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1. INTRODUCTION

Massive consumption of fossil fuels at specific points can affect the depletion of these resources [1].
The formation of fossil energy also takes a very long time and requires very high costs in the production process
[2]. Therefore, renewable energy, such as solar energy, is necessary as an alternative energy source [3].

One alternative energy source is sunlight, a renewable energy source [4], [5]. Indonesia has long
hours of daylight, nearly 12 hours daily, making it the largest solar energy absorber in ASEAN [6], [7]. Solar
energy is energy produced by the heat radiated from the sun. One thing that can be utilized from solar energy
is an endless source of electricity generation [8], [9].

A solar panel is an electronic device that can convert solar energy into electrical energy [10]. Solar
panels consist of an array of solar cells [11]. Solar cells are devices or active elements that can convert light
energy into electrical energy using the principle of the photovoltaic effect [12]. Solar panels are generally
divided into two main categories: passive and active [13]. Passive solar panels are static or do not involve
any electronic equipment to track the sun's position [14]. In contrast, active solar panels are connected to
electronic devices to track the sun [15]. Compared to passive panels, active panels are designed to track all
positions of the sun, thus approaching the typical geometric point [16]-[18].
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With the rapid development of knowledge and technology, various imaging methods are being
applied to address everyday problems. The implementation of imaging methods is widely carried out,
especially in image processing done by computers, commonly referred to as digital image processing. Digital
image processing is a field that studies techniques for processing images and videos digitally using
computers [19]. Image processing is also being applied to active solar panels [20]. Initially, the direction of
active solar panels was controlled using four light dependent resistors (LDRs) as sensors, and then image
processing on solar panels began to be implemented. The addition of cameras and image-based processing
methods significantly reduces tracking errors present in LDR sensor-based active solar panels [21]. This
image processing requires a library to process images or videos to extract information from the data. Open
source computer vision library (OpenCV) is a library developed by intel that focuses on simplifying
programs related to digital images [22]. OpenCV is an open-source computer vision library for C/C++
programming languages, and it has also been developed for Python, Java, and MATLAB [23].

In the application of solar panels, the intensity of light on the solar panels is often disturbed due to
environmental factors. The light intensity emitted by the sun can be enhanced by utilizing light collectors.
fresnel lenses function to focus light or are commonly used as light collectors. There are two types of fresnel
lenses: refractive lenses, which function to refract light passing through the lens, and reflective mirrors,
which function to reflect light [24], [25].

Therefore, this research will design and implement a device that combines a solar tracking system
with a fresnel lens as a concentrator using image processing. The developed solar tracking system is a dual-
axis solar tracking system that can move in both horizontal and vertical planes. A fresnel lens is placed directly
above the solar panel to increase the intensity of sunlight. Then, the system is tested by comparing the voltage
output values of the solar panel before and after using the solar tracking system along with the fresnel lens.

2. METHOD

The design of this solar tracking system consists of a mechanical system, an electrical system, and an
image processing algorithm. Figure 1 shows the block diagram of the sun tracking system. The solar tracker
design has two axes: rotation (pan) and rotation (tilt). The reference positions of the sun are based on altitude
and azimuth. The altitude angle corresponds to the pan, while the azimuth angle corresponds to the tilt. Based
on the block diagram, it starts with the camera capturing the sun's position. Then, it proceeds with image
processing using Python software with hue, saturation, value (HSV) color model, and sun position detection.
Communication between Python and Arduino is established using the PyFirmata library so that Arduino can
control servo movements to align with the sun's position. The placement of the camera and solar panel is
aligned; therefore, when the camera faces the sun's position, the solar panel also faces the sun's position.
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Figure 1. The block diagram of the sun tracking system

2.1. System design

The system has several main components: one solar panel, a USB camera, two servo maotors, two
Arduino UNQOs, and one DC voltage sensor. The designed system is a dual-axis solar tracking system, with
the camera positioned at the top of the solar panel for image capture and processing. The two servo motors
are used to move the solar panel. The first servo motor is designed to move the solar panel horizontally, and
the second is designed vertically. Then, directly above the solar panel, a rectangular-shaped fresnel lens is
placed at a calculated distance so that the light refracted by the lens can cover the entire surface of the solar
panel. Figure 2 shows an isometric view of the overall design along with dimensions.
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Figure 2. Isometric view of the design along with dimensions (mm)

2.2. System schematic

The system has electrical devices that respond to the solar tracker to move the servo motors.
Figure 3 shows the system schematic of the sun tracking system. Based on the information in Figure 3, it is
known that both GND pins of the servo are connected to the Arduino's GND, and both VCC pins of the servo
are connected to the 5 V source on the Arduino. Then, the signal pin from the pan servo is connected to
digital pin 9, while the tilt servo is connected to digital pin 10 on the Arduino.
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Figure 3. System schematic of the sun tracking system

2.3. Image processing window display

The image processing display with the OpenCV platform using Python is designed to show two
windows. The first window will display the camera capture results and the HSV color model settings. Then,
the second window will display the masked results after adjusting the HSV color model.

Figure 4(a) shows the image processing window display. The window display can show the camera
capture results. At the top of the window, adjustments can be made to HSV values by setting the minimum H,
maximum H, minimum S, maximum S, minimum V, and maximum V values. Figure 4(b) shows the masking
result based on the camera capture that has been successfully done by adjusting the HSV values.
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Figure 4. The image processing window displays: (a) camera capture and (b) masking result

2.3. Solar tracking algorithm

The solar tracking algorithm is initiated by capturing images of the sun object with the help of a
camera. Afterward, it proceeds with image processing in Python software. The image processing starts with
capturing images from the camera and then adjusting the HSV so that the object can be detected based on the
masking result. Then, in the image processing results, a check is made to determine whether the sun's
position is in the camera's center. At this stage, sun detection is divided into two axes, X, and y, based on the
screen's pixel size displayed from the image processing results. The screen pixels defined in image
processing are 640x480. So, the x-axis ranges from 0 to 640, and the y-axis ranges from 0 to 480. Therefore,
the center point on the camera can be defined at the coordinate position (x, y). The center point based on the
screen pixels is (320,240). Suppose the sun's position is not in the center of the camera. In that case, the
image processing will read the contours detected by the camera and then convert the center point of the
detected contour into frame coordinates. After that, the frame coordinates of the center point of the contour
are converted into servo motor rotation angles. In the frame coordinate, the x-axis ranges from 0 to 640
becomes 0° to 180°, and the y-axis from 0 to 480 becomes 30° to 150°. Then, the converted angle from the
center point of the detected contour based on the frame coordinates will be the input angle for the servo
motor. Based on Figure 5, the light object has been successfully detected according to the masking result. At
that time, the light was not in the center of the frame, so the servo motors moved accordingly to a certain
angle, as displayed on the serial monitor on the left side of Figure 5.
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Figure 5. Solar tracking system test
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2.4. Calculation of the distance between the fresnel lens and the solar panel

For the refractive lens type of fresnel lens, the refracted light is focused at a specific focal point with
a particular focal length. Figure 6 illustrates the required distance for the diffracted light to cover the receiver
surface. (x) represents the distance between the fresnel lens and the receiver, with a specific focal length
denoted as f. To find the distance between the fresnel lens and the receiver, simple trigonometric functions
are used on the flat plane triangle, as the diffracted light by the fresnel lens generally converges at one point
and forms a flat plane triangle [26] shown in (1):

tanA = tanB Q)
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\ | / |x \ |

\ Receiver
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Figure 6. Illustration of calculating the distance between the fresnel lens and the solar panel

2.5. Data acquisition

The data acquisition process was conducted simultaneously on passive solar panels (without tracker
and fresnel lens) and active solar panels (with tracker and fresnel lens). The testing lasted 6 hours, starting at
09:00 AM and ending at 03:00 PM. Data collection of the output voltage values from both solar panels was
done every 15 minutes. After obtaining the research data, the output voltage data was analyzed and compared
in graphs.

3. RESULTS AND DISCUSSION
3.1. Calculation of the distance between the fresnel lens and the solar panel

The chosen fresnel lens for this system is rectangular, with dimensions of 400x300 mm and a focal
length of 600 mm, and made of plastic. The choice of fresnel lens is adjusted to the dimensions of the solar
panel, which has dimensions of 350x235 mm. In (2) shows that the distance between the fresnel lens and the
solar panel is 75 mm or about 80 mm so that the diffracted light can cover the entire surface of the solar
panel.

tanA = tanB 2
200 _ 175

600  600—x

x = 600 — 525
x =75 mm

3.2. System realization

The designed system consists of a base-shaped beam at the bottom. Then, there are Y-shaped poles
for placing the solar panels and fresnel lenses. Figure 7(a) shows the system realization and implementation.
On the other hand, Figure 7(b) shows the part at the bottom of the base, where there is servo motor 1 (pan) to
rotate the vertical shaft. Servo motor 1 is connected to a GT2 timing pulley with a bore diameter of 6 mm. On
the vertical shaft, there is also a GT2 timing pulley connected with a bore diameter of 10 mm. To enable the
vertical shaft to rotate, the servo and the vertical shaft are connected with a 6 mm wide GT2 belt. Figure 7(c)
shows the placement of servo motor 2 (tilt) to rotate the horizontal shaft. Servo motor 2 is connected to a
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GT2 timing pulley with a bore diameter of 6 mm. On the horizontal shaft, there is also a GT2 timing pulley
connected with a bore diameter of 10 mm. To enable the horizontal shaft to rotate, the servo and the
horizontal shaft are connected with a 6 mm wide GT2 belt. Figure 8 shows that with a distance of 80mm
between the fresnel lens and the solar panel, the light refracted by the fresnel lens can cover the entire surface
of the solar panel.

(b)

Figure 7. System implementation: (a) the system that has been created, (b) the vertical shaft motor
component, and (c¢) the horizontal shaft motor component

Figure 8. The distance between the fresnel lens and the solar panel

3.3. Comparison of output voltage between passive solar panel and active solar panel with fresnel lens

After experiments on both solar panels have been conducted simultaneously, a table comparing the
output voltage results from both testing conditions of the solar panels is shown in Table 1. Based on Table 1,
the position of the solar panel relative to the sun and the level of light intensity entering the solar panel affect
the output voltage value of the solar panel. This is shown by the fact that, at the same solar radiation value
and time, the solar panel with a solar tracker and fresnel lens has a greater output voltage value than the solar
panel without a tracker and a fresnel lens. Based on Table 1, the output voltage value of the passive solar
panel reaches its highest point at 12:45 PM, measuring 6.84 V, and its lowest point at 09:45 AM, measuring
5.98 V. The highest output voltage value of the active solar occurs at 2:30 PM, measuring 8.04 V, while the
lowest output voltage value occurs at 9:30 AM, measuring 6.89 V. The average output voltage value on the
active solar panel is higher than that of the passive solar panel. The average output voltage in the active solar
panel is 7.53 V, while in the passive solar panel, it is 6.38 V. This occurs because the light intensity received
by the active solar panel is higher than the passive solar panel. If the solar panel always remains
perpendicular to the sunlight, the output voltage will also increase. And, of course, it significantly impacts the
amount of electrical energy generated daily. A fresnel lens is added to the system in the active solar panel.
Thus, the increase in light intensity entering the solar panel can be enhanced using a fresnel lens that
concentrates light. Therefore, by combining both of these systems, the output voltage value generated by the
active solar panel can increase significantly.

Figure 9 shows a graph comparing the two solar panels. Based on the graph, it can be seen that the
solar panel implementing the sun tracker with a fresnel lens has a higher graph compared to the solar panel
without the sun tracker and the fresnel lens. According to the results of the experiments on both solar panels,

Bulletin of Electr Eng & Inf, Vol. 14, No. 2, April 2025: 845-853



Bulletin of Electr Eng & Inf ISSN: 2302-9285 a 851

the average output voltage value increased by 18.02% after implementing the solar tracking system and
adding the fresnel lens. This is because in the active solar panel, the solar panel's position can always face the
sun, and the light intensity is higher due to the light diffracted through the fresnel lens.

Table 1. Comparison of output voltage between passive solar panel and active solar panel with fresnel lens

Time Output voltage of passive solar panel (V)  Output voltage of active solar panel with fresnel lens (V)
09:00 AM 6.21 7.19
09.15 AM 6.15 6.95
09:30 AM 6.10 6.89
09:45 AM 5.98 6.96
10:00 AM 6.13 7.02
10:15 AM 6.05 7.18
10:30 AM 6.26 7.29
10:45 AM 6.27 7.35
11:00 AM 6.18 7.33
11:15 AM 6.20 7.34
11:30 AM 6.18 7.66
11:45 AM 6.49 7.97
12:00 PM 6.67 7.88
12:15PM 6.71 7.95
12:30 PM 6.79 7.84
12:45 PM 6.84 8.01
01:00 PM 6.74 7.55
01:15PM 6.62 7.82
01:30 PM 6.59 7.84
01:45 PM 6.67 7.65
02:00 PM 6.25 7.71
02:15 PM 6.31 7.78
02:30 PM 6.81 8.04
02:45 PM 6.19 7.53
03:00 PM 6.13 7.61

Companison graph of output voltage between passive solar panel dan active solar panel with
fresnel lens
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Figure 9. Comparison graph of output voltage between passive solar panel and active solar panel with fresnel
lens

4. CONCLUSION

The design results prove that camera image processing has been successfully designed and
implemented in the solar tracking system. Applying a fresnel lens to diffract light onto the entire surface of
the solar panel requires a distance of about 80 mm. Based on the research, the position of the solar panel
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relative to the sun and the level of light intensity received by the solar panel affect the output voltage value of
the solar panel. This can be proved by the fact that, at the same solar radiation value and time, the solar panel
with a solar tracker and fresnel lens has a higher output voltage value than those without. The solar panel
with a solar tracker and fresnel lens has a higher average output voltage value, which is 7.53 V, compared to
the passive solar panel, which has an average output voltage value of 6.38 V. By implementing a solar
tracking system and a fresnel lens, the solar panel can operate at its optimal conditions at all times. This is
evidenced by the average output voltage value increasing by 18.02% after implementing the solar tracking
system and adding the fresnel lens.
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