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Abstract— Flood disasters are a problem that is difficult to
detect because of the sudden arrival. Flooding is caused by the
high intensity of rainfall with a long duration until river water
overflows and it will make some property losses and even
casualties. Therefore, the development of technology that
provide early warning system is needed for reduce the risk of
losses caused by floods. This study will combine the JSN-SR04
sensor with rainfall equipped with the Internet of Things (IoT)
technology. This proposed system can detect the changes of
water level, rainfall intensity and the system also can predict
when flooding will occur. With the support of IoT technology,
the system can send an information about water level and
rainfall data to mobile phones installed with AWS applications.
In this study, the communication system was designed into two
parts, namely the sender module and the receiver module. In the
sender module we used the programmable Atmega328P
microcontroller for processing the data from the JSN-SR04.
This sensor will read into water level values and rainfall sensors
into rainfall intensity values, then the data will be sent to the
receiving module using the Long Range (LoRa) module. In the
receiver module wusing the programmable ESP32
microcontroller, the microcontroller and LoRa in this module
will process the data that has been sent by the sending module
and classified into flood levels and precipitation levels and then
the data is sent to the AWS application installed on the mobile
phone. In addition, in this receiver module there is an OLED
that functions to display data, relays and sirens to provide
warnings in the form of sounds when the flood level or water
level is at level 3. Based on the results of implementation and
testing at the ciyasana dam, data on flood and rainfall levels are
at level 1 by following the provisions in the ciyasana dam.

Keywords—Internet of Things, Sender Module, Receiver
Module, Flood Detection System

I. INTRODUCTION

Flood disasters are a problem that continues to occur
throughout the world, one of which is in Indonesia. This
disaster is an event due to nature or human habitual behavior.
Climate change, land, increasing population in Indonesia and
lack of rainwater infiltration resulting in a greater threat of
disasters in Indonesia, one of which is flooding [1][2].

From data obtained by the National Disaster Management
Agency (BNPB) during the July 2021 period there have been
130 natural disasters, with the highest disaster events, namely
floods 53 times, forest fires 42, tornadoes 22, landslides 11,
earthquakes 1 and droughts 1 [3]. Until now, flooding is still
a problem that often occurs and must be overcome
immediately to minimize casualties, environmental damage,
and property. Flooding is caused by the high intensity of
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rainfall with a long enough duration, so that river water can
potentially overflow onto land [4][5]. Several studies on
flood disasters have certainly been carried out by several
researchers, one of which is by Choo Kam Khuen and Alireza
Zourmand about an internet of things-based flood disaster
early warning system, in the study explained the flood early
warning system uses ultrasonic sensors to detect changes in
water levels and rainfall sensors to calculate rainfall intensity.
The monitoring application in this study used the Blynk
application, so that the data from the sensor readings can be
see on the Blynk application installed on the cellphone [6].

Therefore, with the development of technology based on
internet of Things, it is necessary to have a flood disaster
early warning system [7]. With several references related to
research on flood disaster early warning systems, this study
made a flood disaster early warning system using JSN-SR04
sensors and Rainfall Based on the Internet of Things. This
system is divided into two modules, namely the sender
module and the receiver module. The sending module uses
the Atmega328P microcontroller, the JSN-SR04 ultrasonic
sensor which is used to detect changes in Water Level Height,
the Rainfall sensor which serves to calculate the intensity of
precipitation, the voltage sensor to find out the remaining
battery and the Long Range (LoRa) is used to transmit data
to the receiving module, this sending module uses a power
source from the Solar Power Plant. In the receiver module,
there is only LoRa which functions to receive data from the
sender module, ESP32 as the main microcontroller and siren
to provide warnings in the form of sound.

This JSN-SR04 ultrasonic sensor has several advantages
over ordinary ultrasonic sensors, including waterproof and
long-distance detection range with an accuracy of +0.5 cm
and — 0.5 cm. [8]. The results readings of the two sensors are
classified into flood levels and then sent to the cloud
monitoring application (AWS). So that this tool can provide
early warning to the public regarding potential floods. [8][9].

II. DESIGN AND IMPLEMENTATION

A. Block Diagram System

The design of the flood disaster early warning system is
divided into two parts, namely the sender module and the
receiver module. In the sending module, there are sensors,
namely the JSN-SRO04 ultrasonic sensor, rainfall, voltage



sensor, and LoRa, while the receiver module uses esp32
microcontrollers, LoRa, and sirens.
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Fig. 1. Block diagram module sender.

The CH Block is used to connect the microcontroller with
the computer to be able to upload programs from the
computer to the sender module and power supply serves to
lower the voltage and supply it to all components connected
to the microcontroller [4].

In this sender module, there are three main parts, namely

input, process, and output.

1. Input

The components used are JSN-SR04 sensor which is
used to detect water level, rainfall sensor to measure
rainfall intensity and voltage sensor which is used to
determine battery voltage [8][10].

2. The process
This section uses the Atmega 328P microcontroller.
This section serves as the main control for processing
measurement data from sensors. Atmega 328P is an 8-
bit AVR family microcontroller, it provides 13 digital
pins and 6 analog pins. This microcontroller has a flash
memory capacity of 32Kb, 1Kb EEPROM, and 2Kb
internal SRAM [4][11].

3. The Output
In this part, the module uses three components, namely
OLED, LoRa, and Relay. Relays are used to turn on or
off the sirens, OLED are used to display data that has
been processed by Atmega328P [4][11]. But the sirens
and OLEDs on the sender module are only optional
because this sender module is used to process the data
of the sensor measurement results and send the data to
the receiver module using LoRa.

The receiver module is divided into three main parts, namely
input, process and output.
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Fig. 2. Block diagram module receiver.

The CH Programmer block in this input section is used to
upload programs from the computer to the ESP32
microcontroller or to connect the computer with the ESP3
receiver module. The Power supply block is the main voltage
source to supply all components connected to the ESP32 [4].

1. The input
In this input section there is 1 module, namely LoRa.
Lora is a transceiver module (which can receive or
transmit radio waves. The LoRa used in this study is
LoRa E32-433T20D, this LoRa uses Integrated Circuit
(IC) SX1278 made by SEMTECH. This LoRa can send
or receive data with a maximum distance between the
sender and the receiver three KM receiver without any
obstacles such as tall buildings or trees, LoRa in this
receiver module is used to receive data sent by the
sender module [12][13].

2. The process
This section uses the ESP32 microcontroller. This
microcontroller is a System on Chip (SoC) equipped
with WiFi 802.11 b/g/h, Bluetooth V4.2, and other
hardware. This ESP32 is used to process data sent by
the sender module using LoRa and is calcified into flood
levels. When the flood is at level one, the ESP32 will
not trigger the relay until the siren will off and will send
the classification data to the Firebase database. Then
when the flood is at level two, the ESP32 will also not
trigger the relay so that the siren will die and will send
the classification data to the Firebase database.
Meanwhile, when the flood is at level three, the ESP32
will trigger the relay so that the siren will be on and send
the classified data to the real-time Firebase database
[14][15].

3. The output
In this section there are three components, namely
OLED and relay. OLED is a type of LCD (Liquid
Crystal Display) that has a small size but produces
brighter and sharper images. OLED is used to display
data that has been processed by ESP32. The OLED used
is 128x64 pixels in size and white. In addition, OLED
also consumes very little power compared to ordinary
types of LCD. Then the relay is used to control (turn on
or off) the device programmatically with a HIGH or
LOW trigger [4][11].

B. Hardware Design

In designing a flood disaster early warning system using
JSN-SR04 sensors and rainfall based on the internet of things,
there are several supporting components used in the
manufacture of Printed Circuit Boards (PCB). PCB is a
printed circuit board that serves to connect every component
such as capacitors, resistors, transistors, Integrated Circuits
(IC) etc [9]. In this hardware design, there are 2 PCBs, namely
the module sender and the receiver module PCB. You can see
the name and a lot of components needed to design the sender
module in Table I and the receiver module in Table II.

TABLE 1. SENDER MODULE COMPONENTS.

No Component Lots
1 Resistor SMD 0805 470R, 10K, 1K, 30K, 7K5 10
2 Capacitor SMD 0805 22pF, 100nF 10
3 Elco 1uF/50V, 470uF/16V 3




5 Diode M7 SMD 3
6 Diode 1N4007 and schottky Diode SA 1
7 Transistor BC547 1
8 Relay, Push Button, USB female type B connector 1
9 Led 2
10 Optocoupler PC817 and Fuse 5A/2A + Soket 1
11 IC 7809 7805, AMS 3.3V, Crystal 16 Mhz and 12Mhz 1
13 Pin Header, JST 3 pin, block terminal 3 pin & 2 pin To taste
14 IC Atmega 328P DIP + Socket dan CH340G 1
15 Rainfall sensor and JSN-SR04 sensor 1
16 LoRa E32 433T20D 1

TABLE II. RECEIVER MODULE COMPONENTS.

No Component Lots
1 Resistor SMD 0805 470R, 10K and 1K 12
2 Capasitor SMD 0805 22pF, 100nF 470nF, 4.7uF, 10uF 3
3 Elco 470uF/16V and Capacitor 100nF 3
4 Transistor SOT23 BC817 2
5 IC CH340G, Crystal 12 Mhz, USB female type B 1

connector, diode 1N4007 and diode schottky SA
6 Diode M&, Block terminal 3 pin and 2 pin 3
7 Led Smm 7
8 IC 7809, 7805, AMS 117 3.3V, optocoupler PC817, relay, 1
Transistor BC547
9 Pin header female and male To taste
10 ESP32, LoRa E32 433T20D, sirine 12VDC and OLED 1

Figure 3 is the overall PCB layout of the sender module
and Figure 4 is the printed PCB.
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Fig. 3. Pcb layout of sender module.

Figure 3 is the PCB layout of the sender module designed
using the EAGLE application.
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Fig. 4. PCB sender module.

Figure 4 is the sender module pcb that has been soldered
and components installed.
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Fig.5. Pcb layout of receiver module.

Figure 5 is the PCB layout of the receiver module
designed using the EAGLE application.
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Fig. 6. PCB receiver module.

Figure 6 is a PCB that has been soldered and installed
components.

Fig. 7. Sender module system and receiver mod- system. )

C. Software Design

In the design of the program using Arduino IDE software.
This software uses C / C ++ language programming with
several supporting libraries on the Arduino IDE. The creation
of this program is used to run the sensors or components in
the sending module according to the function of each sensor.
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Figure 8 is a flowchart or algorithm for the sender
module. Figure 8 is an algorithm or illustration of
the performance of the sending module system when
it is turned on. The initial process starts by
initializing the header — header, variable declaration,
constants, functions, and connecting the Long
Range (LoRa) sender module with the LoRa
receiver module. Then the sensor will detect or read
the distance, precipitation intensity, and battery
voltage. After that, the sensor readings will be
processed by the Atmega328P microcontroller so
that it becomes data on the water level in centimeters
(cm), rainfall intensity in millimeters (mm), and
voltage in units (volts). Then the system will check
whether there is a data request from the receiver
module, if there is none then the system will loop
from the sensor data reading process and will check
the data request again from the receiver module. If
there is a request from the receiving module, then
the data will be sent to the receiving module using
LoRa.

Receiver Module

Figure 9 is a flowchart or algorithm for the receiving
module.

Figure 9 is an algorithm or illustration of the
performance of the receiving module system when
it is turned on. The initial process initializes the
headers — headers, variable declarations, constants,
functions — functions, connects the ESP32 to the
WiFi network, and connects the LoRa receiver
module with the LoRa sender module. Then this
receiver module will make a data request to the
sender module, and the data sent by the sender
module will be checked and classified into flood
levels. Water level data (K) in this rule is taken
based on Ciyasana containment conditions, namely
in Rancackek Kulon, Rancaekek District, Bandung
Regency, West Java, Indonesia, and rainfall (C)
based on data from the Meteorology, Climatology,
and Geophysics Agency (BMKG). When the water
level is more than 180 cm, the flood level is at level
3 and the siren will be turned on 6 times. Variable C
or precipitation is used only to monitor rainfall

Fig. 8. Sender module flowchart.

intensity. Then the processed data will be sent to the
firebase and Thingspeak databases with ESP32
connected to the WiFi network and will be displayed

on the AWS android application.

Connect ESP to

WiFi network
Connected to a

WiFi network?

Request Data To

»|{ Sender module with l€—
Code (#1~)

Is the data from
the sender module
available?

Check the data sent
by the sender
module

Is there all the
data?

YES
Show data
on OLED
N
>

Flood level

K =Water Level

C = Rainfall

-—,

Flood level 1,
Siren off.
SenddataK&C

to Firebase

Rainfall
Intensity level 1,
Send dataK & C

to Thingspeak

Conisi >

Flood level 2,
Siren off.
SenddataK & C
to Firebase

Rainfall
Intensity level 1,
SenddataK & C

to Thingspeak

[+

Flood level 3,
the siren is on.
Send dataK & C

to Firebase

Rainfall
Intensity level 1,
SenddataK & C

to Thingspeak

[+

Fig. 9. Receiver module flowchart.

c.  AWS Android Application

In designing this android application using the Android
Studio. This AWS application is used to monitor water
level, rainfall intensity and battery voltage. In this
application, there is also a flood level in the form of
messages. The app uses a firebase database to store
temporary data for display on AWS applications. A view of
these AWS applications can be seen in Figure 10.
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Fig. 10. AWS android app view.



ITII. TESTING AND ANALYSIS

Sensor calibration is divided into two stages, namely the
calibration of the JSN-SR04 sensor and the rainfall sensor.
The calibration process is just done on the sender module
where there is a JSN-SR04 sensor and rainfall.

a. Step 1. Calibration of the JSN-SR04 sensor

The first step of calibrating the JSN-SR04 sensor is to
measure the distance with a meter measuring instrument
and then compare it with the measurement results using
the JSN-SR04 sensor. After taking 39 data, it was found
that the average error ratio was 3.36%. A comparison
graph of the measurement results between the meter
measuring instrument and JSN-SR04 can be seen in Figure
11.
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Fig. 11. JSN-SR04 sensor calibration graph.

From Figure 11, a linear regression equation is
obtained from the comparison of measurements between
the metre measuring instrument and the JSN-SR04 sensor,
that is:

y = 1,0281x + 1,4574 (1)

with a linearity value of R2 = 1. Equation 1 is entered into
the code on the sending module microcontroller
(Atmega328P) so that the JSN-SR04 sensor gets good
measurement results. After equation 1 is inserted into the
sending module microcontroller (Atmega328P) then data
collection is carried out again, namely by measuring the
distance using a meter measuring instrument and a JSN-
SR04 sensor and then the results are compared again. After
another comparison, the average result of the error ratio is
getting smaller, which is 0.68%.

b. Step 2. Calibration of the rainfall sensor

In the process of calibrating the rainfall sensor using a
comparison measuring instrument, namely a measuring
cup. The first step is to measure the volume of water with
a measuring cup and then record it. After that, it is inserted
into the rainfall sensor and then recorded again the results.
The calibration process of this rainfall sensor was carried
out as many as 4 experiments, in 1 data experiment taken
as many as 8 data. After the data retrieval process is
complete, then the data is compared and calculated error
ratio. After knowing the error ratio in each experiment, it
is then averaged and the average error ratio results in 4
experiments are 11.14%. The error ratio in the rainfall
sensor calibration process is large due to the limitations of
the calibration tool. Figure 12 is the Rainfall sensor
calibration process.

Fig. 12. Process rainfall sensor calibration.

TABLE III. FLOOD LEVEL CLASIFICATION TEST IN LAB

No Water | Flood | Sirine Provision
level Level
measured Water | Level
(cm) Level Flood
(cm)
1 59 1 Off | 0-120 1
2 122 2 Off 121 - 180 2
3 255 3 On >180 3

TABLE IV. CLASIFICATION RAINFALL LEVEL IN THE LAB

No Rainfall Level Provision
intensity rainfall .
measured intensity ,Ramffl“ Level
(mm) intensity ranfall
(mm) intensity
1 0.18 1 <1 1
2 1.32 2 >1&<10 2
3 10.42 3 >10 3

Tests for the classification of flood levels and rainfall
intensity levels were carried out in the lab. The provisions for
the Ciyasana water level can be seen in Table III and the
provisions for rainfall levels are based on data from the
BMKG as shown in Table IV. The provisions for the water
level of Ciyasana can be seen in Table III and the provision of
rainfall levels based on data from the BMKG as in Table I'V.

After the sensor calibration process is complete then
performs an overall test of the system. This test was carried
out in the containment of Ciyasana Rancaekek Kulon,
Rancaekek District, Bandung Regency, West Java, Indonesia.
This testing process is to turn on the entire system from
hardware to software. It can be seen in Figure 13 when
installing sensors in the Ciyasana dam.



Fig. 13. Process installation sensor JSN-SR04.

After the JSN-SRO04 sensor is installed, it then measures
the distance from the sensor placement to the riverbed with a
meter measuring instrument as shown in Figure 14. This
measurement is carried out to ensure that the distance on the
Ciyasana dam is correct.

Fig. 14. Distance measurement.

After taking measurements, it is known that the distance
from the placement of the sensor to the riverbed or the base
distance is 290 cm. Then this value is entered into the equation
in the Arduino IDE code:

TMA = base distance — water level 2)

The data obtained in testing the entire system is 130 data,
which can be seen in Figure 15. Figure 15 is the data on flood
levels and rainfall levels contained in accordance with the
provisions in Table III and Table IV. The flood level line is
inline gray with the orange rainfall level line which is at level
1 because the condition is contained in the presence of no rain
and the water level condition is in the position of 6-8 cm.

Test Result Data at
Ciyasana Dam Rancaekek
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Fig. 15. Graph of Test results data at Ciyasana Rancaeckek dam.

IV. CONCLUSION

In this research, the performance of this flood disaster
warning system can detect water level and rainfall intensity.
This system will provide flood and rainfall level information
to the AWS application on the mobile phone sent by the
receiver module connected to the WiFi network so that water
level and rainfall conditions can be monitored anywhere
using the mobile phone. In addition, the system can detect
changes in water level and precipitation and will be classified
into flood levels so that in addition to informing AWS
applications, it can also provide flood level information in the
form of siren sounds.
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