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Tropical climate conditions with two seasons, namely rainy and hot in
Indonesia and coupled with relatively diverse surface and rock
topography conditions, have the potential for natural disasters, one of
which is erosion in watersheds. Making the system using the Arduino
Uno microcontroller, SIM-800L V2 Module, Piezoelectric Sensor,
Soil Moisture Sensor, Buzzer and LCD. The designed system will be
able to display information on the spot, and can send via SMS. In pre-
erosion conditions, there are two variables used, namely soil moisture
and soil vibration. As for post-erosion, it only takes the soil vibration
variable. The limit value of vibration in pre-erosion conditions is 31%.
Pre-erosion data is divided into 3 statuses, namely BEWARE at
humidity values of 31-70% and vibration values of 5-15%, DANGER
status with humidity values of 71-100% or vibration values of 16-30%,
and other than that they are included in the SAFE category. Whereas
in post-erosion 3 categories are LIGHT EROSION at vibration values
of 31-50%, MODERATE EROSION 51-70% and SEVERE
EROSION 71-100%.
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1. INTRODUCTION

Indonesia's geographical conditions have very hot characteristics, being located at the equator in a tropical
marine climate and having high rainfall, so that Indonesia is a disaster-prone country in Southeast Asia [1].
Based on data from the United Nations Agency for the International Strategy for Disaster Risk Reduction
(UNISDR) Indonesia is an archipelagic country located at the confluence of four tectonic plates and is
nicknamed the ring of fire [2]. Coupled with the shape of the Indonesian state which is archipelago with many
unified land and water areas, there will be the potential for various hydrometeorological disasters to occur [3].
Several hydrometeorological disasters such as floods, landslides, and droughts. Moreover, when it is associated
with increased human activity, environmental damage tends to get worse and triggers an increase in the number
and intensity of hydrometeorological disasters (floods, landslides and droughts) that occur one after another in
many areas in Indonesia [4].

One of the frequent hygrometeorological disasters is landslides which are events where one block (mass)
slides down against another mass [5][6]. Landslide disaster is one of the disasters that often occurs in Indonesia,
especially in hilly and mountainous areas. Landslide disasters will result in downward movement, landslides
usually occur in hilly areas in the wet tropics and cause various losses [7]. One of the disasters that have the
same characteristics as landslides is soil erosion. The difference between soil erosion and a landslide is the
volume of the block (mass) or soil that slides down. In general, landslides have a larger volume when compared
to erosion that occurs with a relatively small volume and lasts for some time. Some of the causes of soil erosion
include water content in the soil, rain, topography, and activity in the soil.

Soil erosion itself in its sense is the spread of soil into small parts so that it can move to another place by
flow [8]. Soil erosion also affects the hydrological cycle, land cover degradation, and loss of biodiversity [9].
Areas with high erosion potential are land-water interfaces, such as watersheds (DAS). One of the causes of
erosion is the conversion of watershed land to logging and building construction and excessive exploitation of
productive land. Incorrect agricultural management also causes damage to land conditions in the watershed
area which is of increasing concern so that it can cause erosion. There are also natural factors that cause erosion
such as soil movement, soil characteristics, and rainfall [10].

A watershed is a land area that has topographical boundaries (ridges) that function to receive and store
rainwater, nutrients, and sediment, tributaries of a watershed function to collect, store, and drain water from
rainfall into lakes or lakes [11][12]. The area within the island of Java alone already has many watersheds
which are in critical condition [13]. With conditions that have the potential for erosion, coupled with problems
with slope conditions, land use and poor land cover conditions. Knowledge of watershed management
principles is one of the preventive measures to prevent soil erosion. The problem is that the landslide early
warning system in Indonesia is still very minimal. Therefore a system is needed to avoid losses [14].

With the existence of an early detection system for this erosion disaster, losses can be anticipated and
prevented from occurring [15]. So that the system can be one of the efforts to mitigate the impact of erosion
that occurs in watersheds (DAS). Mitigation efforts will reduce losses that occur.

Preventive efforts made by utilizing technology and electronic components related to needs. Utilization
of the Soil Moiture Sensor will monitor the level of water content in the soil as a variable [16]. There is also a
piezoelectric sensor to detect ground vibrations as a second variable [17]. One of the efficiencies of using
technology is remote monitoring by utilizing the Short Message Service (SMS) system.

2. METHODS

This research is devoted to the manufacture of soil erosion detection devices in the watershed research
area (DAS) to be able to minimize and anticipate erosion which has an impact on the quantity of soil in the
watershed. By using LCD and SMS outputs for reporting soil conditions and the possibility of erosion occurring
which is useful for detecting vibration values and soil moisture values in its implementation [18]. Data
collection in this study was limited to making prototypes by representing the watershed conditions.

2.1. System Planning

The system design is an overview of the input and output relationships between components and other
components. Arduino will get an input voltage that can be adjusted via a switch, then Arduino will provide
input voltage to the soil moisture sensor and piezoelectric sensor [19]. From the moisture sensor, soil moisture
data will be obtained which will be processed again in Arduino to find out indications of soil erosion based on
parameters [20][21]. While the piezoelectric will measure if there is movement and stretching of the soil which
will be reprocessed in Arduino as the second parameter to determine the level of soil erosion. The design of a
soil erosion warning system in a watershed can be seen in Figure 1.

The system design in Figure 1, the components that function as output are the Liquid Crystal Display
(LCD) 16 x 2 and the buzzer. The LCD specifically functions as information output in written form which can

Buletin lImiah Sarjana Teknik Elektro, Vol. 5, No. 1, March 2023, pp. 167-179



169 Buletin limiah Sarjana Teknik Elektro ISSN: 2685-9572

be seen on the spot and a buzzer as a status indication in the form of sound output. In addition, the output can
be monitored remotely via Short Message Service (SMS) using the SIM800L V2 module [22].

—
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Piezoelectric Arduino UNO
Switch Source Voltage |

oM L)

Module SIM 800L V2

Figure 1. System Planning

2.1.1. System Circuit

In the system created, it is necessary to describe the system circuit for the purpose of connecting between
components using cables via pins found on each component or module. The schematic display of the system
can be seen in Figure 2.
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Figure 2. System circuit

Making an initial design will help when making the system and minimize errors that can occur. The
connections between components and Arduino Uno can be briefly seen in Table 1.

Table 1. Component connections with Arduino Uno

Component Arduino Uno
Piezoelectric Sensors The negative on the piezoelectric will be connected to GND and the positive will be connected to Al
Soil Moisture The negative on the piezoelectric will be connected to GND, VCC to 5 V, and the positive will be connected
Sensors to A0
LCD I2C VCC is connected to 5 V, GND to GND, SCL will be connected to A5, and SDA to A4
SIM 800L V2 V2 will use RX and TX communicants connected to pins 11 and 10 on the Arduino Uno.
Buzzer Using pin 13 as input on Arduino Uno
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2.1.2. System Flow Chart

The software in this study was designed through several stages, namely starting from making a flow chart
or flowchart which is an explanation of the program in the Arduino IDE software using C language. The flow
of all these processes will be described in a flowchart which includes the input process, output process and
initialization of sensor readings. In this study, two flow charts were made with each for pre-erosion and post-
erosion conditions. The pre-erosion flow chart can be seen in Figure 3.

Sensor
Initialization

Read the value of soil

| moisture an vibration
16 £ Vibration < 30 Danger Status /
I Buzzer On LCD
71 < Moisture < 100 Display Send SMS /
6 < Vibration £ 15 Status Alert /
&& Buzzer On LCD
31 < Moisture £ 70 Display /
Vibration £ 5 Buzzer Off Safe /
&& Status LCD
Moisture < 30 Display /
A 4
End

Figure 3. Pre-Erosion flowchart

Pre-erosion conditions are conditions before erosion occurs in the watershed area, in this condition there
are 3 statuses namely SAFE, DANGER, and ALERT. This condition is a warning for erosion disaster. With
two variables are the value of soil moisture and vibration. The alert indicator uses AND logic to determine the
humidity and vibration values, while the hazard indicator uses the OR indicator to read the humidity and
vibration values. The difference in the use of this logic aims to get readings that have high accuracy and are in
accordance with the theoretical situation. Post-erosion flowchart display can be seen in Figure 4.

In addition to the three indicators of safety, alert and danger, there are also 3 other indicators to determine
erosion categories through the simulations carried out. These three categories are light erosion, moderate
erosion, and heavy erosion through the reading of analog values from the piezoelectric sensor. Soil moisture
and vibration values are analog values that are read by Arduino Uno and then converted into percentage units
to get units according to research standards. The greater the analog value, the analog value obtained on the soil
moisture sensor, the smaller the percentage value of soil moisture or the less water content in the soil.

The LCD output will always display the ground state output according to the specified time unit. In
contrast to the SMS output which will immediately send an indicator automatically if the situation is in a state
of danger and severe erosion. Meanwhile, to get monitoring via SMS in other conditions, it can be done by
sending a "Check™ message to the number contained in the system so that the system will automatically send
the state of the condition indicator.
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Figure 4. Post-Eruption flowchart

2.1.3. System Block Diagram

The system block diagram serves to see the relationship between components so as to form a system to
achieve research objectives. This daigram will also be an overview of the system to be created. The block
diagram display can be seen in Figure 5. The system block diagram will serve as a reference for how the system
works as a whole. Arduino is the center of the system that connects sensors or modules to produce the desired

output.

4
Soil Moisture Sensor

.

Piezoelectric

Module SIM 800L V2

LCD 16x2 ‘ Buzzer

Arduino UNO ]
‘ - %
" Switch | [ Source Voltage

Figure 5. System block diagram
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2.2. System Testing

System testing is carried out to obtain system performance with accuracy according to the research
objectives being carried out. So that the system can be a solution to the problems being tested. System testing
is carried out before the data collection process is carried out by testing and calibrating sensors and designing
prototypes to suit the conditions of the Watershed.

2.2.1. Sensor Testing and Calibration

The sensors used in this research are soil moisture and peizoelectric sensors. To get the measurement
results and category values for each sensor against the specified conditions, the sensor calibration stages are
carried out [23]. Each sensor will be calibrated individually. Soil moisture sensor calibration uses a method to
compare sensor values in the system with the mediatech soil meter 3 in 1. This tool is a tool that can measure
soil moisture, PH value and light intensity. The display of the mediatech soil meter can be seen in Figure 6.

Figure 6. Mediatech soil moisture
In reading the soil moisture value, the mediatech soil meter divides into 3 categories of soil conditions
with values ranging from 1 to 10. The categories are dry, moist and wet. The categories of state values from
the mediatech soil meter are as shown in Table 2.

Table 2. Categories and values of mediatech soil meters

Category Value
Dry 1-3
Moist 4-7
Wet 8-10

The calibration process of the soil moisture sensor with the Mediatech measuring instrument aims to
determine the accuracy of the soil moisture sensor used to measure soil moisture [24]. By using the process of
calculating the error value obtained from the comparison of measuring results. The error value is obtained from
Equation (1) and Equation (2).

Dif ference = |Reference Value — Sensor Value| Q)
|Dif ference|

P E = x 1009 2
resentage of Error Reference Value| 00% (2)

3. RESULT AND DISCUSSION
3.1. Sensor Testing

The calibration process is carried out with several trials to determine the value of the division of categories
that have been carried out. Because the research also divides into 3 categories, the values obtained are not
different, but there are some adjustments made to the values obtained. With reference to formulas 1 and 2,
comparison data is obtained to obtain the error value of the sensor used so that it can be a benchmark for the
accuracy of the sensor used in research. Because the mediatech soil meter soil meter measuring instrument has
a value range of 1-10, adjustments are made to obtain the same range as the soil moisture sensor used, namely
by using a decimal value between 1-100%. So, the solution obtained is to multiply the value on the measuring
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instrument by 10 so that the range of values of the sensor and measuring instrument becomes the same value.
Soil moisture sensor testing can be seen in Table 3.

Table 3. Results of sensor calibration values
Soil Moisture  Mediatech Error

P
o

Difference

Sensors Soil Meters Value (%)

1 10.29 10.5 0.21 2.00
2 14.7 15 0.3 2.00
3 17.6 16.4 1.2 7.32
4 24.34 19.7 4.64 23.55
5 66.28 50.5 15.78 31.25
6 67.45 69.5 2.05 2.95
7 69.01 70 0.99 141
8 69.82 69.5 0.32 0.46
9 76.15 79.05 2.9 3.67
10 67.16 65.4 1.76 2.69
11 70.28 75.9 5.62 7.40
12 69.11 70 0.89 1.27
13 72.34 79 6.66 8.43
14 80.74 84.3 3.56 4.22
15 75.66 78.5 2.84 3.62

Average Error Value 6.82

The results of Table 3 are the values obtained from the calibration results with the aim of knowing the
sensor error value with a predetermined measuring instrument comparison for more efficient results. In the
value of the measuring instrument, the decimal value is obtained from observations made on the needle.
Graphical display of the comparison of soil moisture sensor values with measuring instruments can be seen in
Figure 7.

90
80
70
60
50
40
30
20
10

12 3 4 5 6 7 8 9 10 11 12 13 14 15

e=@==Sensor =@=\ediatech
Soil Moisture Soil Meter

Figure 7. Graph comparison of soil moisture values

Because in making the system, categorization is needed so that the soil moisture reading value is divided
into three system categories, namely the category of safe, alert and dangerous. The dry category will enter into
the safe category, the moist category will enter the alert category and the wet category will fall into the hazard
category. This category is the result of previous research literature, namely the relationship between the higher
the water content in the soil is directly proportional to the potential for erosion that will occur.

The calibration of the piezoelectric sensor was carried out based on the results of previous research, so
that the division of the 6 categories was the result of previous research and the experimental adjustments carried
out on the prototype that had been made. From the results of previous research. when the fall height increases,
the sensor output voltage increases and when the distance to the sensor falls closer, the sensor output voltage
increases. VVoltage and distance to the sensor have a fairly linear relationship [25]. So, it can be concluded that
the higher the vibration value, the greater the erosion rate that occurs.

3.2. Making a DAS Prototype
In the process of this research the testing of the tool was carried out by simulating a prototype made with
the aim of imitating the conditions of the watershed, so that the data obtained can represent if the system is
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used directly in the watershed. To make a watershed prototype, use an aquarium because it has conditions that
are in accordance with the needs of the research area that you want to make. The display of the prototype and
the system created can be seen in Figure 8.

Figure 8. Display ofthe research prototype

Description of Figure 7

Box System

GSM Module Antenna 800L V2
LCD 16x2

Buzzers

Soil Moisture Sensor
Piezoelectric Sensor Holder
Piezoelectric Sensors

Nogokr~wbdpRE

3.3. Pre-Erosion Data

Data collection was carried out by looking at a comparison between soil moisture values and vibrations
that occurred on the 3 pre-erosion statuses which had 3 indicators which included SAFE, ALERT and
DANGER. The units for humidity and vibration values are both in percentage units where the maximum value
is 100%. The categorization of moisture values is based on 3 main categories of soil moisture values, namely
DRY, MOIST, and WET. From the results of tests carried out on the soil erosion warning system, sample data
was obtained as shown in Table 4.

Retrieval of experimental results was carried out by taking each 10 of each pre-erosion category that had
been determined. Adjustment of data results with flow charts or flowcharts shows that category results with
soil moisture and piezoelectric sensor data values are in accordance with system planning. Data collection is
carried out by adjusting and testing conditions with changing circumstances so as to produce the desired data
representation. When the status is SAFE, the buzzer connected to digital pin 13 will be in the OFF or LOW
position, while in the ALERT status, the buzzer will be in HIGH or ON condition for 500 ms and back in OFF
or LOW condition for two times.

When the system reading enters the DANGER status, the buzzer will be in HIGH or ON condition for
seconds and return to LOW or OFF condition. The relationship between soil moisture and piezoelectric sensors
can also be seen in Figure 9. Category acquisition is also shown in the serial monitor display contained in the
Arduino IDE software. Evidence of displaying the results of the complete data can be seen in Figure 10.
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Table 4. Pre-Erosion data results

No.  Soil Moisture Value (%) Piezoelectric Value (%)  Status
1 3.03 0 Safe
2 17.30 13 Safe
3 18.28 1 Safe
4 20.46 2 Safe
5 17.20 5 Safe
6 29.39 0 Safe
7 2.83 11 Safe
8 0.59 8 Safe
9 16.76 4 Safe
10 23.43 3 Safe
11 55.13 10 Alert
12 53.76 12 Alert
13 56.89 7 Alert
14 58.36 15 Alert
15 53.76 9 Alert
16 64.42 8 Alert
17 64.61 11 Alert
18 62.76 12 Alert
19 68.82 13 Alert
20 60.51 6 Alert
21 56.79 22 Danger
22 53.86 25 Danger
23 76.74 0 Danger
24 49.17 18 Danger
25 72.73 8 Danger
26 61.29 27 Danger
27 2.35 25 Danger
28 66.67 16 Danger
29 71.26 2 Danger
30 2.93 24 Danger

123456789 101112136.41516(1j718192021222324252627282930

ata Or

er

=@=Soil Mositure Value (%) «==@== Piezoeletrik Value(%)

Figure 9. Graph of Pre-Erosion data
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Figure 10. Evidence of Pre-Erosion monitor serial
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The creation of this soil erosion warning system also aims to transmit information for the necessary
mitigation solutions. Information is sent via Short Message Service (SMS) with category or status notifications

that are read by the system. Display trial SMS and delivery time can be seen in Table 5.

3.4. Post Erosion Data

Table 5. Display of Pre-Erosion SMS and delivery time

SMS Display

Delivery Time

Status Aman

Status Waspada

Status Bahaya

Status Bahaya

<1 minute

1 minute

<1 minute

System testing was carried out on the prototype by installing a barrier against the end of the soil and
giving a vibration value to the soil in the same way as the pre-erosion test, only in this study the barrier was
removed several times to find out whether the soil also experienced downward movement when the barrier was
removed. This condition is a condition that represents the occurrence of erosion in the Watershed (DAS) based
on the prototype that has been made. There are 3 categories for post-erosion events, namely, LIGHT
EROSION, MODERATE EROSION, and SEVERE EROSION. The test table for these conditions can be seen

in Table 6.

Table 6. Post-Erosion data

Soil Moisture

Piezoelectric

No. Value (%) Value (%) Status

1 52.39 42 LIGHT EROSION

2 59.92 49 LIGHT EROSION

3 48.88 48 LIGHT EROSION

4 41.45 36 LIGHT EROSION

5 0.68 48 LIGHT EROSION

6 2.64 46 LIGHT EROSION

7 27.47 36 LIGHT EROSION

8 23.75 38 LIGHT EROSION

9 47.31 50 LIGHT EROSION
10 11.63 33 LIGHT EROSION
11 39.98 54 MODERATE EROSION
12 59.34 51 MODERATE EROSION
13 48.19 64 MODERATE EROSION
14 40.66 62 MODERATE EROSION
15 0.68 67 MODERATE EROSION
16 4.50 58 MODERATE EROSION
17 3.13 61 MODERATE EROSION
18 3.03 66 MODERATE EROSION
19 7.82 58 MODERATE EROSION
20 30.01 55 MODERATE EROSION
21 58.06 92 SEVERE EROSION
22 0.68 71 SEVERE EROSION
23 52.88 79 SEVERE EROSION
24 411 77 SEVERE EROSION
25 3.23 100 SEVERE EROSION
26 50.05 74 SEVERE EROSION
27 7.43 73 SEVERE EROSION
28 10.36 95 SEVERE EROSION
29 38.03 76 SEVERE EROSION
30 54.35 87 SEVERE EROSION

The relationship between the vibration value and the erosion level category can also be seen in the graph

as shown in Figure 11.
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Figure 11. Post-Erosion graph data

Piezoelectric analog values for post-erosion data collection can be seen on the serial monitor in the
Arduino IDE software in Figure 12.

Milzi Analog Soil :614

Persentase Helembabkan Tanah = 39.55%
Milai Analcg Pie2 = 554

Fersentase Getaran Tanah = 54%

Ercsi Sedang

Nilai Analog Soil 487

Persentase Helembaban Tanah = 52.39%
Nilai Analog Pie2 = 4349

Persentase Getaran Tanah = 42%

Erosi Ringan

Figure 12. Evidence of Post-Erosion monitor serial

Post-erosion conditions also include sending data via SMS for remote monitoring of the system.
Monitoring is carried out by sending SMS automatically if SEVERE EROSION occurs during data collection.
Whereas in the other 2 conditions for monitoring the system, you can send a "Check" SMS so that it will send
the condition or status that occurs in the system. Evidence of SMS display for post-erosion conditions and
delivery time for conditions can be seen in Table 7.

Table 7. Display of Post-Erosion SMS and delivery time

SMS Display Delivery Time
1 minute
Erosi Ringan
<1 minute
Erosi Sedang
Erosi Berat <1 minute

Erosi Berat

4. CONCLUSION

The system uses two indicators, namely soil moisture and vibration values in detecting erosion that occurs
in watersheds (DAS). Prior to testing the tool, the soil moisture sensor was calibrated with the results of soil
moisture sensor calibration using the mediatech soil meter measuring instrument, an error value of 6.82 was
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obtained. System testing is divided into 2 main conditions, namely pre-erosion and post-erosion. The main pre-
erosion conditions include SAFE status with a humidity value of 0-30% and 0-5% vibration, WASPADA with
a humidity value of 31-70% and 6-15% vibration and with a humidity value of 71-100% or 16-30% vibration.
While the post-erosion conditions include the status of LIGHT EROSION with a vibration value of 31-50%,
MODERATE EROSION with a value of 51-70% and SEVERE EROSION with a vibration value of> 71%.
The values for the distribution of categories were obtained from previous research with adjustments made when
testing the system using prototypes.
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