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WEATHER MONITORING SYSTEM FOR A PV APPLICATION
ON THE IOT PLATFORM
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Abstract: Currently, the use of photovoltaic (PV) systems on roofs is increasing due to
incentives from governments, leading to the need to monitor system parameters as well as
weather factors affecting the PV system. This paper describes the deployment build
weather monitoring systems including ambient temperature, surface temperature of
photovoltaic panels and intensity of solar radiation on the Internet of Things (loT)
platform. The main device of the monitoring system is the NodeMcu WiFi module based on
the ESP8266 microcontroller, all the signals read from the sensor will be transmitted via
Wi-Fi by the ESP8266 and uploaded to the Thingspeak 10T platform where the data is
Data will be stored, processed and used for monitoring.
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1. INTRODUCTION

Currently, the use of solar PV panels on rooftops is increasing due to incentives from
governments [1], leading to the need to monitor the electrical parameters of the system as well as
the weather factors affecting the electrical system. The main weather parameters that affect the
photovoltaic system are intensity of solar radiation, ambient temperature and panel surface
temperature and some other factors [2].

As modern devices and sensors continue to increase power and functionality and reduce costs,
loT is becoming a broad platform and service for consumer electronics. 10T refers to the concept of
embedding electronic devices, connecting to the Internet and other types of devices (sensors) [3].

Observing the weather factors that affect the photovoltaic system is an important loT
application, which includes monitoring the ambient temperature, the photovoltaic panel surface
temperature and the intensity of solar radiation as well as the calculation. This data provides
effective short-term measures such as remote device control and long-term data analysis and
measurement.

The results of the paper explain real-time monitoring of radiation intensity and temperature
levels from around the world and its statistical analysis. It also shows how weather factors affect
the PV system. The system can be expanded to provide remote device control based on sensor data.

2. DESCRIPTION OF THE PROPOSED SYSTEM
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Figure 1. System block diagram.
The system mainly consists of a NodeMcu WiFi module based on an ESP8266
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microcontroller, two temperature sensors, a sunlight sensor, a cooler, a sensor housing and a
power supply. Figure 1 shows the system function flow where the NodeMcu WiFi module
directly reads the temperature and light intensity and transmits data over the Internet to the
ThingSpeak cloud. All data passed from these sensors is stored in the ThingSpeak database,
where it is analyzed and tracked for future feedback. System block diagram is shown in figure 1.

2.1. NodeMcu WiFi module based on ESP8266 microcontroller

ESP8266 is a Wi-Fi microcontroller from the Chinese manufacturer Espressif Systems. The
processor chip has 16 GPIO lines, and some of them are used to communicate with other SoC
components such as flash memory.

The NodeMCU is a development board based on the ESP8266 chip (ESP12E version), which
is an ultra low power UART-WiFi module. The chip itself was designed for the Internet of
Things, and this board allows you to simplify development, since it already has a USB
connection, a power supply voltage regulator is installed, and all the chip leads are routed to
combs with a standard pitch of 2.54 mm, which allows you to insert it into a breadboard and
create a prototype without even turning on a soldering iron. In addition, NodeMcu also allows
programming with the Arduino IDE, an open source software.
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Figure 2. NodeMcu WiFi module based on ESP8266 microcontroller.
2.2. Temperature sensor

DS18B20 is a digital temperature meter with 9 - 12-bit conversion resolution and temperature
monitoring alarm function. The DS18B20 communicates with the microcontroller over a single-
wire communication line using the 1-Wire interface protocol.

In this study two DS18B20 sealed temperature sensor are used as a temperature sensor. Its
characteristics are as follows: The temperature range measured is within -55,... + 125 °C;
Accuracy of £ 0.5 °C (within -10,... + 85 °C); Data collection time: 750 ms at 12-bit resolution;
94 ms at 9-bit resolution; Supply voltage: 3-5.5 V; No-load current: 750 nA; Current
consumption in probe: 1 mA.

Figure 3. Sealed temperature sensor DS18B20.
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2.3. Solar radiation sensor

The light sensor on the MAX44009 microcircuit (GY-49) is designed to measure the level of
ambient light close to the sensitivity of the human eye. The module has a digital output via an
I12C interface. The presence on the board of a voltage regulator and a level converter of the 12C
interface allows the module to be used with microcontrollers with both 5 V and 3.3 V logic.
Illumination range within 0.045 - 188000 Lux and operating temperature within - 40 to +85 °C.
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Figure 4. Light sensor on the MAX44009 chip.

Pyranometers is often used to measure solar radiation intensity. However, it does come at a
pretty high price, so the use of an alternative ambient light sensor is a possibility. In this study
the light sensor on the MAX44009 chip (GY-49) is used as a sensor for the intensity of sunlight.
According to the document [4], the intensity of sunlight 1000 (W/m?) is equivalent to
approximately the illumination of 120.000 Lux, from here we give the conversion formula 1 Lux
= 0.0083 (W/m?)

3. DEPLOYMENT ON SOFTWARE

ThingSpeak is an Internet of Things (loT) platform that collects and stores sensor data in the
cloud and develops 10T applications. The ThingSpeak loT platform provides applications that
allow you to analyze and visualize data in MATLAB and then act on it. Sensor data can be sent
to ThingSpeak from the NodeMCU ESP8266 Wi-Fi module. This article discusses weather
parameters such as light intensity, ambient temperature, and PV panel temperature that are
displayed in ThingSpeak.

Software an important role in hardware integration and design. The Arduino IDE is used to
program the data received from the sensor and the data sent to the cloud. After checking the
individual hardware components, they integrate it into the board and place it in the sensor
housing. Then, source program is uploaded for esp8266.

The esp8266 source program is written as follows. After reading and receiving data from
sensors, checking data, calculating parameters, the program will check Internet connection and
send necessary data to Thingspeak platform.

4. EXPERIMENT AND RESULTS

Figure 5. Sample for the experiment.
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The experiment was conducted from January to March 2021 and a typical day was selected as
evidence. In figure 5 shows the position of the metering setup and the photovoltaic system. The
monitoring system's sensor housing is positioned so that the surface of the solar radiation sensor
coincides with the surface of the PV panel, PV surface temperature sensor is in contact with the
back surface of PV panels.

Figure 6 shows the monitoring results on the Thingspeak site, where we can adjust the
coordinate axes, average the values, or calculate them using the apps available on the website.
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Figure 6. Charts obtained with Thingspeak.

Figure 7 shows the generating power of a 1.3 kWp PV system, which received from the
software included with the grid inverter of the photovoltaic system. Looking at the graph, we can
see the correlation between the measured radiation and the generated power. From this we can
conclude that the sensor reads and returns a value that can be used for monitoring. This is all the
more obvious when looking at figure 8, the power of the PV system is almost linearly
proportional to solar radiation.
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Figure 7. The generating power of a photovoltaic system.
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Figure 8. Dependence of PV power on solar radiation.
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5. CONCLUSIONS

The article presents a hardware and software description of a system for monitoring
temperature and intensity of solar radiation for PV systems on the Thingspeak loT platform.

Experimental results also showed that the proposed system works well and quickly monitors
environmental parameters such as temperature and light intensity. These parameters can be used
to calculate performance ratio for the increasingly popular PV systems.

Acknowledgement: This work was supported by a grant (No. DHH2021-18-01) from Hue University.
REFERENCES

[1]- Ngo, X. C. et al., “Grid-connected photovoltaic systems with single-axis sun tracker: case study for
central Vietnam.” Energies, Vol. 13(6), 1457, (2020).

[2]. M. Santhakumari and N. Sagar, "A review of the environmental factors degrading the performance of
silicon wafer-based photovoltaic modules: Failure detection methods and essential mitigation
techniques." Renewable and Sustainable Energy Reviews, Vol. 110: 83-100, (2019).

[3]. D. Parida et al., "Real-time environment monitoring system using ESP8266 and ThingSpeak on
internet of things platform." 2019 International Conference on Intelligent Computing and Control
Systems (ICCS). IEEE, (2019).

[4]. Peter Michael, "A Conversion Guide: Solar Irradiance and Lux Illuminance", IEEE Dataport (2019),
doi: https://dx.doi.org/10.21227/mxr7-p365.

TOM TAT

HE THONG GIAM SAT THOI TIET CHO UNG DUNG QUANG DIEN
TREN NEN TANG IoT

Hién nay, viéc s dung hé thong quang dién mai nha ngay cang tang do cdac chinh phu
khuyen khich, dan dén nhu cau gidm sdt cdc théng sé cia hé thong ciing nhu cdc yéu 1
thoi tiét anh hudng dén hé théng quang dién. Bai bao nay mé ta viéc trién khai xdy dung
hé thong gidm sdt thoi tiét bao gom nhiét d¢ méi truong xung quanh, nhiét do bé mdt ciia
cdc tam quang dién va cuong do birc xa mat troi trén nén tang Internet of Things (1oT).
Thiét bi chinh ciia hé thong gidm st la mé-dun WiFi NodeMcu dya trén vi dieu khién
ESP8266, tat ca cac tin hiéu doc dwoc tir cam bién sé diroc ESP8266 truyén qua Wi-Fi va
tdi lén nén tang Thingspeak IoT noi dit liéu sé dwoc lheu trik, dwoc xir Iy va sir dung dé
giam sat.

Tir khéa: Hé thong PV; 10T; ESP8266; Giam sét thoi tiét.
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