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ABSTRACT

Coastal zone of Malaysia has a vital role in socio-economic and environmental in
pursuing the country development. However, it constantly faces a threat from coastal
erosion. The report year 2013 from the Department of Irrigation and Drainage
Malaysia showed 29% of Malaysian coastal has been experiencing erosion at various
levels and primarily driven by ocean waves. Hence, this study focused on
developing the ocean monitoring system consists of a buoy with Global Positioning
System (GPS) technology, reference station and data analysis techniques. The buoy
was developed by considering local factors and improves the performance of existing
buoy. Comparison with existing GPS buoy has found that the GPS buoy is far
exceeded in term of physical specifications, costs, sensors sensitivity and observation
interval. Based on the verification with slider machine, this system has been able to
provide high accuracy result less than 0.5 cm compared to the standard value of
slider machine. The RMS error from data analysis technique is less than 0.0016 m.
Validation with Department of Survey and Mapping Malaysia (JUPEM) automatic
tide gauges have found both methods agreed on tidal pattern with small discrepancy
of less than 10 cm. Encouraging results were also obtained when the observations off
coast Senggarang compared with manual observations, historical data and Malaysia
Meteorological Department (MetMalaysia) wave forecasting. This system has been
observing the same tidal patterns with data analysis RMS error less than 0.0013 m.
Comparison with the height of historical wave data and wave forecast shows the
results of observations of this system are in the range of comparisons made.
Difference of 20 mm was obtained when compared with the wave height observed
manually. The usefulness of GPS buoy data also has been demonstrated in analyzing

the monsoon wind influences at off coast Senggarang.
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ABSTRAK

Persisir pantai Malaysia memainkan peranan yang penting pembangunan Negara
samada dalam bidang sosio-ekonomi atau alam sekitar. Walau bagaimanapun ia
sentiasa menghadapi ancaman daripada hakisan pantai. Laporan tahun 2013
daripada Jabatan Perparitan dan Saliran Malaysia menyatakan 29% daripada persisir
pantai Malaysia telah mengalami hakisan pada berbagai peringkat yang berpunca
daripada ombak laut. Oleh itu kajian ini memberi tumpuan kepada pembangunan
sistem cerapan lautan yang terdiri daripada boya yang dilengkapi sistem
penentududukan sejagat (GPS), stesen rujukan dan teknik analisa data. Perbandingan
dengan boya GPS sediada mendapati boya ini jauh lebih baik dari segi fizikal, kos,
sensitiviti penderia dan sela cerapan. Berdasarkan verifikasi dengan mesin gelangsar,
sistem ini telah dapat memberikan hasil yang berketepatan tinggi iaitu kurang
daripada 0.5 cm berbanding nilai piawai mesin gelangsar. Nilai RMS untuk teknik
analisa data adalah kurang daripada 0.0016 m. Validasi dengan tolok pasang surut
automatik Jabatan Ukur dan Pemetaan Malaysia (JUPEM) mendapati kedua-dua
kaedah memberikan corak pasang surut yang sama dengan perbezaan yang kecil
kurang daripada 10 cm. Hasil yang memberangsangkan turut diperolehi apabila
cerapan di luar persisir pantai Senggarang dibandingkan dengan cerapan secara
manual, data arkib dan ramalan ombak Jabatan Meteorologi Malaysia
(MetMalaysia). Sistem ini telah mencerap corak pasang surut yang sama dengan nilai
RMS teknik analisa data kurang daripada 0.0013 m. Perbandingan ketinggian ombak
dengan data arkib dan ramalan ombak mendapati hasil cerapan sistem ini berada
dalam lingkungan perbandingan yang dibuat. Ketepatan yang tinggi iaitu 20 mm
telah diperolehi apabila perbandingan dengan cerapan ketinggian ombak secara
manual dibuat. Kegunaan data boya GPS turut ditunjukkan dalam analisis pengaruh

angin monsun terhadap kekuatan ombak di persisir pantai Senggarang.
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CHAPTER 1

INTRODUCTION

1.1  Background

Ocean is one of the earth’s complex physical characteristics yet fully understood by
man. The wave, tide and wind are dominant natural external forces in the ocean. A
lot of study related to wave, tide and wind has been done to help understand its
characteristics, which are advantages for human beings. Accurate forecasts of all
these forces are of the utmost importance for the individuals who live, work, or travel
on or near the oceans (Pinardi and Woods, 2002). The best decision in the economics
or engineering can be made, when the sufficient information has been obtained. The
coastal engineering is one of the example of the necessity for prediction of wave.
Also, observation data of wave and tide has given useful information to the
monitoring of the rise in the sea level, caused by the global warming and mitigation
programs for the damaged natural resources.

Ocean has a great influence on Malaysia because most of this country has
been surrounded by the ocean, with a total of 4,675 kilometres of coastline, whereby
the Peninsular Malaysia has 2068 kilometres, and East Malaysia has 2607 kilometres
of coastline. The South China Sea separate two distinct parts of Malaysia from each
other. The western part of Peninsular Malaysia is also facing the Strait of Malacca.
The coastal zone of Malaysia has a special socio-economic and environmental
significance. More than 70% of the population lives within the coastal area and a lot
of economic activities such as urbanization, agriculture, recreation and eco-tourism,

fisheries, aquaculture and oil and gas exploration are situated in the area. Within



these coastal areas, the industrialization and development demands had a great
influence on the resources and coastline itself, with a large percentage of population
living within 5 km from these areas. The zoning plans with multiple usages exist
only in the framework of concrete management, i.e. the coastal and marine protected
areas (Agardy, 1993). Generally, the coastal zone plays a vital role in the
development of the country; however, it constantly faces a threat from erosion.

The National Coast Erosion Study, which began in 1984 and completed by
1986 was the first comprehensive study carried out to assess the shoreline of
Malaysia. It has been reported by the study that 52% of the coastline in the east coast
of Peninsular Malaysia is being eroded, 43% is stable, 1% is rebuilding and 4%
undergoes changes according to the seasons. In the west coast, 50% of the coastline
is being eroded, 30% is stable and 20% is rebuilding (Ghazali, 2006). An eroding
coastline is considered critical if the structures within the area are in immediate
danger, whilst it is deemed significant if the erosion is going to endanger the
structures within the five years without any coastal protection. An eroding shoreline
is deemed acceptable if the backshore area is uninhabited. The economic value of the
development of backshore area and the physical rate of erosion are considered as the
primary factors to determine the category of shoreline. The latest study has revealed
that about 29% of the total of 4,800 km of Malaysian shoreline was subjected to the
varying degree of erosion (Department of Irrigation and Drainage Malaysia, 2013).

Coastal erosion is a natural phenomenon, which results from the interactions
between natural process and the system. The natural process is primarily responsible
for coastal erosion and it is driven by waves (Inch, 2014). Although erosion is
mainly contributed by waves action, our knowledge on this factor is still far from
sufficient.  This occurs because of the shortage of data, coverage is not
comprehensive and observation techniques are not efficient.

In most of the countries, it has been observed that the most appropriate
coastal and shoreline data in Malaysia are currently collected by many government
departments, private sector organization, scientists and consultants. Moreover, except
for the data regarding tidal elevation and shore-based wind, data on other important
parameters such as waves and currents are hardly collected if available; the
collection programme is tailored to a specific with a short term duration (Bernatchez
and Dubois, 2008).



Because the availability of ocean tidal and wave height data for Malaysian
ocean is not comprehensive, new effort to collect wave data must be made. Tidal
data can only be obtained in certain places if there is Department of Survey and
Mapping Malaysia (JUPEM) tidal observation stations located. While the wave
height data supplied by Malaysian Meteorological Department (MET) was obtained
from volunteering ship observations that sail through our waters. Since it is from the
commercial ship, data is less comprehensive because normal for commercial ships to
choose a same route and will only change the route in case of bad weather.

Ocean wave measurement from satellite combined with global wave and
atmospheric numerical models are dramatically changing our way of obtaining ocean
wave data for engineering purposes. Remote sensing satellite observations are now at
the point of providing reliable global long-term wave statistics. A direct sea state
observation is straightforward; however, the usual observations from ships in the
transit are not adequate enough to provide the reliable data (Campbell and Wynne,
2011).

Although the remote sensing satellite is capable of providing imagery for the
wave characteristics extraction process, however it is not an absolute solution for the
measurement of ocean waves. This remote sensing satellite is still restricted and
fixed to its repetition orbit. As a solution, the satellite of Global Positioning System
(GPS) provides an ultimate solution due to its numerous numbers, which contributes
to the flexible observation and unlimited coverage (Kaplan and Hegarathy, 2005).
The GPS satellite has been used for wave observation globally by many researchers
such as Yang and Lo (2000), Chang and Sun (2004), Harigae et al. (2005), Daud et
al. (2008) and Cui and Kouguchi (2011). Hence, this study will be focusing on GPS

wave buoy system development.

1.2 Problem statement

Ocean wave data in Malaysia are currently collected by many government agencies,
private sector organization, scientists and consultants. The government agencies are
Malaysian Meteorological Department, Department of Survey and Mapping
Malaysia, Royal Navy Malaysia, Department of Irrigation and Drainage (DID) and
Marine Department Malaysia. Although there are many parties involve, the wave

data are still insufficient because the present observations do not cover all Malaysian



water, subject to observations by third parties and conventional observation methods
used (Yaakob et al., 2004).

Problem of data coverage is due to the type of equipment used. The
equipment used is categorized as fix type equipment makes the process of relocation
to the area of interest is impossible to do. Although the equipment is capable of
providing a high accuracy data but it covers only a particular area where the
equipment is installed. An example is the JUPEM automatic tide gauge. This
equipment has been installed in 22 national tidal gauge telemetry stations throughout
Malaysia (JUPEM, 2016). Tidal data to all these areas is available but other areas
like Batu Pahat where there is no observation stations nearby, alternative method for
wave observation should be considered to address this issue. Users also do not get
the high accuracy data. For example, the JUPEM tidal data that can be obtained only
in hourly intervals. Moreover, data on other important parameters such as waves and
currents are hardly collected if available; the collection programme is tailored to a
specific with a short term duration (Bernatchez and Dubois, 2008).

Data collection also depends on the observations by third parties, examples
are waves data which was provided by MET. The wave data were observed by
voluntary commercial ship that sailed through the water of this country. This data
only covers the water around the shipping lane at a certain period of time. Users are
unable to request for wave data for certain area and time. Given these data obtained
from voluntary commercial ship, the accuracy is also questionable.

Methods of data observation using conventional equipment also contributed
to this problem. The conventional observation of the wave or tide is performed by
using the fixed type observation equipment which was equipped with water pressure
sensor, ultrasonic sensor or accelerometer (Nagai et al., 2005). This sensors are very
sensitive and require delicate handling. In order to get high accuracy data it needs
periodical calibration and maintenance, which involves high costs. In addition, this
equipment is also difficult to be relocated to other locations.

Researchers have taken actions to overcome this issue through their personal
wave observation. Muzathik et al. (2011) has deployed an Acoustic Wave and
Current (AWAC) device to observe the characteristics of waves along the
Terengganu coast. Although the equipment managed to observe the wave
characteristics of waves, but it requires carefully checking and validation of the

instrument to ensure the accuracy of the collected data. Validation and maintainance



of this equipment is very costly. In addition, this equipment is difficult to install and
need highly skilled individuals. The equipment is considered as a fix type equipment
and relocation process is difficult.

Taira et al. (1996) used the electromagnetic current meter and acoustic
sensors to observe oceanographic data off the Kuala Terengganu coast. Although the
equipment is capable of observing the relevant data, it requires a large ship for
deployment. The periodic calibration is a must as the equipment have sensitive
sensors. Although the equipment is categorized as transferable but the process is
costly.

Marghany (2000) had used ERS-lI and AIRSAR/TOPSAR data to extract
wave spectra to predict the alterations in shoreline on the basis of wave refraction
and sediment transport. Although this technique can be used to extract the wave
spectra for modelling of the alterations in shoreline, but still the assistance is required
for verification from other data sources such as ship observation, ground truth data
and aerial photography. Any imperfection of supporting data will influenced the
generated waves data. Since this method still requires other supporting data before
the waves information is obtained makes it not a practical solution.

Methods that have been mentioned before is not a comprehensive solution to
the problem of wave observation in Malaysia. Practical solutions which able to meet
the needs of many parties and suitable to the country's waters condition must be
produced to address this issue. Presently, the GPS technology provides the best
solution to overcome this problem. The new buoy type observation equipment
adapting GPS technology has excellent features of sea level and wave propagation
measurement systems, as proposed by different researchers around the world such as
Doong et al. (2011), Waseda et al. (2014), Cheng et al. (2008) and Collins et al.
(2014). It is capable of providing the function that the fluctuation of sea surface of a
broad frequency band can be observed in the accuracy of several centimeter
continuously (Dawidowicz, 2014). The principles, functions and accuracy of the
system are also reported by Joodaki et al. (2013), Nagai et al. (2003), Terada et al.
(2003), Ohta et al. (2006) and Daud et al. (2008).

Hence, this study focuses on developing an ocean monitoring system
consisting of a buoy equiped with high precision GPS receiver, high precision
reference station and data analysis techniques which is suitable for the Malaysian

coastal area especially for the Straits of Malacca.



1.3  Aim and objectives

To overcome the short comings of the wave observation in Malaysia and its lack of
data coverage, its accuracy and out-dated techniques, therefore the aim of this study
is to develop an ocean monitoring system which utilises the GPS technology.

To achieve these aim, the specific objectives of this research are:

) To design, fabricate and test the stability of the ocean monitoring system

i) To verify the data analysis technique and validate the GPS buoy measurement

iii) To analyze the effect of tidal wave and monsoon wind on wave energy

1.4 Scope of the study

The scopes of this study can be divided and described in the following aspects:

) Study area
The area of study chosen is the coastal of Senggarang, Batu Pahat, Johor. The
area is selected because it has experienced severe erosion where the
destruction of property, coastal areas and agricultural areas have occurred
(Utusan Malaysia, 2012). Further, it is a high populated and rapid
development area. Aim of this study is to develop GPS buoy to measure high
accuracy tidal and wave height data for this area. Hopefully the data provided
able to help the responsible authorities to understand the wave characteristics
and solve the erosion problems within this area.

i) Strait of Malacca wind and wave historical data
The Strait of Malacca wind and wave historical data from 2010 to 2012 has
been obtained from Malaysian Meteorological Department. The analysis from
this data is one of the critical inputs, which should be necessarily considered
during the designing process of the GPS buoy.

iii) Wave simulator (slider machine)
The slider machine is capable of replicating the movement of buoy constantly
for a long period. This machine is very helpful in verification, validation and
understanding process throughout this study. The GPS antenna was put on the
slider machine and it constantly keeps on rotating during the observation. The
observation data were compared with the standard data to verify and validate

the data analysis techniques and equipment of this study.



Vi)

vii)

viii)

1.5

GPS buoy

The designing of GPS buoy has been performed by considering the wind
wave historical data, buoy buoyancy, roll and heave factors, weight and water
proofing. The fabrication process and choosing the most appropriate material
were carefully done to ensure the lasting usage and cheap.

Reference station

The reference station is very important in the observations of GPS, as it is the
point of reference to all the fieldwork campaign in this study. A data of high
accuracy can be obtained only if the reference station is stable and capable of
receiving the GPS satellite signals of high quality.

Wave observation

The wave observation was performed four times, during three different
monsoons. This observation was continuous for 30 hours with data logging
rate of 1 Hz. During the GPS buoy observation, the manual observation of
wave height and tidal were also done for the purpose of data comparison.
Tidal data

The tidal data of JUPEM was used to validate the tidal data observed by
using the GPS buoy. The JUPEM data is reliable because this department is
responsible of providing the entire tidal data in Malaysia for public and
private usage. It was collected by automatic fix tide gauge at several locations
in the whole Malaysia.

Data analysis techniques and programming

Development of data analysis techniques and programming was done by
using Bernese 5.0 and MATLAB software.

Significance of study

This study is of significant importance because of its major contribution to several

parties such as local authorities, government agencies and private sectors.

Furthermore, it also provides low cost, effective and precise solution to measure the

wave characteristics. The government agencies such as Malaysian Meteorological

Department, Department of Irrigation and Drainage (DID) and National Hydraulic

Research Institute of Malaysia (NAHRIM) will hugely benefit from this study.

Hopefully it will help the responsible agencies to identified the coastal area
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