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Abstract- The main objective of this seminar is to explain about solar tracking system which will keep the solar panels aligned 

with right facing the Sun in order to consume maximum solar power. The system tracks the maximum intensity of light from 

the sunlight . When the intensity of light is decreasing, this system automatically changes its direction to get maximum 

intensity of light. Light dependent resistors (LDR) have been used for sunlight detection and to capture the maximum light 

intensity. A servo motor is used to rotate the solar panel to the maximum light source sensing by the light dependent resistor 

(LDR) in order to increase the efficiency of the solar panel and generate the maximum energy. The system will be controlled 

by a servo motor and a microcontroller as a main processor. As a result of solar tracking system, solar panel will generate 

more power, voltage, current value and higher efficiency. 
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I. INTRODUCTION 
 

The term solar panel is used colloquially for a photo-

voltaic (PV) module. A PV module is an assembly of 
photo-voltaic cells mounted in a framework for 

installation. Photo-voltaic cells use sunlight as a source of 

energy and generate direct current electricity. A collection 

of PV modules is called a PV Panel, and a system of 

Panels is an Array. Arrays of a photovoltaic system supply 

solar electricity to electrical equipment.  

 

In 1881, Charles Fritts created the first commercial solar 

panel, which was reported by Fritts as “continuous, 

constant and of considerable force not only by exposure to 

sunlight but also to dim, diffused daylight”. In 1958 the 
first PV modules were launched into space to power 

satellites. Even today, solar power is the primary source of 

energy at the International Space Station. 

 

Photovoltaic modules use light energy (photons) from the 

Sun to generate electricity through the photovoltaic effect. 

Most modules use wafer-based crystalline silicon cells or 

thin-film cells. The structural (load carrying) member of a 

module can be either the top layer or the back layer. Cells 

must be protected from mechanical damage and moisture.  

 

Most modules are rigid, but semi-flexible ones based on 
thin-film cells are also available. The cells are connected 

electrically in series, one to another to the desired voltage, 

and then in parallel to increase amperage. The wattage of 

the module is the mathematical product of the voltage and 

the amperage of the module.  

The manufacture specifications on solar panels are 

obtained under standard condition which is not the real 

operating condition the solar panels are exposed to on the 

installation site. 

 

Module electrical connections are made in series to 

achieve a desired output voltage or in parallel to provide a 

desired current capability (amperes) of the solar panel or 

the PV system. The conducting wires that take the current 
off the modules are sized according to the ampacity and 

may contain silver, copper or other non-magnetic 

conductive transition metals. Bypass diodes may be 

incorporated or used externally, in case of partial module 

shading, to maximize the output of module sections still 

illuminated. 

 

Some special solar PV modules include concentrators in 

which light is focused by lenses or mirrors onto smaller 

cells. This enables the use of cells with a high cost per unit 

area (such as gallium arsenide) in a cost-effective way. 
Solar panels also use metal frames consisting of racking 

components, brackets, reflector shapes, and troughs to 

better support the panel structure 

 

As the non-renewable energy resources are decreasing, use 

of renewable resources for producing electricity is 

increasing. Solar panel absorbs the energy from the sun 

light converts it into electrical energy and stores the 

energy in a battery. A solar tracking system designed with 

microcontroller and LDR’s that actively track the sun and 

change its position accordingly to maximize the energy 

output.  
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The LDR sensors continuously monitor the sunlight and 

alternate the panel towards the direction where the 
intensity of sunlight is maximum. The electricity 

generated by the proposed tracking system has an overall 

increase of about 17%~25% more than the fix-angle PV 

system in sunny days, and about 8%~11% in cloudy days.  

 

II. PROPOSED METHODOLOGY 
 
The sun is the prime source of energy, directly or 

indirectly, which is also the fuel for most renewable 

systems. Among all renewable systems, photovoltaic 

systems are the one which has a great chance to replace 

the conventional energy resources. Solar panel directly 

converts solar radiation into electrical energy. Solar panel 

is mainly made from semiconductor materials. Si is used 

as the major component of solar panels, which is 

maximum 24.5% efficient.  

 

Unless high efficient solar panels are invented, the only 
way to enhance the performance of a solar panel is to 

increase the intensity of light falling on it. Solar trackers 

are the most appropriate and proven technology to 

increase the efficiency of solar panels through keeping the 

panels aligned with the sun’s position. Solar trackers have 

become popular around the world in recent days to harness 

solar energy in the most efficient way. This is a far more 

cost effective solution than purchasing additional solar 

panels.  

 

In the design methodology of a microcontroller based 

simple and easily programmed automatic solar tracker is 
presented. A prototype of automatic solar tracker ensures 

feasibility of this design methodology.  

 

 
Fig 1. Block Diagram. 

 

Solar tracking system tracks the maximum intensity of 

light from the sunlight. When the intensity of light 

decreases, the system will automatically change its 

direction towards the maximum intensity of light. Two 

LDR’s are arranged on the edges of the solar panel. LDR 

produce low resistance when high intensity of light fall on 

it. The servo motor is connected with solar panel and it 

will rotate the panel in the direction of the sun.  

The panel is arranged in such a way that light on two 

LDR’s is compared and the  panel is rotated towards LDR, 
which has a high intensity of light. 

 

 
Fig 2. Circuit Diagram. 

 

In this Arduino Solar Panel Tracker, Arduino is powered 
by the 9V battery and all the other parts are powered by 

the Arduino. Arduino recommended input voltage is from 

7 to 12 volts but you can power it within the range of 6 to 

20 volts which is the limit. Try to power it within the 

recommended input voltage. So connect the positive wire 

of the battery to the Vin of the Arduino and the negative 

wire of the battery to the ground of the Arduino. 

 

Next, connect the servo to the Arduino. Connect the 

positive wire of the servo to the 5V of Arduino and ground 

wire to the ground of the Arduino and then connect the 
signal wire of Servo to the digital pin 9 of Arduino. The 

servo will help in moving the solar panel. 

 

Now connect the LDRs to the Arduino. Connect one end 

of the LDR to the one end of the 10k resistor and also 

connect this end to the A0 of the Arduino and connect the 

other end of that resistor to the ground and connect the 

other end of LDR to the 5V. Similarly, connect the one 

end of the second LDR to the one end of the other 10k 

resistor and also connect that end to the A1 of Arduino and 

connect the other end of that resistor to the ground and 

connect the other end of LDR to 5V of Arduino 
 

 
(a) 
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(b) 

Fig 3.Graphic of average energy production in a day. 

 

III. COMPONENTS REQUIRED 
 

1. Arduino Uno R3 

The Arduino Uno is a microcontroller board based on the 

ATmega328. Arduino is an open-source, prototyping 

platform and its simplicity makes it ideal for hobbyists to 

use as well as professionals.  

 

 
Fig 4. Arduino Uno  R3. 

  

Table 1. Components. 

Microcontroller ATmega328P –  8 bit 
AVR family 

microcontroller 

Operating Voltage 5V 

Recommended Input 

Voltage 

7-12V 

Input Voltage Limits 6-20V 

Analog Input Pins 6 (A0 – A5) 

Digital I/O Pins 14 Pins 

DC Current on I/O Pins 40 mA 

DC Current on 3.3V Pin 50 mA 

Flash Memory 32 KB 

SRAM 2 KB 

EEPROM 1 KB 

Frequency (Clock Speed) 16 MHz 

The Arduino Uno has 14 digital input/output pins (of 

which 6 can be used as PWM outputs), 6 analog inputs, a 
16 MHz crystal oscillator, a USB connection, a power 

jack, an ICSP header, and a reset button. It contains 

everything needed to support the microcontroller; simply 

connect it to a computer with a USB cable or power it with 

a AC-to-DC adapter or battery to get started. 

 

2. Solar Panel 

Solar panels are devices that convert light into electricity. 

They are called "solar" panels because most of the time, 

the most powerful source of light available is the Sun, 

called Sol by astronomers. Some scientists call them 

photovoltaic which means, basically, "light-electricity". A 
solar panel is a collection of solar cells. Lots of small solar 

cells spread over a large area can work together to provide 

enough power to be useful. 

  

 
Fig 5. Solar panel 

 

2.1 Solar Panels Work: Solar panels collect clean 

renewable energy in the form of sunlight and convert that 

light into electricity which can then be used to provide 

power for electrical loads. Solar panels are comprised of 

several individual solar cells which are themselves 
composed of layers of silicon, phosphorous (which 

provides the negative charge), and boron (which provides 

the positive charge). Solar panels absorb the photons and 

in doing so initiate an electric current.  

 

 
Fig 6. Solar panel working. 

 
The resulting energy generated from photons striking the 

surface of the solar panel allows electrons to be knocked 

out of their atomic orbits and released into the electric 

https://components101.com/microcontrollers/atmega328p-pinout-features-datasheet
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field generated by the solar cells which then pull these free 

electrons into a directional current. This entire process is 
known as the Photovoltaic Effect.  

 

An average home has more than enough roof area for the 

necessary number of solar panels to produce enough solar 

electricity to supply all of its power needs. Excess 

electricity generated goes onto the main power grid, 

paying off in electricity use at night. 

  

2.2 Principle of Sun Tracking Solar Panel: The Sun 

tracking solar panel consists of two LDRs, solar panel and 

a servo motor and ATmega328 Microcontroller. Two light 

dependent resistors are arranged on the edges of the solar 
panel. Light dependent resistors produce low resistance 

when light falls on them. The servo motor connected to the 

panel rotates the panel in the direction of the Sun.  

 

Panel is arranged in such a way that light on two LDRs is 

compared and panel is rotated towards LDR which have 

high intensity i.e. low resistance compared to other. Servo 

motor rotates the panel at certain angle. When the intensity 

of the light falling on right LDR is more, panel slowly 

moves towards right and if intensity on the left LDR is 

more, panel slowly moves towards left. At noon time, the 
sun is ahead and the intensity of light on both the panels is 

the same. In such cases, the panel is constant and there is 

no rotation. 

 

There are three conditions to be followed:- 

 Condition 1: Sun is on the left side– Light on sensor1 

is high because the shadow of the barrier falls on 

sensor 2 so the solar plate moves clockwise. 

 Condition 2: Sun is in the middle– Light on both 

sensors are equal so, plate will not rotate in any 

direction. 

 Condition 3: Sun is on the right Side– Light on 

sensor 2 is high because the shadow of the barrier 

falls on sensor1 so the solar plate moves 

anticlockwise.   

 

 
Fig 7. Shows three Conditions. 

 
Fig 8. Solar tracking the sun. 

 

3. Light Dependent Resistors (LDR): 

LDR (Light Dependent Resistor) as the name states it is a 

special type of resistor that works on the photo 

conductivity principle means that resistance changes 

according to the intensity of light. Its resistance decreases 

with an increase in the intensity of light. It is often used as 

a light sensor, light meter, Automatic street lights and in 
areas where we need to have light sensitivity. 

 

 
Fig 9. LDR Resistor. 

 

4. Servo motor: 

A servo motor is a type of motor that can rotate with great 

precision. Normally this type of motor consists of a 

control circuit that provides feedback on the current 

position of the motor shaft, this feedback allows the servo 
motors to rotate with great precision. If you want to rotate 

an object at some specific angles or distance, then you use 

a servo motor. It is just made up of a simple motor which 

runs through a servo mechanism. If a motor is powered by 

a DC power supply then it is called DC servo motor, and if 

it is an AC-powered motor then it is called AC servo 

motor. For this tutorial, we will be discussing only about 

the DC servo motor working.  

    

 
Fig 10. Servo Motor With Pinout. 
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Apart from these major classifications, there are many 

other types of servo motors based on the type of gear 
arrangement and operating characteristics. A servo motor 

usually comes with a gear arrangement that allows us to 

get a very high torque servo motor in small and 

lightweight packages. Due to these features, they are being 

used in many applications like toy cars, RC helicopters 

and planes, Robotics, etc. 

 

4.1 Controlling Servo Motor: All motors have three 

wires coming out of them. Out of which two will be used 

for Supply (positive and negative) and one will be used for 

the signal that is to be sent from the MCU. 

 

 
Fig 11. Controlling Servo Motor. 

 

Servo motor is controlled by PWM (Pulse with 

Modulation) which is provided by the control wires. There 
is a minimum pulse, a maximum pulse and a repetition 

rate. Servo motor can turn 90 degree from either direction 

form its neutral position.  

 

The servo motor expects to see a pulse every 20 

milliseconds (ms) and the length of the pulse will 

determine how far the motor turns. For example, a 1.5ms 

pulse will make the motor turn to the 90° position, such as 

if the pulse is shorter than 1.5ms shaft moves to 0° and if it 

is longer than 1.5ms than it will turn the servo to 180°. 

 

Servo motor works on PWM (Pulse width modulation) 
principle, means its angle of rotation is controlled by the 

duration of applied pulse to its Control PIN. Basically a 

servo motor is made up of a DC motor which is controlled 

by a variable resistor (potentiometer) and some gears. 

High speed force of the DC motor is converted into torque 

by Gears. We know that WORK=(FORCE * DISTANCE), 

in DC motor Force is less and distance (speed) is high and 

in Servo, force is High and distance is less.  

 

The potentiometer is connected to the output shaft of the 

Servo, to calculate the angle and stop the DC motor on the 
required angle. Servo motor can be rotated from 0 to 180 

degrees, but it can go up to 210 degrees, depending on the 

manufacturing. This degree of rotation can be controlled 

by applying the Electrical Pulse of proper width, to its 

Control pin. 

 
Fig 12. Angular rotation of servo motor. 

 
Servo checks the pulse in every 20 milliseconds. The pulse 

of 1 ms (1 millisecond) width can rotate the servo to 0 

degrees, 1.5ms can rotate to 90 degrees (neutral position) 

and 2 ms pulse can rotate it to 180 degree.  

 

IV. ADVANTAGES 
 

 Trackers generate more electricity than their stationary 

counterparts due to increased direct exposure to solar 

rays. This increase can be as much as 10 to 25% 

depending on the geographic location of the tracking 

system. 

 There are many different kinds of solar trackers, such as 

single-axis and dual-axis trackers, all of which can be 

the perfect fit for a unique jobsite. Installation size, local 

weather, degree of latitude and electrical requirements 

are all important considerations that can influence the 

type of solar tracker best suited for a specific solar 
installation. 

 Solar trackers generate more electricity in roughly the 

same amount of space needed for fixed-tilt systems, 

making them ideal for optimizing land usage. 

 In certain states, some utilities offer Time of Use (TOU) 

rate plans for solar power, which means the utility will 

purchase the power generated during the peak time of 

the day at a higher rate. In this case, it is beneficial to 

generate a greater amount of electricity during these 

peak times of the day. Using a tracking system helps 

maximize the energy gains during these peak time 
periods. 

 Advancements in technology and reliability in 

electronics and mechanics have drastically reduced 

long-term maintenance concerns for tracking systems 
 

V. DISADVANTAGES 
 

 Solar trackers are slightly more expensive than their 

stationary counterparts, due to the more complex 
technology and moving parts necessary for their 

operation.  

 Even with the advancements in reliability, there is 

generally more maintenance required than a traditional 
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fixed rack, though the quality of the solar tracker can 

play a role in how much and how often this maintenance 
is needed 

 Trackers are a more complex system than fixed racking. 

This means that typically more site preparation is 

needed, including additional trenching for wiring and 

some additional grading. 

 Solar trackers are generally designed for climates with 

little to no snow making them a more viable solution in 

warmer climates. Fixed racking accommodates harsher 

environmental conditions more easily than tracking 

systems. 
 

VI. CONCLUSION 

 
The paper has presented a means of tracking the sun’s 

position with the help of a microcontroller. Specially, it 

demonstrates a working software solution for maximizing 
solar cell output by positioning a solar panel at the point of 

maximum light intensity.  

 

The prototype represents a method for tracking the sun 

both in normal and bad weather condition. Moreover, the 

tracker can initialize the starting position itself which 

reduces the need of any more photo resistors. The 

attractive feature of the designed solar tracker is a simple 

mechanism to control the system.  

 

According to the experimental result, the proposed 
automatic solar tracking system has an overall energy 

increase of about 17%~25% more than the fix-angle PV 

system in sunny days, and about 8%~11% in cloudy days. 

The cost and reliability of this solar tracker creates it 

suitable for the rural usage. The purpose of renewable 

energy offered new and advanced ideas to help the people. 
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