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Research Progression & Development Execution Differ

Research Progression Model

Enabling Science

Human Language Technologies

Computer Vision

Neuroscience

Transdisciplinary Framework

Engineering Disciplines
Analysts
Compliance

Assurance

Development Execution Model

Engineering Development

Building Al/ML systems requires a convergence of two fairly distinct approaches.
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Need For Transdisciplinarity

Science Informs Technology

Technology Science

Technology Stimulates Science

Polanyi’s Relationship Between Science and Technology
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1.

Vortical Development Model Concept

Phase | - Clinical trials
- Incorporation of critical ~ Test and evaluation
\ improvements ~ Final system documentation

- Define program and manufacturing transition
requirements and vision

~ Assemble team
members with
enabling science
and technology

- Building blocks

\_ - Prototype enhancement
N, — Performance demonstration
~ Critical validation experiments

- Execute process-guided design

~ Concept and prototype development, of
A i aas - ."ans‘
design trade-offs, and critical experiments SETRERSIRNvas—TLEL

- Modeling and simulations

J. Burck, J. Bigelow, S. Harshbarger, “Systems Engineering Approach for Next Generation Prosthetic Limb”, Johns Hopkins
University Applied Physics Laboratory, Technical Digest, Vol 30, Special Edition - Revolutionizing Prosthetics, 2011

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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Vortical Development Model Concept for Machine-
Learning Systems

Iterative Design
Revision

Ji | Critical needs
e

Solution
validation implementation

Solution

Agile Incremental ( '
Integration

SR / - N SR

Major ) R — Fabrication

Discrete | ¢ p— fl> Intearation fl> fl> & Test of

Building g /’ Final

Blocks % System
(N / —

Ensures risk
reduction and allows
for demonstration
and design
evaluation

Baseline system
components at
varying levels of
maturity. Coordinated spiral
development of
enabling
technologies

Aumepy Jusuodwo?) Buisealou|

Incorporates lessons
learned while
managing impact to
linked components
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Living with Insecurity

Security Dilemma:
Healthcare Clinicians at Work

Computer Vision

1. Adjust document rendering

2. ldentify areas that need
cleaning

. Language = English

|dentify layout (sentences,

While healthcare organizations strive to increase control
of network access, clinicians need unencumbered access
to data. Clinicians make unconscious decisions daily to

comply with security measures or to live with a certain

W

level of insecurity to get their job done.

paragraphs, headings,
footings, etc.)
. ldentify text only
Extract text characters

o U

HLT

1. Read text — extract entities
(people, places, things of
interest).

©20

n a crowded conference room, a group of system
engineers, hospital chimcians, and various staff
st intently listening to a team of vendors extol
the virtues of their single sign-on (SSO) technol
ogy. Each vendor promised to deliver an authentica
tion system that would improve usbility for multiple
system users, increase complance with policies and
government mandates, and help curb maintenance
costs. From a technical perspective, the technology
was a good fit for the infrastructure and the purpose at
hand. From a management perspective, it fit the secu
ity requirements and organizational polices.
However, the dinicaans weren't so sure. They were
reflecting on the hist implementation to enhance secu
nity: an electronic medication admimistratson record
(MAR) system that used bar coding, Each hospital pa
tient recetved a bar-coded identafication bracelet. When
admnsstering medications, the protocol was for nurses
to scan a patient’s bracelet and then scan the medsca
tion being adminsstered. However, on occasion, nurses
had problems scanning the braceet or the medicatson
label. As a workaround, the nurses placed a copy of the
patsent’s bar code on their chpboard. In tight times or

when they | ing a bracelet, they sam
ply s pboard rather than
the swking without

v mechanism

ment poses

important piece
of a chnician’

toolset, 1it's ne

or her mindset. This is particulady true for secursty
system. Though the Health Insurance Portabality and
Accountabilty Act (HIPAA) mandates stract data se
curity, a patient’s well-being might depend on quick
and easy access to information.” Clinscians understand
the mmportance of security, but st plays second string
to convenience. On a daily basis, they decide between
domng what is necesary to comply with a secursty
measure or hving with a certain level of insecurity to
get the job done. The unanticipated consequences of
these decissons can lead to suboptimal outcomes.

To address this 1ssue, some research strongly rec
ommends taking a holistic sociotechnical perspective
in securaty system design.* This is not a new idea, but
exactly what does 1t mean?

A 15-month ethnographs field study | conducted
of an SSO system implementation at a regaonal hospt
tal sheds some hight on the 1ssue. Akhough my study
focused on developing a deeper understanding of the
technical dessgn and implementation 1ssues of an SSO
mechansm, it also provided a finthand view of how
modern heakhcare work 15 performed 1n an environ
ment 1n which the clinicians must navigate between
adhenng to securty protocols and quick accesability.

maxr t aren’t apparent
in othe mizational structure,
culure, and cratica rk make indmvidual account

abihty crucal Although technology has become an

Network-Level Authentication
Recent government regulatsons are pressuring healkth
care organizations to increase [T usage and governance
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Mix of Various Analytics To Do the Job

What Does This
Document
Image Say?

Computer Vision Analytics Workflow

Identity Identify Identify Identify text
document e lavout letters
quality S i

Human Language Technology Analytics
Workflow
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OCR Problem/Challenge

\

Integration Pt. 1 —

Synchronous 50% accuracy Integration Pt. 2 —
78%
Experimentation b accuracy

ncremental
Text Layoul a2 Integration
Tools l \ 9
Annotation q%
Tool m L> Data
| | Preparation
Synthetic i )
Data .ma-"”
Generation : : l
11 lterate on
Development = | emerg_ent _
of in-house ‘ﬁ?\r‘ behavior Design
OCR i — Revisions
| OCR = 4
Evaluate " Workflow = _
ST swom |, = _, [ rinm
| I Integration = Deliverable
v
1 1
1 1
Machine l | . MT&EE
Translation qﬁ —
(MT) —{ MT & EE — —
[ Workflow ? Language Incremental
Entity ! Ly Integration

Extraction (EE) )
|

Test and Evaluation

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



Taking a Transdisciplinary Approach to Stakeholder
—m— —

Engagement

New Roles and New Skillsets

» Subject Matter Expert,

« Data Engineer,

* Developer,

* Machine Learning Engineer,
 Mathematicians,

« Data Scientist

Transform images
to text.

Develop page
layout parser for
OCR tool to

understand varying

page layouts
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Develop Machine
translation
technologies

Mature entity
extraction
technologies

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
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