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ABSTRACT

In Malaysia, flash floods are common occurrences throughout the year and commonly occur in
urbanized areas. Flash floods are mostly caused by the seasonal monsoon rain when inadequate drainage
systems are unable to channel the water flow properly. The overflow of the rivers is also a major reason
for occurring flash floods in the city. Late detection of this disaster may cause damage to property and
infrastructure, disrupts the traffic flow, endangering human life, psychological impact to the user etc.
This project is to detect a flash flood and avoidance system that aims to detect heavy rainfall followed
by detecting high water level at the specified area. The system works as an indicator that will give an
early warning to users and as an avoidance system that controls the flood basin gate when flood is high.
This project uses Arduino UNO as a microcontroller, Ultrasonic Sensor and rain sensor as an input, and
global system for mobile communication (GSM) module, buzzer, motor and liquid-crystal display
(LCD) as the output of the system. A GSM is used to alert the flood condition to the user and rescue
team by transmitting the water level condition measured by ultrasonic sensor. With this reliable
detection system, the flash flood in urban areas can be avoided by users and authorities at an early stage.
Consequently, the infrastructure damage and psychological impact to people can be minimized.

Keywords: Flash flood, rain detection, water level detection, GSM

INTRODUCTION
Floods in Malaysia can be categorized into monsoon floods and flash floods. Flash floods

usually occur in areas with rapid development by a rapid rise in water level, high velocity, and
large amounts of debris. This disaster is mostly caused by the seasonal monsoon rain when
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inadequate drainage systems are unable to channel the water flow properly. This project will
work as a flood monitoring system which is one of the technologies that can be used to prevent
loss in places where floods always occur such as in Kuala Lumpur, Selangor and Penang. This
project will be placed at the urban area to alert the surroundings to evacuate or to inform people
about the road with flood. This project will be placed near the neighborhood or town to alarm
the surroundings to evacuate. This project used an ultrasonic sensor as the input to measure the
height of the water, rain sensor to notify the user if it is raining, GSM to send notification, and
a siren and motor to open the gate to let the water flow into the flood basin.

This project focuses on the city that is affected by rivers or drains that are the main cause of
flash floods in Malaysia. This project will be developed using an ultrasonic sensor to monitor
the water level thus determining whether it is necessary to operate the motor and a rain sensor
to monitor the weather. This project uses Arduino, which requires programming, a motor to
control the flow of the water, a siren and utilizes GSM to transmit the message.

METHODOLOGY

The prototype design of the flood detection system is built by integrating 6 components such
as the system block diagram in Figure 1. It is seen that in the input section there is an input
section consisting of an ultrasonic sensor and rain sensor, while on the controller part, there is
Arduino Microcontroller and in the output part there is DC Motor, siren and GSM.

H |
INPUT ! SYSTEM i OuUTPUT
|
|
|
|
|
i 1 '
Ultrasonic |
Sensor ‘ > '—\_—) SMS
[ GSM |
| |
| |
— ARDUINO |
L3N |
Rain Sensor I |
i T Siren
|
|
I I
: N LCD
|
|
| |
| |
—> Motor
|
| |

Figure 1. Block Diagram of flood detection and avoidance

The information from the input will be sent to Arduino for the decision process. This
component in the system communicates with each other by using the programming code in the
Arduino controller. In this system, there are two DC motors needed to operate the flood basin
gate. The output will be activated when water reaches the danger level which is measured from
the surface of the water to the ultrasonic sensor.

Flowchart of the system is structured as in Figure 2. It starts with the system detecting the
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rainwater that will cause flash floods. Once the rainwater is detected, the LCD will display the
rain status and the GSM module will send a message to the user. For the flood detection part,
it is divided into two parts, low level and high (danger) level. If the water level is in low
condition, it means the water level is harmless and the system is in power save mode. If the
water level is high (10cm or lower from water surface to the sensor) it means the water level is
dangerous to people and the system will proceed to evacuation procedure while the motor and
buzzer are activated simultaneously. The ultrasonic sensor setup to the water surface is shown

in Figure 3.
Ultrasonic Sensor

Rain sensor detect

o rainwater
10CM
N
Yes
- LCD display raining status
- GSM send message _——
L Stagnant Water Surface

Ultrasonic sensor Figure 3. Ultrasonic sensor setup from water

»| detect water level surface

- Open the gate
- Siren switch ON
- LCD display flood status
- GSM send message

Ultrasonic
sensor

Y
Water level
high?
No
Water level
low?
Yes

Closed the gate

Figure 2. Flow chart Figure 4. Ultrasonic sensor setup from water

surface to road

Table 1. shows the water level status and flood condition based on the distance setup from
ultrasonic sensor to the water surface. In this prototype, the ultrasonic sensor is placed 40cm
from the road as in Figure 4. Meanwhile in the programming, 0 to 10cm distance water surface
to ultrasonic sensor is set as HIGH level status (danger condition) and the distance greater than
10cm is set as LOW level (safe condition).

Table 1. Water level status and flood condition
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Distance from water | Distance from Water level | Condition of
surface to ultrasonic |road to ultrasonic

sensor sensor status flood
0 -10cm 40cm High Danger
More than 10cm 40cm Low Safe

RESULT
Simulation Result

Figure 5 shows a schematic diagram of the system using the Proteus simulation. Due to lack of
components in the Proteus simulation library, the siren is replaced by the buzzer, the rain sensor
is replaced by logic toggle and the GSM module is replaced by the serial monitor. For the rain
sensor, the logic toggle will switch to logic '1' when water is detected and '0' for no water
detected.

Figure 5. Schematic diagram

When the rain sensor senses rainwater, it will activate two outputs which are the LCD and
GSM module. The LCD will show “Raining Day”. The GSM module will send a message
“Raining Day !!! beware” to the user and authorities. The Ultrasonic sensor will measure water
level (if less than 10cm) and activate four outputs - buzzer, DC motor, LCD and GSM module
as in Figure 4. 10cm is the maximum value for ultrasonic to sense the Danger condition. The
LCD will display “DANGER?” in the second row. The buzzer will switch ON and the motor
will operate clockwise (gate open) to allow stagnant water to flow into the flood basin.

Hardware Result

Hardware result is focusing on assembling all the components which are the two input sensors;
the rain sensor and the ultrasonic sensor and four output; GSM module, 16X2 LCD, two DC
motors and buzzer as in Figure 6. All the assembling process must refer to each component
data sheet. After finishing the assembling process, proceed to the next step which is to make a
prototype with the main material from PVC pipe, used box, plastic food container and plastic
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water container. The PVC pipe and plastic water container construction represent the gate that
allows stagnant water to flow into the flood basin.

When the rain sensor senses rainwater, it will activate two outputs which are the LCD and
GSM module. The measured voltage and current when the rain sensor detects rainwater are 5V
and 0.25A. Meanwhile, voltage for GSM module and LCD display are 4.1V and 5V
respectively. The GSM module will send the message “RAINING!!! Beware” to the user and
the LCD will show “RAINING”.

Figure 6. Complete prototype

Table 2. LCD Display and DC motor movement result

Distance from water LCD Display DC motor
surface to ultrasonic (2"row) movement
sensor (cm)
DANGER Clockwise
4 DANGER Clockwise
6 DANGER Clockwise
8 DANGER Clockwise
10 DANGER Clockwise
12 NORMAL Anticlockwise
14 NORMAL Anticlockwise
16 NORMAL Anticlockwise
18 NORMAL Anticlockwise
20 NORMAL Anticlockwise
22 NORMAL Anticlockwise
24 NORMAL Anticlockwise

Table 2 shows the result of LCD display and DC motor movement when the distance 2 to 24
cm from water surface to ultrasonic sensor. For the distance from 2 to 10 cm, the DC motor
movement is clockwise to open the gate for water to flow into the flood basin. While for the
distance from 12 to 24 cm, the DC motor movement is anti clockwise to close the gate.
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