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Abstract: Vast amount of energy is available within the core of sun. The energy that is received from sun in an hour is more
than that is consumed by us in a year [1]. If human race is able to capture even 1% of the total energy which sun delivers then
we can cater the need of our race for decades. Efforts are continuously being made to capture as much energy as we can in order
to store most of the energy which se are getting. In this paper a device called solar tracker has been discussed. Solar panels give
maximum output when the plane of the solar collector is normal to incident radiations [2]. The system discussed in this paper
uses a PSoC device to control a small model of solar tracker. Voltage across the solar panel and a photoresistor is fed as an input
to the PSoC to be processed and the output is fed to the geared DC motor.

Keyword: Photovoltaic Cells, Solar Tracker, PSoC (Programmable System on Chip), Efficiency, ADC (Analog to Digital
Convertor), MUX (Multiplexer).

l. INTRODUCTION

Solar cells or photovoltaic cells are semiconductor diodes that convertavailable sunlight (at least a portion) into electrical power.
They are basically P-N junction photodiodes with very large light-sensitive area [3]. Each photodiode is a solar cell. All these
cells are connected inside a module to form a solar panel. These solar panels are cascaded together to form arrays to generate
high power electricity[4]. To attain the maximum benefit from these solar panels, we need to position them in the direction that
captures most of the energy. This direction depends upon various factors. The panels are mounted at a fixed tilt, but because sun
keeps changing its position due to the rotation as well as the revolution of earth, these panels can capture more energy if their
tilt is adjusted periodically.

A detailed observation of solar panel in various weather conditions was first carried out. And setting theseobservations as our
operating point, we made a set-up around the PSoC platform andcontrolled the direction of solar panel.

I1.LADJUSTING THE TILT

The graph in Figure 1[5] shows the comparative study of output from solar panels. Green line shows the output of the tracking
panel. We can see that this line is above than fixed or adjusted(twice a year)solar panel output line [6]. Normallythe efficiency
of fixed solar panels is about 15% to 20% [6] but the efficiency of the rotating panels over the period of a year can be as much
as 30% to 35% [8, 9, 10, 11, 12, 13].There are two types of trackers (i) Single axis (ii) Dual axis. Single axis has one degree of
freedom (only the daily rotation of earth is considered) while dual axis has two degrees of freedom (seasonal change in the
position of sun is also considered). For six months sun remains towards northern side and for next six months it remains towards
southern side [13]. Dual axis trackers are designed to follow exact path of sun during these seasonal changes. The output which
we get from dual axis is more than that obtained from single axis but it also requires more input as it has more complex
circuitry. But difference between the efficiency of both models is not more than 2% to 5% [14]. In this paper single axis solar
panels has been discussed.
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Figure 1. Comparison between tracking and fixed solar
panels (Courtesy www.masclab.com)
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Figure 2. System Description

I11. SYSTEM DESCRIPTION

Figure 2 shows the system design. It uses one 3 V solar panel for receiving theinput voltage from the sun. The system works
only when the input from the panel is more than a specified value. This value is based on the observation that when sun is
shining, what is the minimum voltage we are obtaining from the panel. In our case this voltage is 2.67 V. If the voltage across
solar panel is more than 2.67 V, the processor sends the instruction to change the select signal of MUX. This takes the value of
voltage across the photo resistor. The photo resistor is in series with a fixed resistor of 3.3 KQ, connected across a supply of 3.3
V and the whole circuit works as a voltage divider circuit. The photo resistor is housed in a cup work when sun is at specified
angle as shown in figure 3. This angle can be changed by changing the length ‘L’ of the cup.

L
== | Photo
resistor

Figure 3. Angle of incidence at which photoresistor works
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When there is no incident light on resistor, its resistance is infinite but as this setup is kept in daylight the resistance is not
infinite but it is such that (almost) voltage Vcc (3.3V) appears across it. When sunlight falls on it, resistance is decreased and the
voltage across it decreases. This is the basic principle behind this photoresistor working as a position sensor for sun.

After changing select line of MUX, the input to the microprocessor is the voltage across photoresistor. It compares the value of
this voltage with 2.56 V. This value was also obtained after observation. This is the maximum voltage across resistor when
sunlight falls on it. This value can also be adjusted by adjusting the value of the fixed resistance in the circuit. If the voltage is
greater than this value, then the processor sends the signal to rotate the panel until it drops below 2.56 V. When both the
conditions i.e. voltage across Solar panel is more than 2.67 V and the voltage across photoresistor is less than 2.56 V,are
satisfied, then we achieve the maximum output from the solar panel.

Light Source

Solar Panel

Figure 5 :Position 2
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IV. RESULTS

The design was tested using a light source modeled as sun. For this we had to change few values in the code to match with the
new light source. Figure 4 and Figure 5 shows the response at two different positions of the light source.The system was
working perfectly and the response was same as expected in figure 1.

V. ADVANTAGES

The main advantage of this system is low power consumption. It takes very less power which can be also drived directly from
the solar panel or from a DC battery with recharging mechanism. In the evening when sun sets, the solar panel stops rotating
and on the next day it has to come to its original position. In other systems, this task is done using another mechanism for
retracing back the path during night. But in our system this is achieved by full rotation (=180°) in the same direction. This
consumes almost equal power as it takes in retracing back but it saves the energy which is required to power up the extra
circuitry for retrace mechanism. Also the retrace mechanism would require energy during night to retrace but our mechanism
becomes active only when sun is present, hence it can always get the power from sun.

Another advantage is that the system is fully automatic. No manual work is needed to switch on or off at any time. The system
is very accurate too. The propagation delay is in milliseconds.

VI. LIMITATIONS

0] The module is designed only for single axis rotation not for dual axis.
(ii) It can’t retrace back its path. Returning back to its original position after the sunset, is done by rotating the panel fully
180 degrees.This consumes more space than the systems which retrace back their path.

VIl. FUTURE SCOPE

In future this project can be implemented on large solar plants. We can make the system easier to use by implementing it using a
single microcontroller connected with a small module mounted near the larger solar panelsand then sending the information
about the change in the angle of tilt from small panel to the larger ones, either using wired or wireless connectionto control the
larger ones accordingly. This system is designed to operate continuously. But it can be also designed it to receive the inputs at
fixed intervals of time  (maybe 4 or 5 minutes). This will also result in reduced power consumption at a great level.

VIIl. CONCLUSION

An efficient and low power PSoC based sun tracker had been designed. One microcontroller can be used to control many solar
panels; only the correct information needs to be sent. Efficiency is increased almost by the factor of 2. Hence reliable,
economical, compact and efficient system of solar energy conversion had been made possible with this design.In a nutshell, the
output of this effort is just a small drop in the big ocean of science and technology, in order to make life simpler, easier and
enjoyable.
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