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ITSIA is a plan for
Transportation Infrastructure 

Integration

Public Transport

Rail

Roadways

ITS Architectures Facilitate 
Transportation Infrastructure Integration

Public Safety
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Scope of ITS Services 

• Traffic Management
• Traveler Information
• Transit Management
• Emergency Management
• Commercial Vehicle Operations
• Maintenance and Construction
• Archived Data Management
• Advanced Vehicle Safety
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1. Description of the region
2. Identification of participating agencies and other 

stakeholders
3. Operational concept
4. Agreements required for implementation
5. System functional requirements
6. Interface requirements
7. Identification of ITS standards
8. Sequence of projects required for implementation
9. Process for maintaining your Regional ITS Architecture

FHWA Rule 940/FTA Policy 
Regional ITS Architecture Requirements
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US National ITS Architecture 
is a “Living Document”

Continuing evolution of the 
architecture over 14 years
Version 6.1 (Nov 2008) continues 
support for ITS technical evolution 
and deployment

MCO 
Ver 4.0

1993 1993-6
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1997
1999 2002

User
Services

Phase I & II
Development

Architecture
Published

HRI ADUS
Ver 3.0

1998

Ver 2.0 Transportation 
Security 
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2003
Version 6.0

2007
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US ITS Architecture Fully 
Adopted and Adapted By:

• Japan
• Peoples Republic of China
• Nationalist China (Taiwan)
• Canada
• Chile
• Columbia
• Israel
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ITS Architectures Support 
the Project Life Cycle

Planning

Programming/
Budgeting

Operations &
Maintenance

Identified
Projects

Implementation

Funded
Projects

Monitoring &
Evaluation

Implemented
Projects

ITS Architecture Use=

Presenter
Presentation Notes
Key Message: Transportation Planning is the initial place for architecture use.
Background Information:  None
Interactivity:  None  
Notes:  None
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System
Validation

Concept of
Operations

Systems Engineering 
Project Lifecycle

Time Line

System
Requirements

System
Verification/

Deployment    

Subsystem
Verification

Unit / Device
Testing

High-Level
Design

Detailed
Design

Software / Hardware
Development

Field Installation

System Validation Plan

System Verification Plan
(System Acceptance)

Subsystem
Verification Plan

(Subsystem Acceptance)

Unit / Device
Test Plan

Implementation

Document/Approval

Operations
and

Maintenance

Changes
and

Upgrades
Retirement/

Replacement

System
Validation

Regional
Architecture(s)

Feasibility Study
/ Concept

Exploration

Concept of
Operations

Presenter
Presentation Notes
Key Message: The systems engineering process can be represented as a “V” that highlights the connections between the initial and latter steps in the process.
Background Information:  None
Interactivity:  First click brings up connections between left and right.  Second click adds the wings
ASK:
Notes:
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Cost of Correcting 
System Defects

Phase that Defect is Corrected

Phase that 
Defect is 
Created
ConOps

Requirements

Design

Construction

1x

1x

1x

1x

ConOps Requirements Design Construction O&M

100x+ Cost to
Correct

Fix It
Here

(Adapted from McConnel, Steve, “Code Complete”)

Presenter
Presentation Notes
Key Message: Late changes drive project costs .
Background Information:  None
Interactivity:  
Notes:
Studies[1] of software development projects have shown that this “latency cost” can increase the cost of fixing a mistake dramatically.
 �[1]E.g.,  Pressman, Roger S., “Software Engineering:  A Practitioner’s Approach”, 1992
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Project Critical Success Factors
(reduce to a few bullets)
- From a Standish Group Report

Project Success Factors Success Points
1. User Involvement 19
2. Executive Management Support 16
3. Clear Statement of Requirements 15
4. Proper Planning 11
5. Realistic Expectations 10
6. Smaller Project Milestones 9
7. Competent Staff 8
8. Ownership 6
9. Clear Vision & Objectives 3
10. Hard-Working, Focused Staff 3
Total 100%
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Contribution of ITS Architecture and 
Systems Engineering to Project Success

Project Success Factors Points Success Potential of Your Project
Yes = Add Points Value;  No = 0

1. User Involvement 19 ITS Architecture: Involves all stakeholders
2. Executive Management 

Support
16 ITS Architecture: Involves Executive Mgmt. 

& Policy Makers
3. Clear Statement of 

Requirements
15 Systems Engineering: Requirements Mgmt.

4. Proper Planning 11 ITS Architecture & Systems Engineering: 
Planning throughout Project Life-Cycle

5. Realistic Expectations 0 Project Specific
6. Smaller Project Milestones 0 Project Specific
7. Competent Staff 0 Project Specific
8. Ownership 0 Project Specific
9. Clear Vision & Objectives 0 Project Specific
10. Hard-Working, Focused 

Staff
0 Project Specific

Total 61%
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Concept of
Operations

System
Requirements

High-Level
Design

Architecture Use in Project 
Development

Regional ITS
Architecture

1

2

3

4

Detailed
Design

Presenter
Presentation Notes
Key Message: Let’s walk through the opportunities for architecture use, step by step, for project development
Background Information:  None
Interactivity:  
Notes:
This is a logical break in this session.  If you have the time and the students look like they could use it, do a quick stretch/take a few minutes before launching into this slide and the last half of the presentation.
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Concept of
Operations

System
Requirements

Architecture Use in
Concept of Operations

• The architecture provides a good start for a 
project concept of operations

2

1. Region description

2.  Stakeholder identification

3.  Operational concept

4.  Functional requirements  

5.  Interfaces / Information flows

6. Standards identification

7.  Project sequencing 

8.  Maintenance plan

1. Scope

2.  Referenced Documents

3.  User-Oriented Operational 
Description

4.  Operational Needs  

5.  System Overview

6.  Operational Environment

7.  Support Environment

8. Operational Scenarios 

Regional ITS Architecture Concept of Operations *

* Outline per ANSI/AIAA G-043-1992

Presenter
Presentation Notes
Key Message:  Many of the components of the regional ITS architecture may be used to support ConOps development.
Background Information:  None
Interactivity:  None  
Notes:  
May need to clarify the difference between an operational concept and a concept of operations.  An operational concept is done on a regional bases so it covers the stakeholder roles and responsibilities in delivering all of the ITS services for the region.  A concept of operation is for a specific project so it defines detailed stakeholder roles and responsibilities for the system(s) begin deployed in the project and the specific service(s) that will be delivered by it.
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Architecture Use in
System Requirements

System
Requirements

High-Level
Design

3

1.  Region description
2.  Stakeholder identification
3.  Operational concept
4.  Functional requirements  
5.  Interfaces/Information flows
6.  Standards identification
7.  Project sequencing 
8.  Maintenance plan

Concept of
Operations

System
Requirements

High-Level
Design

Detailed
Design

Presenter
Presentation Notes
Key Message:  Functional requirements and interfaces support project system requirement definition
Background Information:  None
Interactivity:  None  
Notes:  
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Architecture Use in Project 
Design

1.  Region description
2.  Stakeholder identification
3.  Operational concept
4.  Functional requirements  
5.  Interfaces/Information flows
6.  Agreements
7.  Standards identification
8.  Project sequencing 
9.  Maintenance plan

Concept of
Operations

System
Requirements

High-Level
Design

High-Level
Design

Detailed
Design

4

Detailed
Design

Presenter
Presentation Notes
Key Message:  Interface definitions and standards identification apply to project design
Background Information:  None
Interactivity:  None  
Notes:  None
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ITS Architecture Layers
Defines physical entity interfaces
Distributes functionality
3 layers

Communications Layer
• How information is transferred 

between ITS elements 
• ITS Standards

Interfaces

Communications

Transportation

Institutional

Institutional Layer
• Supporting institutional 

structure, policy, and strategies
• Stakeholder DrivenNeeds (Objectives

& Requirements)

Transportation Layer
• What ITS elements transfer 

what informationSolutions
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National ITS Architecture Framework
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ITS Standards Mapped to the 
National ITS Architecture

Framework
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ITS Architecture and Standards 
Relationships

National 
ITS 

Architecture

Regional 
ITS 

Architecture

ITS 
Standards

Project



20

Market Packages

Transit Vehicle
Transit

Management
Market Packages

Pieces of the architecture
that provide a particular
transportation service.

Architecture
Framework spanning all
of ITS

Presenter
Presentation Notes
Market Packages are a vertical slice of the architecture, focusing in from the current 30 User Services down to 56 different Market Packages covering a wide reaching framework of transportation services.
Point out that in the top section, we outline the pertinent subsystems and the flows in the sausage diagram to provide a focused transportation service we call a Market Package.
By adding the thoughts behind just how this service could be provided in a market package, we end up with the Theory of Operations that will be discussed later on. 
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Moving Standardized Information between ITS 
Elements:  Architecture Flows

Architecture Flows
Identify the expected types of information messages 
that flow between ITS elements
Provide a high-level mapping to ITS standards

Traffic
Management Roadway Vehicle

signal control status
traffic flow

signal control data

vehicle probe data

request tag data
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Traffic Information Dissemination

Television
Station

Traffic Management 
Center

Dynamic Message
Signs

MotoristWeb Site
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ATMS06 – Traffic Information 
Dissemination [National ITS Architecture]

Traffic 
Operations 
Personnel

Information
Service 
Provider

Traffic
Management Roadway

driver
information

roadway info
system data

roadway info
system statusMedia

traffic operator 
inputs

traffic operator 
data

road network 
conditions

road network 
conditions

Driver

We’ll track road network conditions and roadway information 
system data from National ITS Architecture to Regional ITS 

Architecture and applicable ITS standards
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[Buffalo/Niagara Regional ITS Architecture]

Presenter
Presentation Notes
ASK….
“What are the Boxes?”  lines?

 Explain what is in MP?
- 2 Subsystems
- 2 Equipment packages
- 3 Arch Flows

 Explain that ISP SS is not in MP but 2 Arch flows are
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Example ITS Architecture Flow 
Mapping to ITS Standards

road network conditions
NTCIP C2C: NTCIP Center-to-Center Standards Group 
ITE TMDD 3.0: Traffic Management Data Dictionary and 
Message Sets for External TMC Communication (TMDD 
and MS/ETMCC) 

roadway information system data
NTCIP C2F: NTCIP Center-to-Field Standards Group 
NTCIP 1201: Global Object Definitions 
NTCIP 1203: Object Definitions for Dynamic Message 
Signs (DMS) 
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Example MPs: Transit Operator Tender 
– Bus Stop Real-Time Arrival Sign

Project 
Requirements 
are enclosed.

Presenter
Presentation Notes
Key Message:  The Rule/Policy defines 9 requirements (a.k.a. components) of a regional ITS architecture.
Background Information:  None
Interactivity:  
Have participants look at section 940.9 of Rule that lists components.
Notes:   None
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Summary:  
Needs and ITS Architecture Benefits

Needs related to Planning and 
Development of ITS Systems

Benefits

1).  Early definition of integration 
opportunities between ITS 
systems, particularly where the 
interfaces cross institutional 
boundaries. 

Reduced time to develop projects involving 
institutional integration.  The architecture will enable 
institutional agreements to be developed in advance 
of ITS project development. 

2).  Definition of open standards that 
can be used to implement key 
interfaces of ITS projects. 

Reduced time to select and agree to interface 
standards crossing institutional boundaries when ITS 
projects are developed. 

3).  Definition of stakeholder's ITS 
services, ITS elements roles and 
responsibilities, and high-level 
functional requirements allocated 
to stakeholder ITS elements.

Reduced time to perform project preliminary 
engineering for each ITS service, including 
accelerating development of a Concept of 
Operations that stakeholders can agree to quickly 

4).  Identification of cooperative 
opportunities between different 
stakeholder projects. 

Achieve better efficiency for future investments, e.g. 
avoid redundant surveillance by multiple Traffic 
Operations Centers (TOCs) that can now share 
transportation monitoring information. 
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Thank-You!

Robert S. Jaffe, Ph.D.
President, ConSysTec

Consensus Systems Technologies Corp.
rsj@consystec.com

+1 914 248 8466

Presenter
Presentation Notes
Stds and Architecture Overview: What are the requirements for loading and presenting schedule and related data? 
What are the major problems? 
Comparison of architectures based on regional approaches (trip planning)
How can OSS, open systems and open standards work?
What are the open standards? Review of transit standards for trip planning
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