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ABSTRACT 

The shortest path routing is one of the well-known network analysis techniques implemented in road 
management systems. Pg Routing as an extension of Postgre SQL/Post GIS database is an open source 
library that implements the Dijkstra shortest path algorithm. However, the functionality to avoid obstacles 
in that analysis is still limited. Therefore, this study was conducted to enable obstacle avoidance function in 
the existing pgRouting algorithm using OpenStreetMap road network. By implementing this function, it 
enhances the Dijkstra algorithm ability in network analysis. In this study a dynamic restriction feature is 
added at the program level to represent the obstacles on the road. With this modification the algorithm is 
now able to generate an alternative route by avoiding the existence of obstacles on the roads. By using 
OpenLayers and PHP a web-based GIS platform was developed to ease the system’s usability. 
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1. INTRODUCTION 

Transportation is the main infrastructure in every 
country and an important component of national 
economies. It is used to enable vehicles to travel safely 
and as quickly as possible. Therefore, the road conditions 
need to be well maintained so that journey time can be 
predicted more accurately and minimize the occurrences 
of road accidents (Kubota et al., 2011). 

In developed countries, road management systems 
have been developed and operational for quite some time. 
For example, the USA has developed an internet- based 
system for road maintenance since 1995 (Feng and 
Quanwen, 2010). Meanwhile, Japan has operated a portal 
system for road monitoring for their country since 2004 
(Kubota et al., 2011). In spite of all the advances being 
made in this area the current systems can still be expanded 
in terms of data interoperability and spatial analysis to 

enhance their usage. Spatial analysis is extremely 
important in network analysis to assist users in making 
better decisions. For example, El-Houssaini and Badri 
(2012) developed a comprehensive system for road 
accidents using a GIS platform. A spatial analysis 
technique was applied in the system to find the shortest 
route based on cost and distance using Dijkstra algorithm. 
Although the system could show the locations of road 
accidents on a web, it could not give alternative route to 
avoid the road accidents location. 

GIS has been applied in different areas of 
transportation since the 1980s (Castro et al., 2011). It is 
not only focused on road management, it has been applied 
in several different fields such as facility management 
system (Bode and Cho, 2010), real-time and off-line 
routing system (Xinkai et al., 2009; Santos et al., 2011), 
transit planning engine (Singh and Kumar, 2010),  vehicle 
navigation system (Repoussis et al., 2009), traffic and 
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congestion system (Pei and Jiao, 2011) and highway 
safety assessment (Davoodi et al., 2010).  

In the current decade, Information Technology (IT) 
has become indispensable. Web-based GIS or WebGIS is 
the Internet-based platform that provides client-side 
applications using WWW protocols (Feng and Quanwen, 
2010; Xie, 2010). The geographical web can embed 
spatial and non-spatial data. This technology can reduce 
the current disadvantages in developing online systems on 
the internet (Xinkai et al., 2009). WebGIS has many 
advantages compared to desktop GIS (Xie, 2010). It can 
be accessed anywhere for data sharing as long as the 
internet connection is available (Xie, 2010; Kubota et al., 
2011; Olfat et al., 2013). Numerous studies have examined 
the ability of Web-based GIS system in managing road 
transport data (Deng and Mo, 2009; Feng and Quanwen, 
2010; Xie, 2010). This method was carried out by 
researchers in order to replace traditional method in 
managing road network that encounter some limitations 
(Deng and Mo, 2009; Singh and Kumar, 2010). 

Generally, WebGIS is extended with special database 
that can support geographic data. PostgreSQL is a popular 
database for spatial data. It is an open source database and 
can be run in almost all operating systems (Firdhous et al., 
2010). Other than that, pictures, sounds and videos can be 
stored in the database. To make it geospatially enabled, 
PostgreSQL is extended with PostGIS. In order to activate 
road searching, pgRouting is used in the system. 
pgRouting is a plugin of postgreSQL/postGIS that has 
routing capabilities for network analysis (Firdhous et al., 
2010). Several studies have utilized pgRouting to calculate 
the shortest route (Firdhous et al., 2010; García et al., 
2013; Goetz and Zipf, 2013). Firdhous et al. (2010) 
conducted a study to find an optimal path between two 
locations in urban area. However, there is no function to 
avoid the obstacles that occur on the road. 

The shortest route is calculated by several algorithms 
that have been developed in the pgRouting application 
such as Dijkstra algorithm, A-star algorithm and Shooting-
Star algorithm (Zhang and He, 2012). Some parameters 
can be added and modified in this application due to the 
needs. Each algorithm has specific functions and produces 
different results. Dijkstra algorithm can perform a 
better response in terms of time for single-source cases 
(Orlin et al., 2010; Lu and Camitz, 2011). Most studies 
used this algorithm to perform shortest route because it is 
widely used in GIS software (El-Houssaini and Badri, 
2012) and can provide better result in terms of time 
response (Firdhous et al., 2010). Thus, this algorithm is 
used to calculate the distance between two nodes, source 
and target in this study. However, the functionality to 

avoid obstacles is still limited (Wang and Zlatanova, 
2013). Users can calculate the shortest route using existing 
applications but they can hardly avoid any obstacle on the 
road. Therefore, this study was conducted to enable 
obstacle avoidance function in the existing pgRouting 
algorithm using OpenStreetMap road network. 

The objective of this study is to provide a real-time 
routing system that is able to run shortest path analysis 
between two locations and avoid obstacles on the road 
using pgRouting application. This system will be 
beneficial for both the public users as they plan their 
journey to avoid traffic problems and also the highway 
maintenance administration as they analyse the impact of 
road blocks during maintenance. Furthermore, this 
system can be accessed widely as it is internet-based and 
provides real-time information. 

2. MATERIALS AND METHODS 

The overall flow chart of the system is shown in Fig. 
1. It consists of data acquisition, modification of 
database, development of application, enabling obstacles 
in the database, testing and comparing the result. 

2.1. Requirements 

This study required open source software in order to 
minimise the cost. For instance, Minhua (2010) 
constructed web-based system for transportation 
modelling platform with low cost investment along 
with increased processing speed. A number of 
researches have been carried out to show the benefit of 
open-source software in web-based GIS system 
development (Hall et al., 2010; Evans and Sabel, 2012). 
Furthermore, shortest path analysis has been added in 
the system to enhance the functionality in network 
analysis. Figure 2 shows the architecture and software 
involved in this system. 

The user interface is a medium of interaction between 
user and system. Basically, a web browser is needed to 
retrieve, present and traverse information from database to 
the interface for users. Some programming language is 
needed in designing the interface. In this study, the 
interface was developed using a combination of HTML 
and JavaScript programming languages to produce a 
dynamic and user-friendly interface. Web mapping was 
required to enable the server to handle and visualize 
geographic information on web. There are several web 
mapping applications that can be used such as Google 
Maps, OpenStreetMap and Microsoft Bing Maps. 
OpenLayers JavaScript library was used as a web 
mapping framework because it is flexible and can use 
both Google Maps and Open Street Map as  base  maps. 
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Fig. 1. Overall flow chart of the system 
 

 
 

Fig. 2. The architecture and software involved in the system 
 
It also has the ability to visualize road information on the 
web because it allows users to build dynamic maps on 
web browser. The functions of OpenLayers can easily be 
extended because it is an open source web mapping 
framework and supported by many applications.  

A workstation with window 7 operating system was 
used as the server-side for the system. The hardware 
specification of the server was a 2.4 GHz Intel® core™ 

i5 processor with Random Access Memory (RAM) of 
4GB. The server run WampServer to retrieve data from 
postgreSQL database using the PHP language. The 
database used was PostgreSQL 9.1 with PostGIS 1.5 
spatial extension to support geographic data. pgRouting 
was also needed to run routing analysis. All the software 
were installed on one server in order to execute the 
functions in the system. 
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2.2. System Design 

The area where most important work was done in this 
study is the system design. First the database was 
restructured with the addition of a new attribute column 
and a new table. With the database in place the rest of 
the system was developed using the database as the 
driver of the system. 

2.2.1. Development of Database 

Data is one of the main components in GIS analysis. 
Without data, GIS cannot be run and no information can 
be displayed. To ensure the data is well maintained a 
Data Base Management System (DBMS) is required. In 
order to support spatial datasets in PostgreSQL, PostGIS 
is required. The coordinates of geometry such as points, 
lines and polygons are stored in the database and 
visualized on a map. To conduct this study, the roads 
data were downloaded from OpenStreetMap website 
because it was the biggest external data provider for 
vector road data and easy to handle by free software 
(Sekimoto et al., 2012). The downloaded data had to be 
converted into SQL format because OpenStreetMap 
only provides the data in OSM format. Osm2po was 
used to convert OSM format to SQL format before the 
data was stored in postgreSQL database. Osm2po is 
an engine that can be used as a data converter and 
routing engine in windows operating system. 
Afterward the data were stored in postgreSQL and 
ready to be used with postGIS and pgRouting. 

A table was created to ease the process of 
management and it was named as road network. 
Several attributes were provided in the table such as 
id, osm name, source, target, clazz, flags, km, kmh, 
x1, y1, x2, y2, geom way, cost. These attributes give 
the characteristic of the road which is called attribute 
data. When the shortest path is generated, the result 
can be shown in two ways; spatial visualization or 
attribute table: 
 

2 2
2 1 2 1Dis tance(D) (X X ) (Y Y )= − + −  (1) 

 

n 1 2 3 nTotalDistance,D D D D ...D= + + +  (2) 
 

To enable the detection of obstructions on the road, 
the attribute for restriction was added in “road network” 
table. The attribute was named as “obstruction”. A value 
of an integer greater than 0 indicates the presence of an 
obstruction at the given node and a value of 0 indicates 

absence of obstruction at the node. When obstacle exists, 
the ID of the obstruction was stored in the “obstruction” 
column. Another table was created to represent 
obstruction table which stored information such as 
obstruction ID, obstruction category, date start, date end, 
status and description. These two tables were linked 
using Node ID column as a foreign key. 

2.3. System Implementation 

To provide a successful road management system, 
pgRouting application is required to conduct shortest 
path by implementing Dijkstra algorithm. 

2.3.1. pgRouting Application and Dijkstra 
Algorithm 

pgRouting also known as PgDijkstra is an application 
used with PostgreSQL/PostGIS to calculate the shortest 
route between two nodes using Dijkstra algorithm. After 
gradual optimization, A-star and Shooting-star 
algorithms were added in pgRouting. It became a core of 
the shortest path search because the attribute data are 
dynamic and can be modified by many open source 
clients (Zhang and He, 2012). 

In literature reviews, Dijkstra algorithm is mostly 
used to search the shortest route between two nodes. This 
algorithm has the main function of searching the shortest 
distance between adjacent points. Figure 3 represents the 
concept to calculate distance between two nodes. Node 
A(X 1,Y1) represents the starting point while node 
B(X2,Y2) represents the ending point. Equation 1 shows 
how to find the distance between these two points.  

Figure 4a shows how the Dijkstra indicates the 
shortest path in diagram format. The node S represents 
the source while node T represents the target point. 
Meanwhile, D represents the distance between 
adjacent points. There are four possible routes 
between S to T which are SQUT, SQPT, SRPT and 
SRPQUT. First, Equation 1 was used to calculate 
distance between SR and SQ. The result shows that 
the distance between SQ shorter than SR. Therefore, 
node Q was selected as the path as in Fig. 4b. 

Next, the distance between the adjacent nodes of Q is 
calculated. Figure 4c shows that QU was selected for 
forward node. Lastly, node U is directly connected to 
node T because there is no choice to node T as in Fig. 
4d. Subsequently, Equation 2 was used to calculate the 
total distance between S to T where D-n represents the 
total distance from start point to destination. Therefore, 
SQUT route was chosen as the shortest route. 
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Fig. 3. 2D differential for node A and B 

 

 
 (a) (b) 

 

 
 (c) (d) 

 
Fig. 4. Simulation of Dijkstra algorithm in shortest path analysis 
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Fig. 5. The existence of obstacle between node Q and U 
 
Sometimes, the shortest road is not the fastest road. It 
may have some obstacles such as traffic jam, accidents, 
roadwork maintenance, road closure and etc. this 
situation can take more time to arrive at target location. 
To enable obstacles in this algorithm, a weightage for 
restriction is added in this function. This weightage 
represents the events that occur on the road and 
blocked the users from passing that road. Figure 5 
shows the obstacle between node Q and U. During the 
route searching, the algorithm cannot pass QU route. 
Thus, the route was diverted to another alternative 
route. In this situation, SRPT was chosen as the 
shortest distance and can give less time to arrive at the 
point T. In addition, users can predict what time they 
can arrive at their destination. 

3. RESULTS 

The proposed system concentrates on the road 
administration activities by collecting important 
information about the condition and status of the road 
from various sources such as road accidents, schedule of 
road maintenances, temporary road blocks and traffic 
flow data. By keeping track of this information, the 
system can visually highlight road segments based on 
their conditions as well as geographically visualize the 
locations of obstacle/restriction events. 

3.1. Shortest Route Analysis 

The shortest path function provided by pgRouting 
uses the cost of road segments to determine paths to 
avoid. One simple and primitive way of implementing 
a cost avoidance function is to specify very high cost 

values for road segments that are to be avoided in 
calculating the shortest path. In the proposed system 
the obstacle avoidance was done across several 
dimensions-time, road status, events, road 
maintenance and road accidents. 

Figure 6 shows a simple interface that was 
developed to visualize the routing component of the 
system. The interface consists of a base map and form 
fields that capture user input such as the origin node, 
destination node, as well as date and time. 
OpenStreetMap was embedded as the base map because 
it has the capability to extent the function and not 
depend to any services as Google Maps API. Users can 
search the shortest route based on origin and 
destination and display result on map. 

The system worked consecutively as in Fig. 7. When 
users insert the source and target nodes into origin and 
destination columns respectively, the system will query 
the input nodes in the database using SQL language. The 
system then sends the query to the postgreSQL database 
for processing. At the same time, the computation of 
shortest path is calculated using the extended pgRouting 
in the database. Finally, the shortest route result is shown 
with highlighted colour on the web map. 

3.2. Visualize an Obstacle and Alternative 
Route Unit 

Although that path is the shortest path, sometimes 
it has some obstacles along that path. This system 
provides a function to avoid obstacles on the road. An 
entry     in   the   database   signals    a   restriction and 
blocks   the    road. This   causes   the    system to 
generate   an    alternative route to the destination. 
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Fig. 6. Main interface for obstacle avoidance 

 

 
 

Fig. 7. The work sequence in the system 



Nik Mohd Ramli Nik Yusoff et al. / Journal of Computer Science 10 (7): 1259-1268, 2014 

 
1266 Science Publications

 
JCS 

 
 

Fig. 8. Obstacle avoidance in shortest path analysis 
 
Figure 8 represents the obstacle avoidance on the 
road in the system. The highlighted road in blue 
colour is the shortest route from origin to the 
destination. Because of the existence of an obstacle, 
the system generated an alternative route which is 
highlighted in brown colour. Therefore, users can find 
alternative route without any obstacle along their way. 

4. DISCUSSION 

 This study discusses the development of a web 
mapping application based on a WebGIS system that will 
implemente in a road management system. The 
downloaded data from OpenStreetMap website consisted 
of information on roads around Peninsular Malaysia. 
This data was used in this study because it is supported 
in postgreSQL/postGIS database. To enrich the database, 
some information has been added such as obstruction 
information, road accidents, road maintenance schedule 
and mandatory road closure. 

Since the data was downloaded from OpenStreetMap 
website, it can only give the source and target point in 
ID format. Therefore, this system can still be 
improved by using the reverse geocoding to make it 
more user friendly. 

Dijkstra algorithm is a straight forward algorithm for 
calculating the distance between two nodes and is the 

most efficient algorithm for calculating the shortest 
path in road network analysis using the pgRouting 
extension. Even though it can give the shortest 
distance in route calculation, it cannot detect the 
existence of obstacles along the road. A weightage for 
obstacles on roads was added to avoid the blocked 
roads. Therefore, this system has the capability to 
avoid obstacles or restrictions on the road. 

This system can work best for road users. They can 
organize their journey in terms of searching the 
shortest route. For organizations, this system can be 
used to monitor all road constructions occurring on 
the road. All information is gathered in one database 
so that it is easy to be retrieved and displayed on the 
interface. In order to make this system cost-effective, 
open-source software was used which is becoming a 
new trend in system development. 

5. CONCLUSION 

A web-based GIS system for traffic management 
activity using open-source software was developed in 
this study. By accessing the web, users can easily 
visualize the traffic condition anywhere in the world 
either on a desktop or mobile device. As it is open-
source development, the system can be modified freely 
without any restriction from software developer. Due to 
the fact that the data was downloaded from 
OpenStreetMap website, it has some limitations in 



Nik Mohd Ramli Nik Yusoff et al. / Journal of Computer Science 10 (7): 1259-1268, 2014 

 
1267 Science Publications

 
JCS 

terms of data quality. For future research, we suggest 
that the data are collected from transportation 
authorities to improve the data quality. It is hoped that 
this research will inspire others to create more complex 
obstacles such as time based restrictions using the 
presented method. Another area for future study is to 
improve the quality of visualization, for example 
displaying obstacles in multiple dimensions. 
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