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1. INTRODUCTION

The continuous and rapid development of the industrial and agricultural sectors have increased the
demand for renewable energy sources, including the energy generated from solar panels. Solar energy is an
inexhaustible energy regardless of the increased demand for electricity and is clean energy that does not
cause any environmental damage. It reduces the use of traditional energy which is threatened with depletion
as well as having negative impacts on the global ecosystem [1], [2].

Many countries have produced great efforts to increase the efficiency of solar cells because they are
considered as the largest source of clean energy. One method to increase the efficiency of the solar cell is to
keep the cell surface perpendicularl to the sun as long as possible [3]. This method is followed in this
research, where the optical resistors type light-dependent resistors (LDR) is used as a sensor system to
determine the location of the sun for solar panels. All research on solar energy have focused on the search for
the possibility of investing as much sunlight as possible to increase the efficiency of solar cells [4], [5]. The
efficiency of the tracking system that has been implemented can be calculated by (1).

total power of solar tracking system—total power of solar fixed system *100

Efficiency =

1)

total power of solar fixed system

Journal homepage: http://ijeecs.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

1380 O ISSN: 2502-4752

If we can make solar panels vertical with the sun continuously as they move across the sky from east
to west, we will be able to get maximum power as possible. What we need is a solar tracking system that
keeps the panels facing the sun throughout the day and automatically [6], [7].

Mohd Said et al. [8] the development of dual axis solar tracker with the internet of things (1oT)
monitoring system, and using Arduino Uno as a primary controller was discussed. To detect sunlight and
increase light intensity, four LDR were used, also two servo motors were uutilized to move the solar panel
toward the detected sun's light source by the LDR. The proposed system was tested and compared to one
axial solar tracker. The result showed that the dual axis solar tracking system produced more power, current,
and voltage.

Ibbini and Adawi [9] a dual maximum power point tracker (dual-MPPT) was presented and
simulated using MATLAB SIMSCAPE to get the global maximum power point (GMPP) under partial
shading conditions for a solar photovoltaic module. Dual maximum power point (MPP) trackers are more
efficient than conventional single MPP trackers and have more sensitivity to partial shade. Several features
can be gotten by using dual MPP trackers, such as the ability of connecting two groups with different row
sizes or several solar tilts within high productivity. This paper focus on using dual MPP trackers to make the
photovoltaic system work at highest achievable power under partial shading condition to attain the
convergence to the global maximum power point GMPP. Most other papers work on dual axis, such as [10],
[11]. Therefore, this research focuses on increasing the power of electricity production from solar panels by
designing a solar tracking system using the hybrid control type Controllino.

Yousef [12] developed a fuzzy logic algorithm to control sun tracking system based on computer
control. To drive the control motors signals for each direction (north-south and south-east) a list of fourteen
linguistic rules are taken place. Such as IF e(k) is The u(k) and is B. Many lab experiments are tested for
given direction of sun tracker, all tested shows the ability of the system to truck the lights.

Watane and Dafde [13] by taking the sun as a main source or the guide to implement the developed
hardware for tracking system, an automatic solar tracking system (ASTS) system is implemented to track the
light depends on the sun movement instead of earth movement. In a result, the higher efficiency work is
around 25% to 30% of energy is generated and the consumption is very low.

Nguyen and Ho [14], The researchers used a light-dependent resistor (LDR) in order to obtain the
highest possible level of electrical power generation through the model that tracks the coordinates of the sun
in order to obtain the highest level of light intensity, so that the motors, by receiving signals from the central
processing unit, change the direction of the solar panels to a certain direction so that it senses the highest
degrees of light brightness. Rashwan and Jailany [15] the researchers deal with controlling the solar panel at
two axes by using four lights dependent resistor (LDRs) as sensors, stepper and direct current (DC) motors as
actuators (M1, M2) and microcontroller PIC16F877A as a controller unit.

Mehdi et al. [16] the study associated by means of the designing and manufacturing process of
single axis tracker device by using photo voltaic conversion panels. This solar tracker system assures the
conversion optimization of electricity from the source of sun energy by proper using of orientated
photovoltaic panel in a manner conforming to the actual direction of sun. Experimental system based on the
function of DC motor, which is controlled by dedicated drive astutely so as to move the PV panel in
accordance with the signals be given as of effective light sensors.

Mallick et al. [18] a mobile prototype of single-axis solar tracking system with the light follower
robot based on PIC microcontroller has been proposed. Here we build a light tracking or following robot that
moves to the direction of the highest intensity of sun light. In addition, an individual automatic solar tracking
system is also mounted. To improve the power efficiency, a simple white reflector is used in this system.

Allamehzadeh [18] focuses on the design of a sun tracker system using four LDRs sensors and
electronic control circuits. Two LDR sensors adjust the array inclination angle during the day (East-West)
while the other two LDR sensors adjust the tilt angle of the solar array seasonally (North- South). The solar
array assembly uses two actuators (dual-axis) to track the sun daily and seasonally. MPPT algorithm is
employed to guarantee the maximum power transferred from the solar array to a load.

In this paper, to track the sun rays by designing and implementing a solar tracking system with
hybrid controller type (controllino), which a hybrid controller that combines the programmable logic
controller (PLC) and microcontroller. The system includes solar panels, stepper motors, hybrid controllers
were used in addition to the computer software needed to write and upload the software program. Figure 1
shows the real picture of the solar tracking system that was built:
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Figure 1. Solar tracking system that has been built

2. SOLAR TRACKER

The solar tracker is basically a solar panel device that can track the movement of the sun across the
sky and ensure that maximum sunlight is projected onto the panels throughout the day [19]. After finding the
sun, the tracking system will work to find the optimal location of the panels that gives the largest amount of
solar energy [20]. The design of the solar tracking system needs many basic components that can be divided
into five main sectors as presented in next section.

2.1. Methods of tracker

In this subsection, two tracking methods are covered in detail. The classification of these methods is
conducted according to the number of axes through which the location of the sun is tracked. The methods are
single and double axis solar trackers.

2.1.1. Single-axis solar trackers

The single-axis solar trackers can have a horizontal or vertical tracking axis. Horizontal control
systems are used in tropical regions where the afternoon time is very long, while the rest of the time is short.
Vertical control systems are used in high latitudes where the sun is not very high, but summer days can be
very long. The single-axis tracking system is the simplest and most common solution for easy control system
construction [21]. Figure 2 shows a single-axis solar tracking system using a horizontal axis.

Figure 2. Single-axis solar trackers using the horizontal axis

2.1.2. Double axis solar tracker

The two-track tracking system is a double-tracking system for both horizontal and vertical axes so
that the exact movement of the sun can be tracked anywhere in the world accurately. Figure 2 shows a solar
tracking system using a horizontal and vertical axis. This type of tracking system is used to control the
movement of astronomical telescopes. Using this type of tracking system, solar panel efficiency can be
increased by 30-40% [22]-[25] in this research, a two-axis tracking system, based on photo resistors (LDR),
was used to determine the location of the sun for the panels.
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2.2. Senor system

The sensor system is an important part of the solar tracking system by which the location of the sun
is determined. The sensor system consists of four photo resistors (LDR) distributed over the four directions
(east, west, north, south), each of which determines the intensity of the light source. The four sensors are
divided into two groups (East/West) and (North/South). In the East/West group, the intensity of the light is
measured by both East and West sensors and compared with the algorithm built and upload into the hybrid
control.

If the signals are different, the algorithm will calculate which sensors give higher light density than
the other, the system will push the panels a step towards the sensor with the highest light density. If the
intensity of light for both sensors is equal, that meaning the solar tracking system has achieved the stability of
the panels with the sun and thus will maintain the angles of the stepper motor of the set (East/West) fixed and
the same applies to the other group.

The photo resistance LDR is a light-sensitive resistance made of highly conductive semi-conductive
materials whose resistance changes from about 1,000,000 ohms to zero ohm when light falls. Engineers have
benefited from this in many control systems that depend on the amount of light falling These systems include
solar tracking systems. Figure 3 shows how photo resistors are used to determine the position of the sun. This
is done by reading signals coming from photo resistors, each representing a particular direction. The four
signals are compared and the exact position of the sun is determined.

Figure 3. Optical resistors and positioning system

2.3. Motors and driver circuit

In this research, two stepper motors were used to control the motion of the panels. Since the hybrid
controller is used, we do not need drivers circuits to drive the stepper motors rotations because the new
controller gives sufficient power to the stepper motors. In Figure 4, the first motor controls the motion of the
solar panels horizontally while the second motor controls the vertical direction of the movement of the solar
panels. The Gearbox system is also used to increase the torque and stabilize the solar panels so that they are
not affected by external factors such as wind and others.

6,

Figure 4. Effects show the first stepper motor with the gearbox system

Figure 5 shows the block diagram of the solar tracking system in its full form of light intensity
sensors and hybrid Controllino in addition to linear motors and solar panels. The hybrid controller takes the
signal from the photo sensor, where it analyzes the signal and gives the appropriate output that ensures the
rotation of the two stepper motor at an angle that ensures that the solar panels remain perpendicular to the
sun.
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Figure 5. Shows the block diagram of the solar tracking system

2.4. Hybrid controller (Controllino)

Controllino is a hybrid controller that combines the advantages of a programmable logic controller
(PLC) and microcontroller. Where the dominant control proposed in this research is reliable and stable at
work and robust via the external disturbances that can occur during the operating time. The purpose control
has the ability to withstand high electrical currents and the controlling has the flexibility of microcontrollers
in terms of speed, programming possibilities and the ability to handle a large number of inputs and outputs.
In addition to the fact that the software of this controller is open source, which makes the cost is very low and
the software is free and unprotected from the production companies.

The controller (Controllino) that has been used in this study is a modern control and works
accurately and with high stability and gives accurate comparison results even if the atmosphere is cloudy as
shown in Figure 6. The digital and analogue input/output units, which are similar to the input and output units
of the microcontrollers.

4x Relays Output
230V/6A e L —

< R6 CMN R7 RS R9 71 GNQL 12v/24VDC
12x Digital Output 13
2A @12V or 24V 2
2
=
o

Input Voltage (max. Ratings):
10.8-13.2V or 21.6-26.4V
Input Current (max.): 20A

overload / short-circuit prove
0 D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 [EKCIPEE.

Pin Header

PWM

998 90000000060000
for direct Processor contact
RO@ @rS %
Status LED e e | 2o 2x serial Interface

In-/Outputs 20 @ss Q@R 1x 12C Interface

B Q@a RBROOrs

@ @IN0 R @ @RS 1x SPI Interface

Overload AS@@IN: | Ds@ @011

Ethernet
Connector

Reset @ontgino) MAXI
12ve - ovt
25V » RST— .
USB Port

9200060000000006000

AO AL A2 A4 A5 A6 A7 A8 A9 INOIN1

=
&
-]

ETH

12x Analog/Digital RS485 Interface
Input

0-12V or 0-24V

xRel

ToxRolay6a 1| INPUT
.
L sen j

6x Relays Output
230V /6A

Figure 6. The hybrid controller type (Controllino)

2.5. Tracker algorithm

After reading the signal of each light resistance, the signals are entered into the control, where the
algorithm is applied through which the analysis of the signals coming and give the right decision to rotate the
stepper motors at the angles required to ensure that the surface of the solar panels be vertical with the sun and
continuously throughout the day. The flowchart shown in Figure 7 shows the mechanism of the tracking
algorithm and sensor signal reading processes and how to give the appropriate output signals to guide the
solar panels in the right direction as well as to read voltages and currents generated from the panels during
the daytime. Note that at first the system is activated and then read signals generated by the sensor system
(x1, x2, x3, x4), which represent the reading of each sensor (East, West, North, South) respectively. The
algorithm then compares the input signals to the control and analyzes them to determine the location of the
sun. If there is a difference in the readings of the photoreceptors, the hybrid control will move the step motor
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towards the sensor that gave the largest amount of light intensity. When signals coming from photo sensors
are equal, this means that the panels stand perpendicular to the sun.
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Figure 7. Flowchart of the solar tracking system operation

3. RESULTS

Several metrics were collected in this paper in order to test the proposed method. The output of
voltages, currents, and obtained power from fixed solar panels at (45°, 30°) angle and solar panels associated
with the solar tracking system is shown in Table 1. These results were measured from 6:00 am to 7:00 pm
and were recorded every hour.
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Table 1. Voltages, currents and power obtained from fixed and tracking solar panels
Solar Tracking System Fixed panels at (45°) angle Fixed panels at (30°)angle
Power Current  Volt Power Current  Volt Power Current  Volt Hours
(mw) (mA) (V) (mW) (mA) (V)  (mW) (mA) (V)
1346.876  197.2  6.83 1664.7 2358  7.06 2038.5 260.1  7.83 am 6:00
1333.48 196.1 6.8 1613.5 2321 6.95 1497.0 2232 6.71 am 7:00
1621.12 217.6 7.45 1558.0 228.2 6.78 1282.2 206.3 6.21 am 8:00
1838.284 232.4 791 1544.9 227.1 6.73 1269.8 205.3 6.18 am 9:00
1845311 2327  7.93 1535.3 226.4  6.78 12535 2041 6.14 am 10:00
1857.915 233.7 7.95 1535.2 226.4 6.8 1237.2 202.8 6.10 am 11:00
1821.068 2311 7.88 1512.7 2247  6.83 1217.0 201.3  6.05 am 12:00
1839.76 232 7.93 1499.3 223.7 6.7 1197 199.5 6.00 pm 1:00
1837.493 232.3 791 1424.3 218.1 6.53 1169.2 197.1 5.93 pm 2:00
1828.902 2318 7.89 1385.2 2150 6.44 987.6 181.2 545 pm 3:00
1860.138 233.1 7.98 1338.6 211.4 6.33 370.9 111.0 3.34 pm 4:00
1870.4 233.8 8 1051.1 187.3 5.61 0.0532 1.33 0.04 pm 5:00

1801.8 231 7.8 18.2 24.7 0.74 0.0133 0.665 0.02 pm 6:00
893.048 161.2 5.54 0 0 0 0 0 0.00 pm 7:00
23.6 mW 19.21 mW 14.7 mW Total Power

From the results shown in Table 1, the total power (Ptotal in mW) which gets, through measuring
time period (6:00 am to 7:00 pm), is (23.6 mW) with solar tracking control system and it is (19.21 mW and
14.7 mW) with Fixed panels at (45° and 30°) angle respectively. That means the total power (Ptotal in mW)
which gets with solar tracking control system is more than with fixed panels. Also the efficiency of the
designed system with solar tracking control system is better than the fixed panels at (45° and 30°) angle
respectively as (2) and (3).

23.6—19.21

Power efficiency = 921

*100 =22.8%. (tracking system compared with fixed angle of (45°)) (2)

23.6—14.7

Power efficiency = e *100 = 60.5%. (tracking system compared with fixed angle of (30°)) 3)

Figure 8 show that the red response represents the response of the obtained power when the solar
tracking system is used. The green response represents the obtained power of the fixed solar panels at (45°)
while the blue response represents the obtained power of the fixed solar panels at (30°) degree. According to
the mentioned figure, the power obtained from the solar tracker system is constant with time and more stable
comparison with the constant angle systems while the obtained power dropped after the sun passing the fixed
panels angle whether (30° or 45°). For example, the fixed panels at angle (45°) mean the solar system face to
East, after the sunlight overtakes noon to the sunset location, the obtained power dropped dramatically, and is
also can be exactly to in case of (30°) angle.
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Figure 8. Output power response obtained from the fixed and solar tracking system

4. CONCLUSION

The sun tracking system based on hybrid controller (PLC-microcontroller) has been proposed and
designed. The proposed system can track the sun through a set of LDR sensors and then orient the panels
with a hybrid controller and stepper motors. This system can work properly irrespective of weather
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conditions and location. Specifically, it gives a working software solution for maximizing solar cell output by
positioning solar panels at the point of maximum light intensity. This study presents the way to search for the
sun, track it, and self-adjust the system at the beginning of the next day. Results show that the proposed
tracking system that was built and based on the hybrid control has low cost, fast and flexible control
withmore total power and high power efficiency compared to a fixed system.
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