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ABSTRACT

The ITS Architecture for Canada is a presentation of functiond and physcd ITS
eements and how they are integrated. Trangportation agencies in a particular region or
area should use the ITS Architecture for Canada as a framework, a common vocabulary
and a guide to develop an architecture that is tallored toward the unique features of the
paticular region. This “Regiona Architecture’ is a road map of the information flow
between the various systems that are essentid to the stakeholders of the region. It maps
out how the various ITS components are ultimately tied together and integrated, both
physcaly aswdl asinditutiondly.

Conaultation with and the support by regiond dsakeholders are very important in the
successful development and implementation of a regiond architecture.  In this context,
stakeholders can be described as owners or operators of the existing and planned systems,
paties that collect and disseminate the information as well as paties that use the
informetion. To a large extent they are “terminators’ which are described in the ITS
Architecture for Canada as “representing the people, systems, and genera environment
that interfaceto ITS’.

Stakeholders dready ddiver their activities within the prescribed polices of that region.
Policies, paticulaly in the area of transportation, are guiding Statements by which
gpecific initiatives are undertaken. 1t makes sense then, that a regiond architecture aso
reflects the policies of that region. Many jurisdictions have developed ITS drategic plans
that discuss efforts to develop and expand ITS initiatives in support of trangportation
Mager Plans. Although the ITS Architecture for Canada was first launched in 1999,
“ITS Strategies’ that have been developed since 1999, eference the ITS Architecture for
Canada, but do not describe a regiond architecture. In some cases the regiond
architecture is developed after the drategic plan and in other cases only the reference is
made to the ITS Architecture for Canada, but aregond architecture is not devel oped.

The quedtion is “Where does the regiond architecture fit within the policy and planning
process?’

This paper will discuss the development of regiond ITS architectures that represent
stakeholders interests and meet the objectives of a trangportation master plan. It presents
a discusson of regiond ITS architectures being developed as pat of the drategic
transportation planning process and conclude with the dStatement that the regiond
architecture, combined with prioritization, costing, and programming of future ITS
initiatives into the short, medium and long term, isthe ITS Strategic Plan.

1.0 INTRODUCTION

Intelligent Transportation Systems (ITS) provide the opportunity to integrate travellers,
vehides and infradructure into a comprehensive system through a range of technologies.
They are a st of tools based in information, communications and integration that serve
to:



Improve safety

Increase operationd efficiencies

Reduce energy and environmental impact

Enhance productivity and competitiveness
Improve collection of data

Enhance mobility

Create opportunities for Canada s ITS Industry (1)

Stakeholders that benefit from ITS include

Owners and managers of transportation systems

Vehicle drivers and fleet operators using the transportation system
Travellers, Shippers and other transport companies

Road Authorities (2)

ITS can be ddivered as a collection of individud applications but this is likey to increase
costs, duplicate data collection and use, and cause problems in the future for integration
and sharing of information. An ITS Architecture is a tool that describes the “big picture’
of the functions each application performs and how the applications work together. It
illustrates the current system and the future needs. Looking at the “big picture’ ensures
that planners and engineers capture dl the needs and the functions of the information
users and providers that make up our transportation system.

ITS ae information sysems and ae ultimately successful if ddivered through a
“Sysdems Engineering” approach. Since “Transportation Engineers’ aren't  “Systems
Engineers’, Trangport Canada and ITS Canada have developed a guideline that can be
used by Transportation Engineers and Planners to creste an ITS Architecture that is
unique to ther region without spending a lot of time and money in deveoping the
goproach. This guiddine, the ITS Architecture for Canada, will provide a blueprint for
the integration of sysems by providing a framework, cregting a common vocabulary and
providing guidance to facilitate deployment by Canadian transportation providers and to
identify opportunities for integration.

Even given the known benefits of ITS to the operation of our trangportation systems, the
questions that remain are;

Isit necessary to develop aregiona ITS Architecture?

Is it necessary to develop that regiond ITS Architecture usng the ITS Architecture
for Canada? and

Where does the regiond ITS Architecture fit within the traditional trangportation
policy and planning process?



2.0 WHAT IS AN ITS ARCHITECTURE?

Before atempting to answer the questions outlined above, it is important to understand
what an ITS Architecture is and how it represents the needs of the stakeholders, the
functions of the systlems and the indtitutiona structure of the region.

ITS are information sysems and to be successful, must be planned for and developed
with a sysems enginering approach. Systems engineering is a sructured process for
ariving a the find desgn of a sysem. The find dedgn is sdected from a number of
dternatives that would accomplish the same objectives or functions and consders the
totd life-cycde of the project including not only the technicad merits of the potentid
solutions but aso the cods, redive vaue of dternatives, and how wel the sysem fulfills
the users or stakeholders needs. (3)

Sysems engineering differs from a traditiona trangportation engineering gpproach in that
it combines a high order planning component to understand the functions and needs of
the region (What does the system do?) with the technica aspects of ddivery (How does
the system do it?). Architectures create a bridge or a trangdtion between high order vison
documents of conceptud plans and more definitive plans that are likely to be technology
based.

An ITS Architecture:

“...defines an architecture of interrelated systems that work together to deliver
transportation services. An ITS Architecture defines how systems functionally operate
and the interconnection of information exchanges that must take place between these
systems to accomplish transportation services.” (3)

More specificaly, a Regiond ITS Architectureisa

“...specific tailored framework for ensuring institutional agreement and technical
integration for the implementation of ITS projects or groups of ITS projects for a
particular region. It functionally defines what pieces of the system are linked to others
and what information is exchanged between them.” (3)

ITS are interrdlated systems where the largest benefits are provided if these systems work
in an integrated manner. The benefits of integration are cost savings, datalinformation
sharing, operaiond efficencies and improved management productivity.(4) Integration
of sysems requires a framework or architecture to illustirate and gain consensus on the
gpproach to be taken by a group of stakeholders regarding their particular systems. The
ITS Architecture describes the interconnections and information exchanges between
these systems. It defines the functions to be performed, the physcd entity or subsystem
where these functions resde, interfaces and information flows between the subsystems
and communication requirements for the information flows.(4)



The most important aspects of an ITS Architecture is that it first, accurately represents
the current or legacy sysems that are in use in the transportation network today and
second, accurately represents the integrated systems and functions that are required to
meet the needs of the system users or stakeholders. Common themes can be identified
within the various issues and needs expressed by sysem users of dakeholders in the
initid dtages of the architecture development process. These common themes can be
used to identify rdlevant functional areas of ITS gpplications or the services that are
required by the usars(5) These “Usr Services’ ae the initid step in describing
functions and interconnects in an ITS Architecture.  User Services document what ITS
should do from a user's perspective. It dlows the system or project definition to begin by
edablishing the high levd services that will be provided to address the needs. The
goproach in an ITS Architecture is multi-moda with User Services representing the needs
of the public and private sector, the individud traveller, commercid vehicle driver,
infrastructure owner, public transportation manager, commerciad fleet manager, etc. (5)

Once the User Services are identified, the ITS Architecture can be described in two inter-
related components. The Logica Architecture provides detaills on the behaviour of the
sysem or what the sysem will do.(6) What are the functions that the systems need to
undertake to provide the services required by the users and what are the information
flows? The Physca Architecture describes the data that must be exchanged between
entities, the means of exchanging daa and the inteface (type of communication)
requirements. Where the Logicad Architecture details what the ITS systems will do based
on User Sarvices, the Physicd Architecture describes how the ITS systems will do it and
where in the overdl transportation sysem the function will be provided. The
relationship between the Logicd and Physca Architecturesisillustrated in Figure 2.1.

Dataflows
- -*{ Functio
.. | c

Subsvsterm B

Logical Architecture -
YWWhat has to be done
(functions)

Phvsical Architecture -

Inte F-fa{u:e
Subsvstem A -

(Group functions
tooather)

Figure 2.1 — Relationship between Logical and Physical Architectures (7)

Approaching ITS from a sysems engineering perspective and developing a regiond 1TS
Architecture is important because of the number of ITS dements both exiging and
future, in a regiond transportation network.(8) Integration of ITS applications is the key
to successfully and efficiently providing the services required to meet the needs of the
dakeholders or sysems users. Integration dlows for sharing of information and
coordination of activities for efficent and effective operation of the trangportation
systems and has a synergidtic effect on trangportation systems (eg., information from one



system may be used by another for a different purpose).(3) Many sources agree that the
purpose of developing a regiond ITS Architecture is to illusrate and document regiond
integration so that planning, design and deployment of ITS sysems can take place in an
organized and coordinated fashion. Aswell, the ITS Architecture:

Definesthe ITS that stakeholders wish to redize over agiven time frame;

Provides a framework or “Future Big Ficture’ to properly and efficiently define
projects so that they build upon on another;

Identifies opportunities for making ITS invetments in a more cost effective fashion
by usng inter-agency cooperation during planning, implementation and operation of
the projects; and

Provides an opportunity for dakeholders to come together to discuss their
transportation needs and plans. (3 & 8)

In the long term, a regiond ITS Architecture is not a document to be “put on the shelf”
once complete. A regiond ITS Architecture is generdly created with the use of planning
information that has dready been developed reflecting the policies and magter plans of
the region. It can be a powerful tool for further planning and operation of regiondly
integrated 1TS throughout the trangportation system and can be used by stakeholders in
planning/designing individud ITS projects to support regiond goas.(3 & 5)

3.0 WHERE DOES THE REGIONAL ITS ARCHITECTURE FIT WITHIN THE
POLICY AND PLANNING PROCESS?

The sysems that make up a regiona transportation network, be they ITS or other, in
generd terms, ddiver a series of integrated functions that support the services required to
fulfill the stakeholders needs. Stakeholders include system operators as wel as system
users. At a higher levd, the functions and the resulting services throughout the system
are amed a supporting the vision, goads and objectives of the road or regiond authority
within a set of defined policies.

The organizationd tools that provide decison mekers with the ability to meet overdl
objectives through individua decisons (eg., take policy to project implementation), in
order of hierarchy for a particular region are:

) Trangportation Policy — sStatements reflecting the objectives of the stakeholders
and the government that are intended to guide decision making.

i) Transportation Magter Plan — outline of the efforts required given a growth target
and a specified period of time, to achieve the stated goas with reference to the
noted policies.  The plan would include physicd as wdl as procedurd
undertakings.

iii) ITS Strategic Plan — objective is to develop, program and communicate strategies
for the devdopment and deployment of a broad-based ITS program within a



jurisdiction.  What will the sysem do and how will it do it? It includes project
selection and prioritization, the project benefits and the cogts of the ITS program.

iv) ITS Project Implementation - the desgn and implementation of a specific ITS
project that has been previoudy identified in the ITS Strategy.(9)

The key aspects of the resulting ITS Architecture can be identified as impacts on the
overdl planing process. Generdly, an ITS Archtecture demondrates the inditutiond
integration or the dructure around which discussions can take place among stakeholders
to gan consensus on direction of ITS and it implies rolesresponshilities for each
dakeholder involved to redize the benefits of ITS in the region(3) The functiond
requirements described in the ITS Architecture and the rest of the system designs need to
have a direct rdationship with the vison, gods and objectives that are outlined in the
Trangportation Policy and Transportation Master Plan.(6)

The ITS Strategic Plan is a roadmap that sets the direction, pace and priorities of ITS
invetments over a long period in a coordinated manner.(10) It will identify ITS-related
needs of the dakeholders, provide traceability to the higher order vidon, gods and
objectives, exploit opportunities for integration, establish a coordinating framework and
processes for deployment.(10) The ITS Strategic plan will identify the roles and
responghilities of the participating agencies and dakeholders and  define  the
inditutiona/technica vison for the region. It describes what the sysem will do and how
itwill doit. (3)

By definition, the ITS Architecture and the ITS Strategic Plan provide smilar outcomes
within the overdl transportation planning process. The ITS Architecture provides the
“Future Big Picture’ of what the sysem will do and how it will do it, but does not
prioritize future ITS initiaives into the short, medium and long term.  The ITS Strategic
Pan identifies user needs, provides tracesbility to higher order visons and gods, and
assigns priority to specific initiatives, but cannot illudrate needs, functions and systems
in an integrated and efficient manner without the induson of an ITS Architecture. A
Regional ITS Architecture, therefore, is a core component of an overdl ITS Strategic
Plan. (2,3,4,6,8,& 9)

Many Canadian roadway authorities or government agencies a dl levels (eg., municipd,
provincid or other) have developed ITS drategic plans thet include efforts to develop and
expand ITS initigtives in ther region. The drategies focus on coordinated and controlled
goproach to delivery of ITS initiatives but until recently, did not include the development
of a regiond ITS Architecture. Roadway authorities and agencies that are preparing to
embark on an ITS Strategic Planning initictive for their region are encouraged to include
the core component of the ITS Architecture in the process. Roadway authorities and
agencies tha have recently completed an ITS Strategic Planning initiative but did not
include the development of an ITS Architecture, do not need to stop design and
deployment of individuad applications and redo the drategic planning process. All that is
required is a short step back udng the detalled information in the initid ITS Srategic
Pan (eg., dakeholder needs sysem functions) and placing it in an ITS Architecture



framework to illugtrate the opportunities for integration and sysem efficiencies. Then as
desgn and deployment proceeds, project level ITS Architectures can be developed for
esch initigive that fit within the framework or “Future Big Ficture’ of the Regiond ITS
Architecture.

4.0 THE ITS ARCHITECTURE FOR CANADA

One of the greastest chdlenges facing the transportation sector is the lack of familiarity
amongst transportation professonds of the concept of an ITS Architecture. (9). In ther
publication on ITS Architectures, McQueen and McQueen have made the point that
“outside of a small core of highly involved people, the great majority of the
transportation profession — certainly the majority of the public or stakeholders required
to provide input to the process — are not familiar with ITS development processes or the
issues involved in deploying a successful ITS”.(12) Tools such as the ITS Architecture
for Canada are avaldble to ad transportation professonds in the development of
regiond ITS Architectures. As wdl, such nationd architecture guiddines promote a
common process that is likely to support integration within a region and interoperability
between regions.

The ITS Architecture for Canada is a product of the 1999 Federd Government ITS plan
for Canada entitled “En Route to Intdligent Mobility”. In this document the architecture
is described as the communication and information backbone that unites key ITS
technologies, enabling them to communicate with esch other and a framework that
identifies the standards needed to support interoperability across technologies, modes and
jurisdictions(11)  As illugrated in Figure 4.1, the ITS Architecture for Canada is a
presentation of functiond and physcad ITS dements and how they are integrated.
Transportation planners and engineers should not expect to deploy individua applications
with grict adherence to the ITS Architecture for Canada but instead should use this tool
as a framework, a common vocabulary and a guide to develop an architecture that is
tallored towards the unique features of a particular region. (9).
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ITS Architecture for Canada (7)



The intention is not to comply or conform to the ITS Architecture for Canada but to use it
a a dating point from which to deveop a regiond ITS Architecture and this is
important for the following reasons:

) A Sygems Engineer will likdy be involved in the detailed desgn phase of a
paticular ITS initiative, however, Trangportation Engineers and Planners need
not undertake intense learning initiatives in development of systems architectures,

i) Transportation Engineers and Planners need not waste dready limited resources
(eg., time and funding) on developing an architecture procedure from scratch;
and

iii) A naiond guiddine for the devedopment of ITS Architectures will support
integration within a region and promote interoperability between regions and
across jurisdictional borders.

The generd steps to establishing an ITS Architecture can be outlined as follows:

i) Define the services required by the users
i) Determine the functiond requirements for providing these services
i) Determine the information transfer or sharing at adetalled level of service (2)

With this in mind, the entry point for development of a regiond ITS Architecture usng
the ITS Architecture for Canada is the “User Services’. There are eight User Service
Bundles that are described by 35 discrete User Services. Further detail is described by 90
User Subservices. Common themes to Stakeholder needs addressed earlier in this report
can be described by User Service Bundles. These User Service Bundlesindude:

Traveller Information Services

Traffic Management Services

Public Transport Services

Electronic Payment Services

Commercia Vehicle Operations Services
Emergency Management Services
Vehicle Safety and Control Services
Information Warehousing Services (7)

Not al User Services and Subservices described under these bundles will be applicable to
the specific region. Regiond ITS Architecture development begins by specifying which
of these best describes the services required by the wgers that have been identified through
the needs assessment step of the overal dtrategic planning process.

Once the rdlevant list of User Services and Subservices have been identified, the services
that are required can be described in functiond terms by the processes and dataflows
represented in the Logica Architecture.  The Logica Architecture represents what the
system will do and is defined as “what has to be done to support the ITS user service. It
defines the processes that perform ITS functions and the information or data flows that
are shared between these processes.” (7)



Processes and data flows of the Logica Architecture can then be grouped together into
like functions that are delivered by subsystems. Subsystems represent red or physica
aspects of the trangportation system where functions or activities are undertaken to
ddiver the processes that are required by the Logica Architecture.  Common examples of
subsysems are Traffic Management or Emergency Management. These collections of
functions or subsysems ae illudraed in the Physcd Architecture.  The Physicd
Architecture represents how the system will do what it needs to do and is defined as “the
physical representation (though not a detailed design) of the important ITS interfaces and
major system components. It provides a high-level structure around the process and data
flows defined in the Logical Architecture.”(7) The Physca Architecture guideine from
the ITS Architecture for Canadalis presented in Figure 4.2.
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The Phydcd Architecture dso represent the methods of communication between the
subsystems, however, like the User Services and Subservices, the Physica Architecture is

presented as a guiddine or garting point and should be modified to represent the unique
features of the region.

From the Physica Architecture, individua ITS Initiatives are described through Market
Packages. Market Packages “provide an accessible, deployment oriented perspective to
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the Architecture. They are tailored to fit - separately or in combination - real world
transportation problems and needs. Market packages identify the pieces of the Physical
Architecture that are required to implement a particular transportation service.”(7) AS
they are individua ITS initiatives, Market Packages can be evauated with respect to
costs and benefits and prioritized in the overdl ITS Strategic Plan.

5.0 THE IMPORTANCE OF USING A NATIONAL ITS ARCHITECTURE
GUIDELINE

Although the ITS Architecture for Canada is a product of a Federd Government
initictive, there is no legidative requirements to develop a regiond ITS Architecture
using the ITS Architecture for Canada, or to develop a regiond ITS Architecture at dl.

In Canada, a the present time, it Smply makes good planning and engineering sense to
develop a regiona ITS Architecture to support integration of systems throughout the ITS
Strategic Planning Process and to use the ITS Architecture for Canada as a tarting point
to save time and money, and to promote future interoperability between regions and
acrossjurisdictiona boundaries.

The ITS Architecture for Canada is largely based on the U.S. Nationa ITS Architecture
due to our common trangportation corridors. In the United States, there is a more
gonificant reason to develop a regiond ITS Architecture usng the nationa guiddines
and within a st of nationd dandards. Significant U.S. federd funding is avalable for
the desgn and implementation of ITS initiatives. However, the Trangportation Equity
Act for the 21% Century (TEA-21) requires federdly funded ITS projects to conform to
the Nationd ITS Architecture(4) Further to this conformance with the Nationa ITS
Architecture is defined in the Federd Highway Adminigration (FHWA) and Federd
Trangt Adminigraion (FTA) find rule and policy as usng the Nationd ITS Architecture
to deveop a regiond ITS Architecture that would be talored to address the loca
gtuation and the ITS investment needs, and subsequent adherence of ITS projects b the
regiond ITS Architecture(3) In Canada, dthough current limited federal funding for ITS
projects does not require conformance to the ITS Architecture for Canada, it is not
unreasonable to think that conformance may be required in the future.  Agencies
currently developing regiona ITS Architectures using the ITS Architecture for Canada as
pat of ther overdl ITS Strategic Planning Process may find that they have a didinct
advantage in the future for federd funding should this become alegidated requirement.

6.0 CONCLUSIONS

Trangportation professonds dready undersand that ITS is a vauable tool to maximize
capacity and efficiency of the transportation system as wdl as improve safety. However,
gnce ITS ae information sysems, planning, design, deployment and operation of ITS
initigtives must be undertaken through a sysems engineering gpproach. Unlike
traditionad transportation engineering, sysems engineering combines aspects of the
planning and devdopment phases to obtan potentidl solutions that are based on
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stakeholder needs and described in functiond terms.  Systems Engineering also provides
the opportunity to represent the “Future Big Picture’ of the transportation system in an
ITS Architecture that promotes efficiencies of systems integration by describing what the
sysem will do and how it will doiit.

The devdlopment of an ITS Architecture that reflects the unique festures of the region is
not a sand done exercise in the overdl trangportation planning process from policy to
project implementation. The regiona ITS Architecture, combined with prioritization,
coging and programming of future ITS initiatives into the short, medium and long term is
the ITS Strategic Plan.

Rather than darting from scratch in the development of a regiond ITS Architecture,
Trangportation Engineers and Planners can utilized the ITS Architecture for Canada as a
tool.  Usng this tool or guiddine will save resources (eg., time and money) in the
development of the regiond ITS Architecture, but will dso support integration within a
region and promote interoperability between regions and across jurisdictiona border.

Roadway authorities and agencies that are preparing to embark on an ITS Strategic
Panning initigtive for their region are encouraged to include the core component of the
ITS Architecture in the process. Roadway authorities and agencies that have recently
completed an ITS Strategic Planning initiative but did not include the development of an
ITS Architecture, are encouraged to continue with design and deployment but a the same
time, deveop a regionad ITS Architecture usng detaled information available in the ITS
Strategic Plan, (eg., Sakeholder needs and system functions). Then as design and
deployment proceeds, project level ITS Achitectures can be developed for each initiative
that fit within the framework or “Future Big Picture’ of the Regiond ITS Architecture.

It makes good engineering and planning sense to develop a regiond ITS Architecture as
part of the ITS Strategic Plan usng the ITS Architecture for Canada.  Also, agencies that
have undertaken these planning initiatives may have a didinct advantage in accessng
federd funding should the future requirement be to conform to the ITS Architecture for
Canada.
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