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- ik~CatLse of the many possible pernulations in describing the visua l
cnv lronnuit , ~t prediction of the resolut ion tasks tha t may confron t the
user in the field is th~ ractical. However , any conplex stinulus can be
described in terms of i t s  Fourier con;~onents (viz, sinu~oid~) .  There f or e ,
by examining the visual resolution of spatial sine-wave gratings the
necessary ele*mmtary inform~t ion for generalization to any st in~ilus con-
figuration can be obtained .

In the field , the observer will be adapted to the chni~aticity and
1t.i~.inance of the optical image intensifier for an indef inite period o!~
ins.~ preceding its uaexpected failure . The visual recovery t ini~ is in-

dependent of the duration of exposure t.o the adaptation source when it
is Longer t han sone cri t ical t ine.14XFor the purposes of the proposed
study , it would be mast efficient ~1~k use the shortest adaptation t ini~
possible . But , the exposure tine sh~~~dhe long enough to produce adapt a-
t ion condilions generalizable to ind~~.fthitel y long exposure durations .
‘fl~e purpose of the first set of exper~i.mants is to determine the short t ’.st
adaprat ion 1in ~ which may be used . This will be acconp lished by n~ asur ing
classical dark adaptation curves fol lowing pre—adaptation to d i f fe rent
durat ions of the curves following prc-adaptaiion to different durat ions
of the condit ions sinulat ilig the AN/ PVS-5 optical image in tens if ier .

FolhMing the determinat ion of the critica l durations , the cont rast
t hresholds for different spatial freq~~ncies will be n~ asured dur i ng th e
period of recovery frc~ adaptation to the sinulat ion of the optical
image intensifiers . The results of these experinents will ,  provide
definitive informat ion about the visual resolut ion capabilit ies of an
observer during recovery ftx*n light adaptation for dif ferent  viewing
conditions . Since sine-wave gratings will he used , t he data may be
generalizahic , by way of Fourier ana lysis , to any st inulus p attern .
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A~ n~cr

Optical image intensifiers serve to aid night vision by afl~.) l i f y1ng
the amaunt of light reaching the retina . A failure of th i s  device
leaves the observer visually handicapped for a period of t. th~ equa l to
the t ine that it  takes the visual system to adapt to the darkened condi-
tions . Inporran t information , which is not now available , is a quant i-
tative estimate of the degree and t iny course of visual performance
inpairu~ nt in the event of a nigh t vision aid failure.

Because of the many possible perntitations in describing the vi sua l
envi ronnyn t , a prediction of the resolution t asks that may confron t ( li e
user in the field is inpracrical. However , any ccrnp lex stinulus can be
described in terms of its Fourier conponent.s (viz . :iin~ soids). ‘fl’$ere tore ,
by examining the visua l resolution of spatial sine-wave grat ings the
necessary e1.en~ ntary information for generalization to any st iniu[us con-
figuration can be obtained .

In the field , the observer will. be adapted to the chronut.i cit y and
luni nance of the optical image intensifier for an indefinite period of
t m u  preceding it s unexpected failure . The visua l recovery t m u  is
independent of the duration of exposure to the adapt ation source when
it is longer t han sonu critica l tiny . For the purposes of the proposed
st tidy , it would be mast efficient to use the short est adaptat ion tinu
possible. But. , the exposure t inu should be long enough to  produce
adaptat ion conditions generalizable to indefinitel y long exposure dura-
tions . The purpose of the first set of experiia~n t s  is to determi ne the
shortest adaptation t m u  which may be used . This will be acconpi ished
by nuasuriug classica l dark adapt at, ion curves fol l(1~Jing pr e— adapt at ion
t o  different durations of the curves following pre— adapt at ion t o di tIer—
cut durat ions of the conditions simulat ing the AN — PVS— 5 Opt ica I image
intensifier .

Following t he de t t.’niu na t ion of the cr i t ica l durat ions , t he cout rast
hrvsholds for different spa t ial frequencies w i l l  be nt~asured during the
period of recovery froni adapt at ion to  the s itnula t  ion of the opt ical
inuge i ntcns i fi ers. The result s of these cxpcril$unt s w i t  I provide
def in i t i ve  inforn~it ton about the visua l resolut ion capab i l i t i e s  of az~
observer dur ing recovery from light adaptat ion for different  viewing
cond i t Ions . Since s I ne—wav e gra t ings wi l l  be used , t he dat a may be
general izahic , by way of Fourier analysis , t o  any s’ iiiu lus pat t ecu .
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INThOOUC1’ION

Historically maj or military operations have been conducted during
periods of adequate illunination , e .g.  daytinu . This is because it is
t hrough vision , man ’s principle sensory nDdality , that he gathers infor-
mat ion from the external world in order to function effectively.

Recently, t:hough, military experiences and nudern tactical consider-
ations have placed cuphasis on sustained operations with future military
deploynunt . These sustained operations require contim.uus activity by
military personnel extending well into conditions (periods) of darkness.
Performance during this period of reduced illunination have placed new
physiological and perceptual demands on the hunan side of the nun-machine
system . Sonu military tasks during reduced illunination demand mare
visual information than the scotopic system (night-ti~~ vision) of the
visual system can provide.

Man is equipped with a visual system wi th a dynamic range in response
to light which surpasses any other known photodelection system . To ,k ’hievL
this sensitivity range so~~ physi ologica l conp romises had to be nude p .irt  Ic—
ularly , at lower light levels. Eventhough , scotopic (night-vision) seilsi -
t iv iry extends down to the detection of a few photons, spatial resolut ion ,
color information and tenpora 1 processing are severely reduced . This cc -
sir icts  the capability of the observer to effectively perform his mi litar
dut y during periods of reduced illt.znination .

Major technological advances in light anp lification have been nude
during ihe last 10 years. In particular, the developnunt of t he AN/PVS- 5
n ig~n vision goggle by the U.S. Army Night Vision thborat cry has been
offered as an effective interim solution to allow U.S. Arury aviators to
perform military duties during periods of reduced illurdnation.

Optical image intensifiers (e.g. AN-PVS-5) serve to aid night vi s ion
by auplifying the anuunt of light reaching the retina . The result is ;u1
inprovenurit of the spatial resolving capabilities of the observer cn~”Ioy-
ing such a device (Meeteren and Boogaard, 1973). However, since binge
intensifiers operate by increasing the nuan retinal illuninatice , t h e y
also serve to increase the adaptation level of the operat:or’s visua l
system . If the device suddenly fails , as they occasionally do wi t hout
warning or if renoval of the go gle is needed , the operator w ill sudden! v
find h imself visually inpaired because of his elevated adaptat ion leve l
The t thu to full recovery of dark-adapted vision may vary from one t o
three minutes, depending i.q’~on the nuan luninance preceeding the device
failure (Wiley , personal couhilunication). The critical question is what
is the visual capability of the operator at: different tinus during re-
covery from image intensifier adapt at ion?

Visua l capability is best described as spatial resolut ion cont rast
t hresholds . In other words , for a given image size , how much con t cas t
is required to res lve it f rom the background? In the nat un ml world ,
image size and contrast are not the only paranuters , the gradient of
the cont rast change twist also be considered .

All of the necessary paranuters for describing and predicting
spat ia l resolut ion arc ent)odied in the Visual Madulat ion Transfer
Funct ion (VMFF) (Canpbell and Green , 1965) . The Vffl’F is sinp ly the
spatial sine-wave contrast sensit:tvity funct ion, or theoret ica l ly,
the Fourier trans form of the convolution of the opt i cal spread func-
t ton w-i th the retina-brain spread funct ion (Canpbel 1, 1968). By
cup b y ing the Fourier trans form of any image and using the VM1’F, a
predict ion can be nude of the 1 ikel ih~.xxl of the operator ’s at) i lit y to
resolve the par t icular  image .
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The VMI’F is kiiown to change wi th sean image lunthance leve l (Ness
~uid &utun, 1967), and therefore, it is anticipated that it will also
be dependent on adaptation level. The specific experinuntal question
which mast he asked is, what is the shape of the spatial sine-wave
contrast sensitivity function as different adaptation levels? These
data will provide the basic information needed to describe the re-
solving capabilities of an observer during the recovery of dark
adaptation after the failure of an optical image intensifier. By
examining the acceleration of contrast threshold versus adaptation tinu
curves for different spatial frequencies, sane statenent can be made
about which aspects of visua l resolution recover the fastest arid which
recover the slowest .

Optical image intensifiers are an inportant aid to night vision;
however , they operate at the expense of the user’s adapta~ un level.
A failure of the device will leave the user visually handicapp ed for
a period of tine during which his visual system adapts to the darkened
conditions . Inportan t information , which is not now available , is a
quantitative estimate of the degree and tine course of visual perfor-
nunce inpairnent in the event of a night vision aid failure .

Because of the many possib le permutations in describing the visua l
environnent , a prediction of the resolution tasks that may confront the
user in the field is inpractical. However , any couplex stimulus can be
described in terms of its Fourier conponents (viz, sinusoids) . Therefore’,
by examining the visual resolut ion of spatial sine-wave gratings the
necessary elenentary information for genera1L~ation to any stimulus
configuration can be obtained.

In the field , the observer will be adapted to the chranut ic i ty  and
luninance of the optical image int ensifier for an indefinite period of
mu preceeding I t s  unexpected failure . The visual recovery tine is
independent of the duration of exposure to the adaptation source when
i t  is longer than sane critical tine.

For the purposes of the  proposed study , it would be HOS t e f f i c i e n t
to use the shortest adaptation tine possible . But , the exposure tine
should he long enough to produce adaptation conditions genera l izable
o indef in i te ly  long exposure durations . The purpose of the f i rs t  set

of experilients is to determine the shortest adaptation t ine which may
be used. This wi ll be accoup lished by neasuri.ng classical dark adapta-
tion curves following preadaptat ion to different durations of the con-
dit ions sinulat ing the AN/PVS-5 optical image intensifier .

Following the determination of the critical durations, t he cont rast
t hresholds for different spatial frequencies will be neasured dur ing the
period of recovery from adaptation to the sinulation of the optical image
int ensifiers . The results of these experinents will provide defin i t ive
inlormat Ion about the visual resolution capabilities of an observer
~1uring recovery from light adaptation for different viewing condi t ions .
Since sine-wave gratings will be used , the data may be generalizable ,
by way of Fourier analysis , to any stimulus p a ttern.

It is the PURPOSE OF TIllS PRQJECT to examine the accelerat ion of
con t rast t hreshold versus adapt at ion tine curves for different spatial
frequencies . Thus shedding sane light as to which aspects of visual
resolut ion recover the fastest and which recover the slowest.
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I~ EV l OUS

‘lie L~~velol11Cni of the Night Vision Gogg le (AN/PVS-5) Is an ex-
cellent light anpilfication device, although it has brought w i t h  i t
several problent for the individual user . Sane of t hese probh.ins have
been the subj ec t of invest iga t ion for the past: severa l years by visua l
scient ists (mainly at the U .S.  Army Aercmedical Research Lab) and their
results are suuIklri~ ed below : Wi ley and Holly (1976) report that a c~*n-
parison of systom vs. unaided normal vision indicated that : (1) under
equivalent iljuninazice levels of under 5% and 25~ noon (1.2 x 1O4 ft-L
and 6.0 x l0~~ ft -L) performance with the man-night vision goggle system
was superior to  that of the unaided vision , (2) under ful l noon equivalent
illuminance levels (2 .4  x l 0 3  ft-L) ur~aided vision was superior in
per formance at high spatial frequencies (spatial frequency used varied
from 0.1 to 10 cycles/degree) but slightly poorer than the man-goggle
system at low frequencies (lower than 8 cycles/degree). (3) under
viewing distances of less than 500 feet, depth discrimination w i t h  the
nun—goggle system is equivalent to the unaided photopic vision ; (4) under
viewing distances greater than 500 feet , depth discrimination with una i ded
photopic vision is superior to that of the man -goggle system ; (5) the
stereopsis threshold (using a nudified 1-loward-Do lman apparatus) with the
nun-goggle system was inferior to that of the unaidec binocular vision
showing a degradation of stereopsis using the night vision goggle.

The AN/PVS-5 night vision goggles operates by increasing th e  ue.u~
• retina l illuninance and thus increases the adaptation level of the user ’ s

visual system . If the device suddenly fails as they occasionally do ,
without prior warning , or if a pilot needs to renove the ni ght vision
goggle , he will find himself visually inpaired because of his elevated
adapt at ion level. Click et al (1974) in a pre liminary report on the

• dark adaptation changes associated wi th  the use of the AN/PVS-5 ni ght
vision goggle s ta te  that the average recovery t ine that is , t ine to
return to a full y dark-adapted level was two minutes with a range ot
1. 5 to 3 minutes after a five minute pre-adaptation of an equivalent
goggle luminance level of 4 f t L , and equivalent: chromat icity level.
This relatively rap id recovery to Lhe fully dark-adapted level ,2 mi n-
utes instead of the normally expected t~~nty minutes) is attributed to
the chroma t id ty conponent of the preadaption source (e .g . ,  the green
phosphor used in the AN/ PVS-5 night vision goggle) . The level of dark
adaptation depends upon both the intensity and wavelength of t he pre-
adaptation source . Thus , although the AN/PVS-5 Night Vision goggle does
not fully degrade dark adaptation, it inposes a visua l thpairnent on
the operator for a duration of 2 minutes should it be necessary to
renove the goggle or should the goggle fail. It should be pointed out
here that these results are restricted to the chr iat ici ty  out put of
the AN/FVS-5 goggle and are not generalizable to the developnent of
other image intensifiers with a different thronuticit:y output since the
dark adaptation level is function of wavelength of the source .

The phosphor used in the EsN/PVS-5 night vision goggle has a rela-
ively narrow band output around the green region of the visua l spectrum .

For th i s reason , the pilot wearing the goggle will be light -adapt ed to
the chroniaticit y output of the goggle and therefore his color vision w i l l
be altered . Click and Wiley (1975) conpared the perfo rmance of the nun-



iii ght goggle system vs. unaided vision w i t  t i  1 uL)nochronkit ic red a ir—
craft light on a stan dard 1~ 50 , 000, t ransverse nercator projec t ion map
and a black background map (Exper inental n~ip, by the Defense Happing
Agency Topographic Center ) designed to overcone the loss of color infor-
mat ion . Their results indicated that (1) the black background sup does
prevent the loss of infornut ion when the night-vision goggle (NVG) is
used and when the map is viewed wi th  the unaided eye under nonochronk~tic
red aircraft map light . This conparison enphasized the thportance of
avai lable cont rast when the t~VG is used . The mare cont rast with the
background , the b et t e r the aviator ’ s performance would be.

Sanders et. al (1975) evaluated the flight performance of pilots
dur ing WE (nap-of-the--earth) flight (without navigation) , low leve l
fligh t and four standard maneuvers using, three configurations of the
NVC’ s (40° field-of-view, 60° and 40° field of view with ~~ 3W bifocal
cut) and the dark-adapted unaided eye . Their results showed tha t (1)
the 40° goggles were associated with snoother , mare gradual cont rol
nuvenen t s than the 600 goggles and the NyC’ s were associated with
slight ly lower f l i gh t al t i tudes during the NOE fligh t se~~ent ; (2’t the
4(30 and 400 with  a 30~. bi focal cut were also associated with a lower

F nean altitude relat ive to the unaided eye during low level flight.
This was not true for the 600 goggle and (3) the 40° goggle was favored

• over t he 600 goggle because of the higher resolut ion angle during toe
standard nunouvers . Sanders et al (1975) concluded that , in sone ins t an-
ces , the NVG ’s can equip the p ilot , with increased staying power when
fly ing in intermittent light sources due to their light conpensatory
capab i lities . The unaided eye under the sane conditions would be ad-
verse ly affected because of dark adaptation .

Lees et al (1976) conpared aviator performance for te r ra in  11 ight
dur ing Lciw Leve l (LL) and Nap of the Earth (NOE) profiles under t~l)
day f l ight wi th  the unaided eye ; (2) night f l ight  with the unaided
eye and (3) nigh t flight using NyC’ s. They dcnonst rated tha t  for Ii -
f l ights , the major factors tha t discriminated day flights  from e i t h e r
night f l ights  or NVG ’s f l igh t s  were airspeed re lated variables ami th e
frequency of snul 1 Corrective control inputs - It ’ was noted that NVC ’ s
f l i g h ts  reseithle day flight mare t han the una ided eve night f l i g h t
‘ft~e analysis of the NOE f l ights denk~~st rated that performance factors
neasuring severity of roll angles , and the f requency and nugn i t ude ~ t
corn rol input , discr iminated best ~ui~ ng he t hree visual condi t i ons .

lEn IODS

Ala er pre— adapt at ion to  a si imulus of a g i ~‘en luui nance and chronu—
ic i t  y , it is desi rable to know the anoLint of contrast requi red to

reso lve a spat ial  s inc—wave grat ing of variable freqtencv and average
kuniu.ince as a fiux’ t ion of  post adapt at ion t m e  This quest ion is
r~ii  sed for ( I )  natural free fixa t ion .u~d lx ’riphL’ral viewing conditions
.11 opt ical i n f in i  v and ( 2 )  fovea ] ixat ion &-ondi t i ons at near . St at ed
in terms of the app t ica t  ion of this know Ied~’o , we ant ic ipa t e  she~.k1ing
s~*ie light as to  t he t m e  it. w i l l  r ;ikc an individua l to resolve a t .tr —
get with a given angul ;tr subt enst’ , I Ininancs.’ and cont rast , following a
pre—ad apt at : ion to a 1)ackgx Ot.Ed 01 a given 1 uninance and ~~~~~~~~ i cit ~conparahie to the output of an op i cat  image i n t ens i f i e r . This applied
knowledge may be gained by perfonnin~’ a Fourier ransform of th e t a r ft ’t
of interest by const ruc t lug a table ~t the cont rast t hreshold b r  each
Fourier conponent .

_ _ _ _ _ _ _ _ _ _ __ _ _  
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A)  A1) patat  u.’~
die experinental des ign for the present at ion of sine—wave grat ing

arcet is ii lust rat ed in figur e 1 • The Lest targe t for the contrast
t hreshold experinents is a sine-wave grating generated on a photo-
graphic fi un (Kodak pro lector I~ AF2 with AIIC conversion by Buhi so
un i form field is achieved) . A madi fied pro j ector is used as the light
source (P ) . Li ght form P is collected by a lens (L ) which focuses
the beam Af l i ght on a Sto~ (S 1 ) .  Light front S~ is c~llected and
co I inut ed by a second lens (L.) ~~~. A rotary neut ~a I densi ty f i l ter  (W 1)
is p laced at the co l inuted portion of th• ligh t be~nii and serves as a
nuans of controlling the ltininance level of the sine-wave test target
grat ing . The t arge t beam in turn passes through a beani sp l i t t e r  and
proje cted onto a screen . A lens (L.a ) positioned after the beam sp l i t  ter
is used in the optical path and ser~5es to focus the t arge t on to the
screen . A second stop (S.)) is p laced between L3 and the screen and
serves o corn rol t he siz~ of the target on the screen and to niinina~e
t h e  unwanted images . The duration of presentation of the tes t  t ar get
is cont rolled by neans of anelectroniagnetic shutter . For our experi-
neut s , a field size sub t ending 150 was chosen. A field sub t endiug l5~
and cent rally fix~ited yields dark adaptation curves con~)arable to
t hose obtained with the test t arget presented to the peri pheral r et ina
(say 150 nasa l ly~ . The opt ical systen~ for adjusting the luuinance ~ 1
the proje cted grat i ng is controlled by the counter—balanced neut ral
density wedge W ., . The two beams (the test target and the vei l ing
background) arcThrought together at the beam sp l i t t e r .  lie spat ial
frequency ~1 the grati ng is regulated by ad j usting the magnification
~iv By ad ju st i ng  the hi~iinances of the veiling source and ‘he
si nc-wa~’c grat ing in count er—p hase the contras t of the grating can be
~~~~~~ wh i l e  the  nean huiin~u~ce is he ld constan t at the screen . To

assure tha t the nean luni nance of the target is holding cons ant , phot o—
net r~c neasuretients are t aken using the Spectra -Pritchard photonuter
t>k ~d&’l 1980A-P1.) each t ine t he’ contrast of the test target is changed .
fl~e di tr at ion ot present at ion of the test targe t is controlled by a
( r ~~~; ;~8~ dua l pu lse generator . C~ie output of the dua l generator is
used t a act ivat e the shutter and thus allowing the test ’ targe t o be
pre sent ed to  the sub j cci , while t~ ~e second OUt put is used to trigger the
e h c  t onic  iner and t hus riurk L ig the onset of the target • i~hen the
s t t hj e t . r perceives the t est pattern , his task is to press micro— switch
which al low s an electrical  pulse to stop the electronic t iner and thus
r egis~ er t he t ine it  t ook the subject to see the test target . The

m e  heti is recorded by the experLrtenter and the t itter is reset for
he next present at ion .

The’ opt ical system for the pre-adaptation source is i llus t ra ted
in figure 9 . The li ght source is a tungsten lanp CE 500c:~x of a slide
pnYlector . Light f rom the source is passed through a cothina t ion of
Corning color glass filters (Corning # 3—70 and 4—96) sinrulating the
chronuticity output of an image intensifier (AN .’PV S—5) . The l i ght beam
in t urn is proje cted onto a screen . This sy st en~ is capable of providing
a luninance level up to 10 ftL .  The subject ‘ s chin is support ed by an
adjustab le chin rest one neter away f rom the screen . The subject views
the pre-adapting field through two 220 cm Dx 3.02 cm L tubes placed
d i r e c t l y  in front of the subjects eyes . This system then sinulates
the s t(.e ()of the viewing field of the im age intensifier (AN/PVS-5’)
e . g . ,  40 field-of-view . A cui~ arison of the spectral power distri-
hut ion of the conl inat ion of the Corning color f i l t e r s  (o h t a i ned by

S 

--~~~~~~~~~~~ ,



.-,

~~~~~~~~~~~~~~~~~~~~~~~~~~ .-..__.,_ _----t-.—- -I- 
~—.—--. ——-‘-—

G)~~~~O

0
0

0 
.,

(n~~~ •+

-4.~~ 
.~~~ rT1 .~~~~~~~

0

~~~~0 HI
‘ I ,

0
U!

______ 
—1---——-. 2’A

I
I I \

N

r ci~ 
-

N

~~~~~~ -G)
• 0

*;

I-
tie
U,
N 

?~~ _ ~~~(I)

U)
C,

m

— I m
a

U,
H

-
~~ IC, I I

-- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~JL~~~~~~~~~TTJI ,,_.1, t .~~~~~~



---

~~~

• 

~‘Li ~EiE~~~—---

Projector

G lass

2.2Ocm .(Diameter ) N,,
3~O2cm. (Length ) 400 ‘

~~~

F i eld

witch
____ ,pI

-

~~

I Mete r

Screen

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .- - •~~~~~~~~~~~~



% Transmi ttanc e
—

0 0 0 0 0 0  0 0 0

0o
-
~~~ I
0 

-~~

-~~~ 
0

W

0 a a — — — — — —

a.
~~~~

_~~0’

!_ cy.
(D 0)-
~ 0
—

S.
I..’

/
I

• I

I 

I



- .- • •

~~~~~~~~~~~~~

a Curr y 14 spec trophota~~t.er) and the spectral power dis tribu t ion of
the AN/PVS-5 image intensifier (obtained by the U.S . Arimj Night Vision
Laboratory ) are shown in figure 3. These curves represen ts our best
effor t af ter an exhaustive at1en~ t of different cczil inations of filters.
As can be seen in figure 3, there is a good agre~~~nt in the t~~ curve s
with the exception at the short-end of the spectrun , e . g . ,  at the 440-480nm .
B) Subjects

Five yotatg adul ts (ranging in age 19-25 years) have agreed to
participate in the experinents. All subjects have gone through a
ccit~~let .e ophtha lin. logica l examination including Golcbnann visua l fields
and Golcinann-Weekers dark adaptation curves . All subj ects show a mini-
nun visual acuity of 20/20 and normal dark adaptation curves . All sub-
jects ar e current ly undergoing the pilo t studie s phase of the e~q)eri-
neins in order to determ ine the op t inuti value s for the f ixed para neters
of the experinents e.g. , (1) nean target luninance (2) targe t exposure
t iii~ (3) durat ion of the interval between exposures and (4) range and
spacing of contrast values to be used.
C) Experinental Procedure

• The procedure each sub~cct goes through is as follows : the subj ect
• is first seated in fron t of the screen (1 neter away) and (1) is allowed

to view the pre-adaptat ion field as shown in figure 3 for a durat ion of
5 minut es . This durat ion is found sufficien t to fully ligh t -adapt the
eye to the luninance and chnina t ici ty output range of art image intensi-
fier (AN/PVS-5) . Since the luninance output of an Image intensifier is
variable front . 10 to lOftL , we have chosen three pre—adap t ing levels at
0.1 , 4, and 9ftL , within this range , (2) a set contrast vaLue target
(spat Lii frequency . 1 to 10 cycles/degree ) is presented to the subj ect
thii.~’th ately af ter  the tenninat Ion of the pre—adap iat ion field , and con—
current ly the e lectronic L int’ is triggered . The subject ’s task is to
press a micro— switch when the pat t ern is firs t seen . ‘ihe subj ect views
he t argt’t w i t h  I rt ’e fixat ion. Whcn the sub I cci sees the pat tern t h e
sess ion is t enuinat eel ,ui~J the post adaptation t the Is recorded , ti ) the
next lower can t rast is set iii and Step (2) is repeated . The procedure
cant inues tin t i i  adapt at ion t m e  is recorded for 5 cont rast values . (4’t
I~o1 lowing the t -t’cor~1ing otT the 5 different cont rast va lues , the pi oct-’—

~kuc is repeated for the 5 different spatial frequencies from 0 .1  to 10
cycles/degree) . The different spat ial frequency targets are presented

• raiid~~üy, while the grating orient ation is always vertical , (5) the cx-
• per inent ~ I procedure Is t hen repeated for the fol li~iing three viewing

conditions : ( a )  free fixa r l~ fl wi t h target projected onto a screen one
net er away , (1 ’~ f ree ft xat Ion with t arget’ 6 neters away and (c) w i t h
f ix a t ion at l5~ t en~ioral t o  the t arget at 6 net.ers away .

t~*)RE Acc(ti1’h Islu ~a)

Ut ii Lug t he per lad at hi I s cant ract we have accut~ 1 ished t he fo i l  ow—
I ng t asks : (1) al l  of the cliii pnvnt needed to carry out the major port ian
at t he s •d) has been acquired. Stine unant let pat ed delays have been
encotait cred in the procurenetit of (a) the needed sine—wave grat ings on
phot ographic ii tin (w~ the necessary Ctmt)ifla t iOfl ~ t color flit ci.s fin- the
s inulac ion of the chrcina t I c i t  y out put of  the AN/PVS — 5 thuge int eils it icr
and ( e )  the u~idi f i ca t  ion of the slide protect or to ach i eve t~ t i I anti I ~ght
These prob 1cn~t t bough have been overcciti~ and the experinent al app :uatus
Is thus func t tona l . (Xir experience with the present cxpcrinvnt al design
and t hrou gh persona I ceimi~ in ! cat Ion with the U. S . Aru~’ Ni ght Vl Si  l~ ib
rat oty at Port Ruckers i ndlcat ed that a nure precise way of present ing
the slite—wayc targe t s is through electronically—generating i t  In a CRT

9
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Toward that end , this author has through Research funds other than U. S.
alw purchased nust of the necessary equipn~nt needed for that purpose :
these include a Conrac nudel 6000 high resolut ion u~~ itor , a Visua l
Inform ation Institute sync generator and pedestal generator . We feel
that we can carry out the pilot exper inents and the training sessions
with the present exper inental design as illustrated in figures 1, 2
and 3 , and carry-out the math exper lnents of the proposed research with
the addition of the above electronic equipnent . Our ~ iphasis is on
acuracy of obtaining data. After an enornuus effor t in maintaining
identical exper thental conditions fran subject to subject or even
from one set of contrast to the next , the decision to go to an elec-
troni c system was made . The difficulty lies on the manipulation of
sine-wave gratings on photographic film especially when one relies
on magnification for obtaining the app ropriate frequencies for the
test targe t , plus the fact that we were unable to purchase values other
than 307~ and 657~ nudulat ion sine-wave targe t patterns on photo graphic
film . (2) All of the preliminar y exper irr ~nts for this research have
been cci~~leted : a) our pilot studies indicate that a pre -adapt ation
of 5 minute duration to the chrc miat icity and luninance range (up to
lO ftL , within the range of the image intensi fier AN/PVS-5) is stif f i-
cient for our exper inents . This duration of exposure to the sinulated
adaptation source results in the longes t post-adaptation tine to reach
full  dark adaptation level as determined using the Goldnann-Weekers

• th reshold neasurenents. (b) The mean çarget luninance levels were
determined as 1. 2 x l0~~ ftL , 6 x lO~~ ftL and 2.5  x l0~~ ftL . These
values were chosen for c~ t~ar ison purposes with data obtained by U . S .
Army Aercxtedical Research Lab . (c) The spatial frequency valu es to be
used in these experi ments are .38 , .54 , .77 , 1.3 , 3.8 , 5.45 , 7 .52  and
10.20 cycles/degree .

In sunitary then , the exper inenta l conditi ons we plan to use in
the main experiments for the determination of VM’rF’s are as fo l lows :

• Viewing Distances : I meter, 6 meters , 1 meter with 150
tenporal f ixation

Pre-adaptar ion: 5 minutes , at .5ftL ,4ftL ,lOftL sinbiated
AN/PVS-5 output luninance and chrcmtati city

Size of test pattern : 150
Pupi l :  Natura l
Acc~~odation : Na t ura l
Kind of test pattern : Sine-wave pattern , electronical ly generated
Frequency Range : .38 - 10 cycles/degree
Luninance Range : lO 4ftL to 10~~ftL
Met hod : Threshold measurement
Orientation of Pattern : Vertical
Presentation tine: Unlimited
Fixa t jort : Free (1 meter and 6 meter viewing condi t ions

only)
l’re-adaptation t ine : 5 minutes
Aithient ilkininance: 1 red sinLilating aircraft cockpit illuni na-

L ion , one white at near .

10
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DISCUSSION

The major user of optical image intensifiers , such as the AN/FVS-5 ,
has been the military . These intensifi ers extend the llmltB of visual
fun ction far below the norma l hunan scotopic absolute threshold. These
devices have daa~nstrate d inproved performance and reliability under
cctth at condit ions in night flying . That is , observation of processes
that imist be conducted at extrenely 1~~ light levels is now possible
with the oncaning of optical image intensifiers. As the availability
of new and inproved performance devices increases, new applications,
military, as well as industrial increases. Although these devices are
extremely valuable in “total-darkness” operations1 they are not inuixie
to failure. Failure of these devices is sudden and with no prior warning .

In the event of optical image intensifier failure , the operator ’s
visual capabilities are inpaired. This is because with the device in
place , his visual system is light-adapted to a level of ltsninance
cotpat ible to that of the output of the particular optical image intensi-
fier . The higher the performanc e of the device , the higher the degree
of inpairne nt would be in the event of failure . The nature and extent
of visual inpainient meat be known in order to evaluate which functions
the operator can per form under these conditions.

This research proposal suggests exper inents that can be executed
under controlled experimental conditions and could provide information
as to the extent and degree of visual per formance loss of the operator
in the event of AN/PVS-5 , as well as other optica l image inten sifiers ,
fail.

11
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