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Abstract — The monitoring performance of the
photovoltaic system in real time is required for
estimation and optimization purposes. This monitoring
system has been the subject of extensive research, but
in general it employs costly commercial software and
as well as other license-based software. This paper
discusses the design of a photovoltaic parameter
monitoring system that uses Internet of Things
technology to monitor in real time. This software is
intended to be as interactive as possible in order to
display all measurement data in the form of graphical
according to a user-specified time interval. The
constructed system is tested to display the
measurement parameters of the fixed and dual axis
solar tracker. The test results indicate that the system
can display data in real time. Every data shown is
accessible from any location and at any time, so long as
the device being used is connected to the Internet. This
system obviously can be applied and developed for an
internet of thing-based photovoltaic parameter
monitoring system to facilitate system estimation and
optimization.
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1. Introduction

Environmental pollution in the form of CO,
emissions, rising fossil fuel prices, climate change,
and the energy crisis caused by limited fossil energy
resources have made the use of renewable energy
sources a top priority [1], [2], [3]. Solar energy using
photovoltaic (PV) technology is one of the most
widely used renewable energy sources in an effort to
overcome this problem [4]. Solar energy is free and
abundant when compared to other energy sources.
Aside from that, by utilizing modern monitoring and
control systems, solar energy using PV technology
can be the most efficient and dependable source of
renewable energy [5], [6]. System monitoring is
critical for ensuring the performance of the PV
system [7], [8]. The monitoring system is useful for
collecting data and sending it to the control center,
which allows users to conduct assessments and
evaluations and control systems with the goal of
lowering maintenance costs, viewing system
performance, and detecting errors in the PV system
[9] Monitoring the PV system has several goals,
including providing information about energy
potential, fault detection, extracted energy, and
energy losses [6], [10]. It is important to understand
not only the description of system performance, but
also how long a PV can work effectively in one day
and other issues that can reduce energy production
[11]. This monitoring is also necessary because the
level of solar radiation is always changing according
to location, time of day and climatic conditions [12].
All of the monitoring data can be used as a guide for
maintenance and preventative measures, as well as a
warning for early detection and evaluation of
changes in environmental conditions [7], [13]

One method for performing real-time monitoring
is to use Internet of Things (loT) technology [12],
[14]. 1oT is a revolution in the electronic
development that uses sensor technology connected
to the Internet network either via cable or wireless
with the goal of allowing users to access data and
control the system from anywhere and at any time
over the Internet [15], [16].
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For the purpose of evaluating and optimizing
system performance, it is necessary to monitor all
parameters in real time. The loT technology allows
users to monitor Photovoltaic performance in terms
of voltage, current, produced energy, and ambient
temperature (2). Aside from that, the use of loT
technology makes it feasible for machines and
devices to communicate without human intervention
[17].

Many studies have been published recently that

present data acquisition systems that use a
combination of microcontrollers and licensed
software such as LABVIEW [18], [19], [20],

MATLAB [21], [22], [23], and VISUAL BASIC
[24], [25]. However, the licenses are expensive and
necessitate a substantial initial investment. Some
systems include wires, but can only be accessed in
close proximity to the PV system, are manually
operated, and employ a wireless system that is
dependent on licensed software [26]. Very few
wireless data gathering systems employ open-source
software. Using the proposed loT-based data
collecting system can reduce the occurrence of such
issues.

This paper proposes a data acquisition system for
a photovoltaic system. Arduino Mega 2560, Node
MCU ESP8266, DHT11 temperature and humidity
sensor, ACS712 current sensor, F031-06 voltage
sensor, BH1750 digital light sensor, relay module,
and Thinger.io platforms comprise the system. The
measurement results from the BH1750 light sensor
are translated to solar radiation data.
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The process of data recording is carried out with
the aid of sensors and processed by an Arduino Mega
2560. The information is then transmitted to the
Thinger.io cloud through Node MCU 8266 using the
Wi-Fi-network. The data can then be viewed on the
Thinger.io platform from any location and at any
time using a computer or smartphone that is
connected to the Internet. Depending on the user's
preferences, data on the Thinger.io platform can be
shown in graphical or tabular format.

In this study, the data monitored by the proposed
system is a comparison of the two PV system models'
parameters such as current, voltage, temperature, and
humidity, as well as solar radiation. The first system
is a PV system with fixed tracking, whereas the
second system is a PV system with dual-axis solar
tracking. The suggested monitoring system is utilized
to view and compare parameter values of solar
radiation, current, voltage, temperature, and
humidity. The objective is to determine which system
produces electricity most efficiently.

2. Proposes System Design

The system proposed in this study is used to
monitor current, voltage, temperature, humidity, and
solar radiation in two PV system models. The first
system is a PV system that is tested in an unchanged
state (Fixed tracking system), whereas the second
system operates by applying the concept of dual axis
solar tracking. The block diagram of a monitoring
system using loT is depicted in Figure 1.
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Figure 1. The block diagram of monitoring system using loT for PV including the dual axis solar
tracker and fixed system
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Using sensors from both photovoltaic systems, all
data is collected in real-time and delivered to the
Arduino Mega 2560 for processing before being
forwarded to the Node MCU ESP 8266. The data is
then transmitted via Wi-Fi to the Thinger.io platform.

This data is displayed in graphical form. Data that
has been processed on the Thinger.io platform can be
accessed from anywhere and at any time using a
computer or smartphone connected to the Internet.

Table 1. Electrical specification of PV Greentek MSP-100W

No Parameter Variable Value
1 Maximum power P max 100 W
2 Voltage at Py Vmp 18.1V
3 Voltage at P . Imp 554 A
4 Open Circuit voltage Voc 22,2V
5 Short-circuit voltage Isc 6.00 A
6 Temperature coefficient Ky -(0.40 £ 0,05) %
of V. /1°C
; Temperature coefficient Ki -(0.065 £ 0,01)
of I, % /°C
8 No. of cell_s and n, 72 (4 18)
connection

Furthermore, the PV systems either with tracking
systems or fixed systems have the same
specifications as shown in Table 1. The ACS712,
F031-06, DHT 11, and BH1750 sensors are used to
measure current, voltage, temperature, humidity, and
solar radiation.

Arduino Mega 2560 is used as the system's
control center, including issuing commands to
operate the relay module for measuring the current
and voltage on each solar panel.

0 B statistics X Bk
< C 8 & thinger.io/cor
m & Library Genesis +sci.. [ Sekolah Pascasarjan...
thinger.io B8 L
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L

# B & @ 3 @

=P 0 Search

This type of microcontroller is chosen based on
the number of parameters being measured, as it
requires a large number of data input pins. Node
MCU ESP8266 is useful for transmitting
measurement data from Arduino Mega 2560 to
Thinger.io cloud via Node MCU ESP8266.
Thinger.io is an open-source loT application
platform. On this platform, there is a menu of data
buckets that serve as virtual storage for data to be
displayed, such as current, voltage, temperature,
humidity, and solar radiation.
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Figure 2. The graphical user interface of the Thinger.io platform's statistics menu
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As for the design of the existing data's presentation
format, this is accomplished on the data buckets page
of the dashboard menu. Figure 2 depicts the general
display format of the Thinger.io platform. The
Thinger.io platform’s graphical user interface can be
viewed anywhere and at any time on a computer,

laptop, or smartphone. This application is used as an
interface to show and monitor the desired parameter
measurement data. Figure 3 depicts the work process
until data can be monitored and displayed using the
Thinger.io application.
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Figure 3. The procedure for displaying data on the Thinger.io platform

3. Results and Discussion

This study measures the characteristics of voltage,
current, temperature, relative humidity, and solar
radiation. The measurement results are transmitted to
the Thinger.io platform through a wireless network.

Power Supply

NodeMCU ESP8266

Voltage Sensor

Current Sensor<—

The measured data is a comparison of daily
characteristic data from two PV systems, a fixed PV
system and a tracking PV system. Figure 4 depicts
the physical appearance of the device used to
measure the values of voltage, current, temperature,

Arduino Uno

Relays Module

Current Sensor

Voltage Sensor

Figure 4. The measuring instruments used to monitor the parameters

In Figure 5, an overall view of the Thinger.io
platform displaying the results of the required
parameter measurements is shown with all
parameters represented graphically. The results can
be accessed from anywhere and at any time using a
computer or smartphone. Figures 6 and 7 depict a
comparison of the voltage and current measurement
results for both the PV system with the tracking
system and the fixed system, respectively. The
measurement is conducted from 07:30 AM to 07:30
PM. It can be seen that the voltage measurement
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results of the tracking PV system are greater than that
of the fixed solar panel system where the average
voltage value acquired from the tracking PV system
is above 19.75 Volts. Moreover, the monitoring also
indicates that the current from the tracking PV
system is also greater than that of the fixed PV
system. This monitoring reveals that the movement
of the sun and the capacity of the tracking system to
align the solar panel's surface perpendicular to the
path of sunlight have a significant impact on the
amount of energy produced.
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Figure 5: The Thinger.io application's display of monitoring results for voltage, current, temperature, humidity,
and solar radiation
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Figure 6. The display of photovoltaic voltage measurement monitoring results
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Figure 7. The display of photovoltaic current measurement monitoring results
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In addition, the measurement results of
temperature, humidity, and irradiance are presented
in Figure 8. As seen in that figure, the temperature
value is the inverse of the humidity value. If the
temperature is high, the relative humidity will be
low, and vice versa. In the meantime, the irradiance
varies according to the sun's movement and the
shadows that prevent sunlight from reaching the solar
panel's surface. The value of solar radiation drops
between 9:00 AM and 11:00 AM due to the existence
of cloud shadows that prevent sunlight from reaching
the surface of the solar panel. Similarly, the radiation
value will fall if there are shadows preventing the sun
rays from the surface of the PV and will return to its
maximum if there are no shadows blocking the sun
rays.
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Figure 8. The display of photovoltaic temperature,
humidity, and irradiance measurement monitoring
results

4. Conclusion

A real-time monitoring system based on the
Internet of Things concept has successfully measured
voltage, current, temperature, humidity, and solar
radiation values in this study. Using the IoT concept
allows user to monitor from anywhere and any time
as long as the device is connected to the Internet
network. The developed system can assist related
parties or users in predicting and evaluating the
performance of the photovoltaic system.

TEM Journal — Volume 12 / Number 3/ 2023.

It can also help users with preventive and
maintenance actions, as well as provide a warning for
early detection and evaluation of changes in
environmental conditions. In addition to interactively
displaying data, the Thinger.io-based monitoring
system utilized in this work provides an open source
platform at low cost. The objective is to lessen
reliance on expensive commercial software, license-
based software, and other cloud services. According
to the test results, the system employed in this study
can be applied and extended o a larger system for
simpler, open-source, and real-time monitoring of
solar system parameters.
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