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1 INTRODUCTION 
 
Recent advances in ICT1 systems have opened the way for the delivery of personalised real-
time traffic information to drivers.  A number of initiatives have been developed to enable 
the exchange of real-time traffic data between government agencies and commercial service 
providers.  The existing systems and standards work quite well for exchanging data that is 
centrally maintained, such as that collected by national Traffic Information Centres or TICs.  
However, currently it is difficult to make use of information that is distributed across 
multiple agencies.  This paper highlights the potential for using XML  (eXtensible Markup 
Language) as a means of enabling multiple-agency data exchange.  
 
The paper describes a practical implementation of an XML based approach to the exchange 
of traffic alerts and road works data.  Although this appears limited, a key aim of the 
research was to ensure that the system implemented could easily be extended to any other 
transportation-related data source.  The goal was to develop a full XML-based web 
application using open-source tools.  Concepts applied in the project include data fusion, 
transformation and vector mapping.  The primary basis for the application is Cocoon2, 
which provides server tools to deploy XML based applications.  
 
2 TRAFFIC DATA EXCHANGE 

2.1 Traffic Data Exchange in the Netherlands 
As stated earlier existing data-exchange systems and standards work quite well when 
dealing with data that is centrally maintained.  One example of such a successful data-
exchange mechanism is that provided by the TIC-Nederland based in Utrecht.  TIC-
Nederland is a co-operation between the Dutch Ministry of Transport and the Dutch Police 
(KLPD).  The objective of TIC-Nederland is to provide "clients with the best up-to-date 
information of the situation on the Dutch roads”.   
 
Over 1000 kilometres of the Netherlands' motorway has been fitted with detection loops at 
approximately 500 metre intervals.  The information collected on these sections provides a 
reliable congestion overview.  The system provides a uniform means of collecting and using 
traffic information.  Clients of TIC-Nederland are Dutch traffic management organisations, 
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organisations that distribute the information to end users and foreign TICs.  With regard to 
this project, the TIC-NL provides traffic conditions and events and planned road works data 
via the DATEX standard. 

2.2 The DATEX Standard and the TRIDENT Project 
DATEX is the current European standard for traffic data exchange and database 
development, and includes the DATEX data dictionary and message exchange 
specifications.  The DATEX dictionary covers road traffic event and status information and 
a limited set of traffic data.  Data that may be exchanged using the DATEX system includes 
traffic measurement data, such as speed and flow, traffic incidents, events and weather data.  
Events are stored as event data-objects (e.g. Accident), which have associated phrases (e.g. 
chemical spillage accident) and attributes (e.g. delay time).  Due to the fact that it provides a 
standard, non-proprietary means of data-exchange DATEX has gained widespread 
implementation within Europe.   Despite it's widespread use some deficiencies and 
implementation problems in the DATEX system have been identified [1][2].   
 
To overcome some of the deficiencies in the DATEX format the European ITS organisation 
ERTICO has undertaken the TRIDENT project to investigate data-exchange in the 
transportation domain [2].  The goal of the TRIDENT project is to support multimodal 
travel ITS services by establishing the common and reusable mechanisms that are required 
for sharing and exchanging data between transport operators of different modes (bus, tram, 
rail and road). 
 
It will also investigate and propose solutions for well known organisational and strategic 
issues hampering travel intermodality. This will lead to proposals for new standards as well 
as to recommendations supporting the implementation of systems based on the project's 
results.  The main focus of the project will be on the development of common specifications 
supporting an object oriented approach using JAVA, CORBA and XML as a means of 
delivering transport-related content.   

2.3 XML for Data Exchange 
Currently most information on the Internet is presented using HyperText Markup Language 
(HTML).  It is difficult to cost-effectively automate the processing of large amounts of 
HTML coded material, because the HTML combines both data content and formatting 
instructions. For this reason, the Internet has not been a particularly attractive mechanism 
for automated information exchange between computer systems.  XML differs from HTML 
in that it separates data and formatting instructions.  As a result it is being adopted 
universally as a means of automatically publishing, storing and exchanging data on the 
Internet.   
                                                                                                                                                                                  
1 Information and Communication Technology 
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XML describes data in a human readable format with no indication of how the data is to be 
displayed.  Because the data is structured it can easily be searched, aggregated, transformed 
or interpreted by other systems.  It is a database-neutral and device-neutral format - data 
marked up in XML can be targeted to different devices using Extensible Style Language 
(XSL) stylesheets.   Essentially the XSL allow formatting information (font size, sort/select 
instructions etceteras) to be applied to raw XML data prior to transmission.  This approach 
allows for a "write once, publish many" approach to communication (web, mobile, audio, 
etcetera).  XML supports multiple platforms and multiple languages, plus multiple major 
vendors are developing XML support tools for Java, C++, SQL etcetera. 
 
 
 
3 SYSTEM IMPLEMENTATION 

3.1 Requirements Analysis and Development Platform 
The chosen method of content delivery is via server-side formatting, whereby the web 
server handles the conversion from XML to other formats.  In this scenario the server takes 
XML data and applies XSL transforms to convert this data to a format suitable for each 
browser type (e.g. HTML).  A review of some of the available software packages for 
building XML-based websites was undertaken. In short the chosen tool should provide the 
following capabilities: 

1 enable XML data aggregation and transformations 
3 allow dynamic content generation 
4 allow dynamic graphic generation 
5 enable transformation to multiple formats 
 
From this review it was discovered that all these functions could be provided by the 
Coccon2 platform.  Cocoon is an open-source platform developed by the Apache XML 
Project, headed by the Apache Software Foundation.  The platform aims to provide a 
complete separation of document content, style and logic.  Currently Cocoon2 allows data to 
be transformed to HTML, WML2 and SVG3.  Further details and advantages of the Cocoon 
platform are provided in the references [3][4]. 

3.2 Traffic Events - XML File Format 
Figure 1 shows a sample of the XML file format consiting of a set of event messages.  The 
figure also shows how XML files are organised as a set of nested elements delimited by 
start and end tags.  Traffic messages are broadly based on the existing DATEX format and 

                                                           
2 Wireless Markup Language 
3 Scalable Vector Graphics 
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contain location details, location codes, event details/causes, quantifiers and message 
start/end times. 
 
 
<TicBroadcast> 
.....<TicMessage> 
  <Source>  
  <Route> 
  <Section> 
  <Location> 
  <LocCode> 
  <LocText> 
  <LocDist> 
  <Province> 
  <ProvinceCode> 
  <Details> 
  <Cause> 
  <Begin> 
  <End> 
  <Quantifier> 
<TicMessage> 
.......</TicBroadcast> 
 

 
 
 
TIC Nederland 
A6 
Lelystad - Muiden 
tussen Almere-Haven en 
Hollandsbrug 
9888 
Almere-Haven 
509 
Flevoland 
202 
Stilstaand Verkeer 
Werkzaamheden 
03-09-2001 06:00 
03-10-2001 20:00 
QUE 5 KMT 
 

 
 
 
</Source>  
</Route> 
</Section> 
</Location> 
</LocCode> 
</LocText> 
</LocDist> 
</Province> 
</ProvinceCode> 
</Details> 
</Cause> 
</Begin> 
</End> 
</Quantifier> 
 

Figure 1: Sample traffic event XML file 

3.3 Data Processing and Output 
As one of the main advantages of XML is that data can be republished to different formats it 
was decided to output the data as text (HTML) and graphics.  Graphical output of events is 
achieved through the use of Scalable Vector Graphics (SVG) which is a language for 
describing two-dimensional vector and mixed vector/raster graphics in XML.  The format 
also allows the development of interactive, event-driven graphics [8].  The original idea of 
using SVG for this project was obtained from the work of Andreas Neumann [6].   
 
Base SVG maps for the graphical display were prepared from the VILD4 mapping database 
provided by the TIC-Nederlands.  The VILD maps were initially processed using using the 
ArcView GIS5.  The SVG base map including RDS-TMC6 locations and a modified version 
of the shp2svg program developed by Nedjo Roders [7]. 
 
Using Cocoon for server-side formatting, the base XML data is transformed to HTML via a 
combination of XSL stylesheets.  One stylesheet converts the data to a simple HTML table.  
The second stylesheet uses the base SVG map and adds traffic events as point locations 
based on the location codes as contained in the XML file.  A third XSL stylesheet combines 

                                                           
4 Dutch Traffic Information Location Database which includes RDS-TMC location codes. 
5 Geographic Information System. 
6 Radio Data System - Traffic Message Channel 
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these transformations to produce a single HTML page as shown in Figure 2.  The web page 
is automatically updated each time the XML data source changes. 
 

 
Figure 2: Final output webpage showing HTML and SVG transformations 

 
4 CONCLUSIONS AND FURTHER RESEARCH 
 
This paper shows the flexibility of using Extensible Markup Language (XML) as a means of 
communicating real-time traffic event data.  A sample application was developed which re-
uses the same data to communicate traffic events in both text and graphical formats.   With 
regard to other applications of XML in ITS perhaps the key benefits are as follows: 

•  XML was developed for a distributed-computing environment.  Therefore data need 
not be centrally maintained.  This is particularly relevant to ITS where useful data is 
distributed across multiple agencies. 

•  The data format is non-proprietary and therefore may be used by any number of 
value-added-service-providers. 

 
Use of XML in the transport domain opens the door to the following scenario: 
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A traveler wishing to undertake a journey consults a travel-planner web-service on his mobile.  
The travel-planner queries an XML-based traveler information database.  This database is 
itself constructed from XML data provided by multiple transportation agencies and includes 
travel-time estimates, parking availability and so forth.   

Based on the information the route-planner can suggest alternative routes or modes based on 
the users location and preferences.  The traveler selects to travel by public transport whereby 
the device automatically consults a ticketing web-service to obtain an electronic ticket stored 
on his mobile device.  During the trip the traveler is informed of service delays and provided 
with pedestrian route maps via the travel-planner web-service.   

 
However this level of interaction will only occur where travel-information data conforms to 
common specifications.  The website profiled in this paper uses a custom XML format.  A 
useful area of future research would be to use a standard ITS-XML format such as that 
being developed as part of the TRIDENT project.  The research should be supported by 
practical examples involving the exchange of real-time data between multiple separate 
agencies. 
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