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INTRODUCTION

The Integrated Helmet and Display Sighting System (IHADSS) used in the Advanced Attack
Helicopter (AAH) isahemet-mounted display system (Figure 1). Video imagery provided by the Pilot
Night Vison System (PNVS) is presented to the pilot on al-inch cathode-ray-tube (CRT) which is
fitted into an optical relay tube, caled the Helmet Display Unit (HDU), attached to the helmet. The
CRT imagery isrelayed through the HDU and findly reflected off of a beamsplitter, cdled the
combiner. The imagery presented is designed to provide a 40-degree horizonta by 30-degree vertica
fidd.

The positioning of the exit pupil is extremely critica to the ability of the pilot to obtain the full fidd-
of-view. Other factors which affect the fidd-of-view are: eye relief distance, diopter setting on the HDU
(Range: +2to0 -6 diopters), and eye fixation point. The eye relief isafunction of anatomical facia
features, helmet size and fit, combiner extenson, and
HDU adjustment.

-

Figure 1. The Integrated Helmet Unit.

The HDU, being mounted to the side of the helmet, has an extremdy short eye relief. Any device
which isrequired to be worn between the eye and the HDU has the potentia of reducing the available
field-of -view. Spectacles providing correction of refractive error or protection from laser energy are an
example of suchadevice. Any reduction in the available field-of-view will decrease the effectiveness
of the IHADSS.



During the AAH Hight Trainer Infrared Piloting System assessment program, two of three
spectacle wearers complained of field loss when wearing specialy modified laser protection spectacles,
unlessthe right lens (on the HDU side) was removed. A field loss also was noted by this laboratory
during preliminary consultations on the AH-64 chemica and biologica (CB) protective masks.  No
satisfactory method was previoudy known to quantify the amount of field loss when the utilization 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 severd years and has provided severa versons of modified aviator's
gpectacles for use with the IHADSS. Figure 2 shows the current 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 aso has provided severd pairs of
gpectacles with prescription plastic lensesto pilotsin the PNV S program.




Because of the laboratory's role in developing IHADSS compatible spectacles and the noted
problems of fidd loss, USAARL decided to conduct a study to determine if the available fidd-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 evduated. Seven of the subjects were either candidate ingtructor pilots for the
AH-64 program or PNV S qualified pilots. Two USAARL research pilots and one research
investigator familiar with the IHADSS dso were evauated; the last subject was atrained observer.
| dentification numbers (#1-11) were assgned for tracking individual subject data

Five of the subjects (#1, 3, 5, 6, and 11) wear corrective lenses. For the study, four of these
individuas 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 PNV S training. All of the remaining subjects dso were
fitted with plano lenses.

Instrumentation

The video Sgnasrequired for initid dignment and for the field-of-view stimuli were generated by a
Hewlett-Packard 9845B computer* used in conjunction with a Tektronix 4025 terminal. The video
ggndswereinput to alHADSS Digitd Electronic Unit (DEU) which in turn produced the desired
visua output on the CRT digplay mounted on the helmet. This output was relayed opticaly through the
HDU and reflected off of the combiner. The raster was generated so as to provide a 50-degree
horizonta by 43-degree verticd fidd. Thisfidd Szeislarger than that actudly redized with the fielded
display because the fielded verson of the CRT is masked, resulting in afield size of 40 degrees,
horizontally, and 30 degrees, verticdly.

Procedure

Each subject was read an orientation description of the experimental procedure. Then he was fitted
with either amedium or large Szed IHADSS helmet. The helmets were production versions currently
being evauated at USAARL. Severd PNV S pilots provided their own helmets. An dignment pattern
was presented to assist the subject in acquiring a centered field-of-view. This pattern conssted of eight
meridiona lines with numbered tic marks, alowing the subject to insure that a baanced field-of-view
was available.

1See Appendix A.



The target stimulus conssted of asmall, high contrast, computer generated tic mark which entered
the subject's visua field dong one of eight different meridians, and progressed in intervas of
approximately 1/6 of a degree per second towards a center fixation point. The seected meridians were
an the following angles. 0, 36, 90, 144, 180, 216, 270, and 324 degrees. Figure 3 shows the relative
directions of the measured meridans. A center fixation cross and a short meridiond indicator line were
generated for each target. The purpose of the indicator line
was to dert the subject to the entry direction of the target. The test consisted of four presentations aong
each meridian for each condition for each subject first in a counterclockwise direction and then
reversing direction for each successve 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 dignment, the subject was dlowed to make atrid run. During this
trid, the subject was indructed to vary hisfixation 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 actua study.
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Figure 3. The meridians along which the fields were measured.



Once the subject was trained in the data collection procedure, actua data collection was initiated.
The testing order for the two conditions, with spectacles and without spectacles, was dternated
between subjectsin order to counterbalance any learning effects. Also, in order to remove the effects of
background digtractions, the tests were conducted in a darkened room with the subject viewing the
display imagery againg ablack cloth.

For each condition the subject was directed to redign the HDU and combiner using the alignment
paitern, insuring thet the available field was maximized for that condition. Following the fitting and
aignment for each condition, an estimate of the "eye relief" distance was made by measuring the
distance from a 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
millimeters, was recorded for possible correlation with field loss.

Two support investigations also were conducted. Firs, the effect of choice of fixation point on the
maximum avallable fidld was determined by usng a sngle subject and measuring the detection fields
when a center fixation point was used and when the subject dways looked in the expected direction of
the target. Second, to confirm the predicted influence of "eye rdief" on the available fidd, asngle
subject’s fidlds were measured for minimum and maximum extension of the HDU and combiner. This
extension is controlled by adjusting the position of the HDU mount with respect to the mounting bracket
attached to the hdmet, and by moving the combiner lens on the HDU.

Virtusl Eye
Paalllon
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Figure 4. Edimation of “eye rdief”
distance.



RESULTS AND DISCUSSION

Individua field plots for each subject are presented in Figures 5-15. The two outer curvesin each
plot represent the collected data. The dotted curve represents the field for the condition without
gpectacles and the solid curve represents the field for the condition with spectacles. The inner, bold
rectangle represents the theoretical 30-by 40-degrees field-of-view of the fielded PNV'S. Only subjects
#9 and #11 graphicdly show a significant differencein the fidds for the two conditions. Subject #9
(Figure 13) shows asmdl field lossin the first and third quadrants and consderable lossin the fourth
quadrant. However, subject #11 (Figure 15) shows afield gain in dl quadrants. Based on the overadl
results for al subjects, the fields for these two subjects most likely can be attributed to more care being
taken in the fitting of the HDU for one condition over the other than to actud differencesin thefidds.
One other reason for the large gain for subject #11 isthat this subject normaly wore corrective lenses
and may have deliberatdly or subconcioudy 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 assgnments.

A very criticd factor which will affect the fidd sze dong any given meridian isthe dignment of the
HDU. For example, misdignment aong the horizontal image axis could result in ameasured fidd
increase dong the O degree meridian, but with a decrease dong the colinear 180 degree meridian. In an
attempt to minimize this effect, the data analysis was performed on pairs of colinear meridians, i.e.,, 0
and 180, 36 and 216, 90 and 270, and 144 and 324 degrees. Table 1 presents the measured fields for
these colinear pairs for the two conditions. The vaues presented are the sums of the measurements for
the two colinear meridians. i.e., 0 and 180, 36 and 216, 90 and 270, and 144 and 324 degrees.

Table 1 presents the measured fields for these colinerar pairs for the two conditions. The vaues
presented are the sums of the measurements for the two colinear meridians.
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Figure 5. The messured fields for subject #1.
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Figure 7. The messured fields for subject #3.
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Figure 9. The measured fields for subject #5.
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Whether the datain Table 1 are studied with respect to dl meridiona pairs for each subject or for
al subjects for each meridiona pair, the differences between with and without spectacles conditions are
very small. Between subjects only subjects #9 and #11 have any red differences between the means
for the two conditions when calculated across al meridians. The statistics presented for each meridiona
par across dl subjects indicate again very smdl differences between the two conditions.

The larger range in the without spectacles data, indicated by the larger standard deviation vaues, as
compared to the with spectacles condition data, is most likely due to anatomica features that play a
greater role in the placement of the HDU for the without spectacles condition. When the spectacles are
worn, lessvariation in "eyereief" disance is possble.

The datain Table 1 are better expressed if converted into the actua amount of field lost or gained.
These caculated vaues are given in Table 2. Gainsfor any meridiona pair are given as positive vaues
while losses are expressed as negative vaues. 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 columnsin
Table 2 atempt to use a single number to quantify an overdl change in field between the two
conditions. The next to the last column in Table 2 gives the mean losses or gains over al four colinear
meridiona pairs for each subject. These losses or gains are expressed in degreesand also asa
percentage. The last column of Table 2 gives the mean caculated only for the losses for each subject
across dl meridiond pairs. The last row in this table gives the means for losses only across al subjects
for each meridiona pair.

The cdculations based on losses only are meaningful in the following way: The presence of the
gpectacles cannot decrease "eye relief” distance, but it can increase it. 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
operationd effects on the IHADSS system.

The tables show only subjects #9 and #11 as having any sgnificant differencesin fidds for the two
conditions. However, if thefield vaues (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 afield aslarge as any other
subject. One other subject (#5) shows asmall average gain of 1.5 degreesin the overal available field.

The summary datigticsin both tables for the vertical meridiond pair of 90 and 270 degrees need
further comment. Because of the restrictions on the raster sze which can be presented, the available
field dong these meridians produces atificidly smaler gains than may actudly be present due to fitting
vaiations,

The data presented so far are directly gpplicable to the question of the effect of the modified
gpectacles on field-of-view. However, to conclude from the data the actua effects on the IHADSS
fidld-of-view requires that the data be evaluated in view of the actua 30-by 40-degrees field presented
by the IHADSS. With this condition imposed, only colinear meridiona values less than 30 degrees
verticaly, 40 degrees horizontdly, and 50 degrees diagondly reflect red losses that occur in the
IHADSS. No such losses are shown in Table 1 for the vertica meridiona pair (90 + 270 degrees) or
the horizonta meridiond pair (O + 180 degrees). However, losses are noted for both diagona
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meridiona pairs. This means that only the diagona losses given in Table 2 actudly impact the IHADSS.
Table 2 shows that four of the subjects have |osses between the two conditions along both diagona
meridiona pairs. Only subject #9 exhibits a sgnificant oss between the two conditions.

Figure 16 shows the results for the Sngle subject (#6) tested for the effects on the visud fields with
changesin eyereief and fixation direction. The subject was wearing the modified spectacles for these
procedures. Measurements of the subject's field were made using five eye relief distances and two
fixation directions. The eye rdief distance was varied by changing the HDU extension in four of the
cases and by adding a combiner distance change in thefifth case. A center fixation point and a
peripherd fixation in the target direction were used.

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 a3 mm
distance from the objective lens of the HDU. The +14 mm vaue on the x-axis is the condition where
the HDU was positioned at its most forward position and the combiner was moved to its maximum
height of 17 mm from the objective lens. Fidd-of-view vaues on the y-axis were caculated by
averaging the diagond and horizonta colinear meridiond pair vaues. The vertical meridiona vaues
were excluded because of the raster restrictions on their maximum values.

The centrd and peripherd fixation functions show essentidly a pardld relaionship with increased
eyerelief. For agiven meridian, the difference in the field-of-view between centrd and peripherd eye
fixations varies from gpproximately 2 degrees (4 degrees for colinear pair diameter) & minimum eye
relief to approximately 3 degrees (6 degrees for colinear pair diameter) at the outer position limit of the
HDU and combiner. The theoreticd effect of this reduced field-of-view on the video imagery from the
40-by 30-degree rectangular FLIR raster is presented in Table 3 and in Figure 17. The assumption is
made that the available field-of-view through the HDU essentidly iscircular. In Table 3 it can be seen
that the subject would require a 50-degree field value in order not to suffer any losses in the corners of
the ragter. For the subject investigated, the 2 to 3 degrees meridiond logt a the minimum HDU
extenson, due to variaion in choice of fixation, corresponds to an increase in unavailable field
goproximately from 0.4 percent with center fixation to 3.0 percent with peripherd fixation. For the
maximum eye rdlief distance, the corresponding fidd lass from change in fixation is gpproximeately from
12 percent with center fixation to 30 percent with periphera fixation. It should be noted that even for
the optimum fixation direction (centra), the Single subject tested suffered an increase in unavailable field
at the diagonds from 0.4 degreesto 10.4 degrees with the combiner positioned at the maxium eye relief
position. This confirms the previoudy-sated assumption that to maximize the available field-of-view, the
eyerdief digance must be minimized; the ability to properly adjust the HDU and minimize eye relief is
more highly dependent on anatomica features and helmet fit than any other known characterigtics.
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Tablel
COLINEAR MERIDIONAL FIELDS FOR CONDITIONSWITH AND WITHOUT
SPECTACLES (IN DEGREES)

Meridians -> 0+ 180 36 + 216 90 + 270 144 + 314 Mean

Subject # Y + N Y + N Y + N Y + N Y + N
1 46.5 48.0 45.5 46.8 418 416 452 46.6 44.8 45.8
2 46.8 46.6 459 46.4 42.1 42.2 455 46.5 451 454
3 46.2 46.2 45.0 44.8 416 419 459 45.0 4.7 445
4 45.2 44.2 44.8 43.4 415 415 43.7 43.0 43.8 43.0
5 43.3 42.0 43.0 415 411 40.2 42.8 415 42.6 41.3
6 48.4 48.4 477 47.3 42.2 42.2 47.3 47.0 46.4 46.2
7 48.5 46.8 475 46.4 42.1 42.0 47.1 46.5 46.3 454
8 451 44.5 44.8 44.0 42.2 415 44.2 44.2 141 43.6
9 46.6 49.0 46.7 50.0 41.4 42.2 46.2 49.8 45.3 47.8
10 47.8 438.8 46.5 48.4 42.0 42.1 46.6 47.1 457 46.6
11 46.3 42.1 45.4 42.0 417 40.9 46.0 41.4 449 41.6
High Value 48.5 49.0 477 50.0 42.2 42.2 47.3 49.8 46.4 47.8
Median 46.5 46.5 45.5 46.4 41.8 419 459 46.5 449 454
Low Value 43.3 42.0 43.0 415 411 40.2 42.8 414 42.6 41.3
Mean 46.4 46.1 457 455 41.8 41.7 455 453 449 4.7
SD 1.52 2.53 1.35 2.65 0.36 0.63 1.42 2.59 1.16 2.10

Note: The conditions with and without spectacles are denoted by the letters
(YY) and (N), respectively.
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COLINEAR MERIDIONAL LOSSES OR GAINS (IN DEGREES)

TABLEII

Meridians -> 0 + 180 deg 36 + 216 deg 90 + 270 144 + 314 deg Mean Mean
Subject # Losses only
1 -1.5 (3.0%) -1.3 (2.8%) 0.2 (0.5%) -1.4 (3.0%) -1.0 (2.1%) -1.4 (2.9%)
2 0.2 (0.4%) -0.5 (1.0%) -0.1 (0.2%) -1.0 (2.2%) -0.4 (0.8%) -0.5 (1.1%)
3 0.0 (-) 0.2 (0.4%) -0.3 (0.7%) 0.9 (2.0%) 0.2 (0.4%) -0.3 (0.7%)
4 1.0 (2.3%) 1.3 (3.3%) 0.0 () 0.7 (1.6%) 0.8 (1.8%) 0.0(-)
5 1.3 (3.0%) 2.5 (3.6%) 0.9 (2.2%) 1.3 (3.1%) 1.5 (3.0%) 0.0 (-)
6 0.0 (-) 0.4 (0.8%) 0.0 (-) 0.3 (0.6%) 0.2 (0.41) 0.0 (-)
7 1.7 (3.6%) 1.1 (2.4%) 0.1 (0.2%) 0.6 (1.3%) 0.9 (1.9%) 0.0 (-)
8 0.6 (1.3%) 0.8 (1.8%) 0.7 (1.7%) 0.0 (--) 0.5 (0.3%) 0.0 (-)
9 -2.4 (4.9%) -3.3(6.6%) -0.8 (1.9%) -3.6 (7.2%) -2.5 (5.2%) -2.5 (5.2%)
10 -1.0 (2.0%) -1.9 (3.9%) -0.1 (0.2%) -0.5 (1.1% -0.9 (1.8%) -0.9 (1.8%)
11 4.2 (10.0%) 3.4 (8.1%) 0.8 (2.0%) 4.6 (11.1%) 3.3(7.8%) 0.0 (-)
Mean -1.63 (3.3%) -1.75 (3.6%) -0.33 (0.8%) -163(34%) | @ - | -
Losses only
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TABLE 3

PERCENT OF UNAVAILABLE FIELD

Colinear Field Value Field Loss
(in degrees)
30 41.1
32 34.1
34 28.0
36 219
38 16.1
40 104
42 6.3
44 3.4
46 14
48 0.4
50 0.0

The visud effect from the decrease in the fid d-of-view from periphera fixation needs to be clarified.
If the subject isfixating centraly, he can detect information in the periphera video imegery, but will need
to fixate on the detected object for identification. His field-of-view will then be reduced as aresult of that
fixation in the periphery. The best gpproach isto move his head to keep the object visble when it
gppears a the outer limits of the display. In the case of the IHADSS symbology, which isfixed in
position on the periphera edges of the display, the subject must look directly at the numeras and
symbols to interpret the information.

CONCLUSIONS AND RECOMMENDATIONS
Congdering the limited sample Sze, this Sudy indicates that when sufficient care is taken in the fit and
dignment of the hedmet and HDU, there is no sgnificant loss from the modified spectaclesin the available
field-of-view.

Generdly spesking, the determining factors of the avallable field are hdmet fit, fixation direction, and
eyerdief disance. Helmet fit, while dependent on anatomical features, is affected most by the care
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exercised during the fitting process. The percent field loss caused by peripherd fixation can range
between 3 and 30 percent and is highly dependent on eye relief distance. Minimum eye relief, obtained
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 disances isinfluenced greetly by anatomicd featuresand is
extremely important to being able to acquire the periphera 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 useis required for
correction of refractive errors or for laser protection until suitable aternatives have been identified, tested,
and proven. Directions to spectacle wearers should emphasize the importance of a proper helmet fit and
combiner dignment. During the fitting care should be taken to minimize the extension of the HDU and the
combiner e ement.
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APPENDIX A

LIST OF EQUIPMENT MANUFACTURERS
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