
On Motivating People to Implement 
Systems Engineering 

 

Getting from the Necessary to the Impossible  

 
Oliver M. Hoehne, PMP 

Senior Engineering Manager 
Parsons Brinckerhoff, Transit & Rail Systems, Newark, NJ, USA 

24th Annual INCOSE International Symposium 



July 

24th Annual INCOSE International Symposium 



July 

Agenda 
Ø  Why SE / Value of SE for Transportation & Infrastructure 

Projects 
Ø  SE Challenges in Transportation & Infrastructure Projects 
Ø  Recommendations to address the Challenges 
Ø  SE Opportunities 
Ø  California High-Speed Rail Project Overview 
Ø  Introducing & Applying SE: 

o  The Necessary – Tasks already required by Project 
o  The Possible – Performing accepted tasks differently 
o  The Impossible – Things that were never done before 

Ø Summary 
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TRANSPORTATION & INFRASTRUCTURE 
WHY SYSTEMS ENGINEERING 

24th Annual INCOSE International Symposium 

ISSUE: Due to a disagreement over technical details, the approval process for the 
train ended up taking two years longer than planned. Siemens will now deliver 17 
trains instead of the 16 originally ordered -- with one thrown in for free as an 
apology for the delay -- and will likely pay compensation on top of that. The 
company's transport division now has accrued liabilities of €360 million, largely 
because of the Velaro D. 
 
Source: http://www.spiegel.de/international/germany/velaro-d-new-generation-ice-high-speed-trains-approved-a-955754.html 
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TRANSPORTATION & INFRASTRUCTURE 
WHY SYSTEMS ENGINEERING (CONT’D) 
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REASONS:  
Unclear Operational Requirements: … there were a number of disagreements over 
operational philosophy … 
Unclear Technical (System) Requirements: … the disagreements were over other 
issues, like whether it was acceptable for there to be a 1.6-second delay between 
the moment the driver operates the brakes and when the brakes actually engage 
… 
  

LESSONS LEARNED: 
Fixing problems later (e.g. production, testing) cost far more than fixing them 
earlier (e.g. during design): … that sort of change in a train whose design is 
already complete is a protracted process. That half second cost the company years 
… 
Frontloaded (Systems) Engineering / Requirements Management: … the 
developers want to work closely with the Federal Railway Authority's experts from 
day one, to avoid unpleasant surprises down the line (understand the requirements 
before offering a solution) … 
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TRANSPORTATION & INFRASTRUCTURE 
VALUE OF SYSTEMS ENGINEERING 

24th Annual INCOSE International Symposium 

Source: Eric Honour: Understanding the Value of Systems Engineering 

Systems Engineering reduces risk, rework, schedule delays and cost overruns. 

Benjamin	Franklin	—	'If	you	fail	to	
plan,	you	are	planning	to	fail!	
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Ø  Funding of Highly Visible Projects 
o  Capital (Construction) vs. Operating Cost 

Ø  Project  Fragmentation / Accountability 
o  Owner, Environmental Review, Preliminary Engineering, Final Design, 

Construction, Construction Management, Integration, Testing & Certification, 
Program Oversight, etc. 

Ø  Low-Tech Industry 
o  Infrastructure (Concrete, Steel, Earthwork, Utilities, etc.) with relatively small 

Systems Content (Electrification, Signals, Communications) 

Ø  Expertise & Experience 
o  Civil / Structural Engineers lacking SE knowledge, Systems Engineers 

lacking infrastructure domain knowledge 

Ø  Resistance to Change 
o  Safety conscious industry, failures are punished, successes hardly rewarded 

24th Annual INCOSE International Symposium 

TRANSPORTATION & INFRASTRUCTURE 
CHALLENGES 



July 

24th Annual INCOSE International Symposium 

TRANSPORTATION & INFRASTRUCTURE 
CHALLENGES (CONT’D) 

System	
Defini,on	

Preliminary	
Engineering	

Final	Design	&	
Construc,on	

Integra,on		
&	Tes,ng	

Opera,on	&	
Maintenance	
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TRANSPORTATION & INFRASTRUCTURE 
CHALLENGES (CONT’D) 
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Ø  Top-Down 
o  Obtain Client & Management Buy-In 
o  Provide Credibility, Show Applicability to Your Industry 
o  Demonstrate Practical Value for overall Program Approach 
o  Achieve Early Benefits within Project / Phase 

Ø  Bottom-Up 
o  Install Systems Engineering Champion 
o  Identify and Work with Early Adaptors 
o  Communicate Clearly (Why, What Is In It For You [WIIFY]) 
o  Help Others Achieving Short-Term Results 
o  Do Not Add Just Another Process  
o  Introduce Accountability (What, Who, When) 
o  Just do it, Ask for Forgiveness Later 
o  Be Persistent, Don’t Give Up 

24th Annual INCOSE International Symposium 

TRANSPORTATION & INFRASTRUCTURE 
RECOMMENDATIONS TO ADDRESS CHALLENGES 
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Ø  Federal, State and Local Regulations (Compliance) 
o  Code of Federal Regulations 
o  California Proposition 1A 
o  California Public Utilities Commission 

Ø  Safety, Security & System Certification (Compliance) 
o  Preliminary Hazard Analysis Mitigations 
o  Threat and Vulnerability Assessment Mitigations 
o  Demonstration that System is Ready to Operate 

Ø  Multi-Contract Environments (Complexity) 
o  Requirements Management 
o  Interface and Integration Management 
o  Inspection and Test Management 

Ø  Operations and Maintenance (User Needs) 
o  Operating Plan, Concept of Operations, Operational Scenarios 
o  Maintenance of Infrastructure, Rolling Stock, Storage & Maintenance Facilities 

24th Annual INCOSE International Symposium 

TRANSPORTATION & INFRASTRUCTURE 
SYSTEMS ENGINEERING OPPORTUNITIES 
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CALIFORNIA HIGH-SPEED RAIL 
PROJECT BACKGROUND 

Ø  First High-Speed Rail in U.S. 
Ø Construction has started 
Ø SF to LA in under 3 hours by 2029 
Ø  800 Miles, 24 stations 
Ø Operating Speed of 220 mph 
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CALIFORNIA HIGH-SPEED RAIL 
PROJECT BACKGROUND (CONT’D) 

Ø  29 Miles 
Ø  ~ 1 Billion Dollar 
Ø Civil / Structural Work 
Ø Started 

Construc,on	
Package	01	
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CALIFORNIA HIGH-SPEED RAIL 
PROJECT BACKGROUND (CONT’D)  

Ini,al	Opera,ng	
Segment	(IOS)	

Early	
Investments	

Early	
Investments	

Initial Operating Segment (IOS) 
Ø  Central Valley to San Fernando 

Valley 
Ø  “Backbone” of High-Speed Rail 
Ø  300 Miles 
Ø  First Step Towards a Statewide 

High-Speed Rail System by 2022 

Early Investments Underway 
Ø  Caltrain Electrification & Early 

Investments in the Corridor 
Ø  Regional Enhancements in 

Southern California 
Ø  Statewide Connectivity Projects & 

Investments 
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THE NECESSARY 
CONTRACTOR SELF-CERTIFICATION WITH INDEPENDANT CONFORMITY ASSESSMENT   

24th Annual INCOSE International Symposium 

Tradi,onal	Owner-Based	
Review	Process	
Contractor	Self-

Cer,fica,on	Process	SONO: Statement of No Objection 
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THE NECESSARY 
CONTRACTOR SELF-CERTIFICATION (CONT’D)  

24th Annual INCOSE International Symposium 

RFP	Book	3	
Part	B:	V&V	

Ø  Support	from	Senior	Management	
Ø  Credibility	due	to	proven	Asian	&	European	HSR	

Applica,on	
Ø  Benefits	due	to	early	Verifica,on	results	(i.e.	Design)	
Ø Major	component	of	Risk	and	Quality	Management	
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THE POSSIBLE 
COMPLIANCE WITH REGULATORY REQUIREMENTS 

24th Annual INCOSE International Symposium 
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THE POSSIBLE 
COMPLIANCE WITH REGULATORY REQ. (CONT’D) 

24th Annual INCOSE International Symposium 

Ø  Systems	Engineering	Champion	
Ø  Show	Applicability	
Ø  Communicate	Clearly	(WIIFY)	
Ø  Demonstrate	Prac,cal	Value	
Ø  Achieve	Early	Benefits	
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THE POSSIBLE 
REQUIREMENTS MANAGEMENT (TOOL) 

24th Annual INCOSE International Symposium 

CFR	
Language	

System	
Requirement	
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THE POSSIBLE 
REQUIREMENTS MANAGEMENT TOOL (CONT’D) 

24th Annual INCOSE International Symposium 

TSI	
Language	

System	
Requirement	
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THE POSSIBLE 
REQUIREMENTS MANAGEMENT TOOL (CONT’D) 

24th Annual INCOSE International Symposium 

System	
Requirement	

CFR	
Reference	

TSI	
Reference	

Ø  Systems	Engineering	Champion	
Ø  Communicate	Clearly	(WIIFY)	
Ø  Show	Applicability	
Ø Management	Buy-In	
Ø  Early	Adaptors	
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THE POSSIBLE 
COMPLIANCE WITH PROGRAM PERFORMANCE REQUIREMENTS  

24th Annual INCOSE International Symposium 

Basis of 
Design 

California	
Proposi,on	1A	

Appor,oning	to	
Engineering	

Ø  Systems	Engineering	Champion	
Ø  Show	Applicability	
Ø  Demonstrate	Prac,cal	Value	
Ø  Achieve	Early	Benefits	
Ø  Communicate	Clearly	(WIIFY)	

Demonstra,on	
of	Compliance	
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THE POSSIBLE 
INTERFACE VERIFICATION 

24th Annual INCOSE International Symposium 

CHSTS	
Program	

RST	
Dimensions	

INF	
Clearances	

Opera,on	&	
Maintenance	

Rolling	Stock	
Contracts	

Systems	
Contracts	

Guideway	
(excl.	Track)	

Trackwork	
Contracts	

Yard	
Contracts	

Sta,on	
Contracts	

3rd		
Party	
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THE POSSIBLE 
INTERFACE VERIFICATION (CONT’D) 

24th Annual INCOSE International Symposium 

Design	/	Build	
Contracts	

Final	Integra,on,		
Tes,ng	&	Cer,fica,on	

Environmental	Review	
Preliminary	Engineering	

Contractor	

Interface	Control	
Document	(ICD)	
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THE POSSIBLE 
INTERFACE VERIFICATION (CONT’D) 

24th Annual INCOSE International Symposium 

RFP	Book	3	
Part	B:	V&V	
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THE POSSIBLE 
INTERFACE VERIFICATION (CONT’D) 

24th Annual INCOSE International Symposium 

Rolling	Stock		
Interface	Requirements	

Infrastructure	
Interface	Provisions	
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THE POSSIBLE 
INTERFACE VERIFICATION (CONT’D) 

24th Annual INCOSE International Symposium 

References	to	Interface	
Requirements	and	Design	

Interface	Sign-Off	
by	Involved	Par,es	
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THE POSSIBLE 
INTERFACE VERIFICATION (CONT’D) 

24th Annual INCOSE International Symposium 

Ø  Systems	Engineering	Champion	
Ø  Just	do	it,	Ask	Forgiveness	Later	
Ø  Help	Others	Achieving	Short-Term	Results	
Ø  Introduce	Accountability	(What,	Who,	When)	
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THE POSSIBLE 
SAFETY & SECURITY CERTIFICATION 

24th Annual INCOSE International Symposium 
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THE POSSIBLE 
SAFETY & SECURITY CERTIFICATION (CONT’D) 

24th Annual INCOSE International Symposium 

References	to	
Technical	Criteria	

CEHL in DOORS 

CEHL	Mi,ga,on	
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THE POSSIBLE 
SAFETY & SECURITY CERTIFICATION (CONT’D) 

24th Annual INCOSE International Symposium 

Design	Criteria	
Manual	(DCM)	

Direc,ve	
Drawings	
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THE POSSIBLE 
SAFETY & SECURITY CERTIFICATION (CONT’D) 

24th Annual INCOSE International Symposium 

References	to	
Design	Criteria	

CEHL	Mi,ga,on	

Cer,fica,on	
Sign-Off	

Ø  Systems	Engineering	Champion	
Ø  Communicate	Clearly	(WIIFY)	
Ø  Show	Applicability	
Ø  Help	Others	Achieving	Short-Term	Results	
Ø  Introduce	Accountability	(What,	Who,	When)	
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THE POSSIBLE 
IMPACT ASSESSMENT 

24th Annual INCOSE International Symposium 

Design	Criteria	
Manual	

Traces	from	Higher-
Level	Requirements	
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THE POSSIBLE 
VERSION MANAGEMENT 

24th Annual INCOSE International Symposium 
Basis	of	Design	
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THE POSSIBLE 
VERSION MANAGEMENT (CONT’D) 

24th Annual INCOSE International Symposium 

New	
Mi,ga,on	

Changed	
Mi,ga,on	

CEHL	Mi,ga,ons	
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THE POSSIBLE 
DESIGN SUBMITTAL REVIEW CHECKLISTS 

24th Annual INCOSE International Symposium 

Cri,cal	Items	as	
described	in	DCM	CH	1	
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THE POSSIBLE 
DESIGN SUBMITTAL REVIEW CHECKLISTS 

24th Annual INCOSE International Symposium 

Cri,cal	Item		 Cheat-Sheet	Data	 DCM	Reference	

DCM	Language	
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THE POSSIBLE 
DESIGN SUBMITTAL REVIEW CHECKLISTS 

24th Annual INCOSE International Symposium 

Requirements	as	Input	
into	QA/QC	Checklists	
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THE POSSIBLE 
DESIGN SUBMITTAL REVIEW CHECKLISTS 

24th Annual INCOSE International Symposium 

Building	an	RVTM	

Ø  Systems	Engineering	Champion	
Ø  Communicate	Clearly	(WIIFY)	
Ø  Show	Applicability	
Ø  Help	Others	Achieving	Short-Term	Results	
Ø  Early	Adaptors	
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THE IMPOSSIBLE 
CONCEPT OF OPERATIONS 

24th Annual INCOSE International Symposium 

Opera,onal	
Scenario	

Why 

Who 

When 

Where What 
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THE IMPOSSIBLE 
CONCEPT OF OPERATIONS 

24th Annual INCOSE International Symposium 

DOORS	
Import	
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THE IMPOSSIBLE 
DERIVED SYSTEM REQUIREMENTS 
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Derived	(Re-Phrased)	
Opera,on	Need	

Derived	Func,onal	
Requirements	

Opera,ng	
Scenario	

CHST	Document	
Structure	
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THE IMPOSSIBLE 
DERIVED SYSTEM REQUIREMENTS (CONT’D) 
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THE IMPOSSIBLE 
SYSTEM ARCHITECURE & CONCEPT OF EXECUTION 

24th Annual INCOSE International Symposium 
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THE IMPOSSIBLE 
SYSTEM ARCHITECURE & CONCEPT OF E. (CONT’D) 
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Derived	
Requirements	

Derived	
Requirements	

Derived	
Requirements	

Derived	
Interfaces	

Opera,ons	&	
Maintenance	

Core		
Systems	

Rolling	
Stock	
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THE IMPOSSIBLE 
SYSTEM TESTING 

24th Annual INCOSE International Symposium 

Interface		(Nearest	
Neighbor)	Tes,ng	

End-to-End		
(Full	System)	Tes,ng	

Component,	Subsystem	
&	Segment	Tes,ng	
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THE IMPOSSIBLE 
SYSTEM ARCHITECURE & CONCEPT OF E. (CONT’D) 
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THE IMPOSSIBLE 
MODEL BASED SYSTEMS ENGINEERING (PLANNED) 
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Ø  Systems	Engineering	Champion	
Ø  Communicate	Clearly	(WIIFY)	
Ø  Show	Applicability	
Ø  Help	Others	Achieving	Short-Term	Results	
Ø  Just	do	it,	Ask	Forgiveness	Later	
Ø  Early	Adaptors	
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System 
Architectures 

Concept of 
Execution 

Interface 
Management 

Verification and 
Validation 

Systems 
Integration 

Configuration / 
Change Management 

Systems Engineering 
Management 

Requirements 
Traceability 

Concept of 
Operations 

Requirements 
Management 

System Start-Up 
Testing 

SUMMARY 
JUST DO IT! 

Detailed Design  
& Construction 
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SUMMARY 
DO NOT GIVE UP! 

We	are	Here	
=	Sweet	Spot	
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QUESTIONS & ANSWERS 
REMEMBER THE WIIFY 

 
Oliver M. Hoehne, PMP 

Senior Engineering Manager 
Parsons Brinckerhoff, Transit & Rail Systems,  

Newark, NJ, USA 


