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This paper presents an intelligent of single axis automatic adaptive
photovoltaic solar module. A static solar panel has an issue of efficiency on
shading effects, irradiance of sunlight absorbed, and less power generates.
This aims to design an effective algorithm tracking system and a prototype
automatic adaptive solar photovoltaic (PV) module connected through
internet of things (loT). The system has successfully designated on solving
efficiency optimization. A tracking system by using active method
orientation and allows more power and energy are captured. The solar
rotation angle facing aligned to the light-dependent resistor (LDR) voltage
captured and high solar panel voltage measured by using Arduino
microcontroller. Real-time data is collected from the dynamic solar panel,
published on Node-Red webpage, and running interactive via android
device. The system has significantly reduced time. Data captured by the
solar panel then analyzed based on irradiance, voltage, current, power
generated and efficiency. Successful results present a live data analytic

platform with active tracking system that achieved larger power generated
and efficiency of solar panel compared to a fixed mounted array. This
research is significant that can help the user to monitor parameters collected
by the solar panel thus able to increase 51.82% efficiency of the PV module.
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1. INTRODUCTION

Many previous researchers have been done to extend the photovoltaic solar module to support
energies. Some research has been on the performance of grid-tied photovoltaic solar systems [1], behavior
search algorithm on estimation of solar photovoltaic [2] and design for cost reduction and system compliance
for Photovoltaic solar farm [3]. Renewable energy is the alternative power source in achieving greater
popularity and solar photovoltaic is a good combination that can offer beneficial solutions [4]. The research
mentioned that solar energy is consistent for life-long potential energy supply. The sustainable energy
development authority of Malaysia (SEDA) is a statutory body adopted the feed-in tariff (FIT) mechanism
which allows renewable energy producers to sell electricity to utility companies [5]. Malaysia has a tropical
climate which are quite high temperatures, high humidity and naturally has good solar radiation since located
nearly equator which has a great potential to develop solar energy [6]. The existing method using
chronological and passive are the common practices for a solar installation is the kind of operation need a lot
of power consumption to activate the motor movement base on a timer and having complexity working
principles [7]. This research identifies the suitable parameter used on a tracking system to reduce motor
movement power usage and reduce system complexity so that can enhance energy captures. In addition,
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typical practical assessments by the student are observations and measurements made at the site where the
static position solar panel is located. Therefore, the trainer needs to supervise closely and difficult to collect
data physically which is placed quite far outside from building. This situation has led to difficulty in data
acquisition. The other issue rises in the existing photovoltaic solar module is that the fixed position system is
not efficient [8]. Solar panels which are fixed angle mounted facing to the sky can reduce the amount of
energy captured by the cell. As a result, only a certain amount of output power generates by the solar cells.
Therefore, irradiation of sunlight to the solar panel is highly reduced, resulting in sufficiently less power
generates by the solar module [9].

The aim of this research is to develop a solar tracking device prototype that can be absorbed solar
energy and operates at their greatest efficiency, establish design requirements for a tracking device by
identifying a key feature required by the solar panel and propose a solution by using technology of loT
system to access the data from sensors mounted on adaptive photovoltaic module so that can be retrieved in
real-time from web page developed and Android apps. Creating mobile apps is an opportunity as new
Industry revolutions, IR 4.0 focus today where the system can be mobility, online and real-time tracking
system. This prototype developed solar panel with sensor-equipped to detect the light presence and sensing
mode to track the higher solar panel voltage. The controller Arduino Uno used to operate the tracking system.
The system developed by combining with 10T devices using Raspberry Pi 3 to build up a wireless connection
between machine to machine for the purpose of data collection, monitoring, control or maintenance of
various aspects [10]. This prototype is also suitable as an educator training kit with embedded intelligence for
faster data acquisition at any remote location. Real-time is data obtained from an adaptive solar photovoltaic
module send to the network and easy to monitor by a webpage dashboard and Android devices. The data can
be tabulated and present in various formats, such as responsive tables, graphs, and charts so that performance
analysis can be done. This research has successfully developed a MySolar prototype and significant that can
help to monitor power generated by the solar PV module thus able to control possible results in future
implementations.

2. MATERIALS AND METHODS
2.1. Materials

Three basic working principles were chosen to understand more about the system operation and
development that brings the ideas on the prototype development with a suitable tracking system parameter
and increase efficiency.

2.1.1. Internet of things system

Internet of things (10T) refers to a concept that involves the connection of various things or objects
through a wired or wireless connection of interaction and creation of an application to fulfill a particular task.
loT which has emerged and today it is being considered where some loT-based electricity energy monitoring
system has been developed [11]. IoT technology has continuously connected to the digital world to control,
monitoring, maintenance, and data reception depending on the function needed. Many research questions are
queries to develop of an IoT embedded solar tracker which have a connection between Machine to machine
(M2M) and create feasible real-time data monitoring. The implementation can be done by using the
microcontroller as a control unit. This research is a combination of software and hardware components which
communicate together to run the system. There is a large volume of published studies describing the role of
applying wireless network and telecommunication technology such as Wi-Fi to 10T network system is
popular for high-speed internet connectivity with a smartphone or other device that has Wi-Fi module [12].
The content that the Wi-Fi enabled to send the sensor status or data to the server [13]. However, recent
studies have suggested that to consider parameters like type of communication, cost, technology and
efficiency of the system when choosing with different technologies like Wi-Fi, Bluetooth, European
Commission of global system for mobile communications internet of things (EC-GSM-10T), radio frequency
identifier (RFID) and Near-field communication (NFC) [14]. Raspberry Pi 3 is capable that built in with Wi-Fi
and Bluetooth to help it connect with several networks. The data collected by sensors is interfacing to the
microcontroller. This research is used microcontroller unit (MCU) embedded system hardware. A
microcontroller is basically referring to a central processing unit (CPU). Microcontrollers provide pin access
which allows monitoring sensors, set motor, and transfer data to another device. There are many types of
MCU such as Arduino, NodeMCu and Raspberry Pi. The higher performance comparison between Raspberry
Pi, Arduino, and NodeMCu, in terms of its storage and computing, speeds the raspberry is better. Raspberry
Pi and NodeMCu have a Wi-Fi connection to the internet, but Raspberry Pi has a more advanced feature with
Bluetooth connection [15]. The boards like Arduino need another Wi-Fi shield to make it connect to the
internet. In term of specification and performance analysis, Raspberry Pi emerges as a winner when it comes
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to satisfying most of the functional requirements of 10T systems and able to integrate with IoT which
capitalizes on the massive non-expert community that has grown around the Pi concept [16].

2.1.2. Relevant technologies

The primary question is why the necessity of a new design of solar module needed in this research.
Many studies have been done by the researcher to achieve the maximum power output and efficiency of the
solar module so that can maintain the tracking system able to follow the maximum range of voltage with a
certain degree of accuracy [17], [18]. Nowadays, most photovoltaic modules (PV) are placed in a static
position. The array has an immovable orientation to the sky and does not turn to follow the sun. Light
gathering is dependent on the angle of incidence of the light source providing power like the sun to the solar
cell’s surface, and the closer to perpendicular, the greater the power captured [19]. Commonly, it placed fix
to the roof or mounted directly onto a frame structure on the ground. However, throughout the day, the sun is
moving from east to west and constantly changing its position making the inappropriate energy captured.
Therefore, the solar module needs some enhancement in structure development so that can improve the
efficiencies. Other technologies involved web-based monitoring system [20], real-time data collections,
enhanced in latest transmission communications and mobile applications [21].

2.1.3. Related works

A few research about solar PV modules working principles has presented that the better absorbing
surface of the solar module can be orientated to the position of the sun by using two angles, azimuth and
zenith [22]. There are two types of solar tracking orientation which is single and double axis orientation. The
single axis tracking system is the simplest solution and the most recommended solution to apply in the
tropical region. In Malaysia, the sunbeam is always directed to land and solar radiance does not vary by
seasons. Malaysia does not have four seasons and is located at the equator; therefore, it is suitable to use the
single axis tracking system instead of a dual-axis tracking system [23]. There are many drawbacks of dual-
axis sun tracking system in the previous system where the sensor unsuccessfully tracks the sun accurately
during the low solar irradiance level condition [24]. Another research has found that dual axis does a better
job of keeping the sunbeam perpendicular to the solar cell. However, these systems can be complex and
expensive [25]. The using single-axis position can minimize the energy consumption of the motor movement
so that more energy can be saved for other applications usage as shown in Figure 1.

There are three methods of tracking: active, passive and chronological tracking [26]. The light-
dependent resistor (LDR) sensor has been used and continuously searching the sunbeam in active tracking
method. PV module will always face the sun the sensors trigger the motor to rotate the panel in the right
position. A chronological tracker is a programming setup tracking system whereby the cell structure is moved
at a certain angle throughout the day. Thus, the motor or actuator is programmed to continuously rotate at a
certain angle per hour. The continuous rotation of the motor or actuator means more power consumption and
tracking the sun on a very cloudy day is unnecessary [27]. Passive tracking is same as active tracking with a
combination of programming chronological type however these systems typically require costly and complex
tracking devices [28]. The active solar tracker has been chosen in this paper with the key features identified
in this research to solve the complexity programming script by the chronological and passive method and
minimum usage power in motor movement. Based on the reviewed papers gap analysis has been done and
improvement of cell types, types of installation, panel orientation, method of tracking and 10T website have
been developed in this research.

Axis of rotation
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Figure 1. Single axis control system
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2.2. Method
2.2.1. System flowchart

Figure 2 shows a system flowchart from the panel movement algorithm setup, parameters setup, data
collections and process of design webpage and android. Data collected by manually using multimeter and
pyrometer in a day as a reference to sketch the program using Arduino integrated development environment
(IDE). Begin with solar panel performance analysis studies where data is collected in every 1-hour time
intervals in a day the system tracking, and monitoring can be done.
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Figure 2. System flowchart

Figure 3 shows the data by manually collected using 5 Watt solar panel to investigate interrelation
between irradiance, current, voltage, and efficiency of the solar panel. The solar panel was placed on a
horizontal surface about 30-100 cm high facing the sun at static position. Data taken during daytime from
8 am to 5 pm at Shah Alam. The relationship between irradiance, current, voltage and efficiency are the key
point approaches in developing this prototype movement algorithm. This electrical characteristic helped to
identify a suitable parameter to optimize the solar panel efficiency. The formula of V.. shows the
interrelation of these parameter Vo and Isc where the Vo is proportional to I as given in (1) [29].

Voo = m(7e*?) )

The formula of efficiency as given in (2) [30]:
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Power (Watt)  Voc x Isc

Efficiency = — = -
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Figure 3. Data collection with solar

2.2.2. Tracking system development

The whole system is mainly divided into two stages, one is tracking system, and another is a
monitoring system. This research used single axis solar tracker follow east to west movement. The tracker
model consisted of a solar panel, solar charge controller, battery, direct current (DC) motor, motor driver and
Arduino Uno R3. The solar charge controller attached to the solar array in hardware development. This solar
charge controller manages the power from the array into the battery bank to ensure that the batteries are not
overcharged, and the power does not run back to the solar panel overnight. Solar panels help to store the
energy in the battery. The Arduino is used to control the LDR sensor and solar voltage to track the panel turn
up-down movement based on the data given to microcontroller. DC motor connected to a motor driver board.
The solar tracking mechanism is driven by this DC geared motor. The motor can simply be controlled with the
on-board switches and speed potentiometer by using motor driver circuit board. Solar panel up-down movement
based on the limit switch upper and lower installed at the box casing. These geared motor and sensors are
interfaced together with a microcontroller. The overall hardware specification used as illustrated in Table 1.

Table 1. Hardware specification

Hardware Specification
Solar Module 8.8 x 9.6 inch Solar panel of Polycrystalline (5 Watt)
Motor Worm gear DC Motor
Speed: 260 rpm Torque: 9 kg.cm
Motor driver board Cytron MD30C, Vin 5-25 Vdc,
Microcontroller/Processor Arduino Uno ATMEGA328P
Raspberry Pi3 B+
Current sensor ACS712
ADC MCP 3208
Solar charger controller 12-24 V/pe, 10 A
Battery Rechargeable, 7.2 AH, 2 VDC

Two main parts to communicate client to server and published message to webpage platform are
ADC IC MCP3208 and Raspberry Pi3. Since RPi does not have a built-in analog to digital converter, the
external component must be used as a converter. MCP3208 acts as an external component associate with RPi
by open analog signal to RPi programs. The python library designed to published data and read up to 8 pin
channels. The entire schematic as illustrated in Figure 4.
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Figure 4. The entire schematic

2.2.3. Monitoring development

The software design implementation of this system can be divided into two main parts, transmitter,
and receiver. At the transmitter side, the sensors collect all the data needed. The message queuing telemetry
transport (MQTT) used to publish data using MQTT and forward data to the subscriber. The Wi-Fi module
on RPi starts to communicate to the internet by using Python script. Node-Red is used as a flow deployment
platform to wire together hardware devices using graphical nodes and flow-based method. The Node-Red
created a web page for 10T at the receiving end. The Wi-Fi broadcast the data to web server indicates by
Node-Red webpage dashboard and android. Data logging can be store into Node-Red context storage in excel
format. Data then is analyzed where parameter input such as voltage, current, and power is displayed in graph
and gauge meter in laptop or pc monitor. In addition, data also can be displayed on a mobile phone where real-
time data for monitoring purpose from any remote location. Figure 5 shows the system architecture for the
prototype development system.
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Figure 5. The system architecture
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3. RESULT AND DISCUSSION

Table 2 shows the data by manually collected using this solar panel to examine interrelation between
irradiance, current, voltage, power, and efficiency of the solar panel. This prototype established design
requirements by identifying key features required by the solar panel to produce an intelligent algorithm
tracking system. Figure 6 shows the electrical characteristic of solar panel Vo and Isc was proportional to
irradiance. The higher voltage and current indicates the better solar irradiance collected by the panel. This
means that when solar irradiance increase, the output voltage and current also increases.

Figure 7 shows the voltage, Vo and current, lsc measured on daytime from 8:00 to 5:00 pm. The
result presents that voltages, Vo data tabulated higher than current, Is.. The Isc values collected had a small
range from 0-600 mA. This parameter was difficult to measure and monitor the tracking system sensor data.
The most suitable parameter used is voltage, Vo.. Moreover, the higher ranges of Vo gives more advantage to
the sensing system and high accuracy so that the tracking system can perform well in searching for the
appropriate solar irradiance.

Table 2. Solar panel 5W harvested per day
Time (hours)  Irradiance (w/m2)  Current (amps)  Voltage (volts)  Power (watts)  Efficiency (%)

8:00 302 0.04 6.98 0.34 1.48
9:00 344 0.16 9.57 1.63 7.09
10:00 436 0.36 11.22 4.04 17.56
11:00 618 0.38 12.36 4.70 20.42
12:00 720 0.42 12.7 5.33 23.19
13:00 790 0.54 12.8 6.91 30.05
14:00 780 0.49 12.69 6.22 27.04
15:00 640 0.34 12.16 4.13 17.98
16:00 520 0.26 10.26 291 12.66
17:00 308 0.06 7.45 0.63 2.73
AVE: 3.68 16.02
" Voltage, Voc Against Irradiance (W/m2) Current, Isc Against Irradiance (W/m2)
0.6
12
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10 wv
> 20.4
% 6 §0.3
> =
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Figure 6. Output current and voltage against irradiance
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Figure 7. Comparison Vo and Is; during daytime
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Table 3 shows the LDR voltage affected by irradiance when experimented on 6:30 to 8:15 am and
6:00 to 8:00 pm. When irradiance increase, the LDR voltage also increases. It shows that the LDR voltage
parameter suitable to use in the tracking method to start up the system during early morning and close system
during the late evening. The hybrid working principle associated with voltage, V. can produce an effective
tracking system.

Table 3. LDR data collected during day/night.
Time Irradiance Current Voltage VLDR
(am) (w/m?) (mA) (Volts)  (Volts)
0 - -

6:30 0.09
6:45 0 - - 0.84
7:00 1 - - 1.03
7:15 14 - - 1.65
7:30 41 - - 1.55
7:45 45 2.84 0.16 1.75
8:00 64 2.92 0.18 2.10
8:15 69 2.99 0.34 2.85
18:00 540 2.08 0.52 2.22
18:30 201 2.22 0.43 1.43
19:00 18 1.02 0.1 11

Figures 8 and 9 show the solar monitoring system that Relay module, LDR sensor, a current sensor,
and solar voltage published all the data and send it to Raspberry Pi 3 using Node-Red platform. 10T platforms
prove itself very helpful to communicates between machines to a machine. The information is visible via
Node-Red platform and Android, making an interpretation into our required way. It communicates in a
distributed network to ensure the user can obtain real-time data logging at any remote location. The web-
based interface will significantly reduce the time of manually data collection. Hence, this prototypes system
is flexible and user-friendly which helps in real-time monitoring. The result of the system validation is to
evaluate the performance of active type solar tracking system; experiments conducted throughout the day
from morning 8 am to evening 5 pm per 30 minutes interval from date 24" November until 1% December
2018. Readings from the static solar panel and automatic adaptive panel were recorded to compare on data
collection. The analysis was performed to measure the energy generated by this prototype over a static panel.

Figures 10 and 11 present the reasonable data collection in average for 3 days for static solar and
tracking solar panel for specific hours during daytime and performance analysis comparison between static
and tracking panel. The effectiveness of the tracking system has been proved. Power generated and efficiency
from the solar panel gives a higher output than a static panel. It also shows that the solar voltage suddenly
falls between 5:00 to 6:00 pm after the solar tracking system is closed during the late evening. It shows that
the solar tracking system operates properly to capture the higher voltage during the specific hours.

SOLAR MONITORING SYSTEM

3.1 : . — l§6

LDR Voltage vs Time (8 hours) Voltage Solar vs Time (8 hours) Current vs Time (8 hours)

Power(Watt) vs Time(8 hours)

SOLAR PANEL VOLTAGE

LIGHT INTENSITY

Figure 8. Website of the system displayed
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Table 4 shows the overall average efficiency during data collected average for 3 days for static solar
panel and tracking solar panel for specific hours from date 24th November until 1st December 2018 during
the daytime. The most efficient solar panel operates is 19.13% comes from 12.30 noon by the tracking panel.
The prototype initiates that the tracking excels over the static panel when the voltage, V. is below 11 V. As a
result, the overall efficiency comparison was successful, and the tracking panel achieved total efficiency
increase by about 51.82% compared to the static panel.

Comparison between Average Voltage Static Solar
Panel and Tracking Solar Panel wrt Time
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Figure 10. Average voltage readings (Volts) for static solar panel and automatic adaptive solar
PV module
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Table 4. The average total efficiency of static solar panel and tracking solar panel
Time (hours)  Power PV_static (Watt)  Efficiency PV _static (%) Power PV _track (Watt)  Efficiency PV_track (%)

8:00 0.75 3.24 1.42 6.19
8:30 1.07 4.64 1.61 6.98
9:00 121 5.25 2.01 8.76
9:30 1.29 5.59 1.98 8.63
10:00 1.58 6.87 2.05 8.93
10:30 1.74 7.56 2.36 10.25
11:00 1.95 8.48 3.14 13.66
11:30 1.80 7.81 3.72 16.19
12:00 2.03 8.80 4.00 17.41
12.30 2.58 11.24 4.44 19.30
13:00 2.89 12.58 423 18.37
13:30 2.89 12.56 3.84 16.70
14:00 235 10.23 371 16.12
14:30 1.90 8.27 2.66 11.56
15:00 1.90 8.27 2.47 10.73
15:30 1.58 6.85 1.70 7.41
16:00 1.25 5.45 1.58 6.86
16:30 0.82 3.56 1.23 5.33
17:00 0.97 423 1.25 5.43
AVE: 7.45 AVE:11.31
Total efficiency increase (%): 51.82%

4. CONCLUSION

This research has successful designed a prototype of an automatic adaptive solar PV module with a
monitoring system. Data analytics platform has been designed for real time parameter measured such as
voltage LDR, voltage solar, current solar and power. Real time data are captured in seconds that can be
accessed from a remote location. The result presents that the static solar panel provides lower energy
collected from 8:00 to 11:00 am and 3:30 to 5:00 pm. This prototype was successful to maintain a solar panel
at sufficient energy collected. The power gained over a static solar panel reached 51.82%. Solar tracking has
been proved that the easiest method to increase power and efficiency. It is advisable to use as an educator
training kit embedded with a monitoring system in an interactive approach and user-friendly. Future work
can be implemented for the large scale solar photovoltaic plant, long-range (LoRa) gateway can be used
together with Raspberry Pi 3 as a medium communication. LoRa is one of wireless technology designed for
less energy application for large scale area coverage up to 10 km connected to millions of devices once for
one gateway.
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