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Introduction 

Among the threats confronting the Army aviator in combat are 
those that will challenge his visual integrity and impair his 
visual performance. Pyrotechnics, high-intensity searchlights, 
electronic strobes, and fireballs produced by tactical nuclear 
weapons all represent battlefield sources of noxious light 
energy with the potential to degrade visual function. A more 
recent threat is that of exposure to directed energy from 
ground- or air-based laser platforms. Such systems could be 
used not only to designate aircraft, but, at appropriate powers 
and wavelengths, to flashblind aircrews and produce ocular 
injury. 

At present, the Army is developing an integrated flight 
helmet (Head Gear Unit-56/P [HGU-56/P]) that will provide visual 
prophylaxis against debilitating sources of light most likely to 
be encountered on the battlefield. One preliminary design 
incorporates a visor-goggle arrangement that will attenuate the 
exposure to both laser energy and nuclear flash. Unfortunately, 
along with their intended objective of providing ocular protec- 
tion, protective materials placed in front of the eyes will have 
the additional effect of reducing the light available for 
seeing. (Even optical quality clear glass loses 4 percent of 
the incoming light per surface.) Under optimal (i.e., bright 
light) viewing conditions, the reduction of light due to 
protective devices should have but minimal effects on visual 
function. However, any additional loss of available light could 
aggravate the already limited visual capabilities of pilots at 
night. 

One proposal offered by Army planners prescribes that 
use image intensification (12) devices (e.g., night vision 

pilots 

goggles [NVGs]) in conjunction with the ocular protective 
materials to augment their nighttime viewing capabilities. 
While NVGs inherently compromise the quality of vision (reduced 
acuity, depth perception, visual fieldi and color vision), the 
operational capabilities,they provide far outweigh the visual 
shortcomings associated with their use. However, decreasing the 
NVG's output brightness with filters or other protective 
materials could further degrade image quality and, in so doing, 
further impair visual function and perception. Indeed, reducing 
photopic acuity further could effectively hinder safe flight. 

. 
The present study was designed to examine visual acuity with 

AN/PVS-5 night vision goggles after reducing normal output 
luminance by as much as 99 percent. Data were collected in the 
laboratory over a range of low ambient illumination conditions 
and target-background contrasts. The work was conducted in 
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conjunction with a tasking by the Directorate of Combat Develop- 
ments, U.S. Army Aviation Center, Fort Rucker, Alabama, to 
evaluate the effects of nuclear flashblindness material on 
visual acuity with NVGs (Appendix A). The data presented here 
extend those reported in the study performed in response to that 
tasking (Levine and Rash, 1989). 

Bethods 

Subiects: Eight volunteers, seven military and one civil- 
ian, aged from 20-37, participated in the study. All par- 
ticipants had 20/20 or better uncorrected Snellen visual acuity 
as measured under standard, clinical test conditions. six of 
the eight participants had over 50 combined hours of NVG 
experience as subjects in prior studies and were highly familiar 
with the experimental procedures. The remaining two subjects 
were NVG-inexperienced and experimentally naive; both were 
permitted sufficient opportunity to practice and adapt to 
viewing through the goggles. 

Aonaratus: Subjects sat in a darkened room 20 feet from a 
12" monochrome CRT upon which individual, computer-generated, 
Snellen letters IrEIt were presented as targets. Subjects viewed 
the CRT through a single pair of AN/PVS-5A NVGs mounted on a 
table in front of them (Figure 1). Goggle height and inter- 
pupillary distance were adjusted by the experimenter for each 
subject. Goggle batteries were changed after every 10 hours of 
use. 

Viewina conditions: 

Background CRTluminance - Three background CRT luminances 
were chosen to correspond to the ambient light levels associated 
with twilight (l/2 hour past sunset), full moon, and starlight 
(clear, moonless night: RCA Electra-Optics Handbook, 1974). 
Light levels were simulated by using large sheets of neutral 
density filter material placed over the screen to achieve the 
required levels of W@ambientl@ illumination. CRT brightnesses 
were confirmed with a Pritchard 1980-A spectrophometer*. The 
monitor served as the only source of light in the room. 

Target/background contrast level - Three contrast ratios -- 
90, 30, and 3 percent -- were selected to represent conditions 

* See Appendix D 

4 



Figure 1. Subject's viewing station with mounted AN-PVS-5A 
night vision goggles and hand-held joystick. 

of high, moderate and low target/background contrast. Following 
Michelson (1927), contrast was defined as: 

backqround luminance - tarqet luminance 
background luminance + target luminance. 

The letters always appeared darker than their surrounds 
(negative contrast: Figure 2). 
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Figure 2. Snellen "El's of high (top), medium (middle), 
and low (bottom) contrast. 



Goggle luminances - The luminous output of the goggles waz 
adjusted by a series of Kodak Wratten neutral density filters 
that were trimmed, placed in specially constructed rings, and 
fitted onto the oculars of the goggles (Figure 3). Optical 
densities and corresponding light transmittances (in paren- 
theses) for each of the filters were as follows: 0.30 (50 
percent), 0.50 (30 percent), 1.0 (10 percent), 1.5 (3 percent), 
and 2.0 (1 percent). In addition, a baseline no filter condi- 
tion (100 percent transmission) was included in which only the 
empty filter rings were used. The presentation order of each of 
the filter conditions was determined according to a quasi-random 
schedule (see below). 

Procedures: Subjects were briefed on their required tasks 
and permitted 5-10 minutes to adapt to their darkened surround- 
ings. They then focused the NVGs while viewing sample targets 
on the monitor. 

Figure 3. Night vision goggles with filters mounted onto the 
oculars. 
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During testing, the lrENs were displayed for 1 second on 
the CRT in one of the four cardinal orientations. The subjects 
indicated the orientation of the 18Egm with an appropriate 
movement of a hand-held joystick (a four-alternative forced- 
choice procedure). The orientation of the lIE1l was varied 
randomly under computer control while the size of the @IE" and 
its rate of presentation (about once every 3 seconds) were 
controlled by an operator in an adjacent room. Letter sizes 
ranged, in terms of Snellen notation, from 20/10 to 20/400 (or, 
in terms of minimum angle of resolution, from 0.5 to 20.0 
minutes of arc). 

t 

Threshold acuities were determined using the psychophysical 
method described by Wetherill and Levitt (1965). This technique 
employs a bidirectional method-of-limits to capture any one of 
several possible detection thresholds. A paradigm was selected 
to determine the 70 percent acuity threshold and modified to 
incorporate the four-alternative forced-choice procedure de- 
scribed above. The 70 percent threshold level was chosen in 
order to control for the effects of guessing and to provide a 
measure comparable to earlier work from this laboratory. 

. 

No penalties were imposed upon the subject for an incorrect 
or nonresponse and no performance feedback was provided. For 
the most difficult viewing conditions (e.g., moonlight, low 
contrast targets), subjects often could neither detect trial 
onset nor correctly identify the orientation of the largest 
(20/400) letter. To assist detection, subjects were cued with a 
verbal "ready" signal just before the start of these more 
lldifficult" trials. (Other than providing a general orienting 
response, post hoc analysis indicated that this procedure had no 
practical consequences on the subject's performance. On "no 
response" trials, an acuity value of 20/600 was assigned ar- 
bitrarily and used in the calculation of the subject's thresh- 
old.) 

Rxnerimental desian and data aR&Lvsis 
ceived as a 3 (brightness: 

The study was con- 

3 (contrast: 
twilight, mooniight/and starlight) X 

high, moderate, 
transmission: 

and low) X 6 (percent goggle light 
I, 3, 10, 30, 50, and 100) within-subjects design 

with repeated measures on all factors. Acuity, expressed in 
terms of the average minimum angle of resolution (MAR), served as 
the dependent variable. All 54 possible viewing conditions were 
presented randomly and exhaustively once to each subject. Data 
collection was accompanied over five sessions with each experi- 
mental session lasting about 1 hour. 
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Because NVGs deliver optimal performance (i.e., maximal 
brightness and peak acuity) over a limited range of ambient 
lighting and target conditions (clear, moonlit night, and high 
contrast targets), statistical analyses based upon a treatment 
effects model could be confounded by system limitations (produc- 
ing both %eilingll and l@floorll effects). Therefore, the data 
are presented descriptively in order to demonstrate and clarify 
the functional relationships among the various levels of goggle 
output and their subsequent effects on visual acuity for targets 
of varying contrast. In addition to illustrating the effects of 
filters, the results also present baseline acuity data for the 
NVGs alone. 

Pesults 

Acuitv with NVGs alone: Table 1 presents acuities with NVGs 
alone ("no filteP condition) at each level of brightness and 
contrast. Group means and ranges are shown for each viewing 
condition. Acuity is represented in terms of both the minimum 
angle of resolution and its approximate Snellen equivalent. 
These data were extracted from the complete data set and are 
presented here to both document and provide an estimate of "best 
case" NVG acuity under each of the conditions tested. (Means 
and standard deviations also are shown graphically in Appendix 
B.) 

As shown in Table 1, mean acuities ranged from 20/40 under 
the most favorable viewing conditions (twilight and high 
contrast) to 20/400 under the poorest (starlight and low 
contrast). As expected, U1bestW1 NVG acuities were achieved under 
system-optimal lighting conditions (twilight-moonlight) with 
targets of moderate to high contrast. Acuity degraded, however, 
with additional decreases in ambient illumination and/or 
contrast. At the lowest luminance and contrast level, acuity 
for three of the eight subjects degraded beyond measurable 
levels. 
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Table 1 

Visual acuity with AN/PVS-5A night vision goggles under 
varying levels of brightness and contrast 

High contrast 
Moderate WI 
LOW n 

Moonliaht 

High contrast 
Moderate I@ 
LOW n 

Starliaht 

High contrast 
Moderate )@ 
LOW n 

Minimum angle of 
resolution* 

Mean I Range 

2.1 1.6 - 3.2 
2.4 1.7 - 3.2 
5.4 3.7 - 8.5 

2.3 1.6 - 3.0 
3.5 3.0 - 4.5 
9.1 5.4 - 12.5 

3.7 2.9 - 4.7 
5.7 3.9 - 7.5 

19.8 12.8 - 25.0 

Snellen 
acuity** 

Mean I Range 

20/40 
20/50 
20/100 

20/50+ 20/30-20/60 
20/60- 20/60-20/100 
20/200+ 20/100-20/300 

20/80+ 20/60-20/100 
20/100- 20/80-20/150 
20/400 20/200-20/4OOi 

20/30-20/60 
20/30-20/60 
20/80-20/200 

* Minutes of arc. 
** Approximate Snellen equivalent based upon letter sizes 

actually presented to the subjects. 

Acuitv with reduced NVG briahtnesses: 

The effects on acuity of reduced goggle output can be seen 
in Figures 4-6 (and in tabular form in Appendixes C-E). The 
data are presented as a function of percent NVG light transmis- 
sion and target contrast for each level of ambient illumination. 
Each point represents the mean of eight subjects. Acuity is 
depicted both in terms of MAR and its associated Snellen 
equivalent. The means are plotted on log-linear axes and second 
order polynomial regression curves have been fitted to the data 
points. (Mean acuities greater than 20/400 on the graphs 
include the "no-response" estimates described above. In 
Appendixes C-E, these are depicted simply as a >20.0 MAR or as a 
Snellen equivalent of >20/400.) 
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Normal NVG acuity under varying conditions of varying light 
levels and target-background contrasts 
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Ar>Dendix C 

Reduced NVG luminance: Acuity under @%wilightOU conditions 

Range 

30% r Contrast 

Mean MAR 2.4 

Range II 1.6- 
3.2 

Mean 
Snellen 20/50 

acuity 

Range 20/30- 
20/60 

50 I 30 I 10 I 3 I 1 

2.8 I 2.8 I 3.0 I 4.0 I 4.4 

2.0- 2.2- 2.7- 2.7- 3.0- 
3.8 3.5 3.9 7.5 8.1 

20/60 
I 

20/60 
I 

20/60 
I 

20/80 
I 

20/80- 

I 

20/40- 20/40- 20/50- 20/50- 20/60- 
20/80 20/80 20/80 20/150 20/150 
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Reduced NVG luminance: Acuity under %oonlightmU conditions 

Percent goggle transmission 
90% 

Contrast 

Mean MAR 

Range 

Mean 
Snellen 

acuity 

Range 

3% 
Contrast 

Mean MAR 

Range 

Mean 
Snellen 

acuity 

Range 
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_ ._ ._--- . 
Amendix E. 

Reduced NVG luminance: Acuity under "starlight" conditions 

acuity 

Range 20/60- 20/60- 20/60- 20/100- 20/150 20/200- 
20/100 20/100 20/150 20/200 20/300 >20/4OCI 

30% 
Contrast 

Mean MAR 

Range 

Mean 
Snellen 

Acuity 

Range 

100 I 50 I 30 I 10 I 3 I 1 

5.7 5.7 6.6 11.9 15.9 

4.1- 4.4- 5.1- 6.2- 12.0- 
7.5 7.5 9.8 >20.0 >20.0 

20/100 20/100 20/150- 20/200 20/300 

20/80- 20/80- 20/100 20/200- 20/200- 
20/150 20/150 20/200 20/400 >20/400 

>20/400 

>20/400 

Mean 
Snellen 

acuity 

Range 

20/400 20/400 20/400 20/400 >20/400 >20/400 

20/200- 20/200- 20/200- 20/200- 
>20/400 >20/400 >20/400 >20/400 >20/400 >20/40(1 
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