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of the requirement for the degree of Master of Science 

 

DEVELOPMENT OF WEB-BASED GIS FOR TRAFFIC MANAGEMENT 
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SOURCE SOFTWARE  

 

By 

 

NIK MOHD RAMLI BIN NIK YUSOFF 

September 2014 

 

Chairman: Associate Professor Helmi Zulhaidi Mohd Shafri , PhD 

Faculty: Engineering 

 

Distribution of road information on the internet is an enforcing factor for the authorities. 

This is due to the capability of the internet to disseminate information and provide geo-

related information analyses with no location restrictions.  Web-based GIS has been used 

to distribute road information and provide shortest path analysis on the internet.  However, 

the function of the analysis on the internet is still limited. The shortest path is a well-known 

network analysis that exists in traffic management systems.  It provides the shortest route 

calculation between two points for road users.  However, this function could not help to 

avoid its users from the congested areas due to the presence of obstacles on the roads. 

Therefore, the main objective of this study is to improve the traffic management system by 

implementing the shortest path analysis with obstacle avoidance technique.  This is to 

avoid the presence of obstacles on the roads.  In order to calculate the shortest path 

between two nodes, Dijkstra algorithm was utilized.  Obstacle avoidance technique was 

implemented in this algorithm to avoid the congested areas.  A web-based traffic 

management system was developed using open source software in this study.  Verification 

of the shortest path calculation result obtained from the traffic management system was 

done via comparison of the performance and result with the use of Quantum GIS (QGIS) 

software and Waze application.  Qualitative validation was run in order to test the function 

of obstacle avoidance technique in 50 km, 100 km, and more than 150 km route lengths 

with the presence of one, two, and three obstacles respectively. The system also was tested 

in urban, sub-urban, and rural areas to investigate the functionality of the system. For 

quantitative validation, the system was validated in terms of the time travel and fuel 

consumption. User satisfaction test was conducted concerning website acceptability and 

performance testing was made during this research.  The shortest path result from the 

traffic management system produced similar result to QGIS.  The obstacle avoidance 

technique has worked successfully in avoiding the presence of obstacles in different 

lengths of roads and different numbers of obstacles in a route.  User satisfaction test results 

showed that most of the respondents agreed that this system could help the administrators 

in managing road activities effectively and provide the shortest path analysis with obstacle 

avoidance technique for road users in avoiding congested roads.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

 

PEMBANGUNAN GIS BERASASKAN WEB UNTUK SISTEM 

PENGURUSAN JALAN BERSAMA TEKNIK PENGELAKAN HALANGAN 

MENGGUNAKAN PERISIAN BEBAS 

 

Oleh 

 

NIK MOHD RAMLI BIN NIK YUSOFF 

September 2014 

 

Pengerusi: Professor Madya Helmi Zulhaidi Mohd Shafri , PhD 

Fakuti: Kejuruteraan 

 

Penyebaran maklumat jalan di dalam internet merupakan faktor keperluan kepada pihak 

berkuasa. Ini disebabkan kebolehan internet untuk menyebarkan maklumat dan 

menyediakan hasil analisis berkaitan geografi tanpa sebarang sekatan lokasi. Oleh itu, GIS 

berasaskan web telah digunakan untuk menyebarkan maklumat jalan dan menyediakan 

analisis laluan terpendek dalam internet. Walau bagaimanapun, fungsi analisis dalam 

internet masih terhad. Laluan terpendek merupakan analisis rangkaian yang terkenal yang 

wujud dalam sistem pengurusan jalan. Ia menyediakan pengiraan laluan terpendek antara 

dua titik untuk pengguna jalanraya. Namun, fungsi ini tidak dapat membantu pengguna 

untuk mengelak dari kawasan-kawasan sesak disebabkan wujudnya halangan di jalanraya. 

Oleh sebab itu, objektif utama kajian ini adalah untuk meningkatkan sistem pengurusan 

jalan dengan melaksanakan analisis laluan terpendek bersama teknik pengelakan halangan. 

Ini adalah untuk mengelak kewujudan halangan di jalanraya. Untuk mengira laluan 

terpendek antara dua titik, algorithm Dijkstra telah digunakan. Teknik pengelakan 

halangan telah dilaksanakan dalam algorithm ini untuk mengelak kawasan yang sesak. 

Sistem pengurusan jalan yang berasaskan web telah di bangunkan menggunakan perisian 

bebas dalam kajian ini. Verifikasi pengiraan laluan terpendek yang diperolehi dari sistem 

pengurusan jalan telah dilakukan dengan membandingkan prestasi dan hasil dari perisian 

Quantum GIS (QGIS) dan aplikasi Waze. Pengesahan kualitatif telah dijalankan untuk 

menguji fungsi teknik pengelakan halangan masing-masing pada 50 km, 100 km, dan 

lebih dari 150 km panjang laluan dengan kehadiran satu, dua, dan tiga halangan. Sistem ini 

juga telah diuji di kawasan bandar, sub-bandar, dan luar bandar untuk menyiasat fungsi 

sistem tersebut. Untuk pengesahan kuantitatif, sistem telah disahkan dari segi masa 

perjalanan dan penggunaan bahan bakar. Ujian kepuasan pengguna telah dijalankan 

berkaitan dengan penerimaan laman web dan ujian prestasi telah dibuat semasa kajian 

dijalankan. Hasilnya, laluan terpendek dari sistem pengurusan jalan telah menghasilkan 

keputusan yang menyamai dengan QGIS. Teknik pengelakan halangan telah berfungsi 

dengan berjaya bagi mengelak kehadiran halangan dalam panjang jalan yang berbeza dan 

bilangan halangan yang berbeza-beza dalam satu laluan. Keputusan ujian kepuasan 

pengguna menunjukkan kebanyakan responden telah bersetuju bahawa sistem ini dapat 

membantu pentadbir dalam mengurus aktiviti-aktiviti jalan dengan berkesan dan 

menyediakan analisis laluan terpendek bersama teknik pengelakan halangan bagi 

pengguna jalanraya untuk mengelak jalan yang sesak.   
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Introduction 

 

In developing countries, the numbers of vehicles on the roads have rapidly increased 

from year to year. According to Santos et al. (2011), the rate of vehicle growth has 

exceeded significantly over the rate of population and economic growths over the 

last decade. Hence, this situation increases the rate of accidents (Sohadi, 2005). 

Therefore, in order to avoid such situation, road surfaces should be kept in safe and 

good condition and they should be able to function for a long period of time. 

Improvement in traffic management, in terms of road maintenance, road 

rehabilitation, and road repairing, is very important. Improper traffic management 

will damage the road condition and the roads would be inoperative for a long time. 

 

The road network is a major and important transportation infrastructure.  In order to 

maintain the road infrastructure, a comprehensive monitoring system should be 

developed. Geographic Information System (GIS) is a tool that has the capability to 

manage and maintain road data efficiently. GIS is a computer-based system that 

collects, stores, analyses, and distributes geographic information to the public. 

Although GIS has a lot of advantages, there are still some limitations in accessing 

information of road conditions in real-time and at different locations. Desktop GIS is 

a static system that cannot be accessed from different places. Besides, this system 

only relies on computers with GIS software installed to handle spatial data.  

 

To overcome this problem, web-based GIS system is introduced. This system is 

similar to the desktop GIS, but it will work based on internet connection availability. 

There is no limitation to access this system. Therefore, as long as internet connection 

is available, this system can be accessed. Some researchers have used the WebGIS 

system for road transport management and maintenance in their studies (Peng & 

Huang, 2000; Alesheikh et al., 2002; Xiaolin, 2004; Xie, 2010; Kubota et al., 2011). 

From their studies, it has been proven that this method is appropriate to be 

implemented in traffic management and monitoring process.  

 

The usage of web-based GIS in traffic management system can reduce the cost 

needed compared to previous methods using the desktop GIS system (Xie, 2010). 

Through the use of WebGIS, maps can be published on the internet quickly and this 

could enhance the dissemination of road information (Alesheikh et al., 2002; Xie, 

2010). Even though web-based application is currently widely used, some 

improvements are still needed.  

 

The shortest path analysis is widely used in the road network analysis, especially for 

road mapping system. This platform enables people to interact using the internet to 

calculate their distance from one location to another. Several algorithms have been 

used before to generate the shortest path analysis in internet platform. Dijkstra 

algorithm is a widely used algorithm in generating single-source shortest path 

analysis in computer network (Pettie, 2004; da Silva & de Almeida, 2007; El-

Houssaini & Badri, 2012; L. Zhang & He, 2012). Dijkstra algorithm is widely used 

in calculating the shortest path problem that involves the number of edges and 
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vertices in directed graph (Pettie, 2004). A graph (G) usually consists of a set V of 

vertices and a set E of edges. This algorithm will calculate the distance from source 

(u) to target (v) which is denoted by (u, v).  On the other hand, A* or A-Star 

algorithm is commonly used in calculating the shortest path analysis on web with 

weighted directed graph (Chabini & Lan, 2002; Goldberg & Harrelson, 2005; Fu et 

al., 2006). A-Star uses estimates on distances to the destination to guide vertex 

selection in a search from the source (Goldberg & Harrelson, 2005). Furthermore, 

Goldberg and Harrelson (2005) have studied the relationship between A-Star and 

Dijkstra algorithm. From their study, they found that A-Star algorithm is equivalent 

to the Dijkstra algorithm on a graph with non-negative edge length and therefore, 

finds the optimal path.  

 

The shortest path problems have been extensively studied, but it still has 

disadvantages on travel distances and mitigates traffic congestions on the web server. 

This research proposes obstacle avoidance technique in the shortest path analysis in 

order to avoid congested roads.  

 

 

1.2 Problem Statement 

 

The shortest path problem concentrates on finding a path with minimum distance, 

time, or cost from the source node to the destination node (Gao, 2011). Finding the 

shortest route between two nodes is a popular application in road network analysis. 

According to Singh and Singh (2012), the development of algorithm is a major issue 

in generating the shortest route that requires less travel distance and able to avoid 

traffic congestion due to the increasing number of vehicles on the road.  

 

In current technology, the function of web search is ubiquitous in our daily lives. 

Important information is embedded in web server so that it can be retrieved in a short 

period of time, especially for road conditions and traffic information which are very 

essential to be accessed in real-time. However, the computation of the shortest route 

depends on the proxy server and selection of the algorithm (Thomsen et al., 2012).  

 

Shortest path problems have been intensively studied in broad applications and 

various science and engineering disciplines. Finding the shortest connection in 

transportation networks is a familiar problem to anybody who ever travelled. 

However, only a few researchers were focused on efficient speed-up time 

independent route planning in road network (Delling & Wagner, 2009).  

 

Due to the inefficiency of the current system in selecting the algorithm, it increases 

road congestions and at the same time, contributes to road accidents. According to 

Noland and Quddus (2005), increase of traffic congestion will increase the potential 

of collision because of the stressful environment and the drivers are rushing to reach 

their destinations.  

 

Road events such as accidents, road closure, and road maintenance locations can be 

represented as obstacles on the road. Zlatanova et al. (2013) has stated that even 

though many routing algorithms have been developed, there are a few efforts which 

have been devoted to the efficient routes in avoiding obstacles. Obstacle avoidance 

technique has been applied in disaster management to find the optimal route to aid 
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rescue workers and citizens in determining the shortest route to certain locations 

(Nedkov & Zlatanova, 2011; Zlatanova et al., 2013). However, the capability of 

obstacle avoidance technique still not yet studies in traffic management system.  

 

Dijkstra algorithm is a very popular technique used and it is mostly used in network 

analysis for finding the shortest route (Thomsen et al., 2012; L. Zhang & He, 2012). 

This algorithm can be classified as classical algorithm (Gao, 2011) and the network 

is required to determine the arc lengths. However, because of failure, maintenance, 

or other reason, the arc lengths are nondeterministic in many situations. As a result, 

it is improper to employ Dijkstra algorithm in certain situations. Therefore, the 

capabilities of this algorithm need further study in order to improve the travel time 

between two nodes, provide shortest distance, and able to avoid obstacles that 

usually contribute traffic congestions.  

 

 

1.3 Justification 

 

Through the conduct of this research, a traffic management system based on web-

based GIS is produced to provide an alternative route to avoid traffic congestions. 

Other than that, this system can reduce the rate of road accidents that usually occur 

in congested areas.  

 

The time travel should be consider during travelling. The route that can provide the 

shortest distance must be chosen. Sometimes, the shortest route cannot be indicated 

as the fastest route due to the existence of obstacle on the road. The fastest route can 

be defined as the route that can provide less travel time compared to other routes. It 

means that, users can reach their destination earlier rather than using the other routes 

and at the same time they can save their fuel consumption during travelling.  

 

In Malaysia, traffic congestions always occur in the main roads especially during 

peak hours; early morning (7am – 9am) and evening (5pm – 8pm). This situation 

arises because the road users are rushing to arrive at their offices in the morning and 

back to their homes in the evening. This situation becomes severe when any 

construction for maintaining the road or accident takes place.  

 

The government agency that is responsible in maintaining and controlling the 

activities on highways and federal roads is the Lembaga Lebuhraya Malaysia (LLM). 

This agency provides a web-based mapping system that shows the map of peninsular 

of Malaysia with the current road condition. This system is developed using Web-

based GIS software. However, the loading time is very slow and makes it unable for 

one to calculate the shortest distance. Furthermore, the current service cannot 

provide alternative route to avoid obstacles on the road.  

 

Therefore, this research is designed to assist two different parties, which are the road 

authorities and the road users. With the use of this system, it can help the authorities 

such as LLM to improve development and control road maintenance activities. Other 

than that, this system can be utilized by users to improve their travel activities. By 

using this system, users can improve their time travel from one location to another 

location. At the same time, it reduces the fuel consumption during travelling. Thus, 

the less the time taken during travelling, the less fuel is consumed.  
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1.4 Objectives 

 

The main objective of this study is to develop a web-based GIS for traffic 

management system. The specific objectives of this study are: 

 

1) To determine the significant parameters and attributes required for web-based 

GIS application for traffic management system 

 

2) To develop an online traffic management system using open source GIS 

software 

 

3) To implement the shortest path analysis with obstacle avoidance technique on 

the internet platform 

 

 

1.5 Scope of Research 

 

Geographic Information System (GIS) is widely used currently because it has the 

capability to collect, store, analyse, and present beneficial information from different 

sources of data. In traffic management aspect, GIS application can be adopted to 

present map and important information for road users, such as road traffic conditions 

and the location of road constructions. In fact, road network analysis can be 

developed to calculate the shortest route between two nodes, as well as provide 

alternative route to avoid traffic congestion locations.  

 

There are two types of GIS software in reality, which are the commercial and the 

open source software. However, this research is only confined to the usage of open 

source software. As the cost of commercial software is high, there is a need to use 

open source software in developing the web-based GIS system. The open source GIS 

software that is involved in this research is PostgreSQL with PostGIS extension for 

database platform, apache server with PHP language for server site platform, and 

HTML for client site scripting language. Quantum GIS (QGIS) is used to do some 

validation for time travel and distance between the two selected nodes.  

 

The data are confined based on crowd sourced information about the road network 

from the OpenStreetMap data. The combination of crowd sourcing and web mapping 

technologies have produced OpenStreetMap (Nedkov & Zlatanova, 2012).  

 

 

1.6 Outline of Thesis 

 

This thesis is organized into five chapters. Chapter 1 introduces the subject of the 

research, problem statement, research justification, and the main and specific 

objectives to achieve.  

 

Chapter 2 consists of literature review that presents some background of the traffic 

management system worldwide, issues in this area, the development of GIS in traffic 

management service, and the usage of open source in web-based GIS system. 
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Chapter 3 presents the methodology of research and development of web-based GIS 

for traffic management system. The development of database is also presented in this 

chapter. Besides, all the data and algorithm, including the shortest path analysis 

applied for the network analysis, are stated in this chapter. The concepts of Dijkstra 

algorithm and obstacle avoidance technique are presented in this chapter too.  

 

Chapter 4 shows the interface of system, base maps with maintenance locations, and 

the shortest path analysis in the system. Obstacle avoidance technique is tested with 

different situations. The results of the analysis are discussed in detail here.  

 

Chapter 5 is the conclusion part of this research which discusses the overview of the 

system that has been developed. In this chapter, recommendations for further 

research are suggested.  
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