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ABSTRACT

Flood is considered as a serious natural disaster in Asia. Flood has affected
millions of people in Asia in the recent years including Malaysia and its neighboring
countries. The severity of the problems resulted from flood has significantly affected
the government in terms of economic and social. Information Communication
Technology (ICT) can be utilized in addressing flood challenge by contributing in
the aspects of early flood warning as well as alerting the affected community. Early
flood warning systems face several challenges in terms of warning dissemination
that is not timely, people centered, accessible and explainable. Thus, this study
developed an Internet of Thing (loT) early flood warning system (IEFWS) with
ethological input using fuzzy logic in order to come up with a timely, precise and
low cost flood warning system. The IEFWS of fuzzy logic application included
several nature input data membership functions specifically temperature, humidity,
rainfall intensity, water raise rate, sound, and motion indicators were all being
updated on the internet simultaneously in less then 0:00:05 seconds. This study also
included an ethological input data of fish by analyzing the behavior of sound and
movement of fish as indicators to early warning before flood occurrence. The
system was tested and evaluated in terms of timely and preciseness of it to update
sensor data to the internet and apply fuzzy logic to intelligently alert flood warning.
The results showed that the system was able to update ubiquitous data for a better
monitoring system platform. In addition, the system is low cost and easy to handle.
In conclusion, the 0T early flood warning system is timely and precise as the data
are updated at a very minimum delay and it could easily monitor the changes of

climate.
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ABSTRAK

Banjir dianggap sebagai bencana alam yang serius di Asia. Banjir telah menjejaskan
jutaan orang Asia pada beberapa tahun kebelakangan ini termasuk Malaysia dan
negara-negara jirannya. Masalah yang timbul akibat banjir telah menjejaskan polisi
kerajaan dari aspek sosial dan ekonomi. Teknologi Komunikasi Maklumat (ICT)
boleh digunakan dalam menangani cabaran banjir dengan menyumbang dalam aspek
memberi amaran awal banjir kepada komuniti yang terkesan. Sistem amaran awal
banjir berhadapan dengan beberapa cabaran dari segi penyebaran maklumat amaran
banjir yang kurang dikemas kini, kurang menjadi tumpuan ramai dan sukar dicapai.
Oleh itu, kajian ini membangunkan sistem objek berinternet (IoT), sistem amaran
awal banjir (IEFWS) dengan masukkan etologi menggunakan logik untuk
membangunkan sistem amaran banjir yang dikemas kini, tepat dan kurang Kos.
Aplikasi IEFWS logik kabur termasuk beberapa input persekitaran iaitu data suhu,
kelembapan, intensiti hujan, kenaikan kadar air, bunyi dan petunjuk pergerakan
semuanya dikemas kini di internet secara serentak kurang dari 0:00:05 saat. Kajian
ini jJuga memasukkan data etologi ikan dengan menganalisis tingkah laku bunyi dan
pergerakan ikan sebagai petunjuk kepada amaran awal sebelum kejadian banjir.
Sistem ini diuji dan dinilai dari segi ketepatan pada masanya dan ketepatannya
untuk mengemas kini data sensor ke internet dengan menggunakan logik kabur
untuk memberi amaran banjir yang bijak. Hasilnya menunjukkan bahawa sistem itu
dapat mengemas kini data di mana-mana untuk platform sistem pemantauan banjir
yang lebih baik. Di samping itu, sistem ini adalah rendah kos dan mudah untuk
dikendalikan. Kesimpulannya, sistem amaran awal banjir (IoT) adalah tepat pada
masanya dan lengkap kerana data dikemas kini dengan kadar tangguh penghantaran
yang sangat minimum serta dapat memantau perubahan cuaca persekitaran dengan

mudabh.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

Flood warning system has been enhanced every now and then to ensure that
the society are being alert to flood disaster with minimum impact to it. The
precaution of all means has been put to standard management to mitigate the
occurrence of flood disaster at the potential at-risk area. The effort of all angle of
various fields and disciplines has been called to hand in hand in reducing the impact
of the flood disaster. Before, during and after flood occurrence management has been
underlined in government and none government sectors to minimize the after effect
of the flood. Seeing the importance to put a little effort of contribution to mitigating
flood, this research is meant to enhance the timely and preciseness of early flood

warning system.

While in this chapter, it covers mainly of the heart of this research
background, problem statements, objectives, aims and it is significant. The
background of the research is being underlined in order to give a little bit of
introduction of the importance of the problem occurs with regard to the research. The
objectives, aim, and limitation of research are the main guidelines to lead the

research all the way through reaching its main goal.

1.2 Motivation of Study

The cost of damage caused by flooding correlates closely with the warning
time given before a flood event, making flood monitoring and prediction critical to
minimizing the cost of flood damage. Terrifying flood disaster had hit Malaysia late

December 2014 and early January 2015 that leads to losing of lives and properties.



Continued heavy rainfall of Northeast Monsoon had affected several areas in
Peninsular Malaysia, including Johor, Terengganu, Perak, Pahang, and Kelantan.

There are two types of floods that commonly occurred in Malaysia, which are
of river flood and coastal flood. There are initiatives that are being implemented by
the Department of Irrigation and Drainage (DID), Malaysia in improving the flood
warning systems. They had built 140 for rainfall and 39 for water level and 274 for
both rainfall and water level telemetry DAQ stations. Major deficiencies of flood
monitoring and warning systems were inadequate rainfall and water level station
networks for real-time data and the flood monitoring technique must be more
accurate. So, DID had implemented on hydrological and hydrodynamic model
analysis to alert flood occurrence in Malaysia. The concept of hydrological and
hydrodynamic is basically the integration of two analysis of ecology. Hydrology
emphasizes surface water conditions, with a specific focus on hydrologic modeling
and prediction that deliberately develop, test and apply the study of the hydrology of
land-atmosphere models, snowmelt-runoff modeling, and seasonal streamflow
monitoring for the operation of major water resource systems. While hydrodynamic
considers the physical processes that relate to transport, mixing and the dynamical
behavior of fluids in natural flows and those of environmental significance that it

occurred due to turbulence, density stratification, and the earth's rotation.

DID gain real-time data of water river level, rainfall inches, and river image
data are directly collected from the station. The data is updated every half an hour to
15 minutes depending on the remote terminal unit coverage networks that
transmitted from the required data using data logger directly to the webmaster. The
issue of half an hour and 15 minutes inefficient data updated needs to be improved to
a least delay real-time data. A minute delay is very much important for the warning

system to enhance much more preciseness in the warning system.

At the webmaster, the analyzation of the data from the physical environment
takes place and directly warn any flood occurrence. Based on the data obtained and
alert software used, it could make a prediction of around 2 days to 6 hours before the

massive flood occurs. This leads to the performance accuracy up to 60% to alert the



incoming massive flooding. The prediction accuracy of 60% really needs to be
enhanced to a better accuracy percentage. The data for weather prediction usually are
from several source data which are of DEM, Lidar and IFSAR. Based on the weather
prediction only the DID will really take into account to alert flood. Once it starts to
rain then only the telemetry station starts measuring. They will consider the rainfall
depth and intensity data which are obtained from the Department of Meteorology
Malaysia (MetMsia). MetMsia manages to forecast the rainfall distribution up to 7
days before and to be more accurately 2-3 days before. The server for telemetry data
will only be operated during the monsoonal seasonal time due to a massive data
organization matters and the temperature server room matters that if not being
monitored it will damage the server due to heat. While it was also reported that the
DAQ telemetry stations were swipe out of the heavy flood and could not effectively
give the physical environmental changes at the potential at-risk flood. The cases of
DAQ telemetry were running out of power supply also occurred since the DAQ
power supply relies on relay switch of either solar system and the lead-acid battery
which could only last long maximum of 2 weeks in continuous cloudy weather.
Which during the monsoonal season the cloudy weather could be up to one to two
months of duration and caused DAQ telemetry data station could not transmit data to

the server for flood warning purposes.

The basic system that the DID use to acquire data from DAQ based station
for flood warning system which are basically classified into the input data
transmitter, receiver and the outcome for warning system DAQ based information.
The input data of rainfall using a tipping bucket and water level sensor (using various
sensors depending on site application). Basically, 4 types of gauges are used to
acquire river water level, which are of Ultrasonic sensor, Radar, Bubler and Pressure
Transducer (tube). Usually, location for flash flood area applied tube or pressure
transducer while monsoonal rainfall flood area uses ultrasonic sensor. The drawback
of the sensors that there were cases that the sensors do not read any measurement and
lead to flooding. Thus, a check and balance DAQ is required to ensure that the

community is being alerted of an incoming flood occur ahead.



1.3 Problem Statement

Flood monitoring systems face several challenges in terms of warning
dissemination that is not timely, people-centered, and accessible .A timely and
precise warning system is crucial to give precise information and ample time for the
flood victims to evacuate the potentially affected areas and save flood victims to
alternative safe areas. The input data from rainfall and hydrology by relying only on
the outsource data from authorized centers is not enough to precisely predict the real-
time uncertainty of flood monitoring system (Achawakorn et al, 2015). The gap of
comparable data between the direct physical data and the outsource data is
significant hence leading to inaccuracy of input data (Achawakorn et al, 2015).
Several comparables of other input data are important in obtaining legitimate input
data. Real-time meteorological and hydrological data are extremely important in
improving flood warning system. In previous research done by Achawakorn et al,
2015), water level input was considered for their early flood warning system,
however, the water level input data was not tested repeatedly. The researchers took
minimum input of different base stations of the inundated area, which led to the frail
accumulation of input data in achieving timely forecast flood rate of various regional
areas. An important issue needs to address is the non-timely of the input data to the
base station and it may be lag several hours that might further lead to inaccuracy of
flood warning system. The high cost of DAQ system installation for every risky area
of the flood had limited the number of DAQ systems installed and had caused
minimum number of input data was obtained. As the distance to remote sites
increases, it becomes more difficult to set/configure the conventional DAQ. Thus, a
Wireless DAQ is needed to enhance the timeliness and accuracy of physical
inundated data. The current lead time taken by the DID is approximately 6 to 7 hours
before massive floods occur; which this update is available in the official website
(Laporan Tahunan JPS, 2016, pp59-67). The current lead time taken for flood
forecast is not effective enough to alert the society on prompt flood occurrence.
Thus, by relying on animal behavior prior to flooding could increase the lead time
before massive floods occurred supported by other physical world input data. Some
remote terminal stations were found got washed away before it could alert floods.
Thus, the proposed wireless Wireless DAQ is needed to overcome such cases in
order to obtain a real-time result and eventually increase the time and efficiency of



the flood forecast system. The idea of the wireless concept of Wireless DAQ system
could reduce the cost of installation of landed installed DAQ. The wireless sensors
concept could be easily fit in the current modern universal usage of the mobile

application.

1.4 Research Aim

The integration of various multiple wireless sensors of depth/water level,
temperature and humidity, rainfall, and behavioral change of animals/insects (visual
or/and vocal) with low-cost, ubiquitous and remote/wireless DAQ can enhance the

preciseness and timely early flood warning system.



1.5

Research Objectives

Based on the research aim, the research objectives are as follows:

. To investigate the multiple inputs data that can be used for 10T early flood

warning system.

. To design and develop a timely and precise low cost 10T early flood warning

system based on multiple inputs data with ethological behavior and fuzzy

logic.

. To study the ethological input data that could improve early warning before

flood occurrence.

. To evaluate the timely and precise-proposed 10T early flood warning system.

1.6 Research Questions
To achieve the above research objectives, the following research questions
are used.

1.7

How multiple inputs of can be used for 10T early flood warning system?

. Why the current method is not able to provide the timely and precise low-cost

loT early flood warning system using multiple inputs data?
How ethological inputs could improve 0T early flood warning system?
How to evaluate timely and precise-proposed Fuzzy logic IoT early flood

warning system?

Research Scope

The research scope is that the hardware part which is basically using Espresso

lite 2.0 as the microcontroller for master terminal unit (MTU) and Atmel as remote

terminal unit (RTU). The integrated development environment (IDE) is using

Arduino IDE to program the MTU and RTU. While in the database management and
web development is using MySQL, SQL, JSON and PHP. The data analyzation is



basically using MATLAB fuzzy logic toolbox. This research is still in a prototype
model of experimental base of Remote Terminal Unit (RTU) station with only one
minimum station. The RTU station is also meant to replicate a single station of data
acquired at potential at risk inundated area. While the ethological inputs of only fish
behavior is mainly the bounded limit ethological input in this research as to indicate
there is a significant factor to improve early flood warning via ethological input data.

1.8 Thesis Organization

The thesis is organized through chapters of 5 chapters all together. In the
first chapter is of the introduction of the thesis followed by the literature review of
chapter 2 where the summary of previous research done related to loT early flood
warning system with ethology inputs and fuzzy logic. The next chapter is the
methodology of the research to brief the method used for this particular reseach.
After the methodology, the results and the discussion on the experiment done for
this result is explained in chapter 4 and finally the last chapter of chapter 5 is the
conclusion, research achievements and future recommendations the enhance of this
research in the future.
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