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INTRODUCTION

The Integrated Helmet and Display Sighting System (IHADSS)
used in the Advanced Attack Helicopter (AAH) is a helmet-mounted
display system (Figure 1). Video imagery provided by the Pilot
Night Vision System (PNVS) is presented to the pilot on a I-inch
cathode-ray-tube (CRT) which is fitted into an optical relay
tube, called the Helmet Display Unit (HDU), attached to the
helmet. The CRT imagery is relayed through the HDU and finally =
reflected off of a beamsplitter, called the combiner. The “ﬁ
imagery presented is designed to provide a 40-degree horizontal R
by 30-degree vertical field. 4

The positioning of the exit pupil is extremely critical to
the ability of the pilot to obtain the full field-of-view.
Other factors which affect the field-of-view are: eye relief
distance, diopter setting on the HDU (Range: +2 to -6 diop-
ters), and eye fixation point. The eye relief is a function of .
anatomical facial features, helmet size and fit, combiner .
extension, and HDU adjustment. o

PSPV ErOTEr

[ Dl
LE D I A T e B

. >
WS

St - CUaK

LA

A

FIGURE 1. The Integrated Helmet Unit.
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i The HDU, being mounted to the side of the helmet, has an

l extremely short eye relief. Any device which is required to be
worn between the eye and the HDU has the potential of reducing
the available field-of-view, Spectacles providing correction of
refractive error or protection from laser energy are an example
of such a device. Any reduction in the available field-of-view
will decrease the effectiveness of the IHADSS.

During the AAH Flight Trainer Infrared Piloting System
assessment program, two of three spectacle wearers complained of
field loss when wearing specially modified laser protection
spectacles, unless the right lens (on the HDU side) was removed.
: A field loss also was noted by this laboratory during prelimi-
nary consultations on the AH-64 chemical and biological (CB)

protective masks, No satisfactory method was previously known
to quantify the amount of field loss when the ultilization of
these devices with the HDU was required.

The U.S. Army Aeromedical Research Laboratory (USAARL)
has been consulting on the spectacle compatibility problem for
several years and has provided several versions of modified
aviator's spectacles for use with the IHADSS. Figure 2 shows
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FIGURE 2. The modified spectacles. e
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the curreat version of these spectacles, Formed from the
standard aviator's frames and using KG-3 glass, these spectacles
are used to provide ocular protection from the AAH rangefinder/
designator laser. USAARL also has provided several pairs of
spectacles with prescription plastic lenses to pilots in the
PNVS progranm.

Because of the laboratory's role in developing IHADSS
compatible spectacles and the noted problems of field loss,
USAARL decided to conduct a study to determine if the available
field-of-view with the IHADSS was affected significantly when
the wearing of spectacles was required either for the purpose of
refractive error correction or laser protection.

METHODOLOGY

Subjects

Eleven subjects were evaluated. Seven of the subjects
were either candidate instructor pilots for the AH-64 program or
PNVS qualified pilots. Two USAARL research pilots and one
research investigator familiar with the IHADSS also were
evaluated; the last subject was a trained observer. Identi-

fication numbers (#1-11) were assigned for tracking individual
subject data.

Five of the subjects (#1, 3, 5, 6, and 11) wear corrective
lenses. For the study, four of these individuals were fitted
with spectacles with a corrective lens in the right eye which
was within 0.25 diopters of each subject's prescription.

Subject #11 was fitted with a plano lens because he was not
required to wear corrective lenses during his PNVS training.

All of the remaining subjects also were fitted with plano
lenses.

]
Instrumentation ®

The video signals required for initial alignment and for
the field-of-view stimuli were generated by a Hewlett-Packard
9845B computer* used in conjuction with a Tektronix 4025
terminal*, The video signals were input to a IHADSS Digital . JSRIREIR
Electronic Unit (DEU) which in turn produced the desired visual [ )
output on the CRT display mounted on the helmet. This output
was relayed optically through the HDU and reflected off of the
combiner. The raster was generated so as to provide a 50-degree

-

4
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*See Appendix A.
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horizontal by 43-degree vertical field. This field size is
larger than that actually realized with the fielded display
because the fielded version of the CRT is masked, resulting in a
field size of 40 degrees, horizontally, and 30 degrees,
vertically,

Procedure

Each subject was read an orientation description of the
experimental procedure, Then he was fitted with either a medium
or large sized IHADSS helmet. The helmets were production
versions currently being evaluated at USAARL. Several PNVS
pilots provided their own helmets. An alignment pattern was
presented to assist the subject in acquiring a centered
field-~of-view. This pattern consisted of eight meridional lines

. with numbered tic marks, allowing the subject to insure that a o {
balanced field-of-view was available. R

The target stimulus consisted of a small, high contrast,
computer generated tic mark which entered the subject's visual
field along one of eight different meridians, and progressed in
intervals of approximately 1/6 of a degree per second towards a
center fixation point, The selected meridians were at the
following angles: O, 36, 90, 144, 180, 216, 270, and 324
degrees., Figure 3 shows the relative directions of the measured
meridans. A center fixatinn cross and a short meridional

144° 90° 36°
180° 0°
21e6° 270° 324°

FIGURE 3. The meridians along which the fields were measured.




indicator line were generated for each target. The purpose of
the indicator line was to alert the subject to the entry
direction of the target, The test consisted of four presenta-
tions along each meridian for each condition for each subject,
first in a counterclockwise direction and then reversing
direction for each successive presentation. The subject was
directed to press a designated button upon each detection of the
target. An audible beep was generated to provide positive
feedback for each detection.

Following orientation, fitting, and alignment, the subject
was allowed to make a trial run. During this trial, the subject
was instructed to vary his fixation point to verify that the
maximum detection field was obtained by fixating on the center
cross and not by looking in the direction of the target. The
subjects were directed to fixate on the center cross during the
actual study.

Once the subject was trained in the data collection
procedure, actual data collection was initiated. The testing
: order for the two conditions, with spectacles and without
= spectacles, was alternated between subjects in order to counter-—
Ei balance any learning effects. Also, in order to remove the
effects of background distractions, the tests were conducted in
a darkened room with the subject viewing the display imagery
against a black cloth.

For each condition the subject was directed to realign the
HDU and combiner using the alignment pattern, insuring that the
available field was maximized for that condition. Following the
fitting and alignment for each condition, an estimate of the o
"eye relief” distance was made by measuring the distance from a W
point on the HDU at the objective lens to a prescribed point on

the combiner and then to the approximate position of the ]
subject's cornea (see Figure 4). This distance, measured in - 4
millimeters, was recorded for possihle correlation with field i 4
loss.

Two support investigations also were conducted. First,
the effect of choice of fixation point on the maximum available
field was determined by using a single subject and measuring the 4
detection fields when a center fixation point was used and when :
the subject always looked in the expected direction of the
target. Second, to confirm the predicted influence of “eye

relief” on the available field, a single subject's fields were Hffﬁ

measured for minimum and maximum extension of the HDU and *-n@

combiner. This extension is controlled by adjusting the b
position of the HDU mount with respect to the mounting bracket MO
attached to the helmet, and by moving the combiner lens on the S

HDU. RN
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FIGURE 4. Estimation of "eye relief” distance.

RESULTS AND DISCUSSION o

Individual field plots for each subject are presented in

Figures 5-15. The two outer curves in each plot represent the

collected data., The dotted curve represents the field for the

condition without spectacles and the solid curve represents the o
field for the condition with spectacles. The inner, bold s
rectangle represents the theoretical 30-by 40-degrees field- T
of~-view of the fielded PNVS. Only subjects #9 and #11
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graphically show a significant difference in the fields for the

?Z two conditions. Subject #9 (Figure 13) shows a small field loss
2 in the first and third quadrants and considerable loss in the
ll fourth quadrant. However, subject #11 (Figure 15) shows a field

gain in all quadrants., Based on the overall results for all

E& subjects, the fields for these two subjects most likely can be
t{ attributed to more care being taken in the fitting of the HDU

s for one condition over the other than to actual differences in
S the fields. One other reason for the large gain for subject #11
.. is that this subject normally wore corrective lenses and may

i have deliberately or subconciously skewed the results to insure
= that no field loss was measured. If this study had shown that

significant field losses result from the wearing of spectacles,
then this subject could be restricted in future AH-64
assignments.

A very critical factor which will affect the field size
along any given meridian is the alignment of the HDU. For

fl example, misalignment along the horizontal image axis could
ﬁ- result in a measured field increase along the 0 degree meridian,

an attempt to minimize this effect, the data analysis was

but with a decrease along the colinear 180 degree meridian. In Lo
. 4
3 performed on pairs of colinear meridians, i.e., O and 180, 36 ]

Soltd - With :
spectacles R
Dotted - Without AR
spectacies <. "-_‘i
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FIGURE 6. The measure d fields for subject #2.
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and 216, 90 and 270, and 144 and 324 degrees. Table 1 presents
the measured fields for these colinear pairs for the two condi-
tions. The values presented are the sums of the measurements
for the two colinear meridians.

Whether the data in Table 1 are studied with respect to
all meridional pairs for each subject or for all subjects for
each meridional pair, the differences between with and without
spectacles conditions are very small. Between subjects only
subjects #9 and #11 have any real differences between the means
for the two conditions when calculated across all meridians.
The statistics presented for each meridional pair across all
subjects indicate again very small differences between the two
conditions,

The larger range in the without spectacles data, indicated
by the larger standard deviation values, as compared to the with
spectacles condition data, is most likely due to anatomical
features that play a greater role in the placement of the HDU
for the without spectacles condition. When the spectacles are
worn, less variation in "eye relief” distance is possible.

The data in Table 1 are better expressed if converted into
the actual amount of field lost or gained. These calulated
values are given in Table 2. Gains for any meridional pair are
given as positive values while losses are expressed as negative
values. The values listed in parentheses are the losses or
gains expressed in percent of the field available for the
without spectacles condition., The last two columns in Table 2
attempt to use a single number to quantify an overall change in
field between the two conditions. The next to the last column
in Table 2 gives the mean losses or gains over all four colinear
meridional pairs for each subject. These losses or gains are
expressed in degrees and also as a percentage. The last column
of Table 2 gives the mean calculated only for the losses for
each subject across all meridional pairs. The last row in this
table gives the means for losses only across all subjects for
each meridional pair.

The calculations based on losses only are meaningful in
the following way: The presence of the spectacles cannot
decrease "eye relief"” distance, but it can increase 1it,
Therefore, any field gains with low power lenses, as used in
this study, cannot be attributed to the presence of the
spectacles, but only to fitting differences. Thus, the means
based on losses only reflect more accurately the possible
operational effects on the IHADSS system,
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The tables show only subjects #9 and #11 as having any
significant differences in fields for the two conditions.
However, if the field values (Table 1) for both conditions are
compared to the values for the other subjects, it is seen that
subject #9, even with the loss, maintains a field as large as ]
any other subject. One other subject (#5) shows a small average DY |
gain of 1,5 degrees in the overall available field.

o4

. .

Ant

The summary statistics in both tables for the vertical - 4
meridional pair of 90 and 270 degrees need further comment.
Because of the restrictions on the raster size which can be
presented, the available field along these meridians produces

artificially smaller gains than may actually be present due to
fitting variations.

The data presented so far are directly applicable to the
question of the effect of the modified spectacles on field-of-
view. However, to conclude from the data the actual effects on
the IHADSS field-of-view requires that the data be evaluated in
view of the actual 30-by 40-degrees field presented by the
IHADSS. With this condition imposed, only colinear meridional - B
values less than 30 degrees vertically, 40 degrees horizontally, ’ 1
and 50 degrees diagonally reflect real losses that occur in the
IHADSS. No such losses are shown in Table 1 for the vertical . J
meridional pair (90 + 270 degrees) or the horizontal meridional ‘ 1
pair (0 + 180 degrees). However, losses are noted for both '
diagonal meridional pairs. This means that only the diagonal e
losses given in Table 2 actually impact the IHADSS. Table 2 !<~—ﬁ
shows that four of the subjects have losses between the two .
conditions along both diagonal meridional pairs. Only subject
#9 exhibits a significant loss between the two conditions.

Figure 16 shows the results for the single subject (#6) —~a—
tested for the effects on the visual fields with changes in eye
relief and fixation direction. The subject was wearing the
modified spectacles for these procedures., Measurements of the R
subject's field were made using five eye relief distances and o
two fixation directions. The eye relief distance was varied by
changing the HDU extension in four of the cases and by adding a

combiner distance change in the fifth case. A center fixation 1
point and a peripheral fixation in the target direction were .
used. el

The zero point on the x-axis represents the HDU in its
most forward position. The minus position values on the x-axis
refer to the distance in millimeters that the HDU was moved
backwards toward the eye. For these positions, the combiner was
positioned such that the base of the combiner maintained a 3 mm
distance from the objective lens of the HDU. The +14 mm value
on the x~axis is the condition where the HDU was positioned at
its most forward position and the combiner was moved to its
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maximum height of 17 mm from the objective lens. Field-of-view —
values on the y-axis were calculated by averaging the diagonal o]
and horizontal colinear meridional pair values. The vertical e
meridional values were excluded because of the raster restric-
tions on their maximum values.

The central and peripheral fixation functions show essen-
tially a parallel relationship with increased eye relief. For a
given meridian, the difference in the field-of-view between
central and peripheral eye fixations varies from approximately 2
degrees (4 degrees for colinear pair diameter) at minimum eye
. relief to approximately 3 degrees (6 degrees for colinear pair
. diameter) at the outer position limit of the HDU and combiner.

. The theoretical effect of this reduced field-of-view on the

L

- video imagery from the 40-by 30-degree rectangular FLIR raster
s is presented in Table 3 and in Figure 17. The assumption is :
-~ made that the available field-of-view through the HDU —
" essentially 1is circular, In Table 3 it can be seen that the N
i subject would require a 50-degree field value in order not to
s suffer any losses in the corners of the raster. For the subject
Ky investigated, the 2 to 3 degrees meridional lost at the minimum
HDU extension, due to variation in choice of fixation, .-
corresponds to an increase in unavailable field approximately <
" from 0.4 percent with center fixation to 3.0 percent with o
. peripheral fixation. For the maximum eye relief distance, the
~ corresponding field loss from change in fixation is AR
; approximately from 12 percent with center fixation to 30 percent s
- with peripheral fixation, It should be noted that even for the
-~ optimum fixation direction (central), the single subject tested
T suffered an increase in unavailable field at the diagonals from e
. 0.4 degrees to 10.4 degrees with the combiner positioned at the ™
;N maxium eye relief position., This confirms the previously-stated -
: assumption that to maximize the available field-of-view, the eye SN

- relief distance must be minimized; the ability to properly ]
4 adjust the HDU and minimize eye relief is more highly dependent 7
- on anatomical features and helmet fit than any other known .;-7
ﬂ characteristics., 1
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TABLE 3

PERCENT OF UNAVAILABLE FIELD

Colinear Field Field Loss
Value (in degrees)
30 41.1
32 34,1
34 28.0
36 21.9
38 16.1
40 10.4
42 6.3
44 3.4
46 1.4
48 0.4
50 0.0

The visual effect from the decrease in the field-of-view
from peripheral fixation needs to be clarified. If the subject
is fixating centrally, he can detect information in the periph-
eral video imagery, but will need to fixate on the detected
object for identification., His field-of-view will then be
reduced as a result of that fixation in the periphery. The best
approach is to move his head to keep the object visible when it
appears at the outer limits of the display. In the case of the
P THADSS symbology, which is fixed in position on the peripheral

edges of the display, the subject must look directly at the
numerals and symbols to interpret the information.

- CONCLUSIONS AND RECOMMENDATIONS

- Considering the limited sample size, this study indicates
o that when sufficient care is taken in the fit and alignment of
- the helmet and HDU, there 1s no significant loss from the

o modified spectacles in the available field-of-view.

Generally speaking, the determining factors of the
available field are helmet fit, fixation direction, and eye
relief distance. Helmet fit, while dependent on anatomical
features, is affected most by the care exercised during the
fitting process. The percent field loss caused by peripheral
fixation can range between 3 and 30 percent and is highly
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dependent on eye relief distance. Minimum eye relief, obtained IR
by decreasing the HDU and combiner extension, is desired. For »
center fixation, for one subject, the unavailable field
increased from approximately 0.4 to 12 percent due to HDU and
combiner distance variation. The ability to minimize these
distances 1s influenced greatly by anatomical features and is S
extremely important to being able to acquire the peripheral A
symbology. The modified spectacles could be worn by the »
subjects tested without measurable increase in eye relief.

It is recommended that spectacles be ultilized with the
IHADSS whenever their use is required for correction of refrac-
tive errors or for laser protection until suitable alternatives
* have been identified, tested, and proven, Directions to »
spectacle wearers should emphasize the importance of a proper
helmet fit and combiner alignment. During the fitting care
should be taken to minimize the extension of the HDU and the
combiner element.
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APPENDIX A

LIST OF EQUIPMENT MANUFACTURERS

Hewlett—-Packard
2000 South Park Place
Atlanta, Georgia 30339

Tetronix, Inc. s
4900 S.W, Griffith Drive
Beaverton, Oregon 97077
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