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MOTIVATION
IS2020 PAPER: CONSIDERATIONS FOR FUTURE WORK
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THAT OTHERS COULD FOLLOW

MULTI–CONTRACT PROGRAMS
(COMMONLY STAGGERED)
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MOTIVATION
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INTEROPERABLE INTERFACE
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CREATING INTEROPERABLE
CONSTITUENT SYSTEMS
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INDUSTRY TYPICAL CONTRACT BREAKDOWN STRUCTURE
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: EXAMPLE – ARC TUNNEL PROJECT

25 PROCUREMENT CONTRACTS

Source: Hoehne, O., 2009, “Access to the Region’s Core (ARC) Tunnel, Scaling Systems 
Engineering to Transit Challenges“, 2009 APTA Rail Conference, Chicago, IL, 2009
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: EXAMPLE – GATEWAY PROGRAM (NY/NJ)

Source: https://www.gatewayprogram.org/wp-content/uploads/2023/04/2023-
04-18-Hudson-Tunnel-Procurement-Strategy.pdf
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BACKGROUND, CHALLENGES & OBJECTIVES
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INDUSTRY TYPICAL INTERFACE MANAGEMENT APPROACH

v Interface Management Working Group(s): (Interface Management “As You Go”)
– Purpose:

o Regularly meet to “liaise“ and “cooperate”, and “coordinate” interfaces
– Attendees:

o Contractor(s)
o Interfacing contractors
o Project Oversight
o Client

– Scope:
o Develop interface management program
o Coordinate schedule development (including site access, handovers)
o Identify interfaces
o Develop interface requirements
o Coordinate design development, including information exchange
o Address, manage and resolve interface issues as they arise
o Manage interface status

Sources/Credits:
https://www.clker.com/clipart-617868.html
https://de.freepik.com/vektoren-kostenlos/glueckliche-
kinder-halten-haende-um-regenbogen-
kreis_1250832.htm
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INTERFACE MANAGEMENT REALITIES

Source/Credit: https://www.theguardian.com/world/shortcuts/2014/may/21/french-rail-
company-sncf-trains-too-wide

Source/Credit: https://www.euronews.com/travel/2023/02/21/unspeakable-botch-spain-spends-258-
million-on-trains-that-are-too-big-for-its-tunnels
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BACKGROUND, CHALLENGES & OBJECTIVES
LARGE-SCALE PROJECTS: INTERFACE MANAGEMENT REALITIES (CONT’D)

Source/Credit: https://www.nytimes.com/interactive/2021/06/12/world/americas/mexico-city-train-
crash.html?searchResultPosition=3
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BACKGROUND, CHALLENGES & OBJECTIVES
OBJECTIVES: PREDICTABLE, REPEATABLE PROCESS, CONVENIENT, INTEROPERABLE

CMMI Level 1: Initial
– Unpredictable Processes, relying on SME Expertise (or Lack Thereof)

CMMI Level 2: Managed
– Repeatable Processes w/in Project

CMMI Level 3: Defined
– Repeatable Processes w/in Organization
– Project Tailors Processes from Organizational Standards

Additional Objectives
– Convenience: Ready (Easy) to Use
– Interoperable: Compatible w/ Future Contracts
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BACKGROUND, CHALLENGES & OBJECTIVES
OBJECTIVES: INTEROPERABLE CONSTITUENT SUBSYSTEM(S)
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– Modular Open Systems Approach
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v Summary & Conclusion
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MODULAR OPEN SYSTEMS APPROACH (MOSA)

Source: Hoehne, O., 2016, “Implementing an Effective Modular Open Systems Approach 
[MOSA] Framework Insights into the Application of MOSA to Non-Defense Industries “, 
19th Annual Systems Engineering Conference, Springfield, VA, 2016
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MOSA APPLIED TO LARGE RAIL PROJECTS – ENABLING ENVIRONMENT, MODULARITY

Source: Hoehne, O., 2016, “Implementing an Effective Modular Open Systems Approach 
[MOSA] Framework Insights into the Application of MOSA to Non-Defense Industries “, 
19th Annual Systems Engineering Conference, Springfield, VA, 2016
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
TECHNICAL SPECIFICATIONS FOR INTEROPERABILITY (TSI) – KEY INTERFACES
TSI INFRASTRUCTURE TSI ROLLING STOCK

INTERFACING SYSTEMS
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
TECHNICAL SPECIFICATIONS FOR INTEROPERABILITY (TSI) – OPEN STANDARDS
TSI CONTROL-COMMAND & SIGNALLING

TRAIN CONTROL TO DRIVER INTERFACE

OPEN INTERFACE STANDARDS

MANDATORY SPECIFICATIONS
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
TECHNICAL SPECIFICATIONS FOR INTEROPERABILITY – OPEN STANDARDS (CONT’D)
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– Design Terms, Nomenclature
– Requirements
– Structure
– Interfaces

v MBSI Framework Use
v Summary & Conclusion
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MBSI REFERENCE ARCHITECTURE – DESIGN TERMS, NOMENCLATURE

2023 GUIDE FOR THE APPLICATION OF THE TECHNICAL
SPECIFICATIONS FOR INTEROPERABILITY (TSI) 
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MBSI REFERENCE ARCHITECTURE – REQUIREMENTS
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MBSI REFERENCE ARCHITECTURE – STRUCTURE

2023 GUIDE FOR THE APPLICATION OF THE TECHNICAL
SPECIFICATIONS FOR INTEROPERABILITY (TSI) 
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
MBSI REFERENCE ARCHITECTURE – SATISFY REQUIREMENTS MATRIX

2023 GUIDE FOR THE APPLICATION OF THE TECHNICAL
SPECIFICATIONS FOR INTEROPERABILITY (TSI) 
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
SUBSYSTEM ELEMENTS – INTEROPERABILITY CONSTITUENTS (INF – RAIL)

TSI INFRASTRUCTURE
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
SUBSYSTEM ELEMENTS – INTEROPERABILITY CONSTITUENTS REQUIREMENTS

STRUCTURE

REQUIREMENTS

TSI INFRASTRUCTURE



www.incose.org/symp2024 #INCOSEIS 292-6 July 2024

MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
SUBSYSTEM ELEMENTS – INTEROPERABILITY CONSTITUENTS REQUIREMENTS (CONT’D)
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION

TSI INFRASTRUCTURE

TSI ROLLING STOCK (LOC&PAS)

INTERFACE BETWEEN
INF RAILHEAD PROFILE & 

RST WHEEL CHARACTERISTICS
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: TSI INTERFACE TABLES

TSI INFRASTRUCTURE TSI ROLLING STOCK (LOC&PAS)

TSI INF TSI LOC&PAS
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: CREATING INTERFACE TABLES IN MBSI FRAMEWORK
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: TABLE VIEW (INTERFACE REGISTER VIEW)
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: DEPENDENCY MATRIX VIEW (N2 CHART VIEW)

INTERFACE BETWEEN
INF RAILHEAD PROFILE & 
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: SUBSYSTEM ALLOCATION

SUBSYSTEMS

INTERFACE VIEW
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: SUBSYSTEM ALLOCATION (CONT’D)

INTERFACES

SUBSYSTEMS
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE IDENTIFICATION: RAIL SYSTEM WITH INTERNAL STRUCTURE VIEW

IMPLIED RELATIONSHIP
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE REGISTER: INFRASTRUCTURE VIEW W/ DETAILS (RAIL/WHEEL INTERFACE)

VIEWPOINT: INFRASTRUCTURE SUBSYSTEM

INTERFACE W/ ROLLING STOCK

INFRASTRUCTURE
RAILHEAD PROFILE

INTERFACING ROLLING STOCK
WHEELSET CHARACTERISTICS

INTERFACE
REQUIREMENTS INTERFACE FEATURES EXCHANGE ITEMS
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MODEL-BASED SYSTEMS INTEGRATION FRAMEWORK
INTERFACE REGISTER: BUILDING THE INTERFACE REGISTER
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MBSI FRAMEWORK USE
[1] USE AS TEMPLATE: DIRECT EDIT (E.G., PROJECT SPECIFIC APPLICATION)

ADD / EDIT / REMOVE:
NOMENCLATURE, SUBSYSTEMS, INTEROPERABLE CONSTITUENTS, 

REQUIREMENTS, INTERFACES, EXCHANGE ITEMS, ETC.
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MBSI FRAMEWORK USE
[2] USE AS LIBRARY: CONTRACT BREAKDOWN STRUCTURE
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MBSI FRAMEWORK USE
[2] USE AS LIBRARY: INTERFACE EXAMPLE CHALLENGES
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MBSI FRAMEWORK USE
[2] USE AS LIBRARY: SYSTEM BREAKDOWN STRUCTURE

DUE TO STAGGERED CONTRACT PROCUREMENTS, 
SYSTEM BREAKDOWN IS OFTEN PERFORMED
BY CONTRACT PACKAGE (BETTER: BY LARGE-
SCALE PROJECT W/ CONTRACT ALLOCATION)
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MBSI FRAMEWORK USE
[2] USE AS LIBRARY: INTERFACE ALLOCATION



MBSI FRAMEWORK USE
[2] USE AS LIBRARY: INTERFACE ALLOCATION (CONT’D)
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MBSI FRAMEWORK USE
[2] USE AS LIBRARY: INTERFACE ALLOCATION (CONT’D)
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MBSI FRAMEWORK USE
[2] USE AS LIBRARY: CONTRACT INTERFACE MATRIX (N2 CHART)
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MBSI FRAMEWORK USE
[2] USE AS LIBRARY: CONTRACT SPECIFIC INTERFACE REGISTER

MBSI FRAMEWORK (DEFINITION)MBSI FRAMEWORK USE



50

Source/Credit: http://www.railway-
fasteners.com/news/ballasted-track-
non-ballasted-track-comparison.html
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MBSI FRAMEWORK USE
[3] CUSTOMIZE & TAYLOR: ADDING NEW, PROJECT-SPECIFIC INTERFACE(S)

TUNNEL

TRACK
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MBSI FRAMEWORK USE
[3] CUSTOMIZE & TAYLOR: CONTRACT INTERFACE MATRIX (N2 CHART)
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MBSI FRAMEWORK USE
[3] CUSTOMIZE & TAYLOR: ADDING PROJECT-SPECIFIC INTERFACE REQUIREMENTS

DEFINE CONTRACT –SPECIFIC
INTERFACE REQUIREMENTS
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SUMMARY & CONCLUSION
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