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Introduction

The US Army’s AH-64 Apache attack helicopter has been fielded since the early 1980°s
(Figure 1). There are currently two models (A & D) of the Apache. The latter D-model differs
primarily from the A-model in cockpit design and the addition of a mast-mounted millimeter
radar system. The AH-64 is a tandem-seated aircraft with the pilot occupying the rear seat and
the copilot/gunner occupying the front seat. Both pilots fly and perform fire-control procedures
using a monocular helmet-mounted display (HMD) known as the Integrated Helmet and Display
Sighting System (IHADSS) (Figure 2). The IHADSS provides pilotage and fire-control imagery
from separate forward-looking infrared (FLIR) sensors mounted on the nose of the aircraft.
Flight symbology is integrated (embedded) into the HMD imagery. The FLIR sensor that
provides the pilotage imagery is known as the Pilot’s Night Vision System (PNVS); the FLIR
sensor that provides the fire-control imagery is known as the Target Acquisition and Designation
System (TADS).

Figure 2. The AH-64 Integrated Helmet and Display Sighting System (IHADSS).




A number of studies (Hale and Piccione, 1989; Behar et al., 1990; Crowley, Rash and
Stephens, 1992; Rash et al., 2001) have documented pilot reports of degraded visual cues, visual
symptoms, and visual illusions while flying using the IHADSS HMD. All of these studies were
conducted in relatively benign environments (e.g. training and non-combat missions). The study
reported herein is the first to investigate the presence of visual complaints and artifacts in an
operational combat environment; i.e., in Operation Iraqi Freedom (OIF).

Background

Following the fielding of the AH-64 (A-model), as pilots gained experience with the use of the
novel monocular IHADSS HMD, complaints of visual problems began to manifest themselves.
In 1989, Hale and Piccione (1989) conducted the first, although limited, survey of AH-64
Apache aviator experience with the IHADSS HMD. The study documented aviator complaints
of physical fatigue and headaches. The aviators attributed these symptoms to binocular rivalry,
poor FLIR image quality, narrow field-of-view (FOV), poor depth perception, and inadequate

eye relief.

The design of the IHADSS as a monocular HMD was based somewhat on cost but primarily
on head-supported weight considerations. At the time of development, helmet and display
technologies could not provide a binocular (two-eyed) HMD system at the level of head-
supported weight needed to address safety issues during crashes. There are two major visual
concerns associated with the IHADSS’s monocular design: binocular rivalry and eye
dominance. Binocular rivalry is a phenomenon that occurs when the eyes receive dissimilar
input. The brain resolves this visual conflict by suppressing one of the input images (Bishop,
1981). The IHADSS presents the eyes with two separate inputs. The right eye views the FLIR
imagery, and the left eye views the external world (to include the interior cockpit). These two
views differ in color, resolution, FOV, motion content, and brightness. While in practice, the
aviator must possess the capability to intentionally switch attention between the two visual
inputs, binocular rivalry can produce unintentional alternation between the two inputs.

Eye, or “sighting”, dominance refers to a tendency for an individual to use or prefer one eye
over the other for monocular tasks. Again for weight considerations, a decision was made to
provide mounting of the HMD only for the right eye. While serious questions were raised during
early system development as to whether a left-eye dominant aviator could learn to use a right-eye
display, there has been no conclusive evidence linking sighting dominance with various facets of
cognitive ability, including tracking ability and marksmanship performance (Crowley, 1989).

Crowley’s 1989 study requested aviators to report illusions or other visual effects experienced
while flying image intensification devices (i.e. night vision goggles) or the AH-64 IHADSS
HMD. Due to the limited number of AH-64 aircraft fielded at that time, the majority of reports
were associated with image intensification devices; only 21 reports were associated with the use
of the IHADSS. The reports were classified as either relating to degraded visual cues, static
illusions, dynamic illusions, or miscellaneous. The most common degraded visual cue reported
was impaired acuity (14%); the most common static illusion was faulty height judgment (19%);




and the most common dynamic illusions were undetected aircraft drift (24%) and illusory aircraft
drift (25%). Table 1 summarizes these reports.

Table 1.
Reports of degraded visual cues (n = 21).
(Crowley, 1991)

Degraded visual cues
Degraded resolution/insufficient detail
Loss of visual contact with horizon
Impaired depth perception
Decreased field-of-view
" Inadvertent instrument meteorological conditions (IMC)
Static Illusions
Faulty height judgment
Trouble with lights
Dynamic Illusions
Undetected aircraft drift
Nlusory aircraft drift
Disorientation (“vertigo”)
Faulty closure judgment
Miscellaneous
Hardware-related problems distracting symbology
Crew coordination problems mixing FLIR and image
intensification 5 1
Physiological effects (dark adaptation effects) 5 1

The 1990 Visual Issues Survey of Apache Aviators (VISAA) (Behar et al., 1990) study was
designed specifically to address visual medical concerns raised by Apache unit flight surgeons.
It consisted of three parts that addressed separate aspects of Apache aviator vision. The first part
was an epidemiological assessment that documented visual problems being reported by the Ft.
Rucker, AL, Apache instructor pilot (IP) community. The second part was a clinical and
laboratory evaluation of the refractive and visual status of a sample of the IP community. The
third part measured the Apache aviators’ adjustment of the IHADSS focus setting.

For the epidemiological vision survey, a questionnaire was distributed to the Ft. Rucker, AL,

Apache IP community. Fifty-eight questionnaires were completed and returned. The sample

“had a mean age of 35.8 years, mean total flight hours of 3330, and mean AH-64 flight hours of
664. More than 80% of the aviators reported at least one visual complaint associated with
periods of flying or directly following flight in the AH-64. From respondent comments, the
authors concluded that most visual symptoms occurred during long flights and/or while flying
with poor quality FLIR imagery. The most common visual symptom reported while flying was
that of visual discomfort (51%); the most common visual symptom reported after flying was
headache (34%).




The second part of the study was a clinical visual assessment of 10 IPs. Subjects ranged in
age from 32 to 44 with a mean of 38.6 years. Average total flight hours were 4560; average AH-
64 flight hours was 895. The clinical assessment consisted of a comprehensive visual function
test battery that included assessment of visual acuity, contrast sensitivity, color vision, depth
perception, sighting preference, binocular rivalry, and clinical optometric tests of manifest and
cycloplegic refractions, accommodated function, and oculomotor status. No significant variation
from expected normal values were found.

The third and final part of the study assessed focus setting. Twenty AH-64 aviators were
approached on the flight line during actual preflight activities (9 night launches and 11 day
launches) and were requested to perform normal adjustment of the IHADSS, to include focus
setting. At this point, a mini-dioptometer was used to measure the focus dioptric setting. The
range of measured settings was 0 to —5.25 diopters with a mean of —2.28 diopters. The study
concluded that the required positive accommodation by the eye to offset these inappropriate
negative focus settings was very likely a source of reported headaches and visual discomfort
during and after long flights.

The year 2000 study (Rash et al., 2001) was a near duplication of the 1990 VISAA survey and
the Crowley 1989 visual illusion questionnaire, combined. The study was repeated for two
reasons. First, there had been renewed interest in the incidence of visual complaints with use of
the monocular IHADSS, fueled by expanded fielding of the AH-64 Apache helicopter in the
United Kingdom and other countries; and second, during the intervening period, the flight track
for AH-64 aviators had changed. During the éarly years of the AH-64 fielding, all AH-64
aviators were experienced aviators who had transitioned from other aircraft (primarily the AH-1
Cobra). Since 1986, AH-64 aviators had begun transitioning directly from initial entry rotary-
wing (IERW) training into flying the AH-64 Apache. In addition to this change, the respondents
in the 1990 study were all experienced IPs. The year 2000 study included aviators with as few as
20 AH-64 flight hours.

The survey was conducted exclusively via the Internet. The questionnaire was developed and
placed at a dedicated Internet address, reachable only by knowing the direct Internet address.
This address was advertised in Flightfax, a U.S. Army Safety Center, Fort Rucker, Alabama,
publication that is distributed to all U.S. Army aviation units. The Internet survey was advertised
further via emails to commanders of all AH-64 units worldwide. The questionnaire consisted of
six sections: (1) demographics, (2) visual history, (3) helmet fit, (4) aviation vision, (5)
acoustical issues, and (6) an open-ended comment section. The most important section, aviation
vision, repeated the previous studies’ questions about visual complaints, symptoms and illusions
experienced either during or after flight using the IHADSS HMD.

A total of 216 questionnaires were evaluated, which represented approximately 12 percent of
the AH-64 active-duty and National Guard AH-64 aviator population. Respondents had a mean
age of 36.5 years, mean total flight hours of 2131, and mean AH-64 flight hours of 1116. The
study concluded that 92% of respondents reported at least one visual complaint/symptom either
during or after flight; the frequency of complaints did not correlate to age or flight experience;
the data did not support any association between eye preference (dominant eye) and the number
of visual complaints; the two most reported static illusions were faulty slope estimation (80.1%)




and faulty height judgment (73.6%); and the two most reported dynamic illusions were
undetected drift (78.2%) and illusory drift (71.3%). Table 2 summarizes the types and frequency
of reported visual symptoms.

Table 2.
Percentage of aviators reporting visual symptoms during and after Apache flight (n=216).
(Rash et al., 2001)
During flight After flight
Never Sometimes Always NR | Never Sometimes Always NR
Visual discomfort 185  76.4 51 0.0 25.5 66.2 79 05
Headache .38.9 59.7 09 05 36.1 61.1 14 14
Double vision 93.5 6.0 05 00 93.1 . 4.6 05 19
Blurred vision 66.2 333 05 00 63.0 36.6 05 0.0
Disorientation 574 42.1 00 05 88.4 9.7 00 1.9
Afterimages 70.4 27.3 19 05 51.9 41.7 5.1 1.4
Methodology

Operation Iraqi Freedom AH-64 Apache aviator survey

The survey in the current study was conducted in northern Iraq over a 3-day period, 25-27
November 2003. The survey consisted of a written questionnaire and an oral interview (both
administered by a U.S. Army flight surgeon assigned to the 101* Airborne Division, deployed in
northern Iraq, who also is a co-investigator in this study). The questionnaire (Appendix A)
consisted of five sections: (1) demographics, (2) visual history, (3) helmet fit, (4) aviation vision,
and (5) combat effectiveness. The demographics section addressed age, gender, total flight
hours, total AH-64 flight hours, total combat hours flown in OIF, and information about number
and duration of flown sorties. The visual history section documented the use of vision correction
(i.e., spectacles and contact lenses) and eye preference. In the helmet fit section, aviators were
requested to provide information regarding history, quality and satisfaction of the fit of their
THADSS helmet, an important factor in maintaining HMD optical alignment. Of primary
interest were questions in the aviation vision section regarding visual complaints, symptoms, and
illusions experienced either while or after flying with the [IHADSS. Respondents were asked to
rate the effectiveness of their IHADSS during OIF (using a Likert scale of 1 to 5). Finally,
respondents were asked if they had participated in the 2000 Internet survey conducted by the
U.S. Army Aeromedical research Laboratory (USAARL) (Rash et al., 2001).

Immediately following completion of the questionnaire, each respondent was asked to
participate in a short oral interview conducted by the flight surgeon. The interview consisted of
11 structured questions and 1 unstructured question. Structured questions addressed previously
identified potential problem areas, e.g., maintaining full FOV, combiner breakage, and sensor
slew rate. Additional questions requested respondent opinion on the best and worst features of
the IHADSS, day versus night use of the IHADSS, and the acceptance of a hypothetical




binocular IHADSS design. The final, unstructured, question provided respondents with the
opportunity to identify previously unaddressed IHADSS issues.

Subjects

A total of 41 AH-64 aviators participated in the study. One respondent was eliminated when it
was determined he was newly assigned and had not logged any flight hours within the theatre of
operations. It is estimated that the 40 valid respondents represented approximately 20% of the
targeted population of AH-64 aviators conducting day-to-day flights in OIF. All respondents
were assigned to units of the 101st Aviation Brigade, 101st Airborne Division (Air Assault),
participating in OIF throughout the theatre of operations in northern Iraq. Note: Due to ongoing
hostile conditions, subject selection was not fully randomized, but was based on availability.
However, subject demographics (Table 3) depict a diverse range of age and flight experience.

Demographics

Demographic data for the 40 valid respondents are presented in Table 3. This table isa
summary of age, overall flight hours, and flight experience in OIF. All 40 respondents were
male. Forty-eight percent (19) of respondents identified their primary flight role as pilot; 53%
(21) indicated copilot/gunner.

Table 3.
Respondent demographics.
(n=40)

Pt Mean Median Range Stand. Deyv.
Age (years) 32 32 24-43 5.4
Total flight hours 1110 800 200-3600 824.1
Total AH-64 flight hours 774 578 52-3400 701.0
AH-64 flight hours in 214 200 27-400 1025
area of operation
Combat hours 59 50 0-300 66.3
S Male Female
Gender 40 (100%) 0 (0%)

Respondents reported a mean number of sorties flown of 82 (ranging from 4 to 200). A sortie
is defined as an operational flight by a single aircraft. The mean “average sortie length” was
approximately 2.7 hours (ranging from 1 to 5 hours); the mean “longest sortie length” was
approximately 7.2 hours.

Vision history

To establish knowledge of certain vision characteristics of respondents that could impact
IHADSS use, respondents were asked to indicate use of vision correction devices (i.e., spectacles
or contact lenses) and sighting eye preference.




Three (7.5%) respondents indicated the use of vision correction devices. Two reported
requiring such correction both when flying and when pot flying. The third reported using
correction only when flying. All three reported using single vision correction only (i.e., no
bifocals, trifocals, etc.). Of the two respondents using correction when flying, one reported using
contact lenses only and one reported alternating between spectacles and contact lenses.

Eye dominance was documented by asking respondents to identify their preferred sighting eye
and the eye used for viewing through a telescope (Figure 3). Twenty-seven (67.5%) respondents
reported the right eye for both questions; 5 (12.5%) reported the left eye. Two (5%) respondents
reported their right eye as the preferred sighting eye but use of the left eye for telescope viewing.
Five (12.5%) did not respond to either question.

Sighting Eye
B Telescope Eye

Percent

Right Left No Response

Figure 3. Preferred eye and eye used for viewing through telescope.

The percentages of respondents requiring (7.5%) and using (5%) vision correction in this
study are relatively low. In the 2000 study (Rash et al., 2001), these values were 29.6% and
24.1%, respectively. These latter percentages are more consistent with data reported from the
U.S. Army Epidemiology Data Register (Schrimsher and Lattimore, 1991). The lower
percentage of vision correction use found in the present study is most likely explained by the
higher ratio of active duty (typically younger) to National Guard (typically older) participants
serving in Iraq. The 2000 study respondents were a mix of active duty and National Guard
aviators; all 40 respondents of the current study were active duty aviators. This explanation is
supported by the decreased sample age statistics of the current study (mean and median of 32
years) as compared to the 2000 study (mean 36.5 years; median 36 years). The onset of
presbyopia (a reduction in ability to change focus) first manifests itself in the late 30s or early
40s, necessitating an increased use of optical correction devices.

The ITHADSS is a monocular HMD with flight imagery being delivered to the right eye only
(Figure 2). The left eye can view interior cockpit displays or the external scene. The decision to
provide right-eye-only capability was based on the need to constrain head-supported-weight
(Rash, Verona and Crowley, 1990). Beginning with the early design phases of the IHADSS,
there was concern over the potential problems associated with aviators who were not right-eye




dominant. Eye dominance generally refers to which visual input (left or right eye) is
preferentially attended to by the visual system. It correlates well with an individual’s choice of
“preferred eye.” However, eye dominance may be more strictly defined by the visual task at
hand. Coarsely, an individual can determine eye dominance by using both eyes to view a finger
held at full extension that overlays some distant object and then, by alternatively closing one eye,
identify the eye for which the covered object does not appear to move.

In the current study, respondents predominately indicated a right-eye sighting preference
(72.5%) and a right-eye telescope viewing (67.5%); these percentages increased to 85% and
77%, respectively, when “No response” answers were eliminated. These percentages agree well
with the 84% values obtained for both “preferred sighting eye” and “telescope viewing eye” in
the 2000 study.

Sample validity

The purpose of this study was to investigate the presence of visual complaints, illusions, and
other visual artifacts associated with the use of the IHADSS HMD in the AH-64 in the
operational combat environment, as compared to all previous studies that captured experiences in
non-combat mission and benign training environments. The validity of the study hinged on
surveying aviators with sufficient flight experience in the combat environment. The respondents
in this study represented a total of 8564 (mean of 214) AH-64 flight hours and 2260 (mean of 59)
combat hours in the Iraqgi theater. Eighty percent of respondents flew combat missions.

Discussions with Army pilots indicated that between 15-40 flight hours were required at a new
deployment location in order to become “comfortable” with the new flight environment. All 40
respondents exceeded this threshold requirement. The 40 respondents represented approximately
20% of the target population, defined as AH-64 aviators.

As a comparison, the demographics of the 2000 study (Rash et al., 2001) reported mean and
median ages of 36.5 and 36 years, respectively. These higher age statistics reflect a higher
participation of National Guard aviators in the 2000 study. ‘

Analysis

Survey responses were tabulated and presented as percentages. Where appropriate, data were
presented in bar chart format. To answer the research question of comparing HMD visual
complaints and problems in the current combat environment study to findings of the previous
2000 study, a chi-squared analysis was used to compare frequencies of response between the two
studies. For Likert scale data, the Mann-Whitney U-test was used to compare response
distributions (patterns).




Questionnaire data and discussion

The following sections report major data findings for each questionnaire topic. These findings
are discussed within the context of helmet-mounted displays and human visual performance.
Complete questionnaire data are provided in Appendix B.

Eye change

- When asked if their better eye was the same now as it was prior to their AH-64 flight
experience, 55% (22) of respondents reported “Yes,” and 30% (12) reported “No.” Six (15%)
failed to answer the question.

Although placed in the “Visual history” section of the questionnaire, the question, “Is your
better eye the same now (after AH-64 training and experience) as it was prior to your AH-64
experience?” goes to the core of visual performance and etiology issues associated with the
monocular IHADSS. While studies to date have documented reports of multiple visual
symptoms and illusions by aviators (Hale and Piccione, 1989; Behar et al., 1990; Crowley, Rash
and Stephens, 1992; Rash et al., 2001), no studies have established physiological changes in
vision due to the use of the monocular IHADSS system. The first systematic study to investigate
this question is currently underway in the United Kingdom (Hiatt et al., 2001). The study
(initiated in 2001) follows a cohort of British Apache AH Mk1 aviators (exposed group) and
British Army helicopter aviators who do not fly the Apache AH Mk1 (control group) over a 10-
year period. Each participant, at his annual flight physical, undergoes an expanded battery of
vision tests designed to detect any changes in visual physiological state or symptomatology.

In the current study, 30% of all respondents reported a change in their better eye. This value
increases to 35% if the six “No response” answers are ignored. In the 2000 study, approximately
one-third (35.6%) of respondents asked the identical question reported a change in their better
eye. While these percentages appear to track well across the two studies, an interpretation of the
data may be confounded by erroneous ambiguity in the question. The intention of the question
was to inquire if any changes in vision had been experienced as a result of AH-64 flight exposure
to the monocular IHADSS. Unfortunately, the question was open to two interpretations. The
first possible interpretation was whether the “better eye” now (after AH-64 experience) is the
same eye as was your “better eye” before the AH-64 experience. The second possible
interpretation was whether the better eye has changed in performance. This ambiguity was
present in both studies. However, in the 2000 study, comments provided by aviators seemed to
imply that the latter interpretation was used, with several aviators reporting a perceived
worsening in the right (IHADSS monocular) eye. This implication was not present in the current
study.

Helmet fit
The helmet fit section of the questionnaire requested data regarding how much time had

elapsed since last helmet fitting (critical to maintaining optical alignment of the HMD’s exit
pupil [the volume of space where the eye must be placed in order to achieve the full FOV]),



satisfaction with current helmet fit, experience with wearing the nuclear/biological/chemical
(NBC) mask with the IHADSS, and ability to achieve the full 30- by 40-degree FOV.

Achieving a satisfactory helmet fit is critical for the AH-64 aviator. At night, the AH-64 is
flown primarily using the FLIR pilotage and symbology imagery provided through the IHADSS.
The ITHADSS has a relatively small 10-millimeter exit pupil, which must be centered at the eye
in order to achieve a full FOV. To maintain this exit pupil in the presence of the high-vibration
environment of rotary-wing aircraft, it is necessary to achieve a good, stable fit. In addition, the
quality of the fit strongly influences aviator comfort (e.g., hot spots, slippage, chafing, etc.).

The mean and median time periods since last helmet fitting were approximately 13 and 12
months, respectively. Sixty-five percent (26) of respondents had received a refitting within the
year (12 months) preceding participation in the study. One respondent had not received a
refitting in the past 56 months (in excess of 4-1/2 years).

The ITHADSS presents a 30-degree vertical by 40-degree horizontal image. Symbology is
embedded into the pilotage imagery and is located in the periphery. When asked about ability to
achieve the full FOV, respondents overwhelmingly (33, 82.5%) answered “Yes;” it should be
noted that 17.5% (7) reported they were not able to achieve a full FOV.

Approximately two-thirds (62.5%) of respondents were somewhat or completely satisfied with
the quality of their helmet fit; one-fourth (25%) of respondents were somewhat or completely
dissatisfied with their helmet fit. The most common impact of a poor fit was an inability to
achieve a full FOV of the THADSS imagery. Forty percent (16) of respondents reported fit-
related degradations in FOV. Representative comments included “helmet slides with head
movement, causing me to lose symbology,” “improper fit makes it hard to view image after a
sustained amount of time,” and “I have to tilt my helet bzck through [out] flight to maintain

visibility.”

While a majority (25, 62.5%) of respondents reported being somewhat or completely satisfied
with their current IHADSS fit, one out of four (10, 25%) rated satisfaction with their current fit
as somewhat or completely dissatisfied. In addition, 40% of respondents reported their ability to
view IHADSS imagery was impacted by their helmet fit. In the 2000 study, a comparable 68.1%
of respondents reported being somewhat or completely satisfied with the fit of their IHADSS
helmet; a slightly smaller percentage (17.1% vs. 25%) reported being somewhat or completely
dissatisfied. A statistical comparison between the distributions of the Likert scale responses for
helmet satisfaction for the current and 2000 studies, using a two-tailed Mann-Whitney U-test,
produced a p-value of 0.11, indicating there was no statistically significant difference between
the two helmet fit satisfaction distributions. (NOTE: The Mann-Whitney test is a nonparametric
statistical procedure for judging the statistical significance of differences between patterns of

responses.)

Only 16 (40%) respondents had received a helmet fitting that included the NBC mask. Even
fewer respondents, (3, 7.5%), reported flying with the NBC mask during OIF. Two of these
three reported 1 hour of flight with the NBC mask; one reported 20 hours of NBC mask flight.

10




Although only three respondents reported flying with the NBC mask in OIF, 12 respondents
provided comments on the issue of incompatibility between the NBC mask and the THADSS
optics (i.e., the Helmet Display Unit [HDU]). Of the three respondents who flew with the NBC
mask, two provided comments about incompatibility. One comment addressed the known fact
that the helmet design did not anticipate a requirement for use with an under-the-helmet NBC
mask. The second comment stated the respondent was unable to place the HDU sufficiently
close to the eye when wearing the NBC mask. The additional comments provided by
respondents who had not flown the mask in the Iraqi theatre of operation were based on
previously acquired experience. These comments focused on poor fit, reduced FOV, basic
design incompatibility between mask and HDU, and loss of symbology (associated with reduced
FOV). Two representative comments were “lost all symbology in lower right [comer] and
unable to move full left and right” and “helmet was not designed to incorporate a mask.”

During the development of the AH-64 and the accompanying [HADSS HMD, the intent was
to address the issue of NBC protection through aircraft overpressure. Later in the design phase, a
decision was made to provide NBC protection through an under-the-helmet mask design. As a
result, there is an inherent design incompatibility between the mask and the HDU.
Consequently, it is not surprising that the ability of aviators to view IHADSS imagery is
compromised when wearing the NBC mask. This degradation was borne out by respondent
comments about reduced FOV and loss of symbology information. The reduction in available
IHADSS FOV while wearing the NBC mask has been previously documented (Rash and Martin,
1987; Crosley, Rash, and Levine, 1991). These studies reported an average reduced FOV of 29
degrees vertical by 32 degrees horizontal, as compared to the full 30- by 40-degree FOV. The
anticipated effect of this reduction is that aviators can expect to encounter losses in some
portions of symbology information when wearing the NBC mask.

Aviation vision

Previous studies have documented a number of visual symptoms, complaints, degraded visual
cues, and illusions associated with Apache AH-64 flight using the [HADSS monocular HMD.
The major goal of this study was to compare the types and frequencies of these reports for the
previous studies, and their generally benign flight environments, to the more demanding and
stressful combat environment encountered in the initial conflict period of OIF and its aftermath.

Visual complaints and symptoms

Reported visual complaints and symptoms for both while and after flying with the JHADSS
HMD are presented in Table 4 and Figures 4 and 5. The most common visual complaint
reported while flying was visual discomfort (e.g., eyestrain, fatigue) (30, 75%), followed by
headache (27, 67.5%). Other complaints such as blurred vision (18, 45%) and afterimages (16,
40%) were reported by over one-third of the respondents. These were followed by disorientation
(11, 27.5%) and double vision (4, 10%). Respondents reported a typical onset period of 2 hours
into flight for the symptoms.
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The most common complaints reported after flight, likewise, were visual discomfort (23,
57.5%) and headache (23, 57.5%). These were followed by afterimages (16, 40%), blurred
vision (11, 27.5%), and double vision (2, 5%).

Table 4.
Visual complaints.
(expressed in percent)
During flight After flight
Never Sometimes Always NR | Never Sometimes Always NR
Visual discomfort 25.0 70.0 5.0 0.0 42.5 57.5 0.0 0.0
Headache 32.5 67.5 0.0 0.0 42.5 57.5 0.0 0.0
Double vision 90.0 10.0 0.0 0.0 95.0 5.0 0.0 0.0
Blurred vision 55.0 42.5 2.5 0.0 72.5 22.5 5.0 0.0
Disorientation 72.5 27.5 0.0 0.0 |100.0 0.0 0.0 0.0
Afterimages 60.0 375 25 0.0 62.5 30.0 50 2.5
100
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Figure 4. Visual complaints and symptoms while flying.
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Figure 5. Visual complaints and symptoms after flying.
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A comparison between the frequencies of visual complaints while flying for the 2000 study and
the current study is provided in Table 5. While the percentage of occurrence increased for four
of the six complaints, none of the differences between the two studies were found to be
statistically significant to the .05-level, based on a chi-squared test for proportions.

: Table 5.
' Comparison of while flying visual complaints for current and 2000 studies.
2000 Survey Iraqi Freedom Study value
(n=216) (n = 40) P

Headache 61% 67.5% 0.4444
Double vision 7% 10% 0.4981
Blurred vision 34% 45% 0.1739
Disorientation (vertigo) 42% 27.5% 0.0825
Afterimages 29% 40% 0.1731

Note: Percentages are rounded to the nearest integer. Bold values indicate the higher of the
compared values and differences that were statistically significant to the .05-level.

A comparison between the frequencies of visual complaints after flying for the 2000 study and
the current study is provided in Table 6. While the percentage of occurrence decreased for all of
the complaints except double vision, only two of the differences between the two studies were
found to be statistically significant to the .05-level based on a chi-squared test for proportions.
The two significant reductions occur for visual discomfort and disorientation. Two possible
explanations are offered for the reduced incidence of visual discomfort. The first is that the
living conditions in the field (in Iraq) for the pilots are difficult; i.e., heat, sand, insects, etc. Itis
very likely that a complaint of visual discomfort, in comparison to other stressors, ranks very
low. Another possible explanation is that between flights pilots have little demand on their time,
and as a result have increased levels of crew rest.

\
“Visual discomfort 82% 75% 0.3050
\
\
\

Table 6.
Comparison of after flying visual complaints for current and 2000 studies.
2000 Survey Iraqi Freedom Study 1
e (n=216) (n = 40) p vae
Visual discomfort 74.0% 57.5% 0.0330
Headache 63.0% 57.5% 0.5130
Double vision 5.0% 5.0% ' 0.9748
Blurred vision 37.0% 27.5% 0.2470
Disorientation (vertigo) 10.0% 0.0% ' 0.0348
Afterimages 47.0% 35.0% 0.1537

Note: Percentages are rounded to the nearest integer. Bold values indicate the higher of the
compared values and differences that were statistically significant to the .05-level.
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Degraded visual cues

Reports of degraded visual cues are summarized in Figure 6. The most frequently reported
degraded visual cue was whiteout/brownout (35, 87.5%); this was closely followed by degraded
resolution/insufficient detail (34, 85%). Virtually all of the different types of degraded cues
(except inadvertent IMC) were reported by approximately half of all respondents. Comments
provided by respondents primarily blamed the degraded cues on poor FLIR performance. A
representative comment was, ‘“Rarely use FLIR without some degraded visual cues.”

100

Percent
W
S
L

Degraded resolution - Loss of visual contact ~ Impaired depth Decreased field of Inadvertent IMC  Whiteout - Brownout  Blurring of image
insufficient detail with horizon perception view with head movement

Figure 6. Degraded visual cues experienced while flying.

The FLIR thermal sensors (both pilotage and targeting) are 1970s technology and have been a
major source of complaints in previous studies (Rash et al., 2001). Therefore, the high reported
frequency of degraded visual cues is not surprising. The two most cited degraded cues were
whiteout-brownout (35, 87.5%) and degraded resolution-insufficient detail (34, 85%). Table 7
provides a comparison of frequencies of reported degraded cues for the 2000 and current studies.

Consistently, the frequency of reports of degraded visual cues was lower in the current study
than in the 2000 study (with the one exception of whiteout/brownout, most likely due to sandy
environment). However, these lower frequencies were found to be statistically significant only
for illusions of impaired depth perception, decreased FOV, and inadvertent IMC (which is
consistent with the lack of foggy and rainy weather in Iraq). The lower frequencies for impaired
depth perception and decreased FOV may be explained by the uniqueness of the Iraqi geography;
the geography of Iraq generally is defined as featureless desert terrain. However, this is not
universally true. OIF started out in Southwestern Iraq. There, the terrain varies from flat desert
with little elevation variation, to areas with 50" variations (wadi systems). The terrain around the
lakes near Karbala is hilly (including some small cliffs) near the lakes and flattened out farther
away from the lakes. As you approach Baghdad from the Southwest towards the two river
ystems, vegetation increases proportionately, but the terrain remains fairly flat. As you approach
Qayyarah, the terrain again is fairly flat and used predominately for growing wheat. However,
the further north you go, the greater the terrain variation. East of Qayyarah is Kirkuk,
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Table 7.
Comparison of reports of degraded visual cues for current and 2000 studies.

2000 Survey Iraqi Freedom Study

: i (n=216) (n = 40) p value
Degraded
resolution/insufficient 90.3% 85.0% 0.3183
detail
Loss of visual contact 75.9% 72.5% 0.6437
with horizon
Impaired depth 84.7% 70.0% 0.0246
perception
Decreased FOV 81.0% 47.5% 0.0000
Inadvertent IMC 38.9% 20.0% 0.0222
‘Whiteout/brownout 75.5% 87.5% 0.0948
Blurring of image 75.5% 62.5% 0.0882
with head movement

Note: Percentages are rounded to the nearest integer. Bold values indicate the higher of the
compared values and differences that were statistically significant to the .05-level.

between which, there are several ridgelines with elevation variations of up to 750 feet. East and
southeast of Kirkuk, the terrain becomes mountainous continuing to the border with Iran;
elevation changes of up to 5000 feet are common in this area. Hence, while many areas of
operation were over flat geography, “Iraq is not just a flat featureless desert," at least in the
northeastern third of the country (Marston, 2004). However, a large portion of the country is
generally flat, which serves as a reasonable explanation of the reduced frequency of reports of
impaired depth perception and decreased FOV.

Static and dynamic illusions

Reports of static and dynamic illusions experienced during flight with the IHADSS are
reported in Figures 7 and 8, respectively. The most frequently reported static illusion was faulty
slope estimation (23, 57.5%), followed by faulty height judgment (18, 45%). The least reported
static illusion was the perception of the bending of straight lines (2, 5%). Respondent comments
regarding the presence of static illusions cited the influence of the IHADSS monocular design.
A representative comment was, “The monocular nature of the system causes these problems for

»”

me.

The most frequently reported dynamic illusions were undetected aircraft drift (22, 55%) and
faulty closure judgment (21, 52.5%). Respondent comments were diverse and failed to identify
any specific causes or factors associated with the onset of dynamic illusions.

The 1989 night vision devices visual illusions study (Crowley, Rash, and Stephens, 1992) was
very limited in its reports by AH-64 Apache pilots (onlty 21 of the 243 respondents reported
illusions associated with THADSS flight). The most reported static illusion was faulty height
judgment; the most reported dynamic illusions were undetected aircraft drift and illusory aircraft
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Figure 7. Static illusions experienced while flying.
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Figure 8. Dynamic illusions experienced while flying.

drift, both at 24%. In the 2000 study, a much higher reporting frequency of illusions was found,
with approximately 92% and 95% of respondents reporting at least one static or dynamic
illusion, respectively. The two most frequently cited static illusions were faulty slope estimation
(80.1%) and faulty height judgment (73.6%). Dynamic illusions were even more pronounced
with approximately three-fourths of respondents reporting experiencing undetected drift (78.2%),
faulty closure judgment (75.5%), and illusory drift (71.3%).

The findings of the current study for both static and dynamic illusions compare exceptionally
well with the ranking of illusion frequencies found in the two past studies. The two most
frequently reported static illusions for the current study were faulty slope estimation (23, 57.5%)
and faulty height judgment (18, 45%), the same rank order reported in the 2000 study. The three
most frequently reported dynamic illusions for the current study were undetected aircraft drift
(22, 55%), faulty closure judgment (21, 52.5%), and illusory aircraft drift (12, 30%), also which
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present the same rank order reported in the 2000 study. In addition, Crowley, Rash, and
Stephens (1992) also reported undetected drift and illusory drift as the most frequent dynamic
illusions (although at much lower frequencies, 24% for each).

Table 8 presents a comparison of individual static illusions for the current and 2000 studies.
For each static illusion type, the current study reports lower frequency of incidence values. All
of these differences are of statistical significance to the .05-level. One proposed explanation for
these lower values lies again in the featureless desert terrain that makes up the geography of Iraq.
This terrain contraindicates conditions that generally give rise to most types of static illusions.

Table 8.

Comparison of reports of static illusions for current and 2000 studies.
2000 Survey Iraqi Freedom Study value

e (n=216) (n = 40) P
Faulty height judgment 73.6% 45.0% 0.0003
Trouble with lights 60.2% 27.5% 0.0001
ponse of “Landing in a 41.2% 20.0% 0.0111
Faulty clearance judgment 60.2% 22.5% 0.0000
Faulty slope estimation 80.1% 57.5% 0.0019
Bending of straight lines 20.4% 5.0% 0.0200
Faulty altitude judgment 68.1% 27.5% 0.0000

Note: Percentages are rounded to the nearest integer. Bold values indicate the higher of the
compared values and differences that were statistically significant to the .05-level.

Table 9 presents a comparison of individual dynamic illusions for the current and 2000
studies. As found with static illusions, for each dynamic illusion type (except disorientation
[vertigo]), the current study reports lower values of statistical significance to the .05-level.

Table 9.
Comparison of reports of dynamic illusions for current and 2000 studies.
2000 Survey Iraqi Freedom Study 1

(n=216) (n = 40) pvalue
Undetected drift 78.2% 55.0% 0.0019
Tllusory drift 71.3% 30.0% 0.0000
Disorientation (Vertigo) 38.0% 25.0% 0.1166
Faulty closure judgment 75.5% 52.5% 0.0030
No sensation of movement 55.6% 15.0% 0.0000
Faulty airspeed judgment 64.8% 22.5% 0.0000
Illusory rearward flight 55.6% 22.5% 0.0001
Illusions of pitch 44.9% 12.5% 0.0001

Note: Percentages are rounded to the nearest integer. Bold values indicate the higher of the
compared values and differences that were statistically significant to the .05-level.
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In order to understand the significantly lower reported frequencies of dynamic illusions (along
with the same finding for static illusions), the authors solicited comments from Apache aviators
who had recently (early 2004) returned from their deployment in Iraq. (The aviators involved in
these post hoc discussions did not identify any participation or lack thereof in the current study.)
These aviators raised an interesting point may explain the lower incidence of problems during
OIF. This point is as follows: In peacetime, flight hours are very limited. Hence, when the
opportunity to fly is available, aviators make a conscious effort to “fly the system,” i.e., fly
relying almost entirely on the imagery on the HDU. This effort is an attempt to maximize
proficiency with the THADSS HMD for each and every flight hour available. In contrast,
aviators said that during OIF, flight time was very high. And, of greater impact on this
discussion, during these flights, aviators used both visual inputs, making use of all visual
information available, expressed by aviators as being responsible for reduced frequency of
complaints and illusions.

It was further suggested that dynamic illusions associated with drift (undetected or illusory)
would be less for aviators flying the D-model because hover-control on the D-model is more
advanced. This prompted a comparison of static and dynamic illusions between the two AH-64
models. Table 10 presents a comparison of mean number of illusions by aircraft model. No
statistically significant differences were found for the two aircraft models.

Table 10.
Comparison of mean number of illusions by aircraft model.
i A-model D-model p value
Static Illusions 2.47 1.62 0.111
Dynamic Illusions 2.74 1.95 0.172

Viewing symbology

The FLIR imagery is overlaid with sets of symbols and graphics (collectively known as
symbology). This symbology provides aircraft status information (e.g., heading, altitude, engine
torque, weapons load, etc.). Two questions addressed the visibility and usability of this
symbology. The first question asked respondents if they had noted any change in their ability to
see and interpret symbology during any phase of flight. Only 9 (22.5%) respondents reported
having experienced such a change. While respondent comments generally indicated a
degradation in ability to see symbology over extended flights and the need for greater
concentration during such flights, one respondent said, “My HMD perception gets better the
longer I fly.” However, it is not clear as to whether the statement was directed only to
symbology or referred to the overall imagery, which included FLIR and symbology presentation.

When asked if both the external scene (pilotage) image and the symbology could be focused
sir-ultaneously when viewing the full [HADSS imagery, over one-third (14, 35%) reported an
inaility to perform this task under daytime conditions, and almost half (18, 45%) reported this
inability under nighttime conditions. When asked to comment on this issue, some respondents
indicated that if the ITHADSS is properly, and carefully, adjusted (e.g., focus, exit pupil
alignment, etc.), they experienced no problems. Of respondents who reported having a problem,




one stated his ability was affected by the presence of binocular rivalry (a phenomenon where
attention involuntarily switches back and forth between the two different visual inputs to the two

eyes).

This imagery consists of pilotage or targeting FLIR imagery electronically mixed with
symbology. As a result of embedded rather than overlaid symbology, all of the presented
information is in the same focal plane. Studies have shown there is a natural tendency to
perceive the symbology as being in the foreground. This is believed to be partly due to the pilot
having knowledge that the symbology is physically located at close-distance to the eye (Kotulak,
Morse, and Wiley, 1994). This perception is believed to lead to accommodative (focus)
problems when viewing IHADSS imagery.

There is no statistically significant difference (p = 0.3614) between the proportions of
respondents reporting this problem for daytime versus nighttime flight. As compared to the 2000
study, the percentages of respondents reporting a change in their ability to view symbology
(22.5%) and difficulty in focusing clearly on the FLIR image and symbology simultaneously
(35%) are lower, but these differences are significant only for having experienced a change in
symbology viewing ability (p = 0.0427).

Visual input alternation

In the IHADSS’s monocular design, display imagery is provided to the right eye only, with the
left eye being free to view the external scene or cockpit displays. This requires the Apache
aviator to switch his visual input between the two eyes, depending on the required task. In the
survey, respondents were asked about their ability to purposefully alternate between the two eyes
and whether such alternation ever occurred unintentionally (involuntarily).

Only two (5%) respondents reported having great difficulty in purposefully alternating
between the two different visual inputs provided to the two eyes. The overwhelming majority
(33, 82.5%) of respondents reported being able to easily perform this task. Five (12.5%)
respondents reported having some difficulty. Over half (21, 52.5%) of respondents reported
using some specialized technique as an aid to switching inputs. Examples of such techniques,
provided in respondent comments, included closing one eye, blinking, and squinting. Several
respondents commented that the ability to alternate “is achieved with time and experience” and
“keeping the HDU [imagery] at a low-brightness level...”

Respondents were fairly even in their reported experience with unintentional alternation.
Twenty-one (52.5%) reported episodes of unintentional alternation. Representative comments
suggested that such alternation was attributed to extended flight periods and the presence of
bright light sources either external to or within the cockpit.

The monocular design of the IHADSS raised two visual issues that, without doubt, drive the
alternation problem and may very well have been contributing factors to the presence and
frequency of visual complaints and illusions. These issues were eye dominance and binocular
rivalry. Eye dominance refers to the preference an individual exhibits to accepting the visual
input in one eye over the other. Most individuals demonstrated a preference of one eye over the
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other for various vision tasks (Miles, 1930). In the general population, estimates of right-eye
dominance range from 50-90% (Crider, 1944). This range no doubt is due to the dependence of
dominance on task. In the current study, eye dominance was surveyed by asking the respondents
to report their preferred sighting eye and their choice of telescope viewing eye.

During the first years of fielding of the Apache, the training dropout rate was relatively high
(~10%), and eye dominance was suggested as a probable cause (Rash et. al., 2000). McLean
(1990) correlated data on 16 Apache pilots for multiple eye dominance tests. Results showed
little correlation between tests. This was explained by the rationale that eye dominance itself is

not a singularly defined concept but is task dependent.

In binocular rivalry, two different .images are present in the two different eyes. In such a case,
the two visual inputs compete for awareness. This can result in each eye alternating in
suppressing the input of the other eye. This phenomenon was responsible for the reports of

unintentional alternation.

In order to investigate a possible relationship between the eye dominance responses and
reported visual complaints, illusions and alternation problems in the current study, the mean
numbers of complaints and illusions per respondent were calculated and presented in Table 11.

Table 11.
Relationship between eye preference, mean number of visual complaints and illusions, and
unintentional alternation.

Preferred sighting eye Telescope viewing eye
S Right Left pvalue | Right Left p value
Mean number of complaints 2.9 2.0 0.169 2.8 1.7 0.048
while flying -
Mean number of complaints 1.9 1.4 0.433 2.1 0.6 0.009
after flying
Proportion reporting problem 52% 80% 0.2396 52% 57% 0.803
with unintentional alternation
Mean number of static 2.2 2.6 0.605 23 1.9 0.588
illusions ,
Mean number of dynamic 2.6 2.4 0.800 2.5 2.1 0.623
illusions

Note: Bold values indicate a statistical significant to the .05-level.

When eye preference was compared to the frequency of visual complaints (visual discomfort,
headache, etc.), respondents reporting a right-eye sighting preference averaged 2.9 types of

complaints while flying; left-eye sighting preference respondents averaged 2.0 types of
complaints. This difference was not statistically significant (p = 0.169). Similarly, no

statistically significant differences were reported for right versus left preferred sighting eye for
other statistics of complaints, illusions, etc. This tends to lead to the conclusion that the choice
of preferred eye was not a major factor in using the right-eye only THADSS HMD.
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For eye-dominance based on reported telescope viewing eye, the mean number of complaints
for right-eye responses as compared to lefi-eye responses were found to be statistically
significant for both while flying (p = 0.048) and after flying (p = 0.009). The remaining illusion
and switching statistics were not statistically significant.

Based on reported preferred eye, there was no evidence of a difference between the mean
number of complaints, problems and illusions, for the left and right eyes, even though aviators
were forced to use the right-eye monocular design of the IHADSS. However, based on telescope
viewing eye, there was evidence that the mean number of complaints for while flying and after
flying does differ; but not for illusions or the problem of unintentional alternation.

At first glance, this finding for telescope viewing seemed somewhat logical. After all, an eye
predilection for a practical application like telescope viewing was more closely related to the
viewing task of looking at the monocular IHADDS display than just a general eye preference.
However, what might be expected was that respornidents who use their right eye telescope
viewing would have fewer problems viewing the right-eye IHADSS than respondents who use
their left eye for telescope viewing. However, this was not the case. Instead, respondents
favoring the left eye had a lower mean number of complaints, both while and after flying. The
authors can offer no explanation for this apparent contradiction.

THADSS effectiveness in OIF

Effectiveness ratings provided by respondents are presented in Figure 9. Almost two-thirds
(25, 62.5%) of respondents rated the THADSS as fairly or very effective in OIF; five (12.5) of
respondents provided a rating of fairly or very ineffective. Based on the provided Likert scale (1,
Very ineffective — 5, Very effective), the mean rating was 3.6, between neutral and fairly
effective.
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IHADSS effectiveness in Operation Iraqi Freedom

Figure 9. Effectiveness rating for IHADSS in OIF.
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To test for correlation between effectiveness on the battlefield and the number of complaints
or illusions, Pearson product-moment coefficients were calculated. None of the correlations
were significant (i.e., complaints while flying, r(38) = -0.228, p = 0.157; complaints after flying,
1(38) = -0.190, p = 0.239; static illusions, r(38) = 0.060, p = 0.684; and dynamic illusions, r(38) =
0.102, p = 0.533). These findings may be interpreted as pilots judging the effectiveness of the
system based on operational mission performance rather than on the frequency of visual
complaints and illusions. A second correlation between effectiveness rating and combat flight
hours also was not statistically significant (r(38) = -0.054, p = 0.746).

The final question asked respondents if they had participated in the 2000 Internet survey.
Only four (10%) respondents indicated that they had done so. Because these respondents
represent such a small proportion of the sample, no comparison between this subsample and the

2000 sample is warranted.

Interview data and discussion

After completing the written questionnaire, each study participant was asked to respond to a
series of oral questions presented in an interview format. There were 12 questions that addressed
specific IHADSS characteristics. Occasionally, the interviewer interjected a follow-up question
for the purpose of clarity. All 40 respondents participated in the interview. Full interview
comments are provided in Appendix C. Occasionally, respondent comments were edited slightly
to improve fragmentary responses or verbal lacunae.

The first question asked participants to specify problems encountered with using the
IHADSS in the desert environment presented in OIF. Of the 39 participants who responded to
this question, 10 (25%) respondents cited specific problems. These problems included reduction
in FOV due to helmet slippage and center of mass effects, incompatibility issues with M48 NBC
mask and body armor, and equipment failures with the infrared harness.

Respondents were asked to comment on problems in maintaining the full FOV. Forty
percent (16) of respondents reported at least some difficulty in maintaining full FOV. Reasons
for a reduction in FOV included poor helmet fit (including one respondent who had an
improperly sized helmet), interference with NBC mask and body armor, having to move HDU
away from face in order to prevent irritation from aircraft vibration (knot-hole effect on FOV),
and due to torque applied to the helmet during head motion resulting from cables. Ofreal
concern is the reporting by two respondents of adjusting the Display Adjust Panel (DAP) to
minimize the image on the HDU. This minimization i