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Because of the many possible permutations in describing the visual
environment, a prediction of the resolution tasks that may confront the
user in the field is impractical. However, any conplex stimulus can be
described in terms of its Fourier components (viz. sinusoids). ‘Therefore,
bv examining the visual resolution of spatial sine-wave gratings the
necessary elementary information for generalization to any stimulus con-
fipguration can be obtained.

In the field, the observer will be adapted to the chromaticity and
luminance of the optical image intensifier for an indefinite period of
time preceding its unexpected failure. The visual recovery time is in-
dependent of the duration of exposure to the adaptation source when it
is longer than some critical time.AxFor the purposes of the proposed
study, it would be most efficient use the shortest adaptation time
possible. But, the exposure time shquldbe long enough to produce adapta-
tion conditions generalizable to inde| finitely long exposure durations.
The purpose of the first set of experiments is to determine the shortest
adaptation time which may be used. This will be accomplished by measuring
classical dark adaptation curves following pre-adaptation to different
durations of the curves following pre-adaptation to different durations
of the conditions simulating the AN/PVS-5 optical image intensitier.

Following the determination of the critical durations, the contrast
thresholds for different spatial frequencies will be measured during the
period of recovery from adaptation to the simulation of the optical
image intensifiers. The results of these experiments will provide
definitive information about the visual resolution capabilities of an
observer during recovery from light adaptation for different viewing
conditions. Since sine-wave gratings will be used, the data may be
generalizable, by way of Fourier analysis, to any stimulus pattemn.
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ABSTRACT

Optical Image Intensifiers serve to aid night vision by anplifying
the amount of light reaching the retina. A failure of this device
leaves the observer visually handicapped for a period of time equal to
the time that it takes the visual system to adapt to the darkened condi-
tions. Inportant information, which is not now available, is a quanti-
tative estimate of the degree and time course of visual performance
inpairment in the event of a night vision aid failure.

Because of the many possible permutations in describing the visual
environment, a prediction of the resolution tasks that may confront the
user in the field is inpractical. However, any complex stimulus can be
described in terms of its Fourier components (viz. simisoids). Theretore,
by examining the visual resolution of spatial sine-wave gratings the
necessary elementary information for generalization to any stimulus con-
figuration can be obtained.

In the field, the observer will be adapted to the chromaticity and
luminance of the optical image intensifier for an indefinite period ot
time preceding its unexpected failure. The visual recovery time is
independent of the duration of exposure to the adaptation source when
it is longer than some critical time. For the purposes of the proposed
study, it would be most efficient to use the shortest adaptation time
possible. But, the exposure time should be long enough to produce
adaptation conditions generalizable to indefinitely long exposure dura-
tions. The purpose of the first set of experiments is to determine the
shortest adaptation time which may be used. This will be acconplished
by measuring classical dark adaptation curves following pre-adaptation
to different durations of the curves following pre-adaptation to ditfer-
ent durations of the conditions simulating the AN-PVS-5 optical imape
intensifier.

Following the determination of the critical durations, the contrast
thresholds for different spatial frequencies will be measured during the
period of recovery from adaptation to the simulation of the optical
image intensifiers. The results of these experiments will provide
definitive information about the visual resolution capabilities of an
observer during recovery from light adaptation for different viewing
conditions. Since sine-wave gratings will be used, the data may be
generalizable, by way of Fourier analysis, to any s'imulus pattern.
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INTRODUCTION

Historically major military operations have been conducted during
periods of adequate illumination, e.g. daytime. This is because it is
through vision, man's principle sensory modality, that he gathers infor-
mation from the external world in order to function effectively.

Recently, though, military experiences and modern tactical consider-
ations have placed emphasis on sustained operations with future military
deployment. These sustained operations require continuous activity by
military persomnel extending well into conditions (periods) of darkness.
Performance during this period of reduced illumination have placed new
physiological and perceptual demands on. the human side of the man-machine
system. Some military tasks during reduced illumination demand wore
visual information than the scotopic system (night-time vision) of the
visual system can provide.

Man is equipped with a visual system with a dynamic range in response
to light which surpasses any other known photodetection system. To achieve
this sensitivity range some physiological compromises had to be made partic-
ularly, at lower light levels. Eventhough, scotopic (night-vision) sensi-
tivity extends down to the detection of a few photons, spatial resolution,
color information and temporal processing are severely reduced. This re-
stricts the capability of the observer to effectively perform his military
duty during periods of reduced illumination.

Major technological advances in light amplification have been made
during the last 10 years. In particular, the development of the AN/PVS-5
night vision goggle by the U.S. Army Night Vision Laboratory has been
offered as an effective interim solution to allow U.S. Army aviators to
perform military duties during periods of reduced illumination.

Optical image intensifiers (e.g. AN-PVS-5) serve to aid night vision
by amplifying the amount of light reaching the retina. The result is an
inprovement of the spatial resolving capabilities of the observer employ-
ing such a device (Meeteren and Boogaard, 1973). However, since imape
intensifiers operate by increasing the mean retinal illuminance, they
also serve to increase the adaptation level of the operator's visual
system. If the device suddenly fails, as they occasionally do without
warming or if removal of the goggle is needed, the operator will suddenly
find himself visually inpaired because of his elevated adaptation level.
The time to full recovery of dark-adapted vision may vary from one to
three minutes, depending upon the mean luminance preceeding the device
failure (Wiley, personal commmication). The critical question is what
is the visual capability of the operator at different times during re-
covery from image intensifier adaptation?

Visual capability is best described as spatial resolution contrast
thresholds. In other words, for a given image size, how much contrast
is required to resolve it from the background? In the natural world,
image size and contrast are not the only parameters, the gradient of
the contrast change must also be considered.

All of the necessary parameters for describing and predicting
spatial resolution are embodied in the Visual Modulation Transfer
Function (WIF) (Campbell and Green, 1965). The WIF is sinply the
spatial sine-wave contrast sensitivity function, or theoretically,
the Fourier transform of the convolution of the optical spread fumc-
tion with the retina-brain spread function (Campbell, 1968). By
enploying the Fourier transform of any image and using the WIF, a
prediction can be made of the likelihood of the operator's ability to
resolve the particular image.




The WIT is known to change with mean image luminance level (Ness
and Bouman, 1967), and therefore, it is anticipated that it will also
be dependent on adaptation level. The specific experimental question
which must be 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 time
curves for different spatial frequencies, some statement can be made
about which aspects of visual resolution recover the fastest and which
recover the slowest.

Optical image intensifiers are an important aid to night vision;
however, they operate at the expense of the user's adapta‘ ion level.

A failure of the device will leave the user visually handicapped for

a period of time during which his visual system adapts to the darkened
conditions. Important information, which is not now available, is a
quantitative estimate of the degree and time course of visual perfor-
mance impairment in the event of a night vision aid failure.

Because of the many possible permutations in describing the visual
environment, a prediction of the resolution tasks that may confront the
user in the field is impractical. MHowever, any coamplex stimulus can be
described in tems of its Fourier components (viz. sinusoids). Therefore’,
by examining the visual resolution of spatial sine-wave gratings the
necessary elementary information for generalization to any stimulus
configuration can be obtained.

In the field, the observer will be adapted to the chromaticity and
luninance of the optical image intensifier for an indefinite period of
time preceeding its unexpected failure. The visual recavery time is
independent of the duration of exposure to the adaptation source when
it is longer than some critical time.

For the purposes of the proposed study, it would be most efficient
to use the shortest adaptation time possible. But, the exposure time
should be long enough to produce adaptation conditions generalizable
to indefinitely long exposure durations. The purpose of the first set
of experiments is to determine the shortest adaptation time which may
be used. This will be accomplished by measuring classical dark adapta-
tion curves following preadaptation to different durations of the con-
ditions simulating the AN/PVS-5 optical image intensifier.

Following the determination of the critical durations, the contrast
thresholds for different spatial frequencies will be measured during the
period of recovery from adaptation to the simulation of the optical image
intensifiers. The results of these experiments will provide definitive
information about the visual resolution capabilities of an observer
during recovery from light adaptation for different viewing conditions.
Since sine-wave gratings will be used, the data may be generalizable,
by way of Fourier analysis, to any stimulus pattemn.

It is the PURPOSE OF THIS PROJECT to examine the acceleration of
contrast threshold versus adaptation time curves for different spatial
frequencies. Thus shedding some light as to which aspects of visual
resolution recover the fastest and which recover the slowest.
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PREVIOUS

The Development of the Night Vision Goggle (AN/PVS-5) is an ex-
cellent light anplification device, although it has brought with it
several problems for the individual user. Some of these problems have
been the subject of investigation for the past several years by visual
scientists (mainly at the U.S. Army Aeromedical Research Lab) and their
results are sumarized below: Wiley and Holly (1976) report that a com-
parison of system vs. unaided normal vision indicated that: (1) under
equivalent il}uminance levels of under 5% and 257% moon (1.2 x 10-4 fr-L
and 6.0 x 107* ft-L) performance with the man-night vision goggle system
was superior to that of the wnaided vision, (2) under full moon equivalent
illuminance levels (2.4 x 10-3 ft-L) unaided vision was superior in
performance 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 with the
man-goggle system is equivalent to the unaided photopic vision; (4) under
viewing distances greater than 500 feet, depth discrimination with unaided
photopic vision is superior to that of the man-goggle system; (5) the
stereopsis threshold (using a modified Howard-Dolman apparatus) with the
man-goggle system was inferior to that of the unaideo binocularvision
showing a degradation of stereopsis using the night vision gogple.

The AN/PVS-5 night vision goggles operates by increasing the mean
retinal illuminance and thus increases the adaptation level of the user's
visual system. If the device suddenly fails as they occasionally do,
without prior waming, or if a pilot needs to remove the night vision
goggle, he will find himself visually inpaired because of his elevated
adaptation level. Glick et al (1974) in a preliminary report on the
dark adaptation changes associated with the use of the AN/PVS-5 night
vision goggle state that the average recovery time that is, time to
return to a fully dark-adapted level was two minutes with a range of
1.5 to 3 minutes after a five minute pre-adaptation of an equivalent
goggle luminance level of 4 ftL, and equivalent chromaticity level.

This relatively rapid recovery to the fully dark-adapted level (2 min-
utes instead of the normally expected twenty minutes) is attributed to
the chromaticity component 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 the pre-
adaptation source. Thus, although the AN/PVS-5 Night Vision goggle does
not fully degrade dark adaptation, it inposes a visual impairment on
the operator for a duration of 2 minutes should it be necessary to
renove the goggle or should the gopgle fail. It should be pointed out
here that these results are restricted to the chromaticity output of
the AN/PVS-5 goggle and are not generalizable to the development of
other image intensifiers with a different chromaticity output since the
dark adaptation level is funmction of wavelength of the source.

The phosphor used in the AN/PVS-5 night vision goggle has a rela-
tively narrow band output around the green region of the visual spectrum.
For this reason, the pilot wearing the goggle will be light-adapted to
the chromaticity output of the goggle and therefore his color vision will
be altered. Glick and Wiley (1975) conpared the performance of the man-




night goggle system vs. wnaided vision with a monochromatic red air-
craft light on a standard 1-50,000, transverse mercator projection map
and a black background map (Experimental map, by the Defense Mapping
Agency Topographic Center) designed to overcome the loss of color infor- z
mation. Their results indicated that (1) the black background map does i
prevent the loss of information when the night-vision goggle (NVG) is |
used and when the map is viewed with the waided eye under monochromatic
red aircraft map light. This conparison emphasized the inportance of
available contrast when the NVG is used. The nmore contrast with the
background, the better the aviator's performance would be.

Sanders et al (1975) evaluated the flight performance of pilots
during NOE (nap-of-the-earth) flight (without navigation), low level
flight and four standard maneuvers using three configurations of the
NVG's (40° field-of-view, 60° and 40° field of view with a 30% bifocal
cut) and the dark-adapted unaided eye. Their results showed that (1)
the 40° goggles were associated with smoother, more gradual control
movenents than the 60° goggles and the NVG's were associated with
slightly lower flight altitudes during the NOE flight segment; (2) the
40° and 400 with a 307% bifocal cut were also associated with a lower
mean altitude relative to the unaided eye during low level flight.

This was not true for the 60° goggle and (3) the 40° goggle was favored
over the 60° goggle because of the higher resolution angle during the
standard manouvers. Sanders et al (1975) concluded that, in some instan-
ces, the NVG's can equip the pilot with increased staying power when
flying in intermittent light sources due to their light compensatory
capabilities. The unaided eye under the same conditions would be ad-
versely affected because of dark adaptation.

Lees et al (1976) compared aviator performance for terrain flight
during Low Level (LL) and Nap of the Earth (NOE) profiles under (1)
day flight with the unaided eye; (2) night flight with the wnaided
eye and (3) night flight using NVG's. They demonstrated that for LL
flights, the major factors that discriminated day flights from either
night flights or NVG's flights were airspeed related variables and the
frequency of small corrective control inputs. It was noted that NVG's
flights resenble day flight nore than the wnaided eye night flight.

The analysis of the NOE flights demonstrated that performance factors
measuring severity of roll angles, and the frequency and magnitude of
control input, discriminated best anong the three visual conditions.

METHODS

After pre-adaptation to a stimulus of a given luminance and chroma-
ticity, it is desirable to know the amount of contrast required to
resolve a spatial sine-wave grating of variable frequency and average
luminance as a function of post-adaptation time. This question is
raised for (1) natural free fixation and peripheral viewing conditions
at optical infinity and (2) foveal fixation conditions at near. Stated
in terms of the application of this knowledpe, we anticipate shedding
some light as to the time it will take an individual to resolve a tar-
get with a given angular subtense, luminance and contrast, following a
pre-adaptation to a background of a given luminance and chromaticity
conparable to the output of an optical image intensifier. This applied
knowledge may be pained by performing a Fourier transform of the tarpet
of interest by constructing a table of the contrast threshold tor each
Fourier component .




A)  Apparatus

The experimental design for the presentation of sine-wave grating
target is illustrated in figure 1. The test target for the contrast
threshold experiments is a sine-wave grating generated on a photo-
graphic film (Kodak projector # AF2 with ABC conversion by Buhl so
wniform field is achieved). A modified projector is used as the light
source (P,). Light form P, is collected by a lens (L) which focuses
the beam Af light on a Stop (S,). Light from S, is collected and
colimated by a second lens (L,}. A rotary neut%al density filter (Wl)
is placed at the colimated poftion of the light beam and serves as a
means of controlling the luminance level of the sine-wave test target
grating. The target beam in turm passes through a beam splitter and
projected onto a screen. A lens (L,) positioned after the beam splitter
is used in the optical path and serves to focus the target on to the
screen. A second stop (S,) is placed between L, and the screen and
serves to control the sizé of the target on the screen and to minimize
the unwanted images. The duration of presentation of the test target
is controlled by means of an electromagnetic shutter. For our experi- |
ments, a field size subtending 157 was chosen. A field subtending 15
and centrally fixated yields dark adaptation curves comparable to
those obtained with the test target presented to the peripheral retina
(sav 15Y nasally). The optical system for adjusting the luminance of
the projected prating is controlled by the counter-balanced neutral
density wedge V,. The two beams (the test target and the veiling
background) are“brought together at the beam splitter. The spatial
frequency of the grating is regulated by adjusting the magnification
by l‘i‘ By adjusting the luminances of the veiling source and the
sine=wave grating in counter-phase the contras' of the grating can be
changed while the mean luninance is held constant at the screen. To
assure that the mean luminance of the target is holding constant, photo-
metric measurements are taken using the Spectra-Pritchard photometer
Model 1980A-PL) each time the contrast of the test target is changed.
e duration of presentation of the test target is controlled by a
Grass #88 dual pulse generator. One output of the dual generator is
used to activate the shutter and thus allowing the test target to be
presented to the subject, while the second output is used to trigger the
electronic timer and thus marking the onset of the target. When the
subject perceives the test pattern, his task is to press a micro-switch
which allows an electrical pulse to stop the electronic timer and thus
register the time it took the subject to see the test target. The
time then is recorded by the experimenter and the timer is reset for
the next presentation.

The optical system for the pre-adaptation source is illustrated
in figure 2. The light source is a tungsten lamp GE 500czx of a slide
projector. Light from the source is passed through a combination of
Comning color glass filters (Corning # 3-70 and 4-96) simulating the
chromaticity output of an image intensifier (AN/PVS-5). The light beam
in turn is projected onto a screen. This system is capable of providing
a luminance level up to 10 ftL. The subject's chin is supported by an
adjustable chin rest one meter away from the screen. The subject views
the pre-adapting field through two 2.20 c¢m Dx 3.02 cm L tubes placed
directly in front of the subjects eyes. This system then simulates
the size of the viewing field of the image intensifier (AN/PVS-5)
e.g., 40° field-of-view. A comparison of the spectral power distri-
bution of the combination of the Corning color filters (obtained by
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a Curry 14 spectrophotometer) and the spectral power distribution of
the AN/PVS-5 image intensifier (obtained by the U.S. Army Night Vision
Laboratory) are shown in figure 3. These curves represents our best
effort after an exhaustive attenpt of different combinations of filters.
As can be seen in figure 3, there is a good agreement in the two curves

with the exception at the short-end of the spectrum, e.g., at the 440-480nm.

B) Subjects

Five young adults (ranging in age 19-25 years) have agreed to
participate in the experiments. All subjects have gone through a
conplete ophthalmological examination including Goldmann visual fields
and Goldmann-Weekers dark adaptation curves. All subjects show a mini-
mm visual acuity of 20/20 and normal dark adaptation curves. All sub-
jects are currently undergoing the pilot studies phase of the experi-
ments in order to determine the optimum values for the fixed parameters
of the experiments e.g., (1) mean target luminance (2) target exposure
time (3) duration of the interval between exposures and (4) range and
spacing of contrast values to be used.
C) Experimental Procedure

The procedure each subject goes through is as follows: the subject
is first seated in front of the screen (1 meter away) and (1) is allowed
to view the pre-adaptation field as shown in figure 3 for a duration of
5 minutes. This duration is found sufficient to fully light-adapt the
eye to the luminance and chromaticity output range of an image intensi-
fier (AN/PVS-5). Since the luminance output of an image intensifier is
variable from .10 to 10ftL, we have chosen three pre-adapting levels at
0.1, 4, and 9ftL, within this range, (2) a set contrast value target
(spatial frequency .1 to 10 cycles/degree) is presented to the subject
inmediately after the termination of the pre-adaptation field, and con-
currently the electronic time is triggered. The subject's task is to
press a micro-switch when the pattern is first seen. 'The subject views
the target with free fixation. When the subject sees the pattem the
session is temminated and the post adaptation time is recorded, (3) the
next lower contrast is set in and Step (2) is repeated. The procedure
continues until adaptation time is recorded for 5 contrast values. (4)
Following, the recording of the 5 different contrast values, the proce-
dure is repeated for the 5 different spatial frequencies from 0.1 to 10
cycles/degree). The different spatial frequency targets are presented
randomly, while the grating orientation is always vertical, (5) the ex-
perimentsl procedure is then repeated for the following three viewing
conditions: (a) free fixation with target projected onto a screen one
meter away, (b) free fixation with target 6 meters away and (¢) with
fixation at 159 temporal to the target at 6 meters away.

WORK ACCOMPLISHED

During the period of this contract we have accanplished the follow-
ing, tasks: (1) all of the equipment needed to carry out the major portion
of the research has been acquired. Some unanticipated delays have been
encountered in the procurement of (a) the needed sine-wave gratings on
photographic film (w) the necessary combination of color filters for the
simulation of the chromaticity output of the AN/PVS-5 image intensifier
and (¢) the modification of the slide projector to achieve uniform lipht.
These problems though have been overcome and the experimental apparatus
is thus functional. Our experience with the present experimental desipn
and through personal commmication with the U.S. Army Night Visio o Labo-
ratory at Fort Ruckers indicated that a more precise way of presenting
the sine-waye tarpets is through electronically-generating it in a CRT.

9




Toward that end, this author has through Research funds other than U.S.
army purchased most of the necessary equipment needed for that purpose:

these include a Conrac model 6000 high resolution monitor, a Visual
Information Institute sync generator and pedestal generator. We feel
that we can carry out the pilot experiments and the training sessions
with the present experimental design as illustrated in figures 1, 2
and 3, and carry-out the main experiments of the proposed research with
the addition of the above electronic equipment. Our emphasis is on

acuracy of obtaining data.

After an enormous effort in maintaining

identical experimental conditions from subject to subject or even
from one set of contrast to the next, the decision to go to an elec-
tronic 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 appropriate frequencies for the
test target, plus the fact that we were unable to purchase values other
than 30% and 65% modulation sine-wave target patterns on photographic
film. (2) All of the preliminary experiments for this research have
been conpleted: a) our pilot studies indicate that a pre-adaptation
of 5 minute duration to the chromaticity and luminance range (up to
10ftL, within the range of the image intensifier AN/PVS-5) is suffi-

cient for our experiments.

This duration of exposure to the simulated

adaptation source results in the longest post-adaptation time to reach
full dark adaptation level as determined using the Goldmann-Weekers

threshold measurements. , (b) The mean Ea
determined as 1.2 x 1074 ftL, 6 x 10~% ftL and 2.5 x 10~

rget luminance 1egels were
ftL. These

values were chosen for comparison purposes with data obtained by U.S.
Army Aeromedical Research Lab. (c¢) The spatial frequency values to be
used in these experiments are .38, .54, .77, 1.3, 3.8, 5.45, 7.52 and

10.20 cycles/degree.

In summary then, the experimental conditions we plan to use in
the main experiments for the determination of WIF's are as follows:

Viewing Distances:
Pre-adaptation:

Size of test pattern:
Pupil:

Accomodation:

Kind of test pattern:
Frequency Range:
Laminance Range:
Method:

Orientation of Pattern:

Presentation time:
Fixation:

Pre-adaptation time:
Ambient illuminance:

1 meter, 6 meters, 1 meter with 15°
temporal fixation

5 minutes, at .5ftL,4ftL,10ftL simulated
AN/PVS-5 output luminance and chromaticity
150

Natural

Natural

Sine-wave pattern, electronically generated
.38 - 10 cycleg/degree

10~4ftL to 107 ftL

Threshold measurement

Vertical

Unlimited

Free (1 meter and 6 meter viewing conditions
only)

5 minutes

1 red simulating aircraft cockpit illumina-
tion, one white at near.
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DISCUSSION

The major user of optical image intensifiers, such as the AN/PVS-5,
has been the military. These intensifiers extend the limits of visual
function far below the normal human scotopic ahsolute threshold. These
devices have demonstrated improved performance and reliability under
combat conditions in night flying. That is, observation of processes
that must be conducted at extremely low light levels is now possible
with the oncoming of optical image intensifiers. As the availability
of new and improved performance devices increases, new applications,
military, as well as industrial increases. Although these devices are
extremely valuable in "total-darkness'' operations, they are not immme
to failure. Failure of these devices is sudden and with no prior warming.

In the event of optical image intensifier failure, the operator's
visual capabilities are impaired. This is because with the device in
place, his visual system is light-adapted to a level of luminance
conpatible to that of the output of the particular optical image intensi-
fier. The higher the performance of the device, the higher the degree
of impairment would be in the event of failure. The nature and extent
of visual impairment must be known in order to evaluate which functions
the operator can perform under these conditions.

This research proposal suggests experiments that can be executed
under controlled experimental conditions and could provide information
as to the extent and degree of visual performance loss of the operator
‘i:_n i:he event of AN/PVS-5, as well as other optical image intensifiers,

ail.
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