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Ingest informally specified systems 
architectures from images, automatically 
extract the represented architecture, and output 
Systems Modeling Language (SysML) standard 
diagrams within the industry-standard MBSE 
tools.
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• Model-Based Systems Engineering (MBSE) 
methods, processes and tools are a key 
enabler for rigorous, complete and cohesive 
system design, with many additional benefits 
as well.

• A large percentage of programs, both MITRE 
and sponsors, have not yet adopted MBSE 
technologies.

• Those projects that do adopt MBSE 
technologies, always must go through a 
“transition period”, converting some portion 
of existing documentation into one or more 
system models.

Problem

Emerging MBSE extensions and 
capabilities, which could provide 

value to a project, are locked 
behind MBSE transition!



© 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 
APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED 21-02818-1

3

We proposed a tool to convert non-standard systems architecture artifacts into 
standard MBSE architecture content. Lowering the bar for MBSE implementors.

Idea

“Virtual” Paper-based 
system documentation

There is room for automation!

Output & Integration 
into a formal digital 

model

AI-Assisted 
Architecture Parsing
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• Nearly all reference and follow processes described by Yu et. 
al, 1997 (Top Right)

• One group, led by Professor Michel Chaudron, (Bottom 
Right) has publications that:

• Extract class diagram data from images

• Classify an image as a class diagram

• Sought to create an open-source repository of class diagrams 
for future experimentation

• Yet:

• No publications exist for SysML translation across 
diagrams other than the class diagram

• Unresolved CV challenges (e.g., diagonal connections, 
informal diagrams)

• New technologies from machine learning perspective stand 
to dramatically impact the effectiveness of any future 
prototype.

Background / Literature Review
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Technical Approach 

#2. Import Derived 
Content And 

Review

Architecture 
Images 

(.png/.jpeg/etc.)

Digital Model 
Content
(.mdzip)

Legend
Data File

ArchEx Parser (Python)

ArchEx Cameo Plugin
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Graph of 
Derived 
Content 

(.graphML)

#1. Configure + 
Review Architecture 

Parsing 

• Text Segmentation
• Shape Segmentation
• Line Segmentation
• Line Classification

• Model Content Creation
• Model Diagram Creation 
• Model Diagram 

Organization

Functionality: Functionality:

Systems Engineer
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Progress to Date 

Two Primary Artifacts:

1) Architecture Extractor (ArchEx) Parser
• Python-based software application

• Extracts content from static images of 
architectures

2) ArchEx Plugin for Cameo
• Java-based software application 

• Loosely Coupled with ArchEx

• Extends commercial tool, MagicDraw
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Progress To Date: Experiment: Useability, efficiency



© 2021 THE MITRE CORPORATION. ALL RIGHTS RESERVED. 
APPROVED FOR PUBLIC RELEASE. DISTRIBUTION UNLIMITED 21-02818-1

8

Demo
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Lessons Learned
1. As the prototype matured and we continue to develop against sponsor data, we’ve 

realized an Input Image has the following attributes that capture the complexity of the 
problem and help us quantify our capability:

 Standardization (Artistic vs. Expressed formally)

 Quality (Resolution, content clarity)

 Engineering Domain (Software, Hardware, Mechanical, Electrical, Networking, Database)

 Diagram Type (Structural vs. Behavioral vs. Other)

2.  A degree of human interaction is required to ensure the quality of the content as the 
ArchEx parser extracts image information
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Advocate Feedback and Support
“- For legacy weapon systems, the biggest obstacle to adoption of MBSE is return-on-investment. 
MBSE has to show it will provide more benefit to a system than it costs in terms of time, talent, and 
treasure. Your research effort is helping to tilt the balance in favor of adoption, with the promise of 
reductions in time to convert thousands of pages of legacy weapon system architecture products into 
SySML for modern systems engineering analysis.

- I appreciate your candor that this will never replace a Human SySML modeler. However, it’s 
heartening that this project could enable a modeling team to work much faster, with the tool enabling 
MMIII MBSE efforts. At the end of the day, it promises to let the modelers focus on architecting, with 
significantly less effort in rote copying of legacy documents.”

YOUNGMEYER, MATTHEW J Lt Col USAF AFMC AFNWC/NME
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Continuation (FY22) & Wrap-up

Technical
• Complete experiment
• Improve user workflow
• Automated error checking
• Extended set of parse-able diagram types and domains
• Upgrade GUI

Transition & Exposure
• Investigate licensing options & internal MITRE hosting
• Conduct MITRE-internal “Road Show”
• Conference presentations (2 Accepted)
• Pursue journal article publication

We are continuously looking for:

1. Architecture artifacts that you or your project 
would be able to share

2. Projects that are transitioning legacy data to 
a tool like Cameo Enterprise Architecture

3. Feedback, criticisms, and any information 
about YOUR pain points that would help 
ensure our prototype provides real value to 
MITRE projects and our sponsors
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Backup
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Attribute #1: Standardization

 Diagram standardization reflects 
how closely any given image 
already conforms to a formal
modeling language, such as 
SysML

 The more standardized an image 
is, the easier the Computer Vision 
(CV) task becomes (because of 
the known set of shapes)

 The easier the CV task, the 
higher the likelihood of us being 
able to reliably parse said image 
in a meaningful, accurate way. Level 1: UML or SysML Formatted (Training Purposes Only)Level 2: Informal UML or SysML Notation / Simple Shapes

Level 3: Minimal or No UML or SysML Notation / Complex Shapes

13
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Attribute #2: Quality
Quality reflects how well we will be able to detect distinct elements in the image. 
This attribute has two sub-measures:

1) Image Resolution: The level of detail an image holds

2) Content Clarity: The level of overall clear organization between elements in 
an image

Low Clarity (Harder Problem) High Clarity (Easier Problem)

Low Resolution (Harder Problem) High Resolution (Easier Problem)
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Attribute #3: Domain

An Image’s Domain reflects the engineering discipline (or task) closest aligned with the intent of the image, and 
implicitly comes with a set of shapes and features we may (or should) expect to see. Some examples include:

  

  






Able to read

Partially able to 
read (requires 

more 
development)

Unable to read 
(Potentially out 

of scope for 
FY21)

Software

Generic (Functional or 
Organizational)

Database

Network
Electrical Mechanical (Physical)
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Attribute #4: Type

An Image’s Type reflects 
the sort of information it is 
meant to convey. 

For the purposes of this 
research, type loosely 
aligns with SysML diagram 
types

Each Type may come with a 
unique set of shapes and 
semantics that would need 
to be handle, and would 
need to be sorted into the 
appropriate SysML diagram 
type as part of the end 
product as well






Able to read

Partially able to 
read (requires 

more 
development)

Unable to read 
(Potentially out 

of scope for 
FY21)
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