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ABSTRACT

Recently, repeated earthquake such as Sumatra earthquake (June 05 2012),
Taitung earthquake (June 06 2012) and Honshu earthquake (June 08 2012) have
brought the disastrous impacts on their nation and neighbourhood. Due to the
geographical location of Malaysia proximity to Indonesia, only people in high rise
buildings feel the tremors. However, with increased seismic activity in the region
following a series of major earthquakes in recent years, deformation monitoring is
desperately needed to monitor the physical facilities such as dams, bridges, Light
Rail Transit (LRT), monorail networks and other major structures. A reliable
deformation monitoring procedure and system has to be developed to ensure the
displacements of structures are within the safety threshold. Among the available
technologies, Global Positioning System (GPS) is increasingly being used for
deformation monitoring. GPS sensors are able to provide fully-automated and
continuous sub-centimetre displacement detection in real time. Therefore, a newly
established GPS Continuous Operating Reference Station (CORS) network called
ISKANDARnet was utilised to detect deformation displacement in Iskandar, Johor,
Malaysia. In this study, three GPS CORS from ISKANDARnet had been utilised as
the object monitoring stations along with four nearby International GNSS Services
(IGS) stations (i.e.: NTUS (Singapore), XMIS (Christmas Island, Australia), COCO
(Keeling Island, Australia) and PIMO (Quezon City, Philippines)) as the reference
monitoring stations. GPS data was downloaded from File Transfer Protocol (FTP)
server and processed by the high precision GPS processing software module, called
Bernese Processing Engine (BPE). Subsequently, a continuous deformation analysis
software system named ConDAS was developed using Matrix Laboratory
(MATLAB) programming language to conduct a continuous two-epoch deformation
analysis. By implementing the Iteratively Weighted Similarity Transformation
(IWST) and final S-Transformation method, ConDAS is able to determine the
measured displacement vector is statistically significant. The unstable object stations
were identified and the displacement vectors were computed. The fluctuation of
deformation displacement was visualised on-screen proportional to the associated
time series results. The results obtained from deformation analysis of
ISKANDARnet shows no significant displacement and all stations are stable within
the threshold over these two years since 2010. Through the research, a robust
deformation monitoring procedure and software system was attained which
contributes to the current regional deformation studies in Malaysia.



ABSTRAK

Kebelakangan ini, gempa bumi yang berulang seperti gempa bumi Sumatra
(05 Jun 2012), gempa bumi Taitung (06 Jun 2012) dan gempa bumi Honshu (08 Jun
2012) telah membawa impak dahsyat kepada negara dan jirannya. Oleh kerana
kedudukan geografi Malaysia berdekatan dengan Indonesia, hanya penduduk di
bangunan tinggi sahaja yang merasa gegaran. Walau bagaimanapun, dengan
peningkatan aktiviti seismik di rantau ini berikutan beberapa siri gempa bumi utama
dalam tahun-tahun kebelakangan ini, pemantauan deformasi amat diperlukan untuk
memantau kemudahan fizikal seperti empangan, jambatan, Transit Aliran Ringan
(LRT), rangkaian monorel dan lain-lain struktur utama. Suatu procedur dan sistem
pemantauan deformasi yang boleh dipercayai perlu ditubuhkan untuk memastikan
anjakan struktur berada dalam ambang keselamatan. Antara teknologi yang boleh
didapati, Sistem Penentududukan Sejagat (GPS) telah banyak digunakan untuk
pemantauan deformasi. Penderia GPS dapat mengesan pergerakan sub-sentimeter
secara automasi dan berterusan dalam masa hakiki. Maka, suatu jaringan Stesen
Rujukan yang Beroperasi Secara Terus (CORS) GPS yang baru ditubuhkan bernama
ISKANDARnet telah digunakan untuk mengesan pergerakan deformasi di wilayah
Iskandar, Johor, Malaysia. Dalam kajian ini, tiga stesen GPS CORS dari
ISKANDARnet telah digunakan sebagai stesen pemantauan objek bersama dengan
empat stesen International GNSS Services (IGS) yang berdekatan (iaitu NTUS
(Singapore), XMIS (Christmas Island, Australia), COCO (Keeling Island, Australia)
dan PIMO (Quezon City, Philippines)) sebagai stesen-stesen kawalan. Data GPS
telah dimuat turun dari unit pemprosesan Protokol Pemindahan File (FTP) dan
diproses oleh perisian pemprosesan GPS yang berkejituan tinggi bernama Bernese
Processing Engine (BPE). Seterusnya, satu sistem perisian analisis deformasi
bernama ConDAS telah dibangunkan dengan bahasa pengaturcaraan Matrix
Laboratory (MATLAB) untuk melakukan analisis deformasi dua epok secara
berterusan. Dengan melaksanakan Lelaran Transformasi Persamaan Berwajaran
(IWST) dan kaedah S-Transformasi akhir, ConDAS mampu menentukan vektor
anjakan yang diukur adalah ketara secara statistiknya. Stesen objek yang tidak stabil
dikenal pasti dan vektor anjakannya dapat dikira. Perubahan vektor anjakan dapat
digambarkan pada skrin komputer bersama dengan hasil yang bersiri masa. Hasil
yang didapati daripada analisis deformasi pada ISKANDARnNet menunjukkan tiada
anjakan ketara dikesan dan semua stesen adalah stabil dalam ambangan pada dua
tahun ini sejak 2010. Melalui kajian ini, suatu prosedur dan sistem perisian
pemantauan deformasi tegap telah dicapai yang menyumbang kepada kajian
deformasi serantau semasa di Malaysia.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Theoretically, deformation happened due to natural phenomena such as
earthquakes and subsidence as well as implication on the extraction of natural
resources. Hu et al. (2005) have demonstrated that natural disasters are one of a
problem of global concern and may cause significant impact on human, economic,
social and environment and sometimes, threaten the geopolitical stability of a nation.
Thus, deformation needs to be addressed carefully and justify the necessity of

deformation monitoring.

As indicated by Cankut and Muhammed (2000), instead of static deformation
monitoring approaches, continuous dynamic deformation monitoring methods have
been increasingly used for better understanding of natural events such as earthquakes
and landslides, and to monitor the stability of manmade structures such as buildings,
bridges, tunnel, dams, and so on. By incorporating deformation measurements with
geodetic methods, Global Positioning System (GPS) technology is the most
compatible technique to assist continuous deformation monitoring, where timely
detection of any deformation displacement is critical. The deformation parameters

are computed and analysed in order to examine the failure of structures.

Typically, geodetic networks for the deformation monitoring purposes can be

classified into two types that are absolute and relative networks. According to Denli



and Deniz (2003), absolute network contains some datum points located outside of
the deformable body to determine the absolute displacements of the reference points,
and of object points. However, relative network has implied that all the surveyed
stations and observed points are located on or within the deformable object without a
set of datum constraints, and only the relative movements of the body can be
detected.

Confirmation of the stability of the network points is one of the main
problems in deformation analysis (Chen, 1983). The difficulty of deformation
analysis in an absolute network is the identification of unstable reference points.
Once the stable reference points have been identified, the only thing left is to
compute the true displacement field of the object points. Alternatively, the analysis
of relative networks is more complex, since if one of the point moves then all the
points in the network undergo relative movements. As stated by Chen (1983), the
critical issue in this case is the determination of deformation pattern in space and in

time domains.

This research is inspired to establish a deformation monitoring procedure and
software system for ISKANDARnet. Since the GPS continuous operating reference
station (CORS) networks have increased in number and application over the last
decade (Roberts et al., 2002), a new GPS CORS network called Iskandar Malaysia
CORS network (ISKANDARnet) as illustrated by Shariff et al. (2009) was utilised to
perform the deformation monitoring application. Near real-time GPS data streaming
and data acquisition are receivable from ISKANDARnet control centre. The required
inputs for deformation analysis can only be obtained after the GPS raw data undergo
all the critical processing steps using Bernese scientific processing software
(Bernese, 2010).

Appropriate strategies for deformation analysis was investigated and applied
to estimate the trend of movement for the monitoring network by using the
developed software. Subsequently, the fluctuation of deformation displacement was
visualised on screen proportional to the associated time series results. The

assessment was examined in term of the feasibility of deformation monitoring



procedure and software system by using existing deformation cases. As an overall,
the devised deformation monitoring procedure and software system might
significantly contribute to the current studies of regional land deformation in

Malaysia.

1.2 Statement of Problem

Lack of deformation analytics or analyzer in Malaysia is a preclinical
problem and it has been revealed that the nation is not ready to confront the natural
disaster such as earthquake and landslide. Currently, the relevant landslide
information was only released in the webpage of Public Works Department (JKR).
Meanwhile, the earthquake information was proclaimed by Malaysian
Meteorological Department (MMD). Table 1.1 illustrates the list of recent
earthquakes nearby Malaysia region (MMD, 2012).

Table 1.1: List of recent earthquake nearby Malaysia region (MMD, 2012)

Date Time Location Magnitude | Category** Distance
(Local
Time)
07/06/2012 3.55pm Kalimantan 3.3 Weak 127km Southwest of
Tawau, Sabah.
06/06/2012 9.08am Taiwan Region 5.8 Moderate 135km Southeast

Kaohsiung, Taiwan.
1799km Northeast
Kudat, Sabah.

06/06/2012 3.31lam East Coast 6.1 Strong 135km Southeast
Honshu, Japan Ichihara, Japan.
4024km Northeast
Pitas, Sabah.
05/06/2012 7.01pm Northern 5.6 Moderate 77km West of Bandar
Sumatra, Aceh, Indonesia.
Indonesia 593km Southwest of
Langkawi, Kedah.
04/06/2012 7.18pm South Java, 5.9 Moderate 160km Southwest
Indonesia Sukabumi, Indonesia.
1098km Southeast JB,
Johor.

**Earthquake Magnitude Classes
Class Great Major Strong Moderate Light Minor
Magnitude 8ormore 7-79  6-6.9 5-5.9 4-49 3-3.9




Table 1.1 is not the explication and promulgates only the relevant news such
as date, time, location, magnitude and distance. People will not be able to estimate
the impact of deformation event to the surrounded man-made structure. In addition,
no comprehensive deformation analysis conducted to man-made structures. Public
might concerns about the healthiness of man-made structures after an earthquake or
landslide event happened.

In fact, periodically monitoring of suspicious deformable area has
dramatically increased due to the growing concerns to the disasters such as landslides
and man-made structural failure. Therefore, deformation analysis is increasingly
noticeable due to it is concerned with determining of a measured displacement is
statistically significant. The analysis can be done visually (through the use of time
line, scatter, vector and other plots) and numerically. The deformation analysis is

essential for providing useful information to assess seismic hazards and risks.

Thus, this research is aimed to provide the daily stability information by
implementing Iteratively Weighted Similarity Transformation (IWST) and final
Similarity Transformation (S-transformation) technique with the assist of Bernese
GPS processing software. Meanwhile, this research was devoted to develop a
deformation monitoring procedure and software system that is ease for periodic
deformation monitoring, where post process the data to analyse and visualise the

results.

A deformation monitoring procedure and software system can potentially add
valuable information and prepare a comprehensive explication when encounter the
stresses and strains due to the effects of local crustal movements. Therefore, this
research is committed in establishing a deformation monitoring procedure and

software system that able to ultimately observe the deformable area periodically.



1.3

Objectives of Research

This research aims to establish a deformation monitoring procedure and

software system.

The objectives are specified as follows:

a)

Design and develop the deformation monitoring procedure and software system.
Deformation analysis was conducted using in-house deformation analysis software
which is developed via MATLAB language. A robust method called Iteratively
Weighted Similarity Transformation (IWST) and S-transformation was implemented
to locate the unstable stations within monitoring network. It also computes the
vector of displacement and error ellipse in order to display the stability of each
station as well as the movement trend of network. The deformation movement of
horizontal and vertical component are negligible if the displacements are not
exceeding the predefined threshold. The current status of network stations was

recognised by looking at the fluctuation of deformation displacement on screen.

Testing and analysis of the deformation monitoring procedure and software
system.

Deformation monitoring is a kind of study that requires high precision processing
strategies and analysis technique. Therefore, an assessment was conducted in
order to check the precision of the detected displacement vector in order to

accomplish the functionality of devised procedure and software system.



1.4 Scope of Research

The scopes of this research are described as follow:

1. Research area was located within ISKANDAR Malaysia using Iskandar
Malaysia CORS Network (ISKANDARnet). Three CORS; ISKANDARnet 1
(ISK1) at Universiti Teknologi Malaysia (UTM), ISKANDARnet 2 (ISK2)
at Port of Tanjung Pelepas (PTP) and ISKANDARnet 3 (ISK3) at Kolej
Komuniti of Pasir Gudang (KKPG), along with four IGS stations were
utilised to observe GPS data and form a monitoring network. The GPS

monitoring network is shown in Figure 1.1.
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Figure 1.1: Research area for deformation studies

2. CORS coordinate monitoring or periodical deformation monitoring is the
only main concern in designing this deformation monitoring procedure and
software system. Thus, post-processed and analyse the GPS data was the

technique employed to this study.

3. The well-established robust method known as Iterative Weighted Similarity

Transformation (IWST) was applied for estimating the trend of movements



in two-epoch analysis. IWST analyse and indicates the status of stability for
each network stations and S-transformation compute the displacement
vectors. A rigorous statistical testing named Single Point Test was utilised to
locate unstable stations. The deformation is significant if the computed

displacements exceed the predefined threshold.

4. In spite of the fore mentioned issues, the technical requirements, procedures of
data processing and deformation analysis are usually not similar for different cases
or types of deformation. However, stability analysis of reference stations within
the GPS monitoring network is only thing considered for designing this

deformation monitoring procedure and software system.

Significance of the Research

This study is essential for several purposes:

1. Deformation monitoring procedure and software system delivers
positive effects to users particularly for implementing deformation
monitoring applications.

a. The software system is able to fulfil user demand for deformation
monitoring solution.
b. The devised procedure and methodology might give some indicator to

the current deformation monitoring field.

2. Developing a new research medium of deformation monitoring in Malaysia.
a. Through this research, the development of a deformation monitoring
software system can be experienced.
b. The software system able to handle periodical deformation monitoring

cases.



3. The designs of deformation monitoring procedure and software system may
become one of the grand contributors to the existing deformation monitoring
system in Malaysia.

a. An optimal design of a deformation monitoring network can be established
within Peninsular Malaysia.
b. Coordinate monitoring of Local CORS network in this study can benefit the

ISKANDARnNet users for conducting the survey job.

1.6 Research Methodology

Initially, addressing the important of adopting appropriate research plan was
essential in order to mitigate the impending challenges that occur while the research
under way. Typically, this study had been conducted as illustrated in Figure 1.2. The
methodology of this study consists of five stages: stage one includes review the
current status of deformation monitoring procedure and software; stage two focus on
the Bernese software study and data preparation for deformation detection module;
stage three covers on the formation of deformation detection module via Matlab
language; stage four take into account the visualisation of deformation movement on-
screen and final stage was on assessment and analysis of the devised procedure and
software system then draw out the conclusion. As an overall, the research
methodology had been condensed into three objectives that were stated in Section
1.3. Figure 1.2 illustrates the flow chart of deformation monitoring procedure and

software system that included of the 5 stages.



STAGE 1

Literature Review and Research Plan
Review the existing deformation monitoring methodology and come
out with a devised procedure at the beginning stage of research.

GPS Data Processing (24 hour data/ epoch)
Bernese v.5.0 is used for data cleaning, cycle slip

detection, ambiguity resolution and network adjustment ata Preparatio

for
Deformation
Detection
Module

in order to get the a priori coordinates, estimated
coordinates, variance-covariance matrix & a posteriori

Data Communication between Bernese & Matlab

| Attempt an appropriate data format and build up the

linkage between software.

Deformation Analysis
Daily two-epoch analysis.
Identify the unstable point using robust method Detection
IWST and S-transformation. Module
Estimate the trend of movement in the

Deformation

STAGE 4

Visualise deformation movement on-screen

- Display the deformation movement associated with
the time series results in terms of Northing, Easting

Deformation
Visualisation
Madule

Analysis

Simulation Assessment

Sensitivity of deformation

detection svstem. displacement &

detection
testing

Analvsis

Figure 1.2: The flow chart of research methodology



1.7 Chapter Content

The development of deformation monitoring procedure and software system
has been described in this thesis. The thesis contains seven chapters. First chapter
include the research introduction and research plan. The second chapter discuss the
current trend of deformation monitoring procedure and software. The third chapter
concern the general Bernese GPS processing strategies. The fourth chapter focus on
the design of deformation analysis software via robust method. The fifth chapter
discuss the development of deformation monitoring procedure and software system.
The sixth chapter consist of results and analysis of deformation detection in varies
cases. The seventh chapter is the conclusion inclusive of the recommendation for the
improvement of this research in the future. Relevant information that has not been

included in the chapters was appended at the end of the thesis.
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