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Project focuses on following initiatives:
1. Improve Border Crossing Performance and 

Travel Time 
2. Improve Commercial Vehicle Operations and 

Safety 
3. Expand Regional Smart Mobility 
4. Improve Incident Management 
5. Provide for Operational Integration within 

NFTA and with Regional Smart Mobility 
6. Using Real-time & Forecasted Weather 

Information for Active Traffic Management
7. Provide Enhanced Real-Time Information for 

Travelers
8. Enhance Data Collection, Fusion, Distribution 

and Archiving 

AllRoads Project

Niagara / Buffalo Region

BACKGROUND
ADVANCED TRANSPORTATION & CONGESTION MGMT. TECHNOLOGY DEPLOYMENT PROJECT



TRADITIONAL SYSTEMS ENGINEERING CHALLENGES
SYSTEMS ENGINEERING STANDARDS FOR INTELLIGENT TRANSPORTATION SYSTEMS
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VEE Model

Continues to follow 

Waterfall Principles



TRADITIONAL SYSTEMS ENGINEERING CHALLENGES
WATERFALL CHALLENGES
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Envisioned System

Implemented System

Timeline: .. 2 .. 5+ Years

Potential Challenges:

➢System not Meeting Requirements

➢System not Meeting Expectations

➢ Late Discovery of Requirements

➢Changed Needs/Requirements

➢System Not (Reliably) Working

Potential Results:

➢System not Usable as Implemented

➢Project out of Time/Funds

➢Contractor Unwilling to Make Changes

➢Neither Client nor Contractor Happy

➢Potential Litigation



AGILE METHODOLOGIES
MANIFESTO FOR AGILE SOFTWARE DEVELOPMENT (https://agilemanifesto.org/)
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❖ 4 KEY VALUES:
‒ Individuals and interactions over processes and tools

‒ Working software over comprehensive documentation

‒ Customer collaboration over contract negotiation

‒ Responding to change over following a plan

❖ 12 KEY PRINCIPLES (EXCERPT):
‒ The highest priority is to satisfy the customer through 

early and continuous delivery of valuable software
‒ Welcome changing requirements, even late in development
‒ The most efficient and effective method of conveying information is face-to-face
‒ Working software is the primary measure of progress
‒ At regular intervals, the team reflects on how to become more effective, then 

tunes and adjusts its behavior accordingly.



COMBINING SYSTEMS ENG. WITH AGILE SOFTWARE ENGINEERING
FEDERAL HIGHWAY ADMINISTRATION: APPLYING SCRUM METHODS TO ITS PROJECTS
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Executive Summary: 
… to find innovative ways 
to better manage the 
development and 
deployment of Intelligent 
Transportation Systems 
(ITS) and Connected 
Vehicle (CV) projects …



APPLICATION TO ALLROADS PROJECT
TRADITIONAL SYSTEMS ENGINEERING, COMBINED WITH AGILE SOFTWARE DEVELOPMENT
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KEY PARTIES:
― CLIENT: NIAGARA INTERNATIONAL

TRANSPORTATION TECHNOLOGY
COALITION (NITTEC)

― DESIGN CONSULTANT (WSP): 
PRELIMINARY ENGINEERING

― DESIGN BUILD(ER): FINAL DESIGN, 
IMPLEMENTATION & TESTING, TRAINING

― “CONSTRUCTION” OVERSIGHT: WSP

System Requirements 

Document (SRD)

Conceptual Design 

Document (CDD)

Detailed Design 

Document (DDD)
Product Backlog 

(All SRD Req.)

Sprint Backlog 

(Select SRD Req.)

Sprint Review 

(Review Doc.)

Sprint Planning 

(Planning Doc.)

Factory Acceptance 

Tests (FAT)

System Integration 

Tests (SIT)

System Acceptance 

Tests (SAT)

Concept of 

Operations (ConOps)

― 16±1 SPRINTS (3 WEEKS EACH)
― 4 FACTORY ACC. TEST EVERY 3 MONTHS

― 2 SYSTEM INTEGRATION TEST EVERY 6 MONTHS

― 2 SYSTEM ACCEPTANCE TESTS (2 THEMES)



APPLICATION TO ALLROADS PROJECT – PRELIM. ENGINEERING
CONOPS, SYSTEM REQUIREMENTS, CONCEPTUAL DESIGN
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System Requirements 

Document (SRD)

Conceptual Design 

Document (CDD)

Concept of 

Operations (ConOps)



APPLICATION TO ALLROADS PROJECT – FINAL DESIGN
DEVELOPMENT OF USER STORIES, ACCEPTANCE CRITERIA, SPRINT BACKLOG PLANNING
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System Requirements User Story Acceptance Criteria Sprint(s)



APPLICATION TO ALLROADS PROJECT – FINAL DESIGN
DETAILED DESIGN DOCUMENT
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System Context Diagram

Use Cases

Use Case Descriptions

Sequence Diagrams (Interactions)



APPLICATION TO ALLROADS PROJECT – IMPLEMENTATION
SPRINT REVIEWS, USE CASE WALK-THROUGH, FOLLOWED BY SW DEMONSTRATION
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View VDS Data

Use Case Details

View NFTA Transit Routes
View Waze Events



APPLICATION TO ALLROADS PROJECT – SYSTEM TESTING
FACTORY ACCEPTANCE TEST #01
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APPLICATION TO ALLROADS PROJECT – OVERSIGHT
DOCUMENT-CENTRIC CHALLENGES
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Concept of 

Operations (ConOps)

System Requirements 

Document (SRD) Conceptual Design 

Document (CDD)

Detailed Design 

Document (DDD)

Sprint Review 

(Reports)

Requirements 

Traceability Matrix (RTM)

Test Plans & 

Procedures

DDD: Use Cases, 

Sequence Diagrams



APPLICATION TO ALLROADS PROJECT – OVERSIGHT
REQUIREMENTS BASED REVIEWS USING MODEL-BASED SYSTEMS ENGINEERING (MBSE)
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Model Framework

Preliminary Engineering

(Final) Design & Build

Border Crossing Requirements



APPLICATION TO ALLROADS PROJECT – OVERSIGHT
ESTABLISH TRACEABILITY: OWNERS, USER NEEDS, SYS-REQ., USER STORIES, ACCEPTANCE
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Concept of 

Operations (ConOps)

System Requirements 

Document (SRD)

User Stories & Acceptance 

Criteria  (RTM)
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Sprint #03

Sprint #05

Sprint #04

Implementation across 

all Functional Areas

APPLICATION TO ALLROADS PROJECT – OVERSIGHT
CAPTURING SPRINTS IN SYSTEM MODEL



APPLICATION TO ALLROADS PROJECT – OVERSIGHT
CAPTURING & TRACING DETAILED DESIGN IN SYSTEM MODEL

1818

DDD Rev 1.1



APPLICATION TO ALLROADS PROJECT – OVERSIGHT
USE CASE REVIEW AGAINST SYSTEM REQUIREMENTS
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APPLICATION TO ALLROADS PROJECT – OVERSIGHT
USE CASE REVIEW AGAINST SYSTEM REQUIREMENTS
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Nine (9) Requirements 

for this Test Case

APPLICATION TO ALLROADS PROJECT – OVERSIGHT
CAPTURING & TRACING TEST CASES IN SYSTEM MODEL

Test Cases
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APPLICATION TO ALLROADS PROJECT – OVERSIGHT
SYSTEM TEST REVIEW AGAINST SYSTEM REQUIREMENTS



ACHIEVED OUTCOMES, SUMMARY & CONCLUSION
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❖ BACKGROUND:
‒ Mar 2022: Project Start (Design-Build)
‒ May 2022: System Design Start (Detailed Design Doc., Requirements Workshops)
‒ Oct 2022: Implementation Start (Sprints)
‒ Feb 2023: 5 Sprints Completed, 1 FAT Executed, 100+ Req. Demonstrated
‒ May 2023: 10 Sprints Completed, 2 FAT & 1 SIT Executed, 235+ Req. Demonstrated
‒ Apr 2024: Project End (Final Test)

❖ AGILE METHODOLOGY, COMBINED WITH STRONG OVERSIGHT:
‒ Has been delivering early and continuously working software
‒ Working software is used as primary measure of progress 
‒ Has allowed prioritizing requirements and changes to requirements interpretations
‒ Traceability and requirements based review ensure compliance to contract

❖ CONCLUSION: 
‒ Agile Methodology Highly Recommended for Complex ITS Projects
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