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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? 



Westbound I-80 is the No.1 congested 
corridor in the San Francisco Bay Area 
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Travel in the corridor is slow and 
inconsistent during the AM peak…. 



…and also during in the PM peak 



Project as envisioned at the initial 
concept stage 



Complex Active Traffic Management System 
proposed for the corridor 

Lane Management System 
1 
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Adaptive 
Ramp  
Metering 

Both are integral parts of ATM strategies 



23 jurisdictional stakeholders directly 
contribute to the project 



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 



We followed the systems engineering “Winged 
Vee” diagram 



Context of our systems engineering activities 

Original 
Concept 

Document 
Concept of 
Operations 

Detail 
Requirements 

Systems 
Integrator 

RFP 



Web-based User Guide provided 
templates for each required document 



Our experience applying the systems 
engineering approach to the ICM project… 

§  Provides Significant 
Benefits to the 
Project. 

§  Faces Some Barriers 
to Implementation. 

§  Is Improved with 
Requirements 
Management 
Software. 



SE provides significant benefits to the project 

The SE approach helps to: 
•  Control scope creep 
•  Build project consensus 
•  Identify roles and responsibilities 
•  Define acceptance 
•  Build project documents 



SE helps to control scope creep 

Mapping Requirements – 
making sure top level 
and detailed design 
map to each other. 



SE helps to build project consensus 

Analysis of various 
scenarios helped 
to capture and 
clarify what 
everybody was 
intending the 
project to 
achieve… 



SE helps to build project consensus 

…especially when 
talking about system 
failure scenarios. 



SE helps to identify roles and responsibilities 

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



SE helps to identify roles and responsibilities 

…and also in a 
system  centric 
manner 



SE helps to develop project documents 



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 



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 



The FHWA outline helped guide this 
discussion with stakeholders 

Chapter Chapter (cont.) 

1 Purpose of Document 7 Operational Needs 

2 Scope of Project 8 System Overview 

3 Referenced Documents 9 Operational Environment 

4 Background 10 Support Environment 

5 Concept for the Proposed 
System 

11 Operational Scenarios 

6 User-Orientated Operational 
Description 

12 Summary of Impacts 



Traditional PS&E process is sufficient? 



Requirements management software improved 
SE implementation 

§  Easy to create structure 
§  Input to correct level 
§  Provides an easy audit trail 
§  Identify orphan and childless requirements 
§  Validation, verification and testing easily 

prepared 
§  We used IBM Rational DOORS 



DOORS organization – high level 



DOORS organization – low level 



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 



Systems Engineering Approach to a Major 
Integrated Corridor Mobility (ICM) Project 

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


