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Overview of this presentation

What is the project we are discussing?
How did we apply the SE approach?

What were the benefits of using SE in this
context?

What were the challenges and barriers we
experienced?

What can we conclude from this exercise?
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Westbound I-80 is the No.1 congested
corridor in the San Francisco Bay Area

The 10 Most Congested Corridors in the Bay Area
County Freeway Corridor
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Travel in the corridor is slow and
inconsistent during the AM peak....
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...and also during in the PM peak
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Project as envisioned at the initial

concept stage
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Complex Active Traffic Management System
oroposed for the corridor

¢ Lane Management System
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23 jurisdictional stakeholders directly
contribute to the project

Alameda County CMA

Contra Costa
Transportation
Authority

West Contra Costa
Transpartation
Advisory Committee

California Department
of Transportation

California Highway
Patrol

Federal Highway
Administration

Federal Transit
Administration

Metropolitan
Transportation
Commission

AC Transit

Western Contra
Costa Transit
Authority

Water Emergency [ EEITTTTITIT]
Transportation PRI

Authority

Amtrak

Contra Costa
County

City of Albany

City of Berkeley
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City of El Cerrito

City of Emeryville

City of El Cerrito

City of Hercules

City of Pinole

City of Richmond

City of Oakland

City of San Pablo
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Three key references guided our
application of SE to this project
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Three key references guided our
application of SE to this project

Systems Engineering Guidebook

for Intelligent Transportation Systems

Challenges E == | 5= . ey e = Solutions

TT‘—

Version 3.0

U.S.Department of Transportation

DKS V Federal Highway Administration
California Division
3 o DKS Associates
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Three key references guided our
application of SE to this project
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SYSTEMS ENGINEERING HANDBOOK

A GUIDE FOR SYSTEM LIFE CYCLE PROCESSES AND ACTIMVTIES
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We followed the systems engineering “Winged
Vee” diagram
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Exploration '\ Maintenance  Upgrades

Lifecyle Processes

( X Retirement /
Replacement

Regional
Architecture(s)

Concept of < — System Validation Plan
Operations '\ Validation
A System Verification Plan
System \ < SystemAcceptance)
Requirements \

System
Verification &

Subsystem
Verification Plan

High-Level \(Subsysem ccepiance) - Gygystom
Design '\ Verification
m— it/ Device
Detailed '\ TestPlan UnitiDevice
Design '\ Testing

Software | Hardware Document/Approval
Development E—
Field Installation
Implementation
Time Line Development Processes

DKS Associates
TRANSPORTATION SOLUTIONS



Context of our systems engineering activities

Original
Concept
Document

: Systems
Concept of Detail Integrator

Operations Requirements RFP
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Web-based User Guide provided

templates for each required document
Deliverable Templates
Needs Assessment

Project Plan
Systems Engineering Management Plan

Configuration Management Plan

Concept Of Operations Concept of

Requirements Specifications S

Design Specifications
Integration Plan

Verification Documents

Deployment Plan
Validation Documents

Operations and Maintenance Plan DKS Associates
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Our experience applying the systems
engineering approach to the ICM project...

* Provides Significant
Benefits to the
for Intelligent Transportation Systems P rOj eCt .

Systems Engineering Guidebook

» Faces Some Barriers
to Implementation.

Version 3.0

* |s Improved with
Requirements
Ul il Management
Software.
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SE provides significant benefits to the project

The SE approach helps to:
» Control scope creep

Build project consensus

|dentify roles and responsibilities

Define acceptance

Build project documents
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SE helps to control scope creep

Mapping Requirements —
making sure top level
and detailed design
map to each other.
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Analysis of various
scenarios helped
to capture and
clarify what
everybody was
intending the
project to
achieve...

DKS
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SE helps to build project consensus

Operational Scenario : Major Accident - Option A

HOV operational - Right lane accident location

Lane Arrangement

) LUS-1 LUS-2 LUS-3 LUS-4 LUS-5 LUS-6

35135135135/

35135]35]35]35]35]
3535 351K X)
1351351 35X
el 3535035] ) |
el O LAl )
R O AL <) <]
O | O LA L]

WSS-7

WSS-8

UoIR0)
Juaplosy

Changeable
Message Sign

{on ATM sign structure)

ACCIDENT
AHEAD

ACCIDENT
AHEAD

REDUCE
SPEED

USE ALT.
ROUTE

USE ALT.
ROUTE

USE ALT.
ROUTE

OK TO USE
HOV LANE

OK TO USE
HOV LANE

OK TO USE
HOV LANE

Notes:

VSLsigns between
WSS-1 anag WSS-4
will show 45

VSLsigns between
WSS-4 and WSS-11
vill show 35

VSLsigns after WSS-
12 will show 65

SPEED
LIMIT

I
54.5
|

SPEED
LIMIT

35

SPEED
LIMIT

65

Westbound HOV operation hours

05:00 - 10:00
15:00 - 19:00

LEGEND:

- =




SE helps to build project consensus

...especially when
talking about system
failure scenarios.
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SE helps to identify roles and responsibilities

By analyzing the
project in a user/
worker centric
manner...

Yariable
Speed
limit

I N,

City Caltrans Department Maintenance
Traffic Engineer

Of Operations Operator

SPEED

Traffic
honitoring

Caltrans D4
TMC Operator

Trailblazer Sign

X

CHP Call Center
Operator

East Bay SMART Corridor



SE helps to identify roles and responsibilities

...and alsoin a
system centric
manner

System
Requests Input
from Operator

) Time Elapses

Alert Sent

4 TimeE lapses

Caltrans D4
MC Operator

Alert Sent

-~
Sy
L =
Caltrans D4 =
MC Manager Time Elapses System Waits
for Response




SE helps to develop project documents

Maintenance
Plan

Project — Project
Goals Validation Operations and

Concept of

Operations
Project Project J
Strategies Verification

s |
Requirements Verification ‘Qj
System and Sub

System

2 Verification,
Validation and
System <:| Sub System Sub System § ; Test Plan
Requirements Verification

Integrator
Request for
Proposal

Verification
Traceability
Matrix Legend

mejectneliuetable E In%né::ﬁ;:;zm

Document
{mmmmm Tests Requirement

Decomposition of
l:l DOORS Document Requirements
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Barriers to implementation of SE

= Belief that the project solution is already
agreed at the beginning of the project

= Belief that the PS&E process is the only
required process for this project

= Not understanding the purpose of the SE
process
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Project solution already agreed?

Actual stakeholder response to our Con Ops
document...

“This Concept of Operations document is not about
OUR project, it talks about elements that we have
already decided against...”

The FHWA outline helped guide this discussion
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The FHWA outline helped guide this
discussion with stakeholders

Purpose of Document
Scope of Project
Referenced Documents
Background

Concept for the Proposed
System

User-Orientated Operational
Description

Operational Needs
System Overview
Operational Environment
Support Environment

Operational Scenarios

Summary of Impacts
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Traditional PS&E process is sufficient?

Transportation | Programming
Planning {Budgeting E
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Requirements management software improved

YYYYY

SE implementation

Easy to create structure
nput to correct level
Provides an easy audit trail

dentify orphan and childless requirements

Validation, verification and testing easily
prepared

We used IBM Rational DOORS
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DOORS organization — high level

F] DOORS Database: /I-80 ICM Project - DOO

File Edit View Favorites
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Q Test
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Type

Folder
Folder
Folder
Formal
Formal
Formal
Formal
Link

Formal
Link
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Description

Old files

Contains Sub System Requirements
Verification and Validation Modules
Business Problems and Opportunities
Project Goals

Project Objectives

Project Strategies

Links for requirements that satisfies hi...
System Requirements

links verifiacation and validation criteri...
User Requirements

Usemame: tif

User type: Database Manager
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DOORS organization — low level

==| ARM Requirements Formal Adaptive Ramp Metering
==| AVL Software Upgrade Formal AVL Software Upgrade
=z EVP Requirements Formal EVP Requirements
==| HAR Requirements Formal HAR Requirements
=2 LUS Requirements Formal Lane Use Signal Sub System Requir
[5_5] Management Application Requirem... Fomal I-80 ICM Management Application
=z| Traffic Control System Formal Traffic Control System
=] Traffic Monitoring Requirements Formal Traffic Monitoring Requirements
=] Traffic Surveillence Requirements Formal Traffic Surveillence Requirements
==| Trailblazer Requirements Formal Trailblazer Requirements
=z] Transit Dispatch Center Formal Transit Dispatch Center
=z] TSP Requirements Formal Transit Signal Priorty Requirements
==l VMS and SMS Requirements Formal VMS Requirements

\ Formal Variable Speed Limit Requirements

< 3

User type: Database Manager

DKS Associates
TRANSPORTATION SOLUTIONS




CONCLUSIONS

= SE process provided clear, logical
structure to the project

= Requirements tool improves audit trail,
reduces scope creep

= SE not yet well accepted by the
transportation community
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Systems Engineering Approach to a Major
Integrated Corridor Mobility (ICM) Project

Systems Engineering Guidebook

for Intelligent Transportation Systems

In summary, SE greatly
improved the quality of Version 3.0
the project.

U.S.Department of Transportation
U Federal Highway Administration
California Division

Visit http://www.fhwa.dot.gov/cadiv/segb for an
D Ks interactive, on-line version of this document N ovember 2009
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