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Webinar Tips and Protocols

• You can ask questions at any time using the question and answer box. We will 

answer as many questions as possible.

• You can also raise your hand to ask questions verbally if you wish.

• Please keep your line muted.

• You may also send your questions via email at ITSArchitecture-

ArchitectureSTI@tc.gc.ca to be answered later.

mailto:ITSArchitecture-ArchitectureSTI@tc.gc.ca
mailto:ITSArchitecture-ArchitectureSTI@tc.gc.ca
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Disclaimer

• Transport Canada does not endorse products or companies. Reference 
to any specific commercial products, process, or service by trade  
name,  trademark,  manufacturer,  or  otherwise,  does  not  constitute  
or  imply  its endorsement,  recommendation,  or  favouring by  
Transport  Canada  and  shall  not  be  used  for advertising  or  service  
endorsement  purposes. 

• Transport Canada is not responsible for errors or omissions in this 
document and makes no representations as to the accuracy or 
completeness of the information. Content provided by external sources 
is not subject to official languages, privacy and accessibility 
requirements.
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Goals and Objectives

Deeper dive into the 
details of the U.S. 
National ITS Reference 
Architecture (ARC-IT)

1

Overview of available 
resources

2

Show where and how 
regional ITS 
Architecture 
development can be 
integrated into 
conventional planning 
efforts

3

Guided tour of the ARC-
IT website and how to 
find desired information

4

5



Agenda

• Introduction to structure and 
components of ARC-IT

• Canadian elements accessible 
through ARC-IT

• Tour of the ARC-IT website

6

A note on 

spelling: U.S. 

spelling has 

been used in this 

presentation for 

consistency with 

ARC-IT



ARC-IT Introduction



What is ITS?

Intelligent Transportation Systems (ITS) integrate different 
information and communications technologies into road 
transportation infrastructure and vehicles, to help make the 
transportation system safer and more efficient.
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Role of Transportation 
Professionals

• Plan and provide solutions 

to transportation needs



What is an ITS 
Architecture?

• Framework for Developing 
Integrated Transportation 
Systems

• Identifies:
• Organizations

• Systems operated

• Functions performed

• Information exchanged

• Communications

• WITHOUT getting into specifics
• Technology and Design Neutrality 

are key
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An ITS 
Architecture is 
NOT…

• A design document

• An institutional or development process

• Technology prescriptive . . .
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ITS Architectures Provide a Framework for 
Integration
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DRAFT – NOT FOR DISTRIBUTION

ARC-IT

Regional

Planning

TMC Project

• Reference

• National/Resource

• Regional

• Used for planning

• Project

• Used for design/deployment

Types (or levels) of ITS Architectures
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Reasons for Architecture Use in 
Transportation Planning and 
Programming

• Architecture represents a consensus 
vision of Operations and Planning 
stakeholders for deployment of ITS 
systems

• Addresses both short-range projects 
and long-range strategies 

14



• Define near term projects in more specificity to 
feed into programming and budgeting processes

• Promote integration projects in region

• Establish process that uses architecture

Make Architecture Useful for Programming/ 
Budgeting

Adapted from: U.S. DOT
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Benefits of Regional and Project ITS 
Architectures

16

Continuity 
between 

planning and 
project 

development 
can be 

maintained.

Reduces risks 
and improves 

chances of 
success.

Project scope 
incorporates 
consideration 
for a regional 

vision.

Avoids 
overlooking 

capabilities or 
interfaces not 

previously 
considered.

Project 
consistency with 
all planned ITS 

projects is 
maximized.

Maintenance 
may be easier 
and cheaper



Stakeholder Involvement 
is Key

• ITS Architecture development 
provides an excellent opportunity 
for linking operations and planning 
stakeholders, during development 
and later during maintenance or 
update activities

• Committee that supported 
architecture development should 
also take a leading role in 
overseeing architecture use and 
maintenance

17



DRAFT – NOT FOR DISTRIBUTION

Reference ITS 
Architectures

• Completed Jurisdictional Scan
• Several countries have developed and/or 

adopted reference ITS architectures

• U.S. ARC-IT can easily be considered the 
gold standard

• ARC-IT is most closely aligned
• Integrates four unique Canadian service packages

• accessible through ARC-IT website and tools (RAD-IT / SET-IT)

• Cross border travel

• Common auto industry and many related standards

• Current TC approach is to encourage use of 
ARC-IT, and to develop new service packages 
if and when needed.

Image Source: Using Architectures in ITS Webinar (June 11, 2020)
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A long and windy road

• U.S. National ITS Architecture / ARC-IT program started in the 1990s

• Has expanding and evolving over past 25 years

• Rebranded in 2017

• ITS Architecture for Canada evolved along with it

• Version 6.1 continues support  for ITS technical evolution and 
deployment1993 1996

Version 4

2002

User

Services
Architecture

Published

1997

HRI

1999

Version 

3.0

1998

Version 2

Version

5

2003

Version

6.0

2007

Version 

6.1

2009

Version 

7.0

2012
V7.1

2015

CVRIA

Version 

9

2020

Version 1

2000

Version 2

2010

Version 3

2020

Version 

3.1

2017

Version 

8

ARC-IT 9

19

Sept 2023 – ARC-

IT 9.2 Released

Nov 2023 – new 

tools released



What’s new in 9.2?
ARC-IT Version 9.2 is a significant update of the US National ITS Architecture Reference focusing on improvements that support 
Multimodal Accessible Travel (MAT), the Management of Electronic Traffic Regulations (METR) and other new concepts and 
refinements. The most significant enhancements for version 9.2 are:

• Multimodal Accessible Travel: Concepts supporting complete trip, integrated payment, safety for vulnerable road users, and 
pathway/indoor navigation use cases. Most obviously impacted service packages:

• SU15: Vulnerable Road User Device Transition Support

• TI03: En-Route Guidance

• TI04: Trip Planning and Payment

• TI05: Integrated Multi-Modal Electronic Payment (previously PT18)

• TI06: Shared Use Mobility and Dynamic Ridesharing

• TI08: Personal Wayfinding

• VS12: Vulnerable Road User Safety

• VS18: Vulnerable Road User Clustering

• Major enhancements to VS17 Traffic Code Dissemination based on developments in the Management of Electronic Traffic Regulations 
(METR) standards being developed in ISO/TC 204. This includes details of how METR systems are expected to operate by collecting,
managing and disseminating road regulations.

• Other new or significantly enhanced Service Packages:

• MC12: One-Way Convoy Driving -- all new, inspired by operations in Norway but implemented similarly in some snow-heavy US 
states

• ST05: Electric Charging Stations Management -- modified to better accommodate information sharing and management entities

• Updates to all views to reflect changes in technology and standards development

• Many new physical objects supporting MAT, METR and other new and refined concepts, such as the Micro-Mobility Vehicle OBE, 
Electric Charging Management Center and Shared Use Transportation Center6.1 continues support  for ITS technical evolution and 
deployment



What’s new in 9.2?

RAD-IT Version 9.2.1 includes the following new-and-improved features:

• Document Settings can now be saved per architecture, allowing users to setup and save multiple documents per file; for example, a 
document for the regional architecture and another document(s) for the project architectures

• New output reports for service package readiness based on the flows and the available communications solutions assigned to each 
service package

• Improved performance on the Interfaces tab for the Build function

• Various bug fixes, including bugs related to conversion and physical object assignments

SET-IT Version 9.2.1 updated November 2023 includes the following new-and-improved features:

• Enhanced Search that now expands the fields being search to include text in the Service Packages, Service Package Instances, on 
Diagrams, and in Functional Objects.

• Fixes related to occasional crashes based by the Details forms

• Various bug fixes, including errors during Document generation and related to synchronizing service package names



ITS 
Architectures

22

Current Status

• “Congressionally mandated “blueprint” for 
federally funded ITS deployments”1

• Integrates 10 International Service Packages (4 
from Canada)

• Website and tools fully support all service 
packages

ARC-IT

• No similar legislative or policy requirement

• Focus on supporting and encouraging use of ITS 
architectures (ARC-IT) rather than maintaining a 
parallel reference architecture

• Offline databases mirror ARC-IT: facilitates 
developing additional service packages if/when 
needed

ITS Architecture for Canada

U.S. ARC-IT 9.0



• The Enterprise Viewpoint considers the policies, 
funding incentives, working arrangements, and 
jurisdictional structure that support the technical layers 
of the architecture.

• The Functional Viewpoint provides an analysis of 
abstract functional elements and their logical 
interactions. 

• The Physical Viewpoint represents physical 
elements that operate in the field and the backoffice, 
the functionality contained within those elements, the 
roles elements play in delivering user services, and 
the connections between those elements.

• The Communications Viewpoint provides a 
framework for identifying the protocols necessary to 
implement an information flow between Physical 
Objects (as defined in the Physical View)

ARC-IT Viewpoints

Image source: U.S. DOT
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• The Physical Viewpoint represents physical 
elements that operate in the field and the backoffice, 
the functionality contained within those elements, the 
roles elements play in delivering user services, and 
the connections between those elements.

• The Communications Viewpoint provides a 
framework for identifying the protocols necessary to 
implement an information flow between Physical 
Objects (as defined in the Physical View)

• The Enterprise Viewpoint considers the policies, 
funding incentives, working arrangements, and 
jurisdictional structure that support the technical layers 
of the architecture.

• The Functional Viewpoint provides an analysis of 
abstract functional elements and their logical 
interactions. 

ARC-IT Viewpoints

Image source: U.S. DOT
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ARC-IT Physical View
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• Physical objects that interact to deliver services

• Interfaces and flows of information between those physical 
objects

Depicts:

• What are the interfaces to support ITS services?

• What functionality is allocated to physical objects?

• What objects require information security safeguards and 
what are they?

Identifies options for…

Image source: U.S. DOT



• Key “building blocks” of Physical View

• Physical systems, devices, vehicles, or 
people that provide ITS services

• Two Types:

• Subsystems
• Functionality defined

• Terminators
• No functionality

Physical View - Physical Objects

Image source: U.S. DOT
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Traffic Management 
Center

TMC Signal Control



Organized into six classes (and color-coded)

Physical View - Physical Objects

• 6 Subsystem Class 
Types, based on:

• Where they reside

• How they behave

• How they interact

Image credit: U.S. DOT
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• ITS Object
• Includes the core functions and interfaces that may be included in any 

ITS system or device

Physical View - Physical Objects

Image source: U.S. DOT
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• Functional Objects are functional building blocks of 
Subsystems

• Define the functions and interfaces required to support a 
“deployable” piece of the subsystem

• Functional requirements are defined for each functional object

Physical View - Functional Objects

Traffic Management 
Center

TMC Signal Control

29



• Define interfaces between physical objects

Physical View – Information Flows

TRIPLET → ‘Source Physical Object - information flow - Destination Physical Object’

e.g. Transportation Information Center – electric charging services inventory – Electric Charging Station

Image source: U.S. DOT
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• Depicts:
• Layered communication solutions

that support communications between 
physical objects

• Solutions include groups of standards called 
profiles.

• Identifies options for each “triple”…
• Identity and appropriateness of protocols at 

all layers

• How these protocols ensure or support:
• Security

• Privacy

• For each option identifies gaps and overlaps 
for each solution

ARC-IT Communications View

31

Image source: U.S. DOT



ARC-IT Communications View Example

32
Image source: U.S. DOT



• Depicts:
• Relationships between organizations

• Roles organizations play in delivery of ITS services

• Organized around Enterprise Objects
• Interact to exchange information

• Manage or Operate Systems (Resources)

ARC-IT Enterprise View

Image source: U.S. DOT
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Development Installation Operations Maintenance

Enterprise Objects / Resources
Role/Relationship

Source Destination

Connected Vehicle Roadside Equipment Manager Connected Vehicle Roadside Equipment Manages

Connected Vehicle Roadside Equipment Owner Connected Vehicle Roadside Equipment Owns

Connected Vehicle Roadside Equipment Owner Connected Vehicle Roadside Equipment Manager Operations Agreement

Connected Vehicle Roadside Equipment Owner ITS Roadway Equipment Owner Information Exchange and Action Agreement

Connected Vehicle Roadside Equipment Owner Traffic Management Center Owner Information Exchange Agreement

Connected Vehicle Roadside Equipment Owner Transit Vehicle OBE Owner Expectation of Information Provision

Connected Vehicle Roadside Equipment Supplier Connected Vehicle Roadside Equipment Owner Warranty



• Depicts:

• Abstract functional objects (processes)

• Flows of data between those processes

• Identifies options for…

• What functionality is in physical objects?

• What are the interfaces between logical objects?

• What data flows between those logical objects?

ARC-IT Functional View 

Image source: U.S. DOT
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• Service Packages compile the elements of ARC-IT that 
provides a single ITS service

Service Packages

• 156 Service 
Packages

• Each includes 
aspects of all views

35

Image credit: U.S. DOT



Service Package Areas

Traffic 

Management

Public 

Transportation

Maintenance & 

Construction

Commercial 

Vehicle 

Operations

Public Safety

Vehicle Safety
Traveler Information 

& Personal Mobility

Data Management

Support Sustainable 

Travel

Weather

Parking 

Management

CVO01 Carrier Operations and Fleet Management

CVO02 Freight Administration

CVO03 Electronic Clearance

CVO04 CV Administrative Processes

CVO05 Commercial Vehicle Parking

CVO06 Freight Signal Priority

CVO07 Roadside CVO Safety

CVO08 Smart Roadside and Virtual WIM

CVO09 Freight-Specific Dynamic Travel Planning

CVO10 Road Weather Information for Freight Carriers

CVO11 Freight Drayage Optimization

CVO12 HAZMAT Management

CVO13 Roadside HAZMAT Security Detection and Mitigation

CVO14 CV Driver Security Authentication

CVO15 Fleet and Freight Security

CVO16 Electronic Work Diaries *

CVO17 Intelligent Access Program *

CVO18 Intelligent Access Program - Weight Monitoring *

CVO19 Intelligent Speed Compliance *

CVO20 International Border Registration *

CVO21 International Border Electronic Clearance

CVO22 International Border Coordination *

DM01 ITS Data Warehouse

DM02 Performance Monitoring

PM01 Parking Space Management

PM02 Smart Park and Ride System

PM03 Parking Electronic Payment

PM04 Regional Parking Management

PM05 Parking Reservations

PM06 Loading Zone Management

PS01 Emergency Call-Taking and Dispatch

PS02 Emergency Response

PS03 Emergency Vehicle Preemption

PS04 Mayday Notification

PS05 Vehicle Emergency Response

PS06 Incident Scene Pre-Arrival Staging Guidance for 

Emergency Responders

PS07 Incident Scene Safety Monitoring

PS08 Roadway Service Patrols

PS09 Transportation Infrastructure Protection

PS10 Wide-Area Alert

PS11 Early Warning System

PS12 Disaster Response and Recovery

PS13 Evacuation and Reentry Management

PS14 Disaster Traveler Information

PS15 Stolen Vehicle Recovery

PT01 Transit Vehicle Tracking

PT02 Transit Fixed-Route Operations

PT03 Dynamic Transit Operations

PT04 Transit Fare Collection Management

PT05 Transit Security

PT06 Transit Fleet Management

PT07 Transit Passenger Counting

PT08 Transit Traveler Information

PT09 Transit Signal Priority

PT10 Intermittent Bus Lanes

PT11 Transit Pedestrian Indication

PT12 Transit Vehicle at Station/Stop Warnings

PT13 Vehicle Turning Right in Front of a Transit Vehicle

PT14 Multi-modal Coordination

PT15 Transit Stop Request

PT16 Route ID for the Visually Impaired

PT17 Transit Connection Protection

PT18 Integrated Multi-Modal Electronic Payment

ST01 Emissions Monitoring

ST02 Eco-Traffic Signal Timing

ST03 Eco-Traffic Metering

ST04 Roadside Lighting

ST05 Electric Charging Stations Management

ST06 HOV/HOT Lane Management

ST07 Eco-Lanes Management

ST08 Eco-Approach and Departure at Signalized Intersections

ST09 Connected Eco-Driving

ST10 Low Emissions Zone Management

WX01 Weather Data Collection

WX02 Weather Information Processing and Distribution

WX03 Spot Weather Impact Warning

WX04 Roadway Micro-Prediction *

TM01 Infrastructure-Based Traffic Surveillance

TM02 Vehicle-Based Traffic Surveillance

TM03 Traffic Signal Control

TM04 Connected Vehicle Traffic Signal System

TM05 Traffic Metering

TM06 Traffic Information Dissemination

TM07 Regional Traffic Management

TM08 Traffic Incident Management System

TM09 Integrated Decision Support and Demand Management

TM10 Electronic Toll Collection

TM11 Road Use Charging

TM12 Dynamic Roadway Warning

TM13 Standard Railroad Grade Crossing

TM14 Advanced Railroad Grade Crossing

TM15 Railroad Operations Coordination

TM16 Reversible Lane Management

TM17 Speed Warning and Enforcement

TM18 Drawbridge Management

TM19 Roadway Closure Management

TM20 Variable Speed Limits

TM21 Speed Harmonization

TM22 Dynamic Lane Management and Shoulder Use

TM23 Border Management Systems

TM24 Tunnel Management *

TM25 Wrong Way Vehicle Detection and Warning

TM26 Signal Enforcement *

36

VS01 Autonomous Vehicle Safety Systems

VS02 V2V Basic Safety

VS03 Situational Awareness

VS04 V2V Special Vehicle Alert

VS05 Curve Speed Warning

VS06 Stop Sign Gap Assist

VS07 Road Weather Motorist Alert and Warning

VS08 Queue Warning (Implementations)

VS09

Reduced Speed Zone Warning / Lane Closure 

(Implementations)

VS10 Restricted Lane Warnings

VS11 Oversize Vehicle Warning

VS12 Vulnerable Road User Safety

VS13 Intersection Safety Warning and Collision Avoidance

VS14 Cooperative Adaptive Cruise Control

VS15

Infrastructure Enhanced Cooperative Adaptive Cruise 

Control

VS16 Automated Vehicle Operations

VS17 Management of Electronic Traffic Regulations (METR)

VS18 Vulnerable Road User Clustering

TI01 Broadcast Traveler Information (Implementations)

TI02 Personalized Traveler Information

TI03 En-Route Guidance

TI04 Trip Planning and Payment

TI05

Integrated Multi-Modal Electronic 

Payment (Implementations)

TI06

Shared Use Mobility and Dynamic 

Ridesharing (Implementations)

TI07 In-Vehicle Signage

TI08 Personal Wayfinding

TI09 Travel Services Information and Reservation

MC01

Maintenance and Construction Vehicle and Equipment 

Tracking

MC02 Maintenance and Construction Vehicle Maintenance

MC03 Roadway Automated Treatment

MC04 Winter Maintenance

MC05 Roadway Maintenance and Construction

MC06 Work Zone Management

MC07 Work Zone Safety Monitoring

MC08 Maintenance and Construction Activity Coordination

MC09 Infrastructure Monitoring

MC10 Asset Tracking (Implementations)

MC11 Maintenance and Construction Signal Priority

MC12 One-Way Convoy Driving *

SU01 Connected Vehicle System Monitoring and Management

SU02 Core Authorization

SU03 Data Distribution

SU04 Map Management

SU05 Location and Time

SU06 Object Registration and Discovery

SU07 ITS Communications

SU08 Security and Credentials Management

SU09 Device Certification and Enrollment

SU10 Center Maintenance

SU11 Field Equipment Maintenance

SU12 Vehicle Maintenance

SU13 Personnel Device Maintenance

SU14 Remote Access

SU15 Vulnerable Road User Device Transition Support



Service Package Example –
Transit Signal Priority (TSP)

— Service Packages 
represent a common 
entry point to ITS 
architectures

— Straightforward and 
understandable graphic 
presentations

— Based on deliverable ITS 
applications and 
strategies

— Use common building 
blocks

Image credit: U.S. DOT
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Service Package Example –
Transit Signal Priority (TSP)

1. Local actuation based on 
a request from the transit 
vehicle in the field

3. Local or central actuation 
based on Vehicle-to-
Infrastructure (V2I) 
communication.

2. Central actuation based 
on request from Transit 
Management Center

1

2

3

Image credit: U.S. DOT
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Adapted from: U.S. DOT

Service Package Example –
Transit Signal Priority (TSP)

ITS Roadway 
Equipment

Roadway Signal 
Control

Traffic Management 
Center

TMC Signal Control

Box indicates initiator of 

information exchange

(2B) right-of-way request
notification

(2B) signal control commands

(2B) signal control status

Arrowhead indicates 

recipient of data

Flow Time Context

1 - Now

2 - Recent

4 - Static

3 - Historical

Flow Spatial Context

A - Adjacent

B - Local

C - Regional

D - National

E - Continental

Flow Routing

(c) - Routed through a 

comm element

             - TerminalAbbr

(d) - Routed through a 

DDS

Flow Cardinality

Unicast

Multicast

Broadcast

Flow Control

Transaction initiated
By left-hand party

Receipt acknowledged

Flow Se curity

Clear text, No Authent.

Encrypted, No Authent.

Clear text, Authent.

Encrypted, Authent.

Elements

Center Field

PersonalVehicle

Support

People

ITS

Environment

Physical Legend
Functional Objects

 Existing  Project

 Future
 Not 

Applicable

Flow Status

Not Applicable
Future
Project
Existing

Red flow is obfuscated and authenticable 

(e.g., encrypted and signed)

Green flow is 

authenticable (e.g., 

digitally signed)
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DRAFT – NOT FOR DISTRIBUTION

ARC-IT 
Summary

• ITS Architectures provide 
Frameworks for Developing 
Integrated Transportation 
Systems

• There are 4 complimentary 
viewpoints to ARC-IT

• Service Packages include 
aspects of all viewpoints, and 
are easily accessible

40



Canadian Elements



The Evolution of Canadian Elements

1993 1996

Version 4

2002

User

Services
Architecture

Published

1997

HRI

1999

Version 

3.0

1998

Version 2

Version

5

2003

Version

6.0

2007

Version 

6.1

2009

Version 

7.0

2012
V7.1

2015

CVRIA

Version 

9

2020

Version 1

2000

Version 2

2010

Version 3

2020

Version 

3.1

2017

Version 

8

ARC-IT 9

Service Area Focus Version 1

Non-Vehicular 2

Maintenance 2

Weather 5

Automated Enforcement 2

Disaster Management 2

Multi-modal 1

Freight 2

Border 0

TOTAL 16

Version 2

2

0

2

1

0

1

1

3

10

Version 3

0

0

1

1

0

0

0

2

4

• Includes the 4 Canadian 
Service Packages
• Databases
• Website 
• RAD-IT
• SET-IT
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CVO20: International Border 
Registration
This service package covers registration of importers, carriers, conveyance, and drivers for 
expedited clearance at the border. It represents enrollment in programs such as FAST, 
NEXUS, Customs Self Assessment, C-TPAT, PIP, ACI, and ACE.

43

• 1 unique Physical Object
• 2 unique Functional 

Objects
• 4 unique Information Flows



CVO22: International Border 
Coordination
This service package covers coordination and sharing of information between agencies to 
support expedited clearance, customs pre-processing, and border crossing inspections.

44

• 2 unique Physical Object
• 0 unique Functional Objects

• But there are unique Needs and Requirements
• 4 unique Information Flows



TM26: Signal Enforcement
This service package supports the detection and enforcement of roadway control signals. A 
common implementation of this capability is "red light enforcement" for signalized 
intersections. Information documenting a vehicle entering the intersection when the light is 
red is captured and conveyed to an enforcement agency. …

45

• 0 unique Physical Objects
• 2 unique Functional Objects
• 3 unique Information Flows



WX04: Roadway Micro-Prediction
This service package supports advanced systems 
which use environmental information collected from 
ITS roadway equipment or from the Surface 
Transportation Weather Service, along with 
advanced algorithms, to create micro-predictions of 
roadway conditions which can support improved 
safety warnings and maintenance planning and 
dispatch.

46

• 0 unique Physical Objects
• 2 unique Functional Objects
• 1 unique Information Flow



Canadian 
Elements 
Summary

• The ‘degree of uniqueness’ decreased 
with each Canadian version

• Version 3 included 4 Unique Service 
Packages

• Developed all required elements for 
those unique Service Packages

• For all Views

• To USDOT standards

• Coordinated with U.S. ARC-IT Team

• ARC-IT Version 9 integrates the 4 as 
International Service Packages

47



Quick Break
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ARC-IT Website Tour



• Organizes the architecture content in a layered hypertext format

• Allows for easy and quick targeted access to topics of interest

ARC-IT Website: http://www.arc-it.net

50

http://www.arc-it.net/


ARC-IT Website Title, Menu Bar, and Last 
Update
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ARC-IT Website: Home Page
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ARC-IT Website: Architecture Pull-
Down
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ARC-IT Website: Service Packages Page
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ARC-IT Website- Service Package Details
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Queue Warning Service Package
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Service Packages Legend – Physical objects
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Service Packages Legend – Information Flows
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Service Packages Components

59

Information Flow

Field Physical Object

Functional Object

Recent, adjacent data

Broadcast

Clear text, Authenticated



Queue Warning Example: Details of Physical View Page
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Queue Warning Example – Functional Object
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Queue Warning Example: Details of Physical View Page
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Queue Warning Example: Information Flow
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Queue Warning Example: Information Flow Triple
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Communication Solutions View for Triple
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Communication Solution for Triple
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• Each service package defined by needs met

• Each functional object defined by requirements 
addressed

Queue Warning Example: Needs and Requirements
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Queue Warning Example – Sources
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Queue Warning Example – Security
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Queue Warning Example – Standards
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ARC-IT Website: Views
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ARC-IT Website: Views Page
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ARC-IT Website: Enterprise View Page
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ARC-IT Website: Functional View Page
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ARC-IT Website: Physical View Page
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ARC-IT Website Communications View Page
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ARC-IT Website: Methodology

77



ARC-IT Website: Architecture Structure
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ARC-IT Website: Security
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ARC-IT Website: Security
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ARC-IT Website: Architecture Use
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ARC-IT Website: Regional ITS Architecture Definition

82



ARC-IT Website: Regional ITS Architecture Use
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ARC-IT Website: Use in Project Development
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ARC-IT Website: Architecture Resources
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ARC-IT Website: Architecture Terminology
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ARC-IT Website: Contact Us Page
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ARC-IT 
Website 

Tour 
Summary

• Provides access to all key 
components of the reference 
architecture

• Service Packages provide easy 
access

• Viewpoints provide alternative 
access

• Guidance for Architecture Use

• Additional Resources
• Guides

• Recorded training

• RAD-IT / SET-IT downloads

• Downloadable Website

• Databases
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Training Schedule

89

• French stream: January 30, February 6, and February 13, 2024.

• English stream #2: February 14, February 21, and February 28, 2024.

Session Topic Description Date / Time

Detailed ITS Architecture 

Training

Provides more detailed and comprehensive 

training on key architecture components and 

how to access them through the ARC-IT 

website.

Today

Regional ITS Architecture 

Development

Provides a high-level overview of the regional 

ITS Architecture development process, 

incorporating examples from the ARC-IT RAD-

IT tool.

Wednesday

December 6, 2023

1:30PM–4:00PM EST

Systems Engineering Training Provides an introduction to the concept of 

Systems Engineering, its importance to the 

lifecycle of delivering ITS, and how the 

Architecture helps support to the process.

Wednesday

December 13, 2023

1:30PM–4:00PM EST



Questions or 
Comments?

Email contacts:

• Support: ITSArchitecture-ArchitectureSTI@tc.gc.ca

• Jonathan Parent Jonathan.Parent@tc.gc.ca

• Mara Bullock mara.bullock@wsp.com

Thank You for Joining!

90
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Regional ITS Architecture Training
December 6, 2023
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Webinar Tips and Protocols

• You can ask questions at any time using the question and answer box. We will 

answer as many questions as possible.

• You can also raise your hand to ask questions verbally if you wish.

• Please keep your line muted.

• You may also send your questions via email at ITSArchitecture-

ArchitectureSTI@tc.gc.ca to be answered later.

mailto:ITSArchitecture-ArchitectureSTI@tc.gc.ca
mailto:ITSArchitecture-ArchitectureSTI@tc.gc.ca


Disclaimer

• Transport Canada does not endorse products or companies. Reference 
to any specific commercial products, process, or service by trade  
name,  trademark,  manufacturer,  or  otherwise,  does  not  constitute  
or  imply  its endorsement,  recommendation,  or  favouring by  
Transport  Canada  and  shall  not  be  used  for advertising  or  service  
endorsement  purposes. 

• Transport Canada is not responsible for errors or omissions in this 
document and makes no representations as to the accuracy or 
completeness of the information. Content provided by external sources 
is not subject to official languages, privacy and accessibility 
requirements.
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Goals and Objectives

Understand the purpose of 
Regional ITS Architectures

1

Understand fundamentals 
of developing a Regional 
ITS Architecture

2

Understand the basics of 
the RAD-IT tool

3

5



Agenda

• ITS Architecture review

• Introduction to Regional ITS 
Architectures

• Review of the Regional ITS 
Architecture development process

6

A note on 

spelling: U.S. 

spelling has 

been used in this 

presentation for 

consistency with 

ARC-IT



ITS Architecture Review



DRAFT – NOT FOR DISTRIBUTION

What is ITS?

Intelligent Transportation Systems (ITS) integrate different 
information and communications technologies into road 
transportation infrastructure and vehicles, to help make the 
transportation system safer and more efficient.

8



What is an ITS 
Architecture?

• Framework for Developing 
Integrated Transportation 
Systems 

• Identifies:
• Organizations

• Systems operated 

• Functions performed

• Information exchanged

• Communications

• WITHOUT getting into specific 
technologies

• Technology Neutrality is key

9



Where does an ITS Architecture fit into 
Traditional Project Development Lifecycles?

10

Project 
Feasibility

Environmental
(Requirements)

Preliminary 
Design

Design
(PS&E)

Construction,
etc.

Long-Range 
Transportation 

Plan

Short-Range 
Planning/ 

Programming

PROGRAMS/PLANNING PROJECTS

Operations Plan
Problems and Solutions, Corridor-by-Corridor

Staffing, Equipment, Facilities, Capital 
Programs

ITS Infrastructure Plan
Capital Projects

ITS Architecture
Regional Integration Plan

ITS Architecture
Project Specific Design

Adapted from: U.S. DOT



11

•Reference
• National/Resource

•Regional
• Used for planning

•Project
• Used for design/deployment

Types of ITS Architectures

ARC-IT

Regional

Planning

TMC Project

Adapted from: U.S. DOT
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ARC-IT Structure 
(Reference)

• Defined around 4 views:

• Enterprises to carry out 
services

• Functions to implement 
services

• Physical objects to 
implement that 
functionality

• Communications
solutions necessary

12



Physical

ITS Roadway Equipment

Communications

Transit Management Center Transit Vehicle OBE

Traffic Management Center

• Identify systems 
and devices

• Identify interfaces

13

Image credit: U.S. DOT

Image credit: Société de transport de Montréal (STM)

Image credit: City of Ottawa, OC Transpo



Enterprise

• Identify who is 
involved

• What are their 
roles and 
responsibilities

• Owner
• Development
• Installation
• Operations
• Maintenance

14

ITS Roadway Equipment

Communications

Transit Management Center Transit Vehicle OBE

Traffic Management Center

Image credit: Société de transport de Montréal (STM)

Owner: City 

Transportation 

Division

Owner: City / Regional Transit

Image credit: City of Ottawa, OC Transpo



Communications

Transit Management Center Transit Vehicle OBE

Traffic Management Center

ITS Roadway Equipment

Functional

• Identify the 
functions for each 
physical device

• Identify functional 
requirements

15
Image credit: Société de transport de Montréal (STM)

Image credit: City of Ottawa, OC Transpo



Communications

• Select 
communications 
standards / 
protocols

• Address Security

Image credit: U.S. DOT

Communications

Transit Management Center Transit Vehicle OBE

Traffic Management Center

ITS Roadway Equipment

Image credit: Société de transport de Montréal (STM)

Image credit: City of Ottawa, OC Transpo



ITS 
Architecture 

Review 
Summary

• ITS Architectures provide 
frameworks for developing 
integrated transportation 
systems

• ITS Architectures support 
ITS Planning and 
Project Development

17



Introduction to Regional ITS 
Architectures



Regional ITS 
Architecture

A framework for ensuring 
institutional agreement and 
technical integration for the 
implementation of ITS 
projects in a particular 
region

19 19



Regional ITS Architecture Components

Image credit: U.S. DOT 20



Reasons for Architecture Use in 
Transportation Planning and 
Programming

• Architecture represents a consensus 
vision of Operations and Planning 
stakeholders for deployment of ITS 
systems

• Addresses both short-range projects 
and long-range strategies 

21



Stakeholder Involvement 
is Key

• ITS Architecture development 
provides an excellent opportunity 
for linking operations and planning 
stakeholders, during development 
and later during maintenance or 
update activities

• Committee that supported 
architecture development should 
also take a leading role in 
overseeing architecture use and 
maintenance

22



Connecting Stakeholder Visions

• Regional architecture development and update can expand the 
interaction of planning and operations

0 5 10 15 20

Master Plan

Projects

Regional ITS Architecture

Planners

Operations

Image credit: U.S. DOT
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24

Goals 

• An example goal is “Improve Safety for All 
System Users”

Objectives

• An example objective is “Reduce collision-
related fatalities and serious injuries for all 
modes through data-driven, innovative, 
and proactive processes.”

Transportation Goals and Objectives

Regional Goals and Objectives



Goals and Objectives and the Architecture

• Architecture should be based on operations-related 
goals and objectives 

• Include objectives in regional ITS architecture and map to 
service packages or projects

• Services and projects in architecture can support 
development of operations-related objectives

• Architecture contains long range plan for ITS through 
definition of services and projects  

Regional ITS

Architecture

Regional Goals and Objectives

Image credit: U.S. DOT
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Master Plan 
and 
Architecture

Master Plan
Regional 

Architecture

Goals, objectives, strategies, 

and projects to achieve it

ITS Services and projects

Covers at least the next 20 

years

Long term timeframe

Leads to an intermodal 

system

Covers multiple modes

Fiscally constrained Not fiscally constrained

Must be updated every 4-5 

years

Updated per maintenance 

plan

26



• Defines a region’s ITS needs and identifies a set of capabilities 
meet the needs

ITS Strategic Plan

Transportation 

Improvement 

Program

Capital

Budget

Program

ITS
Strategic 

Plan

ITS
Strategic 

Plan

Regional ITS Architecture

Emergency

Management
Center

Traffic

Management
Center

TMC
Roadway
Devices

Other TMC
traffic

information

coordination

incident information

traffic flow

incident information

Traffic
Information

Service
Provider

roadway information 

system data

Emergency

Vehicles

incident

status

logged

special vehicle

route

traffic images

video surveillance 

control

Other

EMC

incident 

report

Event

Promoter

event plans

incident

response

coordination

incident

command

information

incident
information

Maintenance &

Construction 

Management

incident

information
maint. 

and 
constr.

resource
request

maint. 
and constr.

resource request

Maint. and 

Const. Center

Personnel

maint. and constr.

operations information
presentation

maint. and constr.

center personnel inputs

Other

MCM

maint. and constr.

resource coordination

road network

conditions

Regional ITS Architecture
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Traffic

Management
Center

TMC
Roadway
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maint. 
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maint. 
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Const. Center

Personnel

maint. and constr.
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presentation

maint. and constr.

center personnel inputs

Other
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maint. and constr.

resource coordination
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conditions

Regional ITS Architecture

Emergency

Management
Center

Traffic

Management
Center

TMC
Roadway
Devices
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traffic
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maint. 
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constr.

resource
request

maint. 
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resource request

Maint. and 
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Personnel

maint. and constr.

operations information
presentation

maint. and constr.

center personnel inputs
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MCM

maint. and constr.

resource coordination

road network
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Emergency

Management
Center

Traffic

Management
Center

TMC
Roadway
Devices

Other TMC
traffic
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traffic flow
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Traffic
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route

traffic images
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control

Other

EMC
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Event
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command

information
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information
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Management

incident

information
maint. 

and 
constr.

resource
request

maint. 
and constr.

resource request

Maint. and 

Const. Center

Personnel

maint. and constr.

operations information
presentation

maint. and constr.

center personnel inputs

Other

MCM

maint. and constr.

resource coordination

road network

conditions

Long Range 

Plan

Master

Plan

Adapted from: U.S. DOT
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ITS Strategic Plan 
(cont.)

• May contains elements that go beyond the 
regional architecture requirements

• Vision, goals, and objectives

• Strategies for ITS deployment

• Funding considerations

• Detailed project definitions

• Gaps in planned projects

• Benefits analysis

• Communications Plan

28

Image credit: City of St. Albert



Making Architecture Useful for Long Range 
Planning 

• Explicitly connect architecture services and projects to objectives 
and strategies

• Describe mid-long-term projects in language suitable for the plan 
(e.g., as “strategies”)

• Create executive summary material/ graphics as part of 
architecture that would be appropriate for a Master Plan

• Formally approve architecture 

29



Make Architecture Useful for Programming / 
Budgeting

• Define near term projects in more specificity 
to feed into programming and budgeting 
processes

• Promote integration projects in region

• Establish process that uses architecture

30



• Two free downloadable 
software tools available to apply 
ARC-IT to regions and projects

• Regional Architecture 
Development for 
Intelligent Transportation (RAD-
IT)

• Systems Engineering Tool for 
Intelligent Transportation (SET-IT) 

ARC-IT Tool Suite

Adapted from: U.S. DOT

31

https://www.arc-it.net/html/resources/tools.html

https://www.arc-it.net/html/resources/tools.html


ARC-IT Tools Integration

• SET-IT’s Import Function: connecting regional planning to project 
definition

• Take the Regional Architecture content as an input for a project in SET-IT
• Drive more system engineering analysis using tools → requirements, 

interface control documents (ICDs), security, communications standards

• RAD-IT’s Import Function: supports feedback from a SET-IT 
project back into the Regional Architecture

Image credit: U.S. DOT

32

https://www.arc-it.net/html/resources/tools.html

https://www.arc-it.net/html/resources/tools.html


RAD-IT

https://www.arc-it.net/html/resources/radit.html
33

https://www.arc-it.net/html/resources/radit.html


RAD-IT Outputs

• Diagrams

• Subsystem Summary

• Interconnect

• Flow

• Plus - Batch capability

• Tables 

• Documents – regional and 
project 

• Customized website

34



RAD-IT Outputs: Subsystem Diagram

Image credit: U.S. DOT
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RAD-IT Outputs: Interconnect Diagram

36



RAD-IT Outputs: Context Diagrams

37



RAD-IT Outputs: Service Diagrams

VS09: Reduced Speed Zone Warning / Lane Closure
38



RAD-IT Outputs: Tables

39



RAD-IT Outputs: Documents

40



RAD-IT Outputs: Website

41



Regional ITS 
Architecture 

Summary

• A Regional ITS Architecture 
provides a framework for 
ensuring institutional agreement 
and technical integration for the 
implementation of ITS projects 
in a particular region

• Can support planning
• Long-Range Transportation Plans

• Master Plans

• Short-Range or Strategic Plans
• Capital Plans or Programs

42



Regional ITS Architecture 
Development Process



So how is a Regional ITS Architecture Developed?

44

Development

Process Guide

Image credit: U.S. DOT

https://www.arc-

it.net/documents/raguide/

raguide.pdf

https://www.arc-it.net/documents/raguide/raguide.pdf
https://www.arc-it.net/documents/raguide/raguide.pdf
https://www.arc-it.net/documents/raguide/raguide.pdf


So how is a Regional ITS Architecture Developed?

45

RAD-IT guides you 

through the development 

process

Image credit: Regional ITS 

Architecture Guide 

(2010 – previous version)



So how is a Regional ITS Architecture Developed?

RAD-IT guides you 

through the development 

process

46



Regional ITS Architecture Process

Image credit: U.S. DOT 47



Architecture 
Region - Scope

1-48

Geographic area

Time horizon

Breadth of ITS services



Architecture 
Geographic Area 
Options

• Municipality (e.g., City or Region)

• Multiple-municipality (e.g., GTHA)

• Provincial & multi-province

• ITS corridor

• ITS project funding boundary

• Service area

49



• How far into the future to consider?

5 10 20

Capital 

Plan
Transportation 

Master Plan

Short
Medium

Long

Corresponds 

to time horizon of:

Architecture Time Horizon

Image credit: U.S. DOT
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▪ Include province-wide services?

– 511 traveler information

– Commercial vehicle operations

▪ Include only publicly funded services?

▪ Consider other architectures
Traffic

Payment

CentersTransit

Architecture Breadth of Services

Image credit: U.S. DOT
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RAD-IT – Scope (Start)

52



Web Output – Scope 
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Region for Peel Regional ITS Architecture
(~2011)

54



Regional Goals, 
Objectives, and 
Strategies

• Connecting a region’s 
transportation planning 
processes to the ITS 
architecture

• Connect to planning attributes 
defined in: 

• Long Range Plans

• Strategic Plan

• Transportation Systems 
Management and Operations 
(TSMO) Plan

55



RAD-IT – Planning

56



Web Output – Planning

57



Stakeholders

Someone who deploys, 

owns, operates, 

maintains, or is impacted 

by an ITS system.

58



RAD-IT – Stakeholders

59



Web Output – Stakeholders

60



Region for Peel Regional 
ITS Architecture (~2011)

61



Inventory of ITS Elements

• A list of ITS elements and the elements that interface with them 

• And an element is:

“An ITS system or piece of a system”

62

An architecture is built around an inventory of existing 

and future ITS systems

• Know what you have today

• Plan for future systems



Mapping Elements to Physical Objects

Provincial Traffic 

Operations Center Traffic
Management

Center

Emergency
Management

Center

Element:

Physical 

Objects

Adapted from: U.S. DOT
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Importance of Mapping to Physical 
Objects

Traffic
Management

Center

Emergency
Management

Center• Requirements

• Interfaces

• Standards

Adapted from: U.S. DOT
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RAD-IT – Inventory

65



Web Output – Inventory

Inventory – List Alphabetical

66



Web Output – Inventory

By Physical Object – Organized by ARC-IT Physical Object type

67



Web Output – Inventory

By Stakeholder – Organized by RAD-IT Stakeholder 68



Web Output – Inventory (Detail)

…

69



Web Output – Inventory (Context)

70



• ITS capabilities used to meet operational goals and 
objectives

• Examples:
• Emergency Vehicle Preemption

• Electronic Toll Collection

• Transit Signal Priority

• Traffic Incident Management

ITS Services

71



Service Package Areas
▪ ITS services in the ARC-IT

72

Traveler 

Information & 

Personal Mobility



Parking Space 

Management

Smart Park and Ride 

System

Parking Electronic 

Payment

Regional Parking 

Management

Parking Reservations

Loading Zone 

Management

Service Packages and a Regional ITS Architecture

• Service Packages provide a menu of ITS services
• Select Service Packages of interest

• Map to your inventory and tailor

73

Traveler 

Information & 

Personal Mobility



RAD-IT – Services

74



Web Output – Services
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User Needs

• User Needs provide a starting point to 
determine system requirements 

• User needs defined in ARC-IT for each 
service package and can be customized in a 
regional architecture

76



RAD-IT – User Needs

77



Roles and Responsibilities

Identifies the roles and responsibilities of 
stakeholders in the operation, 
implementation and maintenance of the ITS 
systems

78

• Roles – ITS functions of a 
stakeholder

• Responsibilities – Duties or 
obligations of a stakeholder in 
delivering one or more ITS services 
in a region



R & R examples for Incident Management

• Provide incident information 
to Provincial DOT TMC

• Dispatch emergency   
vehicles to incident

• Monitor roadways and provide 
incident information to 
Emergency Services

• Share CCTV images with 
Emergency Services

ACCIDENT 

AHEAD 

MERGE LEFT

Municipal 

Emergency Services

Provincial 

DOT
Adapted from: U.S. DOT
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RAD-IT – Roles & Responsibilities

80



Web Output – Roles & Responsibilities

81



Functional Requirements

• High-level descriptions of what ITS elements will do in 
the region

• NOT detailed design requirements

• Functional Objects provide that high level view.

82



RAD-IT – Functions (Step 1)

• In ARC-IT Functional requirements are defined for every Functional Object

• RAD-IT allows selections of the Functional Objects for each element

83



RAD-IT – Functional Requirements 
(Step 2)

84



Interfaces

• Identify Interconnects
Which systems will share info?

• Define Information Flows
What information will they share?

85



Interconnects are made up of  Information Flows

Information Flow 1

Information Flow 2

Information Flow N

Interconnect
ITS Element

A
ITS Element

B

ITS Element

A
ITS Element

B

86



RAD-IT – Interfaces
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RAD-IT – Interfaces

• Include
• Only selected
• Only from Service 

Packages
• All

• Select
• Add but don’t select 

as in architecture
• Add/select if both 

Source AND 
Destination

• Add/select if either 
Source OR 
Destination

88



Web Output – Interfaces

89



ITS Standards

• Over 100 ITS Standards

• Cover Transit, Traffic, CVO, Toll, Traveler 
Information, Connected Vehicle…

90



RAD-IT – Communication Solutions

• Identified as Communications Solutions by 
Interface

91
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Standards from Marinara

… 



Agreements

• Document institutional integration in region 

• May be required for interjurisdictional interfaces 

• Define: 
• Integration plans

• Maintenance & operations plans

• Funding responsibilities

93



Agreements from Marinara Regional ITS Architecture

94



Projects

• Projects are defined within the regional 
architecture

• An implementation sequence is also 
defined

95



Project Identification
Traveler Info

Center
Maintenance

Dispatch

Other

TMC

TMC
911

Dispatch

Other

911

Center

Traffic Management Project Emergency Management Project
Image credit: Journal de Québec

Adapted from: U.S. DOT
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Project Excerpt from Marinara Regional ITS Architecture

97



Regional ITS 
Architecture 
Development 

Summary

• This session provided a quick walk through of what can 
be documented for a Regional ITS Architecture

• Don’t worry, there are additional resources

• Recorded RAD-IT Training (including hands-on): 
https://www.arc-it.net/html/resources/training.html

• ARC-IT Website: 
https://www.arc-it.net/index.html

• Regional ITS Architecture Guide: 
https://www.arc-it.net/documents/raguide/raguide.pdf

• RAD-IT Download: 
https://www.arc-it.net/html/forms/raditform.php

98
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Training Schedule

99

Session Topic Description Date / Time

Detailed ITS Architecture 

Training

Provides more detailed and comprehensive 

training on key architecture components and 

how to access them through the ARC-IT 

website.

Complete

Regional ITS Architecture 

Development

Provides a high-level overview of the regional 

ITS Architecture development process, 

incorporating examples from the ARC-IT RAD-

IT tool.

Today

Systems Engineering Training Provides an introduction to the concept of 

Systems Engineering, its importance to the 

lifecycle of delivering ITS, and how the 

Architecture helps support to the process.

Wednesday

December 13, 2023

1:30PM–4:00PM EST

• French stream: January 30, February 6, and February 13, 2024.

• English stream #2: February 14, February 21, and February 28, 2024.



Questions or 
Comments?

Email contacts:

• Support: ITSArchitecture-ArchitectureSTI@tc.gc.ca

• Jonathan Parent Jonathan.Parent@tc.gc.ca

• Mara Bullock mara.bullock@wsp.com

Thank You for Joining!

100
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Systems Engineering Training

December 13, 2023



2

Webinar Tips and Protocols

• You can ask questions at any time using the question and answer box. We will 

answer as many questions as possible.

• You can also raise your hand to ask questions verbally if you wish.

• Please keep your line muted.

• You may also send your questions via email at ITSArchitecture-

ArchitectureSTI@tc.gc.ca to be answered later.

mailto:ITSArchitecture-ArchitectureSTI@tc.gc.ca
mailto:ITSArchitecture-ArchitectureSTI@tc.gc.ca


Disclaimer

• Transport Canada does not endorse products or companies. Reference 
to any specific commercial products, process, or service by trade  
name,  trademark,  manufacturer,  or  otherwise,  does  not  constitute  
or  imply  its endorsement,  recommendation,  or  favouring by  
Transport  Canada  and  shall  not  be  used  for advertising  or  service  
endorsement  purposes. 

• Transport Canada is not responsible for errors or omissions in this 
document and makes no representations as to the accuracy or 
completeness of the information. Content provided by external sources 
is not subject to official languages, privacy and accessibility 
requirements.
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Goals and Objectives

Understand the 
purposes and uses 
of Architecture & 
Systems 
Engineering for ITS

1

Understand 
fundamentals of 
Systems 
Engineering

2

Find opportunities 
where Systems 
Engineering will 
benefit your 
process

3

See SET-IT in 
Action

4

5



Agenda

• ITS Architecture Review

• Introduction to Systems Engineering

• Review of Systems Engineering Process

• Establishing Systems Engineering in Your 
Organization

• Seeing SET-IT in action

6

A note on 

spelling: U.S. 

spelling has 

been used in this 

presentation for 

consistency with 

ARC-IT



ITS Architecture Review



What is ITS?

Intelligent Transportation Systems (ITS) integrate different 
information and communications technologies into road 
transportation infrastructure and vehicles, to help make the 
transportation system safer and more efficient.

8



What is an ITS 
Architecture?

• Framework for Developing Integrated 
Transportation Systems 

• Identifies:

• Organizations

• Systems operated 

• Functions performed

• Information exchanged

• Communications

• WITHOUT getting into specific 
technologies

• Technology Neutrality is key

9



Where does an ITS Architecture fit into 
Traditional Project Development Lifecycles?

10

Project 
Feasibility

Environmental
(Requirements)

Preliminary 
Design

Design
(PS&E)

Construction,
etc.

Long-Range 
Transportation 

Plan

Short-Range 
Planning/ 

Programming

PROGRAMS/PLANNING PROJECTS

Operations Plan
Problems and Solutions, Corridor-by-Corridor

Staffing, Equipment, Facilities, Capital 
Programs

ITS Infrastructure Plan
Capital Projects

ITS Architecture
Regional Integration Plan

ITS Architecture
Project Specific Design

Adapted from: U.S. DOT



DRAFT – NOT FOR DISTRIBUTION

ITS 
Architecture 

Review 
Summary

• ITS Architectures provide 
Frameworks for Developing 
Integrated Transportation 
Systems

• ITS Architectures support 
ITS Planning and 
Project Development

11



Introduction to Systems 
Engineering



Transportation Projects -
What Has Worked?

• Road authorities have been building road 
infrastructure for many years

• They have developed processes for design and 
construction of roads and bridges where:

• Past performance is well understood

• Requirements are well defined and understood

• Technology is proven and well understood

• Documented designs are proven and well known 

• Projects are not undertaken without following 
“approved” processes, documents, and standards

13



Traditional Project Development 
Process Has Led to This Success

Low Risk of Unsuccessful Implementation!
✓ Performance of products and materials well understood

✓ Requirements well defined and understood

✓ Proven, well-known technology

✓ Documented, proven designs

Environmental
Preliminary 

Design
Design
(PS&E)

Construction, etc.Project 
Feasibility

14



Traditional Project 
Development ALSO Works for 
ITS Infrastructure Expansion

Environmental
Preliminary 

Design
Design

(PS&E)
Construction,
etc.

Project 
Feasibility

Processes and approved manuals ALSO in place for field 

installation of many ITS technologies

ITS Infrastructure Expansion:

Low Risk of Unsuccessful Implementation Projects

15



BUT This Traditional 
Process Does NOT Work 
for Complex ITS Projects

Environmental
Preliminary 

Design
Design
(PS&E)

Construction, etc.Project 
Feasibility

16



What is Different about Designing 
Complex Systems?

Software and computer technology are involved!

= Higher Risk

So, just how do you manage systems 
development when software or integration 
to other systems is involved?

Use Systems Engineering!

17



What is Systems Engineering?

An inter-disciplinary approach and means to 
enable the realization of successful systems.1

Management
Application

Domain
Expertise

Systems
EngineeringEngineering

Image credit: 1-EIA-731 Annex B (Glossary)
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Systems Engineering (cont.)

• Focuses on:

• Defining customer needs and required functionality early in the 
development cycle

• Documenting requirements

• Then proceeding with design, implementation, and system validation 
while considering the complete problem

19



Systems Engineering Principles

• Start with Your Eye on the Finish Line

• Stakeholder Involvement is Key

• Define the Problem before Implementing 

the Solution

• Delay Technology Choices

20



Multiple Approaches, One Purpose

• Systems Engineering allows for multiple approaches
• Sequential / Waterfall / “V”

• Spiral

• Evolutionary / Agile
• (similar but different than Agile development)

• All have one purpose
• Develop & Deliver a system that 

• Meets requirements

• Satisfies needs

• Is used (operated/maintained meeting mission objectives)

Image credit: U.S. DOT
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Simplified Systems Engineering 
Process

22

Needs
Validation

Testing

Verification
Testing

Requirements

Design & Implementation

Image credit: U.S. DOT



Mapping to Transportation Process

23

Environmental
Preliminary 

Design
Design
(PS&E)

Construction, etc.Project 
Feasibility

Needs
Validation

Testing

Verification
Testing

Requirements

Design & Implementation

Adapted from: U.S. DOT



What Do 
System 
Engineering 
Documents 
Look Like?

• Concept of Operation

• Requirements

• Verification

• Validation

Focus on these documents:

• Properly documented needs

• High-Level Requirements based on 
needs

• Traceability between needs and 
requirements

What documents should 
include

24



Example: Roadwork Scheduling System for MTO

25



Example: Roadwork Scheduling System for MTO

26



Example: Roadwork Scheduling System for MTO

27



Example: Traceability and Integration into Test Documents

28



Purpose of Systems 
Engineering

• Improve the chances of 
developing a system on-time 
and on-budget that meets 
the users’ needs

• Reduce risks to successful 
delivery

• Control costs and schedule

• Satisfy users’ needs

• Improve system quality

29
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Introduction 
to System 

Engineering 
Summary

• Following a Systems Engineering 
approach can improve the chances 
of developing a system on-time and 
on-budget that meets the users’ 
needs

• Reduce risk

• Control costs and schedule

• Satisfy users’ needs

• Improve system quality

30



Systems Engineering Process
(V-Model)



Multiple Approaches, One Purpose

• Systems Engineering allows for multiple approaches
• Sequential / Waterfall / “V”

• Spiral

• Evolutionary / Agile
• (similar but different than Agile development)

• All have one purpose
• Develop & Deliver a system that 

• Meets requirements

• Satisfies needs

• Is used (operated/maintained meeting mission objectives)

32



V-Model

• Example of Sequential Systems Engineering

Document/Approval

33
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Concept of

Operations

System

Requirements

High-Level

Design

Regional Architecture Use 
in Project Development

• Before a project starts, use the Arch to help define key aspects

Regional ITS

Architecture

Detailed

Design

Image credit: U.S. DOT
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Benefits of Having a Regional ITS 
Architecture

• Project scope considers regional vision

• Helps avoid overlooking capabilities or 
interfaces not previously considered

• Project consistency with other ITS 
projects is maximized

• Continuity between planning and project 
development is maintained

• If there is a Regional ITS Architecture, it 
will make life easier

City

TMC

Regional

511

Bus Rapid

Transit

City

TMC

Regional

511

Bus Rapid

Transit

Other

Systems

Other

Systems Image credit: U.S. DOT
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Feasibility Study/
Concept Exploration

• Assess economic, political, and technical 
feasibility

• Evaluate alternative concepts

• Makes the business case

• Key activities:

• Define evaluation criteria

• Perform initial risk analysis

• Identify alternative concepts

• Evaluate alternatives

• Document results

36



Feasibility Study/
Concept 
Exploration 
Benefits

• Considers alternatives prior to 
significant investment

• Reduces risk of cost and schedule 
overruns

• Project feasibility is verified

• Project risks are identified

• Use where 
• Feasibility is in question 

• Fundamentally different alternatives exist

37



Concept of 
Operations

• Defines:

• Who: Stakeholder roles and 
responsibilities

• What: Stakeholder needs, system 
elements and high-level capabilities

• Where: Geographic and physical extent

• When: Sequence of activities performed

• How: Development, operation, and 
maintenance of system

38



Concept of Operations (cont’d)

• Written in the stakeholders’ 
language

• Shows agreement on:
• Goals, objectives, and 

expectations
• Project scope
• Stakeholder responsibilities
• Operational Needs
• How the system will operate
• Operational and support 

environment

Operator MaintainerUser

39
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Concept of Operations Standards

• Suggested industry standards for ConOps outlines

Supports New Systems 

Developments

Supports System Upgrades

40

ANSI/AIAA-G-043 Outline

1. Scope

2. Reference Documents

3. User-Oriented Operational Description

4. Operational Needs

5. System Overview

6. Operational Environment

7. Support Environment

8. Operational Scenarios

IEEE 1362 Outline

1. Scope

2. Reference Documents

3. The Current System or Situation

4. Justification for and Nature of Changes

5. Concepts for the Proposed System

6. Operational Scenarios

7. Summary of Impacts

8. Analysis of the Proposed System

Image Credit: U.S. DOT



Benefits of Developing a 
Concept of Operations

• Early stakeholder agreement on:
• System capabilities

• Users’ Needs

• Roles and responsibilities

• Key performance measures and a basic plan for system validation

• Manage stakeholder expectations

Start with Your Eye on the Finish Line
A ConOps helps the project team visualize the final system at 

the beginning of the project.
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System Requirements

“Something that governs what, how well, and under 
what conditions a product will achieve a given 
purpose”

42

-- EIA-632, Electronics Industry Association Standard “Processes for Engineering a System”



System Requirements

• Key activities
• Elicit Requirements

• Analyze Requirements

• Document Requirements

• Validate Requirements

• Manage Requirements

Elicit

Requirements

Analyze

Requirements

Document

Requirements

Validate

Requirements

Manage

Requirements

Elicit

Requirements

Analyze

Requirements

Document

Requirements

Validate

Requirements

StakeholderStakeholder
Participation

Manage

Requirements
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System Requirements
• More key activities 

• Create a System Verification Plan/System Acceptance Plan that 
assures testing, demonstration, inspection, and analysis in relation to 
each requirement

• Create a System Validation Plan that describes the functionality the 
system must display prior to customer acceptance

Image credit: U.S. DOT
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Writing Style for Requirements

• Use “shall” rather than “will” or  “should”

• One requirement per sentence 

• Avoid use of pronouns

• Avoid vague references such as “good workmanship” and 
“proven technology”

45



Quality Requirements

Quality Requirements Are

Necessary

Unambiguous

Complete

Measurable

Consistent

Achievable

Testable

Technology-independent
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Examples of Poor Requirements

• “The system shall use radar detectors for traffic monitoring.”

• “State-of-the-art computers shall be used.”

• “The system shall manage incidents.”

• “All work shall be performed to the satisfaction of the Engineer.”

• “Industry standard designs and components shall be used.”

47



Requirements Examples
(good or bad?):

1. “The retrieval of any single status from any field device shall not exceed 2 
seconds from the initiation of the request.”

2. “Congestion shall be reduced.”

3. “The system user shall be able to verify reversible lane gate status of up, 
down, locked, and 15º status.”

4. “People shall feel safer about riding the bus.”

48



System Requirements

• Usually defined in a hierarchy – for example: 

• The system shall read tag 

data

• The system shall read 

tag ID

• The system shall read 

vehicle type

Increasing Detail and Specificity

Parent Requirement

Child Requirement

49
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Regional Architecture Use in
System Requirements (Example)

• DMS Regional Architecture Requirements
Element Functional Area ID Requirement

Municipal Traffic 

Management Center (TMC)

TMC Traffic Information 

Dissemination

1 The center shall remotely control dynamic 

messages signs for dissemination of traffic and 

other information to drivers.

▪ DMS Project Requirements
▪ Parent requirement: The center shall remotely control 

dynamic message signs…

▪ Add detailed child requirements to:

o Activate and display a message

o Prioritize messages

o Define a message (pick list, spell check)

o Blank the sign

o Schedule messages for display 50



Benefits of System Requirements

• A clear statement of requirements provides:
• A shared understanding of the problem to be solved by customer and 

developer

• A firm basis for managing project scope

• The connection between user needs and system design

• The foundation for system verification/testing

A clear statement of requirements is frequently identified as a 

key factor in successful IT projects.
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System Design

• The bridge between requirements and implementation

• Two distinct levels
• High-Level Design: 

Overall structure of the 
system 

• subsystems, components, 
and interfaces

• Detailed Design: 
Complete specification of 
hardware, software, and 
communications components 

52



Regional Architecture Use in
System Design

• Architecture interfaces are starting point for project interface 
design

Municipal TMC Cabinet/Sign

Controller

Local Computer

Sign

ICD 123-1

(NTCIP)

ICD 123-2

(NTCIP)

ICD 123-3

Dynamic Message

Signs (DMS)

roadway information system status

roadway information system data

Municipality
Municipal Traffic 

Management

Center (TMC)

Municipality

NTCIP 1203, …
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Interface Standards in Project Design

• DMS Project Communication Solutions

Select and tailor 

for project

54



Benefits of System Design

• A good system design:

• Relates requirements to the system specifications

• Defines open interfaces that supports different vendor solutions and off-the-shelf 
products

• Supports efficient hardware and software development

• Provides a roadmap for system integration and testing

• Facilitates maintenance and future expansion and upgrade of the system

A superior system design allows new technologies to be cost-effectively incorporated.
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Measures of Success

THE RIGHT NEEDS AND 
REQUIREMENTS ARE 

CAPTURED

SYSTEM SATISFIES ALL OF 
THE NEEDS AND 
REQUIREMENTS

BUT HOW DO WE MAKE 
SURE IT DOES?

56



Software/Hardware 
Development and Testing

• Key activities 
• Plan software/hardware development

• Establish development environment

• Procure off-the-shelf products

• Develop software and hardware

• Perform unit/device testing

• Performed by technical specialists
• Developers & Testers should be 

independent for higher risk efforts

• Systems engineering plays a monitoring role

Implement

Test

57
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Integration and Verification

• Key activities 

• Add detail to integration and verification 
plans 

• Establish integration and verification 
environment

• Perform integration 

• Perform verification 

• Confirm system meets requirements 

• Verification – was system built right?

58



Initial Deployment / Implementation

• Key activities 
• Plan for system installation and transition

• Prepare the facility

• Deliver the system

• Install the system

• Perform acceptance tests

• Review/accept documentation

• Conduct training

• Transition to operation

• Facilitates smooth transition to operations 

O&M

Team

Development 

Team

Deliver System
Prepare 

Facility/Site

Install System

Transition to

Operations
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System Validation

• Validation – was the right system built?

• Confirm that user needs are met by the installed 
system 

• Key activities 

• Update Validation Plan as necessary and 
develop procedures

• Validate system

• Document validation results including any 
recommendations or corrective actions
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System Validation

• Validation takes place 
throughout the Systems 
Engineering process

In
 P
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c
e
s
s
 

V
a
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a
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o
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a
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Requirements

Feasibility Study

Concept of

Operations

Design

Implementation

Operational

System

Right

Business Case?

Right

Needs?

Right

Requirements?

Right

Design?

Right

Implementation?

Right

System?

YES!

Stakeholder Participation
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• V-Model for Systems Engineering is a well thought out and 
clear process

• Considers full lifecycle

• Builds off needs

• Clearly defined requirements

• Provides traceability

• Integrates validation

Summary

62
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System 
Engineering 

Process 
Summary

• V-Model for Systems 
Engineering is a well thought 
out and clear process

• Considers full lifecycle

• Builds off needs

• Clearly defined requirements

• Provides traceability

• Integrates validation
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Establishing Systems Engineering 
in Your Organization



Improving Systems Engineering Capability 

• Three aspects should be addressed:

• People: Build systems engineering knowledge

• Process: Establish systems engineering processes for your 
organization

• Technology: Use System Engineering Tools to make the 
processes more efficient and effective
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Building Systems 
Engineering Knowledge

Identify systems engineering 
specialists in your organization

Don’t overlook the 
Information Technology 
Group

Provide staff training opportunities

Consider Systems Engineering 
experience when hiring consultants

Still need System 
Engineering skills within 
your organization
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Process Improvement 
Recommendations

Pilot

Pilot System 
Engineering 
processes on 
projects 

• Try one or two 
steps at a time 
then build on it

Leverage

Leverage 
parallels in 
processes

• System 
Engineering

• Capital Projects

• IT

Improve

Improve cross-
cutting 
capabilities

• Project 
Management

• Risk Management

• Configuration 
Management

Establish

Establish policies, 
document SE 
process

Implement 

Implement across 
organization
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• Establish SE library (e.g., templates, best practices, decision 
support tools)

• Consider range of SE tools as 
organization gains experience

• Project Management

• Requirements Management

• Systems Architecture

• Testing/Problem Tracking

• Use complex tools based 
on project need Simple Drawing

Tools (e.g., Visio)

Full Lifecycle

Tools (e.g., CORE)

Requirements Mgmt

Tools (e.g., DOORS)

In
c
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a
s
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g
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a
p
a
b
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ty
 &

 C
o
m

p
le

x
it
y

Systems Engineering Tools

Tools
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Systems Engineering Resources

• Systems Engineering Handbook

• Systems Engineering Guidebook

• Guide to Contracting ITS

• Lessons Learned Database

69



Systems Engineering Handbook

http://ops.fhwa.dot.gov/publications/seitsguide/index.htm
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http://www.fhwa.dot.gov/cadiv/segb/

Systems Engineering Guidebook

71
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Choosing the Right Contracting Approach

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_560.pdf
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Lessons Learned Database

https://www.itskrs.its.dot.gov/lessons
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Systems 
Engineering 
Integration
Summary

• Systems engineering and improved 
processes should make your job easier, 
not harder

• Needs to be part of standard operating 
principles 

• Integration into SOPs does take time

• It’s a long-term investment

• Real process improvement requires real 
commitment

• From the organization

• Individual engineers/managers can’t do it alone

• There is a wealth of training and guidance 
resources
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Seeing SET-IT in Action



Yukon ITS
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ARC-IT Support Tools: RAD-IT / SET-IT

• Regional Architecture Development for Intelligent Transportation 

(RAD-IT)
• Formerly known as Turbo Architecture software

• Software tool to create and maintain regional ITS architectures

• Uses ARC-IT physical view information as basis for architecture 

development

• Systems Engineering Tool for Intelligent Transportation

(SET-IT)
• Allows creation of diagram-based project architectures 

• Covers the physical, enterprise, and communications viewpoints

• To download tools:
• https://www.arc-it.net/html/resources/tools.html

• Access recorded training
• https://www.arc-it.net/html/resources/training.html
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Starting Off
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Editing a diagram
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Editing a diagram
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Communications View



Why would you want to use it?

• Supports big picture thinking

• Saves time

• Performs consistency checks and validation

• Uses common terminology with ITS projects across North 
America

• Supports development of interoperable systems
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Benefits

• Have I missed anything?

• Are there other users that I should be thinking of?

• How might my system look in 10 years?

• Diagrams that are easily understood by other agencies, 
consultants, system providers.

• Free tool
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SET-IT In 
Action 

Summary

• SET-IT can be used at the beginning 
phases of a project or after systems are in 
place

• Supports creation of material in a 
consistent format

• Provides numerous benefits including 
completeness tests

• Tool is free to use
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Training Schedule

94

Session Topic​ Description​ Date / Time​

Detailed ITS 

Architecture Training​

Provides more detailed and 

comprehensive training on key architecture 

components and how to access them through 

the ARC-IT website.​

Complete

Regional ITS 

Architecture Development​

Provides a high-level overview of the 

regional ITS Architecture development 

process, incorporating examples from the 

ARC-IT RAD-IT tool.​

Complete

Systems Engineering Training​ Provides an introduction to the concept 

of Systems Engineering, its importance to 

the lifecycle of delivering ITS, and how 

the Architecture helps support to the process.​

Today

• French stream: January 30, February 6, and February 13, 2024.

• English stream #2: February 14, February 21, and February 28, 2024.



Questions or 
Comments?

Email contacts:

• Support: ITSArchitecture-ArchitectureSTI@tc.gc.ca

• Jonathan Parent jonathan.parent@tc.gc.ca

• Mara Bullock mara.bullock@wsp.com

Thank You for Joining!
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