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1 INTRODUCTION
Intelligent Transportation Systems (ITS) Architectures are common reference frameworks for planning and ,
defining, and integrating ITS, providing a common basis for planners and engineers with differing concerns to
conceive, design and implement systems using a common language as a basis for delivering ITS, but does not
mandate any particular implementation.
This report is intended to provide insight into identifying and assessing potential gaps and needs for effective use
and integration of the ITS Architecture for Canada with its intended users. A first step was to determine which
global jurisdictions have existing ITS architecture frameworks and, if so, understand their broad functional
requirements. The second is to assess how those jurisdictions develop and deliver relevant training and how they
approach support and maintenance efforts.
Desktop scans of available resources from the internet were the primary method for research. As evident from the
findings in Section 3, the availability and detail of information ranged drastically from jurisdiction to jurisdiction.
Some, such as the U.S. ARC-IT, publish information on their architecture, training and documentation online, while
others are either unavailable to the public or have resources that date back over 15 years. In fact only a handful of
examples had resources fruitful enough to indicate any significant effort beyond initial development, with essentially
no detail on training and maintenance support.
To augment some of the online resource details, there was some direct engagement with individuals responsible for
developing the European FRAME and the related Australian architectures.

2 BACKGROUND
Figure 1 provides a visual overview of many of the National ITS Architectures known, or assumed to, exist
globally. The graphic was developed for a webinar hosted by ITS UK on Using Architectures in ITS that was held
in the summer of 2020 As evident, there are two principal bases for ITS Architecture frameworks, the U.S. ARC-IT
and European FRAME. High-level background information on these are provided in the following sub-sections. It
should be noted that the graphic may not be 100% accurate, as the jurisdictional scan includes conflicting
information for Japan.

Source: Using Architectures in ITS Webinar (June 11, 2020)

Figure 1: Global View of National ITS Architectures
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2.1 ARC-IT
There have been nine major version releases of the U.S. National ITS Architecture, which has been developed
through funding from the U.S. Department of Transportation (U.S. DOT) and has a history dating back nearly 30
years, as illustrated by the top line in Figure 2. In 2017, and with the release of Version 8, there was a rebrand as
the Architecture Reference for Cooperative and Intelligent Transportation (ARC-IT).

Source: U.S. DOT Training Material

Figure 2: Evolution of the U.S. National ITS Architecture / ARC-IT

ARC-IT has been incrementally built through an expanding set of User Services and now includes 150 pre-defined
Service Packages, which provide an easy access point to the underlying content for each service from four
complimentary views of the framework (see Figure 3). There are two custom tools, RAD-IT and SET-IT, that have
been developed to directly support the use and application of the national reference architecture for regional
planning and initial design of projects.
In the U.S. there are hundreds of examples of Regional ITS Architectures that
have been developed and continue to be maintained based on ARC-IT. This is in
part due to the Federal Highway Administration (FHWA) Rule 940.9 that
specifically requires such architectures for projects that receive federal funding.
ARC-IT itself, and supporting materials (e.g. Regional ITS Architecture
Guidance document, training material) and tools (e.g. RAD-IT/SET-IT) are not
copyrighted, and the U.S. DOT encourages its adoption outside of the U.S. As
evident from Figure 1, ARC-IT has been used as a basis for many other
countries, across South America, Asia, and the Middle East. For a number of
these countries, such as Chile, their National ITS Architectures have been
developed by customizing ARC-IT in a similar manner as a Regional ITS
Architecture.
At the other end of the spectrum is Canada, which in 2000 subsumed the then
current U.S. National ITS Architecture and added several ITS services, such as
those relating to winter maintenance, multi-mobility freight, automated
Figure 3: Four ARC-IT Views
enforcement, and non-vehicular road users. Since that time the U.S. has
undertaken six major revisions, incorporating and expanding on many of the
services initially added by Canada. Section 3.1 provides a bit more context with respect to the evolution of the ITS
Architecture for Canada and its collaborative relationship with ARC-IT.
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2.2 FRAME
The Framework Architecture Made for Europe (FRAME) was first developed as part of the KAREN Project over 20
years ago. Figure 4 provides a high-level overview of the evolution of FRAME.

Source: Using Architectures in ITS Webinar (June 11, 2020)

Figure 4: History of the FRAME ITS Architecture

Much like the US system, the European ITS Framework Architecture (FRAME) was developed as a blueprint to
help individual nations and regions develop their own architecture tailored to their specific needs. 1 Conceptually,
FRAME presents a higher order framework for its functional and physical structures around use cases for the ITS
applications and services that have been considered for implementation somewhere in the European Union, at a
national, regional, and city level.
In comparison to ARC-IT, FRAME provides a more Unified Modeling Language (UML) based modelling
foundation and does not include pre-defined “service packages’, instead providing a framework for users to create
their own, which represents what is referred to as “sub-set ITS architectures”. It should be noted that the RAD-IT
and SET-IT tools similarly allow users to not only modify existing services, but also add new ones that are not
included in ARC-IT.
As evident from Figure 4, there was a ‘development gap’ between 2011 and 2020, and the current FRAME NEXT
project is being coordinated by AustriaTech, with partners from ten EU Member States and Norway, and is intended
to adapt FRAME to the needs of other European nations and migrating the framework from an existing web-based
selection tool to Enterprise Architect to improve access. Enterprise Architect is an open source UML visual
modelling and design tool that is used across a range of IT industries.

T. Yokota and R. J. Weiland, ‘ITS System Architecture for Developing Countries,’ ITS Technical Note for Developing Countries
(World Bank).

1
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The FRAME ITS Architecture is also free for use, and for that reason Figure 1 may not necessarily be conclusive as
they may not be aware of all countries that have chosen to adopt the framework. Section 3.3 also highlights some of
the European countries and cities that have adopted or used FRAME.

3 JURISDICTIONAL SCAN
3.1 CANADA
As highlighted in Section 2.1, the ITS Architecture for Canada was developed in 2000 based on ARC-IT, essentially
subsuming all its content and adding a number of additional service areas. Since that time, Canada has undertaken 2
major version updates and its evolution is highlighted in Figure 5.

Source: Adapted from U.S. DOT Training Material

Figure 5: Evolution of the ITS Architecture for Canada and its Relationship with ARC-IT

The latest Canadian Version 3 update in 2020 was undertaken strategically to continue to support four Service
Packages that remain unique to Canada, while directly aligning with all other ARC-IT Service Packages. This is
easily facilitated as ARC-IT integrates international Service Packages, which now includes those from Canada as of
the most recent Version 9.0 update of ARC-IT.

Training
Historically Canada has followed up the release of a version of the ITS Architecture for Canada with a cross country
training program (i.e. in 2001 after the initial development and in 2011 after Version 2 was completed). In both
cases, Transport Canada provided transfer payment funding to ITS Canada to manage the development and delivery
of the training, where training workshops were held in following regions:
—
—
—
—
—

Atlantic Provinces
Quebec
Ontario
Prairie Provinces
British Columbia
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The materials produced for the training were leveraged from U.S. content. In addition to the above formal training
programs, the training material was used for a couple of one-off training sessions, one in 2005 for Transport Canada
staff, and another in 2014 as part of the ITS Canada Annual Conference and General Meeting in Victoria.
For the first workshops were each convened over two days, with the first morning focused on an Executive
Overview that provided a high-level introduction to ITS itself, what the Canadian ITS Architecture is, and finally
basics on how and why to use it. The session could be attended on its own and was marketed towards senior
managers and decision makers. The remaining day and a half provided much more detailed training with respect to
the elements and applications of the Architecture.
The second training workshops, after the release of Version 2, were convened over a single day and were marketed
as ITS Architecture and Awareness Workshops. As such it went beyond just the Architecture, including an
overview of the state of the practice of ITS and the incorporation of unique local examples for each region. Owing
in part to the more condensed schedule, the training related to the Architecture itself was less detailed then the
inaugural workshops, but included hands-on exercises with the then new Turbo Architecture tool. The ITS
Architecture and Awareness Workshops also incorporated an Awareness Reception at the end of the day that
allowed participants to network and socialize, which was well received by participants.
Participant feedback was integrated into the ITS Architecture and Awareness Workshops in 2011 and a final
evaluation report identified two key feedback themes:
—
—

A need for ongoing communication/coordination among regional ITS stakeholders; and
An interest in further hands-on training with the Turbo architecture tool for the appropriate technical staff.

Additionally, the evaluation report noted several recommendations for future training programs, including:
—
—
—

Identify and engage with ITS champion(s) within the region;
Establish a committee of key stakeholders within the region to lead regional coordination and development of
local case studies;
Add follow-up workshops within the region to initiate regional architecture development and usage. The
following approach could be undertaken:
— Management and technical staff jointly participate in a half day management session;
— Technical staff participate in a one-half day facilitated Turbo session to commence populating/editing the
architecture database;
— Technical participants are primed in advance to come prepared with the necessary input information
pertaining to stakeholder roles, systems inventory, priority services, etc.

Maintenance
Until recently, Canadian maintenance efforts have been infrequent (e.g. every 7-10 years) and primarily consisted of
major version updates. In each case of the Version 2 and Version 3 updates, the focus was on re-aligning with
ARC-IT and ensuring that all ‘Canadian Services’ from the previous version continued to be supported.
More recently, and under the current maintenance service contract, the ITS Architecture for Canada adopted the new
ARC-IT Version 9.0, as a Version 3.1 update. This was made easy as the two architectures now share a common set
of databases, and in turn this means that users wishing to use the Canadian Architecture can use the U.S. website and
supporting tools for their applications.
This coordination of databases and tools will ensure continued and easy adoption of any future enhancements made
by the U.S., and in a reciprocal fashion will also allow Canada to develop additional Service Packages beyond what
ARC-IT currently includes, which may then be reflected in subsequent ARC-IT updates.
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3.2 UNITED STATES OF AMERICA
The U.S. was the first country to develop and establish a National ITS Architecture. 2 Section 2.1 provided an
overview of its historical evolution and its current status.

Training
The U.S. DOT has developed an extensive library of resources to better understand, use and apply ARC-IT. These
resources include a combination of web-based instruction, on-site instruction, and focused workshops delivery
mechanisms 3, as illustrated in Figure 6. The instructional resources cover technical training, developing a better
understanding of what an ITS architecture is, how it is used, and how to use the software support tools for ARC-IT.
It also covers the deployment of Regional ITS Architectures, including how to plan, upkeep and maintain the
system.
These training materials are enhanced and updated as needed, based on changes to ARC-IT and the supporting tools.
In fact, the ‘Use and Maintenance’ web training is currently offline as it is being updated (confirmed through
discussions with the U.S. Architecture Team).
All the training materials are free to use and access. Web-based courses range in length from 90 minutes to over 3
hours. On-site training and workshops are arranged and accommodated through local FHWA or Federal Transit
Administration (FTA) representatives and may be integrated into established programs to update Regional ITS
Architectures.

Figure 6: ARC-IT Training Courses and Workshops

It should be noted that in addition to the training sessions noted above, the ARC-IT website also provides access to
the following additional resources:
—
—

Key Concepts Document – explains the essential terminology and concepts needed to understand, navigate, and
use ARC-IT
Regional ITS Architecture Guide – describes the recommended process for creating a Regional ITS
Architecture with supporting examples of each architecture product and discusses mainstreaming ITS into the
planning and project development processes. Note: Guide was updated in 2020.

T. Yokota and R. J. Weiland, ‘ITS System Architecture for Developing Countries,’ ITS Technical Note for Developing Countries
(World Bank).
3
‘Training Courses & Workshops,’ US-DOT: ARC-IT, https://local.iteris.com/arc-it/html/resources/training.html
2
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—
—
—

Systems Engineering for Intelligent Transportation Systems Handbook – introduces systems engineering and a
basic understanding of how it can be applied to planning, designing, and implementing ITS projects.
RAD-IT Help – contains all the Help content from the RAD-IT software in an organized document.
SET-IT Help – contains all the Help content from the SET-IT software in an organized document.

There are resources for ITS training outside of the ARC-IT domain that also support knowledge-transfer of ITS and
ITS-related activities. The Consortium for Innovative Training and Education (CITE) includes a dated eight hour
National ITS Architecture Fundamentals course developed approximately 10 years ago based on Version 6.1 of
ARC-IT. The ITS Professional Capacity Building Program (ITS PCB) is U.S. DOT’s mechanism for educating the
transportation workforce about ITS, which delivers ITS knowledge more broadly but also has courses and resources
for national ITS architecture use, such as the following: 4.
—
—
—
—
—
—
—
—
—
—
—

ARC-IT V8: A Live Demonstration (2017)
ITS Architecture Use & Maintenance (2014)
Connected Vehicle Reference Implementation Architecture Webinar Series (2013)
The New National ITS Architecture's V7 - What's New and How to Use It! (2012)
Leveraging a Regional ITS Architecture in Planning for Operations (2012)
ITS Architecture Made Easier Using Turbo Architecture: An Overview of NHI's New Web-based Turbo
Architecture Course (2012)
Leveraging a Regional ITS Architecture in Planning for Operations (2012)
National ITS Architecture Update: New Features of the Latest Version of the National ITS Architecture
(Version 6.1) (2009)
Where is the "IT" in ITS? (2009)
Get It into the Plan: Integrating ITS into Transportation Planning - Lessons from Wilmington, DE and
Albuquerque, NM (2007)
Systems Engineering 101: Using the FHWA's New Systems Engineering Handbook to Improve ITS Project
Delivery (2007)

Although most of the training material produced by CITE and ITS PCB is dated, much of the content would likely
still remain accurate and relevant to today’s architectures.

Maintenance
Since 1996 and the initial publication of ARC-IT (then called the U.S. National ITS Architecture), there has
continuously been contracts in place for its support and maintenance. These agreements are generally for 5-year
periods, and although they are openly tendered, the U.S. Architecture Team has remained consistent, and includes
members that have been involved since its origin, and resources that are experts for key components of ARC-IT.
Examples of some of the key products and resulting benefits of the established and ongoing maintenance program
include:
—

—

4

Eight major updates, most of which included significant enhancement and/or expansion of ARC-IT. Early
version updates focused on specific ITS service areas (e.g. Maintenance and Construction Operations for
Version 4). More recent updates have provided broader enhancement, such as restructuring and expanding the
supported views (e.g. Version 9 includes significant enhancement of the Communications View and mapping to
international standards), accounting for generic/common elements, and adding traditional IT-based services.
More than eight minor updates to address identified issues and errors, as well as any lingering updates not
implemented into major version releases.

https://www.pcb.its.dot.gov/itscourses/default.aspx
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—
—
—

The actively maintained ARC-IT website provides easily navigable access to the entire architecture, as well as
documentation for terminology, concepts, training material, and guidance documentation – including for
Regional ITS Architecture Development and System Engineering for ITS 5.
Development and delivery of a comprehensive training program (see Section 3.2.1).
Support for, and active involvement in, peripheral activities and initiatives, such as those relating to
harmonization of international ITS standards.

To facilitate and support the ongoing maintenance effort, the U.S. has integrated contact functionality into the
ARC-IT website, and has established separate and distinct support emails for each of the supporting RAD-IT and
SET-IT tools.

3.3 EUROPEAN COUNTRIES (FRAME)
FRAME has been developed cooperatively for European and Section 2.2 provides an overview of its historical
evolution and its current status. Figure 7 highlights some of the countries and cities in Europe that have, or are
planning to, adopt ITS architectures.

Source: Using Architectures in ITS Webinar (June 11, 2020)

Figure 7: Nations / Cities Involved With FRAME

5

‘Systems Engineering for Intelligent Transport Systems,’ US-DOT, https://local.iteris.com/arc-it/documents/seguide/seguide.pdf
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Training
There are training resources for FRAME including seminars and workshops 6. Seminars provide high-level advice to
the transportation workforce including executives and engineers, and show attendees how the ITS architecture can
be used to plan the provision of ITS and the benefits derived from it. A seminar may be presented on its own, or as
an introduction to a workshop.
Workshops are a deeper dive into how stakeholders can begin to plan and implement a system architecture based on
FRAME. They are targeted specifically to engineers who are likely more involved and familiar with the technical
data available and how it can be used to derive benefits of an ITS.
In total approximately 20-30 seminars and workshops have been held, generally at a national level to help promote
adoption and use of FRAME (e.g. a single workshop for Poland). As these training sessions are intended to be free
to attendees, they have generally been convened while there is an active FRAME related project (see the green
boxes in Figure 4). As such, there has been limited training provided for nearly a decade.
The FRAME website does include reference to a FRAME Forum Board consisting of a group of organisations who
have taken the responsibility for promoting the use of the FRAME and includes a Contact Form to ask questions and
request further information and/or support.

Maintenance
Maintenance of FRAME appears to be funded as part of specific European projects, focusing on enhancements
related to those projects, and generally resulting in major version updates. Similar to the training program described
above, and likely related to the reliance on supporting projects, maintenance of FRAME appears to have been
dormant until recently (see Figure 4).

3.4 AUSTRALIA
Australia has developed, and continues to develop, a National ITS Architecture Framework (NIAF) using a private
enterprise architecture framework, the Open Group Architecture Framework (TOGAF). The NIAF was initiated in
2011 and second stage effort concluded in 2017. It is understood that since that time, the project has been put on
hold as there was limited evidence that it was being used to its potential.
The NIAF is based on FRAME and is designed as a multi-modal national reference architecture 7 and therefore, only
holds high-level system views, omitting detailed-level physical views of the architecture. Application of the
reference architecture with regional or local governments is underway as the third stage of implementation 8. ITS
solutions such as the Cooperative Intelligent Transport Systems (C-ITS) have been the major applications of largescale ITS components within the national architecture.
Apart from documentation on the NIAF development and TOGAF and FRAME mapping, there is limited material
on training or maintenance support for the national architecture.

3.5 JAPAN
The Japanese ITS architecture was one of the first comprehensive frameworks developed, along with that of the U.S.
and FRAME. The architecture’s functional or physical layouts and design components are available in documented
form, but we are unable to determine if there is an interactive form of the architecture online.

https://frame-online.eu/seminars-workshops
NIAF Documentation - 2014
8
https://austroads.com.au/network-operations/network-management/national-its-architecture
6
7
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Japan’s ITS architecture was developed with the joint effort of five ministries and in cooperation with ITS Japan 9.
The architecture has nine (9) primary goals:
—
—
—
—
—
—
—
—
—

Advances in navigation systems
Electronic toll collection systems
Assistance for safe driving
Optimization of traffic management
Increasing efficiency in road management
Support for public transport
Increasing efficiency in commercial vehicle operations
Support for pedestrians
Support for emergency vehicle operations

According to Japan’s ITS Handbook 10 (2006) and a brochure for ITS initiatives in Japan 11 (2012), there have been
three deployments of ITS solutions so far: Vehicle Information Communication System (VICS), Electronic Toll
Collection System (ETC) and the Smartway system, or ‘ITS Spot’.
Apart from the online documented resources, such as the ITS Handbook (2006), or the ‘Comprehensive Plan for ITS
in Japan 12’ (2004-2008), there are limited resources available on how to use or implement the national architecture.
This could be because existing, available information on Japan’s ITS architecture shows that, unlike the other
national architectures, Japan’s is not designed to be replicated at regional levels.
There are available resources for high-level training on ITS more broadly, its application, benefits and components.
These include handbooks, textbooks and reference material for ITS and systems engineering.
Japan’s ITS websites also refer to the large network of global resources, such as the ITS regional network,
government offices, universities and private enterprises, organized by region 13.

3.6 SOUTH KOREA
South Korea’s national architecture was designed with a focus on the system benefits: reduced collision rates,
reduced emissions and social costs from the transportation system. It has remained advanced in the ITS
technologically, focusing their system on the integration and design of the physical elements 14.
South Korea presents limited information on the details of their ITS architecture, however, certain sources state that
its architecture is loosely based on the US National ITS architecture 15. According to the National Transportation
Information Center, the Korean ITS system integrates solutions for private vehicles, private sector cargo, and publicsector fleets 16.
There is little documentation or resources available for training and maintenance support training regarding the
system architecture. Resources are available promoting the benefits of ITS systems, as well as information on pilot
projects for ITS solutions deployed.

https://www.mlit.go.jp/road/ITS/5Ministries/
https://www.mlit.go.jp/road/ITS/index/indexHBook2006.html
11
https://www.mlit.go.jp/road/ITS/pdf/ITSinitiativesinJapan.pdf
12
https://www.mlit.go.jp/road/ITS/5Ministries/
13
https://www.mlit.go.jp/road/ITS/link/ITSRelatedLinks.html
14
NZ Document
15
UK FRAME Next Webinar, 2020
16
https://www.its.go.kr/Eng/overview/overview06.html
9

10
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4 STAKEHOLDER INPUT
Note: this section will be filled in further following the planned outreach to a larger stakeholder audience (and may
result in changes to Section 5).
Based on feedback so far from the ITS Architecture Stakeholder Advisory Committee, the following provides a
summary of key relevant feedback on needs for an ITS Architecture Training Plan:
—
—
—
—
—
—

Coordination with the U.S. is warranted and recommended;
Training material should be available in different levels of detail to support different audiences;
Executive level training, with a focus on benefits, is particularly important;
It will be important to determine the needs related to the frequency of instructor-lead sessions and how it relates
to availability of recorded web-based training;
Leveraging existing training portals/platforms would have benefits to reach a wider audience; and
Canadian training should consider the needs and objectives of Canadian stakeholders.

5 CONCLUSIONS AND
RECOMMENDATIONS
With its continuity for nearly 30 years, as well as its ongoing enhancements and commitment to training and
supporting tools, the U.S. ARC-IT can easily be considered the gold standard for both training and support globally.
Collectively, the U.S.’ three delivery mechanisms each provide demonstrable benefits that complement each other
and provide a comprehensive training program, as follows:
—
—
—

On-Site Training – Instructor-led training allows for customization for local examples the ability for participants
to ask questions of the experts in real-time.
Web-based Training – These stand-alone recorded resources generally mirror the on-site training but allow selfpaced instruction and easy access to resources (e.g. how to guides) for new trainees and/or refresher training for
those that had attended on-site training in the past.
Workshops – These guided workshops walk participants through the process of developing a Regional or
Project ITS Architecture, kick starting the efforts and improving the likelihood of stakeholders using the
architecture.

The above benefits would be the same for Canada as the U.S., and a similar suite of delivery mechanisms should be
considered for Canada. The current contract for maintenance and training includes commitment for up to five (5)
instructor-lead training sessions by the end of March 31, 2022, as well as provisions for recorded training materials
and guides that may be web hosted. These instructor-lead sessions are intended to be in person at different locations
to allow stakeholders from across Canada to attend in person. However, given the current situation with COVID-19
it is likely that some of these instructor-led sessions will be delivered virtually through webinars and/or delayed until
it is safe to do so. Additional consideration of guided workshops could also complement the other mechanisms, as
well as directly address one of the recommendations that came out of Canada’s last training efforts.
Given the alignment with ARC-IT and the compatibility with its RAD-IT and SET-IT tools, most of the current
training content is directly relevant for Canadian stakeholders and there is limited need to develop redundant or
overlapping material. There are opportunities to leverage these existing resources and coordinate with the U.S. to
enhance and improve the content to the benefit of users in both countries.
An example of this may be enhancing training material related to ‘why use the architecture?’ and ‘benefits of using
the architecture’. Canada differs from the U.S. in that it does not have a similar mechanism to Rule 940 and there is
greater need to promote and encourage use of the architecture, but development of such material would also be
relevant and likely useful to U.S. training.
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Borrowing from experience from the first Canadian training program in 2001, a sub-set of training material
emphasizing the benefits of using the architecture, aimed at senior managers and decision makers, could be
integrated into an introduction portion of the on-site training. This can also subsequently be added to the web-based
training resources and delivery of workshops as appropriate.
Other areas for consideration for enhancements beyond existing U.S. material may include the following:
—
—
—
—
—

Development of short and concise guidance documents and fact sheets;
Focused material for Canadian Service Packages, as appropriate;
Consolidation of downloadable materials (e.g. PowerPoint, recordings) that could be used by academia as part
of post-secondary lessons, or by public or private agencies for staff training;
French translation of key material and resources; and
General updates to dated materials to reflect the current content and structure of the common architectures.
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