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  Abstract 
Soil temperature is a crucial parameter in monitoring and understanding climate 

and soil ecosystems. It plays a vital role in various environmental aspects, including 
agriculture, ecology, and geoscience. Monitoring soil temperature is necessary for 
planning and managing agriculture and natural resources. Currently, temporal 
observations of soil temperature by BMKG are limited, conducted only at 07:55, 
13:55, and 18:55 local time. This limitation makes it difficult to perform detailed soil 
temperature analysis. This research was conducted to design a digital soil 
temperature monitoring device accessible via the internet. Seven DS18B20 
sensors were used at depths of 0 cm, 2 cm, 5 cm, 10 cm, 20 cm, 50 cm, and 100 
cm, combined with an ESP8266 module using the Arduino system. The 
implementation of this design resulted in a real-time soil temperature monitoring 
system with data updates every 10 seconds. The observed data are displayed on 
a 20x4 LCD and sent to the cloud, making them accessible on the webpage 
http://monitoringsuhutanah.my.id. Calibration results indicate that the DS18B20 
sensors used in this study provide accurate and consistent temperature 
measurements, with an average correction range of (-0.20) to 0.24, thus suitable 
for operational use. Field tests show that the digital data are accurate and 
correspond (linearly correlate) with conventional data. This is based on a 
correlation value of 0.7, while the RMSE values range from 0.5 to 2.18 and the bias 
ranges from (-0.69) to 0.08. 
 
Keywords: Soil Temperature, DS18B20 Sensors, ESP8622, Arduino 

 

 
1. Introduction 

Soil is one of the most important and complex 
natural resources on Earth. It plays a key role in 
supporting human life and ecosystems, as it performs 
a number of crucial ecological functions (Brady et al., 
2008; Rose, 2004). Soil serves as the growth medium 
for plants and provides habitat for various organisms. 

Soil temperature is a measure of the heat or warmth 
of the soil at a certain depth below the Earth's surface 
(Campbell & Norman, 1998). It is a significant 
parameter in soil science, agriculture, and various 
other applications, as soil temperature affects 
numerous biological, physical, and chemical 
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processes within soil ecosystems (Campbell & 
Norman, 1998; Hatfield & Prueger, 2015; Salam, 
2020). Soil temperature is measured using soil 
thermometers or implanted in the soil. 

Observational data on soil temperature play a vital 
role in agroclimatic monitoring, particularly in the 
context of agriculture and natural resource 
management. This data provides valuable insights 
into soil conditions that can impact plant growth, 
agricultural productivity, and the sustainability of 
farming ecosystems. With a good understanding of 
soil temperature, farmers can manage irrigation more 
efficiently, avoiding over-irrigation or under-irrigation. 
Soil temperature observation data are not only crucial 
in supporting sustainable agriculture but also in 
mitigating the impacts of climate change on food 
production and ecosystem sustainability. Therefore, 
accurate and continuous monitoring of soil 
temperature is a valuable asset in efforts to maintain 
food security and a healthy environment. 

The Meteorology, Climatology, and Geophysics 
Agency (BMKG) holds significant responsibility in 
weather and climate monitoring in Indonesia, 
including soil temperature observation. Currently, 
BMKG still uses standard thermometers implanted in 
the soil at certain depths for temperature 
measurement (shown in Figure 1). This conventional 
method of observation has limitations, requiring 
substantial human resources and time, and is prone 
to human error in thermometer readings. The limited 
frequency of observations means that this 
conventional soil temperature monitoring system 
cannot provide real-time data. Therefore, there is a 
need to transform the soil temperature observation 
system from conventional tools to digital ones based 
on the Internet of Things (IoT). 

 

 
(a) 

 
(b) 

 
Figure 1. The bare soil thermometer (a) and grass-covered 

soil thermometer (b)  
existing at the North Sumatra Climatological Station 

 
The transformation of the soil temperature 

observation system is a critical step in more accurate, 
efficient, and responsive weather and climate 
monitoring, particularly in light of global climate 
change. The digital system employs modern sensors 
and devices that can provide more precise and timely 

measurements. This allows for the acquisition of 
better and more reliable weather data. Digital tools 
enable real-time weather monitoring, thus enhancing 
the monitoring of soil temperature changes. 

This research was conducted to design a soil 
temperature observation system based on the Internet 
of Things (IoT) at the North Sumatra Climatological 
Station using DS18B20 sensors, a Real Time Clock 
(RTC) module, and NodeMCU ESP8266. In addition 
to being displayed on an LCD, the digital observational 
data is also transmitted to the cloud for storage and 
can be accessed on a webpage via the internet. To 
measure the performance of the device, calibration 
and field tests were conducted in this study. This 
research is expected to produce a reliable and 
beneficial IoT-based soil temperature observation 
system for the North Sumatra Climatological Station 
and a broader range of soil temperature data users. 
 

2. Method 

2.1 Block Diagram 

The block diagram in Figure 2 represents the 
overall design of the system to be developed in this 
study. The block diagram consists of three parts: 
Input, Process, and Output. The input to this system 
comes from three main components. Firstly, the 
DS18B20 temperature sensor is used to measure soil 
temperature at various depths. This sensor provides 
the necessary temperature data for monitoring 
environmental conditions. Secondly, the Real-Time 
Clock (RTC) module is responsible for providing 
accurate time information for the system. This is 
crucial for recording the time of soil temperature 
measurements conducted by the DS18B20 sensor. 
Lastly, the power supply provides operational power 
to the entire system. 

The main process in this block diagram is carried 
out by the NodeMCU ESP8266. NodeMCU acts as the 
brain of the system, tasked with collecting data from 
the DS18B20 temperature sensor and the RTC 
module. Subsequently, NodeMCU manages this data 
and controls the 20x4 LCD display to show relevant 
information such as soil temperature and 
measurement time. Additionally, the NodeMCU 
ESP8266 has a very important additional function. It 
acts as a bridge between the system and the internet, 
enabling the data generated by the sensors and the 
RTC module to be uploaded to a server or website via 
an internet connection. This opens up opportunities 
for remote monitoring and data storage in a format 
accessible to users via a website. 

In this way, this block diagram represents a well-
integrated soil temperature observation system, from 
the measurement of temperature by sensors to the 
display of data on the LCD and data storage and 
access via the internet. This provides a 
comprehensive solution for Internet of Things (IoT)-
based soil temperature monitoring. 
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Figure 2. Block diagram used in this research 

 
2.2 System Design 

The system design encompasses both the 
schematic and the conceptual design of the system. 
The system design schematic is a diagram of the 
assembled electronic components, arranged 
according to their function, serving as a reference in 
the creation of the soil temperature measuring device.  

 

 
 

Figure 3. Schematic system design 

 
Figure 3 presents the schematic of the system 

design used in the study. The conceptual design 
addresses the physical appearance of the device. 
Figure 4 shows the conceptual design of the system, 
which comprises several components, including the 
DS18B20, Real-Time Clock (RTC), ESP8266, 20x4 
LCD, and a breadboard power supply. In this study, 
the DS18B20 sensor is designed to be waterproof. 

 

 
 

Figure 4. Conceptual system design 

2.3 System Validation 

System validation is conducted to ensure that the 
data generated by the Internet of Things (IoT)-based 
digital soil temperature observation system designed 
in this study has adequate accuracy and consistency. 
The validation stages in this research include the 
calibration of the DS18B20 temperature sensor and 
the verification of digital data against conventional 
observational data.  

 
a) Calibration of DS18B20 sensors 

Calibration is carried out to ensure that the 
DS18B20 sensor used can accurately measure 
temperature. The calibration process is conducted at 
the Calibration Laboratory - Center for Meteorology, 
Climatology, and Geophysics Region I. According to 
the World Meteorological Organization (WMO) in the 
document 'Guide to Instruments and Methods of 
Observation' (WMO-No. 8), it is stated that the 
calibration range is -30°C to +40°C with a correction 
tolerance of ± 0.2°C. Based on this, calibration in this 
study is performed with four readings at each set point 
of 15°C, 25°C, and 35°C.  

 
b) Verification of digital data against 

conventional data 

Verification is carried out by comparing the data 
generated by the digital system with available 
conventional observational data. The comparison is 
done statistically by calculating the Mean Absolute 
Error (MAE), Mean Squared Error (MSE), Root Mean 
Square Error (RMSE), R-squared, Mean Absolute 
Percentage Error (MAPE), Bias, and Correlation 
Coefficient. The following are the statistical equations 
used below:  

 

𝑀𝐴𝐸 =  
∑(𝑋𝑜𝑏𝑠

̅̅ ̅̅ ̅̅ − 𝑋𝑠𝑒𝑛𝑠𝑜𝑟
̅̅ ̅̅ ̅̅ ̅̅ ̅ )

𝑛
 (1) 

𝑀𝑆𝐸 =  
∑(𝑋𝑜𝑏𝑠

̅̅ ̅̅ ̅̅ − 𝑋𝑠𝑒𝑛𝑠𝑜𝑟
̅̅ ̅̅ ̅̅ ̅̅ ̅ )2

𝑛
 (2) 

𝑅𝑀𝑆𝐸 = √𝑀𝑆𝐸 = √
[∑(𝑋𝑜𝑏𝑠

̅̅ ̅̅ ̅̅ − 𝑋𝑠𝑒𝑛𝑠𝑜𝑟
̅̅ ̅̅ ̅̅ ̅̅ ̅ )]2

𝑛
 (3) 

𝑅2 = 1 −
∑(𝑋𝑜𝑏𝑠

̅̅ ̅̅ ̅̅ − 𝑋𝑠𝑒𝑛𝑠𝑜𝑟
̅̅ ̅̅ ̅̅ ̅̅ ̅ )2

∑(𝑋𝑜𝑏𝑠
̅̅ ̅̅ ̅̅ − 𝑋𝑟𝑎𝑡𝑎2

̅̅ ̅̅ ̅̅ ̅̅  )2
 (4) 

𝑀𝐴𝑃𝐸 =
1

𝑛
 ∑ |

𝑋𝑜𝑏𝑠
̅̅ ̅̅ ̅̅ − 𝑋𝑠𝑒𝑛𝑠𝑜𝑟

̅̅ ̅̅ ̅̅ ̅̅ ̅

𝑋𝑜𝑏𝑠
̅̅ ̅̅ ̅̅ | 𝑥100% (5) 

𝐵𝑖𝑎𝑠 =
1

𝑛
 ∑(𝑋𝑜𝑏𝑠

̅̅ ̅̅ ̅̅ − 𝑋𝑠𝑒𝑛𝑠𝑜𝑟
̅̅ ̅̅ ̅̅ ̅̅ ̅) (6) 

𝑟 =
𝑛(∑ 𝑋𝑜𝑏𝑠𝑋𝑠𝑒𝑛𝑠𝑜𝑟) − [(∑ 𝑋𝑜𝑏𝑠)(∑ 𝑋𝑠𝑒𝑛𝑠𝑜𝑟)]

√[𝑛 ∑ 𝑋𝑜𝑏𝑠
2 − (∑ 𝑋𝑜𝑏𝑠)2][𝑛 ∑ 𝑋𝑠𝑒𝑛𝑠𝑜𝑟

2 − (∑ 𝑋𝑠𝑒𝑛𝑠𝑜𝑟)2]

 
(7) 

 
The verification was carried out in accordance with 

the availability of conventional observational data 
conducted at the North Sumatra Climatological 
Station, as shown in Table 1. Digital observational 
data at 08.00 local time (LT) and 14.00 LT at depths 
of 0 cm, 2 cm, 5 cm, 10 cm, and 20 cm are compared 
against conventional observational data at 07.55 LT 
and 13.55 LT. Meanwhile, digital data at 18.00 LT are 
compared with conventional data at 17.55 LT.  
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Table 1. Scheme for verifying digital data against 

conventional data 

Sensor/Therm
ometer Depth 

Observation Time (LT) 

Conventional 
Data 

Digital Data 

07.
55 

13.
55 

17.
55 

08.
00 

14.
00 

18.
00 

0 cm ✔ ✔ ✔ ✔ ✔ ✔ 

2 cm ✔ ✔ ✔ ✔ ✔ ✔ 

5cm ✔ ✔ ✔ ✔ ✔ ✔ 

10 cm ✔ ✔ ✔ ✔ ✔ ✔ 

20 cm ✔ ✔ ✔ ✔ ✔ ✔ 

50 cm ✘ ✘ ✔ ✘ ✘ ✔ 

100 cm ✘ ✘ ✔ ✘ ✘ ✔ 

 

3. Result and Discussion 

3.1 System Implementation 

System implementation refers to the final output of 
the designed device. In this study, the system 
implementation is divided into two parts: hardware 
implementation and software implementation. The 
core of this system is the application of the integrated 
DS18B20 temperature sensor, strategically placed at 
various stratified depths: surface (0 cm), shallow (2 
cm, 5 cm), medium (10 cm, 20 cm), and deep (50 cm, 
100 cm). This system is programmed to automatically 
collect data at scheduled intervals, reducing the need 
for manual intervention and increasing operational 
efficiency. The collected data are then transmitted in 
real-time through the Internet of Things, a connected 
network that facilitates data exchange. 

 
a) Hardware implementation 

The DS18B20 sensors are installed in seven holes 
at varying depths of 0 cm, 2 cm, 5 cm, 10 cm, 20 cm, 
50 cm, and 100 cm. The installation of the DS18B20 
sensors is carried out following the instructions 
provided in the sensor datasheet. The DS18B20 has 
pins that must be connected to the NodeMCU 
ESP8266 microcontroller. Programming of the 
NodeMCU ESP32 microcontroller is done using the 
Arduino programming language.  

 

  

(a) (b) 
 

Figure 5. Concept (a) and realization (b) of the design  
of the digital soil temperature observation device used in 

the study 

 
The written program reads data from the DS18B20 
sensor and sends it to the server using the MQTT 
protocol. The RTC module is programmed to make 

the sensor measure soil temperature every 10 
seconds. There is a 20x4 LCD used to display the 
soil temperature measurement data. In addition, the 
ESP8266 module, connected to the internet via WiFi, 
is also programmed to send the soil temperature 
observation data every 10 seconds to the server for 
input into a database that can be accessed through 
the webpage http://monitoringsuhutanah.my.id. 
 

  
 
Figure 6. Installation of the digital soil temperature 

observation equipmenton October 17, 2023. 

 
b) Software implementation 

 
 
Figure 7. Real-time web display of soil temperature 

observations on the webpage: 
http://monitoringsuhutanah.my.id/ 

 
The software implementation in this study includes 

the development of a data display hosting on the 
webpage http://monitoringsuhutanah.my.id. This web 
hosting is utilized as a medium to display soil 
temperature data in real-time and store the data in the 
cloud. The data received by the server are then 
displayed in digital and graphical forms (using the last 
five readings), as shown in Figure 7. The data stored 
in the database can be exported into a Worksheet file 
(.xlsx) for specific date periods (Start- and End-date). 

 
3.2 Sensors Calibration 

The calibration of the DS18B20 sensor used in this 
study was conducted at the Meteorological Equipment 
Calibration Laboratory of the Center for Meteorology, 
Climatology and Geophysics Region I (BBMKG 
Wilayah I Medan), on October 15, 2023, starting at 
10:00 WIB until completion. Figure 8 is the 
documentation photos of the DS18B20 sensor 
calibration activity in this research. The sensor was 
placed alongside a standard sensor, followed by 
repeated measurements four times at each sample 
point. A data logger was placed adjacent to the 
standard temperature reading-display to facilitate 
recording the readings from each sensor.  

 

http://monitoringsuhutanah.my.id/
http://monitoringsuhutanah.my.id/
http://monitoringsuhutanah.my.id/
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Figure 8. The documentation photos of the DS18B20 

sensor calibration at the Equipment Calibration Laboratory 
of the BBMKG Wilayah I Medan 

 
a) Calibration of the DS18B20 sensor depth 0 cm 

Table 2 presents the calibration results of the 
DS18B20 sensor at a depth of 0 cm. The calibration 
results indicate that the DS18B20 sensor at 0 cm 
depth has corrections at the set point of 15°C by -0.07, 
25°C by -0.03, and 35°C by -0.08. The correction 
values for the DS18B20 sensor at 0 cm depth at each 
measurement set point are still within the tolerance 
value established by the World Meteorological 
Organization (WMO), which is ± 0.2°C. Based on 
these correction values, an adjustment of +0.04°C is 
made to the DS18B20 sensor at a depth of 2 cm. 

 
b) Calibration of the DS18B20 sensor depth 2 cm 

Table 3 presents the calibration results of the 
DS18B20 sensor at a depth of 2 cm. The calibration 
results show that the DS18B20 sensor at 2 cm depth 
has corrections at the set point of 15°C by 0.29, 25°C 
by 0.33, and 35°C by 0.32. The correction values for 
the DS18B20 sensor at 2 cm depth at each 
measurement set point are slightly higher than the 
tolerance value established by the World 
Meteorological Organization (WMO), which is ± 0.2°C. 
Based on correction values, an adjustment of -0.24°C 
is made to the DS18B20 sensor at a depth of 2 cm. 

 
c) Calibration of the DS18B20 sensor depth 5 cm 

Table 4 presents the calibration results of the 
DS18B20 sensor at a depth of 5 cm. The calibration 
results show that the DS18B20 sensor at 5 cm depth 
has corrections at the set point of 15°C by -0.21, 25°C 
by -0.30, and 35°C by -0.28. The correction values for 
the DS18B20 sensor at 5 cm depth at each 
measurement set point are slightly higher than the 
tolerance value established by the World 
Meteorological Organization (WMO), which is ± 0.2°C. 
Based on correction values, an adjustment of +0.20°C 
is made to the DS18B20 sensor at a depth of 5 cm. 

d) Calibration of the DS18B20 sensor depth 10 cm 

Table 5 presents the calibration results of the 
DS18B20 sensor at a depth of 10 cm. The calibration 
results indicate that the DS18B20 sensor at 10 cm 
depth has corrections at the set point of 15°C by 0.25, 
25°C by 0.27, and 35°C by 0.37. The correction values 
for the DS18B20 sensor at 10 cm depth at each 
measurement set point are slightly higher than the 
tolerance value established by the World 
Meteorological Organization (WMO), which is ± 0.2°C. 
Based on correction values, an adjustment of -0.23°C 
is made to the DS18B20 sensor at a depth of 10 cm. 

 
e) Calibration of the DS18B20 sensor depth 20 cm 

Table 6 presents the calibration results of the 
DS18B20 sensor at a depth of 20 cm. The calibration 
results indicate that the DS18B20 sensor at 20 cm 
depth has corrections at the set point of 15°C by -0.19, 
25°C by -0.20, and 35°C by -0.20. The correction 
values for the DS18B20 sensor at 20 cm depth at each 
measurement set point are slightly higher than the 
tolerance value established by the World 
Meteorological Organization (WMO), which is ± 0.2°C. 
Based on correction values, an adjustment of +0.15°C 
is made to the DS18B20 sensor at a depth of 20 cm. 

 
f) Calibration of the DS18B20 sensor depth 50 cm 

Table 7 presents the calibration results of the 
DS18B20 sensor at a depth of 50 cm. The calibration 
results show that the DS18B20 sensor at 50 cm depth 
has corrections at the set point of 15°C by -0.16, 25°C 
by -0.18, and 35°C by -0.20. The correction values for 
the DS18B20 sensor at 50 cm depth at each 
measurement set point are slightly higher than the 
tolerance value established by the World 
Meteorological Organization (WMO), which is ± 0.2°C. 
Based on correction values, an adjustment of +0.13°C 
is made to the DS18B20 sensor at a depth of 50 cm. 

 
g) Calibration of DS18B20 sensor depth 100 cm 

Table 8 presents the calibration results of the 
DS18B20 sensor at a depth of 100 cm. The calibration 
results indicate a correction at the set point of 15°C by 
-0.11, 25°C by -0.20, and 35°C by -0.16. The 
correction values are slightly higher than the tolerance 
value established by the World Meteorological 
Organization (WMO), which is ± 0.2°C. Based on 
correction values, an adjustment of +0.12°C is made 
to the DS18B20 sensor at a depth of 100 cm.

 
Table 2. Calibration data of the DS18B20 sensor depth 0 cm 

Set Point 
Standard Device (°C) DS18B20 Sensor depth 0 cm (°C) 

Average 
Measurement Correction Standard Temp Measurement Correction 

15°C 

15.1336 0.0002 15.1338 15.21 -0.08 

-0.07 
15.1334 0.0002 15.1336 15.23 -0.10 

15.1340 0.0002 15.1342 15.19 -0.06 

15.1344 0.0002 15.1346 15.20 -0.07 

25°C 

25.0418 0.0120 25.0538 25.12 -0.07 

-0.03 
25.0415 0.0120 25.0535 25.07 -0.02 

25.0425 0.0120 25.0545 25.04 0.01 

25.0410 0.0120 25.0530 25.09 -0.04 

35°C 

35.0400 0.0200 35.0600 35.13 -0.07 

-0.08 
35.0411 0.0200 35.0611 35.14 -0.08 

35.0401 0.0200 35.0601 35.13 -0.07 

35.0396 0.0200 35.0596 35.15 -0.09 

Average Correction: -0.04 
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Table 3. Calibration data of the DS18B20 sensor depth 2 cm 

Set Point 
Standard Device (°C) DS18B20 Sensor depth 0 cm (°C) 

Average 
Measurement Correction Standard Temp Measurement Correction 

15°C 

15.1336 0.0002 15.1338 14.78 0.35 

0.29  
15.1334 0.0002 15.1336 14.83 0.30 

15.1340 0.0002 15.1342 14.85 0.28 

15.1344 0.0002 15.1346 14.92 0.21 

25°C 

25.0418 0.0120 25.0538 24.72 0.33 

 
0.33  

25.0415 0.0120 25.0535 24.67 0.38 

25.0425 0.0120 25.0545 24.8 0.25 

25.0410 0.0120 25.0530 24.69 0.36 

35°C 

35.0400 0.0200 35.0600 34.67 0.39 

 
0.32  

35.0411 0.0200 35.0611 34.73 0.33 

35.0401 0.0200 35.0601 34.83 0.23 

35.0396 0.0200 35.0596 34.72 0.34 

Average Correction: 0.24 

 
Table 4. Calibration data of the DS18B20 sensor depth 5 cm 

Set Point 
Standard Device (°C) DS18B20 Sensor depth 0 cm (°C) 

Average 
Measurement Correction Standard Temp Measurement Correction 

15°C 

15.1336 0.0002 15.1338 15.38 -0.25 

-0.21  
15.1334 0.0002 15.1336 15.33 -0.20 

15.1340 0.0002 15.1342 15.25 -0.12 

15.1344 0.0002 15.1346 15.42 -0.29 

25°C 

25.0418 0.0120 25.0538 25.32 -0.27 

 
-0.30  

25.0415 0.0120 25.0535 25.47 -0.42 

25.0425 0.0120 25.0545 25.34 -0.29 

25.0410 0.0120 25.0530 25.29 -0.24 

35°C 

35.0400 0.0200 35.0600 35.37 -0.31 

 
-0.28  

35.0411 0.0200 35.0611 35.23 -0.17 

35.0401 0.0200 35.0601 35.33 -0.27 

35.0396 0.0200 35.0596 35.42 -0.36 

Average Correction: -0.20 

 
Table 5. Calibration data of the DS18B20 sensor depth 10 cm 

Set Point 
Standard Device (°C) DS18B20 Sensor depth 0 cm (°C) 

Average 
Measurement Correction Standard Temp Measurement Correction 

15°C 

15.1336 0.0002 15.1338 14.88 0.25 

0.25  
15.1334 0.0002 15.1336 14.93 0.20 

15.1340 0.0002 15.1342 14.79 0.34 

15.1344 0.0002 15.1346 14.92 0.21 

25°C 

25.0418 0.0120 25.0538 24.82 0.23 

 
0.27  

25.0415 0.0120 25.0535 24.77 0.28 

25.0425 0.0120 25.0545 24.74 0.31 

25.0410 0.0120 25.0530 24.79 0.26 

35°C 

35.0400 0.0200 35.0600 34.57 0.49 

 
0.37  

35.0411 0.0200 35.0611 34.63 0.43 

35.0401 0.0200 35.0601 34.83 0.23 

35.0396 0.0200 35.0596 34.72 0.34 

Average Correction: 0.23 

 
Table 6. Calibration data of the DS18B20 sensor depth 20 cm 

Set Point 
Standard Device (°C) DS18B20 Sensor depth 0 cm (°C) 

Average 
Measurement Correction Standard Temp Measurement Correction 

15°C 

15.1336 0.0002 15.1338 15.28 -0.15 

-0.19  
15.1334 0.0002 15.1336 15.33 -0.20 

15.1340 0.0002 15.1342 15.25 -0.12 

15.1344 0.0002 15.1346 15.42 -0.29 

25°C 

25.0418 0.0120 25.0538 25.22 -0.17 

 
-0.20  

25.0415 0.0120 25.0535 25.27 -0.22 

25.0425 0.0120 25.0545 25.34 -0.29 

25.0410 0.0120 25.0530 25.19 -0.14 

35°C 

35.0400 0.0200 35.0600 35.27 -0.21 

 
-0.20  

35.0411 0.0200 35.0611 35.23 -0.17 

35.0401 0.0200 35.0601 35.33 -0.27 

35.0396 0.0200 35.0596 35.22 -0.16 

Average Correction: -0.15 
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Table 7. Calibration data of the DS18B20 sensor depth 50 cm 

Set Point 
Standard Device (°C) DS18B20 Sensor depth 0 cm (°C) 

Average 
Measurement Correction Standard Temp Measurement Correction 

15°C 

15.1336 0.0002 15.1338 15.28 -0.15 

-0.16  
15.1334 0.0002 15.1336 15.33 -0.20 

15.1340 0.0002 15.1342 15.25 -0.12 

15.1344 0.0002 15.1346 15.32 -0.19 

25°C 

25.0418 0.0120 25.0538 25.22 -0.17 

 
-0.18  

25.0415 0.0120 25.0535 25.27 -0.22 

25.0425 0.0120 25.0545 25.24 -0.19 

25.0410 0.0120 25.0530 25.19 -0.14 

35°C 

35.0400 0.0200 35.0600 35.27 -0.21 

 
-0.20  

35.0411 0.0200 35.0611 35.23 -0.17 

35.0401 0.0200 35.0601 35.33 -0.27 

35.0396 0.0200 35.0596 35.22 -0.16 

Average Correction: -0.13 

 
Table 8. Calibration data of the DS18B20 sensor depth 100 cm 

Set Point 
Standard Device (°C) DS18B20 Sensor depth 0 cm (°C) 

Average 
Measurement Correction Standard Temp Measurement Correction 

15°C 

15.1336 0.0002 15.1338 15.18 -0.05 

-0.11  
15.1334 0.0002 15.1336 15.33 -0.20 

15.1340 0.0002 15.1342 15.25 -0.12 

15.1344 0.0002 15.1346 15.22 -0.09 

25°C 

25.0418 0.0120 25.0538 25.3 -0.25 

 
-0.20  

25.0415 0.0120 25.0535 25.27 -0.22 

25.0425 0.0120 25.0545 25.24 -0.19 

25.0410 0.0120 25.0530 25.19 -0.14 

35°C 

35.0400 0.0200 35.0600 35.17 -0.11 

 
-0.16  

35.0411 0.0200 35.0611 35.23 -0.17 

35.0401 0.0200 35.0601 35.23 -0.17 

35.0396 0.0200 35.0596 35.27 -0.21 

Average Correction: -0.12 

3.3 Field Test 

The field test was conducted by placing the digital 
soil temperature observation device near the 
conventional soil temperature observation 
equipment. The purpose of the field test was to 
compare the observations of soil temperature using 
the DS18B20 sensor in the digital device against the 
conventional device using a thermometer. In this 
study, the field test activities were carried out in the 
instrument garden of the North Sumatra 
Climatological Station (as shown in Figure 9) from 
October 18, 2023, at 07:00 LT until December 13, 
2023, at 00:00 LT.  

 

 

Figure 9. Location of field test in the Medan city. 

 

 

 

Figure 10. Graphic of bias and RMSE. 
 

 

 

Figure 11. Graphic of correlation coefficient. 
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Figure 10 and Figure 11 show the values of bias, 
RMSE (Root Mean Square Error), and the correlation 
coefficient in comparing digital data against 
observational data during the field test. Figure 12 
shows the scatter plots of digital and conventional 
data at each depth. An RMSE ranging from 0.5 to 
2.18 indicates that the digital data are considered 
quite accurate and provide results consistent with the 
conventional method. A negative bias value at depths 
of 0 cm, 2 cm, 5 cm, and 10 cm implies that the 
sensor tends to measure soil temperature lower than 
the conventional device.  
 

 
 

 
 

 
 
Conversely, a positive bias at depths of 20 cm, 50 
cm, and 100 cm suggests that the sensor tends to 
measure higher soil temperatures compared to 
the conventional device. Generally, a bias value 
close to zero indicates a small difference between 
the digital and conventional data. The correlation 
coefficient values ranging from 0.25 to 0.76 

indicate a positive (linear) relationship between 
the digital and conventional data. 

 

 
 

 
 

 
 

 
 

Figure 12. Scatter plot of digital and conventional data 
distribution at various depths 

 

It is observed that the deeper the sensor is 
placed, the smaller the correlation coefficient, 
indicating a weaker agreement between the sensor 
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and conventional measurements. Based on the field 
test results, it is observed that at shallower depths, 
the digital sensor tends to provide more consistent 
results with the conventional method. As depth 
increases, the correlation between digital sensor 
readings and conventional readings weakens, which 
may be due to environmental factors affecting sensor 
such as temperature, humidity, or soil composition.  

 

6. Conclusion  

The use of the DS18B20 sensor and ESP8266 
module in the Internet of Things-based digital soil 
temperature observation system provides a real-time 
soil temperature monitoring tool with high temporal 
resolution. Calibration results confirm that soil 
temperature measurements by the DS18B20 sensor 
are accurate and consistent, making it suitable for 
operational use. The ESP8266 module enables easy 
access and readability of digital observation data 
over the internet. Field test results show that the 
digital sensor provides sufficiently accurate results, 
aligning well with the conventional device. Statistical 
measurements of accuracy reveal that the correlation 
values reach 0.6-0.7 (except for a depth of 100 cm, 
which is 0.25), while RMSE values range from 0.5 to 
2.18 and bias ranges from (-0.69) to 0.08. 

 

7. Recommendation 

Further research should be conducted to develop 
the results of this study. This includes adding other 
weather parameter sensors, such as humidity, soil 
salinity, pH, and others, to provide a comprehensive 
analysis of soil conditions. The soil temperature 
profile at the North Sumatra Climatological Station 
can serve as supporting information for agricultural 
planning, such as selecting types of crops or 
determining irrigation timing. 
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