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“Prototype of Dual Axis Solar 

Tracking System for Solar PV Plate” 

Abstract: The goal of this thesis was to develop a laboratory 

prototype of a solar tracking system, which is able to enhance 

the performance of the photovoltaic modules in a solar energy 

system. The operating principle of the device is to keep the 

photovoltaic modules constantly aligned with the sunbeams, 

which maximises the exposure of solar panel to the Sun’s 

radiation. As a result, more output power can be produced by 

the solar panel. 

The work of the project included hardware design and 

implementation, together with software programming for the 

microcontroller unit of the solar tracker. The system utilised 

an ATmega328 microcontroller to control motion of two DC 

motors, which rotate solar panel in two axes. The amount of 

rotation was determined by the microcontroller, based on 

inputs retrieved from four photo sensors located next to solar 

panel. 

At the end of the project, a functional solar tracking system 

was designed and implemented. It was able to keep the solar 

panel aligned with the sun, or any light source repetitively. 

Design of the solar tracker from this project is also a reference 

and a starting point for the development of more advanced 

systems in the future. 

 

Keywords: Arduino UNO, Azimuth Angle, Dual-Axis Solar 

Tracking System, Elevation Angle, LDR, Photovoltaic (PV) 

Panel. 

 

1.Introduction: The world population is increasing day by 

day and demand for energy is increasing accordingly. Oil and 

coal are main sources of energy nowadays. They are expected 

to end up from the world. So it is important for us to find an 

affordable and reliable source of energy. According to Green 

Infra Solar Energy Limited the daily average solar energy 

incident over India varies from 4 to 7 KWh/m2 with about 

1500 to 2000 sunshine hours per year (depending on 

location). The India Energy Portal estimates that if 10% of the 

land were used for harnessing solar energy, the installed solar 

capacity would be at 8,000GW, or around fifty times the 

current total installed power capacity in the country. This 

solar energy is converted into electrical energy by using solar 

panel  

according to the principle of photovoltaic effect Solar Trackers 

(LDR) is a device used for the rotation of solar panel according 

to the sun’s rays. To utilize this renewable solar energy solar 

trackers are employed. 

For static solar panel, there is no movement in the panel. But 

the position of the sun changes during rising and setting (sun 

rises in the east and sets in the west). Due to this reason, 

single axis solar tracker is developed for rotation of solar 

panel in east and west direction. But due to the rotation and 

revolution of earth we cannot get equal amount of sunrays 

throughout the year. So that we adopted dual axis solar 

tracker to utilize the solar energy effectively and efficiently 

by rotating the panel in both horizontal and vertical 

direction. The single axis tracker is able to rotate only on 

horizontal (or) vertical. But this dual axis tracker is able to 

rotate on both horizontal and vertical movement. 

  Solar energy is emerged as a possible source of renewable 

energy over the past two to three decades. Out of various 

renewable energy sources solar energy is widely used. 

Because it is simple and it is easy to use in household too. 

Solar Trackers is a device used for the rotation of solar panel 

according to the sun’s rays. To utilize this renewable solar 

energy solar trackers are employed. For static solar panel, 

there is no movement in the panel. But the position of the 

sun changes during rising and setting (sun rises in the east 

and sets in the west). Due to this reason, single axis solar 

tracker is developed for rotation of solar panel in east and 

west direction. But due to the rotation and revolution of 

earth we cannot get equal amount of sunrays throughout the 

year. So that we adopted dual axis solar tracker to utilize the 

solar energy effectively and efficiently by rotating the panel 

in both horizontal and vertical direction. The main objective 

of dual axis solar tracker is to increase the efficiency of the 

solar panel by 30-45% when compared to the static and 

single axis solar tracker. The literature survey clearly shows 

the different methods of solar tracking for maximum 

utilization of solar power.  
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The single axis tracker is able to rotate only on horizontal 

(or) vertical. But this dual axis tracker is able to rotate on 

both horizontal and vertical movement. This dual axis solar 

tracker was implemented by using Arduino board. 

Low cost of implementation by Arduino is the reason behind 

choosing Arduino in this project. This was achieved even by 

using microcontroller.  

 

Figure.1 Mechanism of dual axis tracker  

The above figure.1 shows the basic operating mechanism of 

dual axis solar tracker. It is basically an Azimuth-Altitude 

dual axis solar tracker. Altitude refers to elevation of angle 

between a substance and the observer’s location. It is 

basically between the angles of 0-90◦. Zenith distance can 

also be used instead of altitude. Then azimuth is usually 

analysed from north and increasing towards east. This is 

mainly employed to get the maximum efficiency when 

compared to the static and single-axis solar tracking system 

. To achieve this, we used Arduino UNO, LDRs, DC motor, LCD 

and solar panel. In automatic solar tracking and two axis 

solar tracking is proposed in for better solar tracking based 

on the position of sun.  

The main contribution of proposed paper is given below:  

•To trace more solar power in different location in different 

time period in a day to get maximum efficiency. 

•To develop the Arduino based Dual axis solar tracker.  

•To compare the efficiency of dual axis tracker with single axis 

tracker 

2.Objective: The venture was completed to fulfil two 

fundamental destinations:  

 Design a framework that tracks the sunlight based 

UV light for sun oriented boards in double pivot. 

 

 Prove that the following in reality expands the proficiency 

impressively. The scope of increment in proficiency is 

relied upon to be in the vicinity of 30 and 40 percent. 

 

3.Scope of Project: The sun powered undertaking was 

actualized utilizing a DC engine. The decision was educated by 

the reality. That the engine is quick, can maintain high torque, 

includes exact pivot inside restricted point and does not create 

any clamour. There is the implanted programming segment 

where the Atmega 328 is modified utilizing the C dialect 

before the chip expelled from the Arduino board. The Arduino 

UNO was utilized for the coding. It is then utilized as an 

independent unit on a PCB amid creation and show. in the 

tropics, the sun position shifts significantly amid specific 

seasons. There is the outline of an information arrange that 

encourages transformation of light into a voltage by the light 

ward resistors, LDRs. There is correlation of the two voltages, 

and after that the microcontroller utilizes the distinction as 

the blunder. The servo engine utilizes this blunder to turn 

through a relating plot for the modification of the situation of 

the sun light based board until such a period, to the point that 

the voltage yields in the LDRs are equivalent. The distinction 

between the voltages of the LDRs is gotten as simple readings. 

The distinction is transmitted to the servo engine and it in this 

way moves to guarantee the two LDRs are an equivalent slant. 

This implies they will get a similar measure of light. The 

method is rehashed for the duration of the day. 

4.Problem Statement: Many projects have been done on 

using photovoltaic cells in collecting solar radiation and 

converting it into electrical energy but most of these projects 

did not take into account the difference of the sun angle of 

incidence by installing the panels in a fixed orientation which 

influences very highly the solar energy collected by the panel. 

As we know that the angle of inclination ranges between -900 

after sunrise and + 900 before sunset, passing with 00 at noon. 

This makes the collected solar radiation to be 0% at sunrise 

and sunset and 100% at noon. This  variation of solar radiation 

collection leads the photovoltaic panel to lose more than 40% 

of the collected energy 

To solve this problem, the aim of our project is to keep the 

solar photovoltaic panel perpendicular to the sun throughout 

the year in order to make it more efficient. 

A sunlight based tracker is utilized as a part of different 

frameworks for the change of saddling of sun powered 

radiation. The issue that is postured is the usage of a 

framework which is fit for improving creation of energy by 30-

40%. The control circuit is actualized by the microcontroller. 

The control circuit at that point positions the engine that is 

utilized to situate the sun-oriented board ideally. 
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5.Literature Survey: India has a relatively long sunny day for 

more than 10 months and partly cloudy sky for most of the 

days of the rest of the months. So, harnessing this solar energy 

is important. Solar panel always points towards the sun. Solar 

panels generally produce about 40-60% less energy during 

the months of December and January than they do during the 

months of July and August.  

This means that solar power generation is significantly less 

during the winter than it is during the summer. One cell can 

however produce only 1 or 2 watts that is not enough for most 

small or electronics appliances. Test results indicate that the 

increase in power efficiency of tracking solar plate in normal 

days is 26 to 38% compared to fixed plate. And during cloudy 

or rainy days it’s varies at any level. 

The position of the sun in the atmosphere is varied both with 

seasons and time of day as the sun moves across the sky. Solar 

powered component work best when they are pointed at the 

sun. Therefore, a solar tracker increases how efficient such 

equipment are over any fixed position at the cost of additional 

intricate to the system. There are different types of trackers. 

 

                 Fig.2. Summer and winter arc 

The solar cell is a semiconductor material which converts 

visible light into heat and to the direct current. Through the 

use of solar arrays, a series of solar cells electrically connected, 

there is generation of a DC voltage that can be used on a load 

or stored in battery for further use. There is an increased use 

of solar arrays as their efficiencies become maximum. They 

are specially popular in remote areas where there is no 

connection to the grid.  

Photovoltaic energy is that which is acquired from the sun. A 

photovoltaic cell, commonly known as a solar cell, is the 

technology used for conversion of solar directly into electrical 

power. The photovoltaic cell is a non-mechanical device made 

of silicon alloy. The photovoltaic cell is the simple building 

block of a photovoltaic system. The individual cells can vary 

from 0.5 inches to 4 inches across.  

One cell can however produce only 1 or 2 watts that is not 

enough for most small or electronics appliances. Performance 

of a photovoltaic array depends on sunlight. Climatic 

conditions like clouds and fog notably affect the amount of 

solar energy that is received by the array and therefore its 

performance 

6.Methodology: The elevation angle is used interchangeably 

with altitude angle and is the angular height of the sun in the 

sky measured from the horizontal. Both altitude and elevation 

are used for description of the height in meters above the sea 

level. The elevation is 0 degrees at sunrise and 90 degrees 

when the sun is directly perpendicular to the solar plate. The 

angle of elevation varies throughout the day and also depends 

on latitude of the particular location and the day of the year. 

According to position sun panel also can be change its angle 

with the surface. The solar tracking prototype composed of 

hardware as well as software part. In hardware part, the 

system consists of solar panel, gears, DC motors, motor drive, 

battery, electronic circuit of Arduino UNO, LDR, resistors, 

diode, etc. And for the software system, computer 

programming of Arduino is being provided according to our 

construction and requirement for controlling of motors. 

 

Fig.3.Altitude and Azimuth Angle 

The vertical and horizontal motion of the panel is obtained by 

taking Altitude angle and Azimuth angle as reference. 

Altitude Angle:- It is the vertical angle between the horizontal 

and the line connecting to the star(sun). At sunset/sunrise 

altitude is 0 and at the zenith it is 90. 

Azimuth Angle:- It is the angle within the horizontal plane 

measured from true South or North. It is measured clockwise 

from the zero azimuth.  
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7.Block Diagram 

 

8.Working: In this system, four LDRs are fixed to sense the 

intensity of light (Two for Azimuth position sensor and 

another two for Altitude position sensor). The analog signal 

from the sensors is given to the in-built ADC (Analog to Digital 

Converter) and light comparison unit. This output is given as 

an input to the Arduino board along with the input command. 

The output of the Arduino is given to the motor driving circuit. 

Two DC motors are connected with the driving circuit, one for 

vertical and another one for horizontal movement. The motor 

rotates the solar panel perpendicular to the position of sun’s 

rays. Then finally the output power is displayed in the LCD. In 

this project, LDR combination plays an important role. The 

combination of signals is fed to the Arduino and this bit 

pattern is shown in table 1. 

Table.1 Desired Bit Pattern 

LDR 1 LDR 2 LDR 3 LDR 4 

1 1 0 0 

0 1 1 0 

0 0 1 1 

1 0 0 1 

12V 1.3Ah battery is connected between the 

microcontroller/motor drive and the IR Sensors. A booster 

circuit containing capacitors is connected at the output of 

solar PV plate. When the light rays of the sun fall on the plate 

they get sensed by the LDR’s. Over the solar plate, four LDR 

placed which helps to track the high intensity light according 

to which the solar panel starts moving. In this prototype, the 

pins of Arduino UNO i.e. A0, A1, A2, A3 are used which directly 

connected to LDR and IR Sensor. Consider, if LDR1 have high 

light intensity then it will sense the light intensity and give 

command to the Arduino. This Arduino will instruct to the 

motor to rotate over the side of LDR1 position where it is 

being placed. The same this process gets continues according 

to light effect. Current flows through them and enters the 

booster circuit where we can collect the output. Apart from 

that the sensor sends non-analog values of the rays to the 

microcontroller. The microcontroller converts these values 

into analog values and sends them to the motor driver. The 

motor drive as per given instructions in the code runs both 

the motors and brings the panel to the desired location i.e. 

where the light intensity is maximum and angle of incidence 

from sun is nearly 900 to the solar PV plate. As we are 

providing two motors with four LDR then it will rotate in any 

direction i.e. East, West, North as well as South direction. And 

energy will produce 40% more than the fix plate. 

The major components which are used in dual axis solar 

tracking system are:  

1. Solar panel  

2. Arduino board  

3. LDRs  

4. Motor driver  

5. DC motor  

6. IR Sensors 

9.Result: This section presents and discuss the performance 

of different tracking system and proposed system with respect 

to different time period in a day.  

Table.2 Output power obtained in Fixed Mount, single-

axis and Dual axis  

Hours  Power 

for 

Fixed 

Mount in 

W 

Power for 

Single-Axis 

in 

          W 

Power 

for 

Dual-Axis 

in 

W 
07.00 0.09 0.35 0.68 

08.00 0.25 0.47 0.87 

09.00 0.75 1.02 1.55 

10.00 0.98 1.23 1.78 

11.00 1.58 2.24 2.86 

12.00 2.5 3.1 3.15 

13.00 2.22 2.54 2.98 

14.00 1.88 2.11 2.44 

15.00 1.58 1.86 2.3 

16.00 1.56 1.7 2.01 

17.00 0.78 0.98 1.56 

18.00 0.44 0.65 0.78 

Sum= 

12 

hrs. 

Sum= 

14.61W 
Sum= 

18.25

W 

Sum= 

22.96W 
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The powers tracking of solar panel with different positions are 

tabulated above in table 3. It is clearly evident that the 

proposed dual axis tracker perfectly aligns with the sun 

direction and tracks the sun movement in a more efficient way 

and has a tremendous performance improvement. The 

experimental results clearly show that dual axis tracker is 

superior to single axis tracker and fixed systems. Power 

Captured by dual axis solar tracker is high during the whole 

observation time period and it maximizes the conversion of 

solar irradiance into electrical energy output is shown in the 

table.3. As a result, it creates a solution for effective utilization 

of solar energy and thus helps in creating smart houses.  

  

 
  

Figure.4. Bar Chart comparison for different tracking 

system  

  

Bar chart comparison of solar power with different 

tracking methods is shown above figure.4. It is clearly 

showing that proposed method yields better output power 

compared to existing method.  

 

 

10.Flowchart: 

 

11.Conclusion: The Arduino based dual axis solar tracking 

based solar panel is designed and successfully implemented 

to increase the efficiency of solar panel. The proposed dual 

axis solar tracker is more effective than the existing single 

axis solar tracker and fixed mount. The proposed solar 

tracker which automatically tracks the sun to grab maximum 

solar power with the help of Arduino board was effectively 

achieved. The implementation cost of Arduino board for 

tracking solar power is low and it is implementation is 

simple. Finally, experimental system clearly reveals that 

proposed system effectively tracks the sun in both good and 

bad weather conditions. During different time periods in a 

day compared with the existing system and efficiency of 

solar panel is effectively improved. 

Dual axis tracker perfectly aligns with the sun direction and 

tracks the sun movement in a more efficient way and has a 

tremendous performance improvement. The proposed 

system is cost effective also as a little modification in single 

axis tracker provided prominent power rise in the system. 

With this prototype, we will be able to keep the solar 

photovoltaic panel perpendicular to the sun throughout the 

year. And this will increase the efficiency of the photovoltaic 

panel by atleast 30%. 
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