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Abstract: Renewable energy is a type of energy that is derived from ongoing natural processes and energy of natural processes
converted into available forms. Solar energy is any type of energy that is generated by the sun. To make use of this energy and
convert it into electricity we use solar panels. A solar panel has maximum productivity when the sun rays are incident at right
angle to it. Usual home use solar panels are fixed in a stationary position hence there will be only a certain time in the day that
the sun-rays are incident at right angle on the panel. A solar tracking system is a single-axis rotating system which aims for
solar panels to operate by tracking the sun's movement throughout the day which makes it possible for the rays to arrive
perpendicular to the panels. This maximises the productivity of the panel. Solar tracking system was designed which used LDRS
in form of a voltage divider circuit to sense the sunlight and actuate the stepper motor to rotate the panel over a single-axis so
that the sun-rays the panel is perpendicular to the sun-rays. This model was tested out alongside a stationary solar panel.
Readings were noted down of both panels every hour. The panel with the tracking system proved to be more productive than the
stationary panel as it had generated more power over each hour. The panel could be moved both automatically with the help of
the sensors and through manual mode using the blynk UI.
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L. INTRODUCTION

Since fossil fuels are depleting at a rapid rate, renewable energies like solar energy have emerged as a substitute for generation of
power. Solar energy is a type of energy that is obtained from the sun. Solar panels are designed to harness the solar energy and
convert them into electricity. The solar panels provide maximum output power when the intensity of the sunlight is high and the
sun-rays are incident at right angles to the panel. Since most of the solar panels are stationary models, they fail to use the sunlights
intensity. Even though sunlight with high intensity is available during most times of the day, the stationary panels are unable to
utilize it to its potential as they have a fixed position and the sunlight is falling at an angle on them thus reducing productivity.

A single-axis rotating solar panel was designed that rotates horizontally from east to west and keeps the panel perpendicular to the
sun-rays, thus maximising the productivity of the solar panel. This helps in using the benefits of solar energy to its maximum
especially in areas with a lot of sunlight throughout the day.
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Fig. Sunlight incident on solar panels

From the above figure we can see that if the solar panel surface is tilted, then the area covered by the same energy is larger, so
energy intensity is less because it is spread out.When a solar panel is kept perpendicular to the sun’s rays, we can say for example
that 1000 watts of energy is falling on 1 square meter of the surface. When at an angle, the same 1000 watts will be activating solar
cells over a much greater area, but at a lesser intensity. So when the intensity decreases the output power too decreases. So a rotating
panel produces a higher power output as it always stays perpendicular to the sunlight.
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1. LITERATURE REVIEW

An overview was conducted of various previous papers that have described various methods to design and develop solar tracking

devices.

1) In this paper the author describes in detail the design and construction of a prototype solar tracking system with two axis of
rotation, which detects the sunlight using photocells. The design of the circuit for the solar tracker is based on a PIC16F84A
microcontroller (MCU). The MCU is programmed to detect the sunlight through the photocells and then actuate the motor to
position the solar panel where it can receive maximum sunlight. Using the photocells is a very inefficient way to detect the
sunlight's direction and LDRs perform better and are easy to use. Using LDRs also adds up to the benefit of cost reduction.

2) The author in this paper had developed a sun solar panel based on an open loop concept harnessing the maximum amount of
sunlight. The author has used time based panel positioning. This means that the panel would rotate even when there's no
sunlight thus consuming unnecessary energy to rotate the panel even when it's not needed.

3) In this paper, the author built a solar tracking system consisting of photo sensors and was tested in various places.The model
included a quadrate array of sensors made of 4 LDR, Potentiometer, Servo motors and Microcontroller. The drawback of this
system is the servo motors. The rotation capability of the servo motor is very limited and the design added full panel weight as
load on to the motors which will consume a lot of power and is impractical.

4) This paper is based on a dual-axis solar panel which tracks the sun using four reference panels. They have used two servo
motors which will move the panel according to the sun’s position in the horizontal and vertical axis using the voltage
differences of the four reference panels. The author's main objective was to maximize the power received from the solar panel
using a dual axis solar tracking system. But again the drawback of the system is that it is not vary practical as servo motors
have a very limited motion and are not powerful enough to orient the commercial sized panels.

5) Through this paper the author has presented the hardware design and system was implemented in a way that the perpendicular
profile of the panel to gain maximum energy. Here the sun is taken as a guiding source, sensors constantly monitor the sunlight
and rotate towards its direction. They designed that system which ensures 25 to 30\% of more energy conversion than the static
panel, but the drawback of this system is that the system is not power-full enough to handle commercial grade panels.

6) The authors in this paper compared the closed and open loop trackers of the solar panel system. The results are to validate the
effectiveness of each tracker and they concluded that a closed loop system performed better than the open loop ones because
the closed loop system was able to automatically reorient itself because of the feedback.

7) The method that has been proposed in this paper is that it automatically tracks the sun's position and accordingly change the
direction of solar panel to get maximum output from the given solar cell with the usage of Sensor(LDR), IC LM339N and DC
geared motor. The paper has offered a reasonable scheme for alignment of solar panel with its energy output maximized. The
drawback of this method is that it is not very robust and not manually controllable in case of necessity.

8) In this paper different types of tracking systems are reviewed and their professionals and cons were mentioned in detail. The
consequences provided on this evaluation verify that the azimuth and altitude dual axis tracking device is extra efficient as
compared to other different tracking structures. However they concluded that the price and flexibility factor of the single axis
tracking device is more feasible than dual axis tracking device.

9) With this paper, the author proposed a microcontroller based model. LDR are used as the sensor for tracking purposes. This
model has a proper control mechanism which can rotate in three ways. MPPT based charge controller was used to maximise the
output power. Microcontroller used here is ATMEGA32 which requires a 5v regulated voltage supply. It also consists of the
features of ADC. The model denotes the working of software for maximizing solar cell output by pointing it towards the
maximum light intensity. But using ATMEGAS32 provided no wireless connectivity thus limiting the remote access and control
as well as remote analytics.

10) In this paper, the author presented a tracker which is a low cost prototype dual axis solar model. It consisted of a low cost
microcontroller and light sensors to detect the movement of the sun. The result of their paper was the comparison between the
static and the tracker type and they concluded that the tracked system was more efficient. The problem with their
implementation is that they had used a small panel with a wooden frame which is not very practical.

11) The author of this paper used a microcontroller based cleaning and tracking system. It consisted of stepper motor, LDRs and
ATMEGAS8 Microcontroller. The prototype consists of two DC motors of 1000rmp for cleaning and 10rmp for tracking
mechanism. The use of normal DC motors here is not a very good idea since the entire load would be on the DC motor and
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once the power is cut off to the motor, the panel would become very unstable and would disorient with strong winds. This also
means that continuous power had to be given to the motor to maintain the position which is very inefficient.

12) In this paper, the author proposed a system which consisted of Arduino UNO microcontroller, 3 stepper motors and 4 LDRs
which is incorporated with hardware and firmware for controlling the model. LDRs were used to capture the sunlight's relative
position, while motors were used for rotation. Software was used for panel vertical tilt angle and horizontal movement. The
author has used 3 different axis of rotation which is totally redundant and made the system very complex.

13) In this paper, a PV system, with dual axis rotation which can move both east-west directions horizontally and in a north—south
vertically, is designed according to the position of the sun. The system was designed so that it can follow the change of the
sun’s daily angle depending on the local time throughout the day. The solution proposed by the author is viable enough but was
not actually physically implemented and was one of the future scope for the same.

14) In this paper, the author proposed a model where it recognizes the weather conditions if its cloudy or dusty the tracker uses the
primary stage through sun-earth as a course of adjustment, direct sensing is done through LDR. The maximum efficiency of the
panel is extracted using combined techniques one is microcontroller based, to check the directions. Next is the MPPT charge
controller to make the inverter work at maximum power. Aurdino UNO was a controller based on earth geometry. The reason
why this system was considered to be impractical is because it was very complex in construction and too many variables were
control mechanisms were involved which made the real time implementation very problematic.

In this paper the author proposes a unique design of a dual-axis solar tracking Photo-Voltaic system which utilizes the feedback

control along with a four-quadrant LDR sensor and a simple electronic circuit system to provide sturdy system performance.

This system has used a unique dual-axis AC motor and a stand-alone PV inverter for the solar tracking. The drawback of this

system is that it uses AC motors, but the output energy of the panels itself is DC, there is a DC to AC conversion overhead

which adds up to overall loss of energy in the system.

15

~

1. METHODOLOGY
The block diagram of the proposed project can be seen in Fig 2. The charge controller of the solar panel is connected to a
rechargeable battery which stores the power generated by the solar panel. It also helps in power the stepper motor through the motor
driver. The stepper motor helps in rotating the panel on a single axis horizontally from east to west. The rotation of the motor can be
controlled by the raspberry pi. Raspberry pi decided the rotation of the stepper motor according to the input given my the LDRs.
The LDRs are designed as a voltage divider circuit. Through the given input from the adc, the raspberry pi decided which way the
panel has to be moved to make it perpendicular to the sunlight.
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Fig. 2 Block Diagram of the project
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A.  Hardware Implementation

3v3 (1) (2) 5V0
GPIO2 5V0
GPIO3 GND

|

N GPIO4 GPIO14F

N GND GPIO15F
5k S€

5kQ GPIO17 GPIO18F

SPI027 GNDJ

Hcpio22 GPIO23F

H3vz GPIO24

<cpio10 GNDf

Hcriog GPIO25F

Hcpio11 GPIOB

GND (25) (26) GPIO7

g

26 4=

v

Fig. 3 Hardware implementation of the proposed system.

Raspberry Pi doesn't have a built in ADC and thus cannot directly interface the LDRs. The output from the LDRs is an analog signal
ranging from 1 to 4 volts but the raspberry pi can only sense digital signals. That means any non-zero signal is perceived as a logic
high by the raspberry. Thus ADC is needed to convert the analog signal to digital signal, i.e. either logic high or logic low. Figure-3
shows the ADC circuit that was designed for this purpose. The ADC has a set threshold of voltage that is treated as logic high. The
threshold is adjustable and hence provides us a good way of controlling the logic levels.

Check for Changes v
Sun's Detected? = [
position
Bianges Turn ON Stepper
Raspberry Pi f Motor for motion
No

Fig. 4 Working of a stepper motor.

Figure-4 shows the working logic of the stepper motor. Now, using the LDRs, the raspberry pi senses the relative position of the
sun, if the sun is sensed to be exactly above the panel, that is when the sun is perpendicular to the panel, both the LDRs will receive
the exact same amount of sunlight and thereby have the same resistance and will output about 50\% of supply voltage. Which in this
case will be 2.5 volts. Using the ADC's output, the code decides whether the panel should move upwards or downwards.

B. Software Implementation

Fig 5 is the output of the code that's running on the raspberry pi. The code continuously monitors the state of the LDR and sends
commands to the stepper motor controller that in-turn controls the stepper motor. As seen in the figures below, the code has both
auto and manual mode of control facilitating the end user to to be in-charge in-case of any necessity.
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The auto mode is triggered whenever there is a change in the direction of sun light whereas the manual mode can be used by the
customer to set the position of the panel during installation or for other real-time functions which include cleaning the panel or to
make room for other panels to be installed so that more power can be generated from the overall combination.

pi@rpi3b:~/blynk-code $ sudo python main.py

I M /]
1111 _\ 'l

[N\ WY /) SR\
/___/ for Python v0.2.6

Sending Movement Status: No Movement
Mode Selection: MANUAL

Moving DOWN

Sending Movement Status: Moving DOWN
Sending Movement Status: No Movement
Moving UP

Sending Movement Status: Moving UP
Sending Movement Status: No Movement
Mode Selection: AUTO

Fig. 5 Output of coded logic.

By observing the notification of movement or no-movement it can be easily made sure that the system is up and running and in a
proper state as well

Fig. 6 Developed GUI for Auto and Manual control.

Fig 6 shows the developed Blynk GUI for manual and automatic control. In manual mode, the user has complete control over the
direction in which the panel moves and also the speed with which it moves in the appropriate direction. It also shows the actual GUI
implemented using the Blynk app for auto control. When in Auto mode, the manual inputs are disabled and the motor speed is
adjusted accordingly.
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V. RESULTS
After the designing and construction of our product, we placed it on our rooftop along with a stationary solar panel which was kept
parallel to the ground. We did the required connections so that we would be able to observe and note down the voltage and current
given being generated by both the product and the stationary solar panel. We took down the readings of both panels from 9am to
6pm on 8th July 2022, The voltage and current were noted down from the charge controller of the solar panel and the
corresponding power was calculated using the formula W = VI .Results noted down were as such:

Without Tracking With Tracking
Time

Voltage (v) | Current (A) | Power (W) | Voltage (v) | Current (A) | Power (W)
9am 5.50 0.76 4.16 12.20 1.58 19.29
10am 9.00 1331 11.76 13.50 1.72 23.20
1lam 10.50 1.38 14.44 14.00 1.93 26.95
12pm 15.00 2.20 33.00 15.00 2.20 33.00
1pm 13.00 1.93 25.03 15.00 2.22 33.30
2pm 11.00 1.79 19.66 15.00 2.03 30.45
3pm 10.00 1.31 13.06 13.00 1.94 25.22
4pm 8.00 1.79 14.30 12.40 2.04 25.30
Spm 6.00 0.83 4.95 9.40 1.38 12.93
6pm 5.00 0.69 3.44 8.00 0.69 5.50

Table 1 Comparison of outputs of Solar panel with and without tracking.

Power Generated (W)

Without Tracking With Tracking |Average increase (%W)
4.16 19.29 363.80%
11.76 23.20 97.37%
14.44 26.95 86.67%
33.00 33.30 0.91%
24.06 33.00 37.14%
19.66 30.45 54.86%
13.06 25.22 93.07%
14.30 25.30 76.92%
4.95 12.93 161.11%
3.44 5.50 60.00%

Table 1 Percentage increase in output power.

We could observe from Table 1 and Table 2 that our product was generating comparatively higher power each hour. From Fig 7 it
can be observed that at noon, the positions of both the panels were identical hence we could see that the outputs were the same.

Power generated by Solar Panels
B Without Tracking(W) M With Tracking(W)
40

30

20

10:00 AM 12:00 PM 2:00 PM 4:00 PM 6:00 PM

Time

Fig. 7 Plot of output power comparison.
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V. CONCLUSIONS

The product was designed to primarily enhance the performance of a solar panel by making it non-stationary over the standard
stationary design. This allowed the solar panel to follow the sun by rotating horizontally from east to west. Hence the sun rays
always contacted the solar panels at right angle which allowed for the maximum absorption by the solar panel. This created an
overall increase in power output by the solar panel compared to a stationary model.

We were able to design the product such that even with a slight movement in the sun's position, the actuators get triggered and
rotates the solar panel accordingly. Power was taken up by the stepper motor and raspberry Pi from the voltage output of the solar
panel, but due to our architecture of the product, he power taken up was minimal hence not interfering with the main purposes of the
solar panel.
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