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Abstract— The energy extracted from solar photovoltaic (PV) or solar thermal depends on solar insolation. For the 
extraction of maximum energy from the sun, the plane of the solar collector should always be normal to the incident 
radiation. The diurnal and seasonal movement of the earth affects the radiation intensity received on the solar collector. Sun 
trackers move the solar collector to follow the sun trajectories and keep the orientation of the solar collector at an optimal tilt 
angle. In general a PV system, both grid-tie and off grid, have current and voltage sensors in their battery charger or inverter 
units. In this work, an automatic solar tracking system has been designed and developed to work by accessing the data from 
the current and voltage sensors. Two-axis solar tracking (azimuth angle as well as altitude angle) has been implemented 
through microcontroller based sophisticated control logic. 
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I. INTRODUCTION 
 
Today solar energy is seen as the most reliable 
renewable energy source. According to calculations 
the sun deposits 120,000 TW of radiation on the 
surface of Earth. The sun covers about 0.16% of the 
land on Earth. With 10% efficient solar conversion 
systems we can generate almost 20 TW of power, 
which is almost twice the world’s consumption. The 
above comparisons show that solar energy have 
impressive magnitude, it provides more energy than 
present day human technology can provide. 
The first solar cell were developed about 50 years ago 
by Bell Laboratories in 1954. These solar cells were 
used as power source in satellites. In the end of 1970 
scientists were able to develop silicon solar cells 
(Photo voltaic cells) on industrial basis, since then 
these have become more and more attractive. The 
main steps involved in utilizing solar energy are 
Capture, Conversion and Storage. The energy of sun 
reaches on earth in the form of radiations distributed 
across the color spectrum (Infrared to Ultraviolet). 
This energy is in the form of excited electron hole so 
it must be captured as electron hole. 
 
Photovoltaic systems are becoming increasingly 
popular source of clean energy. Maximizing its power 
output is desirable to increase its efficiency. In order 
to maximize power output from solar panels, one 
needs to keep the panels aligned with the sun. It has 
been estimated that energy extracted from solar 
panels can be increased by 20 to 30 percent by 
utilizing a tracking system instead of a stationary 
array. Over time different methods have been 
developed. The most popular ones are astronomical 
or time based systems, then there are optical methods 
which use different types of photo-sensors to align 
the PV modules. 
The present day scenario of solar energy is rising and 
has a huge potential. The cost of solar energy has 

been reduced from 17.25 Rs/KWh to 7.5 Rs/KWh. 
Huge solar farms are being constructed all over India, 
with a capacity of 5MW to 15MW. A majority of 
these solar farms currently use standstill PV systems 
facing a single direction throughout the day, and as a 
result has lesser efficiency than a dual axis solar 
tracker. A slow transition is being made from the 
standstill systems to the dual and single axis solar 
trackers but a major hindrance has been the 
unrealistic cost of the product often ranging in the 
bracket of 30,000 to 50,000. The next big revolution 
in the market will be a less expensive dual axis solar 
tracker with no compromises on quality and 
efficiency.  
 
II. BACKGROUND THEORY 
 
A solar tracker is a device that orients a payload 
toward the sun. Payloads can be photovoltaic panels, 
reflectors, lenses or other optical devices. In flat-
panel photovoltaic (PV) applications, trackers are 
used to minimize the angle of incidence between the 
incoming sunlight and a photovoltaic panel. This 
increases the amount of energy produced from a fixed 
amount of installed power generating capacity. 
Sunlight has two components, the "direct beam" that 
carries about 90% of the solar energy, and the 
"diffuse sunlight" that carries the remainder - the 
diffuse portion is the blue sky on a clear day and 
increases proportionately on cloudy days. As the 
majority of the energy is in the direct beam, 
maximizing collection requires the sun to be visible 
to the panels as long as possible. 
Using a dual axis solar tracker is therefore much 
more beneficial as it has both the azimuthal and 
altitude tracking. The dual axis tracker always has the 
sun nearly perpendicular to it and therefore results in 
a much better efficiency than other alternatives. There 
are three main kinds of solar tracking technologies. 
They are as follows 



International Journal of Advances in Science Engineering and Technology, ISSN: 2321-9009 Volume- 3, Issue-2, April-2015 

Increasing The Efficiency Of A PV System Using Dual Axis Solar Tracking 
 

108 

A. LDR Bases Solar Trackers 
LDR or light dependent resistor is a passive device 
whose resistance is a function of the light falling on 
it. Its resistance decreases as the intensity of light 
falling on it increases. This property is used for 
locating the position of the sun. In LDR based solar 
tracking systems, three or more sensors are arranged 
in different ways to locate the position of the sun. 
One of the most common methods are placing 3 LDR 
sensors at three ends of the panel. Another method 
makes use of formation of shadows by change in 
position of sun to locate its current position. 
Generally 4 LDR sensors are placed closed together 
separated by dark partitions, with one LDR sensor in 
each partition. The readings obtained from different 
LDR sensors are compared to determine the relative 
illuminance and hence find the position of sun 
relative to the panel. This data is fed to a micro- 
controller that computes the difference and signals 
the actuators to align the panel. This method of 
tracking the sun is inexpensive and relatively simple. 
LDR based trackers have a positional feedback 
system which keeps a regular check on the current 
position of the panel. The disadvantage of this 
method is that it’s not very accurate in cloudy of 
foggy weather. The system tends to enter hunting 
mode which results in substantial consumption of 
power. 
 
B. Astronomical Method 

Astronomical method is one of the most widely 
used methods for solar tracking systems. This method 
does not track the sun in real time. It makes use of the 
fact that the path of the sun has a pattern and it 
repeats its path on an annual basis. The path of the 
sun as viewed from a point on earth can be calculated 
by using the parameters like, its latitude and 
longitudinal position, day of the year and time of the 
day. In this method of tracking the position of the sun 
is calculated and this position is converted to angular 
movement of the panel to keep it aligned to the sun. 
This method provides a reasonable degree of 
accuracy if misalignments due installation errors and 
effect of wind can be avoided. Apart from this, this 
method checks power loss by preventing the system 
from entering hunting mode, which is a common 
problem for real time tracking methods. Astronomical 
method does not have any feedback mechanism 
hence it is not preferred in conditions where 
possibility of misalignment is high. 
 
C. Camera Bases Tracking 
The camera based tracking systems use CCD sensor 
or a camera to obtain the image of the sun. Then this 
image is processed by a computer using complex 
image processing algorithms. Accurate position of 
sun is obtained and the actuators are signaled to move 
in appropriate directions to align the PV panel to the 
sun. This method though very accurate is not used 
generally because of the heavy computational 
requirements of the system. Camera based tracking 

systems are usually deployed in large arrays of field 
panels where the cost can be justified to the huge gain 
in power. 
 
D. Hill Climbing Algorithm  

 
 

Fig 1. Hill Climbing Algorithm 
 

Hill climbing algorithm also known as the Perturb 
and Observe algorithm is widely used in solar 
tracking applications. It is characterized by a fairly 
simple logic and does not require complex 
calculations to work. Hill climbing algorithm works 
by measuring power at each step and moving forward 
only if an increase in power is recorded in the next 
step. It keeps doing so until it reaches the point where 
a step ahead results in fall in value of power. The 
point thus obtained is the point where maximum 
power will be obtained. Once the maximum power 
point has been obtained the sun is directly in front of 
the panel. Now the panel can keep tracking the sun. 
The tracking algorithm can be different as per the 
requirement. 
 
III. HARDWARE IMPLEMENTATION OF 

THE TRACKER 
 

The tracking system can be broadly divided into 
mechanical and electrical subsystems. The 
mechanical subsystem consists of the structure that 
supports the panel and provides two degrees of 
freedom for the panel to rotate. The electrical 
subsystem consists of a micro-controller that reads 
the power being generated from the panel and 
controls the stepper motors according to a set 
algorithm. 

 

 
Fig 2.  Block diagram of electrical system 
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A. Mechanical Structure 
 

 
Fig 3.  CAD Model of Mechanical Structure 

 
B. Circuit Diagram 

 

 
Fig 4. Circuit Diagram 

 
C. Sensor Board 

 

 
Fig 5. Sensor Board 

 
It consists of a voltage sensor a current sensor and 

a load for the PV panel. The voltage sensor is a 
simple potential divider circuit. The ADC of the 
micro-controller reads a maximum of 5V and solar 
panel has a maximum voltage (Voc) of 21.5 V. Hence 
the potential divider circuit was needed to step down 
the voltage for the ADC of Arduino. The current 
sensor used is a hall-effect current sensor. It has a 
linear output of 1V/A and can detect current of 
maximum 2A. 

The characteristic resistance of a solar cell is the 
output resistance of the solar cell at its maximum 
power point. If the resistance of the load is equal to 
the characteristic resistance of the solar cell, 
maximum power is transferred to the load and solar 
cell operates at its maximum power point. A suitable 
load of 37.5Ω, 10W was connected across the panel. 
 

D. Algorithm 
The algorithm can be divided into 3 major parts, 

the main code, locator mode and tracker mode. 
 

 
Fig 6. Main Flow of Program 

 
The main flow of control consists of locator mode 

and tracker mode. The program first enters the locator 
mode and tries to locate the sun. If the conditions are 
suitable and sun is located the program enters tracker 
mode. If the conditions are not favorable and the sun 
could not be located the program waits for 5 minutes 
for the weather to clear and tries again to locate. 

 
Fig 7. Locator Mode 

 
Locator mode: In this mode the tracker locates the 

sun to begin tracking. This is done by making a full 
sweep of 172 steps in altitude axis and 148 steps in 
azimuth axis. It records the power value at each step. 
Then goes back to the point where the power value 
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was maximum. Once the sun has been located it 
raises flag to notify that the sun has been located and 
tracking can be started of the current designations. 

 

 
Fig 8. Tracker Mode 

 
The tracker mode works by moving the motors in 

steps after a delay of 7 minutes and 22 seconds. This 
is according to the speed at which the earth rotates. It 
keeps on checking the power values, and tracks only 
if the power levels are above an optimal value. If the 
power value is below optimal value it hols position 
for 5 min and waits for the conditions to change. If 
the power levels are below a threshold value it stops 
tracking. The optimal value was decided 
experimentally by testing the tracker in real-time 
conditions. The gain in efficiency between optimal 
and threshold power was not more than 1% and 
therefore it was beneficial to track only above the 
optimal power level. The gain in efficiency below the 
threshold power level was nearly negligible as there 
was not enough light. 

 
E. Data Logger 

 

 
Fig 9. LabVIEW Data Logger 

 
The VI is data acquisition tool. It takes data from 

the serial monitor of the Arduino and plots a graph on 
the screen with respect to time. The time here is the 
actual system time-stamp, at which a power value is 
being measured by the solar tracker and the result is 
being displayed as a graph. It also logs the data 
directly into an excel file. 

 
Fig 10. Solar Tracker 

 
IV. RESULTS 
 

Filed test was conducted on two days, 3rd May, 
2014 and 5th May 7, 2014. The setup was done on 
the terrace of Innovation Centre. The PV system with 
tracker and the standstill PV system was setup 
alongside. The placement of the standstill solar panel 
was of the utmost importance so as to retrieve 
maximum power possible from it. In the northern 
hemisphere the solar panels should face south so that 
they can receive power from the sun throughout the 
day as it moves form the east to west. The angle at 
which the panel was to be kept was 13 degrees with 
respect to the ground. This angle is equal to the 
latitude of the location where the panel is setup. 
Proper care had to be taken to ensure that no shadow 
was affecting the performance of either of the panels. 

 
A. Test Day 1 

 
Date: 03-05-2014 
Location: Innovation Centre Terrace  
Weather condition: Clear skies.  
Temperature: 36 degree Celsius  
Humidity: 56% 
UV Index: High 

 

 
Fig11. Result of day 1 

 
The net gain for day 1 equals 24.72%. Major 

gains were recorded in the evening, 57.46%.  
 

B. Test Day 2 
 
Date: 05-05-2014 
Location: Innovation Centre Terrace  
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Weather condition: Cloudy Skies  
Temperature: 30 degree Celsius  
Humidity: 84% 
UV Index: Moderate 
 

 
Fig 12. Results for Day 2 

 
The net gain in power as recorded on day 2 was 

21%. The data was segmented into 3 parts, morning, 
afternoon and evening to get a better insight into the 
results. 

 
Fig 13. Results Obtained in the Morning of Day 2 

 
Fig 14. Results obtained on the afternoon of Day 2 

 
Fig 15. Results obtained in the evening of Day 2 

 
The results obtained on Day 2 show that the gain 

in the afternoon was 12.10% while the gain in the 
morning and evening was 33.93% and 24.14%.  
 
CONCLUSION 
 

The objective of this work is to design such a 
system that increases the overall solar insolation on a 
PV system and thereby significantly increasing its 
efficiency.   So we decided to develop a prototype for 
a dual axis tracker for a 10W panel and achieve a 20-

30 % increase in efficiency of the system compared 
to a standstill PV panel system. 

The results obtained on the both the test days are 
very important as they signify the importance of a 
tracking system and the effects of weather condition 
on power generation of a PV system. The power 
generated by the standstill panel as well as the solar 
tracker was almost the same during the afternoon 
hours, when the sun is directly on the zenith. There 
was only a small difference in the power generated 
because the solar tracker was tracking the sun 
constantly and therefore was in the perfect position, 
but the standstill panel was also in the optimal place 
to generate the maximum possible power. The 
difference was not huge and therefore the gain in 
efficiency during the afternoon period was around the 
range of 10-11%. 

The fact that the tracker based system 
outperformed the standstill panel by a margin of 26% 
on a normal sunny day and by a margin of 21% even 
on a cloudy day manifests the importance of such a 
system. 
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