
© 2020 THE MITRE CORPORATION. ALL RIGHTS RESERVED. FOR INTERNAL USE ONLY.© 2020 THE MITRE CORPORATION. ALL RIGHTS RESERVED.

October 29, 2020

Rosa R. Heckle, PhD

Stuart D. Harshbarger

Change is Coming…
HERE

Evolving Systems Engineering Methods for Artificial 
Intelligence and Machine Learning

Approved for Public Release; Distribution Unlimited. Public Release Case Number 20-2639



© 2020 THE MITRE CORPORATION. ALL RIGHTS RESERVED. FOR INTERNAL USE ONLY.

Research Progression Model

Development Execution Model

Process Driven Experience Based Fixed Technology Insertion Points

Hypothesis Driven Experimental Based Incremental Maturity

Transdisciplinary Framework
Human Language  Technologies 

Computer Vision

Neuroscience

Engineering Disciplines

Analysts

Compliance

Assurance

Engineering Development

Enabling Science

Research Progression & Development Execution Differ
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Building AI/ML systems requires a convergence of two fairly distinct approaches.
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Need For Transdisciplinarity

Science Informs Technology

Technology Stimulates Science 

Science
Technology
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Polanyi’s Relationship Between Science and Technology
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Vortical Development Model Concept
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Vortical model evolves the traditional spiral development model to 
reflect the tightening of corresponding spirals as the model 
refinement/ progression continues.
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Critical needs

Solution 
implementation

Critical needs

Capability 
assessment

Solution 
validation

Capability 
assessment

Vortical Development Model Concept for Machine-
Learning Systems

Baseline system 
components at 
varying levels of 

maturity.

Major 
Discrete 
Building 
Blocks

Integration

Fabrication 
& Test of 

Final 
System

Coordinated spiral 
development of 

enabling 
technologies

Agile Incremental 
integration

Incorporates lessons 
learned while 

managing impact to 
linked components

Ensures risk 
reduction and allows 

for demonstration 
and design 
evaluation

Iterative Design 
Revision

Increasing C
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ponent M
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An Example - Start with the End in Mind

What Does This Document 
Image Say?
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Computer Vision
1. Adjust document rendering
2. Identify areas that need 

cleaning
3. Language = English
4. Identify layout (sentences, 

paragraphs, headings, 
footings, etc.)

5. Identify text only
6. Extract text characters

HLT
1. Read text – extract entities 

(people, places, things of 
interest).
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Computer Vision Analytics Workflow

Human Language Technology Analytics 
Workflow

Mix of Various Analytics To Do the Job

What Does This 
Document 

Image Say?
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Text Layout 
Tools

Annotation 
Tool

Machine 
Translation 
(MT)

Entity 
Extraction (EE)

Data 
Preparation
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Incremental
Integration

Synchronous
Experimentation

MT & EE 
Workflow

Synthetic 
Data 
Generation

Development
of in-house 

OCR
Evaluate 
Commercial 
OCR

OCR 
Workflow

MT & EE 
for 

Language 
X

Incremental 
Integration

Final 
Deliverable

System 
Integration

Design
Revisions

Test and Evaluation

Iterate on 
emergent 
behavior

* * Documentation of Lessons Learned from previous experimentation, integration results

Integration Pt. 1 –
50% accuracy Integration Pt. 2 –

78% accuracy
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Develop/Mature 
OCR capabilities

Develop Machine 
translation 
technologies 

Mature entity 
extraction 
technologies 

Acquire Data and
prepare Data for 

Training and 
Testing

Testing & Evaluation System Integration

Transform images 
to text.

Develop page 
layout parser for 

OCR tool to 
understand varying 

page layouts

Translate text and 
extract entities of 

interest

Develop 
annotation tool to 

enable ground 
truthing of data

Develop synthetic 
data to augment 

real data, and 
determine its 

efficacy for training 
OCR tools

Evaluation in-house 
OCR analytic.

Evaluate industry 
available analytics

Compare to determine 
best tool for mission 
and mission data.

determine 
performance metrics 

and tradeoffs

Integrate capabilities 
into operational 

system

Taking a Transdisciplinary Approach to Stakeholder 
Engagement

Research/Developer Leads communicate/coordinate across Teams

New Roles and New Skillsets

• Subject Matter Expert, 
• Data Engineer, 
• Developer,
• Machine Learning Engineer, 
• Mathematicians, 
• Data Scientist 
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