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Human Centric Systems Engineering:

“Tackling the Wicked Problem.”
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Top Level Research Question:

Q. How could systems engineering seek to
engineer the cognitive aspects of an
autonomous system() such that we, at least,
maintain human effectiveness?

Do we understand what the human’s contribute?

(1): An Autonomous System is a system that contains machine
components with advanced decision making capabilities.
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Leading to Key questions for this Work:

1, How could a systems engineer recognise
and capture the human cognitive contribution in
a system?

2, Can we use this technology to understand
how changes in one part of the system could
Impact the potential cognitive contribution of
other parts of that system?
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Changing our

Viewpoint on Systems
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Definition of a System

“A system Is

that body which is considered as functioning unit,

which is formed of many often diverse parts

that achieves a purpose. “
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A System

7 ooem 1

99.9% of Systems require human interaction to achieve their purpose.
But humans are complex so we choose to place them outside the system

Insyte 161 April 2009 7



Capturing the Human interaction: Use Cases

Create
Voucher

Problem: This model does not capture the human/human interaction
= System Information flows
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Placing the Human contribution within the system bounds

Machine

Problem: What aspect of the humans should we capture?
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An
Engineering Framework

to capture the
cognitive contribution
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Recognising the Human Cognitive Attributes: Awareness

a N\

Awareness

" /

The ability to conceive or perceive the current operational context..
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Recognising the Human Cognitive Attributes:

Understanding

-

"

~

Understanding

/

The ability to recognise relationships in the current context and their
significance/affordance in light of the system purpose.

Insyte

16™ April 2009 12



Recognising the Human Cognitive Attributes: Deliberation

a N\

Deliberation

" /

The ability to make suitable choices taking into account the n-dimensions
that can alter the temporal and spatial future.
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The information Flows between the Three Cognitive Capabilities

Informnatiaon te reducz
unc2ntainlies

Future options and
possible aatcome s

Linderstaading -

Friarities

Concapt of
the ward

Irigauk Outtput

Infermation

Awareness Czlibaraticn

Infermation
needs

Current and possialz
futurz degision needs

Provides an understanding of the human’s information needs
and the information they can provide
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Provides a richer view of the system
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An
Engineering Process
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How do we use It?

An engineering process

Lise of the Framework

Caphire the system
viesgzaint

Capturing the complex
azpacts of the system

Capturing the individual
and Human tearm cognitive
focus

Recocgn = ng whears
machine technology rray
influence effectiveness

Undaretanding the degloyrent
of e maching technology snd
the required huran suppot— ta
maintain their avwarenass,
understanding and DelikeratioA

Engineering Process

Capture the Tachnical
Challengas that the system must
meet

v

Capture the conceptual System
recoghising any
imternal complexities

v

Saekto uncerstand the hurman's
cogrit ve rezponszibilities and
information needs

v

Recognize what constitubes
Systems =flectiveness aqd the
human's cortribution t= it

v

Cevelop a system design
respecting the human's
cognitive regzonsib lides!

information needs

Artefacts of the Process

Capahbility Statement

Imzlied Decision Process

Existing (Hurnan) Systerm
Cognitive Model

Capakility Measure of
Effectivenezs. Recognition o the
individual hurman role's
cotributicn to 2ystam effectivnezs

A zsyzatern design capburiag the heman-
machine intzaracticns at the cognitive level
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Example Study:

Investigating the
deployment of machine technologies
Into an existing human system

Force Threat Evaluation and Weapons
Assignment
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Example Application: FTEWA
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Use of Imperial College’s Stochastic optimisation for
real-time air defence management..
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Characterise the System

Capture the Technical challenges and constraints that the system
must meet.
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Characterise the System

Map to cognitive capabilities.
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Characterise the System

Capture as a Cognitive system,
capturing the complex relationships.
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Capture the individual human and .....

cognitive focus

Seek to understand the human's cognitive responsibilities and

information needs.
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BAE SYSTEMS

Capture the individual human and team cognitive focus

Join the individuals models together to form the team model:
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for engagement
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engagement criteria
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Recognise where new technologies may influence effectiveness

Recognise what constitutes system effectiveness and the humans
contribution to it.

S
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Understand the implications of the deployment of the technology

Develop a system design respecting the human's cognitive
responsibilities/information needs..........

A
"R
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Understand the implications of the deployment of the technology

Recognise the machine technologies data requirements:
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Understand the implications of the deployment of the technology

Identify them in the human team model.

E.g. The inputs
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Understand the implications of the deployment of the technology

Simplify the model by removing all flows that should not be effected.
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Take a human centric perspective:

For each of the human roles investigate how the technology
could impact/influence their
Awareness, Understanding & Deliberation

Information to reduce
uncertainties

Future options and
possible outcomes

Concept of
the world

Input
Data

Output
Information

Awareness Understanding Deliberation

Information
needs

Priorities

Current and possible
future decision needs

Detect & Detail Mismatches, Look to find possible solutions
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Take a human centric perspective

Investigate enhancements to the machine technology that would meet the
human requirements.
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BAE SYSTEMS

Understand the implications of the deployment of the technology

Map the enhanced machine technology to the human team model, to
understand Human Machine Information Exchange challenge:
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Back to Traditional Systems Engineering..

Provide the Rich System Model to the System/Software Engineers
to generate the non organic system element design

Provide the Human Factors team with the Human Centric Interaction
Requirements with which to develop the HCI
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Qutcome:

Enables us to understand the cognitive (decision) aspects of a
system:

*As a conceptual cognitive system.

*For individual Roles

*As a human team view.

*As a rich system view, including machine technologies.

Provides the basis for investigating:

*Changes to the human team
*Deployment of advanced machine decision technologies.
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BAE SYSTEMS

Questions?
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Outcome:

Dr Joanne Thoms

BAE Systems Integrated System Technologies (Insyte) Limited
Victory Point

Lyon Way, Frimley, Camberley

Surrey, GU16 7EX

United Kingdom

Telephone +44 (0) 1276 603677

Fax +44 (0) 1276 603001

email jo.thoms@baesystems.com
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