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Challenge: Increasing Operational Demands:---
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Autonomous Systems and Human }ﬁET!MAg
PEEIQ MRS of Flight AF447*

o/ = QOperational challenges

— Mismatch between humans and
the systems they use

— Human “in-the-loop” vs “on-the-

| loop”

* Role of Autonomy in DoD
Systems (DOD DSB, 2012)

— Barriers preventing the adoption
of autonomous systems

3D view of the last 5
minutes of the flight

Planned route
Last known position

1. 0135 GMT: The crew informs the controller of the flight's location
2. 0159-0206 GMT: The co-pilot warns of turbulence ahead before

the captain leaves the cockpit for a rest break — Qutlined recommendations to

3. 0208 GMT: The plane turns left, diverting from the planned route. overcome those Obstacles
Turbulence increases ] ]

4. 0210 GMT: The auto-pilot and auto-thrust mechanisms = MisSsion Need

disengage. The plane rolls to the right. The co-pilot attempts to . .

raise the nose. The stall warning sounds twice and the plane’s — Significantly enhanced methods
speed drops. The co-pilot calls the captain for representing information

5. 0210 GMT: The stall warning sounds again. The plane climbs

© 38.000ft about human operators to

6. 0211-0213 GMT: The captain re-enters the cockpit. The plane is autonomous SyStemS

flying at 35,000 ft but is descending 10,000 ft per minute. The co- .
pilot says "I don't have any more indications", pulls the nose down Workload’ engagement’ StFESS,

and the stall warning sounds again fatigue, and performance

7. 02:14 GMT: Recordings stop
© 2014 Aptima, Inc. *Source: http://www.bbc.co.uk/news/world-europe-13572569 4
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= Design common set of measures,
analysis techniques, infrastructure,
and transfer protocols to communicate
the operator cognitive states to
autonomous systems in real-time
mission settings

= Develop tools, methods, and
standardized interface protocols that
will be a key enabling technology for
the development of flexible, user-
conscious autonomy

= Provide the technological basis for
future advancements in flexible,
human-system collaborations to
enhance overall systems and mission
effectiveness

© 2014 Aptima, Inc. 5
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SOIUtion Strategy: Quantified Warrior Human-Centered Engineering

— Sense-Assess-Augment Taxonomy (Galster et al, 2014)
= Adopted by 711th Human Effectiveness Directorate at AFRL

— Sense and Assess the state of warriors/operators/trainees

= Unobtrusive sensors
= Actionable assessments

— Augment human-machine interfaces, interactions, tasks
= Machine learning of augmentation policy

o
i HUMAN sense-nssess-ougment

Applicable across LVCG domains

.
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On Body

Applied Neuroscience
Sense Technologies

Biomarkers

Eye tracking/Oculometrics
Vigilance, Arousal, Trust,
Cognitive Load, Fatigue

Cardiac Activity
Stress, Team Synchronicity,
Cognitive load, Arousal

Voice Patterns
Stress/Anxiety,

Team Synchronicity

Facial Expressions
Emotional/Affective State

Thermal Imaging
Workload, Stress/Anxiety

Interface Pressure Sensors
Stress/Anxiety, Cognitive Load

Metrics of Mission Performance
Cognitive Load

-

/

Galvanic Skin Response
Stress
Cardiac Activity
Stress, Team Synchronicity,
Cognitive load, Arousal
Respiration
Cognitive Load, Arousal
Skin Temperature
Workload, Stress/Anxiety
EEG
Cognitive load
EMG
Stress/Anxiety
fNIRS
Cognitive Load
Accelerometers

Team Synchronicity,
Arousal

- /

Brain Derived Neurotrophic
Factor

Memory/Learning
Neuropeptide Y

Memory/Learning,
Stress Resilience

Cortisol
Anxiety
Orexin A
Vigilance, Arousal
Oxytocin
Interpersonal Trust, Anxiety
Epinephrine
Anxiety, Arousal
Norepinephrine
Anxiety, Arousal
DHEA

Anxiety, Emotional State

Cytokines
Inflammation/stress

/
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Enabling Technology for Sensor Fusion s ceeei e

via HPML
—>

Measurement Library / Assessment Data / Measure Cueing

ASA: A-Measure Server Application

System-based Measurement

PM Engine

Observer-Based Measurement

SPOTLITE

N

Real-time, AAR,
Trend Analysis

Performance Dashboard

v

v v

v

Instructor Operating
Station (CDMTYS)

Simulator data via Neurological and
HLA, DIS, etc. Physiological Data

Comms and Info
Dissemination Data

© 2014 Aptima, Inc.
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Human-Centered Engineering

= Extract meaningful human-focused parameters that are
standardized and communicated so that system designers
can fully utilize the state from the human operator

921

Performonce

© 2014 Aptima, Inc.



Human State Assessment is a Big Data APTIMA

Human-Centered Engineering

Problem
% Training Samples ’t.— Filter out Pattern Step 1: Learn
! . e | weak . patterns from
r— R S clusters Library N
— ¢ % > |T ] training _
|-Zr| * _-:S'ﬁ:-,: Segmentation Pattern t.= samE!es using
L ﬁ% & Clustering . Learning .a: mac '|ne
.o AREIw Tm —> learning
- 1T 2@
. F = oo™
g mapping o o Step 2: Find
= = - variations of
E ;’;H.’Rh learned
m y — '\«.E«f" patterns in
' o o, data via
Da;tr:mg_ﬁ_ sareati OptimiZEd
:-:'_r-,_-- '.:"‘ ik (Mode| Matwork) (Data Metwork) stochasti C
Observed Data Network Inexact mapping of patterns to data search

Leverage evolving techniques from the cyber and intelligence
domains

© 2014 Aptima, Inc. 10
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A u g m e n t Human-Centered Engineering

= Standardize how autonomy receives cognitive states:

— What structure does the data have? Is it always in this format? How
do | get the data?

col Tosk Mognified
e N

Assess

Predict

937-938-3572, scott galster@us af.mil

© 2014 Aptima, Inc.
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Model Cognitive State & Contextual
Relationships for Autonomy

Understa

110

Continuous Workload For Scenario 3 Trial 2 Difficulty 14
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Optimi Z e d Human - Aut O n O my Human-Centered Engineering

» Errors

TRAINING > Terror attacks
» Errors d > Cyber attacks
> RPAS lost

» Time to train - _
¥ B > Efficiency “ - > Casualties

» Personnel

> Attrition rate 7| » Effectiveness a

> Efficiency “ ™ Reduce
> Effectiveness a

casualties and costs

© 2014 Aptima, Inc.
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C O nt a C t In fo rm ati O n Human-Centered Engineering

Kevin T. Durkee | Senior Scientist
Capability Lead, Human-System Performance Assessment

Phone: 937-490-8010
E-mail: kdurkee@aptima.com

APTIMA, Inc. | www.aptima.com
3100 Presidential Dr, Suite 220
Fairborn, OH 45324
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