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ABSTRACT

In recent decades, the role of 3D GIS as a modelling and platform for urban analysis
has been used extensively in many fields of research. The ability of the GIS platform
to handle spatial database and even to model and manage 3D databases creates more
research and development on the field. The study aim is to reconstructing 3D GIS
model and its database in order to determine urban form elements for Traditional
Malay City in Malaysia. This study has demonstrated the use of the geospatial
technique and databases formation to the most prominent known Malay town in Kota
Bharu. The extraction of 3D geospatial databases that obtained from multirotor drone
and laser scanning system have been used for this study. This dataset used for further
construction of 3D GIS model and databases formation. There are few processes
consist of pre-processing, main processing and data analysis involved in constructing
3D GIS model. Three elements of urban form consist of street network, land use and
building have been analyzed in order to determine its role in formation the
Traditional Malay City. The analysis showed, the overall existing development does
not have a rigorous change, particularly on the urban layout and distribution of land
uses, compared to the development in early period of establishment of Kota Bharu
in 1845 till 1910. Therefore, there are a lot of cultural heritage building such as
places, mosque and communal settlement houses which reflected the Traditional
Malay identity still existed in study area. From the finding of and analysis from the
historical context and also from the 3D GIS models, shows that, there are 3 main
urban form elements which are associated with the formation of Traditional Malay
City of Kota Bharu which are, land use element, street network element and building
elements. These three elements were the main contributes in the formation of
Traditional Malay City of Kota Bharu where the current form and arrangement of
these three elements still related with the early establishment of Kota Bharu in
1845.the most land use concept which strengthening on the social interaction
between the Sultan, aristocratic, communal and religion. Besides, on the street
network, the connectivity between the places by the street structure created the sense
of security and privacy and social engagement between the places. For the third
urban form element, building element, the analysis found that, there are still structure
or building including settlement structure which still applied the Kelantan
Traditional Malay design on their fagade, roof and form. In the meantime, the
reconstructing of the 3D GIS model from the geospatial techniques was able to make
use of the 3D GIS model and its databases as the final output model which can help
to develop sustainability in cultural heritage, providing access to the heritage
database in 3D format, and assist in analyzing and redefining rules of traditional
Malay heritage to modern cities nowadays.



Eondl Lo

oty Bl o paszey (3D GIS) sl a3l 2l ad) Slaglal) pllas Cibgs 595 087V s 4al (3
e ahadtl Slaglall allss Gzt 508 O Lol Y e Wl 3 glad) flel) Aty r3sk
ol o gl G B I3lg sl A0 SULI Al el Jo g 2SN UL 80l me Lalad)
556y (3D GIS) sle¥1 53 aslab) Slaglall pllss 2356 el 3ole] ) Ayl BaZ JU1 (3 pshadlly
aldsezal Bl sda gl W5y Ldle (3 aalal) ool (a2 ole Wil T e wibl
odn (3 sl BBy . gl B8 (3 g Al gD Ol AT 1) L) sl sy asladl) Wlakl as
Opts bl Lede Joad) & 51 (BD) sV asW aslas Lilaxr bl dslg MRy
Slashall ol 2398 o il el (3 oda SULI Aoz ptsiany 3l gl ol plasy 09,1/ UL
o 05T Slbaad) e LB sue by L obL) wslg 1SKasy (BD GIS) sl anis ag)ad
Sl S adad Sleglall plss 358 el e (gsbay 3l DL Sy 2s ) 2 lally 22 adblal
Aty oL plasanly o lpad) 8d 0 0S8 Rpad) bé e olie 33 WS 2 5y (3D GIS)
Ol Sdt ¥ Lses QU sl OF ol obls aaladl s 2l 1825 3 Lajgs il Jol s
L] pn S 85l (3 skl e )lie ¢ 2LV Slalisinl gy (5ot Ladasidll 3 L Vs i)l
S e Bl SR gla e xS dla (U 1910 e > 1845 ale (a0 g)ls b5 a0
oy - Al Adlate (3 83920 JI5 Y Raid I Bpd) S B dmestl Sl gl Jilag ALy
Sia of (3D GIS) sla1 2l adladl laghall plss 2y 2l Bl o Jhoedlly ) o
AU e e mg VT RaE B o)l B Re Gy e M Ol JISCET e dy olie B0
Aol 1S (3 ARl 2 )l B obiall ods culSy LGl ey pladl S aiey Aedsid
S slad) me bas JI5 Y BM) oball ads (g JUH IS G a gyl 6557 Bl 50
o el el e i gl ol plsaa asgde ST eay (845 ple e g)ls bssTaul
B o SL Ce pleadl s 3 Al 065 S ) BLoYL L pllly masdly bl Eze g Olald)
989 S () el U] 2wl Wl ST c el V1 aSjLally Ao gadly a0 ol L2
Bplad) O OLlS 3ls oena (3 psei Sl S o 2 J YV oal o) dg di L) aie
Sle¥) a0 alad) Slagell alla 208 (3 oly ol uSE (U3 I 3y . alSay adiy wgrly o
oSa s Sl A deeall Sl aelgy (3D GIS) adadi astadl oLl . (3D GIS)
(BD) st 4l Lasdl 3 2 SUL 3usB L) Jsosl) ey QLS IR (3 Rtz ooy O

o gl (3l Ol i) (oL ol Aalail oyl dmgy ko) (3 Al



APPROVAL PAGE

| certify that | have supervised and read this study and that in my opinion, it conforms
to acceptable standards of scholarly presentation and is fully adequate, in scope and
quality, as a thesis for the degree of Master of Science (Built Environment)

Norzailawati Bt. Hj. Mohd Noor
Supervisor

Alias Abdullah
Co-Supervisor

| certify that | have read this study and that in my opinion, it conforms to acceptable
standards of scholarly presentation and is fully adequate, in scope and quality, as a
thesis for the Master of Science (Built Environment).

Internal Examiner
Noor Hanita Abd Majid

Rosilawati Zainol
External Examiner

This thesis was submitted to the Department of Urban and Regional Planning and is
accepted as a fulfilment of the requirements for the degree of Master of Science
(Built Environment).

Syafiee bin Shuid
Head Department of Urban and
Regional Planning

This thesis was submitted to the Kulliyyah of Architecture and Environmental
Design and is accepted as a fulfilment of the requirements for the degree of Master
of Science (Built Environment).

Abdul Razak Sapian
Dean, Kulliyyah of
Architecture

and Environmental Design



DECLARATION

| hereby declare that this thesis is the result of my own investigations, except where
otherwise stated. | also declare that it has not been previously or concurrently

submitted as a whole for any other degree at [ITUM or other institutions.

Ahmad Afig Aiman Bin Abdullah

SIgnature ... Date ...coooovviiii



INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

DECLARATION OF COPYRIGHT AND AFFIRMATION OF
FAIR USE OF UNPUBLISHED RESEARH

RECONSTRUCTING 3D GIS MODEL AND URBAN FORM
DATABASE FOR TRADITIONAL MALAY CITY KOTA
BHARU

| declare that the copyright holder of this thesis jointly owned by the student and
[HUM.

Copyright © 2020 Ahmad Afiq Aiman B Abdullah and International Islamic University Malaysia.
All rights reserved.

No part of this unpublished research may be reproduced, stored in a retrieval system,
or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording or otherwise without prior written permission of the copyright holder
except as provided below

1. Any material contained in or derived from this unpublished research may
only be used by others in the writing with due acknowledgement.

2. 1IUM or its library will have the right to make and transmit copies (print or
electronic) for institutional and academic purpose.

3. The UM library will have the right to make, store in a retrieval system and
supply copies of this unpublished research if requested by other universities
and research libraries.

By signing this form, | acknowledged that | have read and understand the 1HUM
Intellectual Property Right and Commercialization policy.

Affirmed by Ahmad Afig Aiman Bin Abdullah

Signature Date

Vi




In the name of Allah, the Most Gracious, the Most Merciful. All praise be to Allah,
we praise Him and seek His help and forgiveness.

This thesis is dedicated to my dearest family, for all the sacrifices, patience,

endless support and encouragement, especially:

Abdullah Ibrahim, Siti Amnah Ya, Zulkiflee Hasyim, Sabariah Darus and to
my dearest wife Nur Azila Zulkiflee , and both of my children Ahmad Iman Sufi

and Nur Sofea Medina.

In the memory of beloved late grandparents, who taught myself being rationale,
perseverance and adequate myself with faith and iman, lbrahim Bin Yaakub,

Rahimah Binti Yaakob.

Al — Fatihah

Thank You

vii



ACKNOWLEDGEMENTS

Praise to Allah the Most Gracious and the Most Merciful, for giving me strengths,
good health, and wellbeing that were necessary for completing this thesis.

The completion of this project could not have been possible without the participation
and assistance of so many people whose names may not all be enumerated. Their
contributions are sincerely appreciated and acknowledged.

However, I’d like to particularly express my sincere and utmost gratitude to my
supervisor, Assoc. Prof. TPr. Dr Norzailawati Hj. Mohd Noor for her guidance and
constant supervision to drive my momentum till the end. Many thanks for the
constructive brainstorming sessions as well as for providing necessary information
regarding the research project. Her kind assistance, support, guidance, and
understanding nestled the foundation and interest for me to succeed in my research.
My deepest appreciation also goes to my co-supervisor, Yang Berhormat Prof Dato.
TPr.Dr. Alias Abdullah for his advice, guidance and sharing her knowledge for me
to improve this research project.

| am greatly thankful to my family for all the financial, moral and physical support
they have given me to reach this point in life.

Thank You to the KAED TRGS ROs team for the support, moment and knowledge
sharing in completing the study especially to Muhammad Hadi, Tengku Anis,
Farhana, and Abu Dzar.

Finally, thanks to all who have directly and indirectly contributed to the completion
of my master degree study.

Thank you and May Allah bless our efforts and future life.

viii



TABLE OF CONTENT

A 0] 1 - (01 USSP PRSP I
ADSEraCt in ArabiC...... ..ot
APPIOVAL PAGE......oiiciiciie et v
[ =Tod P T LA o] USSP PPP \Y/
CopyTight Page. .. ..oviiitiii e, vi
ACKNOWIEAGEMENTS ... .ccvieciicie et VI
LISt OFf TADIES ..o s X1
LISt OF FIGQUIES ...ttt LY
ADDBIEVIALION ... e XiX
CHAPTER ONE: INTRODUCTION
00 R [ 1 0o [0 od 1 o USROS 1
1.2 Research Background .............cccoovviieiiiic i 4
1.3 Area OF STUAY ..o s 8
1.4 Problem Statements ........ccccovveiiiieieeie e 8

1.3.1 Development Pressure On The Malay City Form And Identity... 9
1.3.2 The Latest Geospatial Technique In Cultural Heritage Not Well

EXPIOTEA ... 10
1.3.3 Lacking Of Comprehensive Centered Digital Database Platform
For Cultural HErage ......co.ocveiiiiiieeeeee e 11
1.4 ReSearch QUESLION ......cccovviiiieeiiecciec ettt 12
1.5 ReSearch ODJECTIVES........ccooiiiiiiiiieieie e 12
1.6 SCOPE OF STUY ...oocveiieiccie e 13
1.7 Significance Of The StUY ........ccooeiiiiiiieireeeeee e 15
1.7.1 Significance From Urban Development...........cccccccvevevvenieennenn. 16
1.7.2 Significance From Built Environment ASpPect ..........c.ccocevvvrvnnns 16
1.7.3 Significance From Cultural Heritage Sustainability Aspect ....... 17
1.8 Research Chapter STrUCTUIE..........cooeiiiiieieeeee e 18
1.9  Chapter SUMMAIY ......c.cciveiiiiieiieie et 21

CHAPTER TWO: LITERATURE REVIEW

P20 A 101 oo [ Tox 1 o o USROS 22
2.2 Theory Of Urban FOrm ........cccooviiiiii e 22
2.2.1  Urban FOrm EIemMent.........cccooveiiiiiiieie e 24
2.2.2  Urban Form Element Characteristic: Street Network ................. 28
2.2.3 Urban Form Element Characteristic: Land Use .............ccccuveneee. 31
2.2.4 Urban Form Element Characteristic: Building............c.c.ccocevee.e. 32
2.2.5 Urban Form Element In Forming Cities Formation.................... 34
2.3 Traditional Malay...........ccccueiiiiiiiiiiiie e 35
2.3.1 Traditional Malay City .......cccooiieiiiiniiiseeee s 35
2.3.2 Malay City Element Urban FOrm.........c.cccocoviiiiiiieic e, 42
A. Significant Of “Fort” In Malay Citi€s...........cccoovveririiiernnnnn 43

B.  Mosque And Malay World .........c.coeviiiiiiiniie, 45

C. Traditional Malay HOUSES ........ccocviviiiiiiiiiiiiiiec e 47

2.4 Theoretical Of Geographic Information System (Gis) ........c.cceeeennene 52
2.4 1 GisS Database........ccooviiiiiiiiiiiee s 53



2.4.2 Gis Database Structure In Cultural Heritage.......c...cccccceeverivennne. 54

2.4.3 Geospatial Integration Applications For Urban Planning........... 60
A.  Photogrammetry......ccccoceeiiiiiiiiiiiniiieeiee e 61
B. Unmanned Autonomous Vehicle/Drone............ccccoevieeiirnnnnne 62
C. Laser Scanning Technology .........cccccovviviiiiniiieniiienniiesiieens 63
1)  Terrestrials Laser SCANNET.........cccoeeiviiiiriiiiiie e 65
11)  Mobile Laser SCanNer.........cccocviviiveiiiiieeiiiee e 66
2.4.4  3d MOAelliNg ......ooviiiiiii s 67
A, 3d City MOdel ..o 69
B.  Gis MOdeling.......cccviiiiiiiiiiiciici e 69
C. 3d Gis For Cultural Heritage Studies .........cccoccvvvviiveniiieiiinnns 71

CHAPTER THREE: RESEARCH METHODOLOGY

3.1 INErOAUCTION ...t 73

3.2 Research Methodology ... 73

3.3 Data And SOFIWAIE......coiiiiiiiirierieeese e 77

3.3.1 Data ColleCtion Stage.........covevverrerieiiniiisesieeeieee s 78

3.3.2 Primary Data ColleCtion...........cccooeriiiiiiinieeeese e 80

A. Drone Data ColleCtion ........ccccoeviiiiiiniiieiiiie e 80

C. Terrestrial Laser Scanning (TLS)......cccocoevviiiiiiiiniiiicieene 85

C. Mobile Laser Scanning (MLS)........cccooviiiiiiiniiniic e 90

3.3.3  Pre-proCessing STAgE .......cccuevererierierieniesie st 92

A. Drone pre-proCeSSINg ......cveiverieereeiiieesieeasieesireesieeseessreeseesnns 94

B. Terrestrial Laser Scanning (TLS) pre-processing................... 100

3.3.4 Main Processing STage ......cccecvvevureiriireeieeiie e 102

A. Drone final production and output............cccoevveriiiiiiniinnnnns 102

B. Constructing 3D Model Istana Balai Besar.............c.ccooeeun. 104

3.4 Data Validation ..o 105

3.5 Database CONSIIUCTION ........coveiriiriiieiirieeisese s 106

3.5.1 Spatial Database StrUCTUIe ..........ccceeverierrrie e 106

3.6 Reconstructing Urban 3d Gis Model ..........cccccceevvivieiciiciiccce 108

3.6.1 Data REQUIFEMENT.....cciiiiiiiiieieie e 109

A. Digital surface modelling (DSM) data...........cccoooeviiiiiiennnn, 110

B. Street Network Data..........ccoevviiiiiiiiiiiice e 111

C. Building and land use footprint (polygons)..........cccccervrnrnne 112

3.6.2 3D GIS Model Reconstructing ProCess...........cccocerererenennnnnns 113
A. Import database into CityEngine(Texture ,DSM,OSM,

BuildingFootrint) ........cocviiiiiiiiicecee e 114

B. Assign Rule (Existing Cga Rule Template)............ccccevvennee. 115

C. Scripting the Rule for the identified element .............c.ccc.e.. 116

D. 3D model rendering and output ..........ccccoeevviiiiiiininiiieennen, 119

3.7 AnalysisS APProach ........ccoiiiiiiiiiie e 121

3.7.1 Land Use Element Analysis Approach .........ccccccevvveiieeiiieninnns 121

3.7.2 Street Element Analysis ApPproach ...........cccceoeverencieninnnnnns 122

3.7.4 Building Element Analysis Approach...........ccceeveviviieeiiiesinnns 122

3.7.5 Traditional Malay City Urban Form Element Analysis............ 123

3.8 Chapter SUMMAIY .......cccveiiiiiie e 124



CHAPTER FOUR: STUDY AREA
4.1 Case Study: Kota BRaru..........ccoceoeieniiiniiiiceeeeee e 125

CHAPTER 5: FINDINGS AND ANALYSIS

o T0 A [0 0o [0 Tod o o TSP 132
5.2 Data FINAING.....cccoviiieiiee e 133
5.2.1 Pre-Processing Findings (Secondary Data)...........c.ccoevevereeenne. 134
A. Historical data findings ........ccccccvvviiiiniiieiniienee e 134
5.3  Finding Of Main ProCeSsSING .......ccccceriririneiieieiesiese e 136
5.3.1 Unmanned Aerial Vehicle...........ccocviiiiininiiii s 137
5.3.2 Laser Scanning Data FINdiNg ..........cccccoiiiiiniiiiiincicnenens 139
5.5 Data ANAIYSIS ....ocviiieiiieie et 140
5.5.1 Land Use Morphology ANalysis .........cccoorriiieneneneninennns 141
5.5.2 3D GIS Modeling for Malay City .........ccccceeveeviveveiieiiee e 144
5.5 Analysis Of Traditional Malay Urban Form Elements................... 146
5.5.1 Land Use ANalYSIS ......ccoveieiiieiieeiicce e 147
A. Land Use DiStribution.........ccccccceveviieeeiieeeiieeeseeesvee e 148
B. Land Use Pattern .........ccccvvivieniiiiiniiii e 152
5.5.2 Building Element Analysis..........ccociiiiiiiiniiieenceenens 156
A. Building height Analysis 3D Model Based.............cccccueennee 157

B. UAV Point Cloud and Digital Surface Model (DSM) Analysis
....................................................................................................... 158
C. Building Fagade.........ccccoviiiiiieiiiiiicee e 161
D. Malay Traditional Building location............c.cccoovvviiiiiinnne 165
E. Building City SKYlINe ........ccoeiirireiiiieieese e 168
5.5.3  Street NEtWOIK.......cccoiiiiiieiiieee e 170
A. Streetscape CharacteriStiC ........cccvvvvvveriiieiiiiiiiiee e 173
5.6 Traditional Malay Cities 3d Gis Model And Database................... 180
5.7 Result And Summary Of ANalySiS........ccocviviiiiiiiieie e 183
5.7.1 Formation and Development of Kota Bharu (1845-1910 and 2018)
............................................................................................................... 184
5.7.2 Land USe Criteria ......c.cceevurierierierieie e 185
5.7.3  BUIldING Crteria........ccccoiiriiiiieieie e 186
5.7.4  Street Network Criteria .......ccoceveveveniiiiisieese e 187
Formation and Development of Kota Bharu (1845-1910 and 2018) .... 188
5.7  Chapter SUMMAIY ......ccoviiieiiie e 191

CHAPTER 6: RECOMMENDATION AND CONCLUSION

B.1  INETOAUCTION ...ttt e e e e e e e e e 192
5.2 DISCUSSION ..vvveiieiee ettt ettt et e e e e e e s et e e e e e s e s se st eeereeesseaaans 192
6.3 Recommendation And Future ReSearch .......ccoocvvveeeevieeeiiiieeeeee, 198
0 I 10 0T 7= o o [T PRRTRRRT 199
6.5 RECOMMENTATION ...ttt e e e e e e 200
5.6 CONCIUSION oottt e e e e e e e e e 201
L AN O R 203

Xi



APPENDIX: GIS DATABASES FOR THE KOTABHARU 203

Xii



Table 2.1
Table 2.2

Table 2.3

Table 2.4

Table 3.1

Table 5.1.

Table 6.1.

LIST OF TABLES

Summary research on urban form element 25
Summary of 4 cities street network element 30

The cross analysis of Traditional Malay City character In 36
Peninsula Malaysia

Table of GIS usage in Cultural Heritage 57
. Database Parameter 107
Summary of analysis 188

Relationship between research question, research objective 195

Xiii



Figure 1.1
Figure 2.1
Figure 2.2
Figure 2.3
Figure 2.4.
Figure 2.5
Figure 2.6
Figure 2.7
Figure 3.1
Figure 3.2
Figure 3.3
Figure 3.4
Figure 3.5
Figure 3.6
Figure 3.7
Figure 3.8
Figure 3.9
Figure 3.10
Figure 3.11
Figure 3.12
Figure 3.13
Figure 3.14
Figure 3.15

Figure 3.16

LIST OF FIGURES

Research chapter structure flowchart

Early Kingdom established in Peninsular Malaysia
Map of Kelantan in 1832

Map of Kelantan in 1904

Activities and spaces in the typical Traditional Malay house
Pemeleh and Tebar Layar design

Papan Janda Berhias Wall design

Papan Susun Sirih Wall design

Research Methodology Flowchart

Data Collection stage

Multirotor Dji Phantom 3

UAYV Step for data acquisition

Drone Flight Planning setting in Pix4D Capture
Drone Survey Area

Take-off point location

P40 model Laser Scanner

Total 26 stations of Laser Scanner position

Target symbol for scanning process

TLS scanning process

Nikon d3000 camera model for texture image data capture
Data collection step for MLS

GCP Data collection for MLS

Pre-processing stage diagram

Relationship data for 3D Pre-modeling

Xiv

20
38
40
40
48
50
51
52
75
78
81
82
83
84
85
86
87
88
89
90
91
92
92

93



Figure 3.17

Figure 3.18
Figure 3.19
Figure 3.20
Figure 3.21
Figure 3.22

Figure 3.23

Figure 3.24 (a)
Figure 3.24 (b)

Figure 3.24 (c)

Figure 3.25
Figure 3.26
Figure 3.27
Figure 3.28
Figure 3.29
Figure 3.30
Figure 3.31
Figure 3.32
Figure 3.33

Figure 3.34

Figure 3.35
Figure 3.36

Figure 3.37

Figure 4.1

Figure 4.2

Location camera capturing aerial images during data
collection

Aerial Images captured for Kota Bharu

Block Creation in ContextCapture software
Location of Ground Control Point Kota Bharu
Point cloud in Cyclone software

Main processing stage structure

Production submit for 3D Mesh

Final output of 3D Kota Bharu from ContextCapture
Final output of orthophoto from ContextCapture
Final output of DSM from ContextCapture
Details 3D Model of Istana Balai Besar

DSM data

OSM data with the information

Building footprints for the historical buildings
Flow importing dataset into CityEngine

Flow importing dataset into CityEngine

Flow importing dataset into CityEngine

Flow importing dataset into CityEngine

Flow chart of rule implementation

Building height projected automatically aligned with the
DSM data

CGA rule file
Applied texture and roof structured model

Export file type model from the city engine to others
platform

Revolution of administrative centre for Kelantan from 1700
to 1910

Map of Kota Bharu in 1909 Map of Kota Bharu in 1909

XV

94

95

96

97
101
102
103
103
104
104
105
110
111
112
115
115
115
115
116

118

118
119

120

126

127



Figure 4.3
Figure 5.1
Figure 5.2
Figure 5.3

Figure 5.4

Figure 5.5
Figure 5.6
Figure 5.7
Figure 5.8

Figure 5.9

Figure 5.10

Figure 5.11

Figure 5.12
Figure 5.13
Figure 5.14

Figure 5.15

Figure 5.15 (a)

Figure 5.15 (b)

Figure 5.16
Figure 5.17
Figure 5.18

Figure 5.19

Figure 5.19 (a)

Figure 5.19 (b)

Figure 5.20.

Land use map of study area

Data Source for analysis

Data Finding Workflow

Location of Istana Jahar and Istana Balai Besar

Location administration building during the establishment
of Kota Bharu

Preliminary 3D GIS model

Building Footprint based on aerial images
Point Cloud data Istana Balai Besar
Istana Balai Besar Revit 3D model

Location of the building and land use for Kota Bharu from
1845 to 1910

Distribution of the main area during establishment Kota
Bharu in 1845

Location communal settlement area for early establishment
Kota Bharu

3D block massing for Kota Bharu

3D GIS model via Webscene Platform
Existing land use distribution for study area
Settlement Land Use area

Housing building location

Traditional Malay house location

Land use distribution for the public use and administrative
Distribution of the commercial land use area
Distribution of the open space land use area
Three zone of the land use

Zone 2 land use pattern

Zone 3 land use pattern

Distance and land use connectivity analysis

XVi

129
133
134
135
136

137
138
139
140

141

142

143

145
146
147
149
149
149
150
151
152
153
154
155

156



Figure 5.21

Figure 5.22

Figure 5.23
Figure 5.24.
Figure 5.25
Figure 5.25 (a)
Figure 5.25 (b)
Figure 5.26

Figure 5.27

Figure 5.28

Figure 5.29
Figure 5.24 (a)
Figure 5.24 (b)
Figure 5.24 (c)
Figure 5.24 (d)
Figure 5.30
Figure 5.31
Figure 5.32
Figure 5.33
Figure 5.34
Figure 5.35
Figure 5.36
Figure 5.37
Figure 5.38 (a)
Figure 5.38 (b)

Building height measurement analysis

Elevation represent by point and colours in Digital Surface

Model

Map of DSM data with building footprint
Facade and design difference

Settlement area with Malay roof

Close up view of roof structure and material

Roof structure at Muhammadi mosque and Maik Museum

Facade design of Istana Balai Besar

Location of the communal houses with Kelantan’s

architecture design

Map location of communal houses with Kelantan’s

architecture design

Angle View for City Sklyline View

Skyline view from point A from North to South
Skyline view from point A from East to West
Skyline view from point A from West to East
Skyline view from point A from South to North
Road hierarchy

Road hierarchy map

Original route since 1905

Access road from main local road to the housing unit
Road classification for Zone 1

Pavement material and parking plot

Covered pedestrian Walkway

Rehal Archway and Entrance to Padang Merdeka
Road in Kg Atas Banggol

Road in Kg Atas Paloh

XVii

157

158

160
162
163
163
163
164

166

167

168
169
169
169
169
170
171
172
173
174
175
176
177
178

178



Figure 5.39. Area with brick paving for the zone 3 179
Figure 5.40 Building footprint map 181

Figure 5.41 3D GIS model in KML format 182

XViii



GIS
3D

2D
UA
TLS
MLS

ABBREVIATION

Geographic Information System
Three Dimensional

Two Dimensional
V Unmanned Aerial Vehicle
Terresterial Laser Scanning

Mobile Laser Scanning

XixX



CHAPTER ONE

INTRODUCTION

1.1 INTRODUCTION

The formation of a town or a city most likely are process or expansion and changing
of the same system in settlement area or village area from the small settlement and expand
into more complex settlement system (Hudson,1970). Even though many town or city are
originally from the village settlement system but according to Hudson (1970) in the book “A
Geoghraphy of Settlements” the town can be described as “village which succeeded”. There
are also a town; which purposely planned and establish as it was rather than a town; which
resulted from the expansion of the settlement area. Basically, the village settlement area are
defined based on the population which the major daily activities related with the agriculture
activities (Hudson 1970). Meanwhile, town and city have a bit of different in term of function
where, the city are represent for a leading town and have a most complex types of associative
with social life and culture for a civilization (Hudson, 1970; Mumford,1938; &Dickson
1964). Relates with the study topic’s which the use of the term Traditional Malay City, which
refers to the leading city which associated with the Traditional Malay culture, social life,
architecture design, locational factors, the ruling system and more aspect and criteria which
will be further discuss in the literature review part in chapter two.

This study focused on the integration of two main aspect which are the Traditional
Malay City and 3D GIS city modelling. These two components play vital role in new

dimension for the urban design, cultural heritage preservation of document and supporting



towards built environment industry. The study on the Traditional Malay City are significant
with the current push and demand towards the new development, and expansion of a city
especially in Malaysia. The study was closely related with the cultural heritage study where,
the formation of the city was associated with the culture, social environmental factor
expressing the Malay community.

The overall research discussion can be divided into three main parts which are the
study and discussion on the Traditional Malay city, the re-constructing the 3D GIS model
for the Malay city; and the third part deal with the information and database for the 3D GIS
model for the Malay city. The term re-constructing was used in the study as, the 3D GIS
model was need to re-construct from the database and result of the 3d point cloud,3D mesh,
DSM and DTM which acquired using 3D geospatial approach. So that the term re-
constructing brought meaning to reconstruct from all these databases to the final 3D GIS
complete with texture and databases which defined in the research.The first part of the
research focus on the study on the Traditional Malay City where will encompass about the
historical study of Traditional Malay city formation, which includes the study on the Malay
early settlement in Peninsular Malaysia which existed since pre historic era and also focused
on the study area which is Kota Bharu . The city in the this part was represent the earliest
city which comprise of ruler, citizen, building and also the administrative system. The first
part of the discussion will focus on the historical research of the city, the urban form element
and its characteristic which closely related with the formation of the Traditional Malay city.
This study also inspired by how was the system and formation of the Malay city in the past
as the Malay culture and structure especially on the formation of a Malay city in the past was

closely related with the kingship system in their governance system , where the element of



palaces or “Istana’ has been identified as one of the main element that exist in all early Malay
cities where the palace institution and citizen plays a very unique relationship with each
other’s (Harun N.S.,2014) . The selection of Kota Bharu, Kelantan as a case study for the
Traditional Malay city has been choose based on preliminary studies that has been conducted
and based on the historical evidence which still can been seen until todays. Based on the
preliminary study such as from the historical reading, early observation at site and also from
archive, the finding shows that, there are few cultural heritage buildings and settlement area
from the early of establishment of Kelantan state in years 1845 century are still exist in the
study area. This cultural heritage building plays main important element that really need to
be preserved for the use of next generation nor towards the current civilization where the
cultural heritage related closely with the relationship between a civilization and their past
(Dogan, 2018). In order to documented and analysed the elements of the study area, a
comprehensive method and technique has been identified to be tested in this research. The
combination between 3D GIS modelling technique and the analysis of the Traditional Malay
City become main bodies of the research.

Geographic Information System (GIS) nowadays become one of popular tool that
vastly use in urban design, urban planning, conservation and preservation; and supporting
decision making process. The evolution and competition between software and scholars in
developing the GIS system has influence and pushed from the normal 2D GIS system to
swiftly moving toward the 3D GIS technique as the tool for modelling, data documentation
and also data analysis (Kim K.,2014). The use of the 3D GIS modelling techniques covers
the second part of the research, where researcher explore on the re-constructing the 3D GIS

city model which contains the spatial information based on the existing land use of the study



area in Kota Bharu, Kelantan. The re-constructing term has been used in the study as , the
interactive 3D GIS model was re-constructed from the 3D mesh and others relevant data
which produced from geospatial approach. The assistance on technology driven data
platform consist of Unmanned Aerial Vehicle (UAV) or Drone, Terresterial Laser Scanning
(TLS) in producing point cloud and aerial orthophoto data being selected as the medium for
obtaining the result for this research. The use of drone and UAV technologies in research
and data collection has vastly use by many researchers based on a few consideration such as,
cost-effectiveness, data accuracy, and the ability to cover for large area (Loke,2015).

The final part of the research demonstrate the ability of the 3D GIS model to build
and store the information on heritage building and the Malay city information consist of
information in term of georeferences data, building attribute, visualization and also the urban

design form and function using the platform that can be accessed by others related parties.

1.2 RESEARCH BACKGROUND

Malaysia was one of the developing countries experiencing a highly rapid urban growth.
This situation has led to large migration from rural to urban areas, and resulted in the
existence of slums and squatter areas (Sahabuddin &Longo, 2015). The migration will be
increased in demand for new housing units and for new settlement area and the facilities.
Therefore, the increasing in demand will pushed the developers to find new area for new
settlements and development of the new city. Not only in Malaysia, all around the world
especially in developed countries there are rapid growth in new city development. The world
system structure was arranged according to the global capitalism. This structure has a core,

(developed countries), where production processes are advanced requiring massive



concentration of capital and the highest level of skills; and a periphery (developing countries)
that lacks capital, technologies, market power, wealth, and a bunch of the other vital
valuables of production. Cities stand now as core on both internal and international levels.
They are the centers of civilization, labor creation and international financial exchanges
(Manirakiza, 2012). The pushing in acquiring the new land for new development or
construction sometimes had neglected the cultural heritage building or site especially the one
without being gazette or protected by the government and others related authorities. The
cultural heritage elements were important where the heritage represent and reflect the real
identity and historical value of races, religion and a civilization. The search for national
identity seems to be a must for countries which have newly become either independent or a
leadership that stresses certain groups of races as being "better" than others (Mohammad
Tajuddin, 2005).

Malay civilization was one of the oldest civilization that ever exist and bringing a
unique history, culture, architecture, and reflected into their city formation (Rusdi M., 2011;
Harun N.S, 2014). The Malay city nowadays was reflected from the previous traditional
Malay city which carry unique and special characteristic in term of urban design, urban form,
landscape and urban setting of a city. Ironically, Malay city located in the tropical climate
area and all of the traditional Malay landscape design, building material is simple, yet
enhances the uniqueness of the tropical settings and the current societies prefer to use soft
landscape and hard landscape elements as the attractive component of their landscape setting
(Abdullah Sani, 2006; Amir Houssein et al. 2014). The uniqueness and the idea of urban
form, urbans setting which idealized from the Malay Traditional local society need to be dig

out and documented comprehensively.



