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SUMMARY 

Laboratory measures of stereopsis and f ie ld measures of relative 
depth discrimination while using the AN/P~S~5 Night Vision Goggle were 
determined and compared with data of unaided eye performance. Using a 
modified Howard-Dolman apparatus, the stereoscopic threshold was found 
to be considerably degraded with the man-goggle system when compared to 
photopic unaided eye performance. Field measurements of relative depth 
discrimination using al l  available visual cues showed that performance 
of the man-goggle system was s ta t is t ica l ly  equivalent only at inter- 
mediate distances of 500 feet or less. However, performance was infer ior 
to unaided viewing at distance greater than 500 feet. These results are 
attributed primarily to the loss in resolution with the man-goggle 
system and thus a fai lure to appreciate subtle visual cues normally 
available for depth discrimination. 

y'~ e 

COL, MSC 
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INTRODUCTION 

Recent mil i tary experiences and modern tactical considerations have 
dictated the requirement for placing emphasis on sustained operations 
with future mil i tary deployment. Such sustained operations imply con- 
tinuous activity by mil i tary units during periods of darkness as well as 
daylight. The requirement for operating during periods of reduced 
illumination wi l l  place new perceptual demands upon the individual 
soldier. Since vision is the principal sensory modality with which man 
gathers information from the external world about him in order to func- 
tion effectively, major mil i tary operations historical ly have been 
conducted during periods of good illumination when the human visual 
system is most eff icient. 

The eye and related neural structures comprise an extremely effec- 
t ive information processing system. The visual system has a tota l  
dynamic range in response to l i gh t  st imulat ion much greater than any V(5~e ~ 
other known photodetection system• In order to achieve this large 
dynamic range, several physiological adaptations and compromises h a v e  ~ ~  
been accomplished. The dup l i c i t y  arrangement of the ret ina represents "~ 
one of the most ef fect ive adaptations. At moderate to high l i gh t  l e v e l s , \  
the cone or photopic system is operational and processes visual informa- I 
t ion with remarkable resolution along several dimensions (color, spat ia l ,  
temporal). At lower l i gh t  levels, down to the order of several photons, 
the rod or scotopic system is operational. In order to be capable of 
functioning at low l i gh t  levels, some severe visual compromises have 
been maae. For example, the scotopic system integrates l i gh t  over 
re la t i ve l y  large ret ina l  areas so spatial resolut ion is c o n s i d e r a b l y ~  
reduced. No color information is processed, and temporal processing is 
reduced. The l imi ted information provided by the scotopic visual system 
res t r ic ts  the capabi l i ty  of the soldier to e f fec t i ve ly  perform his 
m i l i t a r y  duty. 

In recognition of the requirement for sustained m i l i t a r y  opera- 
t ions, two avenues have been pursued to reduce the impact of the basic 
l imi ta t ions of the scotopic visual system on m i l i t a r y  operations during 
periods of darkness. The f i r s t  approach has been to increase the amount 
of time devoted to operational t ra in ing at night• I t  is f e l t  that this 
w i l l  reduce the stress and increase the pe,rceptual prof ic iency of ind iv id- -~-~ 
uals during night m i l i t a r y  operations. However, the anatomy and physiology -, 
of the human visual system are re la t i ve l y  immutable and certain tasks, 
such as nap-of-the-earth (NOE) rotary wing f l i g h t ,  require more visual i ~  
information than the scot~pic system can provide, regardless of the type 
and quantity of t ra in ing.  To f u l f i l l  this need for  low l i gh t  level 
visual information, major technological advances in l i gh t  ampl i f icat ion 
and infra-red systems have been developed in recent years. 



The AN/PVS-5 Night Vision Goggle (NVG), developed by the U.S. Army 
Night Vis ion Laboratory,  is considered an e f f ec t i ve  in ter im so lu t ion  to 
al low U.S. Army av ia tors  to conduct l im i ted  ro ta ry  wing operat ions at 
n ight .  While the NVG performs commendably in l i g h t  amp l i f i ca t i on ,  use 
of the NVG has presented new problems and questions fo r  those of us 
concerned with the human in th is  man-machine system. For the past 
several years,  personnel at the U.S. Army Aeromedical Research Laboratory 
have been conducting experiments designed to determine the present and 
po ten t ia l  impact of the NVG on av ia tors  ~uring ro tary  wing f l i g h t .  

Previous USAARL reports have deta i led  the resu l ts  from studies 
invo lv ing the NVG and color  afterimages I ,  dark adaptat ion 2, nav igat ional  
maps 3, and av ia to r  performance with goggles having various f i e l d s  of 
view 4. This repor t  presents resu l ts  from experiments designed to deter-  
mine the e f fec ts  of the goggle on a user 's a b i l i t y  to make r e l a t i v e  
depth d isc r im ina t ions  under both f i e l d  and laboratory  condi t ions.  This 
depth d isc r im ina t ion  data becomes important when considerat ion is given 
to a l t e r i ng  the present b inocular  goggle design to a b i -ocu la r  or s ing le  
tube design to gain po ten t ia l  savings in weight and cost. 

METHODS AND RESULTS 

I .  Laboratory Measures of Relat ive Depth Discr iminat ion 

A modif ied Howard-Dolman apparatus was used for  the laboratory  
measures of r e l a t i v e  depth d i sc r im ina t ion .  Modi f ica t ions to the basic 
instrument consisted of d r i v ing  the var iab le  ve r t i ca l  rod by a motor 
which was con t ro l led  by a radiofrequency rece iver .  The observers held a 
t ransmi t te r  and moved a toggle switch in a fore and a f t  d i r ec t i on  to 
e l i c i t  rod movement and e f f ec t  alignment wi th the f ixed comparison rod. 
When an observer indicated alignment of the two rods, displacement read- 
ings to the nearest 0. I  mm were taken wi th a d i g i t a l  vol tmeter which 
read the voltage across a l i nea r  potent iometer attached to the var iab le  
rod. Except fo r  a 0.75 ° x 1.75 ° viewing window in the f r on t  of  the 
instrument,  the apparatus was completely enclosed and i l l umina ted  wi th 
e lect ro luminescent  panels l i n i n g  the sides and top of the case. The 
luminance levels used were 6.70 foot lamberts fo r  the naked eye observa- 
t ions and 0.012 foot lambert  fo r  the observations using the NVG. 

Six experienced av ia tors  were used as observers~ A modif ied 
method of adjustment was used and during each tes t ing  per iod,  an observer 
would make I0 readings under each of four d i f f e r e n t  viewing cond i t ions:  
unaided monocular, unaided b inocu lar ,  monocular wi th NVG, b inocular  wi th 
NVG. To e l im inate  an order e f f e c t ,  the viewing condi t ions were a l t e r -  
nated a f t e r  each observat ion,  and between each observat ion,  the var iab le  
rod was moved to e i t he r  the f ron t  or back strap of the apparatus. A l l  
observat ions were made at a viewing distance of  6 meters from the f ixed 
rod. 

2 
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Hirsch and~ym~u~h 5 f i r s t  discussed the theoret ical  impl ica- 
t ions of measures ~ d e p t ' h ~ i s c r i m i n a t i o n  thresholds, and the i r  suggestion 
of using the stan~Fard deviat ion of the l inear  displacement scores has 
been adopted by oi~J~er invest igators in subsequent reports. Accordingly, 
our threshold measu~re-was the standard deviat ion of the displacement 
scores from the I0 observations made by each observer under the d i f -  
ferent viewing condit ions. Fable 1 shows the average threshold obtained 
from the six observers with the four viewing condit ions. I t  can be seen 
in th is  table that unaided binocular viewing yielded resul ts superior to 

_ I I  

Table I .  Relative Depth Threshold with Howard-Dolman Apparatus 

Linear Threshold 
(Centimeters) 

Binocular 1.34 

Monocular 5.19 

Binocular/NVG 4.80 

Monocular/NVG 7.04 

II I I  , I I  

Angular Threshold 
(Seconds of A r c ) ~  

19.3 

an~ of the remaining three condit ions. Binocular viewing with the NVG 
~ s s l i g h t l y  better  ~hdn Undla~ a m ~ar n ," ~ i li-,,(,FiJ!ar---" 
~ I n ~  w i th  the NV e. Scheffe~s S mul t ip le  
~-mparsion method-~a~ used tO s t a t i s t i c a l l y  evaluate these data. There 
was a s i gn i f i can t  d i f ference (p<.Ol) between the resul ts obtained with 
unaided binocular viewing and those found with the other three viewing~ ~{~ 
condit ions. However, no s t a t i s t i c a l l y  s i gn i f i can t  d i f ference (p<.Ol) ~ / , ~ A / v  ~ 
was indicated between the thresholds with unaided monocular viewing, I ~,~.~/~ 
binocular-NVG viewing, and monocular-NVG viewing. 

Thresholds in terms of angular d i spa r i t i es  are also shown in 
Table I .  These were determined using the fo l lowing equation s . 

n = a (Ad) 206,280 
d 2 

where 

n = angular threshold in seconds of arc 
a = i n t e rpup i l l a r y  distance 

Ad = l inear  displacement of the var iable rod from 
the f ixed rod 

d = observation distance 



A binocular  threshold of approximately 5 seconds of arc is of the same 
order of magnitude as those which have been presented in previous 
inves t iga t ions  s,6 

2. F ie ld Measures of Relat ive Depth Ds ic r iminat ion  

The s ix  observers used in the laboratory  study were also used 
for  the f i e l d  measures of r e l a t i v e  depth d i sc r im ina t ion .  Again, a 
modif ied method of adjustment was used and the observer 's task was to 
ind ica te  when two ta rge ts ,  one f ixed and one var iab le ,  were judged to be 
at the same distance from him. However, several procedural changes were 
made. Only three viewing condi t ions were used: monocular viewing 
during the day, b inocular  viewing during the day, b inocular  viewing wi th 
the NVG at n ight .  Only one viewing condi t ion was tested during each 
observat ion per iod,  and two av iatQrs,  a l t e r n a t e l y  responding, were 
tested during the same period. Ful l  moon, no overcast condi t ions pre- 
va i led during the n ight  tes t ing  periods with photometric measures (taken 
at ~he beginning and end of each night  tes t ing  period) averaging 1.7 x 
I0 -L foot  candles. 

The av ia to r  subjects were seated in the cockpi t  of  a UH-IH 
he l i cop te r  and viewed target  pairs (one f ixed and one var iab le)  placed 
at distances ranging from 200 feet  to 2000 feet  from the he l i cop te r  
along an inac t ive  runway at Shell Army A i r f i e l d ,  Fort Rucker, Alabama 
(Figure l .A ) .  

The targets consisted of white c loth stretched over metal 
framework (Figure I .B ) .  The larger  var iab le  targets were mounted on 
wheels to al low easier  movement and pul led by a small t r ac to r  which was 
behind the targets to be completely hidden from view from the observers. 
The targets were moved along a white reference tape to insure a constant 
angular separat ion of the f i xed and var iab le  ta rget .  The actual sizes 
of the ta rge ts ,  as shown in Table 2, were establ ished so that  each of 
the f i ve  ta rge t  pairs would subtend a visual  angle of I0 '  x 30' at t h e i r  
respect ive tes t ing  distances. Lateral  angular separat ion between the 
two targets of each pa i r  was maintained at 1.5 ° fo r  a l l  tes t ing  d is -  
tances. 

Table 2. Actual Size of the Target Pairs 

Testing Distance Target Size 
(Feet) (Feet) 

200 0.58 x 1.75 
500 1.46 x 4.37 

lO00 2.91 x 8.73 
1500 4.37 x 13.09 
2000 5.82 x 17.46 

4 
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FIGURE 1 
(A) SUBJECT'S VIEW OF A TARGET PAIR FROM THE UH-IH 
(B) CONSTRUCTION OF THE METAL FRAME OF THE TARGETS 

USED AT 2000 FEET. 
5 



Figure 2 shows the resu l tant  thresho|ds for  the three viewing 
condit ions at a l l  tes t ing distances. As with the laboratory study, the 
measure of threshold was the standard deviat ion of I0 observations at 
each distance for  a l l  condi t ions.  The average thresholds for  a l l  s ix  
observers at each distance are shown in Figure 2. I t  can be seen that 
while the unaided monocular and binocular results were similar, the 
depth discrimination performance with the night vision goggle was clearly 
infer ior at most of the testing distances. Again, Scheffe's S multiple 
comparison method was used to s ta t is t ica l ly  evaluate these data. Results 
indicate that there is a s ta t is t ica l ly  significant difference (p<.Ol) 
between the unaided daylight monocular and binocular thresholds only at 
the 2000 feet testing distance. However, NVG performance was s ign i f i -  
cant]y different from monocular performance at all distances except 200 
feet, and goggle performance was signif icantly different from binocular 
performance at al l  distances except 200 feet and 500 feet. 

In order to determine the mathematical expression best descr ib-  
ing the resu l ts ,  the data from each of the three viewing condit ions were 
analyzed by the least squares technique to six d i f f e ren t  funct ions 
( l i n e a r ,  exponent ial ,  power, and three hyperbol ic funct ions) .  The cor- 
re la t i on  coe f f i c ien ts  were highest,  ind ica t ing  the best mathematical 
descr ip t ion ,  for  a l l  three viewing condit ions when the data were f i t  to 
a power funct ion.  These funct ions for  each of the viewing condit ions 
are shown in Table 3. 

Table 3. Mathematical Expressions for  the Best F i t  
Curves for  the Three Viewing Conditions 

Monocular Viewing 

Binocular Viewing 

Binocular/NVG 

Y = .0038 X 1-182 

Y = .0029 X I'241 

Y = .0068 X 1,158 

r = .859 

r = .914 

r = .810 

The resu l ts  in terms of angular thresholds using the conver- 
sion equation discussed e a r l i e r  are shown in Figure 3. I t  can be seen, 
and has been shown previously 7,B,9,~°,  that  the angular threshold for  
r e l a t i ve  depth d isc r im ina t ion  decreases with distance. However, these 
an~u,ar ~ , ,~ ,o~us cannot be viewed as stereoscopic d i spa r i t y  thresholds. 
C lear ly ,  addi t ional  monocular cues such as size constancy are opera- 
t iona l  fo r  these depth d iscr iminat ions made under f i e l d  condit ions at 
a l l  of the test ing distances. 
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DISCUSSION 

The reduced resolut ion capab i l i t y  with the NVG has probably s ign i -  
f i c a n t l y  influenced the resul ts obtained in the depth d iscr iminat ion 
experiments. A report  now in preparation ~I w i l l  present data showing 
that the best acui ty  measured c l i n i c a l l y  with the NVG is approximately 
20/70 Snellen acui ty  and that  th is  value agrees very c losely with data 
obtained using a modulation t ransfer  funct ion technique. 

As shown in Table I ,  the resul ts obtained with the Howard-Dolman 
apparatus indicate that the depth d iscr iminat ion thresholds with unaided 
binocular v is ion were superior to those obtained with the remaining 
three viewing condit ions. On a rank order basis, the thresholds with 
binocular viewing with the night v is ion goggle were s l i g h t l y  bet ter  than 
unaided monocular viewing thresholds, whi le thresholds obtained wi th the 
NVG and monocular viewing were the poorest. S ta t i s t i ca l  evaluation 
indicated that whi le there was a s t a t i s t i c a l l y  s i gn i f i can t  d i f ference 
(p<.Ol) between the thresholds of binocular viewing and the remaining 
viewing condi t ions, there was no s i gn i f i can t  d i f ference between unaided 
monocular, binocular-NVG, and monocular-NVG viewing condit ions. How- 
ever, our own observations and comments from every subject used in these 
experiments indicate that there is a perceptual ly s i gn i f i can t  d i f ference 
between binocular viewing with the NVG and the two monocular viewing 
condit ions. That is ,  even though the targets are not as c lear ,  depth 
judgments using binocular viewing with the NVG are more easi ly  made than 
those using unaided or aided monocular viewing. 

An upr ight  image is achieved with the NVG by means of a f i be r  
optics tw is t  contained wi th in  the optics of the tube. The fac t  that  
adequate spat ia l  information is retained a f te r  the f i be r  opt ics tw is t  is 
shown by the read i ly  fused images presented to the eyes by the two tubes 
in the NVG. One might reasonably expect d i spa r i t y  information to be 
retained also. Therefore, the decrement in performance whi le using the '~ 
goggle from that  of unaided binocualr viewing is mainly ascribed to the / 
loss in resolut ion.  3 

The loss of resolut ion resu l t ing in larger depth d iscr iminat ion 
thresholds can also be seen in a comparison between the unaided and 
aided monocular performances (Table I ) .  The Howard-Dolman apparatus is 
usual ly considered to y ie ld  measures of central stereopsis. Relative 
depth judgments with th is  instrument are supposedly based upon d ispar i t y  
of the re t ina l  images of the two eyes. However, cues fo r  depth judgment 
other than image d ispar i t y  are avai lable to the observer with the Howard- 
Dolman instrument, especia l ly  when the f ixed and comparison rods are of 
the same size. One cue, proximal image size, was purposely l e f t  avai lable 
for  our subjects. Size was probably the major cue used to make the 
displacement set t ing~ when the tar-F~s were viewed m o n o c u l a r l y . ~ h o u g h  

9 



the cues avai lable to the observer when viewing the apparatus monocularly 
with and without the NVG were the same, the degraded image of the targets 
with the goggle resulted in a threshold which was much greater than that 
found with unaided monocular viewing. 

/ /  The f i e l d  experiment was designed to measure re la t i ve  depth dis-  
cr iminat ion thresholds using the goggle and to compare that performance 
with depth thresholds of day l ight  unaided v is ion.  With the preponderance 

E of monocular cues, the cue of re t ina l  image d ispar i t y  was r e l a t i v e l y  ~ minor, and l i t t l e  d i f ference between monocular and binocular performance 
was expected. This supposit ion was supported as shown in Figure 2 in 
which the monocular and binocular thresholds are s t a t i s t i c a l l y  equiva- 
lent  at a l l  test ing distances. However, fo r  distances of 500 feet  or 
greater,  Figure 2 also shows that depth d iscr iminat ion performance with 
the night v is ion goggle is s i g n i f i c a n t l y  poorer. As with the resul ts of 
the laboratory study, the larger thresholds obtained whi le the observers 
viewed with the NVG are probably the resu l t  of__the r e d u c e d ~  

r/That i s ,  whi le i n f o r m a t i ~  s im i la r  to  t ~  used by the o-bservers when 
I viewing the targets during dayl ight  was also avai lable to them when they 

used the night v is ion goggle, most of the cues, such as texture,  gradi-  
ents, l i gh t i ng  and shading, and l inear  perspective, had become suf- 

i c i e n t l y  subtle to resu l t  in larger thresholds. 

Our resul ts have shown that stereopsis,  the appreciat ion of depth ~ by means of the d i spar i t y  of the re t ina l  images, is s i g n i f i c a n t l y  re- 
duced when wearing the night v is ion goggle. Also, when many monocular 
cues are avai lab le,  the f i e l d  experiments have shown that re la t i ve  depth 
d iscr iminat ion is poorer with the NVG for  distances of 500 feet  or 
greater.  For lesser distances, performance was s t a t i s t i c a l l y  equivalent 
to unaided day l ight  performance. I t  should be noted that our resul ts 
only r e f l e c t  accuracy and not other qua l i t i es  such as speed or comfort. 
The re la t i ve  advantages of stereopsis in av iat ion are s t i l l  somewhat 
equivocal. Two recent reports 12'13 have shown that landing performances 
of p i l o t s  deprived of v is ion in one eye were as accurate as the i r  
landings while using both eyes. However, these reports were based on 
data obtained in f ixed wing a i r c r a f t .  The visual demands of rotary wing 
f l i g h t  are most probably considerably d i f f e ren t .  Cer ta in ly ,  m i l i t a r y  
f l i g h t  p ro f i l es  involving hovering and f l i g h t  in to and out from unpre- 
pared areas without benef i t  of approach and landing aids might reasonably 
be expected to place greater demand on an av ia to r ' s  a b i l i t y  to perceive 
depth, especia l ly  at distances of less than I00 feet.  The reduced depth 
d iscr iminat ion with the goggle should be recognized so that aviators can 
be properly trained in preparation for  f l i g h t  with the night v is ion 
goggle. 

CONCLUSIONS 

r a • e  Stereopsis, which is based re t ina l  upon image d i spa r i t i e s ,  is 
deg d with the goggle from that performance measured with binocular 
photopic (day l igh t )  performance. 

I0 



~ !  Relattve depth discrimination with the man-goggle system is 
s t a t~ t l ca l l y  equlvalent to unaided photopic viewlng for intermediate 
dlstances when measured In a vlsual ly-r lch envlronment. However, 
performance wlth the man-goggle system is Infer lor at viewing dlstances 
of 500 feet o r  greeter. 

The reduced depth perception performance is most probably 
dire y related to the loss in resolution capabil i ty with the man- 
goggle system. 
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