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1. INTRODUCTION

Solar energy is a result of the nuclear fusion process in the form of a series of thermonuclear events
that occur in the sun's core [1]. Solar radiation is responsible for this process. Solar radiation is critical to the
survival of all alive things on earth. Numerous applications for solar radiation are available, ranging from
providing solar water heating and solar pumping to solar drying of agricultural and animal products. In the
future, it will be used as a health supplement for the health and liveliness of human [2], [3]. The applications
mentioned above are when the received sun energy meets a certain value. If the radiation vale exceeds the
required quantity, there will be sufferers, harm, and even tragedies. Several precise instruments of solar
radiation are thus needed [4], [5].

For many years, many stations around the world have measured solar radiation [6]-[8]. The primary
goal of these measurements was weather forecasting, agriculture, the prediction of travel plans, and the
project of heating [9]-[11]. The data available primarily concern solar irradiance on the plane surface
[12]-[14]. Several types of radiation are available, including direct radiation, diffusion radiation, global
radiation, and solar radiation duration [13]-[16]. There are three powerful solar measuring instruments:
pyrheliometers, pyranometers, and photoelectric sunshine recorders [17]-[19]. Unfortunately, it necessitates
that all devices receive all of the necessary radiation instrumentation data [20]-[23]. A unique approach is
required to get the required data with a minimal device [24]-[29].
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As a result, this paper aims to create an integrated system for measuring solar radiation parameters
to continue previous research [30]. The system can measure the four parameters needed with one sensor,
namely the pyranometer sensor. The monitoring and data logging system will also be used as a web system to
track measurement results on a personal computer (PC) or smartphone more efficiently. Measurement
performance will be improved by combining a shading device system and a solar system that will operate
according to location coordinates.

2. MATERIALS AND METHOD
2.1. Measurements solar of radiation

The sun radiates and the earth intercepts a fraction of the energy flow categorized by the solar
constant. The solar constant is essentially a measurement of the solar flux density per unit time, perpendicular
to the radiation direction. There is also a small variation in the solar constant due to variations in the
brightness of the sun. This condition includes all types of radiation, a significant segment of which is lost
when light enters through the atmosphere.

In general, it can be said that the direct radiation reaching the earth's surface is never more than 83%
of the original solar energy flow. Radiation originating directly from the solar disk is defined as direct
radiation (E). While the radiation that is scattered and reflected then leads to the earth's surface from all
directions, defined the accumulation of direct radiation and diffusion radiation is defined as global radiation
(EQ). This correlation is shown in (1) [31]-[33].

Egl=FEcosa+Edl Q)

Where, a there is a zenith angle, the angle among the incident radius and the normal to the horizontal
instrument flat.

The quantity of solar radiation on earth's surface can be measured instrumentally, and accurate
devices are important for providing background solar data for solar energy conversion implementations.
Pyrheliometer, pyranometer and photoelectric sunshine recorders are three major kinds of devices used to
measure solar radiation. The three parameters of solar radiation can be measured quantitatively using
available instruments. The accuracy, optimization and efficiency measurement of these parameters becomes
very significant. Various implementations of solar energy rely on the results of these instruments. The three
types of sensors commonly used are pyrheliometer, pyranometer, and photoelectric sunlight recorder.

2.2. System design

In general, the designed system consists of four parts, as shown in Figure 1. The first part of the
system is the input section. The main component of this section includes the pyranometer sensor. The sensor
is integrated with time using a time server from the Indonesian meteorological climatology and geophysics
agency (BMKG) at http://ntp.bmkg.go.id to get real and precise time. In addition, a shading device is used to
optimize the radiation calculation parameters generated.

The second part of the system is a microcontroller unit. This section is to process the incoming data,
perform calculations from several necessary processes, and produce output in the form of actuators that move
a motor and calculate some results according to the applicable algorithm. The microcontroller used is the
espressif systems (ESP32), a low-priced and energy-efficient microcontroller with integrated Wi-Fi and dual-
mode Bluetooth. The ESP32 microcontroller uses the Tensilica Xtensa LX6 microprocessor as the core.

While the third part of the system consists of a motor and a data logger. According to the elevation
angle, the motor works to drive the system, azimuth angle and sun position data. The process of calculating
radiation parameters corresponds to the position of the sun in real-time. The data logger feature will save the
calculation results of radiation parameters also in real-time, as well. Then, a web-based display system
displays all the calculation results in the form of several solar radiation parameters on a PC or smartphone
[34], [35].

The system is designed to work to get 4 (four) parameters of solar radiation using one pyranometer
sensor as follows: First, the pyranometer sensor works to get the global radiation (Eg) or G value. After that,
the shading unit device is driven by a servo motor gradually at a certain angle. The movement of the shading
device is carried out to obtain the solar radiation parameters that are blocked by it. Figure 2 illustrates the
movement of shading devices based on time. The system obtains the radiation diffusion value (Ed) or D in
this position. The direct radiation (E) or L value is calculated using (1), where the system has obtained
previously global and diffusion radiation values. The calculation of the value of direct radiation in this
system ignores the elevation angle value of the sun so that calculation (2) is obtained.
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After getting the value of direct radiation (E) or L is obtained by (2). Next, the system will
measure the duration of solar radiation. The duration of solar radiation is sun exposure when the
radiation value is more than 120 Watt/m? [36]. Based on this, the system will increase the time by
5 minutes (which is the system time from global radiation measurement to direct radiation) if direct
radiation has a value of more than 120 Watt/m?2. Otherwise, there is no additional time. Finally, all of the
values are saved in a data logger and transmitted to the monitoring station via internet transmission. Officers
can obtain the value generated using a PC or smartphone.
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Figure 1. Block diagram of the system
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Figure 2. An illustration of the movement of shading devices based on time

The automatic solar radiation system (ASRS) was used to carry out the solar radiation reading to
provide benchmark data. The data from the developed sensor model will be compared with the benchmark
data to evaluate the proposed model’s performance. Testing was carried out from Oct 30, 2020, to Nov 4,
2020. We assessed the test equipment’s performance by comparing the test equipment with standard
equipment, then analyzed using simple linear regression to determine how strong the test equipment data's
correlation with standard equipment data. The analysis is also performed by calculating the mean absolute
percent error (MAPE). The MAPE is a statistical calculation to measure the test equipment's data accuracy
as a percentage of the error. The data accuracy of the test equipment is better if the MAPE value is getting
smaller. The MAPE value is calculated as in (3) and be interpreted into several types as listed in Table 1.
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Table 1. Interpretation of typical MAPE values

MAPE Value Interpretation
<10% Very Good
10-20% Good
20-50% Pretty Good
>50% Bad

3. RESULTS AND DISCUSSION

Figures 3 and 4 compare global radiation measurements for test equipment and standard equipment.
There is a correlation value of R2=0.53 for the data generated by the two global radiation measurements, so
R=0.73. The 0.73 correlation value means that there is a strong correlation between the two variables. There
is an error value in the system that has been made where this value is 61.8 Watt/m? in global radiation. The
MAPE method was used to analyze data from the test results of the test equipment. The MAPE value of the
global radiation measurement for the test equipment from the calculation results is 40.18%, meaning that the
test equipment has adequate criteria for measuring global radiation.

Graph of Global Radiation Data Comparison of Standard
Equipment with Test Equipment
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Figure 3. Global radiation data comparison of Figure 4. Scatter plot of the global radiation data
standard equipment with test equipment comparison of standard equipment with test
equipment

Figures 5 and 6 show a data comparison of diffusion radiation measurements for test equipment and
standard equipment. The data generated by the two diffusion radiation measurements have a correlation value
of R2=0.36 so that R=0.60. The correlation value of 0.60 means that the two variables have a strong
correlation. There is an error value in the system that has been made, where this value is 129.83 Watt/m? in
diffusion radiation. The data from the test results of the test equipment were analyzed using the MAPE
method. From the calculation results, the diffusion radiation measurement’s MAPE value is 49.31%, which
means that the test equipment has the right enough criteria for measuring diffusion radiation.

A data comparison of direct radiation measurements for test equipment and standard equipment is
shown in Figures 7 and 8. There is a correlation value of R2=0.31 for the data generated by the two direct
radiation measurements, so R=0.56. The 0.56 correlation value means that there is a strong enough
correlation between the two variables. An error value is generated in the system, where this value in direct
radiation is 129.83 Watt/m?. The MAPE method was used to analyze data from the test results of the test
equipment. The MAPE value of the direct radiation measurement for the test equipment from the calculation
results is 108.10%, which means that the test equipment has insufficient direct radiation measurement
criteria.

Table 2 listed a comparison of the sunshine duration data between the standard equipment and the
test equipment. It is found that the duration of the sun's exposure to the standard equipment and the test
equipment has a difference in the average duration of solar radiation, which is 48 minutes. The data from the
test results of the test equipment were analyzed using the MAPE method. From the calculation results, the
MAPE value of the sunshine duration measurement for the test equipment is 10.17%, which means that the
test equipment has the proper criteria for measuring sunshine duration.
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Table 2. Comparison of sunshine duration data

No Date Time (UTC+7) Sunshine duration of Sunshine duration of test Difference
equipment standard equipment (minutes)
(minutes) (minutes)
1 30/10/2020 07.10-17.50 123 100 23
2 31/10/2020 06.00-18.50 215 110 105
3 1/11/2020 06.40-17.50 246 270 -24
4 2/11/2020 10.20-17.50 100 130 -30
5 3/11/2020 06.10-17.50 401 250 151
6 4/11/2020 06.10-12.30 232 170 62
The average difference (minutes) 48

4.  CONCLUSION

Four solar radiation parameters have been measured and recorded by this system: global radiation,
diffusion radiation, direct radiation, and duration of solar radiation. The developed model strongly correlates
with the standard measurement tool ASRS in terms of global radiation, diffusion radiation and direct
radiation levels, and a monitor for direct radiation levels with a value of R=0.56. The MAPE score is based
on good criteria for the sunshine duration with a MAPE value of 10.17%, good criteria for global radiation
measurement with a MAPE value of 40.18%, good criteria for diffusion radiation measurement with a MAPE
value of 49.31%, and bad criteria for direct radiation measurement with a MAPE value of 108.10%. All of
the parameters can be measured precisely using the system. It is much easier to monitor and record the
various solar radiation parameters now that information is transmitted via the internet.
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