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Abstract 

Solar energy is generated when sunlight is used to produce 
electrical energy. Photovoltaic modules use solar cells which 
converts solar radiation into direct electricity. It is necessary to 
keep the photovoltaic panels cleaned regularly to gain the 
maximum power output from the sun. It is inexorable that such 
things as bird droppings, dust, pollen and mud will collect on the 
photovoltaic (solar cells) modules. Because of these things the 
performance and power efficiency of PV panel will decreases 
rapidly. If the photovoltaic cells not clean properly, so it is unable 
to collect the maximum sunlight from the sun radiation, then 
automatically the produced electricity is also reduces. This 
estimates the power losses up to 30% to 40% of maximum power 
consumptions. Generally dust on the solar panels quite natural. The 
aim of the proposed system is to develop a microcontroller and 
actuators based cleaning system that can able to clean the solar 
modules when the power efficiency of modules reduces morning 
times. This system can reduce the power losses up to 10% of 
maximum power consumption. 

   Keywords: PV module, microcontroller, actuators, efficiency, 
dust, performance 

 
  
1.INTRODUCTION 

The word photo voltaic is derived from photo, the Greek 
word for light and volt, relating to electricity, photo voltaic 
cells are made-up of a material known as semiconductors, 
the most commonly used semi-conductor material in solar 
panel is silicon. When the light fall on the solar panel. it 
strikes directly to the solar cell, this cell absorbs the solar 
radiation.  These solar cells converts radiation into direct 
electric current, each photo voltaic cell in the solar panel can 
generate 0.5 volts of maximum current. The maximum 
power can be achieved by placing these cells In-series and 
in-parallel can increase the total current. When 
manufacturing a solar panel it is necessary to place an anti-
reflective coating such as glass plate is susceptible to dust 
from the surrounding environment. When this plate becomes 
dirty, thus power efficiency of PV panels will reduces.  

 

    Fig 1: Photovoltaic cell receiving the light from   sun and converting it 
into electricity 

SOLAR ENERGY: The present population is growing day to 
day and demand for energy is also increasing accordingly. 
The scientists and researchers were investigating on the 
renewable energy sources. One such alternative energy is 
solar energy. Renewable energy sources came into existence 
in present days because of increasing oil prices. Solar 
energy is one of the most popular renewable energy 
produced (or) generated directly by the sun. Solar energy is 
the most readily available renewable energy. It does not 
belong to anybody and is therefore free. Owing to 
nonpolluting nature, it became most widely used non-
conventional energy source. 

 The sun creates its energy through a thermo nuclear process 
that converts about tons of hydrogen to helium every 
second. This process can generate the thermal heat and 
electromagnetic radiation spread out into all the space in all 
directions. Only a little fraction of the total radiation will 
reaches the earth. The solar energy can be received by the 
collectors (solar cells); the collector simply collects the 
energy and converts into electricity. The converted 
electricity is stores into the storage unit because non 
constant nature of solar energy. Mainly electricity 
generation around the earth happens through the non-
renewable energy sources, especially fossil fuels. This 
makes us to look for a renewable energy source such as 
solar energy.   

 

 

PV panel cleaning system: 
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Fig 2: the prototype model of PV panel cleaning system along with wiper 

sections 

 

Solar panels being used in large commercial applications 
such as solar forms, small scale industries, commercial and 
domestic applications. These panels inexorably becomes 
dirty because environment in which it exist. This will reduce 
the solar power efficiency. So we are adding some extra 
feature to the solar modules to improve the efficiency. 
Initially in case of domestic or residential use, solar modules 
are placed on the roof to receive the maximum amount of 
solar energy. As a result of this the solar power would 
results in the homeowner climbing up on to the roof to clean 
the panels, which can be very hazardous. So reduce such 
kind of problem we introducing autonomous cleaning 
system to clean the solar panels automatically when dirt’s 
detected on PV cells. The design was decide upon group of 
mechanism like wiper blade on car to clean the solar 
modules. This wiper blade attached along with a cloth fitted 
to the motor and finally interfaced to the controller to 
automate the cleaning system. 

2. PROPOSED SYSTEM 

 
Fig 3: microcontroller and actuator based architectural diagram of solar 

panel cleaning system 

 

The autonoumus solar panel cleaning system consists of a 
solar panel along with a microccontroller and cleaning wiper 
blade similar to the car wiper. Since solar panel placed 
somewhere in the outside environment and collects the sun 

light continiously. When glass panel not being cleaned 
regularly its become dirty. This dust on solar panels can be 
detected based upon the maximum power efficiency of solar 
cell, if solar cell power output is low and it can detects 
microcontroller and intiate the DC motor to start the 
cleaning process of solar panels. 

PROPOSED SYSTEM ARCHITECTURE: 

The proposed system architecture consists of a 
microcontroller; actuator and wiper section is given below. 
In the below system architecture the LDR and solar output 
acts as input to the microcontroller and motor and wiper acts 
as output to the microcontroller. The controller detects the 
signal when the peak powers of solar panel decreases and 
compare this signal with LDR value to activate the wiper 
only in daylight sessions. When microcontroller activates 
the wiper it cleans solar panel using geared DC motor, this 
motor rotates forward and reverse to move the panel up and 
down on the PV panel. 

 3.HARDWARE APPARATUS 

A)ARM7TDMI-SPROCESSOR: The ARM7TDMI-S processor is 
a member of ARM (Advanced RISC Machine) family of 
general purpose 32 bit microprocessor. The ARM family 
offers higher performances for very low power 
consumption. The ARM architecture based up on RISC 
(Reduced instruction set of computer) principles. The RISC 
instruction set and related decode mechanism are much 
simpler than those of CISC designs. 

 

Fig 4: ARM7 TDMI-S (LPC2148) processor 

 

 

 

The features of ARM7TDMI-S processor are listed below: 
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• 16-bit/32-bit ARM7TDMI-S microcontroller in 
tiny LQFP64 packages. 

• 40kB of on-chip static RAM and 512 Kb of on-
chip flash memory. 

• In-system programming/In-Application 
Programming (ISO/IAS) via on-chip boot loader 
software. 

• USB 2.0 Full-speed compliant device controller 
with 2kB of endpoint RAM. 

• Two 10-bit ADCs provide a total of 14 analog 
inputs 

• Two 32-bit timers/external event counters (with 
four capture and four compare channels each). 
PWM unit (six outputs) and watchdog. 

• Low power Real-Time Clock (RTC) with 
independent power and 32 kHz clock input. 

• Multiple serial interfaces including two UARTs. 
Two Fast I2C-bus (400 Kbit/s), SPI and SSP with 
buffering and variable data length capabilities. 

• Vectored Interrupt Controller (VIC) with 
configurable priorities and vector addresses. 

• Up to 45 of 5V tolerant fast general purpose I/O 
pins in a tiny LQFP64 package. 

• On chip integrated oscillator operates with an 
external crystal from 1 MHz to 25 MHz 

• CPU operating voltage range of 3.0V to 3.6 V (3.3 
V+- 10 pct) with 5 V tolerant I/O pads. 

 b) DC MOTOR: Motor is an actuator device which               
converts direct electrical current into mechanical 
energy. It was very important in many industrial and 
non-industrial applications today. 

 

 

Fig :Gear motor 

Working principal of dc motor is similar to  Fleming left 
hand thumb rule according to that if we extend index finger, 
middle finger and thumb of our left hand in the manner that 
conductor is placed in a magnetic field (represented by 
index finger ) is perpendicular to  the direction of current( 
represented by middle finger). Then conductor experiences a 
force in the direction (represented by the thumb) mutually 
perpendicular to both the direction of field and the current in 
the conductor. 

 From the fig.1 we can understand that direction of 
current through the armature conductor at all instance is 
perpendicular to the field, so the force acts on the armature 

conductor in the direction perpendicular to both the current 
and uniform field is constant. Hence the current at right 
hand side of the armature conductor (-I) and current in the 
left hand side of armature conductor (I) because they are 
flowing in the opposite direction with respect to each other. 

Fi= BIL sin90° (force on left hand side armature conductor) 

Fr=B(-I)L sin90° (force on right hand side of the conductor) 

Force which acts either side of the armature conductor is 
equal in magnitude but opposite in direction. Two 
conductors are separated by some distance w = width of the 
armature turn, the two opposite forces produces a rotational 
force or a torque that results in the rotation of armature 
conductor. 

Torque = (force, tangential to the direction of armature 
rotation) x (distance)Or T = F cos α x wOr  T = BIL W  cos 
α   (α =angle between the plane of the armature turn and the 
plane of reference or initial position of thearmature along 
the direction of magnetic field ). In this particular project I 
am using Geared DC Motor.   

There are many wide ranges of applications of this type of 
motor. Geared motor would be responsible for the 
movement of a wiper in this particular project. 

 

 

c) PV PANEL: 

Solar panel material used in this project is mono crystalline 
silicon. In the manufacturing of high performance solar 
cells, Mono crystalline silicon is used. Solar panel is an 
arrangement of solar cells in series or in parallel to achieve 
more power. Generally the anti-reflective surface of solar 
panel can be made up of either plastic or glass. These solar 
panels can be available in different power ratings (watts) 
according to the application. In this project Solar PV panel 
is supported by a metal stand and tilted 15° to capture 
effective sun radiation.  
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Fig 7: Photovoltaic (PV) module 

Solar panel material used in this project is mono crystalline 
silicon. In the manufacturing of high performance solar 
cells, Mono crystalline silicon is used. Solar panel is an 
arrangement of solar cells in series or in parallel to achieve 
more power. Generally the anti-reflective surface of solar 
panel can be made up of either plastic or glass. These solar 
panels can be available in different power ratings (watts) 
according to the application. In this project Solar PV panel 
is supported by a metal stand and tilted 15° to capture 
effective sun radiation.  

d) LIGHTDEPENDENT RESISTOR: 

Function of incident electromagnetic radiation is a 
resistivity of LDR or photo resistor. Hence these are light 
sensitive devices. They are also called as photoconductors 
or photocells. Semiconductors materials which have high 
resistance are used make LDR’s. Photo conductivity is a 
working principle of an LDR. If light is absorbed by the 
material then the conductivity of the material increases. This 
phenomenon is called the photoconductivity. Electrons in 
the valence band of semiconductor material are excited to 
the conduction band when the light falls on the material. 
The energy band gap of semiconductor is less than those 
photons in the incident light, this makes the electrons jump 
from the valence band to conduction band. 
 

 
 

Fig 8: Illumination characteristic of an LDR under different time slots 

LDR’s are light dependent devices whose resistance 
decreases when light falls on them and increase the 
resistance in dark. The resistance of LDR becomes very 
high when LDR is placed in dark. This resistance is called 
the dark resistance. It has highest value of 1012Ω. 
Illumination curve for a particular LDR resistance and 
illumination is given below. 

At the same light intensity, the part of difference in 
resistance can be as high as 50%. So the low cost LDR is 
rarely used for measuring light intensity but more for light 
absence/ presence detection. 

4. RESULTS AND DISCUSSIONS 

a) Voltage and current characteristics of solar panel under 
different dust conditions 
The below figure9 shows voltage and current characteristics 
of the PV panel under different dust conditions: mud, talcum 
powder, mud and no dust. The solar PV panel produced a 
maximum voltage of 6v as recorded for the no dust 
condition and minimum of 0vas recorded for the talcum 
conditions. It can summarize from the graphs that the 
highest power could be produced when the panel is not 
covered by any layer of dust or plastic. 

 

                         Fig Voltage –time graph 
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Fig 9: VI-characteristics of solar panel under different dust conditions 

b)Peak power for different dust conditions of solar panel in different time 
slots : 

The effect of dust on the panel is quantified by tabulating 
the peak powers of PV panel under each and every 
experiment condition. Shown in table1 are the values of 
peak powers from different conditions of solar panel. The 
table shows that highest peak value obtained at panel not 
covered with any dust. 

 

Fig 10: No voltage produced under full dust condition in daylight sessions. 

s

 

Fig 11: No voltage produced under either full dust or no dust condition in 
night sessions. 

 

 

 

 

 

 

Fig 12: Peak voltage produced undergo no dust condition in daylight 
sssessions 

             Table 1: peak voltage for different dust   conditions of solar panel  
different time slots 

 

Type of dust 

 

Voltage(V) 

 

Current(A) 

 

Power(W) 

 After 

Noon(12-3 

pm) 

Before after Before after before after 

                            (cleaning) 

Leafs(20g) 
2 5 0.09 0.24 0.18 1.2 

 

Talcum(28g) 

1 5 0.08 0.23 0.08 1.15 

 

Husk(35g) 

1 6    0.09 0.25 0.09 1.5 

 

No dust 

7 0.25 1.75 

         Table 2: peak power for different dust  conditions of solar panel in 
different time 

 

 

 

Condition(

weight in 

gm) 

 Output power 

Mornin(

8-10am) 

Afternoon(12-

3pm)  

Evening 

(4-6pm) 

Night 

Leafs(20) 2V 3V 2V 0V 

Talcum(28) 1V 3V 1V 0V 

Husk(35) 1V 4V 2V 0V 

No dust 4V 7V 4V 0V 
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CONCLUSION 

The effects of presence of dust were studied using artificial 
dust (falling leafs, husk, talcum powder). The dust has a 
major impact on performance and efficiency of the solar 
panel. The reduction in the peak power generates can be up 
to 30%, under greater irradiation the effects of dust can be 
slightly reduced but not negligible. By the observation it is 
observed that power reduction because of dust accumulated 
on the panel and it can be improved by using the cleaning 
method, there is increase in power up to 35%. In practice 
microcontroller and actuator based architecture in order to 
ensure the highest performance of PV panel under different 
types of artificial dust conditions. There is significantly 
small reduction of power when compared to both talcum 
and husk. By studying the previous methods selecting 
microcontroller and gear motor based solar panel cleaning 
system which is not mentioned in those methods. This is 
easily maintainable and low-cost. Power consumption is 
also less for this process. Finally results showed that 
reduction in the peak power generated can be up to 10%.  
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