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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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• Significant project opportunities
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SIE 431 SFWE 302 SIE 458 SFWE 403

Engineering courses are silos

• No downstream effects
• Data / effort duplication
• Limited scope for collaboration

Digital Engineering

Courses supported by Digital Environment 

• Observe downstream effects
• Creation and management of Digital Thread
• Significant project opportunities
• BONUS: Digital Env to explore digitalization 
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DE at UA: Our Approach

Technical Interoperability (DEF)

How do tools talk to each other?

Data Interoperability (UAOS)

How do tools talk the same language?
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DE at UA: The Digital Engineering Factory (DEF)



DE at UA: The UA Ontology Stack (UAOS) [7]

Ontological
Modeling LanguageOpenCAESAR
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DE at UA: General Workflow
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Notional cubesat, Cloud Analysis and Tracking Satellite (CATSAT)
• Ascertain cloud types and monitor their movement from low-Earth orbit (LEO).
• The CATSAT mission has a corresponding set of mission requirements.
• 2U cubesat, dimensions of 20cm x 10cm x 10cm.
• One unit will contain the payload, a high-resolution camera.
• The other will contain the supporting systems.

DE at UA: Example Workflow
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DE at UA: 

Example

Workflow
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Next Steps

• Continue development
• Domain ontologies (Mission, System, Test – JHU APL)
• Dashboard features (make ontological reasoning convenient)

• Research: Expand digitalized workflows
• Build approval workflow into dashboards
• Improve UI with supporting ontologies
• Develop workflow to incorporate dynamic updates, decisions and reporting

• Education: Deploy in other courses
• Currently used in SIE 250 (Intro to SE), SIE 523 (Advanced T&E), and multiple SW



Supporting Work
Model-Based Test and Evaluation
• Gregory, J., & Salado, A. (2024). An Ontology-based Digital Test and Evaluation Master Plan (dTEMP) Compliant with DoD Policy. Systems 

Engineering.
• Gregory, J., & Salado, A. (2024). dTEMP: From Digitizing to Modeling the Test and Evaluation Master Plan. Naval Engineers Journal. 
• Gregory, J. & Salado, A, “Model-Based Integration and Test Planning: Automating the Propagation and Verification of Expert Knowledge 

using Ontologies, ” in SECESA 2024, Strasbourg, France, 2024.
• Gregory, J., & Salado, A., “Spacecraft Test and Evaluation using Semantic Web Technologies,” in AIAA SciTech, Orlando, FL, USA, 2024.

Verification Strategies as Bayesian Networks
• Gregory, J., & Salado, A., “Model-Based Verification Strategies Using SysML and Bayesian Networks,” in CSER, Hoboken, NJ, USA, 2023.
• Gregory, J., & Salado, A., “A Semantic Approach to Spacecraft Verification Planning using Bayesian Networks,” in IEEE Aerospace Conference, 

Big Sky, MT, USA, 2024.
• Gregory, J., Jackson, B., Salado, A., “Automated Generation of Bayesian Verification Strategies using Semantic Web Technologies,” in CSER, 

Long Beach, CA, USA, 2025.

In the Classroom
• Gregory, J., & Salado, A., “A Digital Engineering Factory for Students,” in CSER, Tucson, AZ, USA, 2024.
• Gregory, J. & Salado, A, “Connecting Systems Engineering Artifacts in the Classroom , ” in SECESA 2024, Strasbourg, France, 2024.

Overviews
• Gregory, J., et al., “The Digital Engineering Factory: Considerations, Current Status, and Lessons Learned,” in INCOSE International 

Symposium, Dublin, Ireland, 2024.
• Gregory, J., & Salado, A., “Towards a Systems Engineering Ontology Stack,” in INCOSE International Symposium, Dublin, Ireland, 2024.
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Resource Description Framework (RDF) [2]

• Triple structure: subject-predicate-object

• Makes information machine-readable

Web Ontology Language (OWL) [3]

• Ontology: defines what is meaningful to say: i.e., 
allowable concepts and relations in a domain

• Provides context to information

• Enables validation of RDF graphs

SPARQL [4]

• Enables users to query RDF graphs

provide an approach to the structuring and understanding of data [1].

Semantic Web Technologies
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Why Semantic Web Technologies?
Relational Databases vs Graph Databases [6]

• Graph Databases also 
suited to distributed 
data (horizontal scaling)

• Suited to ‘multi-hop’ 
queries

•  Flexible when working   
with evolving schema
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