem is that the loss of wire connecting, 

module soiling and inverter could lessen the ability by 10-25% [3]. 
Photovoltaic (PV) systems are influenced by dust buildup on solar 

panels. Commonly, the solar panels are periodically cleaned with water and 

the techniques labor exhaustive and is proven to be high-priced in large scale 
PV system [4]. To, remove this limitation, robotics can be used as it 

eliminates human labor and at the same time more economical and 

autonomous. 

The researchersare identified that the solar panel production decrease 
owing to situation that the sun angle changes throughout the day and if the 

solar panel is not tracking the sun, the power loss will be further than the 

solar panel utilizing solar tracking system. The solar panel that uses double-
axis sunlight tracking system generates additional power than the solar panel 

that uses the single-axis sunlight tracking system [5]. 

 

2 Literature Survey 
 
Chailoet & Pengwang, 2019. Design a robot with various lengths to 

clean a PV panel. The merits of the system are that it can clean different size 

of the solar panel as the robot length is 1-meter; extended robot length is 
done by connecting the robots using pins. 

The Robot consists of a brush, sprinkler, wheels, support wheel, 

photoelectric sensors, DC motor, and aluminum pipe frame. The Robot has 
three different levels of speed (slow, medium, and high)—a joystick using to 

control the Robot manually [6]. 

Hang, Shen, Bian, & Wang, 2016. Designed a mechatronics system 

using monorail-tracking to clean the PV panel, in this system, there are three 
types of roller have been used, the belt used to move the Robot and cotton 

has used for cleaning the PV panel [7]. 

Parrott, Zanini, Shehri, Kotsovos, & Gereige, 2018. Design an 
autonomous robot for cleaning solar panel. The paper presented the  
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effectiveness of using a silicon rubber foam brush for cleaning the solar 

panel. The test was collected in 2013 from March till June. The result shows 

that using this type of brush lead to minimizing the impact of the dust on the 

solar panel [8].  
Khadka, Bista, Adhikari, Bista, & Shrestha, 2019. In this paper, the 

smart solar photovoltaic cleaning system has designed to clean the PV panel 

surface from the unwanted particle. The system controlled by a 
microprocessor, there are two types of motor used (stepper motor has 

selected as the driver for driving the robot cleaner to clean the solar panel in 

and PMDC permanent motor magnet direct current for rotating the brush.  
In an autonomous unit, the microprocessor controls the working of the 

Robot depending on the sensors (illuminance sensor (TSL 2561), voltage and 

current sensor, humidity sensor(DHT11 temperature) and dust sensor 

(GP2Y1014AU0F) [9]. 
Akyazı, Şahin, Özsoy, & Algül, 2019. Design a robot cleaning solar 

panel using an Arduino Mega as a microcontroller. The controller controls 

the motor for driving the Robot to clean the PV panel surface horizontally 
and vertically, limit and ultrasonic sensors used to sense the location of the 

Robot and brush on the PV panel. 

Two limit sensors used to check the position of the brush weather it is in 

top or button, the third limit sensor used to check if the device at barking 
position. For driving the Robot, four DC motors installed in the Robot to 

control the Robot moving along up, down, left, and right. Two 9V DC 

motors used to rotate the brush. Special Pallet has designed for the system to 
provide the left and right movement, using rail to move the brush up and 

down [10]. 

Jaradat et al, 2015. A robot cleaner has designed to clean the PV panel 
surface from the unwanted particle; the system divided into two-part, robot 

cleaner and automated carrier cart, the carrier moves the Robot along with 

the PV panel. In contrast, the robot cleaner cleans the PV panel surface. The 

cleaner system consists of two brushes, four motors, four wheels, and a 
controller, two motors used to derive the four-wheel and two motors used to 

derive the two bushes. 

 The controller subsystem consists of Arduino as a microcontroller and 
IR sensors. The sensors used to generate a feedback signal to the controller 

whenever the Robot reaches the end of the PV panel. The test conducting 

and result shows that after two passes, the Robot can clean more than 80% of 
the dust [11]. 

 Ronnaronglit, Nawat, and Noppadol Maneerat, 2019. Design a robot for 

cleaning solar panel. The Robot consists of five DC motor, brush, Mega 

2560 Arduino, battery, wheels, ultrasonic sensors, and relay 12V. For 
controlling the movement of the Robot, four motors used to drive the PV 

panel horizontally and vertically while the last one used for rotating the  
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brush. Twenty degrees is the maximum slope of the solar panel that the 
system can be working to clean the PV panel. At 0 degrees the speed of the 

Robot is 0.70 m/s. for many solar panels, the Robot will take a considerable 

time to clean it [12]. 

 

3 Methodology 
 

3.1 Robot Cleaning System 
 

The proposed deign of robot cleaning system is shown in Figure 1. The 

robot cleaner designed using a light weigth material such as Alumiuem. The 
robot cleaning system uses a brush element to clean the panels, so that water 

is not wasted in the process. After the cleaning activity is performed, the 

robot is relocated to another track of solar panel. This system has ability to 
clean multiple panels in a solar farm as shown in Figure 2. 

 

 
Figure 1 The Proposed Design of Robot Cleaning System 

 

 
Figure 2 Robot Cleaning System for Multiple Solar Panels 

 
Figure 2. shows the robot cleaning system installed on the single axis 

solar tracker, in the solar farm which consists of the huge number of the solar 

panel which is diffuclt to use manual cleaning, so using robot cleaner is more 
efficient and not costly. 

 
 

 

 



 

 

 

 

 

                                                                                                                  
 

 

Design and Development of a Cleaning Robot for  

  Solar Panels with Sun Tracking 9521  

 
 

3.2 Solar Tracker System 
 

A dual-axis system has designed to track the sun light as shown in Figure    
3. The two-axis solar tracker system tracks the sun vertically and 

horizontally with help of LDRs sensors and DC motor. The dual-axis 

designed using aluminum material as it is light weight material and resists to 
corrosion. 

 
Figure 3 Two-axis Sun Tracking System 

 
3.3 Design in Proteus Software 

 

Figure 4 and 5 represents robot cleaning and sun tracking systems design 

in Proteus Software. The circuit designs were verified in Proteus software to 

validate the coding of systems for Arduino UNO. The sensors were 
employed in system to identify the presence of sunlight and micro-controller 

reacts by measuring output power from the solar panel. The cleaning 

mechanism becomes active only when the efficiency or the output power is 
low. 

 

 
 

Figure 4 Schematic Representation of Robot Cleaning System in Proteus 

Software 
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Figure 5 Schematic representation of Sun Tracking System in Proteus Software 

 

3.4 Hardware Implementation 

 
The hardware representation is shown in Figure 5 and 6. The robot 

system will accumulate electric power while it is in standby mode. When it is 
started, the cleaning brush starts to rotate and move down vertically across 

the panel. When cleaning of a panel is completed, the cleaning brush will 

stop rotating and vertically go up and device moves horizontally to the other 

panel. This cycle continues until the end of the solar panel array. Then, the 
device returns to parking station and begins to charge. The device will be 

charged while waiting for the activation command in parking station where is 

located at the left side of the panel array. The flow chart of robot cleaning 
system and solar tracking system operation are shown in Figure 7 and 8. 

Finally, the robot cleaning developed model was represented in Figure  9. 

 
Figure 5 Hardware Schematic Representation for Solar Tracker System 
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Figure 6 Hardware Schematic Representation for Robot Cleaning System 

 

 
 

Figure 7 Robot Cleaning System Operation Flow Chart 
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Figure 8 Solar Tracking System Operation Flow Chart                                      

                       

 
 

Figure 9 Developed Model of Robot Cleaning System 
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The robot cleaner designed to remove the dust and unwanted particle 

from the surface of the PV panel, the Robot cleans the panel surface using 

water and brush and can use it without water.  

When the user presses the switch, the DC motor start rotates the brush, 
and the water pump spread the water throws the sprinkler on the panel 

surface.  

As shown in Figure 7. The Robot will not move forward only if the 
output from the IR1 sensor is high, in the code we assume the IR1 output = I 

and the IR2 output = Z. the IR1 output is given to the Arduino UNO pin 3, 

while IR2 output is given to the Arduino UNO  pin 2. L298N motor driver 
pin connects to the (4, 5, 6, 7, 8, 9, 10, 11) of the Arduino UNO pin.  

For the forward movement, the value of Z = high and value of I = high. 

The microcontroller drives a digital signal to the L298N motor drive throw 

the pin (4, 5, 6, 7, 8, 9, 10, 11) the motor will move forward until reaching 
the end of the PV panel then the output of the IR1 sensor changes to low. 

The microcontroller will change the polarity of DC motor throw the L298N 

motor drive1 pin (in1, in2, in3, in4)  and L298N motor drive2 pin (in1, in2, 
in3, in4), we are not using PWM of the L298N because there is no need to 

control the speed of the motor when the motor return to the initial position 

the Robot turns off. 

Whenever the intensity of the sun incident to LDRs sensor, LDR's 
resistordoes not change, the output generates from LDR will be zero. Hence 

the LDR output gives 0V, so the input to the Arduino UNO is zero, and the 

panel does not rotate.                    
When the sun goes west, LDR-A detects the change of the sun's 

intensity. Its electrode resister decreased; the analogue signal sends to the 

Arduino UNO in the pin (A0). The microcontroller will compare the value 
with the value of the pin (A2) of the Arduino UNO then generate an output 

signal to the motor drive to control the rotate of the DC motor 1 to the top 

right until the sun radiation becomes incident to the LDR A. 

When the sun goes east, the LDR-B detects the change of the sun's 
intensity, the change of the intensity send to the controller throw the pin A2, 

which is analogue value the microcontroller compares the sensor's output and 

send the feedback signal to the motor driver L289N throw Arduino digital 
pin (3, 4, 5). Pin three connect to the ENA of the L298N, which is the PWM, 

in which the speed can control. The pin (4, 5) is the H Bridge reverse the 

direction of the current follow of the DC motor, i.e. forward or reverse by 
reverse the polarity of the battery to the DC motor 1. As shown in figure 8. 
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4  Results and Discussions  
 

      4.1 Simulation Results 

 
A Robot cleaner test setup is designed and simulated in 

MATLAB/Simulink as shown in Figure 10, which is like the designed Robot 

cleaner test setup. Each component existing in the designed test setup such as 
Dc motor, wheel, gear box and rigid body etc. are arranged and connected in 

MATLAB/Simulink according to the test setup. 

 

 
 

 
 

Figure 10 Test Setup of the Robot Cleaner in MATLAB / Simulink 

 

 
 

Figure 11 Angular Displacement of the Robot DC Motor 
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The performance of the robot cleaning system and sun tracking systems 

were analyzed. The robot and tracking system results are represented Figure 

11 and 12.   

In the starting, angular displacement starts increasing and reaches a 
maximum value which is 179 (deg) at 0.3 seconds. The angular displacement 

at 0.3 decreased from 174 (deg/sec) and reached a minimum value which is -

175 (deg) at 1.2 sec. Then it will start increasing and decreasing till the end 
of the graph. As shown in Figure 11: 

 

 
 

Figure 12 Angular Acceleration of the DC Motor 

 

In the starting, the robot angular acceleration increased and reached a 

maximum value of 778 at the 0.2 seconds. It decreases at 0.3, and for the 
remaining period, the value of the Angular Acceleration will be around 2 

(deg/sec
2
), this value varied and not constant, as shown in fig 10. 7: 

 

 
 

Figure 13 Angular Displacement of the Sun Tracking DC Motor 

 
In the starting, angular displacement of the solar-tracker starts increasing 

and reaches a maximum value which is - 14 (deg) at 0.2 seconds. The 
angular displacement at 0.3 decreased from - 14 (deg). It reached a minimum 

value which is -154 (deg), then the angular displacement value remaining 

constant till the final position of the motor1 in the solar tracker. As shown in 

Figure 13: 
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Figure 14 Angular Acceleration of the DC Motor1 

 
The result showed in Figure 14: Is the angular Acceleration vs. time of 

the motor1 shaft in the solar tracker, the result showed that the maximum 

angular velocity is in the starting of the motor1 and it is near to 14 (deg/sec2) 

at the 0.1 sec. Minimum angular Acceleration is around 0 (deg/sec2), the 
motion study conducted in the period of the 8 seconds where the solar tracker 

system. 

 
4.2 Strength Analysis  

 
The strength analysis of the robot cleaning system and panel frame 

illustrates the ability to select the materials and the proposed design to 

endure the solar panel weight with the robot cleaning system without failure. 
Figure 15 shows the stress concentration on the robot cleaning system 

that carrying on solar panel, from the figure it can be observed the proposed 

design can withstand for required process. 

 

 
 

Figure 15 Stress Analysis of Robot Cleaning System 
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4.3 Experimentation  
 

The robot cleaning system has developed as shown in Figures 16. It 

observed that, during cleaning, the robot device moves the overall length of 
the panel. The robot cleaner made from Aluminum, the brush made from a 

high-quality Nylon which used to clean a solar panel surface, the solar-

tracking system made from Alloy steel, it used four LDR sensors, two DC 
motor and Arduino UNO to control the operation. Finally, the developed 

model is periodically cleaning the solar panels, so that it is improves the 

solar energy.  

 

 
(a) SIDE VIEW 

 

 
(b) FRONT VIEW 

 

Figure 16 Developed Model of Robot Cleaning System 
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5 Conclusions 

 
The robot cleaning system was designed and developed to consistently 

clean the dust particles on the solar panel. The robot is cleaning a solar panel 

by using a rotary brush with water spray. The experimental results show that 
the efficiency of the panel has improved to 90% by proposed model, the 

robot cleaner designed with light weight material. The entire component used 

is available in the market and it is cheaper compared to other robot cleaner in 

the market. The robot cleaner could clean the solar panel using wet or dry 
cleaning system. Using dry cleaning system would give advantage to save 

the water. On the other hand, the efficiency of the panel is improved with 

help of sun tracking system. The robot cleaner developed after selecting the 
best design to ensure high performance. 
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