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ITS ARCHITECTURE

can work together as a system. Not only is it important to secure the necessary performance of the
component systems individually, but it is also necessary to ensure that they interface with one another
effectively, and integrate them together as a total system.

traffic and emergency management, road pricing)

- the physical components needed to deliver these functions (such as roadside equipment, vehicle
based control systems, control centre workstations)

- the interfaces and communications necessary to allow exchange of data and information between
the physical components

implementation process is shown in the diagram below.

Communications
Requirements

: b o | Find appropriate
Service Create ITS P conmunications

Descriptions 7| Architecture 4\ f-b Standards
'y

Analyse Other Issues
(Organisational, Cost/Benefit
Deployment, Risk)

Communications
Specifications

Send out Requests
for Proposals (RFP’s)
and award contracts

Component
Specifications

v Component Architectures
System
Detailed component Software
and cc rications |« > Hardware
network design Data
\ Communications
Security, etc.

The use of ITS architectures in the ITS implementation process
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The discipline of developing an architecture allows stakeholders to gain an appreciation of the

- the organisational structure required for its operation

- their interdependencies, roles and responsibilities

- a provisional list of likely costs

- an estimate of the benefits that will be provided

- the identification of the risks involved and how they can be mitigated
- essential features to be included in the deployment plan

All this can — and should — be done before work begins to procure, design, develop and deploy any of

a result of the systematically working through the requirements. This means that the need for changes
can be identified and accommodated at an early stage in the implementation process which means
they can be achieved at much less cost than if they were made later on, when some parts have been
designed, produced, tested and installed.

will be based on a close analysis of how the chosen services are to operate together and interface with
one another, leading to a set of high-level statements about the system requirements that are
independent of the final design and technology choices.

- real-time monitoring of traffic conditions and journey times across the network

- rapid incident and accident detection with systems for emergency response

- traffic control, sometimes integrated with bus operations or dynamic (traffic responsive) route
guidance or parking management

- monitoring local weather conditions, especially snow and ice, high winds at exposed locations, heavy
rain, flooding and poor visibility (fog or blown sand)

- provision of information to the public via the internet and media organisations

- preparation of network management and statistical information for longer term planning purposes

implementation. While there are risks of conflict between what is needed to provide these services,
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there are significant opportunities to maximise benefits by integrating them so that they work in
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architecture represents a consensus among the users, service providers, and transport agencies
expressed in common terms, definitions, boundaries, priorities and expectations among the
stakeholders who will later be making independent, but now consistent and mutually supportive,
decisions.

an organisational viewpoint, cost/benefit and risk analysis studies.

STAKEHOLDER DRIVEN

implemented is responsive to the needs of all stakeholders, rather than implementing technology for
technology’s sake.

PROMOTION OF ITS STANDARDS DEVELOPMENT

By defining the different physical entities and the data that has to flow between them, the architecture
provides the context for the identification of the most appropriate standards. Based on the interface
definitions and an analysis of operational needs, user requirements and hardware/software
specifications, the architecture can help identify whether existing standards can be used or if new
standards need to be developed at local, regional, national, or international level.

PROVISION OF COMMERCIAL BENEFITS
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economies of scale, ensure consistency of data and information, encourage investment, and help to
ensure interoperability.

RISK MANAGEMENT

implementation. This allows joint decisions between partners to be made in concert, reducing the
risk of one organisation making wrong guesses as to what other organisations are going to do. By

reduces the risk of de facto or proprietary standards perpetuated by the dominant manufacturers.

LINKING ITS TO THE TRANSPORT PLANNING PROCESS

conventional transportation plans and solutions. It can also add substance to those plans through the
definition of what is required to provide which services and the priority for their implementation.

PROVIDING A BASIS FOR SYSTEM DEVELOPMENT

be collected, what processing the data will need, where that processing should take place, what data
should be shared between the components, plus where and when the resulting information is to be

the architectures provides a versatile platform from which component, communications and software
can be developed.

PROVIDING A FRAMEWORK FOR FUTURE EXPANSION

user service or a major revision to the service specification will most likely require a re-evaluation and
modification to the architecture.
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WHAT IS ITS ARCHITECTURE?

implementation. Examples are interoperability between the participating agencies and the
retention of information control by the respective agencies.

control centre (TCC) that may need to exchange data with another TCC or a traveller information centre
(TIC), possibly across national or language boundaries. Defining the content and minimum
performance specification to be defined to achieve the required level of interconnection and
interoperability. The choice of which specific technologies are best to use in response is a matter for
the system designer.

Itis not possible to present a complex system in a way that can convey all the information about the
viewpoints, depicting different levels of detail and different types of information are used. These
viewpoints might include:

- the logic (or functionality) of the system describing how various items of data should flow and be
processed (the “logical” or “functional” viewpoint)

1
viewpoint-)""
- what communications are needed between the physical components — and between the outside
world and the physical components (the “communications” viewpoint)
- how the system components, communications and responsibilities are to be assigned to providers
”

viewpoint)

among them:

- how the components and communications might be deployed (the deployment plan)
- what the costs of deployment are likely to be, and how these will be off-set by benefits (a cost/benefit
analysis)

implementation but important for some of the functional components - for example the financial
institutions, such as banks, in the case of toll payment or electronic ticketing
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LEVELS OF ITS ARCHITECTURE

in general.

In the context of Intelligent Transport Systems, a high level architecture is the conceptual design
that defines the structure and/or behaviour of the system. It specifies the functionality needed to
individual components and communications are open. This technology independence means that
suppliers have freedom to choose a technical solution that is most appropriate for the client, whilst
still complying with the overall architecture.

Low-level (or component) architectures, by contrast, contain the actual designs for hardware,
software, data exchange and communications. They define more narrowly the technologies required
body, if they have the expertise, but it is more common for design specifications to be developed from
a high-level architecture by the systems integrator or system supplier.

- is planned in a logical manner

- meets the desired performance levels

- is easy to manage, maintain and extend

- delivers the desired performance and satisfies user expectations

They have the following characteristics:

- they describe the function, role and performance requirements of the components and the
communications links that enable data exchange;
of the following:
o other systems

o system operators — who manage and maintain the components and communications
= they can often highlight where new technology may be needed and make the case for carrying
out research

architecture supports?



@) Interreg 'ntﬁ

Central Raltic Trans

- a physical viewpoint — what system components are needed to deliver the required functionality,
and how can these components be grouped together and co-located?

- @ communications viewpoint — how does the choice and distribution of functionality in system
components and component locations impact on the overall communications requirements?

- an organisational viewpoint — what organisational structure is needed to manage and operate the

- a deployment plan — how are components and communications to be deployed, taking account of
how many existing system components can be re-used?

- a cost/benefit analysis — to estimate the cost of supply and installation of components and

- a risk analysis — to evaluate the areas of risk associated with the deployment, and who will be
responsible for their mitigation

is illustrated by the diagram below.

atl Service

Descriptions
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Analysis
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Deployment Plan

Standards «

T Viewpoint

Relationships between different ITS architecture viewpoints and other aspects of ITS deployment

The relationships shown in the diagram are bi-directional to illustrate how results from one one aspect
may influence another. For example, as a result of creating the communications and/or
organisational viewpoints it can sometime be necessary to modify the physical viewpoint.

To gain maximum benefit from a high-level architecture it should be developed before any work is
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LOW-LEVEL ITS ARCHITECTURES

communications. A low-level architecture could be developed by the commissioning body, if it has the
expertise, but it is more common for design specifications to be developed from a high- level
architecture by the systems integrator or system supplier and may not always be in the public domain.

THE HOUSE BUILDING ANALOGY

In both cases the architecture may have to be expressed in various forms to suit different audiences.
For the house buyer, the architecture is initially used to show how the completed house will appear
and the floor plan, for example room sizes and where the toilets are located. Once the homeowner is
satisfied, more detail is added so that the construction workers are provided with drawings of walls,

architectures expand this to include the technical details that enable equipment suppliers and system
integrators to implement the services. The selection of a particular architectural form depends on how

architectural forms is consistent with the multiple viewpoints in the IEEE standard 1471-2000,
“Recommended Practice for Architectural Description of Software-Intensive Systems.”

ADVICE TO PRACTITIONERS

because they support implementation of a specific service, such as traffic control centres, car park
management, or public transport fleet management.

FRAMEWORK ITS ARCHITECTURES

applications that provide a flexible basis for further refinement and development. A framework
approach is particularly suited to circumstances where a ‘top-down’ universal approach is not feasible.
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- it makes it possible to achieve the harmonious integration of systems by defining where common
standards, norms and practices can be used

- it prompts the resolution of important issues - such as stakeholder relationships and responsibilities
for communications infrastructure provision

configurations and specify the associated communications networks
- they can be used to explore alternative component configurations and associated communications

- the functions of the system and sub-system components

- where these functions reside (at the roadside, in a traffic management centre, or in a vehicle)

- the interfaces and information flows between subsystems

- the communications requirements for the information flows in order to address the underlying user
service requirements

- where standardisation of equipment, interfaces and communications at the national level will bring
benefits

the user the flexibility to tailor the architecture for specific deployments without losing the benefit
of its common features - such as the interfaces for system components and communications.
Standard interfaces are very important for consistent systems integration and will have greater



[
€@) (nterrey '"tﬁ

Central Raltic Trans

"connected vehicles" in the USA). This is because of the need for services to be delivered in the same
way, everywhere within a region, for example the USA, Europe, Australia and Japan. They make the
exchange of information possible at an affordable and effective level.

deployments)

- it is possible to modify the content and add functionality to support additional services before
defining the physical viewpoint

- although adding additional functionality is not difficult, it is often advantageous to enlist the help
of specialist consultants

- the content is more restricted in terms of its functionality although there may be limited options for
varying the component configuration — for example the options for the communications network are
restricted to what is compatible with the common specifications

other countries.

is conditional on using of the National Architecture.
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Architecture is the least flexible since it contains restricted component configuration and
communications specifications. But if no changes to the supported services are needed, they are often

include "component", "data", "information", and "communications" and it is necessary to make sure
that everyone has the same understanding of how they are used. In addition, practitioners need to
understand the difference between “logical” or “functional architecture” and “physical architecture”.

COMPONENT

from manysources. Itcanrepresentthe presence of a vehicle, dataaboutatrip thatatraveller wants
to make, or details of goods and the origin and destination of their movements. The data can also be
provided by other systems - such as data about the weather or details of services provided by non-
road transport modes.

application. It can be traffic flow rates, traffic conditions, a trip plan, or details about a goods
movement. It can also be the content of a variable message display and the "red/amber/green"
indications at traffic signals.
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DATA COMMUNICATIONS

The term "data communications" or sometimes "data communications link" is the term given to the
mechanism through which data or information is transferred from one component to another - or

associated data flows that take place between the internal components and those that link
externally to people, data sources and other systems. This is defined in the formal descriptions of
the services. Its developmentis used to identify common areas of functionality - so that the data can
be shared across as many services as possible. The principle of "collect data once, share and use it
many times" applies. The logical architectureisindependent of any hardware or software approach.

the starting point for its creation.

PHYSICAL ARCHITECTURE OR VIEWPOINT

In the context of systems engineering, the physical architecture or viewpoint shows how the
functionality defined by the logical architecture (or functional viewpoint) is to be distributed amongst
the system components in different organisations and locations. It is not a detailed design, nor does it
include details on specific numbers of systems or equipment at particular geographic locations.
Responsibility for the ownership, operation and maintenance of the system components may also be
divided between different organisations.

architecture) is the option of exploring alternative physical architectures whilst maintaining the same
logical architecture.
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This makes it possible to arrive at an optimal distribution of functionality in response to local
requirements.

COMMUNICATIONS ARCHITECTURE OR VIEWPOINT

The communications architecture or viewpoint is created from the physical architecture and provides
a more detailed specification of the data flows. It is at this point that the data flow characteristics are
defined, such as how long the data transfer can take, how often, what security will be needed and how
much data there is likely to be. The need for inter-operability can be assessed - for example enabling
the same form of electronic payment to be used for all services. These detailed specifications enable a
search to be made for suitable local, national or international communications standards. Existing
standards should always be used wherever possible as this avoids the (sometimes lengthy) standards
creation process and may make it possible to use existing telecommunications infrastructures. This
means ITS deployments can take advantage of the rapid changes taking place in the
telecommunications industry. Choice of communications will depend on what is available locally and
the tariffs that can be negotiated with service providers. These issues need to be explored with the
communications providers.

ORGANISATIONAL ARCHITECTURE OR VIEWPOINT

The organisational architecture or viewpoint is also created from the physical architecture and shows
who will be responsible for the operation, maintenance and management of the components and
communications links. It will also highlight the organisational structure that will be needed to support

implementation - and where and in what form, interfaces are needed between the subsystems and
the end users. As well as describing the interfaces it is also necessary to describe how the subsystems

architecture the description of the database need only say what it is expected to do, e.g. provide
contact information for a specific vehicle identity.

One important point to note is that end users that are human beings, e.g. travellers, system
operators, transport planners and fleet managers, are always outside the system boundary. Itis the
input and output interfaces that are provided for their use that are inside the system boundary.
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WHY CREATE AN ITS ARCHITECTURE?

based services) are market driven. In road network operations there are always key stakeholder
groups, public authorities and private sector organisations with a part to play (for example - in
motorway network management, traffic control and toll road operations). Each has different
organisational areas of competence or responsibility (such as road safety, public transport, fleet
logistics, policing and public security). Each has its own policy goals. Alongside there are the wider
community objectives of improving road safety, transport efficiency and environmental quality. The
process of stakeholder consultation is intended to take account of the bigger picture — to identify what

their own domains. These are then amalgamated to provide a set of services that have been jointly
selected by all stakeholders.

Policy Goals
Safety, efficiency, environment, elc.

v

Services supporting policy

v

Services within own domain

v

User services fully or partially
run in own domain

Other v
stakeholders' | Jointly selected user services
views

Expression of Policy Goals in ITS Service Selection

The process of getting stakeholders involved should start by asking them to describe in their own
can then be modified so that they will support the policy goals. (See later more detailed section on
"Describing the Services") It can be very beneficial if thisis done through a "stakeholder conference"
so that the various groups can meet each other, discuss the options and understand each other's
requirements. Often this will lead to the realisation that some of the services can be enhanced by
exchanging data or information between different stakeholders.

automatic incident detection. This functionality can be adapted to give high-quality traffic and traveller
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information, with point-to-point journey times. An alliance between the network operators, toll road
companies and the information service providers is needed to make this happen. The consortium will

of all the partners.

Another example might involve the motorway network operators considering the use of ramp metering
to maintain smooth traffic flow. An undesirable side effect can be long queues of vehicles that spill out
onto the surrounding roads causing gridlock. Measures are needed to ensure that this does not

happen. There may also be pressure to prioritise buses and coaches and other high-occupancy vehicles
waiting on the ramp. The two network operators - for the motorways and the surrounding roads —need

stakeholders have: road network operators, transport service providers, suppliers.

ROAD NETWORK OPERATORS

architectures in various ways:

- through technology independence with easier planning for long term investment and how future
upgrades can be made;

- by creating an open market for components, communications and systems from a choice of suppliers
based on the use of publicly available standards;

communications providers.

TRANSPORT SERVICE PROVIDERS

Organisations that are concerned with the mobility of people and the movement of freight include

fleet tracking, load monitoring, or secure parking for trucks);
- the use of compatible equipment with the same components and interfaces being used elsewhere
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to benefit from interoperability, data re-use and avoiding redundant investment;
- the potential to integrate one service with another in a seamless and logical way.

SUPPLIERS

Suppliers may be component suppliers, communications providers or system integrators - for whom

- lower risk for investments in system, component and communications developments consistent with
the common approach provided by the architecture;

- the possibility of larger more profitable production runs arising from the use of "open systems" and
publicly available standards - which can enlarge the market place;

- greater opportunities for small and medium enterprises to participate in the supply chain by
providing specialised components.

ALL STAKEHOLDERS
An architecture approach can help all stakeholders to:

I. explore alternative system configurations — for example to understand the advantages and
disadvantages of processing data in particular physical locations;
contribution to current operations and future plans;

3. refine the specifications and requirements for components and communications before significant
investments are made.

- alimited appraisal of design opportunities — for example:
= dependence on proprietary systems (often specific to one supplier for all components). Whilst
proprietary systems may offer benefits in terms of favourable purchase terms — later expansion,
maintenance and integration with other services may become difficult;
= limiting the options to further develop services because of a choice of a particular type and style
of telecommunications;
o technical system choices that may in time become obsolete.

If any of the risks are realised in practice, the costs involved in mitigating or correcting them will be
significant. In some instances the only way forward is to "start again", and this time use an ITS

architecture.
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WORDS OF ENCOURAGEMENT

negative comments such as "l didn't know it would do that", or "I wish it didn't do that", or "I wish it

could ....".

that the finances will be made available to do it. In some instances a few of the stakeholders may also
need to be convinced. So it is necessary to have a good "selling" pitch that can be tailored to suit
each type of audience.

THE USE OF ITS ARCHITECTURES IN THE ITS IMPLEMENTATION PROCESS

or communications have been purchased or designed. This is because they do not contain any
reference to technologies. In fact the component specifications and communications requirements

by the diagram below.
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The use of ITS architectures in the ITS implementation process
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Organisations use various terms for the procurement process —such as "Requests for Proposals",
"Call for Tenders" or "Request for Solicitations". What is important is that the architecture is included
in the contract documents and is used by suppliers, communications providers and system integrators
when developing their proposals. This ensures that the specification for components and

As part of their bid responses - suppliers, communications providers and system integrators can
be asked to illustrate their proposals with their own system, software, hardware, data and
communications architectures, all of which are low-level or component architectures. Each one can be

below.

ITS Architectures

used here /

Py, I System Acceptance
— & Use

/

Sk 5 ] System Installation
symmmm e e . —— & Testing

7

R B e\ System Integration
Sﬁmm P — & Interface Testing

==\

ponent Design <— $ Component Testing

Validation

Component Development

ITS architecture in the Systems Engineering

OTHER ARCHITECTURE METHODOLOGIES

There are a few other architecture methodologies that are in use around the world, which are
mentioned here for completeness. Probably the most common of these are Enterprise Architectures,
the Open Group Architecture Framework (TOGAF) and Object Orientated/UML Architectures. All three
approaches cover more than just the architecture and go into system implementation and
maintenance.
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ENTERPRISE ARCHITECTURES

An Enterprise Architecture is a well-defined practice that can be used by organisations to guide the
development of their businesses. It considers the business to be an "enterprise" and is perhaps the
successor to "business architectures" that use business process modelling techniques. The concept of
an Enterprise Architecture is attributed to John Zachmann when he worked for IBM in the 1980's and
was responsible for the "Zachmann Diagram". It has been developed and updated several times since
by organisations such as the Enterprise Architecture Centre of Excellence (EACOE). As far as is known,

architectures does fit well with the Zachmann Diagram and is part "Business Model" and "System
Model", with the preparation of the service descriptions being part of its "Scope" phase.

THE OPEN GROUP ARCHITECTURE FRAMEWORK (TOGAF)

Framework). It is robust and used in many parts of the world, backed by a strong user community that
offers professional certification for those that use it (TOGAF practitioners). TOGAF Architecture
Development Methodology (ADM) divides architecture creation and use into several phases as shown in

Systems Engineering "V" Model.
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Relationship between the TOGAF Architecture Development Methodology (ADM) and typical ITS Architectures
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component architectures. These additional phases can cover subsequent steps in the ITS

implementation process, such as procurement, installation, and operation. Including these steps within
the architecture has the advantage of delivering both the actual solution, as well as closing the loop

OBJECT ORIENTATED ARCHITECTURES

Object orientated methodology has been long established for software and system design and is

the world and using the methodology described in this module.

It is probably true to say that the object orientated methodology is inappropriate for use by people
outside of the IT industry since it requires practice to become familiar with it. This methodology is more

developers.

provides the greatest opportunity for assessing all of the options for component and communications
configurations. This should be done without the influences of suppliers and providers, who will
inevitably be keen to sell their own products, but should take account of what standards are available,
particularly for communications.

publicly available, standards to which anyone can conform. This will in turn widen the potential supplier
and provider base, in other words make it easier for a broader range of companies to tender for the
implementation but also to future expansions and upgrades, thus avoiding the trap of being "locked
into" a particular source of components and communications.
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HOW TO CREATE AN ITS ARCHITECTURE?

be created (which could be either a “mode

I” architecture such as the US National ITS Architecture or a

framework architecture such as the European FRAME Architecture).

in the two regions — and domestic and international standards have been developed, based on them.
It would be very expensive to approach a new architecture development starting "from nothing".
approach for a new architecture definition provided that the local user needs, institutional set-up and
transport context (such as the package of user services, modal choices and traffic mix) are addressed.
These may vary considerably from the assumptions inherent in either the US or FRAME Architectures.

The two ways of creating an architecture (start from nothing or adapt an existing architecture) share a

Service Descriptions -> User Needs -> Functional Definition -> Physical Partitioning -> Communications
-> Linkages to Standards.

OPERATIONAL CONCEPTS /OPERATIONAL REQUIREMENTS

In the process shown above, any detailed concepts about how the services are to be delivered will be
part of the “User Needs”. They are often referred to as “operational concepts” and “operational

24/7)”, or a service “must be available in the same way everywhere”. To highlight their importance
these concepts are best captured in a Concept of Operations (ConOps) document that contains
descriptions of how the services will actually work. To do this, the document requires inputs from some
creation of the ConOps document may be started early on in this process, it cannot be completed until
nearer its end.

activities.

EUROPEAN
REGIONAL

AMEEN AMMATTIKORKEAKOULU
HAME UNIVERSITY OF APPLIED SCIENCES

TRANSPORT AND
!_I AMK TeHE X oreKooL INsriToTE T CATION

TTK UNIVERSITY OF APPLIED SCIENCES.

EUROPEAN UNION
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CONSULTATION WITH STAKEHOLDERS

Generating the description of each service is best started by having a dialogue between the
architecture team and those who want the service provided — usually referred to as stakeholders and
who may be any of the following:

- those responsible for traffic management and road network operations

to do this through providing new vehicle or mobility related services
The process of engaging with stakeholders involves a sequence of activities:

- Initial Outreach: to raise awareness of the project and identify the stakeholder community

- Meetings: with the stakeholders to understand their requirements and where possible develop
stakeholder aspirations

- Ongoing Dialogue: to support architecture development and review project deliverables

The development team will need to meet key stakeholders, either individually, or as a group such as
"road users", or a "quality circle."

produced — those who developed it will need to be consulted. Another alternative is to select
stakeholders by what they do (their function) — such as:

- police, emergency services and road operators who are all involved in responses to incidents

- port authorities, goods transport operators and road operators who are all involved in managing the
movement of goods to and from ports

- a relevant group of commercial businesses — for example toll road operators, information service
providers or car park operators

any real detail on the services the stakeholders want, from which the stakeholder aspirations can be
produced. Often more will be achieved by discussing what each stakeholder does, any problems they
currently have (for example delivering policy outcomes or developing user services) and how they see
their activities will develop in the future. A useful question to ask is “what will be the organisation's

facilities are desirable in the future.

The architecture team will need to be represented by at least 2 people - one to lead the discussion and

EUROPEAN

TRANSPORT AND REGIONAL

H A M K -{ehﬂmA GRGKOOL TELECOMMUNICATION
INSTITUTE
FIAME GNIVERSITY OF APPLED SCIENGES TTKUNIVERSITY OF APPLIED SCIENCES

EUROPEAN UNION
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the other to take notes. Each meeting should be planned to last long enough to explore the issues in
depth (often between half a day and a whole day depending on the number of attendees). How many
meetings will be needed depends on the number of stakeholders and whether the team meets them
individually or in groups. The advantages of either option are:

- meeting individually — provides an opportunity for frank and open discussion which may touch on
matters of a sensitive nature
- meeting in groups - is an opportunity for interaction between stakeholders and for developing a

essential requirements — and each party’s roles and responsibilities

When all the meetings have been completed the architecture team will need to produce a report

descriptions produced in conjunction with the stakeholders. This approach is not recommended for
the following reasons:

and Access, it will be difficult to properly check it for consistency, so a specialist tool will be needed
at extra cost

used are probably System Architect from IBM and the Mega Process business modelling tool from
Mega International.

EUROPEAN
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Service Descriptions -> User Needs -> Functional Definition -> Physical Partitioning -> Communications
-> Linkages to Standards.

The “operational concepts” and “operational requirements” explained above should be included in the

both provide inputs to each of these process steps in different ways. Where the starting point is the:

- US National ITS Architecture — its Turbo Architecture tool can be used to create variants of ITS

- European FRAME Architecture - its Selection Tool enables a single set of functionality (called a
functional viewpoint) to be created from the FRAME User Needs Descriptions. From this selection of
one or more physical viewpoints can be created containing the same functionality but possibly
in different physical locations

ADVICE TO PRACTITIONERS

Before a choice can be made between the two starting points, it is important to have discussed and
answered the following questions:

the outlines of the service descriptions should be created to clarify what the stakeholders are
expecting to be delivered

implementation and if so - is it likely that it will be expanded in the future - either by adding new
services or expanding the geographic coverage?

architecture. Whatever the answers, use caution if the "Start From Nothing" approach is used because
it will require a heavy commitment of resources over a long period of time without the benefit provided

following issues:

- US Architecture — easy to use as a “model” architecture requiring little or no knowledge of the
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is only the content of the services that is the deciding factor.
If there is not a good match between the services selected by the stakeholders and the US User Services
or Service Packages, then the FRAME Architecture is a better starting point as it will be easier to adapt.

ISSUES FOR DEVELOPING ECONOMIES

user community.

RESOURCES

phases:

- Phase 1 —creating the service descriptions

- Phase 3 —carrying out the follow-on activities

The numbers of people needed for each phase will depend on the number of stakeholders and the

PHASE 1 — CREATING THE SERVICE DESCRIPTIONS

Experience has shown that it is impractical to have only one person at the meetings with stakeholders
to enable the Stakeholder Aspirations to be captured. This is because it is virtually impossible to direct
the course of a meeting and take meaningful notes of what is said at the same time. Stakeholders can
Aspirations”), but holding stakeholder meetings, either individually or in groups is a better way to
gather this type of information. An accurate record of what is said at these meetings will be an
invaluable aid to developing the detailed Service Descriptions. Discussions with stakeholders before
the architecture is developed are likely to produce “Stakeholder Aspirations” rather than strict,
specific Service Descriptions which need to be refined by the Architecture Team before starting work
At least two people will be needed for each stakeholder meeting — one to lead the discussion and the
other to take notes. If a large number of stakeholder meetings are needed, it may be necessary to
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deploy teams of two people each, so that meetings between non-related groups of stakeholders can
to the level of detail required, will be about 6 months, since it is usually necessary to talk to stakeholder
representatives whose diaries are often very full.

PHASE 2 — CREATING THE ITS ARCHITECTURE

Architecture, then the time required should be relatively short - about one month should be sufficient
and includes the creation of the physical viewpoint. If the "Start from Nothing" approach is taken, then

up to 2 years for a more extensive architecture.

PHASE 3 — CARRYING OUT THE FOLLOW-ON ACTIVITIES

undertaken by several people — if necessary working in parallel. The possibilities for parallel working
can best be seen from the diagram below.

Service /

¢ Physical Service
Zon :‘;s Viewpoint . Descriptions

A T A A

Communications
Viewpoint

Costs
Analysis

‘ A 2

Deployment Plan

Relationships between different ITS architecture viewpoints and other aspects of ITS implementation

Many of the links are bi-directional because work on one view or viewpoint can affect the
contents of a previously created view or viewpoint. So for example, physical and communications
constraints identified by work on their viewpoints can require changes to the way that the functionality
is partitioned in the functional viewpoint.
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project. In practice this is not true. What will vary is the level of detail that is needed, so that for
viewpoint, plus a much simpler treatment of deployment, cost/benefit and risk.

To create all of these viewpoints and other outputs three people will be needed and they should
be able to complete the work in three months. Obviously if less detail is required then the amount of
effort reduces, which can be expressed either as a reduction in people or in the time taken.

Phase Number of Duration (months)
people

Num Title Minimum Ideal

ber

1 Creating the service descriptions 2 upto4 upto6
Creating the ITS architecture 1 upto3 1

3 Carrying out the follow-on 2 upto3 upto3
activities

The conclusion from the table is that between 2 and 4 people will be needed for a period of up to 10
months. It is advisable for each team member to work on the three phases of architecture
development rather than focusing just on one.

RESOURCES NEEDED TO MAINTAIN AN ITS ARCHITECTURE

continue to serve a useful purpose. The resources required to do this should be small, with two people
needed for a period of about 6 months every 12-18 months — but this will depend on the size of the

ADVICE TO PRACTITIONERS

When allocating resources, it is helpful to keep in mind the long term situation and the need to keep
those with several different types of service (for example, traffic management, public transport and
tolling) it will be cost effective to employ the same person to create and maintain the architecture. The
dividends will be reduced staff resource time because of retained knowledge, which in turn can be

architecture, which will inspire them with confidence.

ISSUES FOR DEVELOPING ECONOMIES

It is possible that there will be no suitable local expertise to create the architecture but dependency
on the use of consultants will be expensive. A better plan may be to train at least two locally-based
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it is probably better if they are not. Computer literacy, willingness to learn and enthusiasm are the

Model architectures which have been customised can be used to develop other viewpoints (such as
the organisational viewpoint) but may be more difficult to use as the starting point for the
development of a new sub-set of architectures. Framework architectures can be easier to use to
explore different physical and/or communications viewpoints and to create new sub-sets to support
new separate services, or combinations of services.

EXPLORING DIFFERENT ITS CONFIGURATIONS

component configurations and look at the effects the alternatives have on the communications and
organisational viewpoints, and other important aspects of deployment such as cost/benefit. This
process can help identify the optimum system configuration that:

- puts the components in the physical locations that make them easier to deploy
- uses the most appropriate communications networks

- has an acceptable deployment and/or operation cost

- whilst still providing the desired services

- physical viewpoint — this shows where each component will be physically located and the
functionality it will contain. This is one of the outputs provided by the US Turbo Architecture and the
FRAME Selection Tools and it can be useful to study alternative ways of distributing the functionality
between components. The downside of this study is that it can hinder the development of
"standard" components.

- communications viewpoint — this contains the requirements for each link that enables the
components to exchange data with each other and with the outside world. It is created from the
physical viewpoint using estimates of the data in each link and any other performance characteristics
— such as communication latency (delay). An example of the detail required is shown in the
Communications Viewpoint for Kent County Council.

- standards — as the communications viewpoint table is created for each link, it can be used to
determine
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the options for fixed line communications standards will need to be identified and the most
appropriate selected. Other communication links may involve standards such as those between
moving objects (vehicle to vehicle communications) or between moving and stationary objects
(vehicle to infrastructure communications). In some instances standards may also have to be applied
to the components to cover a diversity of things such as appearance, location, use interface,
tolerance of environmental conditions, maintenance, power source and durability.

- organisational viewpoint — this is used to show the organisational structure that will be needed to
manage and operate the components and communications links. If the FRAME Architecture was used
as the starting point, this viewpoint can be created using the FRAME Selection Tool. It is used to
identify the impacts on and changes needed to the existing organisational structure.

system boundary can be shown in what is called a "context diagram". An example is prowded for
Kent.

- deployment plan — this is produced from the physical and communications viewpoints to show the
order in which components and communications links can be deployed and how those that aIready
currently in use so that an assessment can be made of its value for the implementation described by
the ITS architecture.

- costs analysis — a rough estimate of the capital and revenue costs (often based on previous
experience) can be produced using the component descriptions and communications requirements.
Using the deployment plan a cost profile can be produced to show when the costs will be incurred as

- cost/benefit analysis — this anaIyS|s may be more difficult to perform as estimating the benefits is
not always easy. Help can be sought from organisations such as the International Benefit,

- risk analysis — identifying the areas of risk that may be attached to deploying the components and
communications links is very useful, as well as looking at other issues such as impacts on existing
organisations, the availability of suitable technologies, problems with user acceptance. It should
include consideration of the organisation(s) responsible for the mitigation of any identified risks.

- Service descriptions/component relationships — developing these can be very useful when
proceeding from architecture development to deployment as it shows the component(s) that are
involved in the provision of each service. With the US Architecture services and the components or
subsystems associated with each service are accessible and can be edited using the Turbo
Architecture. For the FRAME architecture the service relationships can be created directly from the

example.

As can be seen from the diagram, some of the relationships are two-way and the architecture may
need revising to create the optimal system configuration as a result of anaIysing different aspects
dothisatan early stage before any contracts have been placed for equipment and communications
to be designhed and/or purchased.
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CONCEPT OF OPERATIONS DOCUMENT

is going to be used and the content of both the functional and physical viewpoints.

The ConOps document can be used to provide answers to stakeholders' questions about what is
needed, how it works, who is involved and when it is needed. In order to produce this document, the

viewpoints and views are created. Indeed it can be used as a mechanism for creating the initial view of
the functionality before it is put into the functional viewpoint. However if this is done, the ConOps
document should only be regarded as "work in progress" and not considered "final" until the other
viewpoints and views have been produced.

Once the service descriptions have been produced and included in the ConOps document, it can be
used to provide answers to the following questions:

- What: data/information is to be input/output and how is it obtained/provided

- How: the way that the inputs are processed to produce the outputs

- Who: the different levels and areas of responsibility of all those involved in delivering the services
- When: what will the end users get, where and when

The information used to answer these questions will be included in the functional, physical,
communications and organisational viewpoints. As already noted, this information can be written into
the ConOps document as these viewpoints are produced, so long as it is updated after they have been

creation process.

The ConOps document can provide a joined up view of how the services will operate that is not directly

In practice this diagram will be a combination of the context diagram showing the system boundary
and the top level physical viewpoint diagram and could be as shown below.
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Train Operators

Bus Operators |

Metro Operators |

Public Transport
Management Centre Information Displays
Emergency Vehicles
Personal Devices .
Police A
Signals RS |
Detection Road Traffic
Management Centre
cCTV In-vehicle Services

Roadside Displays

A typical high-level architectural sketch for Road Network Operations

that could be used, or that will need to be developed for the implementation of the service(s) it
describes. This is because one of the users of the document will be the stakeholders for whom it can
be important to get the stakeholders to agree the content of the ConOps document before proceeding
to the "Procurement" stage.

Once the stakeholders are happy with the ConOps document its other group of users is the component
developers and communications providers. For them it provides the joined up view of how services are
to be provided. Therefore and the inclusion in it of any suggestion about technologies to be used will
act as a constraint on their design work.

LEGACY/OBSOLESCENCE/UPGRADE

reached "obsolescence" (in other words they cannot be integrated with anything new, modified or
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outside the architecture team.

ARCHITECTURE MAINTENANCE

to remain relevant - but often overlooked as there is little enthusiasm to allocate the funds to do it.
Some form of a maintenance plan needs to be put in place with an appropriate budget. The size of
that the architecture includes. But a very rough guide for budget forecasting purposed is that it
should be 10% of the total development cost.

THE MAINTENANCE PLAN

discussion about the services currently provided and whether stakeholders want them to be revised,
upgraded, or new services added (taking account of the features and performance of services provided
elsewhere).

following the same sequence of steps as when a new architecture is created.
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