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Abstract

During the daily sun cycle, the falling rays are of varying intensity on the solar panel reducing the energy generated from it. This is evident
in the energy production of solar panels that are installed on the slanted surfaces of homes scattered in the rain regions of the world. In this
research, the reasons for the low efficiency of energy production of solar panels that are installed on the A-frame designs of homes were
studied and solved. The design of an integrated tracking system is developed based on fuzzy logic control using an open source code that
can be easily modified. The performance and characteristics of the solar tracking device are tested experimentally to test its suitability for
use with slanted roofs homes. The integrated solar localization system offers economical and efficient solar monitoring, as well as open
source programming, which allows for future improvements and changes. In addition, the single-axis fuzzy tracking system was good for
moving both panels in less than five seconds towards the sun. The adoption of the proposed design provides an extremely accurate tracking
system and therefore, maximizes the potential of power generated by the solar panel since it will meet the sun's rays from dawn to dusk.
The economic effect of the proposed design is to approximately double the value of electrical power received compared to the fixed design.
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where the angle is vertical between the falling sun and the solar
panel using active or passive control system. In this research, design
a Fuzzy controller system to control the altitude direction of the so-

1. Introduction

The sun is one of the elements of sustainable energy. So researchers
are focusing on inventing new ways to maximize solar power. The
new technology has succeeded in generating electricity from the
sun by collecting the sun's rays by the so-called solar panel. A solar
panel is a group of solar cells that are connected serially to each
other. The physical concept of the solar panel is to convert the sun
into electrical energy as long as this radiation falls on the cells of
the solar panel. However, as a result of the daily sun cycle, the fall-
ing rays are of varying intensity on the solar panel reducing the en-
ergy generated from it. [1-3] to maximize energy collected from sun
by solar panel, a solar tracking system is developed. Single-axis so-
lar trackers moving on single direction, which include several types
such as polar aligned, vertical, horizontal, and tilted. The dual-axis
solar tracking system has the ability to move on two different axes.
Such systems continue to guide solar panels to the direction of sun-
light. Therefore, the maximum possible energy generated from so-
lar panels is supported by dual-axis tracking systems. This is evi-
dent in the energy production of solar panels that are installed on
the slanted surfaces of homes scattered in the rain regions of the
world. Features in A-frame designs are the gable roof that extends
almost to the ground level for rainwater drainage. These surfaces
have been used to install solar panels. Since these surfaces are ap-
proximately opposite, the light falling on them will be more intense
on one side than the other, as shown in Figure (1). In particular, and
to solve this problem, one axis tracking systems will be included in
the solar panel. The idea of the tracking system that is integrated
with the solar module is based on the principle of the sunflower
work (Helianthus annuus). i.e. its function is to track the position of
the sun during its daily session. To locate the sun, a number of light
sensors are used to determine the position of the sun with high pre-
cision. the sun positions signals where collected from sensors are
sent to the main processing unit. Solar panels are directed to the site

lar panel using linear actuators. The microprocessor (AT-
Megal6U2) is used here as the main processing unit for the embed-
ded tracking system. The proposed system is appropriate in terms
of design and cost to solve the problem of houses with A-frame de-
signs as will be seen in the following paragraphs. [4-6].

Fig. 1: Sun Path During Winter and Summer Sessions.

2. Embedded solar tracking system

There are three design elements that can achieve maximum energy
production using solar panels, as follows: First of all, it studies the
current problem and develops an algorithm to solve it optimally.
Secondly, design a high-resolution sensor node to detect the inten-
sity of light falling on the solar panel.

Third, the design of a rapid response control system able to identify
the descending angle of the solar beam and generate high precision
solar coordinate data. As a result, the adoption of the above design
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points provides an extremely accurate tracking system and there-
fore, maximizes the potential of power generated by the solar panel
since it will meet the sun's rays from dawn to dusk. The proposed
research focuses on design and simulation of a prototype of the in-
tegrated solar localization system. This model will cover the scope
as follows:
e  Guide two solar panels at an angle from — 45° to 225° verti-
cally.
e  Use two light sensors a light-resistant type (LDR).
e Using fuzzy logic control theory (FLC) to analyze the data of
the sun's fall, and then control the angle of the solar panels to
achieve maximum power.

3. Related work

The tracking system for solar movement during the day is an essen-
tial part of the conversion system of solar energy into electricity.
Where many researchers and companies specialize in the develop-
ment of new tracking methods. The earth needs a full year to orbit
in an orbit called elliptical as the center of this orbit is the sun. The
equatorial level and celestial earth intersect at the polar axis and
celestial level. The sun moves to the earth in a slant at the celestial
equator at an angle of 23.458 degrees. Where the angle of solar de-
viation (8) is equal to zero in the days 20/12 and 22/23 of March.
[5-71.

The Earth circulates around the polar axis only one cycle. This can
be illustrated by the simultaneous determination of the Sun's posi-
tion hour angle (v) generated by the rotation of the celestial sphere
around the polar axis. The hour angle is equal to zero at noon while
increasing in the east. The horizon is a large orthogonal circle with
the vertical axis figure 2. The latitude (¢) of the position can be
defined as the angle formed by the radial line that joins the position
at the center of the earth and subtracts the line at the equatorial level.
The axis of rotation of the Earth crosses the surface of the Earth at
90° north latitude and 90° latitude of the South Pole. Any point on
the earth's surface can be described by the intersection of latitude
and a longitude angle (6). Many surveys are carried out to calculate
the solar positions and define the relationship between the estab-
lished parameters. Walraven uses a FORTRAN program to calcu-
late the value of the parameter for the Sun position within 0.018 of
precision. The calculated parameters were elevation local azimuth
real times and time decline sunset and sunrise (7).
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Fig. 2: Graphic Depiction of Solar Angles [5].

In the fixed solar collectors, the projection of the collector area at
the orthogonal level to the directions of the solar radiation is given
by the cosine function of the angle of incidence (0) as shown in
Figure 3. The greater value of (8) angle is the lower the power. The
energy generated by theoretical calculations using a localization
system approach at 1000 w / m? in the orthogonal region with radi-
ation (So). [8] [9].

Fig. 3: Graphic Depiction of Solar Angles [8].

Therefore, the accumulated energy over 12 hours a day of the track-
ing system is greater compared to the energy generated by the fixed
systems being facing the sun during noon only. Two common types
of tracking systems are single-axis and two-axis. The two-axis
tracking devices are more precise by directing the solar panel to-
ward the sun. Generally, the choice of one type of tracking system
depends on several factors including the nature of the use, accuracy
required, and cost. As mentioned above, solar energy is very useful
for generating electricity used in homes, factories, and other appli-
cations. In this paper, the emphasis was placed on the efficiency of
energy generated by the solar panel installed on the roofs of build-
ings or houses with slanted surfaces. Such houses are scattered in
the rainy areas where architects have found a way to drain rainwater
on roofs of buildings or houses in geographical areas that are char-
acterized by a lot of rain during the year. Accordingly, two or more
panels (depending on the surface area of the house and the solar
panel used) are installed on both sides of the slanted surface as
shown in Figure (4). Therefore, the maximum capacity of the panels
will be produced alternately according to the path of the sun and
geographical house coordinate thus reduce the efficiency of energy
production. This problem was adopted as a motive that requires
finding solutions in this research. [10-12]

Most researchers in the development of solar tracking devices did
not address the improvement of energy generated from the solar
panels installed on the houses with slanting type roofs, so this re-
search will study the amount of power generated from solar panels
installed on the roof of these homes and then find practical and the-
oretical solutions to improve the production of energy.

Fig. 4: Solar Light Intensity Based House Graphic Coordinate.

4. Embedded system designing approach

A one-axis solar tracking system that controls two solar panels will
follow the sun during the daily movement of the sun in a single
vertical position. The tracking process is performed using a two
light sensor. The data of all the sensors will be read and compared
to the fuzzy controller where the solar panels move to the position
of the sun using two linear actuators. Figure (5) shows that the angle
at which the first solar panel moves differs from the other panel
angle based on the angle of falling sunlight. The positivity features
of the proposed system are to obtain the maximum capacity of the
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solar panels using a simple adjustment and the lowest material cost
compared to the energy generated.
Noon Time

4 Sun Set Time

Sun Rise Time

Fig. 5: The Various Altitude Angles for Solar Panel According to Sun Po-
sition.

5. System design

The hardware used in the system can be described in simple com-
ponents, starting with the main part of the systems which acts as the
main controller of the system. The ATMegal6U2 based on a
16MHz CPU as the main processing unit that has a number of
GPIOs that link the board to four LDR sensors and the two linear
actuators that are connected to the Solar Panel and a digital voltme-
ter.

The illumination level in the LDRSs is changing with the sun posi-
tion changes. Therefore, the comparator voltage is no longer equal
to zero volts, so the output of FLC generates information to linear
actuators that make the panels turn to follow the sun. LDR1 and
LDR?2 are regulated such that the linear actuator is stills when the
LDRs get the same amount of sunlight i.e. the Verror voltage is
equal to 0 volts. Verror is then fed to two fuzzy logic controllers in
which each controller is responsible for operating of a linear actua-
tor. Figure 6 shows the general architecture of the system. [13-16]

Altitude
FLC

<

Fig.6: General System Architecture.

6. Simulation of slanted roof solar tracking sys-
tem

The Simulink complete fuzzy logic system controller for solar
tracking is built using the Matlab package software R2017a and
shown in figure 7. The simulation of the proposed design is started
with input layer in which the sensing sunlight are fed from LDRs.
Sun position Detecting layer can be defined as a comparison circuit
for left and right LDRs voltages which called error voltage (Ve =
VI - Vr). The error voltage is fed to a single stage of FLC where
FLC Function is for placing on each Solar Panel at 90° with respect
to sunlight by controlling both altitudes of Solar Panel. The output

of the FLC ranges from 0-100% duty cycle per assist device con-
nected to two linear actuator driver blocks. The main function of
the system controller is to have the solar tracking speedy follow the
input position profile by accelerating at a constant rate to reach the
set speed and then to same deceleration Speedwell to stop. The lin-
ear actuator layer consists of a controlled Voltage source and direc-
tion that includes up to four power switches connected in a bridge
configuration to feed single linear actuator motor. [13]

7. Evaluation criteria

The efficiency of the proposed system for buildings with inclined
surfaces is compared with the fixing systems. The difference in the
percentage accumulated between these systems will be recorded for
8 hours and different angles. Furthermore, the weather was classi-
fied as cloudy and partly cloudy. Finally, the response time of the
system is calculated.

8. Results and discussion

The results indicate that the tracking system showed an increase in
voltage throughout the day in contrast to the fixed system figure 8.
In the fixed system, although one solar panel is encountered at 90
degrees at a given time of day, the total voltage of this system is
much lower than the proposed tracking system. The reason is that
the intensity of the sunlight is on only one panel. While we observe
that in the tracking system, the intensity of the sunlight on the pan-
els is equal, generating the maximum energy from both. Figure 8
shows a significant difference in energy percentage in both systems
over most of the hours except in the noon, where the energy differ-
ence in both systems is low.
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Fig. 7: Simulink Diagram of Shows Part of Research Proposed Fuzzy Solar
Tracking System.

In contrast, in the proposed tracking system, both panels are ex-
posed to the same amount of light intensity that occurs throughout
the day. Both fixed and proposed tracking systems show little vari-
ation during the first hour of the day, but the difference becomes
apparent later because the energy generated by the tracking device
is due to the gathering of the two solar panels; this also applies to
the hours of sunset. In the evening, the difference becomes equal
between the two systems because of the lack of daylight, although
the solar panels face the sun. Figure 9 shows the time needed to
reach the correct angle of the solar panel are less than 5 seconds. In
order to clarify this, the day can be divided into two parts relative
to the time taken to direct the solar
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Fig. 8: Percentage Power Difference between: Right and Left Solar Panels
With Tracking System (Red Curve), Static and Track Systems (Blue Curve)
For The Sunny Day.
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Fig. 9: Time Delay Measurement for the Proposed Tracking System.

panel (time delay), sunrise and rest of day. Each of the panels is
assumed angled at a 45°, as shown in Figure 10. During the sunrise,
where one of the panels almost face the sun and thus need a little
time to adjust its position, while the second panel is far from the sun
where it must move at an angle of 90 to face the sun and therefore
the time required to be large. For the rest of the day, the delay time
is equal to both panels due to continuous monitoring of the sun. For
example, the two panels are moved approximately with the same
ratio until the right panel returns to 45° angle while the left reaches
90°.

LSP Sensor

Fig. 10: Installation and Variation of Solar Panels Angle at a Sunrise Time.

For 10° of solar panel deflection from the reference level (0°) in
plane altitude, the linear actuator motor with 1.8° is required for
five angular steps to reach the reference level as is shown in fig. 11.
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Fig. 11: The Angular Velocity and Position at 10° Altitude Movement for
the Right Linear Actuator.

9. Conclusion

One-track tracking systems have solved the problem of low energy
efficiency generated by solar panels used on slanted roofs. As the
amount of energy generated by the systems is less than those that
use the proposed system and specifically to those that prove on
slanted surfaces. Demonstrate the efficiency of the fuzzy controller
by processing data received from sensors and show accurate results
of the sun location and follow-up it. In addition, the single-axis
fuzzy tracking system was good for moving both panels in less than
five seconds towards the sun. Doubling the electric power generated
by the proposed design compared to the energy output of the fixed
design. This increase in energy generated is due to the adoption of
the proposed traceability system, because solar panels will meet the
sun's rays from dawn to dusk. In addition, the proposed tracking
system of houses or buildings with sloping surfaces can be used re-
gardless of the weather is cloudy or partly cloudy.
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