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From RTD to ImplementaƟ on

The use of informaƟ on technologies 
and communicaƟ ons (telemaƟ cs) in 
road transport, or Intelligent Transport 
Systems (ITS), has progressed expo-
nenƟ ally during the last 40-50 years. 
All major regions and ciƟ es now use a 
range of ITS to make transport more 
effi  cient, safer and to provide infor-
maƟ on to travellers. These however, 
tend to be deployed in a piecemeal 
manner, whereas it has been demons-
trated that major improvements, 
and beƩ er quality services, can be 
created with the greater integraƟ on of 
inter-operable equipment, i.e. ITS RTD 
(Reasearch and Technology Develop-
ment) is much easier than ITS deploy-
ment! The wish to deploy CooperaƟ ve 
Systems has exacerbated the problem.

Technical and Organisa-
Ɵ onal HarmonisaƟ on

Technical harmonisaƟ on requires the 
use of standardised interfaces and 
protocols for the exchange of data 
between systems components and 
external interfaces. It also requires the 
ITS deployment and operaƟ on to be 
planned in such a way that all stake-
holders get what they expect from the 
services, and that they are available 
wherever and whenever required.

The deployment of ITS frequently 
involves both public and private 
organisaƟ ons, including local autho-
riƟ es, public transport operators, 
equipment manufacturers, service 

providers. Before a service can be 
successfully deployed, their relaƟ ve 
roles and responsibiliƟ es (fi nancial 
and organisaƟ onal) must be clear-
ly established. OŌ en new forms of 
collaboraƟ on in both pubic and private 
sector organisaƟ ons are required.

In order for a set of ITS servi-
ces to be successful throughout 
the EU they must therefore:

  be eff ecƟ ve – make a tangible 
contribuƟ on towards solving a key 
challenge

  be cost-eff ecƟ ve – for all the 
organisaƟ ons involved

  provide geographical conƟ nuity 
– to ensure seamless services across 
the EU

  be inter-operable – to exchange 
data, informaƟ on and knowledge

  have a degree of maturity – to 
ensure they work as required

There must therefore be a planned 
approach so that compaƟ ble equip-
ment will work everywhere, when 
required and in the same way.

DEPLOYMENT AND ORGANISATIONAL 
ISSUES OF COOPERATIVE SYSTEMS
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CooperaƟ ve Systems is the term that 
has been given to those road transport 
services that become available once 
vehicles can communicate with each 
other, and with road-side or central 
units. A disƟ ncƟ ve feature of many 
CooperaƟ ve Systems applicaƟ ons and 
services is that they provide a more 
personal service than other forms of 
ITS. Through the use of wireless com-
municaƟ ons, they also enable informa-
Ɵ on to be provided to drivers without 
the need to pass by fi xed roadside 
structures such as Variable Message 
Signs. The possible applicaƟ ons and 
services are varied and can be classi-
fi ed under the following headings:

Traffi  c Safety

A key feature is that one vehicle 
discovers a problem, and then 
passes this informaƟ on to those 
vehicles that will arrive at that 
locaƟ on in the near future. 

Topics include:

  Road Hazard Warning
  Ghost Driver Management
  Lane UƟ lisaƟ on
  Speed Management
  Collision Warning
  Vulnerable Road User Warning

INTRODUCTION TO COOPERATIVE SYSTEMS

Example of Coopera  ve Services: COOPERS
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Traffi  c Effi  ciency

Each driver is given advice that 
reduces the numbers of vehicle 
stops and starts. Topics include:

  Traffi  c Flow OpƟ misaƟ on
  Advanced AdapƟ ve Traffi  c Signals
  In-vehicle Signage
  Flexible Lane AllocaƟ on

Freight and Fleet 
Management

The key feature is that each dri-
ver is provided with informaƟ on 
that is specifi c to his/her circum-
stances (e.g. rest period), or the 
vehicle’s load. Topics include:

  Loading Zone Management
  Rest Area Parking

Value Added and 
Other Services

There will be a wide variety of these, 
some of which will be available as 
ApplicaƟ ons or „Apps“ in the vehicle 
whilst others will also need faciliƟ es 
in other locaƟ ons. Topics include:

  eCall
  Enhanced Route Guidance and 

NavigaƟ on
  Insurance Services

Current SituaƟ on

These, and other, CooperaƟ ve System 
applicaƟ ons have been demonstrated 
by a number of research projects with 
many prototypes validated techni-
cally. Whilst some applicaƟ ons are 
close to market, many others require 
further work to be done before they 
will be ready for deployment.

V2X Communica  on to enable Coopera  ve Services, Source: CVIS
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Deployment Issues

An ITS Architecture is not an end in 
itself, it is a means to an end and pro-
vides a tool whereby ITS Services can 
be understood at the “applicaƟ on” le-
vel, and the principal components and 
communicaƟ ons needed to provide 
them can be idenƟ fi ed. Although the 
developers of a CooperaƟ ve System 
applicaƟ on may wish to exercise great 
fl exibility, those who are providing 
the supporƟ ng infrastructure need to 
plan for a deployment that will last 
for many years, and the applicaƟ on 
will have to fi t into this structure.

As well as being able to create a de-
ployment plan, much of the technical 
content of a Call for Tender (Request 

for QuotaƟ on – RFQ) can also be 
provided from the contents of an ITS 
Architecture. The interfaces between 
the sub-systems (also called ITS 
StaƟ ons) are also clearly visible and 
the use, or the need for the creaƟ -
on, of standards can be idenƟ fi ed.

OrganisaƟ onal Issues

Each sub-system will be owned and/
or managed by an organisaƟ on or a 
person. Those ITS Services with many 
sub-systems may need a number of 
organisaƟ ons to be involved, both 
public and private. This can get quite 
complex, especially if (part of) the 
service requires payment for non-
safety-related informaƟ on. The ITS 
Architecture enables issues such as 
the ownership of data to be analysed 
and discussed, and upon which a full 
business model can be created.

Example of a Coopera  ve System Architecture including the responsible organisa  ons

THE ROLE OF ITS ARCHITECTURE

Roadsite
Sub-system

Coop. System
Application

Central
Sub-system

Coop. System
Application
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One of the more complex issues 
associated with the provision of fully 
integrated and inter-operable ITS 
Services are the mechanisms by which 
everyone who is needed to provide 
that service will wish to be involved, 
i.e. how will they get paid, and by 
whom? Most current ITS Services are 
provided by a single supplier, but the 
provision of CooperaƟ ve Systems may 
require a number of stakeholders 
to work together in order to supply 
the user (driver or traveller) with the 
desired informaƟ on. An ITS Architec-
ture provides the basis for building 
a model of how each stakeholder 
can contribute to the service.

In a typical scenario there 
are a number of stages:

  Data AcquisiƟ on – raw data is 
collected, usually from or about 
individual vehicles.

  Data Fusion – the non-homogen-
eous data is combined and pro-
cessed in order to obtain a single, 
homogeneous paƩ ern represenƟ ng 
the current traffi  c situaƟ on, as well 
as a predicƟ on of the future.

  Service GeneraƟ on – the informa-
Ɵ on that is to be given to the user is 
generated; in some cases it will be 
customised for a specifi c (class of) 
user.

  Service DistribuƟ on – the infor-
maƟ on is distributed to the user via 
a designated distribuƟ on channel.

BUSINESS MODELS

Data
Acquisi�on

Processing /
Data Fusion

Service
Genera�on

Customiza�on Service
Distribu�on User

ConsideraƟ on of these issues leads to the following quesƟ ons:

 Which are the most likely deployment scenarios?
 What role should be played by the road and highway operators?
  How will investment and expenditure from public sources be jusƟ fi ed?
 Which pracƟ caliƟ es have to be solved before the deployment can go ahead? 

Further research is required before their answers are fully known.

Value chain for Coopera  ve Systems
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The following deployment scena-
rios have been proposed:

Industry Driven Scenario

A group of industry partners agree to 
support the introducƟ on of Cooper-
aƟ ve Systems to the market place. It 
agrees on the funcƟ onality for a set 
of commercially exploitable servi-
ces that can be deployed through 
cooperaƟ on between them, and 
invites other companies and public 
bodies to parƟ cipate. The basic system 
design and ITS Architecture is agreed 
within the core group and proposed 
as the technical basis for work in 
standardisaƟ on commiƩ ees. Once key 
customers have become interested, 
the funcƟ onality can be extended into 
the effi  ciency and convenience areas.

The main challenges are achieving 
agreements on the funcƟ onaliƟ es of 
the common services and the Ɵ ming 
of their introducƟ on so as to reach an 
acceptable level of market penetra-
Ɵ on rapidly. The relaƟ onship with 
public authoriƟ es needs parƟ cular 
aƩ enƟ on; otherwise the necessary 
road-side (infrastructure-based) 
elements will not be deployed.

RegulaƟ on Driven Scenario

Public authoriƟ es take the iniƟ aƟ ve 
to introduce CooperaƟ ve Systems 
via European regulaƟ on in a Direc-
Ɵ ve, which is then followed up at 
the Member State level. Basic road 
safety-related funcƟ onality is defi ned 

and standardised. Their introducƟ on 
is made mandatory for new equip-
ment purchased from a certain point 
in Ɵ me, and made an obligatory part 
of public procurement tenders. Since 
the equipment in vehicles and at the 
road side is cerƟ fi ed and mandatory, 
liability for industry and service provi-
ders would be limited and controlled.

The main challenges are achieving 
agreements between the Member 
States, and the processes leading 
to the introducƟ on of the systems 
into the market. There would need 
to be a clear Ɵ me line for industry 
and authoriƟ es to maintain in order 
to achieve a successful introducƟ on. 
Users will also have to be educated.

Common European 
Mobility Scenario

Public authoriƟ es and industry agree 
on the introducƟ on of CooperaƟ ve 
Systems within Europe and agree 
their respecƟ ve roles and responsi-
biliƟ es. Basic road safety, effi  ciency 
and comfort services are defi ned 
to be aƩ racƟ ve for all stakeholders. 
Development will be done with a 
special focus on inter-operability 
between the various regions and 
scalability of the selected soluƟ ons. 
The impact on the market will be high.

The main challenges are reaching an 
agreement on the roles and res-
ponsibiliƟ es between organisaƟ ons 
and groups that do not normally 
work together. They will then have 
to maintain a step-by-step agreed 
approach that is defi ned in detail.

DEPLOYMENT SCENARIOS
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The quesƟ ons in relaƟ on to the role of 
the operators and the jusƟ fi caƟ on of 
public and private investments have 
not yet been answered. StarƟ ng from 
the stakeholder aspiraƟ ons, which 
are statements of what the stake-
holders want the ITS to provide, an 
ITS Architecture can be created from 
the FRAME Architecture, which has 
been extended to include CooperaƟ ve 
Systems. This will result in a FuncƟ o-
nal Viewpoint sub-set of the FRAME 
Architecture. A Physical Viewpoint 
is then produced for a given deploy-
ment, which shows the locaƟ ons of 
the funcƟ ons and data stores in the 
FuncƟ onal Viewpoint. The next stage 
in the process is to examine the com-
municaƟ ons requirements between 

the physical components with a view 
to idenƟ fying the mechanisms or stan-
dards that can be used in the design. 
For those communicaƟ ons paths that 
relate to CooperaƟ ve Systems it will be 
necessary to consult the European ITS 
CommunicaƟ ons Architecture created 
by the COMeSafety and PRE-DRIVE 
C2X projects and/or the standards 
being created by CEN and ETSI.

The resultant component and com-
municaƟ ons specifi caƟ ons will be 
used to enable the procurement of 
systems, components and commu-
nicaƟ ons from various suppliers.

CREATING AN ITS ARCHITECTURE 
FOR COOPERATIVE SYSTEMS

Additional studies
- Organisational Issues
- Deplyment Plan
- Cost Benefit
- Risk Analysis

Rela  onships between Coopera  ve Systems ITS Architecture ac  vi  es
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MulƟ ple Ownership

CooperaƟ ve Systems may be provided 
by components owned by more than 
one organisaƟ on, and some hazards 
may be the result of interacƟ ons 
between those components. It will 
therefore be necessary to idenƟ fy 
who is responsible for dealing with 
the consequences, both legal and 
technical. An ITS Architecture provides 
a model of the components, and 
their interconnecƟ ons, and thus a 
basis for analysing these issues.

Safety

All ITS applicaƟ ons and services should 
be considered as being safety-related, 
unƟ l they have been shown not to 
be, using a process called Preliminary 
Safety Analysis. The safe use of ITS 
has three principal components:

  (FuncƟ onal) System Safety – e.g. 
relaƟ ng to design faults or system 
malfuncƟ ons. This is provided by 
including addiƟ onal stages in the 
system development lifecycle during 
which the probability of a dangerous 
failure is reduced to an acceptable 
level.

  Human-Machine InteracƟ on 
(HMI) – relaƟ ng to usability, e.g. per-
cepƟ on, overload, underload. A key 
quesƟ on is how much informaƟ on 
can be presented to a driver before 
it stops being a help and starts to be 
a distracƟ on from the main driving 
task.

  Traffi  c Safety – all components of 

the traffi  c system working together. 
This relates to the direct or indirect 
eff ects of the ITS on the safety of the 
traffi  c situaƟ on.

Security

Security abuse commonly includes, 
but is not limited to, unauthorised 
disclosure of informaƟ on (loss of 
confi denƟ ality), unauthorised mo-
difi caƟ on of data (loss of integrity), 
and unauthorised deprivaƟ on of 
access to the asset (loss of availabili-
ty). Users and owners of ITS Systems 
must have confi dence that there are 
countermeasures that will minimise 
any security risk. Whilst security is ne-
cessary for privacy, it is not suffi  cient. 

Privacy
Through their frequent use of vehicle 
idenƟ Ɵ es, CooperaƟ ve Systems need 
to include the requirements for pri-
vacy right from the start of the iniƟ al 
designs. Care will have to be taken to 
ensure that the requirements of the 
European Privacy DirecƟ ve is consi-
dered at every stage of the design 
process. A parƟ cular issue is that 
just making the idenƟ ty of a vehicle 
“anonymous” is not always suffi  cient 
to ensure privacy in all situaƟ ons.

LIABILITY ISSUES
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