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Abstract--- Solar energy is one of the cleanest form of energy which is available in 

abundance at Earth surface, as the earth resources (fossil fuel, natural gas) are going to 

deplete one day due to continuous intervention of humans. So it’s the best time to use the 

alternative resources for the power generation as the demand is continuously increasing 

due the change in lifestyle of human and due to the modernization of power system 

network.  Solar energy is the sustainable  power source that will satisfy the future energy 

needs .To exploit the maximum output and increase the efficiency of solar panels, surface 

of PV panels always should be clean and free from dust particles,residue particle and 

birds poaching which can be an obstacle for high efficiency .This paper present a cleaning 

robot  that detect the obstructions and cleans the dust on the photovoltaic surface and the  

purpose is accomplished by a hardware model and circuit simulation is done using 

Proteus Softwarewhich are validated with the help of MATLAB 2020.  
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1. Introduction 

The world is progressing toward the use of solar energy for power generation. According 

to the Ministry of New and Renewable Energy (MNRE), the world’s largest expansion 

renewable energy programmed is to achieve 175 MW till 2022. [1] Solar Photovoltaic 

system convert the light energy into electrical power and the solar energy can be called as 

future of the power generation as it is ecofriendly and reduce the many problems which 

are caused by the conventional sources of power generation. PV panels are used in large 

commercial and noncommercial applications like solar form, small scale industries, and 

domestic application. PV panels become dirtydue to the dust accumulation, bird poaching 

and direct exposure to atmospheric conditions which leads to reduction in efficiency of 

the solar panels. [3,6] The efficiency of solar panel is directly related to amount of 

sunlight strikes through it, more the amount of sunlight strikes the surface of panel, more 
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will be output power .The dirt deposition affects the performa

The accumulated dust particles acts like small resistors connected in a series. Which 

affects the photovoltaic performance. [11] To enhance the performance of the

the surface of panels should kept cleaned at least twice 

solar panels automatically a cleaning mechanism is designed which consist of motors (for 

propulsion purpose), and brush is attached which cle

10]  In this work , a  solar cleaning robo

it  cleans the surface in the specified time so there is no need of a sensor which improves 

the overall efficiency of solar panels. 

2. Feature of the cleaning robot

The cleaning robot designed in this paper fo

the surface of the panel. The features of the automatic solar cleaning robot is described 

below: 

1. Cleaning robot moves

2. This robot works in any environmental conditions(

3. It increase the efficiency of PV panels by cleaning of dusts from the 

surface of panels. 

4. It performs cleaning operation within predetermined timing.

5. Life of panelincrease

3. Problem formulation 

The objective of this paper is to design and 

dusts from the surface of the PV panels

thisdesigned mechanism is which the various components of automatic solar cleaning 

robot is shown. 

 

will be output power .The dirt deposition affects the performance of  photovoltaic array 

The accumulated dust particles acts like small resistors connected in a series. Which 

affects the photovoltaic performance. [11] To enhance the performance of the PV panel 

the surface of panels should kept cleaned at least twice a day, to clean the surface of the 

solar panels automatically a cleaning mechanism is designed which consist of motors (for 

propulsion purpose), and brush is attached which cleans the surface while rotating.

10]  In this work , a  solar cleaning robot is designed and  programmed in such a way that 

it  cleans the surface in the specified time so there is no need of a sensor which improves 

the overall efficiency of solar panels.  

Feature of the cleaning robot 

cleaning robot designed in this paper focus on improvement of efficiency by cleaning 

the surface of the panel. The features of the automatic solar cleaning robot is described 

Cleaning robot moves on the surface of PV panels smoothly. 

This robot works in any environmental conditions(hot, cold and rainy).

It increase the efficiency of PV panels by cleaning of dusts from the 

 

It performs cleaning operation within predetermined timing. 

increase. 

bjective of this paper is to design and build an automatic robot to remove the 

m the surface of the PV panels.Figure (1) shows the block diagram of 

designed mechanism is which the various components of automatic solar cleaning 
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3.1Description of the hardware architecture: 

The cleaning mechanism consist of the various components such as  L293D  motor drive , 

AT89s552  microcontroller, 12V 2.5Ah battery , a Dc motor , L7805 Voltage Regulator 

which are described below in detail . 

A. 8 Bit Microcontroller 

AT89s552 microcontroller is used, it is a low power 8bits having 8K bytes internal flash 

memory this microcontroller is made by Atmel Company. AT89s552 microcontroller is a 

nonvolatile memory and it is used with 8051 set instruction, this microcontroller is used 

for storing the program and to connect the start and reset button of the robot.  

B. Battery 

A 12 volts 2.5A lead acid battery is used to give supply to the robot. This battery is used 

when solar panelsavailable are less in quantity if a large number of PV panels are 

installed then robot can be directly connected. The batter used has having a weight of 15 

kg. 

 

C. Voltage Regulator 

L7805 voltage regulator is used, this regulator provide +5v to run robot it avoid 

overvoltage fault in the system to keep the robot in save condition.  

 

D. Motor Driver 

In this work,L293D motor driver is used to drive DC motors.L293D motor driver is an 

integrated circuit which control the direction of motors installed in both sides (forward, 

reverse) as it contains the Two H Bridge driver circuit. 

 

E. DC Motor 

In this robot, five dc motors are used,four for moving the robot in forward and reverse 

direction with respect to given logic in program, and one motor is used to rotate the 

cleaning brush on the surface of solar panels. Speed of motor which rotate the brush 

should be constant to remove the dusts correctly. The specification of the Dc motor used 

is 4 V, 2A, 8 W, 40 rpm .The cleaning robots power rating is 40 Was each motor has 

rating of 8W. 
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F. Solar Panel 

PV panels absorb sunlight for generating electricity or heat, solar panel is one of the 

cheapest way to generate energy from sunlight with zero environmental pollution. In 

markets there are several types of solar panels like mono silicon, poly silicon and thin 

film. 

A group of modules connected in series is used in this work. Figure (2) shows the 

automatic cleaning robot to increase the output of solar panels. 

 

 

Figure 2.  Automatic cleaning robot for Solar panels 

 

3.2         Detailed working of automatic solar cleaning robot 

 

The working principle of the robot is showing in below with the help of a flow chart 

which explains the step by step cleaning procedure. Automatic robot is programmed in 

such way, it start working automaticallytwo times a day (morning, evening) with respect 

to predefined times. To increase the efficiency of solar panels, this robot has five motors 

four motors are used for moving robot in forward and reverse direction and one motor is 

used to rotate the brush the speed of motor which is connected with brush is constant to 

avoid any damage on the surface of the robot and to clean all dusts from the surface of the 

robot. At start ,robot start working in forward direction to clean the dusts from the surface 

of the solar panels ,when it reach at end position  it stops after a predefined time. Now the 
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robot starts working in reverse direction to remove all sma

It is user defined robot, the amount of rotation defends on predef

program.  The circuit is desig

shows the flow chart of the cleaning robot. 

Figure 3. Flowchart for the detailed working of automatic solar cleaning Robot

The desgining of the automatic cleaning robot for solar panel using Prote

shown in Figure (4)  

 

 

 

 

 

 

 

 

 

 

 

reverse direction to remove all small dusts from the solar surface.

amount of rotation defends on predefined period of time in 

program.  The circuit is designed and simulated using the Proteus software. Figure (3) 

shows the flow chart of the cleaning robot.  

Figure 3. Flowchart for the detailed working of automatic solar cleaning Robot

he desgining of the automatic cleaning robot for solar panel using Proteus software 

5 

ll dusts from the solar surface. 

ined period of time in 

ned and simulated using the Proteus software. Figure (3) 

 

Figure 3. Flowchart for the detailed working of automatic solar cleaning Robot 

us software is 
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Figure 4. Automatic cleaning robot for so

 

4.Simulation of Solar Panel with

The hardware for the automatic cleaning robot is designed and 

Software. Solar panels are continuously checked with the dust surface and the surface 

is cleaned with the help of solar cleaning Robot. 

cleaning of solar panel surface is shown in figure 5. 

Figure

The V-I characteristics of solar panels is validated against the MATLAB software also 

which are shown in figure (7) and figure

using MATLAB 2020 is shown in figure (6)

25degree Celsius. 

 

Figure 4. Automatic cleaning robot for solar panel using Proteus software 

Panel with and without dust on solar panel. 

The hardware for the automatic cleaning robot is designed and verified using Proteus 

Software. Solar panels are continuously checked with the dust surface and the surface 

help of solar cleaning Robot. The program code for the automatic 

cleaning of solar panel surface is shown in figure 5.  

Figure 5: Verified simulation coding 

I characteristics of solar panels is validated against the MATLAB software also 

) and figure (8).The  simulation modelfor solar panel 

2020 is shown in figure (6)while assuming a constant temperature of 

6 

verified using Proteus 

Software. Solar panels are continuously checked with the dust surface and the surface 

The program code for the automatic 

I characteristics of solar panels is validated against the MATLAB software also 

ar panel 

constant temperature of 
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Figure (6) Simulation model of Solar panel

The V-I and P-V characterstics of solar panel wih dust accumulated on panel is shown 

in figure (7) When the dust accumulated on panel surface 

comes into action and automatically cleans the surface 

panel .The V-I and P-V characterstics 

and their comparision is shown in figure (8) .

Figure (6) IV and PV 

 

 

Figure (6) Simulation model of Solar panel 

V characterstics of solar panel wih dust accumulated on panel is shown 

in figure (7) When the dust accumulated on panel surface ,then dust cleaning robot 

comes into action and automatically cleans the surface asafter sensing the dirt  on the 

V characterstics before and after cleaning the surface are plotted 

and their comparision is shown in figure (8) . 

 

7 

V characterstics of solar panel wih dust accumulated on panel is shown 

then dust cleaning robot 

after sensing the dirt  on the 

are plotted 
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Figure (8 ) IV and PV Characteristic with 

 

 

5. Result and Discussion

The solar cleaning robot is used for continuously 16 days to check its performance with 

dirty surface and cleaning surface and it proves that the efficiency of solar panel increases 

after cleaning the surface and its results is shown below in table (1) and

efficiency calculation for solar panel is done using the equation (1) 

Efficiency of Solar panel = (Pout/Pin *A)*100.                                                          (1) 

 Where A= area of PV panels in m2, Pout= power (watts), 

1000w/m2). 

 

Table1: Efficiency and power output of Solar panel with Dirty surface 

S.No 
Day 1 

   1 Day 1 

   2 Day 2 

 

) IV and PV Characteristic with clean surface 

Result and Discussion 

The solar cleaning robot is used for continuously 16 days to check its performance with 

dirty surface and cleaning surface and it proves that the efficiency of solar panel increases 

after cleaning the surface and its results is shown below in table (1) and table (2)  . The 

efficiency calculation for solar panel is done using the equation (1)  

 

Efficiency of Solar panel = (Pout/Pin *A)*100.                                                          (1) 

Where A= area of PV panels in m2, Pout= power (watts), Pin= input power (it is constant 

Table1: Efficiency and power output of Solar panel with Dirty surface  

Voltage 

(Volts) 

Current 

(Amps) 

Power 

(Watts) 

8.52 0.2 1.70 

8.45 0.2 1.69 

8 

 

The solar cleaning robot is used for continuously 16 days to check its performance with 

dirty surface and cleaning surface and it proves that the efficiency of solar panel increases 

table (2)  . The 

Efficiency of Solar panel = (Pout/Pin *A)*100.                                                          (1)  

Pin= input power (it is constant 

Efficiency 

(٪) 

2.10 

2.06 
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   3 Day 3 8.40 0.2 1.68 2.04 

   4 Day 4 8.49 0.2 1.69 2.06 

   5 Day 5 8.44 0.2 1.68 2.04 

   6 Day 6 8.40 0.2 1.68 2.04 

   7 Day 7 8.56 0.2 1.71 2.05 

   8 Day 8 8.51 0.2 1.70 2.10 

   9 Day 9 8.42 0.2 1.68 2.04 

10 Day 10 8.59 0.2 1.71 2.05 

11 Day 11 8.20 0.2 1.64 2.00 

12 Day 12 8.02 0.2 1.60 1.98 

13 Day 13 7.55 0.2 1.51 1.96 

14 Day 14 7.5 0.2 1.50 1.92 

15 Day 15 7.47 0.2 1.49 1.90 

16 Day 16 6.60 0.2 1.32 1.82 

 

Table 2: Efficiency and power output of Solar panel with cleaning surface  

S No 
Day 1 Voltage 

(Volts) 

Current 

(Amps) 

Power 

(Watts) 

Efficiency 

(٪) 

   1 Day 1 9.65 0.2 1.93 2.23 

   2 Day 2 9.61 0.2 1.92 2.22 

   3 Day 3 9.57 0.2 1.91 2.22 

   4 Day 4 9.54 0.2 1.91 2.21 

   5 Day 5 9.48 0.2 1.90 2.19 

   6 Day 6 9.45 0.2 1.89 2.19 

   7 Day 7 9.41 0.2 1.88 2.18 

   8 Day 8 9.39 0.2 1.88 2.17 

   9 Day 9 9.26 0.2 1.85 2.14 

10 Day 10 9.05 0.2 1.81 2.09 
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11 Day 11 8.94 0.2 1.79 2.07 

12 Day 12 8.76 0.2 1.75 2.03 

13 Day 13 8.61 0.2 1.72 1.99 

14 Day 14 8.4 0.2 1.68 1.94 

15 Day 15 8.26 0.2 1.65 1.91 

16 Day 16 7.96 0.2 1.59 1.84 

 

6. Conclusion 

 

PV panels are mostly installed in free air environments for absorbing the sun light in 

maximum amount like roof of the house or in an open environment, so there is dusts 

collection on the surface of the panels which decrease the amount of power produced by 

solar cell. Dust accumulation reduces theoutput and the efficiency of solar panels. Hence 

it can be concluded from the table (1) and table (2) shown above that the output of the 

solar panel is improved and overall efficiency increases if the solar panels is cleaned 

automatically at least twice a day. 
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