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 Hydroponics is currently widely used for the effectiveness of farming in 

narrow areas and increasing the supply of food, especially vegetables. This 

hydroponic technology grew until it collaborated with the internet of things 

technology, allowing users to monitor hydroponic conditions such as 

temperature and humidity in the surrounding environment. This technology 

requires electronic systems to obtain cost-effective power coverage and have 

independent charging systems, such as power systems using solar panels, 

where the power received by solar panels from the sun is stored in batteries. 

It must ensure that the condition of the battery and solar panels are in good 

condition. The research contribution is to create a solar panel temperature 

monitoring system and battery power using Grafana and Android 

Application. Apart from several studies, solar panels are greatly affected by 

temperature, which can cause damage to the panels. If the temperature is too 

high, the battery and panel temperature monitoring system can help monitor 

the condition of the device at Grafana and Android application with sensor 

data such as voltage, current, temperature and humidity that have been tested 

for accuracy. Accuracy test by comparing AM2302 sensor with 

Thermohygrometer and INA219 sensor with multimeter and clampmeter, 

both of which have been calibrated. The sensor data gets good accuracy 

results up to 98% and the Quality-of-Service value on the internet of things 

network is categorized as both conform to ITU G.1010 QOS data based on 

network readings on the wireshark application. QOS results are 0% Packet 

loss with very good category, 14ms delay with very good category and 

Throughput 71.85 bytes/s.  With the results of sensor accuracy and QOS, the 

system can be relied upon with a high level of sensor accuracy so that 

environmental conditions are monitored accurately and good QOS values so 

data transmission to the server runs smoothly. 
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1. INTRODUCTION  

The conversion of agricultural land into residential and industrial areas in agrarian country are quite high. 

However. the increase in the transfer of agricultural land is not followed by people’s need for food, where it 

continues to increase every year. This encourages an innovation in agriculture by changing conventional 

agriculture into modern one for the effectiveness of agriculture on narrow space. A Hydroponic systems based 
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on the internet of things are currently developing with the aim of improving the quality of hydroponic plants 

and farmers can monitor hydroponic environmental conditions such as [1]-[3]. The hydroponic system uses a 

battery connected to a solar panel or can be called a Solar Power Plant as in research [4], so that the system 

can run independently without relying on resources from grid   and can charge itself by using solar energy. 

Monitoring the power source integrated with hydroponics is needed to monitor the battery's condition for 24 

hours, so that farmers can find out the condition of the battery and can determine the appropriate action if the 

battery runs out or is damaged. Previous research, as in [5]-[6], describes the method and application of 

monitoring the Solar Power Plant Battery Power System that could be used in hydroponics. The novelty in this 

research is battery monitoring through the Grafana IoT platform and also the Android application. The potential 

that can be improved on this novelty is to make an early warning system that is immediately delivered to the 

user when the battery is about to run out. Another problem related to solar panels is if the panels operate at 

high-temperature conditions for a long time, the panel cells can be damaged due to overheating, as was the 

result of research in [7]. Therefore the solar panel temperature needs to be monitored to prevent the panel from 

being damaged due to overheating. Monitoring battery power and solar panel temperature can be combined 

with the internet of the things-based hydroponic system for monitoring or controling as in research [8]-[12] by 

monitoring using the web and Android applications. Monitoring data will be stored and become big data [13]-

[17] which can be used to improve the system. The primary sensor used to monitor solar panel battery power 

at a low cost is the INA219 sensor which has been used in [18], [19]. This sensor can monitor the voltage and 

current values on DC batteries used in hydroponic power systems with good accuracy. Accuracy test by 

comparing AM2302 sensor with Thermohygrometer and INA219 sensor with multimeter and clampmeter, both 

of which have been calibrated.  the current has an accuracy rate of 96.5%, and the voltage is 99.5%, as in 

research [20]. Then the sensor used in monitoring the temperature on the panel is the AM2302 sensor, as in 

[21]-[23]. This sensor has two outputs, temperature and humidity, with humidity accuracy range of 2-5% and 

±5◦C for temperature values as in [24]. In terms of accuracy, accuracy needs to be retested to ensure that the 

sensors used are in good condition with high accuracy so that the data generated can be used to analyze 

problems that occur in solar panel batteries. 

The system created makes it possible to monitor the voltage, current, temperature and humidity needed 

to monitor the condition of the battery and solar panels installed based on IoT via Grafana, a Web-based IoT 

Platform used [25], as well as to facilitate monitoring anywhere and anytime. Whenever an Android application 

is created, that can monitor these data.  To create an IoT system for realtime monitoring, QOS testing based on 

ITU G.1010 is needed to ensure the network used has a good QOS level so that data is sent smoothly from 

device to server. So, The research contribution is to create a solar panel temperature monitoring system and 

battery power. 

 

2. METHODS  

On the system that has been created, the correct IoT architecture is a 4-layer architecture consisting of the 

Perception layer, Networks and Gateways, Middleware, and Applications as in [26], with the arrangement 

shown as shown in Fig. 1. The figure shows the four main layers with the following explanation, The perception 

layer functions to collect all kinds of information according to the function of the sensor.  The network layer 

receives information from the perception layer and forwards the received data to remote application interfaces 

using the Internet or other communication technologies. Middleware Layer is responsible for processing raw 

data received from the previous layer. Through this layer, data can be accumulated, grouped, stored, and 

processed according to needs. And The application layer is tasked with presenting data that has been processed 

to users in meeting their needs. 

 

2.1. IOT Preparation 

The perception layer is input as a data provider consisting of sensors, actuators and controllers. Networks 

and Gateways are transmission media for sending data with certain protocols such as UDP, STP, HTTP, and 

MQTT. Middleware is responsible for processing the raw data received from the previous layer. Through this 

layer, data can be accumulated, grouped, stored, and processed according to needs. and application, which is 

tasked with presenting processed data to users in meeting their needs. Presentation of data can be in the form 

of text, visualization, analysis results, etc. Fig. 2 shows the tasks and functions of each device, along with an 

explanation: 

1) Arduino Mega: Arduino Mega, as a microcontroller, will read data from the AM2302 sensor, which has 

temperature and humidity data and INA219 data, which has voltage and current data from the battery. 

Then all data is made into one package and sent to Raspberry Pi 4. 
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2) Raspberry Pi 4: Raspberry Pi 4 will receive data from Arduino Mega, then the received data packets will 

be parsed, then prepared to be sent to the database using Python-programming. 

3) MySQL XAMPP: In this section, the data sent by the Raspberry Pi 4 will be received, then stored in the 

database and the data is ready to be retrieved by the IoT platform and Android Application. 

4) Android App: Android applications designed using MIT App Inventor 2. It will get data from the database 

and display it on the dashboard. 

5) Grafana: Grafana is an open-source platform that can be used for monitoring with attractive data 

visualization and has an alarm management system. The advantage of Grafana is that it can export data 

in CSV form for analytics [27], compared to other open-source platforms such as Thingsboard 

Community Edition you cannot export data so you have to upgrade to Thingsboard Professional Edition 

as described in 6.2 in [28]. 

The operation flow of Fig. 2 is starting from the Arduino Mega 2560 which will receive input data from 

the AM2302 sensor with temperature and humidity data and the INA219 sensor with voltage and current data, 

then the data is put together in the form of a string, then sent to the Raspberry pi. The Raspberry pi will receive 

data from the Arduino Mega 2560, then parse the data and send it to the MySQL database. on MySQL Xampp 

receives data sent from the Raspberry pi then saves the data then the data will be read by the android and 

grafana applications or can be exported directly to the MySQL database on the Android application, the initial 

display will have a login menu, after entering the correct username and password, you will be directed to the 

dashboard menu to see the data display. on Grafana, it will read data from MySQL then it will be displayed 

in graphical form, then there is a menu to export data in .csv form. 

 

 
Fig. 1. Layer IoT Architecture 

 

 
Fig. 2. Flowchart System 
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2.2. Hardware Design 

This hardware consists of a solar charge system as in [1]-[3] and an electronic device to read the AM2302 

sensor [21]-[23], which has temperature and humidity data and reads the INA219 sensor [18], [19], which has 

voltage and current data. Each device is integrated like the design in Fig. 3 and the final result of the electronic 

device is integrated into a box like in Fig. 4. 

The following table shows the connection between the sensor device and the Arduino Mega 2560 in Table 

1. This hardware can still be optimized by making a box that is rainproof and has better air circulation. 

 

Table 1. Arduino Mega 2560 Connection With Sensors 
Pin Arduino Mega 2560 AM2302 sensor 

5V Positive (Red Wire) 

GND Negative (Black Wire) 

D2 Data (Yellow Wire) 

 
Sensor INA219 

5V VCC 

GND GND 

SCL SCL 

SDA SDA 

 

 
Fig. 3. Hardware Design 

 

 
Fig. 4. Electronic Device Design Results 

 

Connections between INA219 Sensors, Batteries, Controllers, Solar Panels. Vin+ INA219 sensor is 

connected to the positive (+) part of the battery, while the Vin- sensor is connected to the part that has a positive 

(+) picture of the battery on the controller, then negative (-) battery with the part that has a minus (-) battery 

image on the controller, then the Input (+) controller is connected to the positive (+) solar panel, then the input 

(-) controller is connected to the negative (-) solar panel, then the Load (+) Controller part is connected to Input 

(+) Stepdown 12v to 5v and Load (-) the controller is connected to Input (-) stepdown 12v to 5v, then output 
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(+) and output (-) are connected with a cable connected to the Raspberry Pi power port and finally Arduino 

Mega is connected to Raspberry Pi uses a USB cable. 

Electronic devices are tested to see whether the system is running well with a test scheme. Namely, the 

device is run with a power supply of 220 VAC and an output adapter of 5VDC 2A for several days. Electronic 

devices have succeeded in obtaining temperature, humidity, voltage and current data as in [18]–[23], then these 

data are sent to the database via a stable wifi network and the network is read by Wireshark to view QoS data, 

test results are of good value with reference to the results of the QoS test. 

 

2.3. Sensor Accuracy Testing Methods   

Accuracy testing is carried out by comparing sensors and tools as data comparisons as in [13], [17].  

accuracy testing is taken 10 samples with each sample taken data every 1 minute, while the sensors to be tested 

for accuracy are: 

1) Temperature and Humidity sensors: The sensor is AM2302 which will be compared with a calibrated 

thermohygrometer. Thermohygrometer tool is calibrated by an official calibration institution. 

2) Voltage and Current Sensors: The sensor INA219 will be compared with a calibrated multimeter and 

clamp meter. The tool is calibrated by an official calibration institution. 

 

2.4. Quality of Service (QOS) Test Method    

QoS, according to the International Telecommunication Union (ITU) is the collective effect of service 

performance that determines the degree of satisfaction of a user with a service [29]-[34]. This test aims to see 

whether the service or network connection is good. The parameters that become a reference for this situation 

are throughput, delay, and packet loss. QoS performance refers to ITU-T G.1010. The delay and packet loss 

categories are shown in Table 2 and Table 3. In these tables, quality is categorized into four categories: Very 

good, good, medium, and bad. 

QoS testing will use Wireshark as in [29] to obtain the required values. QOS testing using wireshark is 

carried out 24 hours, so that it can calculate the values of throughput, delay and packet loss, following the (1)-

(3). The device will send data over a stable WiFi network. Raspberry pi runs the wireshark application to record 

every data transmission for 24 hours. 

 𝑃𝑎𝑐𝑘𝑒𝑡 𝑙𝑜𝑠𝑠 =
(𝑃𝑎𝑐𝑘𝑒𝑡 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒 − 𝑃𝑎𝑐𝑘𝑒𝑡 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑)

𝑃𝑎𝑐𝑘𝑒𝑡 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑
𝑥100%

 
(1) 

 𝐷𝑒𝑙𝑎𝑦 =
𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑎𝑦

𝑇𝑜𝑡𝑎𝑙 𝑝𝑎𝑐𝑘𝑒𝑡𝑠 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑

 
(2) 

 𝑇ℎ𝑟𝑜𝑢𝑔ℎ𝑝𝑢𝑡 =
𝑃𝑎𝑐𝑘𝑒𝑡 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑

𝑇𝑖𝑚𝑒 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑡𝑡𝑒𝑑
 

(3) 

 

Table 2. Itu Delay Category G.1010 [35] 
Latency Category Delay 

Very Good <150 ms 

Good 150 – 300 ms 

Medium 300 – 450 ms 

Bad >450 ms 

 

Table 3. Packet Loss Category Itu G.1010 [35] 
Degradation Category Packet loss 

Very Good 0% 

Good 5% 

Medium 15% 

Bad 25% 

 
3. RESULTS AND DISCUSSION  

3.1. Website Monitoring Design Results 

The Grafana Dashboard functions to monitor temperature, humidity, voltage and current in a graphical 

form that can be read by setting the time according to the desired setup, as shown in Fig. 5. In this grafana, you 

have to log in by entering your username and password before you can access the dashboard. 
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In the dashboard Grafana, each data from sensor are displayed in real time with good QOS like show in 

Table 6.  The graph can be set the time of the data you want to display, so user can monitor the condition of 

the remaining battery power by looking at the accu voltage (battery voltage) and current accu (battery current) 

graphs so that the user can ensure that the battery condition is good or not at any time so that the battery can 

provide power to the hydroponics system as in [1]-[3]. In addition, the user can see the ambient temperature 

conditions to ensure that the temperature will not harm the panel, as explained in [7]. 

 

 
Fig. 5. Grafana Dashboard Application 

 

3.2. Android App Design Result 

The Android application functions as a monitoring of temperature, humidity, voltage and current. This 

application has two views. namely the first display or home is the login menu and the second display or 

dashboard is a display of the latest data values obtained from the database, along with the Android application 

design as shown in Fig. 6. This android application was created using the MIT App Inventor website. This 

website is easy to use because to make the display and each function just drag and drop the available blocks. 

In the home display design, the login menu is created by entering the username and password in the compare 

text block which functions to compare the username and password entered by the user. So only users who know 

the username and password can access the dashboard. Then the Dashboard menu is connected to the MySQL 

database to get temperature, humidity, voltage and current data, then displayed on the dashboard in the form 

of numbers. The Android application has the same function as Grafana but in a mobile version that can be 

installed on a mobile phone so that users can view data anywhere and anytime. 

 
  

(a) (b) 

Fig. 6. Mobile Version (a) Home (b) Dashboard 
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3.3. Sensor Accuracy Testing 

Testing sensor accuracy is part of the validation and verification activities for each sensor's data issued 

by looking at the difference in data against a calibrated measuring instrument. The AM2302 sensor 

(temperature and humidity) will be compared with a thermohygrometer that has been tested. Calibrated and 

INA219 sensors (voltage and current) will be compared with multimeters and clamp meters like the test method 

in [13], [17]. The results of each comparison of sensor data with a calibrated device will be a reference that can 

be entered into the programming to adjust the sensor value output results 

1) INA219 Sensor Test Results  

In testing the accuracy of the INA219 sensor [13], a multimeter will be used for the accuracy of 

voltage readings and a clamp meter for the accuracy of current readings, as follows in Table 4.  

 

Table 4. The Results of Testing the Accuracy of The Ina219 Sensor 

 

From the results above, subtract the average, maximum and minimum values of the INA219 sensor 

with a multimeter and clamp meter to see the difference in the data. The results of testing the accuracy of 

the INA219 sensor for voltage and current data are that the voltage has an accuracy in the value range of 

-0.26 V to -0.19 V and the current accuracy is in the range of 9.51 mA to 57.8 mA. These results show 

the accuracy of the voltage in the percentage of 98.4%, and the current results are 99.2%. These results 

are almost similar to the test on [18]. Perfomance Analysis of INA 219 as in Table 8. 

 

2) AM2302 Sensor Test Results 

The AM2302 sensor is a sensor for reading temperature and humidity. Accuracy testing will use a 

Thermohygrometer as AE (Auxiliary Equipment) [39]-[40], along with the test results shown in Table 5 

and Fig. 8. Perfomance Analysis of INA 219 as in Table 7. Results of testing the accuracy of the INA219 

sensor and results of testing the accuracy of the INA219 sensor show in Fig. 7. Wireshark reading result 

show in Fig. 9. 

 

 
Fig. 7. Measurement comparison chart (a). Voltage (b). Current against the test number 

Test No. 

INA219 Sensor Multimeter Clamp Meter Difference 

Voltage (V) 
Current 

(mA) 
Voltage (V) Current (mA) Voltage (V) Current (mA) 

1 11.78 590.3 12 567 -0.22 23.3 
2 11.79 535 12 560 -0.21 -25 
3 11.8 537.9 12 556 -0.2 -18.1 
4 11.81 543.3 12 581 -0.19 -37.7 
5 11.78 535.9 12 571 -0.22 -35.1 
6 11.74 611.8 12 554 -0.26 57.8 
7 11.79 557.4 12 511 -0.21 46.4 
8 11.8 534.6 12 512 -0.2 22.6 
9 11.8 546.1 12 505 -0.2 41.1 
10 11.8 540.8 12 521 -0.2 19.8 

Average 11.789 553.31 12 543.8 -0.211 9.51 

Max 11.81 611.8 12 581 -0.19 57.8 

Min 11.74 534.6 12 505 -0.26 -37.7 
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Fig. 8. Measurement comparison chart (a). Temperature (b). Humidity against the test number 

 

Table 5. AM2302 Sensor Accuracy Test Results 

Test No. 
AM2302 Sensor Thermohygrometer Difference 

Temperature Humidity Temperature Humidity Temperature Humidity 

1 25.5 73 25.4 68.3 0.1 4.7 

2 25.4 73 25.4 68.3 0 4.7 

3 25.4 73 25.3 68.3 0.1 4.7 

4 24.8 77 25.3 68.3 -0.5 8.7 

5 24.8 77 25.3 68.4 -0.5 8.6 

6 24.8 77 25.3 68.4 -0.5 8.6 

7 24.8 77 25.3 68.4 -0.5 8.6 

8 24.8 77 25.3 68.4 -0.5 8.6 

9 24.6 78 25.3 68.4 -0.7 9.6 

10 24.6 79 25.3 68.4 -0.7 10.6 

Average 24.95 76.1 25.32 68.36 -0.37 7.74 

Max 24.6 73 25.3 68.3 -0.7 4.7 

Min 25.5 79 25.4 68.4 0.1 10.6 

 

 
Fig. 9. Wireshark Reading Result 

 

From the results, subtract the average, maximum and minimum values of the AM2302 sensor with a 

Thermohygrometer to see the difference in the data. The accuracy of the AM2302 sensor is that the 

temperature is within the value range of -0.7°C to 0.1°C and the humidity is within the value range of 

4.7%RH to 10.6%RH. If you look at the sensor specifications and test results in [17], the temperature 

value has very good accuracy compared to other sensors as in Table 5, while the humidity value is quite 

good and requires adjustment of the resulting value. 

 

3) Quality of Service (QOS) testing 

QoS testing aims to see which connections are in good condition and ensure electronic devices work 

properly. The results of this test refer to Table 1 and Table 2. To get the required value in calculating (1)–

(3), use Wireshark with the following results in Fig. 9. 
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From the Wireshark reading results, the throughput, delay, and packet loss values can be calculated 

using formulas (1)–(3). The calculation results and categories, according to Table 2 and Table 3, are 

shown in Table 4. QOS testing with the results stated that network performance is acceptable because it 

has a very good value. So that data can be sent to the server without losing data with minimal delay, and 

can be displayed on the Graphana dashboard and Android applications in real time. Value and category 

for throughput, delay, and packet loss show in Table 6. Perfomance analysis of the Am2302 sensor and 

some reviewed literature show in Table 7. Perfomance analysis of the Ina219 sensor and some reviewed 

literature show in Table 8. 

 

Table 6. Value and Category for Throughput, Delay, and Packet Loss 
 Packet loss Delay Throughput 

Value 0% 14ms 71.85 byte/s 

Category Very Good Very Good  

 

Table 7. Perfomance Analysis of the Am2302 Sensor and Some Reviewed Literature 
Ref Temperature Humidity Sensor Type 

[17] ±5◦C 2-5% DHT 22 

[36] ±4◦C 11% DHT 11 

This Work -0.7°C to 0.1°C 4.7%RH to 10.6%RH AM2302 

 

Table 8. Perfomance Analysis of the Ina219 Sensor and Some Reviewed Literature 
Ref Voltage Current Sensor Type 

[37] 99.31 % 99.1 % INA219 

[38] 97.64 % 98,44 % INA219 

This Work 98.4 % 99.2 %. INA219 

 

4. CONCLUSION 

The system that is made works well with sensors that have high accuracy so that the system can be used 

in monitoring the state of the battery and the temperature of the panels to avoid damaged or discharged batteries 

and damaged panels due to heat which causes the hydroponic system not to work and the plants to lay or fail 

to harvest. Further work includes an early warning system if the battery is low and the panel is overheating. 
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