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Digital Engineering

Software Electronics Aerodynamics Mechanical
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Software Electronics Aerodynamics Mechanical

This is not good enough in industry!

But what do we do across engineering curricula?

Digital Engineering
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SIE 431 SFWE 302 SIE 458 SFWE 403

Engineering courses are silos

• Students do not observe effects downstream
• Students do not gain experience of working in a DE environment
• Data / effort duplication across courses
• There is limited scope for collaborative work

Digital Engineering
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Digital Engineering (for Students)
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Digital Engineering (for Students)
Digital engineering is defined as:

‘‘an integrated digital approach that uses authoritative 
sources of systems’ data and models as a continuum 
across disciplines to support lifecycle activities from 
concept through disposal [1].’’

[1] Office of the Deputy Assistant Secretary of Defense (Systems Engineering) [ODASD 
(SE), “DAU Glossary: Digital Engineering,” Defense Acquisition University (DAU), 2017. [Online]. 
Available: https://www.dau.edu/glossary/Pages/Glossary.aspx. [Accessed 24 August 2023].
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Digital Engineering (for Students)
Digital engineering is defined as:

‘‘an integrated digital approach that uses authoritative
sources of systems’ data and models as a continuum 
across disciplines to support lifecycle activities from 
concept through disposal [1].’’

The Objective of the ‘Digital Engineering Factory’ is to provide the following benefits:

• Students have access to the tools required to support their courses,
• Over multiple courses, students observe a complete end-to-end process,
• Students can observe the consequences of the decisions downstream,
• Students gain experience working collaboratively in a digital environment,
• Students can evaluate the work of others more effectively,
• Instructors can make use of automated grading through model validation pipelines.

[1] Office of the Deputy Assistant Secretary of Defense (Systems Engineering) [ODASD 
(SE), “DAU Glossary: Digital Engineering,” Defense Acquisition University (DAU), 2017. [Online]. 
Available: https://www.dau.edu/glossary/Pages/Glossary.aspx. [Accessed 24 August 2023].
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Digital Engineering Factory (DEF) Use Cases

Identified 11 use cases
• SysEng x5, SW x6
• 7 reflect current courses
• 4 to be incorporated into courses

Identified required tools
• Some specifically requested
• Others not: trade-off

Identified required connections
• how do we integrate tools?
• how do review entire dataset?
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Digital Engineering Factory (DEF) Architecture
Hub and Spoke

Technical Integration
• Violet Labs

Data Integration
• Ontological Modeling Language
• OML Rosetta

Enables SWTs
• Inference
• Validation
• Querying
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Digital Engineering Factory (DEF) Integration complete
Integration currently one-way
Integration under development
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Demo Overview

Student Responsibility Tool

1 SE Management
Planning

Jira
Violet

2 Needs and Requirements
Validation

Jama
SysML v2 (Actions)

3 Architecture
Verification and Test Plans

SysML v2 (Parts)
SysML v2 (Actions)

4 Detailed HW Design
Integration Plan

BrickLink Studio 2.0
SysML v2 (Actions)

5 Detailed SW Design Jupyter / Visual Studio

6 Tests
Integration and Deployment

SysML v2 (Parts)

• SIE 250 – An Introduction to Systems Engineering
• Three teams of 6 students
• Design and Test a Lego Rover
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Key Considerations
Software Architecture

• Minimize required connections:   !(!#$)
&

→ 𝑛
• While maintaining publication options and leveraging existing 

connections
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Key Considerations

Hub Selection

• Traceability of entities,
analysis workflows,
graph database.

• Are relevant domains
supported (consider
domain-specific tools),

• Freedom to define
underlying data model?
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Key Considerations
Underlying Data Model

• Expressivity requirements vs. Reasoning capability,
• Foundation provides consistency, but locks in assumptions,
• Reuse of existing domain ontologies, relevant standards.
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Key Considerations
Tool Selection

• Are class requirements met?
• Often demonstrating few tool capabilities.

• Open-source?
• UA license availability

• Integrations
• Existing integration with Violet?
• Existing direct (tool-to-tool) integrations?
• Conformance with integration standards (REST API, Graph QL)
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Key Considerations
Hardware

• Number of users?
• Total, Simultaneous,
• Volume of data transfer.

• Storage requirements?
• Storage per user,
• Installation storage.

• What nodes and switching capabilities are required?

• VM, Containerization and distribution?
• e.g., Proxmox, Kubernetes, K3s, OpenStack, Docker, RedHat
• Up-front vs. recurring costs?
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Conclusions
• The DEF remains under development:
• We continue to integrate tools (and make bi-directional),
• We continue to develop the UAOS,
• We will need to optimize as we scale up.

• Key Decisions
• SW Architecture, Data Model, Selection of Hub and Tools, HW Setup

• We have deployed on multiple, small-scale use cases.

• Next step will be to deploy on a larger scale:
• Multiple tools, larger teams, change management, version control.
• Incorporate Dashboards and Query capabilities.
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