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ABSTRACT 
 

Aims: To produce low-cost measuring instruments with high accuracy, which are expected to be 
used as a reference in developing rainfall observation instruments to reduce observation costs. 
Study Design: Design of Rainfall measuring instruments based on Android Smartphone and 
ATmega328P microcontroller using hall effect sensor. 
Place and Duration of Study: Department of Physics, Udayana University, and Indonesian 
Agency of Meteorology, Climatology, and Geophysics (BMKG), Region-III Badung, from June 2022 
to August 2022. 
Methodology: Calibration is done by comparing the output value of the rainfall measuring 
instruments using hall effect sensor and the BMKG calibration standard tool. The calibrated 
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parameter is rainfall. The relationship between the measurement values of the design tool and the 
standard tool is determined using linear regression method to obtain a correction equation. 
Results: Rainfall measuring instruments based on Android Smartphone and ATmega328P 
microcontroller using hall effect sensor have been produced. The measurement accuracy obtained 
for the rainfall parameter is 97.97% with uncertainty (U95) of 0.06 mm/min. The accuracy value 
indicates that the resulting tool has a good level of accuracy to the standard tool. 
Conclusion: In this research, has been produced a rainfall measuring instrument at a low-cost with 
high accuracy and precision, which has been calibrated with BMKG standard tool. 
 

 
Keywords: Rainfall; ATmega328P; hall effect sensor; telemetry.  

 
1. INTRODUCTION 
 

Rain is an important factor in all aspects of life, 
uncertainty the arrival of rain currently is very 
influential on industrial activities, especially in the 
agricultural sector [1]. Technological 
developments demand that all aspects contribute 
to its use, except for the determination of rainfall 
[2]. Various applications of climatology and 
hydrology in agriculture, plantations and 
agricultural industry very depend on rain. The 
rainfall data is the main input to the bulk 
simulation model surface flow (rainfall-runoff) for 
urban hydrology applications. The design and 
analysis of urban drainage systems are greatly 
influenced by rainfall intensity and duration data 
recorded [3,4]. Although the sensing method is 
widely used in rainfall estimation, measurements 
from the rain gauge are still used for operational 
and calibration purposes. The observation of rain 
gauge is also necessary for the radar rainfall 
estimation algorithm [5]. The instrument for 
measuring rainfall that falls to the ground surface 
per unit area is called a rain gauge. Several 
types of rain measuring instruments that have 
been developed include weighing, capacitance, 
tipping bucket, optics, and others [6]. Rainfall 
intensity measuring devices have a very 
important role in monitoring the productivity of an 
area. Based on the description above, 
researchers are interested in conducting 
research to produce rainfall measuring 
instruments based on Android Smartphone and 
ATmega328P microcontroller using hall effect 
sensor at a low-cost with high accuracy, which is 
expected to facilitate the measurements of 
rainfall intensity and can be used as a reference 
in developing rainfall observation instruments. 
 

1.1 Arduino Uno R3 ATmega328P 
 

Arduino Uno R3 ATmega328P is one of the 
microcontrollers that are widely used today 
because of the ease of use of Arduino and its 
program language compared to the minimum 
microcontroller system [7]. Arduino Uno is one 

version of the existing Arduino. The Arduino Uno 
is equipped with ATmega328P as a 
microcontroller, 14 digital pins and 6 analog input 
pins but the use of programming languages is 
still the same as another Arduino [8]. The 
Arduino Uno R3 ATmega328P can be powered 
by a 7–12 V power supply. The memory on The 
Arduino Uno R3 ATmega328P has 32 KB (0.5 
KB used as bootloader), 2 KB and SRAM, and 1 
KB EEPROM [9]. 
 

1.2 Hall Effect Sensor 
 

Hall effect sensor is a device that can be 
activated by an external magnetic field. The input 
of this sensor is the magnetic density around the 
sensor, if the magnetic density exceeds a 
predetermined threshold, then the sensor will 
detect and produce output [10]. The basic 
principle of the hall effect sensor is to convert the 
current flowing through the conductor around the 
magnetic field into a voltage proportional to the 
amount of current passing through the conductor. 
If there is no magnetic field on the sensor, the 
distribution of current flowing on the sensor does 
not cause voltage [11]. 
 

1.3 Organic Light Emitting Diode (OLED) 
 

Organic light emitting diode is one of the 
technologies for flat light emitting media. OLED is 
formed from a series of placement processes of 
organic thin film between two conductors. The 
device has 4 I2C interfaces pins to be connected 
to the microcontroller pins [12]. OLED is more 
economical in power consumption compared to 
Liquid Crystal Display (LCD). The device 
requires 3.3 – 5 V and OLED can be 
programmed with an I2C microcontroller [13]. 
 

1.4 HC-05 Bluetooth Module 
 

HC-05 Bluetooth module is a Bluetooth serial 
port protocol (SPP) module. The device can be 
connected to wireless systems and designed for 
wireless serial connection setup [14]. 
Connectivity modes on the HC-05 Bluetooth 
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module include slave/receiver (RX) mode and 
master/transceiver (TX) mode. The device can 
operate without using a special driver. When the 
devices communicate with other devices or 
Bluetooth, there are two requirements, namely 
communication between the master and slave, 
and the password must be correct when pairing 
the device. The device has an effective range of 
10 meters [15]. 
 

2. METHODOLOGY 
 

2.1 Design of System 
 

The design used is shown in Fig. 1. This design 
tool uses a hall effect sensor as input. The 
Arduino Uno R3 ATmega328P microcontroller is 
the center of processing input and output sensor 
reading data. HC-05 Bluetooth module as data 
sender via Bluetooth connection. There are two 
outputs of design tool, namely display media on 
OLED and application on Android Smartphone. 
 

2.2 Calibration Methods 
   
Calibration is the application of observation 
equipment by comparing the designation of the 

measuring instrument with known and traceable 
standard values [16]. Data collection for 
calibration is carried out by observing the output 
data of rainfall measuring instruments and BMKG 
standard tool. The calibrated parameter is the 
rainfall parameter. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Results 
 
Research on the design and manufacture of 
rainfall measuring instruments based on Android 
Smartphone and ATmega328P microcontroller 
using hall effect sensor, was carried out at the 
Electronics and Instrumentation Laboratory of the 
Physics Study Program, Udayana University and 
the Meteorology, Climatology and Geophysics 
Calibration Laboratory, Region-III Badung, from 
June 2022 to August 2022. The design results of 
the rainfall measuring instruments based on 
Android Smartphone and ATMega328P 
microcontroller using a hall effect sensor are 
shown in Fig. 2 and the schematic design is 
shown in Fig. 3. 

 

 
 

Fig. 1. Block diagram of design tool 
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Fig. 2. Result of design tool 
 

 
 

Fig. 3. Schematic design 
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3.2 Discussion 
 
3.2.1 Calibration of RAINFALL PARAMETER 
 
Calibration of rainfall parameters is carried out to 
test the rainfall measurement value                              
of the design tool with Tipping Bucker Rain 
Gauge Calibrator. The set point range used in 
the calibration process is between the nozzle 
rate 25-300 mm/hour. The rainfall                        
parameter calibration result data is shown in 
Table 1. 
 
The data in Table 1 shows that the error value of 
the rainfall measurement obtained is less than 
5%. This value still meets the tolerance for the 
classification of rainfall measurement error 
values set by WMO, which is a maximum of 5% 
[16]. The standard deviation value obtained 
shows a small value, this shows that the design 
tool has a good level of precision for rainfall 

parameters. The calibration data in Table 1 are 
plotted into a linear test graph as shown in Fig. 4. 
 

Based on the plotted data, a linear equation was 
obtained with a regression coefficient (gradient) 
of 1.6624 and a regression constant of -14.116 
so that an equation close to y = x could be 
obtained. This shows that the measurement 
results between design tool and standard tool are 
close to the same. In addition, the value of the 
coefficient of determination (R2) of 0.9627 was 
obtained. This value can be interpreted as the 
accuracy of the measurement results of design 
tool against standard tool is 96.27%. 
 

3.2.2 Application of rainfall parameter 
 

Applications of rainfall parameter were carried 
out at the Tool Park of BMKG Region-III Badung 
in August 2022 and compared with a reference 
tool, The Automatic Rain Gauge. The application 
data can be seen in Table 2. 

 
Table 1. Calibration data of rainfall parameter 

 

Set Point 
(mm/hour) 

Reference 
Tool (mm) 

Design Tool 
(mm) 

Correction 
(mm) 

Error*  
(%) 

Deviation 
Standard  

25 21.67 21.93 0.27 1.23 0.23 
50 21.47 21.67 0.20 0.93 0.20 
100 21.27 21.20 -0.07 0.31 0.12 
200 20.67 20.07 -0.60 2.90 0.35 
300 19.87 19.00 -0.87 4.36 0.23 

 

 
 

Fig. 3. Graph of rainfall parameter calibration 
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Table 2. Application data of rainfall parameter 
 

Date (August 2022) Reference Tool (mm) Design Tool (mm) 

11 0.8 0.6 
12 1 0.6 
13 0.2 0 
14 0 0 
15 3.8 3.2 
16 0 0 
17 0 0 
18 2.6 2.2 
19 0.6 0.4 
20 0 0 
21 0 0 
22 1.8 1.4 
23 6 5.2 
24 0.8 0.6 
25 0 0 
26 0 0 
27 0 0 
28 0 0 
29 0 0 
30 0 0 
31 3.4 2.8 

 

 
 

Fig. 5. Graph of rainfall parameter application 
 
Based on the overall data in Table 2, it can be 
plotted in the graph can be seen in Fig. 5. 
 
Based on the plotted data, a linear equation              
was obtained with regression coefficient                            
(gradient) of 0.8901 and a regression                   
constant of -0.1693 so that equation close to y = 
x could be obtained. This shows that application 
results between design tool and reference tool 
are close to the same. In addition, the value of 
the coefficient of determination (R2) of 0.9987 

was obtained. This value can be interpreted as 
the accuracy of the measurement                        
results of design tool against reference tool is 
99.87%. 
 

4. CONCLUSION 
 

The conclusions obtained are: 
 

1. The design of Rainfall measuring 
instruments based on Android Smartphone 
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and ATmega328P microcontroller using a 
hall effect sensor has been produced. 

2. The resulting tool design has been calibrated 
with BMKG standard tools. Calibration is 
carried out by comparing the measurement 
results of the design tool with the BMKG tool 
so that the accuracy of the tool is obtained 
through the calculation of the coefficient of 
determination. The resulting tool has a good 
level of accuracy and precision for the 
measurement of rainfall parameters. 

 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Laksono SS, Nurgiyatna. Rainfall 

measurement system for early detection of 
drought in agriculture based on the internet 
of things. Jurnal Emitor. 2020;20. 

2. Gunadi I, Khuriati A, Maulana MF, Putranto 
AB, Suseno JE, Hersaputri M. 
Determination of rainfall based on weather 
input using the mamdani fuzzy logic 
method. Journal of Vocational Service. 
2021;Vol.02.  
DOI: 10.14710/Gading.  

3. Schilling W. Rainfall data for urban 
hydrology: What do we need? Atmospheric 
Research. 1991;27:5-21.  
DOI: 10.1016/0169-8095(91)90003-F. 

4. Zhu H J, Schilling W. Simulation errors due 
to insufficient temporal rainfall resolution - 
Annual combined sewer overflow. 
Atmospheric Research. 1996;42:19-32.  
DOI: 10.1016/0169-8095(95)00050-X. 

5. Anagnostou EN, Krajewski WF. Real-time 
radar rainfall estimation part 1: Algorithm 
Formulation. Journal of Atmospheric and 
Oceanic Technology. 1999;16:189-197.  
DOI: 10.1175/1520-0426(1999)016<0189: 
RTRREP>2.0.CO;2. 

6. Muid A, Zen M, Adriat R. Prototype of Red 
Switch Sensor Based Rainfall Measuring 
Instrument with Website Interface. 
Positron. 2019;09.  
DOI: 10.26418/positron.v9i1.31696. 

7. Arduino CC. Arduino UNO; 2021. 
Accessed 20 July 2023.  
Available: 
http://www.arduino.cc/en/Main/ArduinoBoa
rdUno 

8. Al Bahar  AK, Ashfahani F A. Design of 
automatic hand sanitizer using arduino uno 
R3 ATmega 328 and infrared sensor. 
Elektrokrisna Scientific Journal. 2021;              
09. 

9. Giashinta P. Tools for controlling 
temperature, humidity, and monitoring the 
harvest period on oyster mushroom 
cultivation based on the ATmega328P 
microcontroller. Faculty of Engineering, 
Yogyakarta State University; 2018. 

10. Kho D. Hall Effect Sensor;2023. 
Available:https://teknikelektronika.com/pen
gertiansensor-efek-hall-hall-effect-sensor-
prinsip-kerja-efek-hall 

11. Sampebatu L, Patabang S, Leda J. Testing 
the sensitivity and accuracy of the hall 
effect current sensor using arduino-uno. 
Taguchi Journal. 2022;2:276-285.  
DOI: 10.46306/tgc. v2i2.47. 

12. Putra RP. Implementation of monitoring 
and watering systems based on the 
internet of things using k-nearest neighbor. 
Faculty of Science and Technology, 
Islamic State University of Maulana Malik 
Ibrahim Malang; 2020. 

13. Ainurrahman R. Design of panning drive 
system for taking panoramic photos based 
on ATmega328. Faculty of Engineering, 
Muhammadiyah University of Yogyakarta; 
2019. 

14. Putra RP, Agung IG, Rahardjo APP. 
Vending machine design using 
microcontroller based QR code. Spektrum 
Journal. 2019;6:102-111. 

15. Sadewo VA, Dzikiro ER, Muttaqin A. Home 
controller design using android 
smartphone with bluetooth connectivity. 
Journal of Information Technology and 
Computer Science Development. 2017;1: 
415-425. 

16. World Meteorological Organization (WMO). 
Guide to Meteorological Instruments and 
Methods of Observation, Geneva: 
Publication WMO; 2018. 

 

© 2023 Adhari et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/106621 

http://creativecommons.org/licenses/by/2.0

