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ABSTRACT 

Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfilment 
of the requirement for the degree of Master of Science 

DEVELOPMENT OF LOCATION BASED SERVICES FOR GEOCODIN G AND 

RECORDING ROAD ACCIDENTS DATA   

By 

MOHAMMED MUSTAFA AL-HABSHI 

August 2008 

Chair:   Associate Professor Ahmad Rodzi Mahmmud, PhD 

Faculty:  Faculty of Engineering 

This thesis explores and reviews both conceptual and technological issues associated with 

integrating mobile Geographic Information System (GIS) and Location Based Services 

(LBS); within the context of the study, road accident geocoding data collection as subject 

of the problem.  

The development approaches are discussed in this thesis from conceptual system modelling 

to integrating mobile-GIS and LBS middleware with the deployed map service, the 

developed geocoding service and data collections service. The developed system is partially 

based on open source software to reduce total cost of ownership for developing countries’ 

governments and to follow Malaysia government policy for year 2007 in adapting and 

developing open source solutions. The testing of the system and geocoding was carried out 

within the campus of Universiti Putra Malaysia.   

The conclusion of this research shows the LBS and mobile-GIS geocoding method have 

achieved improvement compared conventional method of geocoding and data collection; 

where each of positional errors and effort of data transferring have been reduced using these 

new technologies. 
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ABSTRAK 

 

Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Master Sains 

PEMBANGUNAN PERKHIDMATAN BERASASKAN LOKASI UNTUK DA N 

RAKAMAN KEMALANGAN JALANRAYA  

Oleh 

MOHAMMED MUSTAFA AL-HABSHI 

Ogos 2008 

Pengerusi :   Profesor Madya Ahmad Rodzi Mahmmud, PhD 

Fakulti:   Fakulti Kejuruteraan 

Tesis ini meneroka dan mengkaji isu-isu konsep dan teknologi yang berkaitan dengan 

pengintegrasian sistem GIS (Geographic Information System) dan LBS (Location Based 

Services); masalah dalam konteks kajian ini ialah pengkodan pengumpulan data geokod 

bagi merekod kemalangan jalan raya. 

Pendekatan pemajuan projek yang dibincangkan dalam tesis ini, daripada pemodelan 

konsepsi system sehingga mengintegrasi middleware mobile-GIS dan LBS beserta 

khidmat peta (map service), geokod dan khidmat pengumpulan data. Sistem yang 

dikembangkan ini sebahagiannya didasarkan perisian open source untuk mengurangkan 

kos pemilikan bagi kerajaan negara-negara membangun dan menurut polisi kerajaan 

Malaysia (2007) bagi penggunaan dan pemajuan penyelesaian open source. Pengujian 

system serta geokod telah dijalankan di dalam persekitaran kampus UPM. 

Hasil kajian ini menunjukkan bahawa kaedah geokod mobile-GIS dan LBS telah 

mencapai kemajuan berbanding kaedah biasa bagi geokod dan pengumpulan data, di 

mana setiap ralat kedudukan dan kepayahan dalam pemindahan data telah dikurangkan 

menggunakan teknologi- teknologi yang baru tersebut. 



 

 iii  

ACKNOWLEDGEMENTS 

 
 

First, I would like to express my appreciation to all those who contributed to the 

conversation that has helped this thesis come into being. Numerous people from the 

Advance Technology Institute, Department of Computer and Communication 

Engineering, Department of Agriculture and Department of Civil Engineering, in 

particular Geomatics Engineering Unit. I would like to thank Rozni Yusuf, Rabie Hassan, 

Ebrahim Jahanshiri, Ali Zamani, Basharudin, Affendi Suhaili, Iwan, Zakaria Ghazali, 

Amenuldin, Hermi and Anis El-Osta, Al-Kouri for their cooperation and suggestions. 

I would like to thank my supervisors – Dr. Ahmad Rodzi and Dr. Helmi – and to others 

members of the geomatic unit – Dr. AbdullRashid Sharif, Dr. Noordin Ahmad and Prof. 

Shattri - for initial inspiration, continued guidance, specific comments provided for various 

drafts. I am also grateful to those who volunteered to assist me in collect and share the data 

used in the thesis, notably Iwan, Rozni, Omar Al-Kouri and Ahmad Hussain. 

I would like to thank Islamic Development Bank (IDB), Ministry of Science and 

Technology (MOSTI) for the study funding.  

Finally, I owe a huge debt of gratitude to all those who have given me the support and 

encouragement to prioritise this research above all other competing demands, and who 

were then duly understanding when I was absorbed in my work. To my family, and in 

particular my Mother, my Father and My Brother, I’d like to say thanks for the consistent 

and unconditional support that has helped me get to this point many, many years to come.



 

 iv 

 

APPROVAL 

 
 
This thesis submitted to the Senate of Universiti Putra Malaysia and has been 

accepted as fulfilment of the requirement for the degree of Master of Science. 

The members of the Supervisory Committee are as follows: 

 

 
 
Ahmad Rodzi Mammud, PhD 
Associate Professor 
Faculty of Engineering 
Universiti Putra Malaysia 
(Chairman) 
 
 
 
 
Helmi Zulhaidi Shafri, PhD 
Lecturer 
Faculty of Engineering 
Universiti Putra Malaysia 
(Member) 
 
 
 
 
 
 
 
 
 
 
 
 
 

          
AINI IDERIS, PhD 
Professor/Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date:  



 

 v 

I certify that an Examination Committee has met on 23th April 2008 to conduct the final 

examination of Mohammed Mustafa Al-Habshi on his Master of Science thesis entitled 

"Development of Location Based Services for Geocoding and Recording Road 

Accidents Data" in accordance with Universiti Putra Malaysia (Higher Degree) Act 1980 

and Universiti Putra Malaysia (Higher Degree) Regulations 1981. The Committee 

recommends that the candidate be awarded the degree Master in Scince.  

 

Members of the Examination Committee are as follows: 

 
 
Shattri b. Mansor, PhD 
Professor 
Faculty of Engineering 
Universiti Putra Malaysia 
(Chairman) 
 
 
Abdul Rashid b. Mohamed Shariff, PhD 
Associate Professor 
Faculty of Engineering 
Universiti Putra Malaysia 
(Internal Examiner) 
 
 
Ratnasamy Muniandy, PhD 
Associate Professor 
Faculty of Engineering 
Universiti Putra Malaysia 
(Internal Examiner) 
 
 
Alias b. Abdul Rahman, PhD 
Associate Professor 
Faculty of Geomatics 
Universiti Teknologi Malaysia 
(External Examiner) 
 
 

 
 
 

          
HASANAH MOHD. GHAZALI, PhD 
Professor/Deputy Dean 
School of Graduate Studies 
Universiti Putra Malaysia 
Date: 



 

 vi 

 

DECLRATION 

 
 
 
 
 
 
 
 
 
I hereby declare that the thesis is based on my original work except for quotations and 

citations which have been duly acknowledged. I also declare that it has not been 

previously or concurrently submitted for any other degree at UPM or other institutions. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     

MOHAMMED MUSTAFA AL-HABSHI  

Date: August 23, 2008



 

 vii  

TABLE OF CONTENTS 

 
 
 
 Page 
ABSTRACT  i 
ABSTRAK  ii  
ACKNOWLEDGEMENTS iii  
APPROVAL iv 
DECLRATION vi 
TABLE OF CONTENTS vii  
LIST OF TABLES  x 
LIST OF FIGURES xi 
LIST OF APPENDICES xiii  
LIST OF ABBREVIATIONS xiv 
 
CHAPTER 

 1  INTRODUCTION  1 
1.1 Background 1 
1.2 The Problem 3 
1.3 Justification 3 
1.4 Research Objectives 4 
1.5 Research Scope 5 
1.6 Thesis Layout 5 

 2  LITRATURE REVIEW  7 
2.1 Introduction 7 
2.2 Road Accidents in Malaysia 7 
2.3 Methods of Recording Road Accidents 9 

2.3.1 Issues of Geocoding Road Accidents 11 
2.3.2 Road Accidents data collection in Developed countires 12 
2.3.3 Patent Methods of road accident data collections 14 
2.3.4 Development of Road Accident Data Collection 

Method in Developing Countries 14 
2.4 Information and Communications Technology 16 

2.4.1 Wireless Networks 17 
2.4.2 Mobility and Wirelessly 21 
2.4.3 Mobile Devices 21 

2.5 Location Awareness 25 
2.6 Categorisation of Positioning Infrastructures 26 

2.6.1 Cellular Network 26 
2.6.2 Global Positioning System (GPS) 27 

2.7 Geographical Information System (GIS) 29 
2.7.1 Mobile GIS 29 
2.7.2 Web GIS 30 

2.8 Geocoding 30 
2.9 Mobile Database 32 
2.10 Location Based Services (LBS) 34 



 

 viii  

2.10.1 LBS Categorization 36 
2.10.2 LBS Components 37 
2.10.3 LBS Models 40 

2.11 Open Source Development 42 
2.12 Applications 45 
2.13 Summary 49 

 3  METHODOLOGY  50 
3.1 Introduction 50 
3.2 Approach of LBS Design Solution 50 
3.3 Hardware and Software Requirements 52 

3.3.1 Wireless Network Media 53 
3.3.2 PDA and Mobile-GIS 53 
3.3.3 Server Components 54 
3.3.4 Development and Programming Software 54 

3.4 System Architecture 55 
3.5 LBS Development and Deployment Approach 59 

3.5.1 Map Service Deployment 59 
3.5.2 Geocoding Service Deployment 61 

3.6 Required Data 62 
3.7 Integration of Middleware Components 63 

3.7.1 Configuration of Apache Web Server and PHP 64 
3.7.2 Installation and Configuration of PostgreSQL with 

PostGIS 66 
3.7.3 Configuration of MapServer 67 

3.8 Map Data Preparation and Integration With MapServer 67 
3.8.1 Maintaining the Drawing Elements for Display 67 
3.8.2 Reprojecting and Transforming the Drawings Map File 68 
3.8.3 Creating Map File for MapServer 68 
3.8.4 Map Service Setting for Display in PDA 69 

3.9 Installing and Configuring ArcIMS Emulator (IMSEMU) 71 
3.10 PDA and Bluetooth GPS Device 72 

3.10.1 Initiating Bluetooth GPS Connection and Service 72 
3.10.2 Establishing Connection with Bluetooth GPS Device 

Wireless 73 
3.11 Database Re-strcuturing Design 73 

3.11.1 Database Maintenance for Two Physical Databases 74 
3.11.2 The Handling of Geospatial Data Type between Central 

and Mobile Platforms 75 
3.12 Geospatial temporal Identifier and Geocoding Monitoring 

Model 76 
3.13 Communication integration of Programming Languages for 

Data Maintenance 77 
3.13.1 Development of POL27 Digital Form 78 
3.13.2 Coding for Maintaining Data Retrieval and 

Transmission and Database 79 
3.14 Wireless Networking: Models and Stages of Testing 79 

3.14.1 Bluetooth Dialup Connection 79 
3.14.2 Wi-Fi 81 

3.15 Methods of Measurement 81 



 

 ix 

3.16 System Testing for Accident Data Collection 82 
3.17 The Outcome Components 82 

 4  RESULTS AND DISCUSSION 84 
4.1 Introduction 84 
4.2 System’s Design Model of Wireless Geocoding and Recording 

Road Accidents 84 
4.3 Map Service 87 

4.3.1 Map Service Optimization for Wireless Bandwidth and 
Arcpad Interface 88 

4.3.2 Suitable Resolution for Map Image 89 
4.3.3 Method of Generating Map Content on PDA Screen 91 
4.3.4 Suitable Scale for PDA Map Visualization 96 

4.4 Geocoding Process and Monitoring 100 
4.5 Database Re-structure for ArcPad Usage within PDA Device 108 

4.5.1 Optimizing for ArcPad Database Structure 109 
4.5.2 Normalizing Road Accident Central Database 113 
4.5.3 Data Maintaining in LBS 114 

4.6 Form Design 116 
4.7 Issues of Development and Implementation 116 

4.7.1 MapServer Generated Map Image URL and 
Networking Methods 117 

4.7.2 ArcPad Limitation 118 
4.7.3 Database Transformation 119 
4.7.4 Networking Model and Configuration Issues 122 

4.8 The Behaviour of the System When Wireless is Not Available 125 

 5  SUMMARY AND CONCLUSION  126 
5.1 Summary 126 
5.2 Findings and Achievement 126 
5.3 Designing a Wireless Geocoding System Using Mobile-GIS 

and LBS 128 
5.4 Open Source Alternative 129 
5.5 Application Portability 130 
5.6 Recommendation 131 

REFERENCES 135 
BIODATA OF THE STUDENT 193 
LIST OF PUBLICATIONS 195 



 

 x 

LIST OF TABLES  

 
Table  2.1: General road accident statistics in Malaysia (Adapted from Radin, 2005 and 

Bernama, 2007) 8 

Table  2.2: Wireless technologies specification summer Source (Wood, 2005) 18 

Table  2.3: Figures of Merit for Wireless Internet Access Technologies (Furht and 
Ilyas, 2003) 19 

Table  2.4: Accuracy performance characteristics of cellular positioning methods 
(Kupper, 2005) 27 

Table  2.5: Other characteristics of cellular positioning methods (Kupper, 2005) 27 

Table  4.1: Compare of scale and area displayed 99 

Table  4.2: Distribution of Positional error ranges in  UPM's Areas of study 106 

Table  4.3: Statistics of positional error in collected geocodes 106 

Table  4.4  Summary of database optimization from Microsoft Access to dbase files 110 

Table  4.5: Section ABCD table before and after first stage Optimization 112 

Table  4.6: Second pass of optimization for ArcPad single table data entry 113 

Table  4.7: Table ABCD record size optimization and issues of exporting data 
structure to DBF file format 121 



 

 xi 

LIST OF FIGURES 

 
Figure  2.1:  WLAN possible output bit rate (Furht and Ilyas, 2003) 20 

Figure  2.2: A network topology with various wireless networks connected to the 
Internet (Furht and Ilyas, 2003) 20 

Figure  2.3:  Categorisation of positioning infrastructure, shaded boxes indicates 
applied groups nowadays (Kupper, 2005) 26 

Figure  2.4:  Context-aware and location-based services (Kupper, 2005) 35 

Figure  2.5:  Technological components of LBC according to Hammad et al. 
(2004) 37 

Figure  2.6:  General LBS communication model according to Schiller and Voisard 
(2004) 38 

Figure  2.7:  The role of middleware in LBS communication (Schiller and Voisard, 
2004) 40 

Figure  2.8:  LBS model for crime control (Boondao et al., 2003) 41 

Figure  2.9:  ESRI ArcGIS internet services architecture (Maguire, 2001) 41 

Figure  2.10:  A LBS Architecture platform according to Oracle (Lopez, 2003) 42 

Figure  2.11:  Core Application Server Capabilities according to Oracle (Lopez, 2003) 42 

Figure  2.12:  Components and flowchart of LBS for crime information 
(Boondao et al., 2003) 44 

Figure  2.13:  ArcPad desktop emulation (Rinner and Raubal, 2004). 47 

Figure  2.14:  The implementation framework of mobile GIS, according to Tsou (2004) 48 

Figure  2.15:  Real-time data upload function via wireless networks (Tsou, 2004). 48 

Figure  3.1:  The conceptual LBS Designed model and services 56 

Figure  3.2:  LBS system architecture process flow design for road accident 
recording system 60 

Figure  3.3:  Research approach in deploying and evaluating IMSEMU map 
service 61 

Figure  3.4:  Database design method for LBS geocoding and data entry between 
ArcPad and PostgreSQL 62 

Figure  3.5:  Middleware Server Components 64 

Figure  3.6:  HP IPAQ H6365 Display Dimensions (Scale 1:1) 70 

Figure  3.7:  Image file format of UMN MapServer, ArcIMS and common shared 
formats 71 

Figure  3.8:  Database Standardization and normalization for ArcPad and 
PostgreSQL/PostGIS 75 

Figure  3.9:  Programming languages data exchange between platforms and 
internet medium 78 

Figure  3.10:  Bluetooth Services including the GPS and Dialup 80 



 

 xii  

Figure  3.11:  Setup for the Baud rate for Bluetooth null modem 80 

Figure  3.12:  Summary of the methodology used in this research 83 

Figure  4.1:  Technical illustration of service’s data flow diagram between PDA, 
Middleware and Central database 85 

Figure  4.2:  Image format specification comparison 89 

Figure  4.3:  The image resolution parameter effect in the map files comparison 90 

Figure  4.4:  ArcXML map image service request code from ArcPad to ArcIMS 
(Emulator) 91 

Figure  4.5:  Screen parameters for adjusting Map view in ArcPad viewable area 92 

Figure  4.6:  ArcXML Map images service response code from IMSEMU 
(ArcIMS emulator) to ArcPad 94 

Figure  4.7:  Dataflow between IMSEMU and ArcPad 94 

Figure  4.8:  Selected map examples for selecting proper scale on PDA screen 97 

Figure  4.9:  Area A at 1:20000 scale, showing GPS pointer and seven nodes 98 

Figure  4.10:  Area B at 1:20000 scale, showing GPS pointer and 23 nodes 98 

Figure  4.11:  Area C at 1:20000 scale, showing GPS pointer and one node 99 

Figure  4.12:  Visual comparison between area A, B and C on ArcPad screen 100 

Figure  4.13:  Overlay of Accident geospatial from each of Central Database 
(PostgreSQL) and PDA (ArcPad) 102 

Figure  4.14:   Human positional error in location 103 

Figure  4.15:  Situations of GPS coordinate at hold when geocoding more than one 
point 104 

Figure  4.16:  Distribution of positional errors ranges in UPM's Areas of study 106 

Figure  4.17:  Confirming of data submission 115 

Figure  4.18:  Side by side comparison of Accident tables from each of Central 
Database (on left and PDA (on right) 115 

Figure  4.19:  URL configuration layout in Map file 117 

Figure  4.20: The developed network model for the research 122 

Figure  4.21:  Network configuration of Wi-Fi 124 

Figure  4.22: The mobile GIS behaviour when wireless network is disconnected 125 



 

 xiii  

 

LIST OF APPENDICES 

 

A  Hardware and Software used for Development 138 

B  Apache, PHP configuration scripts, ArcIMS Emulator (IMSEMU) 
Configuration and Mapserver map files 146 

C  Used Method for Reprojection of A Local Coordinates System To 
International Coordinate System 150 

D Bluetooth Setting for GPS and LAN Access 152 

E  Setting Wi-Fi Network as Ad-Hoc 161 

F PostgreSQL/PostGIS Central Database Design 164 

G  ArcPad “Pol27” Digital Form Designs 169 

H  Postgresql and Postgis: Table Definition, Rules, Views and Developed 
Functions Code 174 

I  ArcPad Vbscript Code 178 

J  PHP Middleware Code 186 

K  Geospatial Temporal Identifier And Geocoding Monitoring Mathematical 
Modelling 188 

L  Detailed Methodology Of Development And Testing System On Each Of 
Mobile And Server 192 



 

 xiv 

LIST OF ABBREVIATIONS 

Abbreviations Description 
1NF First Normal Form 
2NF Second Normal Form 
3G Third Generation of Mobile communication System 
9MP Ninth Malaysia Plan 
Ad-HOC A wireless network that transmits from computer to computer 
A-GPS Assisted Global Positioning System 
AKA As Known As 
AP Access Point 
API Application Programmable Interface 
ArcIMS ESRI Internet Mapping Server 
ArcXML ESRI Property XML format 
BPP Bit Per Pixel 
BSD Berkeley System Distribution  
CAD Computer Aided Design 
CARS Computerized Accident Recording System 
CBS Context-Based Services 
CE  Compact Edition 
CF Compact Flash interface 
CGI Common Gateway Interface 
DBF Database File, used by ESRI for storing attributes attached with 

ShapeFile 
DGPS Differencial GPS 
DHCP Dynamic Host Configuration Protocol  
DPI Dot Per Inch 
E-OTD Enhanced Observed Time Difference 
EPSG (European Petroleum Survey Group) standards for coordinate 

reference system  
ESRI Environmental Studies Research Institute  
EDR Event Data Recorder 
FTP  File transfer Protocol 
G2C Government Service To Citizen 
GCI Geocode Certainty Indicator 
GeoDBI geocoding database interface 
GIF Graphics Interchange Format 
GIS Geographical Information System 
GIX An open source ArcView GIS Import and eXport extension from/to 

other open source standard GIS software 
GPL General Public License 
GPRS General Packet Radio Service 
GPS Global Positioning System 
GRASS Geographic Resource Analysis  
GSM Global System for Mobile Communications 
GUI Graphical User Interface 
HDOP Horizontal Dilution Of Precision 
HTTP Hyper Text Transfer Protocol 
HSDPA High Speed Downlink Packet Access 
ICT Information and  Communication Technology 



 

 xv 

IEEE Institute of Electrical and Electronics Engineers 
IMSEMU ArcIMS EMUlator 
IP  Internet Protocol 
IPAQ Brand of PDA devices, Product of Compaq/HP company 
ITS Intelligent Transportation System 
J2ME Java 2 Mobile Edition 
JPEG (Joint Photographic Experts Group) standard for compressing 

image 
JPG Joint Photographer Graphics , three letter abbreviation for JPEG 
LAN Location Area Network 
LAP LAN Access Profile 
LBS Location Based Service(s) 
LCBS Location and Context-Based Services 
LGPL Lesser General Public License 
LOC Line Of Code 
MAAP Microcomputer Accident Analysis Package 
MAMPU Modernisation and Management Planning Unit 
MIT Massachusetts Institute of Technology 
MOSS4G Mobile Open Source Software for Geoinformatics 
MRDB Multi Representation database   
NCSA National Centre for Supercomputing Applications 
NRRI Natural Resources Research Institute 
ODBC Open DataBase Connectivity 
OGC Open Geospatial Consortium 
OMA Open Mobile Alliance 
ORDBMS Object Relational Database Management System   
OS Operating Systems 
OSGeo Open Source Geospatial Foundation 
OSS Open Source Software 
OTDoA Observed Time Difference of Arrival 
OWA Ordered Weighted Averaging 
PAN Personal Area Network 
PDA Personal Digital Assistant 
PDE  Positioning Determination Equipment  
PHP Hyper text Pre-processor (a web programming Language) 
PNG Portable Network Graphic 
POI Point Of Interest 
POL27 POLice form No. 27 for Road Accident data collection 
PPP Point to Point Protocol 
RAS Remote Access Services 
RDBMS Relational Database Management System 
RSO Rectified Skewed Orthomorphic  coordinate system  
RSRC Road Safety Research Centre 
SDIO Secure Digit interface 
SMS Short Message System 
SPP Serial Port Profile 
SQL  Structured Query Language 
SSCE Microsoft SQL server 2005 Compact Edition 
SSID Service Set IDentifier 
TBS Traffic Broadcasting System 



 

 xvi 

TCO Total Cost of Ownership 
TCP/IP Transfer Control Protocol / Internet Protocol 
TRAP Traffic Road Accident Program 
UMN University Minnesota 
URI Unified Resource Identifier 
URL Unified Resource Locator 
USB Universal Serial Bus 
U-TDoA Uplink Time Difference of Arrival 
UTM Universal Transverse Mercator coordinate system 
VBScript  Visual Basic Script 
VII Vehicle-Infrastructure Integration 
WAMP Windows, Apache, MySQL and PHP. A Package of Open source 

programs for running dynamic web application on Microsoft 
Windows 

WAN Wide Area Network 
WGS84 World Geodetic System 1984 coordinate system 
WHO World Health Organization 
Wi-Fi Wireless Fidelity trademark for the certification of wireless devices 

that meet IEEE 802.11 wireless Ethernet standards 
WLAN Wireless Local Area Network 
XML EXtensible Markup Language 
∀ for all; for any; for each 
∈ is an element of 
∩ intersected with; intersect  
∪ Union with; union 
⇒ implies 



 1 

CHAPTER 1 

 1 INTRODUCTION 

1.1  Background  

The development of urban civilization had accelerated modern transportation and made it 

more convenient to road vehicles. However, this is disrupted by the phenomenon of road 

accidents. The causes of road accidents are due to many factors such as weather condition, 

vehicle design, safety measurements, driver’s physical fitness, and many others. 

Although, the safety measurements were implemented, the number of road accidents keeps 

on rising yearly. With the never-ending increase in population, the need for transportation 

will increase as well and as a result road accidents increases in number. The World Health 

Organization (WHO) (2004) warns that road accidents will jump from the ninth to the 

third rank in the most threatening health problem by 2020.  

In understanding the source of road accidents, data needs to be studied and analyzed in a 

proper manner. In turn, data accuracy plays a vital role in making road accident data 

analysis a success. 

One of the elements that affect data accuracy is the method of data collection at location 

and methods of archiving records. A more specific term used is geocoding, which describe 

method of data collection regarding location particulars. The implementation of 

technologies and standards has enhanced geocoding process. However, geocoding is still 

prone to errors and inaccuracy.  
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Based on this problem and with modern technological development, it is advised to 

facilitate the policeman (the accident data collector and geocoder) to send the collected 

data from his current location (the road accident site). The new integration of positioning 

systems and Geographic Information Systems (GIS) with wireless internet has emerged 

new type of information services defined as Location Based Services (LBS). Thus, the 

technology would be helpful to policeman and police headquarter to improve data 

handling from the accident location to central database. 

LBS have many terms; according to Kupper (2005), it is referred to as location-aware 

service, location-related services, and location services. LBS have been considered 

disciplined concept of information system (Pick, 2005). However, GIS professionals 

consider it a new suite of GIS; a proper term ‘mobile geographic services’ would be wider 

definition and focus on geography and GIS (Maguire, 2001).  

The LBS applications for accessing geospatial database remotely according to its user’s 

location make it feasible to assist government officials in working site, like policemen. 

However, the cost of implementing a LBS solution comes expensive in the long term due 

the licensing and maintenances issues.  

In the era of ICT, technological solutions of hardware and software are available to serve 

the information system age. Most of these solutions are commercial and costly. In 

addition, the licensing and the unknown Total Cost of Ownership (TCO) and 

misunderstanding may result in a costly system. Consequently, the government of 

Malaysia were encouraged to use, develop and implement open source software (EPU and 

MOF, 2006; MAMPU, 2005). 
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1.2  The Problem  

In Malaysia, the duty of investigating and obtaining data from an accident scene is usually 

assigned to the policeman on patrol duties. Field information such as the locality of the 

scene, the cause and other scene related parameters which are related to the accident are 

then forwarded to the central police headquarters for filing and further analysis. Such 

methods of geocoding are inaccurate due to the high amount of subjectivity, which results 

in under-reporting of the accident scene. 

In addition, the recent move by the Malaysian government to encourage the deployment of 

ICT infrastructure and open source software (OSS) in all its agencies is seen as a step 

towards modernisation of the public sector. However, one major drawback such as that 

experienced by the police is that the present ICT infrastructure in the country has not 

approach the provision level of technological solutions such as LBS, mobile GIS and OSS 

that may enhance the accuracy, reliability and productivity of the organisation. 

1.3  Justification 

The importance of road accidents data collection is to assist different benefited parties in 

making decision to improve life style and development; such as health agencies to 

determine the required type and cost of medication, consumer protection organizations to 

take actions agienst low standards of manufactures, insurers to determine insurance cost’s 

cover, economists to determine the countries lost of the profits due to road accidents, 

politicians to enforce law counter measurement, automobiles’ industries to undertake new 

standard measurement of safety,  and transportation engineers to asure road safety design 

extent.  
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Archived records in Road Safety Research Centre (RSRC) shown inconsistency in 

coordinates and described location. In addition, some of the records are duplicated with 

differences of coordinates, date and time. These types of records are normally deleted from 

analysis (especially in GIS) as they may cause errors and misleading results. Methods of 

geocoding must leverage with the current trends of technologies to assist analyzers 

(especially GIS experts) in delivering much accurate data as much as possible. Thus, this 

sort of issues had motivated this research more. 

The Malaysian government plans toward implementing technological solution based on 

open source solutions, shows interest of developing its internal resource to be more 

technologically independent from the monopoly of software vendors (refer to chapter 2 

section  2.4 and  2.11 ). The situation and experience of Malaysia as developing country to 

improve their technological independent may be reflected on other developing countries to 

improve their own situation.  

1.4  Research Objectives  

The general aim of this research is to improve the efficiency the policeman in geocoding 

road accident more accurately through the development of mobile GIS application using 

LBS and open source software. The specific objectives are as follows: 

i) To investigate and design a road accident geocoding and data recording system 

using location based services and open source software to be used as a platform for 

development the mobile and server. 

ii) To establish map service for assisting the policeman to identify his location of the 

accident scene. 

iii) To develop geocoding service through wireless infrastructure and to maintain of 
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record’s validation entry based on geospatial temporal identifier. 

iv) To develop a field entry form in digital format for recording road accident based on 

the capability of the mobile device and LBS consideration. 

v) To evaluate, validate and analyse the LBS application portability based on 

Internet/intranet protocol.  

1.5  Research Scope 

The research were confined to the current available hardware and systems (Mobile 

Devices-PDA PocketPC based, GPS, Bluetooth, Wi-Fi and a laptop computer as portable 

server) due to the administrative process, cost and time constraints, the development, 

implementation and testing of the LBS for this study. This confination issued challenges of 

technological development. 

The study site and duration of testing system was confined to Universiti Putra Malaysia 

(UPM) as it also provides some of the urban facilities locations as well as open areas that 

are available for testing as minimum set of the real world general situations. Date and time 

of testing is done on random based because the actual occurrences of road accidents are 

unknown as it is a phenomenon. The actual time date of recording, even though it is after 

the occurrences of the accident, is on random timing basis. 

1.6  Thesis Layout 

Chapter 1 introduces the subject of research, problem statement, research motivation and 

the aim and objectives to achieve. The second chapter reviews on road accidents in 

Malaysia, methods of recording road accidents, the roll of information and 

communication technology issuing mobility and wirelessly; focusing on wireless 
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networks, Personal Digital Assistant (PDA), location awareness, GIS, geocoding, LBS 

and open source development. 

The third chapter will explains methodology of research and development from the 

scenario of the system solution and defining the required services to the system 

architecture. Details of the LBS components setup such as wireless network, 

middleware, geospatial database model, designing and programming PDA interface for 

the user and middleware interaction more elaborated. 

The fourth chapter presents the result of map service and discusses performance in 

wireless environment and its role in identifying the location. The chapter also discusses 

on the method of geocoding using ArcPad and the integrity of data collection.  

The fifth chapter concludes the efficiency of using LBS and open source software. 

Recommendation to improve the LBS and the standards to follow for developing open 

source LBS software solution were also included. Finally, future work needed to improve 

the system to work in different wireless environment and using different positioning 

techniques conclude the thesis. 
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CHAPTER 2 

 2 LITRATURE REVIEW  

 

2.1  Introduction 

The history of road accident phenomena have begun after the invention of ground 

vehicles. According to World Health Organization (WHO, 2004) report on road traffic 

injury prevention summary, the severity in South Asia comes in second after East Asia and 

Pacific. This chapter provides a review of literature in aspects related to road accidents, 

with main focus on Malaysia. The  topics include current situation of road accidents in 

Malaysia and factual information about it,  methods of recording road accidents, means of 

data collection, the means of mobility and wirelessly, the technical equipment needed like 

mobile devices, mobile GIS, open source development and LBS fundamentals and 

applications. 

2.2  Road Accidents in Malaysia  

WHO (2004) reported that there is a constant increase in road accidents throughout the 

world. In 1990, death toll on road accidents remained in 9th rank; and by 2020 road 

accidents is expected to be the third leading cause of death worldwide, (Kareem, 2003). 

In Malaysia, road accidents among the ten causes of death (Azmani et al., 2005), from 

1975 to 1998, road traffic fatality rates rose by 44% in Malaysia (WHO, 2004). In the year 

2001, the total number of road accidents was 265,175 with fatalities of 5230, seriously 

injured 6942, and slightly injured 30,684. 


