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• Formal application of MBSE to 
generate system architecture 
models to support DoD program

• Alignment with current DoD Digital 
Engineering acquisition strategies 

• Application of MBSE
– Methodology, Style, and Process
– Implementation
– Results, Experiences, Lessons Learned
– Future Research & Conclusions
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Application of MBSE emerging as new 
standard across DoD acquisitions

Introduction



• Based on free & openly published 
content

– https://www.saic.com/digital-engineering-
validation-tool

– Swickline, C. and Jugovic, H. (2022), A 
Data-Centric System Architecture Model 
Development Process Emphasizing 
Rapid Tempo and Quality. INCOSE 
International Symposium, 32: 857-871.

• Processes, methods, and tools:
– System Architecture Model (SAM) 

Development Process
– SAM Style Guide
– Ranger Rover Example Model
– SAM DE Validation Suite
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No need to reinvent the wheel!

Methodology
Overview

Process Style

Example Validation

[System] RangerRangeribd  ][ 

 : Control System

 : Communications System

 : Spacecraft Experiments

 : Structural System 

 : Power System

 : Camera [6]

 : Matter

 : ~Force

 : ~Power

 : ~Matter

 : Wireless Data 

 : Matter
 : ~Force

 : ~Matter

 : Force

 : ~Matter

 : ~Power

 : ~Wireless Data 

 : ~Data

 : Data : ~Power

 : Wireless Data  : Wireless Data 

 : ~Power  : Data

 : ~Force

 : Matter

 : ~Force

 : ~Power

 : ~Matter

 : ~Data

 : Power

 : ~Matter

 : ~Power

 : Data

Gravity

Gravity

Light,

Incident Light,

Reflected Light

Main Engine Propellant,

Orientation Propellant

Open Solar Panel

Central Computer Power,

Pyrotechnics Power,

Sensor Power,

Orientation Control Power

DC Power

Light,

Incident Light,

Reflected Light

Light,

Incident Light,

Reflected Light

Image Data,

Performance Status,

Science Data,

Transmit Data,

Wireless Data

Course Correction,

Location Data,

Update Course,

Receive Data,

Wireless Data

Main Engine Propellant,

Orientation Propellant

In Range of Moon

Image Data

Science Data

In Range of Moon

Transmit Data,

Image Data,

Performance Status,

Science Data

Receive Data,

Course Correction,

Location Data,

Update Course

Control Thrust X Axis,

Control Thrust Y Axis,

Control Thrust Z Axis,

Thrust

Camera Power

Radio Power

Experiment Power

https://www.saic.com/digital-engineering-validation-tool
https://www.saic.com/digital-engineering-validation-tool


www.incose.org/symp2023 4

Methodology
System Architecture Model (SAM) Development Process



• Style guide tailors the use of SysML to 
develop data-centric SAMs

• Ranger Rover example model functions 
as a reference for the style in action
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The philosophy is to use the model as a 
model instead of like a diagraming tool

Methodology
Style Guide & Example Model [State Machine] RangerRangerstm  ][ 
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• Automated validation…
– Improves quality & rigor
– Increases the tempo for SAM development
– Facilitates MBSE training
– Reinforces consistency across SAMs
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Use the model as a model!  Outsource the tedious model review to the 
computer, freeing up engineers 

Methodology
Validation Suite

• SAIC Validation Suite v2.0…
– Provides 228 unique validation rules
– Minimizes customizations (only 2 simple unique 

stereotypes required)
– Openly published freeware

• https://www.saic.com/digital-engineering-validation-tool

https://www.saic.com/digital-engineering-validation-tool


• SAM Development Process Steps used 
as basis for workflow and backlog 
development in Jira

• Allowed early planning of architecture 
development and conformance to the 
validation rules and validation suite

• Allowed the following to be tracked and 
reported through Jira: 

– Overall completion status of model segments
– Open issues
– Blocked tasks across teams
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Increased task visibility and collaboration 
across teams and alignment to SAM process

Application
Agile Backlog Planning



• Example model structure 
supports development by 
multiple engineers

• Figure provides an abridged 
view of our model which 
contained:

– 13 top-level packages
– Total of 649 packages by CDR

• Maintained logical 
decomposition of package 
elements for ease of 
readability and useability by 
various stakeholders
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Application
Model Organization & Use Case Development

Process

Style

Model organization and structure enables parallel development



Use Case(s)

Actor(s)

Style

Style

Process

Process Style

• All actors and use cases included 
documentation such that the utility 
of each element was understood

• Leveraged metachain based table 
to present use cases along with 
their documentation, pre-conditions, 
and basic flow of events per SAM 
development process

• Structured expressions to query 
model for information proved more 
useful than manual diagraming
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Application
Model Organization & Use Case Development

System operational context defined through use case 
development to enable functional architecting



• Imported customer requirements and 
source artifacts into model

– Represented sources of information such 
as documents, open-source content, 
subject matter experts, and analyses

• Established requirement pedigree to 
show origin of requirements to 
unfamiliar stakeholders

– Generated top to bottom Requirements 
Verification Traceability Matrices (RVTM)

• ~2000 requirements were imported 
or created natively in the model over 
the course of development to CDR
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Application
Architecture Development 
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• Over 800 blocks generated
– 32 blocks in the logical architecture
– 116 blocks in the physical architecture
– Modeled System of Interest (SOI) and 

external blocks for each interfacing system to 
our SOI which included:

• System Context
• System
• Subsystem
• Components

• Block Definition Diagrams (BDDs) used to capture 
architecture hierarchy and helped in defining the 
Internal Block Diagrams

– Internal Block Diagrams (IBDs) used to model 
the structural configuration of the system and 
activity diagrams (AD) used to describe 
system behavior
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Application
Architecture Development 
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• Signals were used on IBDs and ADs to consistently 
describe system interfaces

• Signals were largely used within the physical 
architecture to represent software messages, 
hardware electrical interfaces

• Maintained the signals using packages associated 
with each subsystem

• Validation suite threw errors for missing signals
– Prompted realignment of structural and behavioral 

descriptions within the model for that interface
• Sharp increase in signal count when ~430 physical 

signals were created to represent each unique electrical 
signal wire

• Learned that a common library including signals would 
have been easier to use and maintain
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Application
Architecture Development 
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• Initially used Activities/Call Behavior Actions to model 
system functions instead Operations/Call Operation Actions

• Replaced Call Behavior Actions with Call Operation Actions
– Describes the use of functions 
– Assigned Activities to the Operations’ methods
– Decomposed modeled functionality

• Methodology encourages functions to be modeled as 
Operations owned by the Blocks which perform those functions

– Validation suite development team later added new 
validation rule to prevent rework for future teams

• Sharp increase in Call Operation Actions throughout 
development when new validation rule was introduced
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Application
Architecture Development 
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• Modeled the configuration of components and 
the interfaces between them on physical IBDs

• Applied a nested ports method to show pin 
level electrical interfaces 

– Developed in accordance with the style 
guide rules and validation suite

• 62 electrical connectors and 297 electrical 
signals defined for the sensor by CDR

• Electrical Interface Control Documents 
(EICDs) developed to coordinate with a critical 
vendor responsible for providing 23 electrical 
connectors and 133 electrical signals
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Application
Architecture Development

Pin level interfaces 
developed using IBDs



• ~80,000 unique elements generated 
within primary system model

– Common elements shown in figure 

• ~260,000 elements generated in total 
across the project usages

• >38 contractually deliverable items 
completed based on model content

– Verification Cross Reference Matrices (VCRMs) 
– Interface Control Documents (ICDs)
– Concept of Operations (CONOPS)
– Functional architecture 
– Product breakdown structure
– Derived or used data directly from the model
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Results

Nearly 80,000 elements generated following SAM process and validated!



• Development process, style guide, and associated 
validation suite allowed our team to develop a system 
architecture model satisfying program needs

• Low percentage of model defects relative to model 
elements shows a well-formed model

• CDR model delivery passed validation with zero errors 
and 1272 informational warnings

• Delivered technical content as part of an integrated 
model baseline that historically has been delivered as 
disparate static documentation
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Total defects in validation caused by informational 
warnings. Zero errors remained at CDR

Results
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• This methodology offers some key value 
for users

– Model completeness, consistency, and 
correctness

– Training of best practices through development 
(leveraging validation suite)

• This methodology is currently being 
adopted across multiple programs with 
some waivers.

• Consistent use of this methodology will 
streamline model development.

– This methodology require upfront effort and 
planning 
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With careful pre-planning and roadmap, this methodology provides 
means to develop complete and consistent system model

Experience Applying the Methodology



• Future Research
– Model Federation
– Common Libraries
– Direct Connection of Data Through 

Analytical Models (Digital Thread)
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Developing System of System Models using SAIC tools
Create Digital Thread 

Future Research & Conclusions
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• TBD
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TBD

TBD
TBD


