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Article Info Abstract

Soil is an essential medium for almost all plants. Temperature and
moisture in the soil become one of the factors that affect plant growth.
Unbalanced or unfavorable soil conditions will adversely affect the
plant. Therefore, soil conditions, including temperature and moisture,
must be monitored to maintain plant health. Forecasting can be used
to find out the soil condition in the future so that strategies can be
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Submitted : 24 April 2024 prepared to deal with these conditions. This forecasting is carried out
Revised : 7 May 2024 based on existing soil temperature and moisture data, which is then
Accepted : 30 May 2024 processed using the single exponential smoothing method and mean

absolute percentage error as a reference for the error rate or accuracy
of the forecasting. The application of these methods succeeded in
producing forecasting with very good overall accuracy.
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1. INTRODUCTION

Soil serves as a vital substrate for plant growth due to its provision of essential nutrients required for the process
of photosynthesis, including minerals, organic matter, water, and air [1, 2]. Plants exhibit optimal growth and
productivity when cultivated in suitable soil conditions [3]. Soil quality can be affected by various physical
parameters, including temperature and moisture. Soil temperature can affect soil moisture, enzymes in the soil, and
the availahility of nutrients in the soil [4]. Soil temperature is influenced by several factors, such as climate, soil
surface slope, soil color, and geographical location [5]. Putri in [6] explained that temperature is an essential factor
in the life of organisms, and temperature changes strongly influence physiological and biological processes. Another
no less critical parameter is soil moisture. Soil moisture can affect the distribution of plant roots, the rate of
photosynthesis, and the growth of these plants [7, 8]. Good soil moisture and temperature give the soil enough pore
space So air circulation can run well [9]. Optimum soil moisture and temperature are essential to increase crop
production and water productivity [10], affect the microbial activity and soil biota [11], affect high and low soil pH
[9] and decomposition of organic matter [12]. In the early and vegetative phases, plants require high moisture
because they need enough water to grow roots, stems, and leaves. While in the end-of-season growth phase, plants
need dry-level moisture so that water saving can be done [10]. The lack of soil moisture level can cause wilting in
plants. The importance of temperature and soil moisture requires farmers to take appropriate steps to maintain plant
health.

The importance of soil moisture and temperature results in the need to monitor both aspects. The process of
manual measurement might be intricate and lacking in efficiency. Conventional techniques, such as visual
observation, periodic measurement using traditional measuring devices, or checking manually by putting a finger
into the soil to a depth of up to 0.4 cm [13] require substantial investments of time, labour, and personnel.
Furthermore, the manual approach lacks the capability to offer real-time monitoring, which is crucial for quick
decision-making [14]. In addition to manual monitoring, the integration of Internet of Things (loT) technology offers
an alternative approach. The Internet of Things (loT) is a technical innovation that encompasses several components
of intelligent systems, frameworks, smart devices, and sensors [15]. It offers a notable benefit in the form of
facilitating remote monitoring and control operations [16-19]. Prior studies have demonstrated the utilization of
Internet of Things (loT) technology for the purpose of monitoring soil temperature and moisture levels. Marcos and
Muzaki [3] conduct soil temperature and moisture monitoring using NodeMCU microcontroller that are equipped
with temperature sensor, soil moisture sensor, and a water pump that activates when the soil reaches a certain level
of dryness. Other research conducted by Fitrianto and Sari [20] employs the Arduino Uno microcontroller alongside
the DS18B20 temperature sensor and YL-69 soil moisture sensor to effectively monitor soil temperature and
moisture levels. Another study that uses DS18B20 sensor is a study conducted by Thoriq, et al. [21], where the
difference is that they use ESP32 microcontroller. All of these previous studies have consistently demonstrated the
beneficial outcomes related with the use of Internet of Things (loT) technology in monitoring soil temperature and
moisture levels. This technological approach holds significant potential in assisting farmers with the crucial task of
preserving optimal plant health.

This research involves the forecasting of temperature and soil moisture conditions using data collected from a
soil monitoring instrument based on the Internet of Things (loT). The tool uses a NodeMCU microcontroller, which
is accompanied by a DS18B20 temperature sensor, and a YL-69 soil moisture sensor. Data obtained from the sensor
is sent by the microcontroller to the database so that it can be processed. The DS18B20 sensor is used because its
comparatively low error rate of about 0.35% when compared to the actual temperature [22].

2. RESEARCH METHOD
This study used an loT-based soil monitoring method to collect soil temperature and moisture data at Campus

V JPTK UNS. The data was collected throughout a 12-hour period on July 4, 2022, specifically from 13:00 to
24:00, and subsequently stored in a database.
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‘ Figure 1. loT-bhased soil monitoring tool

Data processing and forecasting are carried out using the Exponential Smoothing method. Makridakis in [23]
explained that the Exponential Smoothing method is a procedure for continuous improvement in forecasting the
latest observation objects. This forecasting method focuses on decreasing priority exponentially in older objects of
observation. There are one or more explicitly defined smoothing parameters in exponential smoothing, and these
results determine the weight imposed on the observed value. In other words, recent observations will be given higher
priority to forecasting than older observations. The exponential smoothing method is further divided into several
methods, one of them is Single Exponential Smoothing. As explained by Astuti in [24], the Single Exponential
Smoothing method is a predictive analysis method where the data used is considered to be constantly changing
around a fixed mean with a consistent growth pattern. The equation used in the Single Exponential Smoothing
method can be seen in equation (1).

F, = aX, + (1 — a)F,_, (1)
Where:
F. =forecast value in data t a = smoothing constant

X = actual value at time t-1
F.1 = forecast value at time t-1

This study also used the Mean Absolute Percentage Error (MAPE) method to calculate the level of forecasting
accuracy. According to Kim and Kim [25], Mean Absolute Percentage Error (MAPE) is the mean value of absolute
differentiation between forecast and actual value. It is used to determine the forecasting error rate. Chang in [24]
states that MAPE is expressed as a percentage value. The equation used to calculate MAPE can be seen in equation
(2), and the criteria can be seen in Table 1.

MAPE _ 100 X 14— R 2)
n A;

Where:

A: =actual value in data t
F. =forecast value in t

N = data periods quantity

Table 1. MAPE criteria [24]
MAPE Criteria
> 50% Bad
20% -50%  Enough
10% - 20% Good
<10% Very Good
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3. RESULT AND DISCUSSION

Data processing and forecasting are carried out using Single Exponential Smoothing with two smoothing
constants of 0.3 and 0.5. Additionally, the Mean Absolute Percentage Error (MAPE) is employed to evaluate the
accuracy of the forecasting level.

Tahle 2. Soil temperature and moisture dataset
Time Soil Temperature (°C) Soil Moisture (%)

13.00 26,44 10,74
14.00 26,31 9,96
15.00 26,25 9,57
16.00 26,06 9,08
17.00 25,88 8,01
18.00 25,69 8,01
19.00 25,56 7,62
20.00 25,63 7,03
21.00 25,5 7,71
22.00 25,44 7,13
23.00 25,44 7,32
24.00 25,75 6,84

The results of dataset processing using the Single Exponential Smoothing method with smoothing constants of
0.3 and 0.5 can be seen in Table 3 for temperature and Table 4 for moisture. Additionally, the comparative
visualization of actual data and forecast data is shown in Figure 2 for temperature and Figure 3 for moisture.

Table 3. Temperature data processing result

Temperature (°C)

Time Actual Value Forecast Value, Ft + 1
a=0,3 a=0,5
13.00 26.44
14.00 26.31 26.44 26.44
15.00 26.25 26.40 26.38
16.00 26.06 26.36 26.31
17.00 25.88 26.27 26.19
18.00 25.69 26.15 26.03
19.00 25.56 26.01 25.86
20.00 25.63 25.88 25.71
21.00 25.50 25.80 25.67
22.00 25.44 25.71 25.59
23.00 25.44 25.63 25.51
24.00 25.75 25.57 25.48
01.00 25.63 25.61
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Temperature

Table 4. Moisture data processing result
Moisture (%)
Time Forecast Value, Ft + 1

Actual Value «=0.3 «=05
13.00 10.74
14.00 9.96 10.74 10.74
15.00 9.57 10.51 10.35
16.00 9.08 10.23 9.96
17.00 8.01 9.88 9.52
18.00 8.01 9.32 8.77
19.00 7.62 8.93 8.39
20.00 7.03 8.53 8.00
21.00 7.71 8.08 7.52
22.00 713 7.97 7.61
23.00 7.32 7.72 7.37
24.00 6.84 7.60 7.35
01.00 7.37 7.09

Temperature (°C)

26,60
26,40
26,20
26,00

25,80
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25,40 0=03
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a=0,5

.QQQQQQ.QQ‘QQ.QQ

O © © ©
RO I R R R RO RS
NPT AT RO ROT AT DT DT AT YT )T DT AN QY

Time

Figure 2. Actual and forecast temperature value comparison
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Figure 3. Actual and forecast moisture value comparison

In the following step, the calculation of the Mean Absolute Percentage Error (MAPE) is conducted to determine
the degree of accuracy in forecasting. The findings regarding temperature are presented in Tables 5 and 6, while
Tables 7 and 8 show the data related to moisture.

Table 5. MAPE for temperature forecast with a = 0,3

Time Error Absolute Error Absolute Error/Actual Value
13.00
14.00 -0.13 0.13 0.005
15.00 -0.151 0.151 0.006
16.00 -0.296 0.296 0.011
17.00 -0.387 0.387 0.015
18.00 -0.461 0.461 0.018
19.00 -0.453 0.453 0.018
20.00 -0.247 0.247 0.01
21.00 -0.303 0.303 0.012
22.00 -0.272 0.272 0.011
23.00 -0.19 0.19 0.007
24.00 0177 0.177 0.007

Total 0.119

n 11
MAPE (%) 1.083490231
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Table 6. MAPE for temperature forecast with a = 0,5

Time Error Absolute Error Absolute Error/Actual Value
13.00
14.00 -0.13 0.13 0.005
15.00 -0.125 0.125 0.005
16.00 -0.253 0.253 0.01
17.00 -0.306 0.306 0.012
18.00 -0.343 0.343 0.013
19.00 -0.302 0.302 0.012
20.00 -0.081 0.081 0.003
21.00 -0.17 0.17 0.007
22.00 -0.145 0.145 0.006
23.00 -0.073 0.073 0.003
24.00 0.274 0.274 0.011

Total 0.085

n 11
MAPE (%) 0.776402204

Table 7. MAPE for moisture forecast with o = 0,3

Time Error Absolute Error Absolute Error/Actual Value
13.00
14.00 -0.78 0.78 0.078
15.00 -0.936 0.936 0.098
16.00 -1.145 1.145 0.126
17.00 -1.872 1.872 0.234
18.00 -1.31 1.31 0.164
19.00 -1.307 1.307 0.172
20.00 -1.505 1.505 0.214
21.00 -0.373 0.373 0.048
22.00 -0.841 0.841 0.118
23.00 -0.399 0.399 0.055
24.00 -0.759 0.759 0.111

Total 1.417

n 11
MAPE (%) 12.88233304
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Table 8. MAPE for moisture forecast with o = 0,5
Time Error Absolute Error Absolute Error/Actual Value

13.00
14.00 -0.78 0.78 0.078
15.00 -0.78 0.78 0.082
16.00 -0.88 0.88 0.097
17.00 -1.51 1.51 0.189
18.00 -0.755 0.755 0.094
19.00 -0.767 0.767 0.101
20.00 -0.974 0.974 0.139
21.00 0.193 0.193 0.025
22.00 -0.483 0.483 0.068
23.00 -0.052 0.052 0.007
24.00 -0.506 0.506 0.074
Total 0.953
n 11
MAPE (%) 8.660131588

The use of Single Exponential Smoothing and Mean Absolute Percentage Error (MAPE) in the forecasting process
reveals that temperature forecasting with a values of 0.3 and 0.5 achieves MAPE values of 1.08% and 0.77%
respectively. These results are considered very good based on the MAPE criteria. Whereas the moisture forecasting
models with o values of 0.3 and 0.5 show Mean Absolute Percentage Error (MAPE) values of 12.88% and 8.66%,
respectively. These values are considered to be good and very good forecasting accuracy. Among the two employed
smoothing constant values, it was shown that utilising a = 0.5 produced better forecasting outcomes as indicated
by the derived Mean Absolute Percentage Error (MAPE) values. This finding shows a similar outcome with the study
conducted by Anggraeni and Maulina [26], indicating that larger values of the smoothing constant lead to lower
MAPE values, hence indicating improved accuracy in forecasting. However, these findings contradict the research
conducted by Sarbaini and Safitri [27], as their study revealed that the use of greater values for the smoothing
constant resulted in a proportionally higher MAPE value. In general, the Single Exponential Smoothing method is
considered to be a reliable approach for forecasting [26-30].

4. CONCLUSION

This research demonstrates the utilization of Exponential Smoothing, specifically Single Exponential Smoothing,
as a technique to forecast soil temperature and moisture. The Mean Absolute Percentage Error (MAPE) is employed
to evaluate the accuracy of the forecasts. The implementation of these methodologies proved to be effective in
generating forecasts with a high level of accuracy across several metrics. The acquired MAPE values indicate that
the soil temperature forecast produced tiny values of 1.08% and 0.77%, while the soil moisture forecasting resulted
in values of 12.88% and 8.66%. These forecasts were conducted twice, using smoothing constants (a) of 0.3 and
0.5. The findings of the forecast indicate a decrease in both temperature and moisture levels at the designated time
compared to the initial values. The model has the capability to provide future predictions outside the scope of the
available dataset. In this particular instance, the forecast indicates a temperature of 26.63°C and a moisture level of
7.37% (a = 0.3) or a temperature of 25.61°C and a moisture level of 7.09% (a = 0.5) in the 1 a.m. time period. This
study has the potential to assist farmers in developing strategies for maintaining plant health.

This study primarily employed the simple exponential smoothing (SES) method, utilising different smoothing
constants (a) values. Therefore, it is advisable for future research to explore alternative methods in order to identify
the optimal approach.
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