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14. Abstract (continued)

configurations in a simulated cockpit.
Method:
Approvals: This presentation reports human research reviewed and approved by the Headquarters, U.S. Army Medical Research and
Development Command Institutional Review Board, and separate data sets collected from activity determined to not qualify as human subjects
research by the U.S. Army Aeromedical Research Laboratory (USAARL) determination official.
In our continued efforts to develop and expand USAARL’s eye tracking capabilities and appraise the suitability for eye tracking in operational
settings, we have recently conducted a direct comparison of the performance of three eye trackers in a flight simulator. Eye camera systems
with three unique mounting configurations were evaluated sequentially by rated aviators (n = 5) while they performed a choreographed
sequence of fixations around the cockpit, followed by an overland flight. These were completed in the Cockpit Academics Procedural Tool –
Enhanced Visual Capable System (SGB-Enterprises, CA, USA) fixed-base UH-60M flight simulator. This simulator was constructed for
USAARL by combining it with a 12-foot projection dome (Q4 Services, CA, USA) and X-IG image generation software (CATi Systems, AL,
USA). The eye tracking systems evaluated included one with a single camera mounted remotely on the dashboard directly in front of the pilot,
another with five cameras mounted remotely in locations spread throughout the cockpit, and the last with small cameras fixed to a frame worn
on the head (like eyeglasses).
Results: All three systems were able to collect data with some success and support the inclusion of eye tracking in operationally viable operator
state monitoring systems. In addition, a survey of experts in the fields of physiology, psychology, and human performance rated the extent to
which various physiological measures may be useful in OSM, and more specifically, predicting cognitive workload. With respect to eye
tracking, 76.1% of respondents to the relevant survey questions (total respondents = 21) rated these measures as “likely” or “very likely” able
to detect changes in cognitive workload. 72.7% of these respondents also reported that changes in cognitive workload can be detected using
pupillometry, or the measurement of changes in pupil size. These responses are supported with data collected by USAARL researchers
demonstrating that increases in pupil diameter are associated with increasing cognitive challenge (Aura et al., 2021) on an n-back sequential
memory task.
Discussion:
A direct comparison of the performance of multiple eye tracking systems found that modern eye tracking systems (configurations:
multi-camera, head-mounted) can perform at an acceptable level within the unique mounting constraints of the UH-60M cockpit layout. As the
simulator used in this activity was fixed, and did not have motion capability or simulated vibration, we cannot yet determine how these systems
will tolerate those additional forces. Future efforts are underway to conduct a second phase of testing to address the impact of these forces in a
full-motion simulator. This is supported by significant pupillometric effects found in prior USAARL research efforts looking at eye tracking
metrics and direct manipulations of cognitive workload (Aura et al., 2021). In addition, most of the survey respondents support including eye
tracking and pupillometry in future, multi-modal, physiological operator state monitoring suites. In summary, eye tracking remains an integral
part of USAARL’s research surrounding operator state monitoring. As we learn more on the feasibility of including eye tracking systems in
efforts moving closer the operational environment, we will continue to provide U.S. Army decision-makers with recommendations for Future
Vertical Lift projects.
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Background

Advances in digital video sensor technology have allowed higher resolution 
infrared images of the eyes to be collected from increasingly smaller 
camera systems. Advances in computer vision and feature recognition 
algorithms allow modern infrared video-based eye trackers to make precise, 
detailed recordings of the eye’s behavior in near real-time, and under an 
expanding variety of conditions outside of the strict constraints of the 
laboratory setting. Eye-related operator state monitoring metrics, including 
gaze patterns, eye movements, and pupillometry, are impossible to obtain 
without effective tracking of the pupil. Thus, the analyses specific to the 
proportion of time where pupil tracking data were lost or spurious over the 
course of a choreographed sequence of fixations about the cockpit followed 
by a short, low-level, flight through a simulated urban environment.  

Methods

Figure 1: UH-60M Black Hawk Forward Cockpit Layout

• CAPT-E fixed-base UH-
60M simulator (SGB 
Enterprises; CA,USA) 
running XiG software 
(CATi; AL, USA)

• 5 currently rated, UH-60M 
pilots evaluated each 
system within a single 
session.

• Flight scenarios were 
chosen to maximize head-
motion but minimize 
effort.

Figure 2: Diagram of the camera mounting 
positions in the UH-60M Cockpit

Figure 3: Timeline of the procedure
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Results
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Discussion

Figure 4: Tracking data loss in the left and right eyes for the single 
camera (Green),  the multi-camera array (Black), and the head-mounted 

camera (Tan) systems.

• The single camera system favored the right eye, while the head-mounted
and remote-array systems captured both eyes equally well.

• Single camera systems can collect usable data in a fixed-based UH-60M
simulator.

• Head mounted systems and remote array systems both performed with
minimal data loss and may be well suited for inclusion in future
physiological monitoring systems.

• Eye tracking systems are emerging that can effectively tackle the
operational environment, but the advantages and disadvantages of each
mounting configuration should be leveraged against the study design.

Future Directions
• 6 simulator-based studies are currently underway at USAARL using eye

tracking as a physiological measure.
• Future studies at USAARL are using data from this evaluation to select

the eye tracking system best suited to those research conditions.
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