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Introduction

For over a decade there has been a structured European research effort on Intelligent Transport 

Systems for Public Transport. At the same time, operators and authorities have been investing in 

new and enhanced systems. 

It is now time to take stock – to identify clearly what has been developed and deployed, what is 

now in demonstration mode, and what concepts are in the pipeline.

In parallel, we need to look at the changes over the coming decades – what new societal trends will 

emerge, and what new technological developments will provide the platform for new concepts –

and consider what tools and services will be needed for the public transport of tomorrow.

European researchers have shown that they can be highly innovative, but they need to know what 

opportunities and problems to address. The Tr@nsITS project will focus the knowledge and 

experience of the European public transport industry to identify the key research needs.

0.1. Objectives of tr@nsITS

The aim of the Tr@nsITS-network is to bring together all actors in the ITS-sector, in order to have 

a relevant and open discussion on the future research axes and not at least to take initiatives in these 

new research axes. 

The primary output of the network activity will be the drafting of a work plan for  a IPTS 

research programme  for the coming years, based on the identification of research objectives and 

research priorities. Reports will also be prepared on each of the three phases of investigation. Since 

these deliverables are based on a deep consultation process within the European industry, as well as 

extensive expert input, they can form the basis of the preparation of dedicated Network of 

Excellence or  Integrated Projects within the 6th and consecutive Framework Programmess.

The key objectives of Tr@nsITS  are:

- to establish a network reflective of the European urban and regional public transport sector

- to advance the available tools and implementation of Intelligent Public Transport systems

- to develop a research workplan for consideration in the 6th FP and subsequent programs
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0.2. Work plan of tr@nsITS

The Project consists of following workpackages:
WP1: Establishment of the state-of-the-art
WP2: Identification of the future societal issues and technological developments
WP3: Identification for 'new axes of future research in IPTS'
WP4: Management of the network
WP5: Dissemination

Workpackage 1: Establishment of the state-of-the-ar t:

A network will be established under the guidance of the consortium. In the first place, it will follow 

four thematic strands:

- Workgroup 1: Information for travellers

- Workgroup 2: Ticketing and fare collection

- Workgroup 3: Operations and maintenance

- Workgroup 4: Security for travellers and for personnel

This will provide an up to date and integrated overview of European, national and local research 

and demonstration projects concerning the IPTS field.
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Workpackage 2: Identification of the future societal issues and technological developments: 

The approach will start from outside the public transport sector from two points of view (and 

workgroups):

- Prospective 1: The actual main societal issues, Mega-trends in society and the possible role of 

IPTS in this context

- Prospective 2: New technological developments and their opportunities for an integrated ambient 

intelligence landscape for Public Transport

This workpackage basically considers the changing context, challenges and requirements for 

change which will drive the need for new concepts, business processes, service concepts and

support tools within the public transport domain. 

In parallel, the emerging technological tools and solution set will be considered, identifying where 

they can support these requirements.

Workpackage 3: Identification for  'new axes of future research in IPTS' :

The comparison between the two first workpackages will reveal the topics for new or additional 

research. Attention will be given to the effectiveness of current and emerging IPTS solutions, rather 

than just technical feasibility. This phase develops a workplan for an IPTS research program.

It identifies axes and specific elements, linking societal and business needs to required outputs from 

the research program. It identifies priorities, both in terms of 'enabling' technologies and/or 

knowledge, and in terms of the interest of the industry sector.

Workpackage 4: Management of the network:

This workpackage aims to make the project running smoothly... 

Workpackage 5: Dissemination:

A comprehensive set of dissemination actions will also be carried out, mostly through the existing 

UITP communication channels which have direct access to the industry - both at decision-taker and 

practitioner level. This will increase awareness of the challenges and research priorities, and also 

increase receptiveness of the industry towards participation in the research and implementation of 

the products.
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1. Traveller  Information

1.1. Context and definition of the theme

1.1.1. Definition of the theme

The generic definition of a “traveller” is: A person who changes location using a variety of 

transport modes, in order to carry out an activity.

But in the ITS business the word “traveller” is too often only, or mainly linked to a specific type of 

traveller: the “driver” (whatever he drives, car, cycle etc.), or the car passenger. For example the 

American ATIS (Advanced Traveller Information System) concept is mainly involved with car 

driver information systems. 

For this reason and with a view to clarify the concepts and vocabulary, “traveller information” 

which is the subject of this review has nothing to do with either “Driver” information or with “car 

passenger” information. The one exception is: driver or car passenger information allowing to (or 

encouraging) park and ride.

Thus the main goal of traveller information is to facilitate and to improve the access to and the use 

of public transport by answering a certain number of questions asked by the traveller. The questions 

vary, depending on the situation and the time, and are related to the activities and tasks to be 

fulfilled by the traveller. 

Questions relating to ticketing are only considered if technology to link booking and anticipated 

payment with traveller information systems is available.

1.1.2. General context

What are the problems or issues that research can solve or achieve?

1. We can identify three main strategic questionss:

¸ Policy objective

In the field of Transport, the main European policy objective is the achievement in Europe of a 

sustainable mobility. Thus the impact of new information systems made available by research 

achievements shall be evaluated vis a vis this objective:

• Can the provision of better information (and which type?), modify traveller behaviour, and 
improve sustainable mobility?

¸ Real user needs

To improve information delivered to travellers during their trip seems a good objective, but 

what kind of improvement is really useful? The problem of appropriately identifying user needs 

is still not trivial, especially for their needs in term of intermodal information. 

• What are the real problems encountered by travellers that can be avoided or solved by 
information proved using telematics facilities?

¸ The funding issues
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Currently, information is generally provided for free. However, several issues now need to be 

considered while improving the services.

• What kind of new information services is a traveller prepared to pay for? How much would 
they be willing to pay?

Value added information services are supposed to be marketable, such as real time traffic 

information or guidance services. Successful deployment of such systems has been achieved in 

the field of Driver information.  However what about intermodal information services? 

The question of the business case for intermodal information provision is also to be raised. 

Several issues need to be considered.

• Is the development of an intermodal information operator, independent of the transport 
operators, possible?

- Shall this intermodal information operator act as a value-added Service Provider, 
marketing the service? 

- Also what, if any, is the market acceptance of such services?

- On the other hand, should it be mandatory to develop this business under a Public 
umbrella, in order to internalise the external benefits resulting from the modal split 
improvement?

- And what, if any, is the kind of regulation to be set up to achieve such objectives?

- How could public and private initiatives be combined in order to improve the services? 

2. There are also some operational problemm that are still to be solved in the field of data 

management which can be split between:

¸ Institutional, economical and organisational issues. 

In the field of collective transport, an agreement is needed between operators (even competitors) 

to provide or exchange their own data.

• It should be established whether it is necessary to organise an intermediate level of
ownership (public wholesaler), which would collect data from all competing data owners.

¸ Technical issues.

• How to get data from owners and manage it to create user oriented information? 

• What kind of system architecture is most appropriate? Which communication protocols? 

• Are standards in this field available, or even desirable?

¸ The Human-Machine interface challenges:

• To achieve a good ergonomic conception for any kind of system;

• To integrate the specific requirements of elderly and disabled people either in generic 
systems or while specifying dedicated systems;

• To harmonise the interfaces at a European level in order to allow travellers to use them 
without any difficulties anywhere in Europe.
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1.2. Different types of applications, their  objectives & character istics

Regarding the typology of information systems, different criteria could have been used for 

classifying systems. Finally, we will consider two types of situations: pre-trip and on-trip (some 

researchers have also identified an end-trip situation) which can lead to different classes of systems. 

Also, depending on whether these systems are delivering interactive individual or collective 

information, a sub classification can be proposed with four main types of systems:

- Pre-trip interactive individual media,

- Pre-trip proactive collective media, 

- On-trip proactive collective media and 

- On-trip interactive individual media. 

For each of these systems, the quality, accuracy and usability of the information provided is heavily 

dependent on the technology available to the content provider and the user.

1.2.1. Pre-trip - interactive individual media

Such an application is generally based on Web services. It is provided to the final user either 

through its own home (or office) computer or through dedicated public terminals installed in 

relevant locations. 

This kind of service will allow travellers to decide:

- Whether they will travel or not;

- At what time (day – hour) they will travel;

- Which mode (or mode sequence) they will use;

- What budget they will need.

It will also provide them with operational data such as:

- Location of the trip starting point (in the public transport);

- Cost of the journey and of its components;

- Duration of the journey;

- Comfort and safety level;

- Joint or added services.

Pre-trip information shall be multimodall, allowing the provision of information relative to any kind 

of mode and allowing a fair  compar isonn between use of car and PT. 

It must also become intermodall, providing information allowing door-to-door trips.

As “Virtual Travel Agency”, it shall provide other useful information about accommodation, 

weather, exchange rates etc.

1.2.2.  Pre-trip – proactive collective media

In this case, the public service operators, or dedicated information service providers provide 

information to the potential passenger without him having to make any specific request. 

The media used can be either Radio, TV, dedicated PT schedule screen (home/office terminal), or 

in the case of park and ride information: car terminal or Variable message signs.

The information provided is usually limited to bus/train/tram due times, or perturbations.
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1.2.3. On-trip – proactive collective media

Two types of applications are available according to location:

1. At stop (or in station) proactive collective media.

The information provided here is mainly the waiting time before the departure of the expected 

bus, tram or train and is provided by an operator.

In station such system can also provide with the place where the bus tram or train will be found. 

It is provided by any operator and can have to be merged in a collective medium.

This information is distributed through collective displays or speaker terminals

2. On board proactive collective media

In this case the main information provided is the name of the next station and when necessary, 

safety or service linked information.

The medium can be either on board display terminals, or on board audio speaker terminals

1.2.4. On-trip - interactive individual media

Two kinds of applications can be identified in that field:

1. Publicly accessible systems such as Public Interactive Terminals (PIT), back seat terminals 

This kind of application is provided by transport operators, and will have two aims: 

- Re-assuring of the traveller on his current location (Tracking)

- Provide ad-hoc local information about the remainder of the journey

Once the user has informed the system of his intended journey, the service operator server is 

then able to provide up to date information to the user on the remainder of his trip and 

especially what he has to do very precisely at the end of his current trip (back seats), or at the 

place where the device is located (PIT).

This kind of service needs tiling: provision of information about a mode, aboard or in the 

context of another mode, which implies a co-operation between operators.

2. Privately owned systems: hand held terminals

This kind of application aims to provide traveller information to travellers at any time, 

anywhere. “The information is always in the pocket”.

It uses interactive portable terminals such as pagers, GSM or Internet based GSM terminals.

- Pagers provide local specific information such as waiting times for a bus at a bus station, or 

level of traffic on a particular road.

- GSM provides customised intermodal information through short messages.

- Specific portable terminals provide customised intermodal information using a graphic 

interface.

Once the user has informed the system of his position and intended journey, the service operator 

server is then able to provide up to date information to the user on the remainder of his trip.

This kind of application fits very well with a marketable value added service concept.
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1.3. Exper iences with implemented applications

1.3.1. Implemented systems within Europe

This chapter describes the research trends within Europe based on the knowledge of experts and 

results from the most recent EU funded research projects and some national research programmes.

It has now been realised and it is clear that all over Europe a lot of Public Transport networks have 

developed information tools. Today, individual efforts from operators are still continuing and 

equipment and systems are continually growing. However, when a network is operated by more 

than one company or during long distance trips, passengers are faced with the problem of having to 

contact each individual operator to get complete trip information. 

It seems that it is in this specific field (PT intermodal information domain) that the effort from 

different countries is being made today. In Europe, several initiatives can be noted, mainly in 

Germany, The Netherlands and The U.K. 

For the main part, these initiatives are linked to “pre-trip interactive individual media”. These 

systems aim to help people plan their journeys at a national or regional level, giving them the 

capacity to compare routes and prices by using different modes of transports (public and private). 

Most of these different systems have been based on nation-wide route planners. However, 

depending on and because of legal/institutional national aspects in the domain of delivery 

information, theses countries have followed different paths.

1.3.1.1.  The Dutch situation

As part of an effective, nation-wide mobility management system, the Dutch government has set up, 

in recent years an integrated system. This system includes a national travel information telephone 

number for traveller information, fare integration, working real-time travel information systems in 

several cities and electronic highway display signs that also promote inter-city train connections.

The national passenger information system provides public transport customers, on behalf of all 

public transport companies in The Netherlands, real-time journey information from door-to-door.

This is done via one national-wide telephone number 0900-9292 and URL www.9292ov.nl. 

However, other means such as WAP-services, I-mode, CD-rom are also available.

There is a single centralised system for the whole country. This system manages the data 

(timetables, list of stops, etc.) for all the transport companies in The Netherlands. 

When developing such a system, some specific questions are raised:

1) How to obtain all the data from all different transport companies?

2) What standards to use for this data?

3) What kind of contract to make with transport companies?

4) How to organise and process the data?

5) How to distribute the information to customers?

6) What kind of business model for such activity?

Regarding point 1, it was possible to implement the system in The Netherlands because of the fact 

that the law obliges Public Transport companies to publish and deliver information on their 

services. Thus, all Public Transport companies provide the OVR (the company in charge of national 

traveller information system) with their data. Any changes in the timetables or itineraries are 

supplied on a daily base. 
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As for OVR, it provides the trip planner computation system and the entire infrastructure to process 

and deliver the information to customers. 

The system works 24-hours a day, seven days a week. Since 1993, the amount of advice increased 

from 7 million units to 20 million in 2002. 

All types of accesses are available, ranging from Internet access to call centres, interactive 

telephones, PDA systems, etc. 

Among the 20 million of advices, 15 million are served free of charge by the Internet whereas 5 

million are via telephone. Using this mode, the average call time (including waiting time) lasts for 

135 seconds. The costs per call are as follows: 

- Costs per call for OVR € 1,62

- Costs per call for customer € 0,50 p.m.

- Contribution by public transport partners € 1,- per call

As shown in the last line above, the cost for transport partners is not insignificant. However, it 

seems that all companies preferred to use this common system rather than to run their own system. 

The OVR company comprise 42 employees and 5 call centres, which do not belong to the company 

but are under contract with OVR.

1.3.1.2. The German situation: Delfi a distributed door-to-door

information system

In terms of Traveller Information systems, Germany can be considered as a precursor, mainly in the 

design of long-distance door-to-door information systems. This is probably due to the context in 

which the Public Transport and the market for information systems are organised in this country. 

Indeed, for a long time, some universities and private companies worked and shared a market of 

software and traveller information systems for Public Transport. In addition, Länders, who are in 

charge of transport, have tended to develop their own information systems in isolation.

It is the reason why in 1996, the Federal Ministry of Transport in Germany set up the DELFI 

project to achieve the goal of a German-wide, door-to-door information system on public transport. 

One of the main goals was to keep the market open for existing ‘players’ and also for new partners 

for the provision of information and services. The project had to take into account that there were 

existing systems running and that one of the requirements was to preserve these existing systems as 

close as possible to their original functionality and independence.

The solution chosen by the DELFI participants was to connect the existing systems by means of 

communication. Following this concept, itinerary information is created by compiling information 

from all participating systems through open interfaces and harmonised meta-information.

The advantages of such a solution can be summarised as follows:

The data and raw information remain within the proprietary systems and the maintenance is 

easy;

• The use of standardised interfaces (API) for connecting systems between them enable each 

local system to keep its own proprietary solutions (e.g., map services, GIS-based footpath 

computation);

The extension to other services, traffic modes, new personal front ends is easy.
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Schematically, the Delfi architecture comprises (cf. the schema):

• A meta data base which is sampled centrally and afterwards copied to the local systems. 

This meta data base includes only a few data-like transformation tables. These are for the 

interpretation of different ‘languages’ between the different local systems.

• A modified internal computation 

kernel in order to perform the partial 

itinerary computation; A modified 

Origin-Destination identification 

which has to be extended in most 

cases because there are extended 

search functionalities and

• A super computing mechanism (Super

Composer) which is the only really 

new part and which has to be able to 

perform the distributed computation.

Obviously, different intermediate 

architectures are possible depending if the 

super composer is part of the local 

systems or hosted by an external system

(cf : EU-Spirit Project).

Today, the DB AG (the national railway company) and the quasi totality of Landers use the Delfi 

architecture for their door-to-door information systems. 

Extensions are planned under the form of a new project named NETZWERK DIRECT.

This project aims at integrating all the regional/national routers and to transfer the DELFI approach 

to all other modes, particularly motorised and non-motorised individual transport modes.

1.3.1.3.  The U.K. situation

As in other countries, the U.K. has seen a lot of traveller information services being developed in 

recent years. Some particular initiatives in setting up individual PT multimodal booking and 

information services can be observed. Amongst them, the National Express Group and the Virgin 

Company in the U.K. who have developed respectively their own sites (and call centres). 

These two sites are known as ‘Q-JUMP’ and ‘THE-TRAIN-LINE’. They allow the traveller to 

look, plan and buy train and coach tickets to anywhere in the U.K. (no matter who the operator is).

There have been difficulties in developing these services and the main one has come from the 

Public Transport situation in the U.K. Indeed, the simple kilometre based method that is generally 

used in the rest of Europe at a national level for cost calculation of a trip, is not applicable in the 

U.K. (a lot of different companies operate many routes, often the same, within a competition 

context).

Besides the two major booking services and at the initiative of Public Transport Executives, local

authorities, bus operators and others, a nation wide PT Information Service has had to be named. It 

is known as ‘TRAVELINE’. This service provides impartial journey planning information related 

to all public transport services – buses, coaches, trains, ferries, trams and metros throughout 

England, Wales and Scotland, based on detailed timetables. 

Data Base

User Interface
Internet Server

SUPER COMPOSER

local algorithm
API

To and 

from other 

systems
Local O/D 

identification

Local Connect.

Composer
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One particularity of this service is that the regions covered by the information are not strictly 

administrative regions like the states as seen in Germany (cf: DELFI). They are a collection of 

administrative groups and operators who have decided to work together and to develop the service. 

In the U.K. where operators are free to operate (or decide not to operate) route anywhere they wish, 

this kind of service is difficult to set up and to maintain, mainly from an institutional point of view. 

Another difficulty for the journey planning function is the necessity to have a gazetteer, which is 

capable of linking all the different services.

In order to accompany and facilitate these initiatives, The U.K. Government launched in July 2000 

a programme named TRANSPORT DIRECT.

As currently envisaged, TRANSPORT DIRECT involves two core activities:

• Provision of information prior to, during and after travel (including aspects such as journey 

planning, real-time information on available travel modes, lost property, complaints etc) and

• Selection, reservation, booking and issuing of tickets (or other travel permits), which cover 

all aspects of a journey, including aspects such as multimodal journeys, seat/slot reservation 

and car parking.

TRANSPORT DIRECT is an inclusive initiative. In principle it covers the following:

• All transport modes (walk/cycle, car, bus, coach, rails, air and ferry);

• All stakeholders who participate in the travel experience (network operators, fleet operators, 

information service providers, retailers of travel services/systems, and travellers 

themselves);

• All information delivery mechanisms (PCs, kiosks, mobile devices using WAP/GPRS/3G, 

digital TV).

In this programme, the role of the U.K. Government is only to encourage current and future 

participants in the travel sector, to align the information aspects of their operations so as to deliver 

an overall vision. In practice this means to put at their disposal a set of policy guidelines, tools, 

researches, standards, etc.

Several pieces of research are already available:

• A research compendium covering travel information and ticketing which includes more than 

200 entries;

• Based on the above study and other material, a set of recommendations has been made 

concerning the immediate and future research that the Programme itself might need to 

pursue:

• “Traveller Information Systems Research: A Review and Recommendations for Transport 

Direct”;

• A catalogue of standards relevant to Transport Direct; and

• A guide of best practices for providing traveller information on Internet.

Some standards also exist:

• JOURNEYWEB: a communications protocol to support a federal system of electronic journey 

planners;

• TRANSXCHANGE: a standard to exchange data between transport operators), etc.

Moreover, and in order to facilitate multimodal trip planning researches at a national level, a geo-

coded gazetteer of cities, town, etc., is currently being elaborated.
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This gazetteer is being completed by a national database known as NaPTAN (National Public 

Transport Access Nodes). This single base will contain information on the location and naming of 

all bus stops and other public transport access modes in England, Wales and Scotland.

Finally, this program that will need many years to complete, comprise an evaluation facet. Some 

evaluations are already available in the field of “Real Time information systems”.

1.3.1.4. The rest of Europe

¸ The GOTIC Project (1994-2002) has, as its objective, the development of a complete system for 

the presentation of information to passengers on the public transport network of Gothenburg 

(Sweden). Functional requirements, design and evaluation of all systems ranging from home 

terminal to hand-held terminal have been studied. The last research report gives some direction 

for the future.

¸ GOFAS: This is a Swiss nation-wide door-to-door information system. As in The Netherlands, 

GOFAS is a centralised system managed by the Swiss federal railways. The different urban 

networks of the country put at the disposal of the railway company their information bases. The 

railway company provides on its site the door-to-door search facilities.

1.3.2. Strengths and weaknesses of the different technologies

1.3.2.1. Pre-trip information

Although it can sometime appear too slow (as the time needed to switch on the computer and be 

connected to the information server seems dissuasive to users in a hurry), Internet technology is 

very appropriate means for providing personal pre-trip information to the end user. The call-centres

using computer aided telephone technology are also very efficient, for this kind of application.

Concerning collective pre-trip information, broadcasting technologies are currently very 

appropriate.

1.3.2.2. On-trip information

The technologies used are numerous and varied: mobile phone technologies (GSM, WAP, SMS, 

etc.), location technologies, local and wide area network technologies, wireless technologies, radio 

links and broadcasting technologies, interface technologies (video, audio, tactile, etc.), etc.

Although a lot of experiments have been launched, these technologies have probably not reached a 

sufficient degree of development to be able to be totally adapted to Traveller information. Indeed, 

some studies (e.g., studies carried out within the GOTIC project) have shown that “real time” 

information via Internet or via mobile phones was not used to a great extent. 

Finally, another weakness concerning these technologies is probably the absence of norms and 

standards. This problem is particularly important for multimodal information systems. Even if some 

projects have addressed these issues (TRIDENT for example), more efficient norms and standards 

should make possible and easier the networking and the connection of different information servers 

and systems in a multimodal/multi-provider environment.
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1.3.3. Business cases, Costs and Lesson/s Learned

At the heart of the development of information services that involve private organisations (who 

are/were under limited or no legal obligation to commit), is the need to have a clear business case. 

Some research projects have considered the potential of information services for generating extra 

revenue through increased ticket sales. These studies are very rare and often outdated. However, 

there appears to be a consensus that greater investment in information provision can show a positive 

return.

To confirm the above comment, the results
1
 from the GOTIC project can be noted. The investment 

in the information system in Gothenburg has cost approximately 16.5 million Euros, and it has paid 

for itself after about only 1.5 years.

1.3.4. Organisational aspects and barriers for implementation

1.3.4.1. Political and financial commitment

Information systems cannot act alone to improve the efficiency of Public transports. Success in 

system introduction requires a strong political commitment and a healthy commercial environment 

for operators, including supportive trends in land use planning, and traffic management. 

In addition, for multimodal information systems, a need for public transport authorities to provide 

the substantial capital investment seems necessary (at least for the common part of the system 

which is shared by the different operators and providers).

1.3.4.2. The costs

The high costs for developing and implementing traveller information systems has been the main 

constraint mentioned by the operators. It is linked to the limited market for these systems. Most of 

them are developed and implemented in only one or a very few number of PT networks, due to the 

diversity of situations and specifications. The TRANSMODEL initiative aimed at providing this 

area with a common global “system architecture” with the view to homogenise and enlarge the 

market for the new applications or systems. A strong impetus should be given to start again with 

such an initiative, which is currently stopped at European level. 

1.3.4.3. Other issues

• Intermodal information implies co-operation between operators that are often in 

competition and moreover, multimodal information that integrates individual transports implies 

the co-operation with bodies in charge of traffic information. Such a co-operation cannot start 

from scratch and needs the mediation of public authorities based on a clear political vision. 

• Vandalism, particularly at bus stops, is an important constrain for the transport networks 

that equip their networks with modern traveller information systems.

1 “Effect of Real Time information in Gothenburg” – 2002
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1.3.5. Conclusion

In view of these issues, it became apparent that at national level, the development of national 

multimodal information systems is of great importance even if they only represent one part of the 

travellers information systems. They are difficult to put into place due to the fact they involve a lot 

of partners in a competition context. They come up against a certain number of stumbling blocks 

that could affect future research, notably: 

ß In terms of savings:

A lot of operators consider that the information is sensitive commercial data and are reluctant 

to make it available to third parties; The work to compile the information has a cost and it will 

be important to show transport operators what return/s they can expect (need for business 

studies and evaluations).

ß In technical terms;

The sources of the information (timetables, maps, location data, etc.), the exchange 

technologies and the diffusions systems are numerous and varied and it appears that work on 

standardisation would be necessary. 

ß In legal/institutional terms;

The examples of implemented systems in The Netherlands and Germany put into evidence the 

importance of these two factors in the choice of the architecture of the multimodal information 

systems.

Finally, it appears that, since Public Transport had sorted out their own problems (mainly 

economic, organisational and institutional), the next stage of development of these systems will be 

the integration of other modes of transport, namely, individual motorised and non-motorised

transport modes.

1.4. Future trends

1.4.1. Main current research axes

1.4.1.1. At the European level (PTRC)

      Three main issues have been investigated at European level.

1.4.1.1.1. The User needs specifications and market acceptance. 

Three European research projects of the Telematics Applications Programme (4
th

FP):

INFOPOLIS, TELSCAN and EUROTRACS have especially investigated the traveller needs. 

The researchers of INFOPOLIS have, after following the traveller along his journey, identified 

tasks and activities at its different stage and specify its need according to these tasks and 

activities. In EUROTRACS, the research has been mainly focused on the needs of intermodal 

travellers, and TELSCAN was especially focused on the needs of disabled and elderly 

travellers.

These projects have identified a set of applications or systems able to fulfil the user 

requirements all along his trip. Some of these are already available and their implementation is 
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on going (for example: at stop real time information systems). But a lot of these systems have 

still to be specified in detail, designed and implemented within pilot demonstration projects, to 

ensure the real completion of this research stream. 

The market acceptance or willingness to pay for new traveller information services has not been 

widely investigated. The largest investigation has been carried out within the TAP projects 

(PROMISE and INFOTEN), which were only focused on the “Personal Traveller Assistant” 

concept, and within the TAP project CONCERT that had investigated a pre-trip information 

system.

It was clear from the trial feedback of these different projects that the willingness to pay is low. 

But this willingness varies depending on different factors. Especially the type of terminal from 

which the information is delivered. It is, for example, slightly higher for portable and mobile 

devices than for public kiosks. But with mobile devices the quality of information still remained 

too low to allow a fair evaluation of the willingness to pay for such a new customised service.

The improvement of the service: “availability & quality of Human Machine interface”, and 

especially “personal customisation”, will lead to a higher willingness to pay.

1.4.1.1.2. The Human-Machine interface

Two projects were dedicated to the problem of interfaces of PT information systems: 

INFOPOLIS and TELSCAN, also involved in User needs analysis (see §3.2). Other projects 

were more particularly related to specific devices as Personal Travel Assistant. 

However, reviewing all these studies the following comments can be reported: 

1. Audio systems:

Very little work has been carried out at the EU funded level concerning call centres and audio 

interfaces and systems in general. But it is a fact (see actual situation) that national initiatives 

proposing a unique easily memorised phone number for travelling all over the country have 

been already developed. It has been mentioned that the next stage of development for this 

system could be the integration of real time information.

2. Broadcasting information:

It is common practice to provide traffic information through local radio and TV stations. 

However, nothing exists for Public Transport (except in certain such cases as when there are 

strikes). It would be valuable to use this medium for when major delays occur on the transport 

network. This means of information must be further exploited in Public Transports.

3. Easy accessibility: 

For the transport users, information systems are multiplying more and more as new media and 

channels appear. This multiplication of devices and systems can render difficult the accessing of 

information. It is necessary to move towards systems that are able to recognise the traveller, 

know him (habits, preferences, etc.) and care for him.

4. Personalisation

In order to avoid the traveller being submerged by too much information, there is a need for 

personalising information.

1.4.1.1.3.  Information collection, system architecture and information transmission

Before being provided to the traveller on different media, information has to be collected and/or 

elaborated. In this domain, most of the projects worked on the problem of data modelling, 
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system architecture, data exchange and interconnection of information systems in a multimodal 

environment.

1. Data modelling

In previous years, TRANSMODEL established a first reference data model for Public 

Transport. This model concerned only the operation domain of a bus company. Extensions 

concerning Traveller information and real-time information have been added recently within the 

French project SITP, but the TRANSMODEL initiative is no more supported at European 

level(see §3.4.2)

 2. System architecture and data exchange 

As mentioned by ROSETTA (5th FP Accompanying Measures), existing data exchange systems 

developed at European level were, until the 5th FP only linked to exchange of traffic data, and 

mainly based on the use of DATEX specifications which imposed the use of the ALERT C 

location referencing system. This choice for the exchange of road information in the inter-urban

environment was made when no other solutions were available at the European level. Today, 

data is being exchanged in both urban and inter-urban environment and also between private 

and public transport. Several projects attempted to provide an evolution of the standard.

The most important was the 5th FP TRIDENT project. It aimed at supporting multimodal 

travel ITS services by establishing common specifications that enabled the sharing and 

exchanging of data between transport operators of different modes (bus/tram/metro, rail and 

road) as well as information service providers. 

This project was based on two approach: an EDIFACT (messaging) approach that was 

widely investigated in the 4th FP DATEX and an object-oriented approach, using more 

recent technologies such as Object Oriented exchange and database access techniques. 

Merging the work on DATEX for the “road” part and those of TRANSMODEL/SITP for the 

“PT” part, the project delivered a set of specifications describing: 

- A common architecture for multimodal traffic and travel information exchange;

- A common object-oriented data model and data registry for road traffic and public 

transport information;

- A common location-referencing scheme that can be adapted for specific 

applications.

The 4th FP EU-SPIRIT project (inspired by the DELFI German project, see §3.1.2) built up 

a system appropriate for European-wide continuous and seamless timetable information. 

Similar to EU-SPIRIT, national projects are also ongoing in France (through projects under 

the PREDIM programme), the UK (Transport Direct, see §3.1.3) and Germany, and are 

proposing to use in certain cases, more recent Internet technologies. 

3. Telematics platform

The complexity of collating intermodal transport information, leads to the emergence of new 

systems (telematics platforms) and operators. The SMITH and ISCOM projects within the 5th 

FP dealt with this topic and some experience with Telematics platforms has been made. 

Telematics Platforms of which the objective is to collect and manage non-homogeneous info
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rmation (real-time, off-line information) from different data providers aim at being the link 

between Transport Service Operators and Value Added Service Providers (VASP) and 

Transport Information Brokers (TIB).

These platforms are relatively new and it is probable, that technical work remains to be carried 

out in this domain.

Concerning the stream of research carried out under the PTRC umbrella, and according to 

ROSETTA, “it seems there is still substantial uncertainty about the most suitable method for the 

intermodality domain”.

1.4.1.2. The French Programme : PREDIM

As noted by its name: Plate-forme de Recherche et d’Experimentation pour le Développement 

de l’Information Multimodale, is a French research programme aimed at developing multimodal 

information. This programme was launched in December 2002 by the French Ministry of 

Transport and has four main goals:

• To create a network for actors who want to implement projects

• To share and co-ordinate resources

• To experiment, evaluate and benchmark new services

• To launch prospective studies

10 projects ranging from 50 Keuro to 2 Meuro have already been accepted. The first results are 

planned for mid 2003.

1.4.1.3. Specific aspects : Disabled and Elderly 

The European Project known as TELSCAN was specifically dedicated to the requirements of 

Elderly and Disabled people for information. The TELSCAN project incorporated knowledge 

from the earlier TELAID and EDDIT projects into its analysis of the needs, together with an 

updating of the literature and state of the art, not only in the transport sector but also in 

telematics designed specifically for E&D people, for example within the TIDE programme. The 

result of this investigation is a summary of the requirements of elderly and disabled travellers

using different modes of transports.

INFOPOLIS 2 also identified specific needs for impaired people, essentially in the domain of 

the presentation of information and in the domain of Human Machine Interfaces. 

In the United States, since the 1992 American with Disabilities Act (ADA) which ensure that 

people with disabilities will have equity in the use of electronic and information technology, a 

lot of researches have been carried out. A great number of guidelines, recommendations, good 

examples and resource for designing information systems for users with mobility impairment 

have been issued (for example: Accommodating mobility impaired users on Web – Yu Deng –

April 2001).

However and in conclusion, although the specific needs of E&D people have been well studied, 

it has to be mentioned  that it appears that these findings are very rarely taken into account in 

the design of traveller information systems
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1.4.2. Potential axes for future research

The stream of research that was conducted in the TAP and 5
th

 Programme could be continued 

within a 6th FP through an Integrated Project, that is currently prepared under an ERTICO 

umbrella, named ITS-net.

This IP should not only integrate traveller information but also other services such as tourism, and 

would focus mainly on inter-regional services.

Finally we can summarise the main axes for future research based on our current review as 

“perception and use”, “personal relationship” and “willingness to pay”.

1.4.2.1. Perception and use

It seems that the requirements in terms of type of information, presentation of information, special 

needs (for disabled people for example) or needs depending on the trip situation (pre, during and 

after trip) have already been well studied throughout notably different European projects. Probable

further research will refine these needs.

However, some questions remain.

- How is the information received and understood?
- What will the user do with the information?

1.4.2.2. Personal relationship vs. Big Brother

For the transport users, information systems are increasingly multiplying as new media and 

channels appear. This multiplication of devices and systems can render difficult the access to 

information. It is necessary to move towards systems that are able to recognise the traveller, know 

him (habits, preferences, etc.) and care for him.

In order to avoid the traveller being submerged by too much information, there is also a need for 

personalising information. 

- How far can we go?

1.4.2.3. Willingness to pay

It is clear that the willingness of customers to pay has not been clearly established. Studies have 

shown that the majority of potential users were willing to pay up to 0,47 Euro for specific 

information relating to a given trip. Potential users who were offered the possibility of paying for 

services on a monthly basis were prepared to pay from 2.5 Euro/month in France to 11.2 

Euros/month in the Netherlands. These variations are due to:

- Differences in service contents, for example, the number of services; 

- Free information services already existing in some countries

- Quality of service: degree of users' satisfaction 

- Is the following proposition: “ free general information but paying individual 
information”  pertinent?

1.4.2.4. Technical issues

And obviously there are a lot of technical issues that are still to be improved such as :
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- Development of a common system architecture (TRANSMODEL …)

- Development of common specifications that enables the sharing and exchanging of 

data between transport operators and other actors (TRIDENT … ITS-Net …)
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2. ELECTRONIC TICKETING

2.1. Context and Definition of the Theme

Electronic Ticketing and Electronic Fare Management have been attracting the attention of public 

transport users, operators and authorities for some years. While the first term is historically applied 

when a paper ticket is just being replaced by an electronic media storing the same data, the latter 

indicates a more comprehensive view. This, for example, could include automatic passenger 

registration without any user interaction, completely new fare systems or the integration of

interservices, each of which may somehow integrate conventional tickets as commonly known but 

is not necessarily restricted to them. In the following, both views will be taken into account even if 

electronic fare management will be the preferred terminology.

Three basic strategies can be identified as the main driving forces towards electronic fare 

management.

A first one says that many public transport operators try to attract new customers who currently do 

not use public transport. Although this has a positive economic impact on the operators in terms of 

revenue, market share etc. this is also in line with improving the modal split in cities and urban 

areas and with social, environmental and further aims of the public. The required knowledge and 

the neccessity of purchasing of a ticket prior to a journey may especially prevent occasional users 

or those who are not familiar with local specifics from using public transport. Specifically, the 

supporters of this strategy claim that new customers could only be attracted by reducing access 

barriers –

• reduced a-priori knowledge of fares (Which ticket? Which tariff zone? Etc.; Price information 

is not primordial but possible for those who wish it)

• reduced a-priori knowledge of the distribution ways (Where is a ticket vending machine? How 

to use it? Does it accept bank notes or credit cards?)

• more user-convenient ways of ticket distribution (at any time, at any place, e.g. mobile phones)

• improved public image

Thus, electronic fare management can provide appropriate solutions.

A second strategy seeks to improve the intensity of using public transport. This relates to the fact 

that in many cases transport capacity which is available could be used by more passengers at no or 

litte extra costs for the operator, thus improving its overall economic situation. Here the assumption 

is that occasional and frequent customers may use public transport more often if there would be –

• reduced or no user-required actions through automatic passenger registration without the need 

to buy tickets

• attractive and more customer-oriented fare systems 

• individual customer loyalty or bonus programmes

• interservices, such as park & ride or access to leisure activities

Electronic fare management can reduce the restrictions to fare policies that are caused by the 

limitations of using conventional vending machines (e.g. only few buttons for ease of use). New 

fare systems can be designed to satisfy the demands of different user groups or to take individual 

travel behaviour into account.

Finally, a third strategy tries to improve the operator’s economic situation at constant demand. This 

can be achieved either by improving the overall efficiency or by increasing fare revenues; 

specifically by -
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• reduced usage and maintenance of vending machines and other distribution devices if replaced 

by automatic passenger registration

• flexible, short-time and cost-efficient electronic adjustment of fares

• replacement of cash money by electronic ways of payment 

• reduced fare evasion and ticket forgery

• comprehensive and cost-efficient collection of statistical data

• revenue sharing between operators based on exact data

Also for this strategy electronic fare management can provide the appropriate solutions.

Therefore, the driving forces are mainly related to improved ways of ticket distribution up to 

automatic passenger registration at the one hand and new fare systems at the other. 

Electronic Fare
Management

Electronic Fare
Management

open payment
schemes

traveller
information

(road) toll
collection

mobility
management

operational & 
strategic planning

marketing, CRM
& price policy

individual
safety

vehicle & fleet
monitoring

interservices,
parking etc.

intermodal & inter-
operable journeys

However, as the above figure illustrates, there are far more aspects that are related to electronic fare 

management, namely :

• open payment

schemes

Often customers already use a payment scheme of the credit 

institutions, which could be utilised for the payment of transport 

services and interservices.

• intermodal
journeys

Intermodality mainly relates to the use of the same user 

equipment with different modes of public transport (e.g. taxi, 

bus, metro) of the same or different operators.

• interoperable
journeys

Interoperability mainly relates to the use of the same user 

equipment with different transport operators (e.g. different 

local bus operators)

• interservices Interservices are combined services that are offered in 

conjunction with public transport (e.g. parking space payment 

or theatre ticket purchase). Interservices may include the easy 

access to customised services.

• marketing, CRM
& price policy

This covers all aspects of customer research, the translation of 

price policies into fares and customer relation management 

(CRM) through loyalty programmes, optimised contractual 

offers for occasional and frequent users etc. 
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• traveller
information

Customers often require time-table and route information for a 

specific journey in conjunction with an appropriate ticket. 

• vehicle & fleet
monitoring

Vehicle and fleet monitoring may benefit from the data that 

can be obtained from on-board ticketing components, whereas 

fares could be based on real-time information from vehicle 

monitoring systems (e.g. price bonus for delayed vehicles)

• operational
& strategic
planning

The assessment of real usage data collected in ticketing 

components (e.g. peak load, itineraries) may be used to 

determine time-tables, routes as well as long-term adjustments 

to the transport capacity that will be offered.

• individual safety One could imagine that electronic fare management systems 

might be enhanced with an individual alarm function, which 

either informs the driver or automatically transfers the 

passenger’s location to an emergency response center.

• (road) toll
collection

The integration of electronic toll collection for road usage with 

electronic fare management would allow travellers to use 

public transport and private cars with the same user device.

• mobility
management

Electronic payment schemes that include public transport as 

well as road toll or parking payment would allow to translate 

local transport policies into specific fares instead of regulations 

(e.g. to control or restrict inner-city traffic)

2.2. Applications, Objectives and Character istics

2.2.1. Classification Approach

Using different technical and functional approaches, various projects or systems at demonstration, 

pilot or productive level have been implemented across Europe until today. Nevertheless, the main 

system components may be identified in the following generic way:

access systems
(in-vehicle)

access systems
(platform)

access systems
(comm‘s network)

background
system

access to
interservices

background
system

distribution & service
infrastructure

passenger control
infrastructure

distribution & service
infrastructure

(open) payment
infrastructure

(open) payment
infrastructure

user
device

Both from a user’s and from the system’s point of view, an electronic user device and its handling is 

considered as a central component. It is able to communicate with so-called access systems, by which 

process the passenger is entitled to use a transport vehicle (for instance storing a ticket on the user device or 

reading the device’s identification number). The access systems transfer the according purchase, travel or 
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other data to a background system and obtain from there for instance fare and blacklist data. The access 

system may also be an external communication network, if for instance the user device is a mobile phone. 

Further, the user device needs to be distributed  through a certain infrastructure to the customer (and possibly 

re-collected after its life span) and services such as information about a customer’s travel history are to be 

provided. The user device may also be used for payment, which in the case of an open payment scheme is 

supported by a different infrastructure provided by credit institutes. If additional services beyond pure 

transport (i.e. interservices) are offered, similar infrastructures are needed, which is shown at the left hand 

side of the above figure.

2.2.2. Summary of State-of-the-Art for Electronic Ticketing/Fare
Management

Following this generic structure, three issues - the different types of user devices, the way in which they are 

to be used by the customer and the technology for interacting with the access systems - have been considered 

as relevant for structuring the variety of projects mentioned above. The assessment of the working group 

experts is shown in two tables and will be explained in the following text sections. 
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contact-based X - E1 - - - - -

contact-based X x - E1 - - - - -

proximity X - A1 - - - - -

proximity X x C1 A1 C1 D1 D1 A1 -

proximity x x B2 A2 C2 D2 D2 A2 -

vicinity X x - D1 - - - - -

proximity & 

vicinity
X x x - D1 - - - - -

Long-range (or  

wide-range)
x x - D1 D1 D1 D1 C1 -

Bluetooth x x - - - D1 D1 - -

SMS X - - - B3 D3 - -

Internet / WAP X - - - D3 D3 - A1

Speech

recognition
X - - - D3 - - -

A – established ticketing technology (i.e. successfully being used in a number of operating systems)

B – emerging ticketing technology (i.e. successfully being demonstrated in a number of large pilot projects)

C – demonstrated ticketing technology (i.e. demonstrated in one or few pilot and/or R&D projects)

D – proposed ticketing technology (i.e. proposed in publications but not yet demonstrated successfully)

E – ticketing technology with limited future prospects

1 – for most user groups in closed or open systems (open =  without gates, barriers etc.)

2 – for most user groups in closed systems; not convenient for users in open systems

3 – for specific user groups (e.g. occasional, less technically-oriented or handicapped users)

or requirements (e.g. for the collection of statistical data only)

- – no known application or not applicable

2.2.3. Technical Aspects of the Different Kinds of Systems
This table illustrates at first how the various technologies can be further differentiated according to 

the user-required actions. The main distinction is between a manual ticket selection as 

conventionally used today and an automatic fare calculation, where the customer does not 
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necessarily need to know the fare for a specific journey. Of course, he must be able to obtain the 

relevant information to check the price if he wishes to do so but this is not a necessary pre-

condition to be allowed to use a transport vehicle. The fare is instead derived by the access or 

background systems based on procedures by which the actual journey is measured, namely check-
in/check-out (CICO), walk-in/walk-out (WIWO) or be-in/be-out (BIBO).

CICO requires an intentional user action; i.e. the customer has to present his user device at a in-

vehicle validation device while entering and/or leaving a vehicle or alternatively at a platform. 

WIWO is based on antennas which are for instance placed at vehicle doors. They perform an 

entrance and exit registration by detecting the user device carried by a passenger without a required 

user action. In contrast, in BIBO systems the user devices carried by passengers are detected while 

the vehicle is moving from one station to the next, thus allowing to register all passengers that are 

actually on board at that time.

The technology differentiated by user actions is then combined with typical user devices used in 

electronic ticketing or fare management systems, respectively. The main distinction is here between 

those that do not require a battery (disposable media and memory or smart cards) and battery-

equipped devices, which are more complex and costly but offer additional features such as displays 

or user buttons. The assessment of the experts shows whether a certain combination is relevant and 

has been made with respect to the state of maturity of each identified combination (A…E) and to its 

principal appropriateness for users in open systems, closed systems or for specific user groups 

(1..3). Contrary to open systems, closed systems are characterised by entrance barriers to platforms 

or vehicles and can typically be found in metro systems.

Contact-based technologies are mainly based on a standardised communication between user 

devices (only memory or smart cards) and access systems according to ISO 7816. Proximity
technologies are often based on contactless communications according to the different sub-

standards of ISO 14443, which results in transmission distances of about 10 cm. Vicinity
technologies are related to ISO 15693 and usually cover transmission distances of up to 1m. The 

long-range (or wide-range) technology as proposed for ticketing applications by Siemens TTS 

requires a battery in the user device and combines inductive coupling with radio frequency data 

transmission. While the first communication method is used to activate the user device when 

entering a transport vehicle, the second one allows contactless data transmission between all places

within the vehicle and, for instance, electronic access components at its ceiling. The technology 

provides anti-collision mechanisms to prevent the collision of electronic transactions as they may 

occur otherwise. Other long-range technologies have also been investigated in Switzerland but were 

not proven successful. The SMS (Short Message Service) technology utilises mobile phones and the 

GSM (Global System for Mobile Communication) network. The ticket selection is performed by 

sending an SMS to the background system, either accompanied by a specifying text or by sending it 

to a specific phone number for each possible ticket. An electronic ticket is then returned via SMS to 

the user. In a similar way the Internet can be used for ticket purchase, both via home PC’s or at 

public PC terminals and via mobile communication using WAP (Wireless Application Protocol). 

The most common way of using the Internet is that customers select the desired ticket at the PC and 

print instantaneously the ticket, which is secured against forgery or misuse for instance by check 

codes. With WAP applications, the user could select a ticket in the same way using his mobile 

phone and then receive the electronic ticket. Finally, speech recognition would allow to select a 

ticket by a phone call. The electronic ticket is then transmitted via SMS to mobile phones or simply 

stored in the background systems and can be checked when a passenger control takes place.



Making Public Transport Easy…

30

2.2.4. Summary of State-of-the-Art for Applications Related to Electronic
Fare Management

This section completes the above assessment with functionalities beyond the core ticketing systems. The 

table shows how the different user devices (based on the explained technologies) are applied today to fulfil 

further functionalities that are related to electronic fare management (for the latter functionalities a 

distinction according to the type of user device was not made). Aspects of interoperability and 

standardisation were not in the given scope of this work. 
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B A C - - A -payment of fares, interservices incl. 

loyalty programmes –

closed schemes account - A D A A A -

bank

purse
- D - - - - -payment of fares, interservices incl. 

loyalty programmes –

open schemes
bank

account
- - - - - - A

comprehensive interservices suppor t

(multi-application)
D A C D D - A

integrated traveller  information 

(time table/route etc.)
- - - A B - A

integration with PT vehicle & fleet monitor ing D

integration with electronic toll collection

(road pr icing)
D

integration with fur ther  intermodal

mobility management systems (parking, city 

access schemes etc.)

-

Integration with PT operational or  strategic 

planning tools
-

A – established ticketing technology (i.e. successfully being used in a number of operating systems)

B – emerging ticketing technology (i.e. successfully being demonstrated in a number of large pilot projects)

C – Demonstrated ticketing technology (i.e. demonstrated in one or few pilot and/or R&D projects)

D – proposed ticketing technology (i.e. proposed in publications but not yet demonstrated)

- – no known application or not applicable
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2.3. Exper iences with Implemented Applications

2.3.1. Relevance to the End User
The following example projects have been named and explained by the working group experts:

• France NAVIGO system based on EC project CALYPSO 

• Italy S.T.I. Sistema Tariffario Integrato (planned)

• Portugal LISBOA VIVA card

• Romania Bucharest System (planned)

• Netherlands Public Transport Chipkaart (planned)

• Switzerland EasyRide Basel

• Finland SMS Ticketing Helsinki

• Austria SMS Ticketing

• Czech Republic Prague System (requirements)

The example projects from France and Italy are based on contactless smart cards for regular users 

and contactless disposable paper tickets with an electronic chip for occasional users. In the Portugal
example only contactless smart cards are used.  In all these projects passengers generally have to 

check-in before a journey starts. According to the single check-in action only conventional fare 

systems are applied and thus, a manual ticket selection is required from the user. Check-in/check-

out is used in RER and regional trains in France and in the metro in Portugal.  It is planned to 

integrate electronic bank purses and interservices into the systems, such as access control and 

payment for parking or museum entrance. In Italy it is also planned to integrate mobile phones and 

electronic road toll collection into the system. In Portugal it is also intended to offer mobile phones 

and integrated traveller information. Similar to these systems, in the Romania example it is planned 

to use contactless cards for season tickets combined with a check-in action.

A slightly different approach has been chosen in the Netherlands project example. While in a 

similar way contactless cards have been chosen, check-in/check-out actions will be required as the 

standard procedure from the passengers. This is mainly due to the fact that this project aims 

primarily at a nation-wide rail ticketing system where gates are required for reasons of safety for 

passengers and personnel. If the project is to be extended to open systems such as busses, the same 

user actions are planned. Therefore, automatic fare calculation based on exact travel data can be 

applied throughout the system instead of today’s fares and ticket types.

In the Switzerland example, the technical feasibility and user acceptance of the long-range

technology has been proven. As already mentioned in an earlier section, a specific electronic user 

device has been used. No user actions were required from the passengers and precise and 

comprehensive travel data were obtained. Thus, automatic fare calculation could be applied if new 

fares are to be offered. It has been learnt that the users want to be informed about the fact that a 

registration is taking place and as well about its correctness. This requires a display on the user 

device, which may also be used during ticket inspections.

Two systems from Finland and Austria showed how SMS based tickets can be offered via mobile 

phones. While the Austria example is limited to long-distance tickets the Finland example is 

currently restricted to local transport. In both cases the tickets are paid via the bill of a mobile 

communication services provider. The target user groups are occasional customers. The experiences 

show that this kind of service is accepted by users of that group and that it provides a modern image 

of the transport operator. In Finland it seems that new customers could be attracted who would not 

have been using public transport otherwise. In Austria, however, it is not planned to extend the 

current SMS system to local transport. In both systems only conventional fares are offered since the 
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user has to select the correct ticket manually. Precise travel data cannot be obtained in Finland 

because only zone-based tickets are offered. 

Regarding the Czech Republic example the following requirements were named for an electronic 

fare management system: suitability for all transport modes (i.e. busses, trams, metro), no check-out

in open systems and the possibility of flexible fares.

2.3.2. Strengths and Weaknesses of the Different Technologies
Although the contact-based technologies are widely used in other application areas, for electronic 

fare management they show serious disadvantages. One of the main ones is that the range of user 

devices is limited to standard cards only (no mobile phones etc.) because ISO 7816 electronic 

contacts must be placed at the surface and inserted into a reader’s slot. Another one is the long 

overall transaction time, which results from inserting the card into the validator’s slot. This is not 

suitable for high passenger throughputs, neither at gates in closed systems nor while entering a 

transport vehicle in open systems. Nevertheless, this technology had been applied to both systems 

in the past but in most cases only in conjunction with a manual ticket selection before the journey. 

Beyond that, there have for instance been trials in Germany where a manual pre-selection of the 

type of ticket was enhanced with a check-in while entering a vehicle, so that the actual ticket could 

be dynamically generated without an extra selection for the specific journey. However, for 

electronic ticketing there seem to be no future prospects for contact-based technologies.

The proximity technology avoids these drawbacks. As there are no surface contacts, the user 

devices that have already been used or proposed vary widely although memory or smart cards are 

dominant. In France and Germany there have been trials to use contact smart cards in connection 

with an electronic proximity folder, which transformed the information from the card’s contact 

interface into contactless communication with the access systems and vice versa. In France and 

Italy, even disposable paper tickets with an integrated antenna and a memory chip have been 

applied. The transaction times are sufficient short with a maximum of about 150…300ms. Due to 

the small transmission distance, the user is required to present the user device close to the validator. 

This is on the one hand considered as an advantage since by doing so he expresses his intention to 

participate in the ticketing scheme. On the other one, this user-required action seems hardly 

convenient in open systems; especially while exiting a vehicle and for frequent users, which usually 

use season tickets today without any action while travelling. Thus, most known proximity 

applications require a manual ticket selection, which could be combined just with a single check-in

action (see also above for contact-based technologies). Both check-in and check-out as it would be 

necessary for automatic fare calculation is only considered suitable for closed systems. Proximity 

technology is used in most of the electronic ticketing or fare management applications today and 

has proven a mature technology. 

Vicinity technology has been proposed and tested in laboratories for some years. Because of the 

larger contactless distance it avoids user-required actions during a journey. Nevertheless, so far no

satisfactory results regarding a high and reliable detection rate are known. This is mainly due to the 

fact that the horizontal and vertical orientation of the card during the detection process influences 

the detection rate. Further, the maximum field strenght fixed by law limits the transmission distance 

(and the data rate) and consequently, this technology has not yet been proven successful for large 

doors which open significantly more than 1m. Finally, the door antennas require high installation 

efforts and need carefully mechanical adjustments for optimal operation. According to the limited 

detection rate vicinity technology has been suggested for manual ticket selection by the customer in 

conjunction with the collection of data for statistical purposes only instead of automatic fare 
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calculation. Trials are known from France where both vicinity and proximity were used on the same 

card to allow a reliable check-in via proximity and a passenger exit detection via vicinity.

The long-range technology is the only technology specifically designed for automatic fare 

collection in both closed and open systems. It has been successfully demonstrated in Switzerland 

using a customised user device (smart card format,  thickness about 3mm, with display and battery). 

The technology works completely “hands-free”, i.e. no user actions are required. Yet, an intentional 

user confirmation by pressing a button on the user device could be offered if the customers prefer 

such action. If desired, the transmission distance can be reduced to a few centimetres in order to 

replace proximity technology at conventional validators. In such a case the user would be required 

to present his user device directly to the validator. The installation is invisible and secured against 

vandalism since it can be mounted within the vehicles’ ceiling. The detection rate has proven 

sufficient high in a pilot with public users. Due to the absence of user-required actions whilst 

travelling, this technology is especially suitable for handicaped people. A drawback lies in the fact 

that this technology is today proprietary, and secondly that the user device has not yet reached the 

size and price of a smart card.  The technology has not yet been applied in a fully functional fare 

management system.

A similar approach had been suggested using a future Bluetooth interface of mobile phones. This 

would allow to utilise standard user devices that potential customers already have at hand. 

However, this has only been a proposal so far, and it is not clear if the Bluetooth standard (designed 

for office applications only) could really be applied to ticketing applications with respect to 

performance, reliability and security.

The SMS technology is limited to those users that are willing and physically able to write SMS. As

existing mobile phones could be used without modifications or extensions, this seems to be an 

appropriate solution for non-frequent or occational users. However, the tickets have to be manually 

selected and thus, an automatic fare calculation with new and potentially more detailed fare systems 

is not possible. The same applies to Internet/WAP based technologies.

Speech recognition would allow limited but different user groups a convenient ticket purchase 

compared with SMS/Internet/WAP users. Again, existing phones could be used but an automatic 

fare calculation seems difficult. The main question however is whether or not the quality of the 

speech recognition is sufficient to cope with different languages, dialects and accents in noisy 

environments as typically met outside the home or office.

2.3.3. Business Cases, Costs and Lessons Learned
All the reasons for implementing electronic fare management systems that have been listed in the 

introduction have been agreed on as valid and important. However, in practise they have only been 

equally fulfilled in ticketing applications for closed systems.  When new closed systems were 

installed, the business case was mainly determined by maintenance factors such as the necessary 

replacement of an existing magnetic-stripe card system or by non-ticketing factors such as safety 

and security purposes for passengers and personnel. The introduction of gates is the main driving 

force and cost justification in the Netherlands example, where the smart cards consequently become 

necessary as keys for opening the gates and additionally fulfil the tasks of ticket storage etc. Thus, 

the card system does not need to be judged entirely with respect to its financial implications. A 

similar experience has been made in the Portugal example.

Despite the fact that a number of projects have been realised for open systems with conventional 

fares and check-in actions, the main financial conflict remains between user comfort as provided by 

no user-required actions when using a transport vehicle and the majority of objectives as listed in 

the introductory text section. It seems that in open systems only long-range technology is able to 
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satisfy all of them. Compared with proximity technology, the costs of the validator installations in 

vehicles or at platforms can be potentially reduced by simply installing a few access devices at the 

vehicle’s ceiling. However, the respective user devices are more cost expensive due to the required 

display and battery and not yet standardised.

In summary it was concluded that only the complete renewal of a conventional paper ticket system 

can result in sufficient rationalisation effects, which in turn financially justify the introduction of an 

electronic fare management system. However, due to the wide-spread use of self-service vending 

machines especially in local public transport there are few possibilities to reduce significantly a 

major cost proportion – the reduction of sales staff. Hence, the importance of new and attractive 

fare systems and tariff differentiation was stressed, which can only be realised with automatic fare 

calculation based on precise travel data. In this way more customer-oriented fares can be offered, 

which could at the same time lead to  increased revenues contributing positively to the overall 

business case. 

The examples of Romania, Italy, France, Netherlands and Portugal also highlighted the importance 

of reduced fare evasion and fraud, which also contributes to a positive financial assessment of 

electronic fare management. 

It has also been concluded that SMS ticketing can be an add-on for occasional users to more 

comprehensive ticketing systems suitable also for regular users, such as proximity or long-range

technology. Although the price of an SMS could be slightly lower than a paper ticket (by using the 

customers’ mobile phones and the GSM communication network), SMS ticketing will not 

substantially reduce the costs of the distribution infrastructure of paper tickets. Probably SMS 

tickets will be sold within a more comprehensive mobile payment scheme, which also includes 

other services.

After all, it was stressed that also the social benefits of electronic ticketing and fare management in 

terms of attracting more customers to public transport should be reflected in the business case.

2.3.4. Organisational Aspects and Barriers for Implementation
There has been consensus that organisational issues play a major role when introducing fare 

management systems. One of the difficulties arises when the revenue must be shared between 

different operators. As often only rough travel data are available for sharing revenues today, many 

operators cannot foresee their future share when based on more precise data.

In this respect, public authorities could possibly stimulate the introduction of new ticketing systems 

by providing financial planning stability to the operators until a new system has reached a state 

where the positive benefits have levelled out the difficulties regarding revenue splitting. It is also 

recommended that investment costs could be supported since in most cases there will be a phase of 

parallel operation of both an old paper ticket system and a new electronic system. This holds 

especially true when interoperable and intermodal transport is required for the public benefit 

because in such cases many operators and different technical restrictions play a role, which 

normally prevents the introduction of a new system in a single step. Very positively received were 

the governmental activities in the preparation and financial support of a nation-wide electronic

ticketing system from the Netherlands example.

A similar problem arises from the difficulty of implementing the technical system and a more 

attractive fare system concurrently. Each of these aspects increases the positive effects of the other, 

and usually the main effects for customers and operators will result from an optimal combination of 

both. However, it will be on the one hand rather difficult to introduce the ticketing equipment for a 

complete urban area in one single step. On the other hand, if that cannot be accomplished, the 

overall costs increase since the existing fare system needs to be implemented temporarily on the 
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new technical platform (causing some extra costs) and additionally, the benefits of a new fare 

system in terms of attracting new customers or increased revenue will not appear.

With respect to the technology used and specifically to user devices, a decision must be made 

whether new or even new types of devices will be distributed to the customers. Alternatively, user 

devices already in the possession of customers could be utilised (e.g. bank cards). This, however, 

implies some additional obstacles such as the agreement with third parties about the devices’ life 

cycle, their maintenance, the responsibility in case of malfunction or if user assistance is needed. 

Different levels of required security or interoperability often place another burden on using user 

devices from the field. In this respect, the emerging new European standards EN 1545 and IOPTA 

are expected to provide a solid foundation for future implementations.

Some user groups such as occasional vs. frequent users, elderly vs. young  people or handicapped 

vs. non-handicapped people  will prefer different types of user devices or additional functions such 

as time-table information. This requires a well-balanced approach of introducing a new ticketing 

system if the possible temporary exclusion of some groups shall not prevent the realisation of the 

complete system at all.

Finally, a range of legal or related aspects have to be taken into account, such as the fact that some 

operators do not permit the usage of mobile phones in their vehicles. 

2.3.5. Impact on people with reduced mobility
One of the major concerns with respect to new ticketing solutions should be their impact on 

mobility-impaired and disabled people. Some of the main issues are highlighted in this section.

Today, common ticket distribution systems are based on the assumption that public transport users 

are able to -

• obtain the necessary information before buying a ticket: location of vending machines or 

service centres, tariff information, instructions for ticket use, etc.

• move to the point of sale (vending machine, service centre): use of transport means, physical 

access barriers (e.g. stairs, doors, kerbs), etc.

• manage the process of buying a ticket (esp. at vending machines): instructions for use, reading 

symbols and display messages, pressing buttons, etc. 

Although measures that make these actions easier for mobility-impaired and disabled people are 

normally taken (e.g. free use of public transport), the overall situation is still not sufficient for those 

who are not entitled to free transport. 

In this respect, electronic ticketing and fare management can provide major improvements: 

In the case of manual ticket selection some technologies, such as SMS, Internet and speech 

recognition, allow a location-independent purchase of tickets, which is especially advantageous for 

mobility-impaired people. However, depending on whether a person is for instance blind, dumb or

paralysed, some of these technologies will not be appropriate.

The main improvements can be expected from automatic fare calculation. First, obtaining general 

tariff information (ticket assortment, validity of tickets, instructions for use) before a journey will 

not be necessary. In a similar way, price information may be obtained if desired but this would not 

be strictly necessary in order to use public transport. Automatic fare calculation makes the first two 

issues listed above unnecessary (expect for the initial registration etc.). Thus, it reduces actions 

prior to using public transport to a great extent. Second, the process of buying a ticket changes 

completely. Although this generally becomes easier regarding the interaction with the user, check-

in/check-out – if required – place a new burden on mobility-impaired people as they have to move 

to check-in/check-out devices at platforms or in vehicles. Only long-range technologies provide an 
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uncompromising solution since no user interaction at all is required before or while using public 

transport.

Finally, it should be mentioned that electronic storage of individual data indicating that a person is 

disabled, such as reduced fares or free transport, provides a higher level of data privacy e.g. in 

service stations or during ticket inspections.

2.4. Future Trends

2.4.1. Main Axes of the Current Research
With respect to technologies, current research topics relate on the one hand mainly to long-range

registration, i.e. systems that can provide –

• travelling in open transport systems with a high level of user convenience (no user-required

actions, yet possible if customers wish to confirm the registration)

• automatic fare calculation for new and customer-oriented fares

• precise and comprehensive travel data collection

On the other hand, some effort has been put into the research and development of SMS technologies 

that allow a manual ticket selection with conventional fares at any place before a journey. Both 

provide completely new possibilities for the future of public transport: with long-range technologies 

all types of users (even elderly or handicapped people) could for the first time easily use public 

transport without user-required actions and without a-priori tariff knowledge. SMS would enhance 

such technology for occasional users who could use their own mobile phone and pay by phone bill. 

With both technologies the development of innovative user devices such as mobile phones or 

innovative long-range smart cards with display and battery is driven.

2.4.2. Potential Axes for Future Research
It seems that proximity technology, for instance developed in the EC funded projects ICARE and 

CALYPSO, has reached a stable and mature state and does not require further research. It has been 

successfully applied in operating systems. It has been suggested to integrate proximity technology 

into mobile phones in the future, which will require additional research. Beyond the named 

examples, SMS ticketing demonstrators have also been developed within the EC funded project 

TELEPAY.

Further research is needed for long-range technologies, which provide easy access without user-

required actions (however they could still allow a confirmation action if desired by the user and 

even perform “proximity functionality” by reducing the contactless distance accordingly).

Further research is also needed for the future integration of electronic fare management systems 

with mobile payments, e.g. for a comprehensive interservices support, or for mobile 

micropayments, such as for traveller information payment. Today’s payment schemes place a 

relatively high amount of extra transaction costs on the low ticket prices in (local) public transport 

compared with other goods and services.

With respect to the findings on business cases it would support the introduction of fare management 

systems to a great extent if new fare models would be developed and evaluated according to their 

relevance to the users as well as the operators.

It is clear that the different fields of ITS are growing to each other. The main links are seen to the 

field of comprehensive traveller information, inter services (e.g. access control, parking), road toll 

collection and mobile payment schemes. It seems that electronic fare management systems, 

traveller information systems and vehicle or fleet monitoring systems will merge in the future as 
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both require similar data on vehicle routes and stops. Travel behaviour analysis based on data out of 

ticketing systems analysed within geographical information systems will provide a comprehensive 

data set on local and regional travel behaviour. This provides the opportunity for transport operators 

to adjust their services accordingly and for public authorities to measure the performance of the 

public transport networks or even to realise traffic control policies by means of dynamic pricing 

strategies instead of inflexible and simplistic regulations.
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3. OPERATIONAL MANAGEMENT

3.1. Context and definition of the theme

This theme discusses the ITS (sub)systems to support the daily real-time management of the fleet 

operations in the field of urban, interurban and rural surface public transport.  Systems for railways 

or underground are not the main focus since these systems have their own specific requirements.

Nevertheless, interconnections with these systems are taken into account and, if relevant, also 

experiences in their field can contribute to the development of more performant and reliable 

systems for the control of the fleet operations in a street environment.

Such a system is based on information and communication technologies (ICT) which allows voice 

communication and data transmission between the control room and the company vehicles on the 

network (buses, trams, trolleys, etc.), in order to perform the fleet monitoring and to generate the 

related control actions, thus optimizing its operations (by means of increasing the commercial 

speed, the regularity, etc.) and guaranteeing a more efficient transport service to citizens. 

These systems are often referred to as “AAutomatic VVehicle LLocation Systems” (AVL Systems) or 

“AAutomatic VVehicle MMonitoring Systems” (AVM Systems) since they provide Public Transport 

Companies with a set of relevant operational data on the fleet network service situation (bus 

position on the network, actual travel time/speed, amount of transported passengers, line regularity, 

lost trips, etc.) which is the basic information for the production process and verification of the 

planned public transport service.  In literature and in south European countries - mainly in France, 

Spain and Italy - these systems are also referred to as “SAE” or “SAEI” (SSystèmes d’aaide à

l’eexploitation et à l’iinformation).

The AVM systems have a strong relation to the real-time passenger information system as part of 

the theme 1 discussed in this document.  In many AVM systems the real-time information to the 

passenger is considered as an integrated part of the AVM system.  For this reason, some aspects are 

discussed also under this theme

In this document, we will use “AVM” to indicate the wide range of systems to be discussed under 

this theme.

3.2. Objectives, architectures and technical character istics

3.2.1. Implementation objectives

Since the first generation of AVM systems, we see a strong evolution in the objectives of the 

implementation of these systems.  Initially, these systems were mainly focused on the improvement 

of the regularity in heavy urban networks.

Both the technological evolution as well as the evolution in the public transport market lead to a 

wide range of additional objectives.

An overview is given from the point of view of the three main actors : the public transport 

authority, the public transport operator and the (potential) passenger.

Depending on the organizational structure of public transport, the role of the operator will vary a lot 

and will be eventually further subdivided to sub-operators which are responsible for a part of the 

services to the “head”-operator.

The objectives of the driver are indicated under the heading “operator”. 
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For the operator
- more safety of drivers, in terms of voice connection and dispatching of pre-coded and alarm 

messages to the operator in the control room

- control of service operation by means of the dispatching of automated control commands on 

service regulation (i.e. bus start time at terminals) and semi-automated commands (limited trip, 

lost trips, insertion of new buses on the network, etc.)

- user information both on board and at bus stop, and/or with direct phone calls to the operational 

control room

- verification and optimization of the scheduling of vehicles and drivers by comparing the real 

service  with the scheduled service

- bus maintenance in terms of control of the real traveled km and bus diagnosis

- better use of the control personnel on the road, reducing the overall task of control and 

concentrating it where it is really necessary

- smooth inter-modality of all public transport modes

- collection of updated information on service characteristics and results.

For the (potential) passengers
- more security for the passengers in terms of fast on-board alarms in case of emergency 

situations

- enhancement of the service quality perceived by the users/passengers mainly due to the 

increased service regularity

- real-time information on the bus arrival time at bus stops and on the interconnection with other 

services (of the same or other modes)

- onboard information on the next stop and possibility of connection with other lines and modes.

For the Authority
All these objectives are also important for the authorities which consider public transport as a 

crucial element in sustainable development.

Interrelated and in some cases interdependent, these objectives are requested by the new transport 

laws and standards set up by European, National and Local Authorities in order to increase the 

efficiency and quality of the public transport service offered to the citizens.  In this context, we see 

a growing interest to implement AVM systems to control the operational quality of public transport 

on different levels.  The AVM is expected to provide correct information on the real overall service 

performances and costs (traveled km, trips, traveled persons, shifts, etc.).

3.2.2. System architecture

The AVM systems can be functionally described in a generic architecture composed substantially 

of four main blocks/subsystems :

• The control room where planned and current data are compared as the basis for the information 

to the dispatcher, control actions and statistics ;

• The long-range communication systems to exchange data and voice between the vehicles and 

the control room ;

• The vehicle with the on-board devices, e.g. driver’s interface, information panels for 

passengers, positioning systems, ... ;

• The road infrastructure that uses information from the control room or the vehicles (e.g. 

information panels at stops, junctions controllers) or provides data for the vehicle.
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Some architecture descriptions indicate the DEPOT as the 4
th

 block looking to the long-range

communication as one of the communication links between the blocks.

Both approaches are important.  Indeed, in many systems the depots are a crucial block to provide

data to the vehicles and to link the services to vehicles and drivers.  The long range communication 

system is in any case the crucial subsystem, on one hand managing the location data and the 

messages to the vehicles and, on the other hand, allowing voice communication between the 

controller and the driver.  Therefore we suggest using a scheme in which the 5 basic elements are 

identified specifically (Figure 1).  The depot is then the fifth block :

The depot in which the vehicle is allocated to the driver and the services and the data exchange is 

done between the AVM and the vehicle.

Figure 1 : Gener ic AVM Architecture

In the different systems implemented in Europe, the subsystems interact in different ways with each 

other and different technical solutions are used for the short and long rang communication.

A typical example is an AVM architecture based on GPS system, one radio base station for the 

network coverage, an ISDN connection between the Control Room and the depots, and a short-

range device for the charge/discharge of data between buses and depots.

From the operational point of view an AVM system, by means of a long-range communication 

network, allows the on-line and real-time collection of data on the status and the position of the 

vehicles (equipped with an onboard terminal) running on the network.  The control room generates 

commands and functions of control, monitoring and regulation of the service and establishes the 

connection with the information panel for the transmission of bus arrival times at the bus stop. The 

system manages also the voice communication and the data transmission between the control room 

and the drivers in order to react in case of macro irregularity (i.e. bus failure) or danger for drivers/ 

passengers. The system permits also the on-board collection of data on the bus service, their 
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discharge at the depot and all the off line functions for the ex-post balance of the actual provided 

service.

3.2.3. Functionalities of AVM systems

In general the functions of an AVM system can be grouped in internal functions supporting the 

operators and drivers to the planned services in the best way, and external functions that indicate 

the services the AVM system can offer to other systems.

Table 1 gives an overview of the most important internal and external functions identified in the 

analysis for this state of art.

Only part of the functions is fully operational in most of the systems.  Some of the functions are 

mentioned as (possible) features of the AVM system but in practice not implemented or not really 

used.

INTERNAL FUNCTIONS

Control/monitoring functions

radio voice

radio data

monitor location of vehicles 

monitor number of passengers

control adherence to timetable

control interval

control interconnections

simulate the impact of interventions

generate control actions 

Management functions

manage operational changes

generate maintenance data of vehicles

assign vehicles to services

managing driving personnel

statistics on passengers

manage operational changes

New additional functions

booking facilities

definition and optimization of the service (route, stops, times)

EXTERNAL FUNCTIONS : REAL-TIME INTERACTIONS WITH OTHER 

SYSTEMS
priority requests to traffic controllers of intersections (direct interaction vehicle to controller of 

intersection  for priority requests )

priority requests to traffic control systems (which will control the intersections)

provide monitoring data or send control requests to other public transport control systems

generate real-time passenger info data : next stop announcement on board the vehicles

generate real-time passenger info data : passing times at stops

provide diagnostic data to garage maintenance systems

send the vehicle location (e.g. the fare zone) to the fare collection system

generate statistical data

         Table 1 : Functions of AVM Systems
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The external functions are part of the interactions of the AVM systems with other systems.

Figure 2 gives a general view of all the interactions an AVM system can have with other systems in 

and outside the public transport company.

Figure 2 : Context diagram of an AVM system

Some of the interactions are essential for the functioning of the AVM system (e.g. the links with 

scheduling, personnel management and garage management).

Some of the interactions show the services the AVM system gives to other systems of the public 

transport operator (e.g. fare collection systems, management department, passenger information

systems).

In the perception of many actors the real-time passenger information system is seen as a part of the 

AVM system.

The remaining boxes indicate possible interactions of the AVM system with systems outside the 

public transport environment.
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3.2.4. Technologies to build up AVM systems

Here you will find a short overview of the technologies used to build up the systems.  All the 

technologies have had a strong evolution the last 10 years,   especially for the communication, 

currently a wide range of technical solutions are available.

Communications
Table 2 gives an overview of the technologies for communication.

Depot Vehicle Roadside

Control Center - Wide area 

network

- Leased telephone 

lines

- Dedicated cable 

(fiber optic or 

copper)

- Private radio network

- Shared radio network

- GSM (SMS + GPRS)

- RDS (using fm 

frequencies)

- MOBITEX

- Licensed radio 

channel

- Leased telephone 

lines

- Dedicated cable 

(fiber optic or 

copper)

Depot / - Data cassette 

- Radio

- Microwave tags (2.5 Ghz)

Cable

Vehicle - Infrared or 

hyper- frequent

beacons

- Inductive loops

- Radio Tags

Radio - Infrared or 

hyper- frequent 

beacons

- Inductive loops

- Radio Tags

Table 2 : Communication media

The wide range communication between the vehicle and the control room remains the crucial 

element in the AVM system.

3.3. Exper iences with implemented systems

Here we present some findings on the actual systems already implemented or currently in the 

implementation phase.  These are based on an analysis of available literature and articles and on the

discussions in the working group session and the additional reactions of the participating experts. 

3.3.1. General aspects

a. Generic architecture accepted but different trends in implementation

On the highest level we can indicate two interesting trends for the implementation of this AVM 

architecture :

- a trend of decentralization of the functions of the control room : in some 

environments (e.g. UK) a part of the monitoring work is done by sub-operators,

responsible for a part of the services.  The general control room will distribute 
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all control info to the control center of the sub-operator often situated in the 

depots and will mainly focus on the collection of performance data to control 

the work of the sub-operators.  Actions based on the AVM data are mainly 

decides on the level of the sub-operator ;

- a trend of centralization of the control of all services in an operational 

environment combining the control of urban, interurban and rural services (e.g. 

B) and linking with railway lines and even private traffic control centers (e.g. I). 

An important question is the control concept : which elements we have on the level of the 

overall control of all transport in an area, which elements on the level of the public transport 

operator and which elements on the level of the (sub-)operator providing a part of the services ?

On the lower level we can identify the following extreme concepts :

- systems that concentrate all intelligence in the control center : the vehicle only 

transmits the positioning info to the control center and in some occasions 

receives back its own early/late status ;

- systems that have all intelligence in the vehicle : the vehicle locates itself on the 

planned route and transmits in real-time or even only at the end of the day its 

status to the control center.

In practice both concepts are also combined to minimize communications flows (see 

Technologies).

a. Initiatives to come to more uniformed concepts.

Mainly in the North-European countries, an effort is done to set-up a basic structure of these 

concepts with well-identified blocks of the system that can be supplied by different providers.

In the first phase, this leads to higher investment costs but on longer term, this allows to be less 

dependent to one provider and to come to more open and cheaper systems.

b. Standardization efforts

Both the International Organization for Standardization (ISO) as the European Committee for 

Standardization (CEN – Comité Européen de Normalisation) have some program lines 

containing elements related to AVM systems, e.g.

q ISO/TC 22 : in-vehicle transport information and control systems ;

q ISO/TC 204 ; information, communication and control systems in the field of 

urban and rural surface transportation

q CEN/TC 278 :

- TRANSMODEL : data model

- CAN : in-vehicle communication network

- information panels to passengers

- onboard equipment : driver interface, passenger, panels, counters, …
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3.3.2. Relevance to the end-user

a. Main functions are still monitoring, with provision of real-time data 

information to passengers

Despite the enormous technological evolution, the functionalities have not grown much.  In most of 

the systems the monitoring of the intervals and the adherence to the timetable remain the main 

implemented functions.  Almost always the actions are done manually by the dispatchers which can 

use in some specific situations some assistance of the system e.g. to manage fleet changes.

Interaction with the fare collection system remains very limited.

In most of the systems, the “generation of real-time passenger information” is the main external

function.  Priority requests to signal controllers is common but in most cases only limited to an 

announcement of the vehicle to the signal controller, eventually with a level of priority depending 

on the early/late status of the vehicle.  A new generation of AVM allows the virtual announcement 

using the road network descriptions and avoiding roadside equipments.

For some systems it is foreseen to implement new functions responding to the emerging needs of 

operator and authorities to have a better overall performance of public transport, e.g. control of 

interconnections, interactions with urban traffic control systems and inter-modal traffic information 

systems.

b. Services for mobility impaired people

Especially for mobility impaired people, the organization of transport requires a good balance 

between the user requirements of both customer and operator :

• The customer : to have adequate access to a range of activities and locations to which (s)he 

chooses to travel. 

• The operator  : to generate business which recovers the operating costs and provide surpluses for 

either profits or reinvestment.

The introduction of ITS brought both requirements closer to each other by handling bookings in an 

efficient way and processing them in services with a minimization of resources. Also the 

introduction of door-to-door transport became feasible.

In the last 10 years we saw two research and development streams towards flexible services for 

mobility impaired people.  On one hand individual taxi services were combined in door-to-door

Demand Responsive Services introducing a booking agency, optimization algorithms and 

performant communication systems between dispatching, vehicle and client.  This evolution was 

seen especially in the Scandinavian countries.

On the other hand public transport operators transformed the traditional stop-to-stop services into 

more flexible services with specific characteristics to respond better to the requirements of 

mobility-impaired people. Experiences in Germany, Belgium, France and especially Italy show the 

advantages of such systems.

Looking to these experiences it is clear that the introduction of ITS already gave a wide range of 

new opportunities for mobility impaired people. However the integration of these services in the 

general public transport offer is limited. Most of the Demand Responsive ITS systems are stand-

alone systems with no links to the AVM systems or Information systems. Some first attempts on 

this field are seen only in Finland and in Italy. 

3.3.3. Strengths and weakness of the different technologies

a. A limited evolution in the communication technologies

Most of the large public transport networks use a private radio network.  For such communication 

networks the limitation of available radio channels seems to be a problem.  Without an in-depth
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analysis of the used techniques, we see some important differences in the systems when some 

operators use 12 channels for 800 buses and others 1 channel for 500 buses (16 messages/second).

The choice of increasing the intelligence on the vehicle to reduce the data communication seems 

logical taken into account the enormous increase of processing power but the risk of a double 

processing with different estimation results and the questions of updating all vehicle should be 

solved.

For a network with low communication requirements, GSM and GPRS solutions are feasible but 

their usage seems to be limited to specific environments.

b. Major changes in localization techniques due to the use of GPS

The first generation of AVM mainly used odometers and isolated reference points at which the 

position of the vehicle was matched to the route of the vehicle.  Additionally a gyrometer was used 

in some systems and also door opening signals to position the vehicle at a specific stop.

Currently, in most systems GPS is generally introduced.  With GPS different concepts are used :

GPS-co-ordinates to calibrate the position on the route while the permanent positioning is done by 

the odometer ;

GPS-co-ordinates to match permanently the vehicles on the planned routes with possibly an 

odometer to overcome coverage gaps of GPS.

Some systems also use Differential GPS (DGPS) with a correction procedure to the pure GPS 

calculations.  Since the introduction of errors isn’t done anymore by the provider, stand-alone GPS 

is accurate enough for most purposes.

3.3.4. Organizational aspects

a. Complexity of implementation and operation of AVM systems is underestimated 

and not always understood

The complexity of AVM systems is not only related to the above technological aspects and 

architecture components (blocks/subsystem) but also, if not mainly, to the organizational and 

operational impacts on the Transit Company structure/staff.

Schematically, the AVM will impact on many elements:

- personnel control (control room operators, personnel dedicated to the network monitoring, 

etc.);

- drivers (interactions with the In-Vehicle Terminal (IVT) and the radio devices, pre-coded

messages and alarm management, service starting procedures, etc.) ;

- vehicle maintenance (failures management, depot management for bus service initialization, 

data charge/discharge operation, etc.) ;

- information management (Hardware/Software functions, main Servers connection with the 

Company Information System, large data base, on-line network graph description variation, 

etc.) ;

- network planning and service scheduling (planned service data, network graph updating, 

compatibility between the network graph used by AVM and by the service planning models, 

etc.).

In this context we can indicate a wide range of aspects that need to be resolved to come to a 

successful implementation.

- a clear definition of the objectives of the AVM system taking into account the operational 

characteristics of the public transport environment ;
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- co-ordination of the different activities important for the implementation of the systems with 

clear contractual agreements ;

- technical profiles related to the system functions and procedures (at control room level, for the 

depot management, etc.) ;

- operational profiles related both to the use of the system (from the driver to the control room 

operators) and to the system maintenance ;

- feasible schemes of operations actions for the dispatchers and drivers based on the real-time

information provided by the systems.

In parallel to these aspects, the complexity of the implementation process should not be 

underestimated, since it requires a careful planning and specification from the Public Transport 

Company in order to obtain a system that corresponds to the requirements and needs of the Public 

Transport Company (and hopefully described in the purchasing contract) in terms of functions and 

performances of the system and timing of the implementation of the system.

Finally, it is a general conclusion that it takes time to implement an AVM system.  Two to three 

years seem a common period for the implementation of an AVM system. 

b. National awareness of the need of a better understanding of the systems to come 

to better implementations.

In different European countries we see a national initiative to increase the knowledge and

understanding of the objectives, concepts and operations aspects of AVM systems.

These initiatives have mainly two concerns :

- to inform responsible actors about the positive impact of AVM systems and the quality of the 

services;

- to inform about the complexity of the implementation process to avoid failures and to come to a 

better communication with providers.  The need for a better understanding is also pushed by 

some recent AVM system implementations with an increasing operational/organizational 

complexity, often forcing the Company to give up on the most relevant or innovative system 

functions initially foreseen.  In many implementation processes, this provoked a continuous 

simplification (i.e. reduction) of the expected system results and performances.  If these 

limitations had been known in advance, it would have led to the identification of different 

system components and above all would have permitted lower costs and investments.

c. Less attention to the performance of the systems

In general we see that the evaluation of the performance of the system and the impact of the AVM 

system on the operations and the passengers don’t seem to be a priority concern of the 

operators.

Despite the maintenance structure and intervention modalities, the Public Transport Company 

should define a real set of performance parameters which should be continuously monitored in 

order to measure the effective service provided by the AVM system. These performance 

parameters and the related threshold values can be identified during the System acquisition 

process. In this way these parameters can be utilized both in the AVM system implementation 

phase, in order to verify each milestone foreseen in the contract, and in the maintenance phase.

Among the overall performance parameters, the indicator of the IVT functioning (defined as 

‘number of IVT in operation / (number of IVT – number IVT not operated due to the 
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responsibility of the Public Transport Company)’) has an important impact on the overall 

system performance.  This affects the overall fleet maintenance and management process at 

depot level, and more generally the overall Company strategies.

These aspects are very critical because of their heavy economic impacts on the overall 

production costs, that could provoke a negative attitude (with the related consequences) of the 

Public Transport Company Management towards the system itself, if they are not well 

understood since the very beginning of the implementation process. 

Other critical aspects concern the availability of the different AVM components.

3.3.5. Costs of the different applications

AVM systems are very complex systems. The costs of implementation will depend a lot on the 

status of the public transport network (vehicles, control room and communication and road 

infrastructure) and the type of system that will be implemented.  Also the amount of work done 

by the ICT and technical departments of the operator itself will influence the costs.

For this reason figures of costs cannot really be directly compared, and can only be considered

as an indication :

- Global cost of the system : from 1.5 M€ to 12 M€.

- On board equipment (processing unit, radio, localization, info panel passengers) : 

6K€ + 1.5K€ for the installation (including cables) per vehicle.

3.4. Future trends

The analysis of the state of the art raised also some needs and missing elements.  These aspects 

give a first view on the need for future research and development work in the field of AVM 

systems

3.4.1. Main axes of the current research

The actual research mainly focuses on some subsystems of AVM systems partly not directly related 

with public transport.

In the 5
th

 framework especially the key actions 1 and 4 of the IST program contain different 

research and development projects related to AVM subsystems.

The key action 1 “Systems and services for the citizen” is built around clusters of projects of which 

the clusters “ Mobility and Intelligent Infrastructure for Transport” and “ Intelligent Vehicles” hold 

some projects relevant for AVM applications. Here the INVETE project describing an integrated 

intelligent terminal for the driver is an important example.

The key action 4 “Essential Information Society Technologies and Infrastructures” deals with a 

wide range of projects analyzing the opportunities and feasibility of ITS systems that can be useful 

to build up a performant AVM system :

- Technologies for and the management of information processing, 

communications and networks, including broadband, together with their 

implementation, interoperability and application. 

- Technologies and engineering for software, systems and services, including high-

quality statistics. 

- Real-time and large-scale simulation and visualization technologies. 
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- Mobile and personal communications and systems, including satellite-related

systems and services. 

- Peripherals, sub-systems and micro-systems.

3.4.2. Potential axes for future research

The following areas and items were already identified as important in future research and 

developments :

ß Functionalities :

- Need for a better support of the control of the operations, e.g.

. automated actions

. simulation of the impact of actions

. manage fleet changes 

- Control interconnections

- Integrate DRT services

- Need for well defined interfaces to “external” passenger information 

services, e.g. mobility centers, internet : data formats, protocols, technical 

links, …

ß Technical implementation of the AVM system

- Need to have decentralized implementation schemes with exchange of 

control and statistical data on different levels

- Need for simple (eventually portable) operator terminals

- Definitions of performance parameters.

ß The organizational aspects of the implementation of the AVM system

- Need for better understanding of operational requirements and impacts

- Need for feasible operational schemes to optimize the use of the AVM data.

ß Standardization

- Communication on the vehicle e.g. CAN-bus

- Data exchange formats with other systems as analyses on different research 

project, e.g. DATEX, TRIDENT, …

- Generic architecture with definition of interfaces between AVM and the 

Passenger Information Systems.
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4. Safety and Secur ity

4.1. Context and Definition of the Theme

4.1.1. Putting WG4 in Context

WG4 deals with “Safety and Security”. This immediately raises some challenges, although these 

can be resolved. To understand how this domain is positioned, it is worth introducing three key 

issues : 

a) Whilst Safety has always been an important issue in the ITS / TAP (Telematics Application 

Program) / Transport Telematics program, it has been generally viewed as a horizontal issue. Most 

of the research work has focussed either on safety while driving road vehicles, or assurance that

devices are safe to use. There has not previously been any concerted action on safety and security in 

regard to public transport, whereas for the other three domains of Tr@nsITS (traveller information, 

operations management, automatic fare collection) there have been many concertation efforts and 

task forces. Thus, within WG4 we are exploring new ground.

b) “Safety” and “Security” have conflicting meanings, both linguistic and among practitioners. 

Indeed, in the French and Finnish languages there are not separate words. It is extremely difficult to 

draw logical and intuitive boundaries. Further, “Safety” is used in some languages to convey the 

sense of reliable functioning, rather than avoidance of injury due to accidents or misadventure. A 

general, though not consensual position, is that “Safety” means avoidance of accidents, failures, or 

non-malicious injury. It can normally be measured objectively. By contrast “Security” relates to the 

protection of the human being from malicious harm, but as it must also extend to the perception by 

diverse human beings, it is often subjective in nature.

c) There are two significant areas of overlap. First, there is a substantial overlap with the operations 

management of the transport operator. This is particularly evident in the rail and underground 

signalling systems which have a high level of automation and intelligence, but are typically 

regarded as outside the ITS domain. Second, most Safety and Security applications involve both 

communication and  transfer of images and data, but are generally interpreted and managed with 

non-ITS means. This is most evident with the use of CCTV images relayed to a central control, but 

then observed by a human being without further computer-assistance.

The general feeling among the experts who contributed to this report is that both “Safety and 

Security” and the ITS content are still being defined, and may ultimately be considered in 2-3

distinct modules. A minority, but rational, view is that Safety and Security are intrinsic to all

aspects of public transport offer, and should not be abstracted.

Ultimately, the belief within the Working Group is that “Security of the Person” is the key direction 

in which the theme should focus, because

a) “Safety of the System and Elements” is primarily an operations and system design matter

b) It is possible to extract these applications and consider their management separately

c)  It is believed to currently be the primary concern of all the key stakeholders

The remainder of this section offers a delimitation of the theme.
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4.1.2. Security Objectives

Security is fundamental to the proper functioning of public transport. We can suggest six relevant 

goals for a typical public transport organisation : 

To be fully aware of all risks to personnel and users of the public transport system, including the 

nature, level, and impact of each risk

To mitigate each risk to the greatest possible practical extent, and to understand the nature of the 

residual risk

To be fully aware of all threats to the proper functioning of the public transport system, and to 

mitigate these risks to the greatest possible practical extent

To develop appropriate responses to risk events, both during and subsequent to such events

To understand the perception and concerns of the personnel, users and potential users of the public 

transport

To respond to concerns about safety and personal security through actions and communications

ITS applications offer substantial opportunities to enhance the operators’ capability to quickly 

detect and respond to situations across a vast array of locations.

4.1.3. Delimitation of the Theme

The domain of security is clearly very broad, with impacts throughout the entire chain of public 

transport provision. To help define it, we can consider the following dimensions : 

Subjects

Who is the focus of the study or action ?

• Transport operating Personnel

• Regular users of the public transport 

• Occasional users

• Potential users

• Non-users and third parties

• Operational systems and vehicles/rolling stock

• Fixed equipment and facilities

4.1.3.1. Risk category

What is the nature of the threat ?

• Personal danger

o Accident

o Assault

o Robbery

• Aggression and intimidation

• Sense of insecurity or unease

• Attack on operational system integrity

• Vandalism

• Fire or other potential disaster
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4.1.3.2. Location context

Where, in system terms, does the risk lie ?

• Accessing the UPT systems 

• Within UPT facilities –public areas (circulation areas, boarding areas) and restricted areas

• Within UPT vehicles

4.1.3.3. Motivation

What are the main factors stimulating action/response :

• Level of attacks on personnel and/or users

• Assessment of fire, disaster or other risk

• Level and costs of vandalism

• Deteriorating system image

• Ridership loss

• Political pressure

• Regulatory requirements

• Court or legislative pressure

4.1.3.4. Response toolbox 

What responses can be used to mitigate risks :

• Monitoring and situation analysis

• Facilitating communications

• Infrastructure design

• Vehicle design

• Organisational

o Risk analysis

o Risk management

o Project teams

• Personnel

o Increased presence

o Training

o Post-event support

• Emergency plans

• Technology

• Communication, outreach and liaison

• Users : post-event support

4.1.3.5. Expected Impacts of Actions

What are the target, or expected impact of the package of measures ?

• Changes in number of incidents

• Changes in personnel and user perceptions

• Ridership levels
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• Costs and benefits

• Threat elimination, or just relocation ?

• Relationships with other stakeholders

4.2. Applications, Objectives and Character istics 

4.2.1. Classification Approach

Based on the research of the state-of-the-art, ongoing projects, conference papers and the opinions 

of the invited experts, it is considered that the most relevant discriminator of the ITS Applications 

for Safety and Security is Locationn. The research and discussion identify that there are three broad 

location categories, each with two sub-divisions : 

• In-vehicle, with clear distinction between applications on rail-based modes (Commuter Rail 

and Metro) and street-based modes (Bus and Tram)

• At public transport facilities, with a clear distinction between Boarding Areas (platforms,

bus/tram stopping places, termini) and Public Areas (Circulation Areas, concourses, stairs 

and passages)

• Control and supervisory points, with a clear distinction between Control Centres and Mobile 

or distributed personnel/workstations

The state-of-the-art is categorised using these location types in a matrix in section 2.2. 

Applications are drawn from a very broad range of possible ITS, and these are considered in more 

detail in section 2.3. Six categories have been identified, each with a range of associated potential 

applications : 

• Image Gathering and Processing

• Alarm and Communications for Personnel and Passengers

• Simulators and Training

• Emergency Plan Management

• Vehicle Detection and Collision Avoidance

• Diagnostics

No relevant ITS elements were found for another considered category “Prevention of Sabotage or 

Interference”, and this has not been retained.

For each element of the matrix, the following possibilities are considered : 

¸ : Deployed

‹ : Developed/under research, not deployed outside demonstration projects

T : Desired, but currently technically constrained
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? : No known practical demonstration or emerging product

X : Not applicable for that combination of concept and context 

4.2.2. Summary of State-of-the-Art for Safety and Security

Location / Context

In-vehicle At-facility Control
Application

Rail/

metro

Bus/

tram

Boarding

areas

Public

areas

Centre Mobile

Image Gather ing and 

Processing

Image/audio acquisition, 

transmission and management

¸ ¸ ¸ ¸ ¸ ¸

- Fixed X X ¸ ¸ ¸

- Mobile ¸ T X X ¸

Image/audio processing, analysis 

and situation identification

¸ T ¸ ¸ ¸ ¸

Applications

- Crowd management T X ¸ ¸ ¸

- Identification of fall-on-track ? ? ¸ X ¸

- Train/track interface T ? ¸ X ¸

- Identify attack, emergency T T ¸ ¸ ¸

- Vandalism T T ¸ ¸ ¸

- Intrusion/trespass X X ¸ ¸ ¸

- Types of customer ? ? T T T

- Face detection, recognition T T T T T

Alarm and communication for  

Personnel/Passengers

Static systems (at station, etc) X X ¸ ¸ ¸ T

Mobile systems – in-vehicle ¸ ¸ X X X ¸

Mobile systems – portable T T T T T T

Simulators and Training

Vehicle/cab simulators ¸ ¸ X X ¸ ?

PC-based systems ¸ ¸ ¸ ? ¸ ?

Emergency situation simulators ¸ ? ¸ ? ¸ ?

Emergency response and co-

ordination

e-version of Emergency Plan? ¸ ? ¸ ¸ ¸ ?

ITS-assisted management of crisis ? ? ? ? ? ?

Data exchange during 

emergencies

¸ ? ¸ ¸ ¸ ?

Support utilities, knowledge sets, 

procedures

¸ ? ¸ ? ¸ ?

“Self-learning” ? ? ? ? ? ?

Protection of critical support

elements during fire etc.

? ? ? ? ¸ ?

Degraded state functioning/ 

network integrity 

? ? ? ? ¸ ?

Vehicle detection and Collision 

Avoidance

Autonomous detection systems ‹ ‹ X X X X

Centralised detection systems ¸ ¸ X X ¸ X
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Location / Context

In-vehicle At-facility Control
Application

Rail/

metro

Bus/

tram

Boarding

areas

Public

areas

Centre Mobile

Collision avoidance and response 

applications

¸ ¸ X X ¸ X

Speed/driving command/control ¸ ‹ X X ¸ X

Diagnostics

Sensors/actuators and fault 

detection

¸ ¸ ¸ ¸ ¸ ?

Information acquisition, 

management, processing

¸ ¸ ¸ ¸ ¸ ¸

Autonomous responses and self-

correction

¸ ? ? ? ? ?

- over-ride during emergency ¸ ? ? ? ¸ ?

Asset management ¸ ¸ ¸ ¸ ¸ ?

Table 4.1 : Summary of state-of-the-art of ITS for Safety and Security in public transport

4.2.3. Technical Aspects of different kinds of systems

This section provides a first identification of concepts and solution sets. This has been developed 

further  in the Workshop sessions, leading to  a fairly comprehensive description of the actual 

coverage.  It is supported with the identification of practice, case studies, and relevant EU and 

national research projects from which further applications will emerge. 

4.2.3.1. Image Gathering and Processing

This is one of the more mature areas both in terms of deployment, and within the EU research 

program, with good coverage in CROMATICA and PRISMATICA projects. It should be noted, 

however, that the widespread deployment of image gathering and transmission to control centres is 

mostly then supported by visual inspection, with low or zero-ITS content. Hence, there is a very 

extensive platform across Europe, with few active ITS applications. This shows enormous potential.

The technical aspects fall into three main areas, supported by communications, data management 

and archiving functions. (These latter functions are considered as infrastructure and not as ITS 

applications themselves)

• Image acquisition

• Video surveillance

• Computer-assisted image analysis

Image acquisition is invariably done with digital CCTV cameras. There is extensive deployment 

within the public areas of public transport facilities (concourses, corridors, circulation areas) and at 

the platforms or train/track interfaces of rail and underground systems. They are now extensively 

installed within public transport vehicles – trains, trams and buses. More recently, cameras are 

being installed at bus and tram stops.
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Videosurveillance is well established for rail and metro systems, and for public transport terminals, 

stations and interchanges. They are built into the fixed facilities and surveillance is carried out by 

operatives who monitor banks of TV screens. These are typically within the control centres which 

manages the operations control, signalling and other safety activities. Recently, some utilities have 

installed CCTV at bus/tram stops and provided real-time image feeds to the control centres. Some 

of these have permanent surveillance, whereas others only transmit signals when they are activated 

by a user (e.g. by pressing an alarm button).

The more typical means of videosurveillance on vehicles is done off-line where the image is stored 

on a data capture device in the vehicle. The recording medium is typically overwritten in a 24-hour

(or longer) cycle, with the recording being recovered and viewed only when an incident has 

occurred.

A few utilities have piloted the feature of real-time transmission of the video images when 

personnel raise an alarm status. However, the transmission requirements for images greatly exceed 

the capacity of the typical communication media on the vehicles. This is an area with great potential 

which currently faces serious technical limitations.

Computer-assisted analysis of images : This is the most interesting and advanced use of ITS for 

Safety and Security, but is not yet widely used. Projects CROMATICA and PRISMATICA have 

pioneered the advances in this domain for public transport, mainly within the circulation areas and 

train/track interface points of underground systems. 

Images are analysed using techniques which range from simple change of status of an area of the 

image (similar to traffic counting) through to complex algorithms and artificial intelligence 

techniques. Typically, the computer-assisted application raises an alert to the operative, allowing a 

range of situations to be detected where there are many screens and multiple locations to be

observed simultaneously (e.g. in a large station complex, regional control for multiple platforms).

Among the applications which have been developed and are being demonstrated in these projects 

are : 

• Identification and alert of passenger falling onto the track

• Monitoring of flows within circulation areas, and detection of abnormal movement patterns 

which could indicate either crowding or unexpected movements

• Identification and alert of intrusion, loitering, suspicious presence of people or objects

• Detection and alert of assaults, fights or other suspicious crowd behaviour

• Detection and alert of changes in ambient conditions or equipment malfunction

• Automatically directing passengers to optimal boarding locations on platforms

• Passenger counting

This domain is still in the early stages of stabilising the existing applications, and exploiting new 

potential security applications. For example, an ideal scenario (from the perspective of the operator) 

is that if a suspicious package is detected, to be able to quickly move back through the images to 

see when it was put there, to identify the person(s) involved, to detect them from other image 

streams in the monitored area, and having found them, to be able to track their movements until 

they are intercepted or waived. A task of this complexity is not yet feasible in the real environment.
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A second area of current development is to increase the degree of autonomy within the cameras 

themselves so that they can detect items worth further analysis, track them, and relay the images 

back to the control centre. A further useful feature is to be able to self-adjust to either changes in 

the environment, or if they have moved/slipped from their set position.

4.2.3.2. Alarm and Communication for Personnel and Passengers

This has a substantial overlap with WG3 ‘Public Transport Operational Management’ since the 

alarm systems are usually part of the functionality of the AVL/VSCS (Automatic Vehicle Location/ 

Vehicle Scheduling and Control System) system.

The existence of alarm systems for personnel is well established, although the actual intelligence 

within such systems, or the real exploitation of the ITS capability is not so well used. The existence 

of ITS-supported alarm systems for passengers is not so well established. Portable communication

for personnel and passengers is widespread due to mobile phones and other hand-held devices, but 

the customer services for personal security do not appear to be currently available. 

Four technology/application areas are identified. Note that alarms and alerts triggered by analysis of 

video images are not included here, since they are already covered in section 2.3.1 above. 

Static Alarm Systems are located at platforms, in concourses, circulation areas, at stops, in-vehicles

etc. These are integrated with the general facility management and communication systems, and 

either raise an alarm or open a communication channel to the control centre when they have been 

activated. These are widespread, but have very low ITS content.

At-stop video recording : an alarm button is sited at the bus stop. When pressed, it triggers video 

recording from a camera located at the stop. An alarm is raised at the control centre and the data is 

transmitted to the control centre through a broadband fibre optic link, allowing real-time monitoring 

of the stop. This results in an assessment of the situation and organising the appropriate response. 

From the legal point of view, it has the advantage that images are only recorded and transmitted on 

the request of a citizen. This will be implemented in an Italian city in 2003. 

In-vehicle alarm systems for personnel : these are very common throughout Europe, being 

integrated with the AVL/VSCS system for street modes, and the train communication system for 

rail/metro. For bus/tram, an alarm button (often hidden form view) is activated by the driver, and 

receives highest priority for immediate transmission. Alerts are raised at the control centre, and the 

AVL system is used to locate the vehicle to assist quick intervention. On-vehicle CCTV may be 

activated if they are not permanently recording; speech channels can also be opened automatically 

to allow the control centre to hear what is happening on the vehicle.

Mobile/personal alarm devices : although a high proportion of users of public transport have mobile 

phones or other personal communication devices, there is a lack of customer services to allow 

travellers to use them for either alarms or to open up communication to the control centre where 

their security is perceived to be threatened. 
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4.2.3.3. Simulators and Training

Simulation is increasingly being used both for training and for scenario development/testing. This 

ranges from mock-ups of cabs for driver training, through to PC-based programs to allow operators 

or decision-takers to work through procedures or emergencies.

Cab simulators are used in Europe for training for train driving. For bus and tram, whilst the use of 

cab simulators for training is extensive in the US (e.g. TCRP Report 72) there is little evidence of 

them being used significantly in Europe. 

PC Simulators are used for training with routines and procedures. So far, little evidence has been 

found of significant use of PC simulators within the public transport domain for complex and 

integrated safety scenario simulation – e.g. emergency plan implementation. 

4.2.3.4. Emergency Response and Co-ordination

Rail-based public transport operators have developed emergency plans, both at overall system level 

and for specific incident types. These typically have detailed procedures and responsibilities. 

However, in the emergency event (especially underground or tunnel fire) information must be 

rapidly and reliably exchanged and distributed to all relevant personnel, sometimes in degraded 

conditions.

The ITS and other systems of the operator could support the handling of an emergency when it 

occurs, should be able to distribute information to where it is needed, and may also give access to a 

wide range of support information and data to different actors in different locations. 

In the metro system of Valencia, hypermedia technology is used to integrate all the information 

needed in a large hypermedia document. It reduces the response time by integrating text, graphics, 

sound, video and 3-D models in a user-friendly interface. This system has been in use in Valencia 

since mid-2000.

This is an area with huge potential where support utilities, knowledge sets, procedures, and 

functionalities could be made available through fixed and mobile devices to decision-takers,

technicians and operatives at the needed information point during an emergency. For example, 

wiring diagrams, location plans, activation/ deactivation procedures, rerouting procedures could be 

delivered to the point of need. 

4.2.3.5. Vehicle Detection and Collision Avoidance

This has been a very significant research area within the ITS domain, although it has mostly been 

directed towards cars and motorway conditions – either for more efficient cruising, or to reduce 

accident risk. Some work has been done with freight vehicles, but to date there has been little or no 

cross-over to commercial public transport vehicles for the street modes (bus and tram).  Hence, they 

are not included in this review.

Of course, rail-based public transport have signalling systems of varying complexity. Previous 

generation signalling is probably not in the ITS domain, and we need to distinguish between the 
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operations management and the collision avoidance tasks. Some intelligent applications include 

automatic triggering of the braking if the minimum safe distance is encroached. 

A limited work has been done with fixed track systems for detecting objects in the travel path, 

especially for driverless trains. Two current implemented examples are Lyon (line D) and Rouen 

(TEOR system).

4.2.3.6. Diagnostics

The safety or reliability of the system is dependent on the proper functioning of the components, the 

data exchange/communications, and the correct software functioning. Systems have an increasing 

capability to self-check and to identify potential or actual faults. Most raise an alert, and some may 

have a self-correcting capability.

Sensors are fundamental to many safety and security systems, and are fairly widely deployed across 

fixed installations of undergrounds and rail systems. Recent innovations include sound detectors to 

detect shouting or calls for help. Sensors are also now being used to detect the presence of 

passengers.

Over-ride features are also being explored. The most significant example is for trains in tunnels to 

know when to over-ride a signal to stop and to bring the train through to the next platform (e.g. in 

the event of a fire, the train should not be stopped in the tunnel with poor ventilation and difficulty 

to evacuate).

4.2.4. Extent of Deployment of ITS for Safety and Security

The summary matrix in section 2.2 and the technical aspects would suggest that there is extensive 

deployment and use of ITS for Safety and Security applications. In fact, this is not the case at all 

once we exclude ‘normal’ signalling and non-computer assisted CCTV.

The whole domain is still in the early phase of development, with applications typically being 

custom-built and not yet readily transferable from one location to another. Nor does there appear to 

be a supplier sector which sells mature applications to multiple clients. Generally, there does not 

appear to be any ‘off-the-shelf’ applications for safety and security.

The only security application which has widespread usage is alarms for personnel on street 

transport (bus and tram) which are integrated within the AVL/SAE/VSCS systems. These have 

been available in various forms since the mid-1980’s and are now one of the key selling points for 

vehicle location and monitoring of bus fleets. In parallel to this, diagnostics for fleet maintenance 

and failure prevention/response is also a standard feature of most AVL systems, although there is 

typically a lower uptake than for the alarm facility.

Computer-supported image processing for underground stations, circulation areas and concourses 

have been substantially progressed within CROMATICA and PRIMATICA projects, and are 

moving beyond the demonstration phase. They have yet to become widespread, although they 

clearly will do so, subject to privacy and usage constraints.
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A substantial body of work has been done in vehicle detection and collision avoidance for general 

road vehicles (car and heavy vehicles) but this has yet to translate into deployment for public 

transport street vehicles. Equally, advanced simulators for public transport vehicles are not 

extensively used, despite the developments and high usage for other transport sectors.

Generally, most other ITS applications are either one-off customised systems, or are still in the 

R&D or demonstration phases. 

It is worth recalling that Safety and Security have not previously been accorded priority within the 

Telematics / ITS programs, and hence have largely developed outside of the European collaborative 

research framework. It should not, therefore, be surprising that there is not the same level of either 

deployment or homogeneity as with the more classic domains of Traveller Information, Automatic 

Fare Collection, and Operations Management.

4.3. Exper iences with Implemented Applications

4.3.1. Relevance to the End User

There are three main kinds of end users who are relevant to these applications :

a) Travellers 
The ITS applications and their supporting context have very high relevance to this group of users. 

The research and the expert group has identified that personal security is now one of the key 

concerns for citizens, and it can now be phrased that “Security is no longer just an option”. 

Furthermore, the perceived level of security is probably more important that the actual level, so this 

group of users need pro-active manifestations and visible access points. “Safety” is perceived to be 

more of an operational issue. Nonetheless, this is also of high relevance to the traveller.

The ITS applications described in Section 2 provide the means for early detection of situations 

which could threaten the security and safety of travellers, for more rapid response, and for assessing 

the impact of interventions.

None of the developed and deployed ITS systems for Safety and Security has yet exhibited signs 

that it could create barriers for the traveller or lead to social exclusion. However, image-based

techniques may be deemed to invade privacy. 

b) Disabled and elderly

There is little evidence that anyy of the applications of ITS for Safety and Security have specifically 

considered the needs of either disabled persons or of the elderly. There are no specific services or 

applications for any of these categories of user,  and the state-of-the-art research does not show that 

their needs have been specifically taken into account in the design of the services for general use. 

There is no evidence that the ongoing and emerging research will be different. 

Although there is nothing specific for these important groups of users, there can be little doubt that 

the developments in the Safety and Security domain will improve the quality of the travel

environment for them. For a wide variety of reasons which change with the individual, we are 

talking about the vulnerable sections of society – a very large minority – who face greater 
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challenges in using transport. Some of these are based on perception of the experience, quite often 

the potential for intimidating  interaction with other users. Others are based on the difficulties and 

the hazards of using busy facilities where there is a real risk of injury or death for people of reduced 

mobility, reduced reaction time, or lower awareness.

Both these challenges – fear of other users and fear of injury – cause many members of society to 

limit their mobility, and thus they are marginalized. It is probable that ITS for Safety and Security 

will benefit the disabled and elderly more than any of the other services.  Therefore, a new effort is 

needed to consider whether they have specific needs, and whether there are priorities which have 

been missed by the research effort to date. 

c) Personnel 
Security of personnel is a significant issue in many European urban areas. The ITS applications 

allow them to quickly raise an alarm, which can be supported by rapid response. The recorded 

images can assist in subsequent investigation, enhancing the deterrent effect. The ITS applications 

have high relevance to the personnel.

d) Transport Operators : 
The ITS applications have multiple impacts for the transport operators. They allow personnel to do 

their tasks more effectively and productively; they can reduce the costs associated with accidents 

and attacks on personnel; they can improve the traveller perception of the services or facilities; and 

can allow direct management of a wide range of complex and remote facilities. Overall, they have 

high relevance for transport operators.

4.3.2. Strengths and Weaknesses of different technologies

4.3.2.1. Identified Strengths

1) There is already a significant infrastructure in place in the form of image acquirers and sensors, 

communication networks, control centres, and IT platforms.

2) Many of the applications can ‘piggy-back’ existing or enhanced operations management systems

3) Image analysis techniques are proving successful and reliable, although further developments are 

needed

4) Many applications have already been successfully implemented in general transportation 

environments, and can now be transferred to the public transport domain.

5) The non-ITS elements to support the technologies – staffing, response units, training 

mechanisms – are already in place, and receptive to new tools.

4.3.2.2. Identified potential weaknesses

1) Solutions for underground systems have been developed in the largest of the transport operators. 

These entities have very substantial challenges, budgets, in-house skills, computing platforms, and 

the ITS applications reflect these characteristics. It is unclear whether it will be easy to 
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‘miniaturise’ these solutions for smaller operators whose requirements, capabilities and budgets are 

more modest.

2) Video images from mobile or remote locations (in-vehicle, at bus/tram stops) offer great 

opportunities to detect and intervene in a wide range of security situations, and also to capture 

evidence for subsequent use. However, the huge amounts of data involved cause serious problems 

for both transmission time and for storage. In fact, there are three significant problems : 

a) The technical aspects of the heavy data load

b) The cost of the communication channel due to high bandwidth requirements

c) Legal constraints on the use and storage of images 

3) Despite the substantial progress made in image processing, many new tools and techniques (both 

generic and sector specific) are still needed to handle the vast array of data to be analysed.

4) Cost of the technologies is high, and so is the transmission cost. The market is currently small, so 

there is concern about how this can be industrialised, and whether it is practical to offer appropriate 

scale and functionality products at affordable prices.

5) There is a perception among the Safety and Security experts that a Global Architecture is 

lacking. People involved in the KAREN action disagree with this view, but it must at least be 

accepted that experts and practitioners consider it to be so. Whether this reflects the lack of a top-

down architecture such as that of ITS America, limitations or boundary issues in the KAREN work, 

or just lack of communication, the issue needs to be addressed. 

6) In many cases there is devolution, or indeed fragmentation, or responsibilities. This can have 

quite serious implications at the technical level for the system architecture, harmonisation and data 

exchange. At the operational level it can cause discontinuities of authority, responsibility or 

collaboration.

7) While the disabled and elderly will benefit substantially from the general use of ITS in Safety 

and Security, no evidence has been found to show any dedicated services or facilities for these 

groups of users, or that their specific needs are reflected in service and system design. 

4.3.3. Business Cases, Costs and Lessons Learned

Most ITS applications for Safety and Security are still in the planning, demonstration or 

individual/customised phase. Relevant business cases have not yet been identified. 

While Safety issues are generally related to the mode, scale and design, it is clear that the relative 

importance of Security issues varies greatly across the EU. As a result, the Business Case for the 

ITS applications is quite location-sensitive.

4.3.4. Organisational Aspects and barriers for implementation
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4.3.4.1. Organisational and non-ITS aspects

Perhaps even more than the other Tr@nsITS themes, Safety and Security has a very  high non-ITS

content, with the ITS systems providing a support role. 

These dimensions would include : 

• Procedures

• Regulations

• Staffing levels

• Staff skills and capabilities

• Training

• Location  design : layout, visual appearance, …

• Proactive safety : patrols, messages, ….

• Liaison with community

• Liaison with police

• Emergency planning

• Inspection regime

Safety and Security requires co-operation and exchange of information across operators, modes, 

and jurisdictions. 

4.3.4.2. Barriers to Implementation

For Safety and Security, the following barriers to implementation have been identified 

• Scale and complexity of the data to be acquired, transmitted and analysed

• Co-operation and exchange of data across modes, operators and boundaries

• Lack of a European Plan for Safety in Public Transport

• Legal restraints on the taking, processing and storing of images

• Regulatory constraints on interventions, especially at boundary points

• Scale of required implementation and affordability, especially for medium-sized cities and 

operators

4.4. Future Trends

As previously identified, the domain of Safety and Security is only recently considered within the 

ITS R&D programs, and hence is not well developed compared to other ITS domains for public 

transport.

4.4.1. Main Axes of the current research

Most implementations for Safety and Security are currently taking place outside the collaborative 

research programs at either EU or National level. This means that they are often stimulated by the 

operators or the transport authorities, and the development initiative typically arises from local 
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sources. Manufacturers respond to these initiatives, although some products appear to come from 

supplier initiative.

Within the public transport domain, there is really only one axis of current formal collaborative 

research for ITS in Safety and Security, and this is the image analysis and intelligent applications 

within CROMATICA and PRISMATICA projects (ref. Section 4.2.3 above).

4.4.2. Potential Axes for Future Research

The following areas have been identified as potential axes for future research : 

• Detection, recognition and tracking of passengers who are suspected of having been 

engaged in criminal acts

• Cost-effective means of transmission of video data from vehicles and street-stops to control 

centres

• GSM/GPRS/3G Security, alarm and communication services for travellers

• Distributed and intelligent support during emergency situations

• Future proofing ITS applications – scalability, expandability, functionality

• Identification of special safety and security requirements for vulnerable users
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5. Central and Eastern European Countries

5.1. Background

Results of an ad hoc survey amongst ITS experts shows that the general perception on the ITS 

deployment in Central and Eastern European Countries (CEEs) is very different from the developed 

western countries. This section focuses on where the differences are in reality in the four main 

fields and what are the possible reasons.

5.1.1. Perceived differences

There are many ways of cooperations developed between CEE and western countries during the last 

10- 15 years. Contributions of IFIs in large investments, suppliers commercial activities and the 

extensive research activities going on in the field of ITS within the EU Research Projects provide 

presence of EU in these countries. Despite of it there is very little knowledge and no clear picture 

exists on both side about recent developments, research on general level at practitioners.

Figure 1 shows general perception of the experts contributed at the first session of Tr@nsITS 

(mainly from western countries) on various aspects of the CEEs. This was obtained by a survey 

using a questionnaire, designed to identify the differences of deployment of ITS in the CEEs and in 

the EU member states (if there is any) as seen by the experts.

Perceived comparison of the EU and CEE countries

PT service level,

Technical/technological level in

general

Technology of informatics

Provision of information

Use of information for

planning/implementation/operation

in any field

Use of information in

planning/implementation/operation

in PT

Need for information by the public,

Accessibility of information by the

public

Higher in the EU Higher in the CEE

Figure 1

These answers together with the opinion on available expertise in the CEEs show, that there is a 

mental barrier with which development and deployment of ITS is facing in the CEEs.
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Perception on available experience in the CEEs

There is sufficient experience and knowledge in

planning and design of ITS in the CEEs

There is sufficient experience and knowledge in

implementation of ITS in the CEEs

There is sufficient experience and knowledge in

operation and maintenance of ITS in the CEEs

Agreed Disagreed

Figure 2

However, based on the overview of the ITS applications piloted or in operation in the CEE 

countries, we think there is a substantial difference between these opinion and real life.

5.1.2. Socio economic background

+ The known historical difference of the economic growth and welfare has resulted 

significant difference in mobility and particularly car ownership. The lower level of 

car availability and use had to balanced by a high level public transport. In 

quantitative terms, most of the CEE Capitals and cities have good, extensive PT 

services. In some cases fare reflects the social function of PT services.

+ The modal split in most of the CEE cities are somewhat higher in favour of PT. 

Competition in urban PT appears mostly between different modes. Usually there are 

no competitive services provided by different companies. PT service providers are 

large organisations. Their priority has been for long time cost and operative 

effectiveness, thus they concentrate more on operation schemes. Quality of services 

has become an issue only with the dramatic increase of car ownership that Cities 

road infrastructure can not cope with, and Municipalities had to take measures to 

solve mobility and congestion problems.

5.1.3. Technology

Overviewing the recent applications in the CEEs a distinction should be made in terms of 

technology available and technology used. 

+ There is no real difference in the available technology since the open market. 

Similarly, there are wide range of application of almost every field of ITS in PT, 

implemented as pilot project or as test bed of a EU R&D project.
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+ There is a significant difference in technology that is used widespread in some fields 

of ITS applications. There are also differences in the type of applications, which are 

widely used, or common practice. However, these differences are reducing.

Basic technologies of the studied ITS fields are commonly used: 

+ GPS based fleet management is common for commercial vehicles, and also available 

as commercial services by service providers.

+ Mobile communication contributed to improve the weak telephone services in the 

past, therefore mobile communication becomes strong. Advanced data transmission 

solutions, like GPRS or GMS based WAP services are available.

+ Internet services are wide spread, but surveys show that the main use of it stays at 

work in the offices,

+ Computer technology follows the recent developments in image recognition, remote 

sensing or GIS applications,

+ Use of cards is growing; chipcards are used for various purposes. E-banking

services, mobile payment and electronic purse applications are also available.

5.1.4. Organisational

Due to the organisational and subsidy structure of state owned PT Companies they were/are not 

interested in providing reliable data, therefore accurate data collection was not required. Generally 

speaking competition between service providers were rare. 

After the system changes the new state structure and the manifold changes in the legal and 

administrative system resulted in difficulties in coordination between organisations. There is often a 

lack of reliable data and exchange of information.

New service providers in the modern technology mobile and internet industry are waiting for 

information to distribute. Advanced services were developed, forming technology islands due to the

missing system architecture of the PT sector. These are often proprietary solutions.

There are only few examples for joint service development with Public Private Partnership.

5.2. Traveller  Information

Due to the rapid development in the Internet service and content provision, the importance of 

dissemination of reliable data is recognised in the CEEs as well. 

There are working examples for almost every type of public traveller information from internet 

based schedule data to real time vehicle information. 

There are basically no difference in Internet services between CEEs and European countries. 

Internet information on PT with static data e.g. timetables, stops, or even map-based information, 

i.e. routing, interchanges are considered basic, common services.

In the Czech Republic timetable information system for trains, long distance buses and local public 

transport for cities are collected from the whole country on an official website, that is operated 

under authorisation of the Ministry Of Transport.

On trip information on the next stop on the board of vehicle as voice announcement or on displays 

is commonly available in each countries. 

However, real time information is rare. 

An example for a working system is in Zlin (CZ). Passenger information at stops and termini are 

based on AVM systems, as they are in other systems as well. Real time information on PT vehicle 
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timing in relation to schedule is relayed simultaneously to drivers, the dispatcher and passengers at 

main stops. The project was initiated and conceived by the City Transport Department and has been 

supported and financed by the PT Company, realisation was carried out by two Czech developer / 

supplier companies.

Although more advanced technology is also well known and used widely for other type of real time 

information (banking, news, etc) and service/content providers are prepared, concerning public 

transport there are usually no available data to be published. 

The PannonW@P Navigátor is a Wireless Application Protocol service provided by the Hungarian

GSM provider Pannon GSM. Using a cellular phone with WAP feature the user can search for a 

specific address or for geographical objects (restaurants, hotels, banks, museums, petrol stations, 

hospitals, post offices etc.) in Budapest and in the neighbourhood area. The system calculates the 

route for public transport or for car between the required object and a starting point, which can be 

added manually or the system can determine automatically the actual position (GSM cell) of the 

phone. The system was capable to handle real time information, but there are no such data 

available. Operational agreement between PT operator and Mobile Service Provider - and perhaps 

the City – is absent.

5.3. Electronic Ticketing & Electronic Fare Management 

Considering the high cost of implementation of electronic ticketing systems there are two main 

group of reasons, that can be identified for introducing such systems.

- operational reasons. These be justified e.g. by the high rate of fare evasion. In this case generally 

high priority is given for proven systems. Since often IFIs are involved in financing these schemes, 

high rate of return, costs and reliability are important elements of the decision. In the CEEs these 

existing/planned systems cover mainly closed systems as like as a new smartcard system, which is 

under procurement in Bucharest. The system was designed for the whole multi mode Public 

Transport system of Bucharest (bus, tram and trolleybus operator) and it has tariff integration with 

the existing cards system of the company operating the metro lines. The system will use ISO 

magnetic cards and memory contactless cards on 2000 vehicles, with 7-8000 ticket validators. The 

system is planned for 2003 and 2004, under a budget of 14-24 M Euro. 

- other reasons. There are some examples of electronic ticketing systems, where non-operational

reasons played significant role amongst reasons of implementation.

Pilot projects offered by a supplier for marketing purposes or test systems of EU funded R&D 

researches projects are best examples. In this case the exploitation of the system depends on its 

integration with other systems.

Use of Electronic Ticketing systems is growing although there are territorial differences. 

The first electronic ticketing system in Hungary was set up in a small town with around 20 000

inhabitants in 1998. Since then 1200 contactless chip cards are in use on 3 bus lines. No further 

implementation of such systems in Hungary is in progress, although there are plans for 

improvement.

Electronic fare collection systems are more common in Poland, Czech Republic and Slovakia, 

where public transport services of medium size towns and large cities and also inter urban bus 

services use this mean of ticketing. There are more systems expected to come due to the proven

technology.
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EBRD has signed a project loan for electronic ticketing and public transport control with the City of 

Gdansk. In Warsaw more than 1M of contactless cards are used since the introduction of the recent 

combined system of magnetic stripe paper tickets and smart cards. In early 2003 there will be two 

new systems starting in smaller cities. There are test and working examples of mobile payment with 

SMS ticketing in Poznan and Tallin.

However, the banking facilities, legal and institutional background should significantly be 

improved. Interoperability of cards is ensured i.e. in different regions of the Czech Republic by the 

identical supplier and system (there are two systems in use) in terms of technology, but cards 

cannot be used in other towns according to recent legislation (e.g. privacy). 

5.4. Operational Management

The growing car ownership has already reached the critical level in some cities and causes 

increasing problems in road traffic. There is a clear demand for solutions, which can improve PT 

quality.

The most common tools are PT priority measures at signal-controlled junctions. The technical 

capability of such systems range from priority request by detector loops to more sophisticated 

signal control coordination schemes for urban network bottlenecks. These are often used in CEE 

countries together with exclusive bus lanes.

Size and importance of PT services was/is highest in large (mainly Capital) cities. The great 

number of buses and other vehicles and the need for reliable base data for cost sensitive 

operation underline the importance of an Automatic Vehicle Monitoring system.

As operational management systems are mainly AVM systems, described as: “voice 

communication and data transmission between the control room and the company vehicles on the 

network (buses, trams, trolleys, etc.), in order to perform the fleet monitoring and to take the related 

control actions, thus optimising its operations (by means of increasing the commercial speed, the 

regularity, etc.) and guaranteeing a more efficient transport service”, this is probably the second 

most common ITS application for PT in the CEEs.

Complexity of systems varies depending on the required features. GPS systems are commonly used 

for positioning, but first generation systems based on fixed marker points and odometers also exist. 

Real time information is transmitted to the control centre. Dispatchers can communicate with the 

drivers directly or through the driver’s interface. Communication between vehicles and PT Control 

generally use radio or mobile phones. Integration with other systems varies. PT Companies are not 

necessarily interested in providing data for public use, and data in some cases is not sufficient for 

signal control priority. Budapest Public Transport Company operates its AVM system with marker 

beacons and odometer. Although it has been running since 1996 this is not linked to the UTC, nor 

to the company’s website to provide real-time information.

The Zlin PT control and passenger information system uses radio communication between a central 

dispatch unit, radio beacons placed at important stops and in-vehicle transmitter / receiver units. 

ZKM Gdansk has recently implemented vehicle location and communication system on their fleet 

of about 220 buses and 100 trams (plus trailer cars). This uses GPS for the localisation, and Tetra 

for the communication.

Garage systems, fuel management or maintenance management are often based in the AVM system, 

or vice-versa, AVM systems are sometimes developed on the basis of garage systems.

Communication between vehicles and PT Control has been set up by various modes, using radio or 

mobile phones.
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5.5. Safety And Secur ity

These are the fields, which we found the less developed, and also less information is available. 

Main use of these systems consider:

- accident prevention, focusing on fixed track modes, metro, underground lines. 

- Security, controlling public and boarding areas. These are usually underground 

station and the adjacent public areas, underpasses.

Image Gathering and processing is usually based on conventional monitoring and human 

intervention. Security surveillance systems of surface public areas, controlled by the Police are not 

dedicated to PT.

Difference between CEEs and other countries appear in technology, (cameras, data transmission)

and in the number of systems, although it is growing rapidly. 

Most of the AVL systems have voice communication with drivers and also alert system. Poznan 

and some other Polish cities are experiencing video surveillance with on-board cameras on buses 

and trams.

Special systems support use of public transport for blind and sightless people in the Czech republic. 

Acoustic orientation beacons and acoustic signals are activated by a command rig or a radio 

transmitter possessed by the sightless. Vehicles are equipped with a common data bus of an 

integrated board information system. The trigger activates the outer loudspeaker of the arriving 

vehicle, announcing the number of the bus line, route direction and the name of the end station. By 

the command equipment the sightless can indicate his intention to boarding and the internal 

loudspeaker as well as the digital display at the driver confirms the boarding of the sightless. The 

system, that is available in Prague and six other cities is based on a two-way communication of the 

radio inquiry and the acoustic response.
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6. Conclusion

This report is only the starting point for the tr@nsITS-network. Each of the chapters aimed to make 

a summary of what has been going on around Europe in the respective research fields of ITS for 

public transport. 

With the information we gathered and that you can find in this report, we will now look to the 

future. In the first months after the publication of this report, work package 2 of the project will 

consider the changing context, challenges and requirements for change that will drive the need for 

new concepts, business processes, service concepts and support tools within society that could have 

an impact on the public transport domain. In parallel, the emerging technological tools and solution 

set will be considered. This is a stage in the project were we will try to bring information into the 

network from outside the public transport sector. 

In the third work package we will try to define new research axes and take new joint research

activities. However after finalising this first work package some of the up coming research fields of 

ITS were already observed.

Technological developments:

Some applications still need further technological development. This is the case for a lot of the ITS 

in the field of safety and security. It is only recently that decision takers were getting aware of the 

risks that are inherent to the huge amounts of people being together in the public transport network. 

However, up till now not that much networks are equipped with (extensive) safety and security 

applications and new developments cannot yet be based on experiences from implemented systems. 

Standardisation:

Technical standardisation allows that applications built on these standardised technologies will find 

a much broader market and thus will be cheaper for the end-user. Another and even more important 

aspect is that standardisation eases integration. Building applications on top of different other 

applications will be much easier if these last applications are standardised. For example a nation 

wide, or even international travel information system would be much easier to build if all local 

travel information applications could provide the same standardised output. This aspect of 

integration is extremely important since public transport will only be able to provide an answer to 

private transport modes by integrating the networks and everything attached to this. 

Customer  focus and ambient technology:

More and more customer expects individualized solutions for their transport needs. Providing these 

personalized services are a must if we want to make sure public transport will stay or get a valuable 

transport solution. Only innovative, flexible and integrated ITS-solutions can guarantee this.

Organizational aspects:

On a first sight this might not be a subject of relevance in this context. However one of the main 

reasons why certain very useful technologies are not in use today has to do with organizational 

problems. Very often the reason is that the technological solutions do not fully match the 

(changing) institutional situation. In Europe a clear tendency of decentralization of the decision 

centers for regional and urban public transport is observed. Taking into account as well the 

customer demand of integrated services and the following demand for standardization it should be 
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clear that these organizational aspects affects the way systems will be build and architectures will 

be designed. 

In these concluding remarks we did not want to draw some conclusions about last decades technical 

evolutions in the field of IPTS. Therefore, as well as for the very interesting situation in the CEE 

countries, we refer to the different chapters of this report. With this last pages we just wanted to lift 

the veil on the future activities of the project and maybe of some of the potential new research fields 

of IPTS.


