USAARL-CNPA-BC--2022-35

Evaluating Eye Tracking in Simulated
Aviation Environments for U.S. Army
Operator State Monitoring

Christopher Aura, Jon Vogl, Aaron McAtee, Kathryn Feltman,
Leonard Temme, & Paul St. Onge

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.



Notice
Qualified Requesters

Qualified requesters may obtain copies from the Defense Technical Information Center (DTIC),
Fort Belvoir, Virginia 22060. Orders will be expedited if placed through the librarian or other
person designated to request documents from DTIC.

Change of Address

Organizations receiving reports from the U.S. Army Aeromedical Research Laboratory on
automatic mailing lists should confirm correct address when corresponding about laboratory
reports.

Disposition
Destroy this document when it is no longer needed. Do not return it to the originator.
Disclaimer

The views, opinions, and/or findings contained in this report are those of the author(s) and
should not be construed as an official Department of the Army position, policy, or decision,
unless so designated by other official documentation. Citation of trade names in this report does
not constitute an official Department of the Army endorsement or approval of the use of such
commercial items.

Human Subject Use

In the conduct of research involving human subjects, the investigator(s) adhered to the policies
regarding the protection of human subjects as prescribed by Department of Defense Instruction
3216.02 (Protection of Human Subjects and Adherence to Ethical Standards in DoD-Supported
Research) dated 8 November 2011.



Form Approved
REPORT DOCUMENTATION PAGE OMB e e 0d 0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188),
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any
penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
23-06-2022 Briefing Charts 24-28 July 2022
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Evaluating Eye Tracking in Simulated Aviation Environments for U.S. Army

Operator State Monitoring 5b. GRANT NUMIBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Aura,C.!, Vogl, J.12, McAtee, A.'2, Feltman, K.!, Temme, L.!, &
St. Onge, P.!

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

U.S. Army Aeromedical Research Laboratory REPORT NUMBER
P.O. Box 620577 USAARL-CNPA-BC--2022-35

Fort Rucker, AL 36362

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)
U.S. Army Medical Research and Development Command USAMRDC MOMRP
Military Operational Medicine Research Program

504 Scott Street 11. SPONSOR/MONITOR'S REPORT

Fort Detrick, MD 21702-5012 NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.

13. SUPPLEMENTARY NOTES
'U.S. Army Aeromedical Research Laboratory, 2Goldbelt Frontier, LLC

14. ABSTRACT

Developments in eye tracking technology have enabled researchers’ better access to gaze and pupillary behavior in a wider range of
settings. Changes in gaze patterns and eye movement dynamics, allow the assessment of cognitive workload, fatigue, and situational
awareness in military operational environments, including within the aircraft. Changes in pupil diameter reflect the tone of the
autonomic nervous system, also potentially revealing changes in cognitive workload, arousal, and stress. Eye Tracking can provide
unique insights into operator state and physiological condition through passive, non-invasive measurement, and may be an important
instrument in the operator state monitoring toolkit of tomorrow’s military aviation needs. Head-mounted systems may be better
suited to operational research.

15. SUBJECT TERMS
Eye tracking, aviation, flight simulation, cognitive workload, operator state monitoring

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF |18. NUMBER |19a. NAME OF RESPONSIBLE PERSON
a. REPORT |b. ABSTRACT | c. THIS PAGE ABSTRACT SXGES Loraine St. Onge, PhD
19b. TELEPHONE NUMBER (/nclude area code)
UNCLAS | UNCLAS | UNCLAS SAR
1 334-255-6906

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. Z39.18



REPORT DOCUMENTATION PAGE (SF298)
(Continuation Sheet)

13. Supplementary Notes (continued)
Aura, C., Vogl, J., McAtee, A., Feltman, K., Temme, L., & St. Onge, P. (2022). Evaluating eye tracking in simulated aviation environments for
U.S. Army operator state monitoring [Poster presentation]. Applied Human Factors and Ergonomics Conference 2022, New York City, 24-28

July, 2022.



Evaluating Eye Tracking in Simulated Aviation Environments for U.S. Army

Operator State Monitoring
Aura, C.1, Vogl, J.12, McAtee, A.12, Feltman, K.1, Temme, L.%, St. Onge, P.1

'U.S. Army Aeromedical Research Laboratory, Fort Rucker, AL
2Goldbelt Frontier, LLC, Alexandria, VA

UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY

Background

Developmentsin eye tracking technology have enabled researchers' better
access to gaze and pupillary behavior in a wider range of settings.

* Changesin gaze patterns and eye movement dynamics, allow the
assessment of cognitive workload, fatigue, and situational awareness in
military operational environments, including within the aircraft.

* Changesin pupil diameter reflect the tone of the autonomic nervous
system, also potentially revealing changes in cognitive workload, arousal,
and stress.

* Eye Tracking can provide unique insights into operator state and
physiological condition through passive, non-invasive measurement, and
may be an important instrument in the operator state monitoring toolkit of
tomorrow's military aviation needs.

Head-mounted systems may be better suited to operational research

Methods

Pupil Core Binocular System
Pupil Labs (Berlin, Germany).

6-Axis 2b-38 UH-60R Research
Simulator
USAARL Flight Systems Branch.

Initial efforts with dash
mounted system
resulted in >60% data
loss.

We saw changesin gaze
behavior as the
participants learned the
new cuing display.

* Initial efforts with head-
mounted system has
resulted in <20% data
loss.
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* 6 Simulator-based studies starting in fiscal year 2023 at the U.S.

*  Developing designs to improve and expand mounting solutions for

*  Data quality vs. mounting configuration on UH-60M cockpit study.

* Datasynchronization with USAARL's UH-60M simulators and

Discussion

Head-Mounted Eye Tracking in UH-60M Flight Simulators Impressions
Pros:

1. Lessdataloss

2. Simple calibration

3. Mostly impervious to head movements

4. Vibration dampening of neck

5. Closer view of the eye improves potential pupil resolution

Cons:
1. More complex to register gaze to environment

2. Potential to add weight to head

3. Elements near eyes poses risk for some operational settings
4. Slippage

Future Directions

Army Aeromedical Research Laboratory are using eye-tracking

small eye cameras:
* Improve Comfort and Reduce Slippage
*  Helmet/night vision goggle Mounts

*  Desktop-mounted Single Camera (GP3HD, Gazepoint,
Vancouver, Canada)

*  Desktop-mounted Multi-camera Arrays (ProDX, Smart
Eye, Gothenberg, Sweden)

* Head-mounted Cameras (Pupil Core Binocular, Pupil
Labs, Berlin, Germany)

operator state monitoring systems using Lab Streaming Layer
USAARL's simulators are now networked together.
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