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Abstract: The desire for reliable power supply is the reason for further
research into alternative sources of power. Although solar tracking is not a
new technology, yet solar harvesters still suffer low efficiency due to the
intermittence of solar insolation. Thus many smart systems have been
designed to maximise solar harvesters. Among the systems is the dual axis
solar tracking system. For demonstration of the tracking system, a
prototype was developed as a model for a conventional tracking system. It
met its objective of tracking solar irradiance and accordingly re-orient the
payload in real time to the point of maximum solar insolation. Testing and
observation using the developed prototype gave evidence to the fact that
solar trackers can increase the efficiency of solar harvesters. The results
showed steady solar tracking for 6 h starting from 9:00 am-3:15 pm. The
sensitivity of the sensors allow the system to track solar insolation as low
as >5 lumen. The entire system was powered by 5 volts which made it
energy efficient and can be run at low cost.
Keywords: ATMega328P, AVR, Micro-Controller, Arduino, Prototype,
Solar, Tracking System, Dish Concentrator, C Programming Language,
Systems, Mechatronic

Introduction
Solar energy is a clean source of energy that is free
from environmental pollution. It is one of the alternative
energy sources that has vast potential. Harnessing this
energy follows different methods depending on the need,
whether for electricity or heating using solar collectors.
Many projects have been designed and constructed to
utilize solar energy and all have pointed to the
importance of solar trackers in order to increase the
efficiency of the system. A solar tracker is a
mechatronic system designed to follow the movement
of the sun. There are basically two types of solar
trackers namely; A Single axis solar tracker and a Dual
axis solar tracker (Hafez et al., 2018). The single axis
solar tracker is one that is fixed at an angle equal to the
latitude of the location where it is installed and is
capable of following the sun on one axis only from East
to West throughout the day by way of a rotating
mechanism. While the dual axis solar tracker is another
setup quite similar to that of the single-axis tracker. The

only difference is that an extra degree of freedom is
added to the system, in that the tracker can rotate on a
dual axis, that is “East to West” and “North to South.”
Orientation (Lee and Rahim, 2013).

Description of the Developed Solar Tracker
The prototype developed was cut out from perspex
as shown in Fig. 1. Perspex was used due to ease of
fabrication. The lower arm being the primary axis
module moves from North-South (0-180°) with the help
of a servo motor, while the upper arm being the
secondary module moves from East-West (0-180°) by a
servo motor. A combination of both movement results
in a dual axis movement. The payload being the dish
concentrator was cut out of plastic plate and covered
with a reflector. A sensor pyramid like that of
(Mareeswari et al., 2019) as shown in Fig. 2 was also
designed using four Light dependent resistors, all
separated with a cross bar which was designed to cast a
shadow on the sensors and thus vary the luminous
intensity of the sun on the sensors.
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Fig. 1: A picture of the prototype

Fig. 2: Sensor pyramid showing four sensors each representing
(North, South, East and West)

micro-controller which in-turn drives the servo motors
to actualize a position of facing the sun. From then on
the tracking system will follow the sun as it crosses
from the east to the west which is about 0-180° from
the eastern horizon to the western horizon. As the
tracker moves with the sun, it will align the
concentrator to face the sun rays directly, thus
receiving a huge amount of sunlight for a longer
period of time. With the load in position, achieving a
correct position of the concentrator is very important
in the entire design and at night when there is no sun,
the tracker is programed to return to 0° (facing East)
position which is its position at sunrise in order to
give the sensors a horizontal view of the rising sun.

Working Principle of the Tracker

Materials
The materials used for the project were:

The solar tracker was designed such that at sunrise
the sensors (LDR) will receive the light reflected by
the rising sun and then send electronic pulses to the

1.

19

10,000 Ω Resistors
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2.
3.
4.
5.
6.
7.

Vero board/bread board
Electronic sensors (LDR: Light dependent resistors)
Micro controller: ATmega328P
9 g Servo motors
Perspex
Jumper wires

Methodology
The following methods were adopted in the
development of the prototype (Fig. 3):
1.

2.
3.
4.
5.
6.
7.
8.

Use of solid works Integrated development
environment for computer aided design of the
prototype
Design of the electronic circuit
Selection of materials for the prototype hardware
Fabrication of parts
Development of the electronic circuit
Development of the flow chart and code using C
programming language
Interfacing Hardware and firmware components
Testing

Fig. 3: The developed prototype

Start

Testing Procedure
The test was conducted for 15 min from (6:00-6:15
am), (9:00-9:15 am), (12:00-12:15 pm), (3:00-3:15 pm)
and (6:00-6:15 pm).
For every one hour the sun would move by 15°
across the sky (Thomas and Stephen, 2014).
Therefore:

All 4 sensors
receive light

Signal is stored
for comparison
and processing

If 15° = 1 h (which is 60 min)
Then 3° = 15 min

Signal is
processed

The tracker was programmed to track the sun
automatically once the luminous intensity was greater
than five lumen and the output displayed on the serial
monitor at 3 min intervals. The tracker was placed facing
the south with an azimuth of 11°.

Decision is taken
if signal is true = Y
if signal is false = N

Flow Chart
The tracker flow chart as in Fig. 4 shows the steps
taken by the system to execute its function. Each step
is executed line by line starting from the top where
solar irradiance is received by the light dependent
resistors and converted to electric signal and fed to the
micro-controller which performs logical comparisons
of the signal and then transmits to the actuators if the
difference is logically true and if the difference is
logically false, the process goes back again to the top
and repeats the steps.

Y
Correspondence is
sent to the actuators

End

Fig. 4: Flow chart and code
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that can be harnessed from directly facing the payload to
the sun as tracking continues. The high sensitivity of the
sensors allows the system to start tracking luminous
intensity early, as low as >5 lumen and later beyond 6:00
pm until the irradiance goes less than 5 lumen as in Fig. 5.
When the irradiance is less than 5 lumen the system
returns to home position to await the rising sun.

Discussion
From the results on Table 1, the LDR (North) received
the highest solar irradiance because the sensor was facing
the rising sun at a wider angle, more than the other 3
sensors. 9:00 am-3:12 pm shows a steady tracking of the
sun at almost 1000 lumen. It also shows how much energy

Table 1: Solar Irradiance over time from (6:00 am-6:15 pm) as captured by each sensor
Time
LDR (North)
LDR (South)
6:00 AM
8
9
6:03 AM
14
22
6:06 AM
37
40
6:09 AM
72
69
6:12 AM
123
116
6:15 AM
191
192
9:00 AM
933
964
9:03 AM
937
977
9:06 AM
950
990
9:09 AM
967
992
9:12 AM
979
989
9:15 AM
982
992
12:00 PM
965
972
12:03 PM
987
987
12:06 PM
988
987
12:09 PM
986
986
12:12 PM
988
986
12:15 PM
987
986
3:00 PM
982
982
3:03 PM
983
979
3:06 PM
982
982
3:09 PM
981
981
3:12 PM
960
964
3:15 PM
758
733
6:00 PM
765
785
6:03 PM
741
756
6:06 PM
720
738
6:09 PM
693
710
6:12 PM
662
671
6:15 PM
103
219

LDR (East)
10
23
43
67
103
163
979
981
983
984
984
985
945
970
970
968
971
970
968
971
970
967
940
762
716
688
664
633
599
60

Irradiance against Time (6:00 am-6:15 pm)
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Fig. 5: Solar Irradiance against time (6:00 am-6:15 pm)
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LDR (West)
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27
55
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971
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963
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687
667
636
594
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Conclusion
The solar tracker prototype developed can be easily
adopted and deployed anywhere looking at the simplicity
of its design. It met its objective of tracking solar
irradiance and accordingly re-orient the payload in real
time to the point of maximum solar insolation. Testing
and observation using the developed prototype as shown
in Fig. 3 gave evidence to the fact that solar trackers can
increase the efficiency of solar harvesters. The entire
system was power by 5 volts which made it energy
efficient and can be run at low cost.
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