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Switching from Forward-Looking Infrared
to Night Vision Goggles: Transitory Effects
on Visual Resolution

JEFF RA3IrN, O.D., Ph.D., and RoGER WILEY, O.D., Ph.D.

RABIN 3. Wi~ay R. Switching fromt forward-looking infrared to similar in color and size, they may differ in several re-
night viin goggles: transitory effects on visual resolution. Aviat. spects including perspective, contrast and luminance.
Space Enviro. Med. 1994; 65*327-9.

momunted displays under deeomn fo ei y ad Notwithstanding the benefit of switching between sen-
fiaedwag aircrft will allow t use to swtc elcrnial sors, the user will be required to adapt to these different
Khamwe a fewrd-leklng Infrared (FLU) and night vision goggie display characteristics.
(1046) sensers. Those mouser transitions poentially Involve large The luminance of the NVG display is typically in thechanges In display lounao which cold traoltitly imairl mesopic to low photopic range (0.3-2.0 IL), and cannot
to dontify the adispery mace %a purpos ofthsshI o be adjusted by the user. It remains relatively constant in
reduection lot vision when "Witlin from a igher luminance any one night sky condition. In comparison, the lumi-
(L.. IFUR) to a leo. luamnne (Le., W40) display. A lesor roe- nance of the FLIR display can be adjusted by the user
ognitie. task was used tn assess the edc of luminance edap- to be nearly 100x brighter than NVG's (5,11,12). Rapidtatloneon visual resoluion Sn five subjets. A signifhiat re rniiosfo abih FRdsla oamuhdm
tion In0fe Woonl te WES observed In the fint second afitteraniin rmabih Rdslyt uhdm
switching fronm simnulated FURt to simulated fiWes who ino Rimul mer NVG display may impose adaptational demands on
lusaneewas a1@ fLiBy verying lete sise, contrast, and .. the visual system that lead to a transient decrement in
pe-m-ro- tim, the magnitude end duatien of visual lss ~fe visual performance (1,2,10).
swithing from.a bright (49.2 fl.) FL. display were deerined. Ilm ups fti td a odtrietedsThe visual less lusted up to 459. and Included a 2x reduction In ups fti td a odtrieteds
visme eculty, ad a 3x reduction In contrasoniiiy Large play luminances that produce a transient reduction in
differene In mouser display lumninane should be aveldo to vision after switching from a brighter (FLIR) to a dim-
muanai higo levels of visual pe hfen end aviation safety. mer (NVG) display. Since luminance adaptation in-
Dodge features er training may bo necessary to achieve a volves photochemical'and neural events that change
prooPerformne bewea nd Be ithu ecrfminnte whit of over time, vision is also in a state of transition, making
mih esfnec n aeywtmu arfcn h ui measurement of visual performance difficult (1-39,10).

Thus, in the present study, vision was assessed in dis-
crete intervals following adaptation to simulated IFLR

LELMET-MOUNTED displays being developed for displays. Observers adapted to luminances comparable17.rotary- and fixed-wing aircraft will allow the user to FUIR, and then attempted to recognize letters pre-
to electronically switch between forward-looking infra- sented at the luminance of an NVG display. By varyin
red (FUIR) and night vision goggle (NYU) sensors. letter size, contrast, and exposure time, it was possibl
Since these sensors respond to different portions of the to estimate the extent and duration of visual loss afte
infrared spectrum, the capacity for rapid switching will switching from a very bright to a dim display. Recom
allow performance over a greater range of environmen- mendations arm made regarding the proper balance be-
tal conditions. While NYU and FUIR displays will be tween FLUR and NVG display luminances.

From the U.S. Amuy Acromedlcal Resesrch Laboratory, Aiiaew METODS l
* He"t ad Pedomace Division,. Fort Rucker, AL.

This mmmcript wa received for revie, In Mac IM9. It wa A letter recognition task was used to evaluate the U
revised in June Oid July 1993 ond acceaee for Publication i July effect of switching from a bright (simulated FLIR) to a

to199O...P.D,.h dim (simulated NVU) display. Stimuli were computer-Address roint requests toere andf dispaye on. ahD. colo monto in an o
search optometrist at U.S. Army Aeromedical Research Laboratory, geeae n iplydo oo mntri noh
Akrorw Haft sad Performnaoc Division, Fort Rucker. AL 36362- erwise dark room. Luminance was measured with a cal-

ibrated photometer and stored in tabular formn. Only the
Aviation. Space, and Enwironmeta Medicine.- Apr1 199 327
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SWITCHING FROM FUR TO NVG'S-RABIN & WILEY

green phosphor of the monitor was used to simulate the ,0D
green displays of NVG's and FUR. The simulated aw-.,
FUR display was uniform, green, and subtended an -2a ,s~an in
angle of 5" at a viewing distance of 2.7 m. A small, low Letter "75' j , &
contrast cross centered in this display was used to guide recognition -s b o i.. --- vi 1.3. k is
fixation. This display, which served as the adaptation (% conect) LAN s,,sa ,,I
field, was replaced periodically by a lower luminance 0. '. __ , a6ui
test display (simulated NVG display) consisting of a J
single letter centered in the screen. The letter was al- amirnW"m
ways darker than its background, and the background 24
was held constant at 0.6 fL, representing the luminance 1 .. ...
of an NVG display in moderate (A moon to starlight) Adapttion luminance (11.)
night sky conditions. Monocular viewing was used to PIg. 1. i m ,ua, percent correct letter recognition from fiv
prevent fluctuations in binocular posture from possibly suhjects Is plotted against the lumlnnce of the edepttlin field.
influencing the results. the letters were high (".3%1 end low (27.1%) contrast pre-

The procedure consisted of having the subject adapt ned of a luminance c spruble to an NYG displey (0.6 ft.),
while the adaptation luminancee Included a range of values pas-to the simulated FUR display for 20 s, followed by a I siblo with FULI. The mean percent correct obtained when test end

s test interval in which the subject attempted to recog- adaptation fields were of equal luminsnce is denoted criterion,
nize a single letter centered in the screen at the lumi- end the value 25 below the criterion was used to determine the
nance of NVG's. The adaptation field then reappeared mnaximum, recommended FUIA luanc. The average amen of

transient visual less which eccurred after switching from themid the adaptation-test cycle was repeated on subse- highest luminance display (49.2 fL) Is Indicated on the right asquent trials during which different parameters (adapta- reductions In visual acuity and contrast Sensitivity, cnd as an
tion luminance, letter size, contrast, and duration) were Increase In respionse time.
varied. In the first session, the luminance of the FLIR
display was varied from trial to trial to determine those
values which produced an adverse effect on letter rec- and low contrast letters were not significantly different
ognition with NVG's. The adaptation luminances (F,., = 2.62; p > 0.10), values were averaged across
ranged from 0.6 to 49.2 fL in approximately 3X steps. these two conditions. The response obtained with ad-
Two letter sizes, chosen to be near recognition thresh. aptation and test fields of equal luminance (85% correct)
old, were used to assess high contrast (20t21 letter; is denoted criterion. Fig. I shows that as the luminance
99.5% contrast) and low contrast (20/42 letter; 27.1%) of the adaptation field was increased, the percentage of
letter recognition. Contrast was expressed as Weber correct responses increased slightly and then de-
values (background-letter/background x 100). Lumi- creased, falling 2 SE below the criterion when the ad-
nances were presented in ascending order to reduce aptation luminance was 10 fL. This indicates that a tran-
successive adaptation effects. sient yet significant reduction in visual resolution of

In separate sessions, letter size, contrast, and expo- NVG targets can occur after switching from a FUR
sure duration were varied to determine the magnitude display which is ;&l0 fL.
and duration of visual loss following luminance adapta- While Fig. I demonstrates the FUR luminance which
tion. The luminance of each 20 s adaptation display was is likely to produce transient visual loss after switching
maintained at the highest level (49.2 fL) while the test to NVG's, the magnitude and duration of this effect are
field was again 0.6 fL. In one session, letter size (20/21, not evident in these results. What is the visual conse-
2042, 20/84; 99.5% contrast) and letter contrast (27.1%, quence of maintaining the FUR intensity at a high level
51.0%, and 99.5%; 20/42 letter) were varied from trial to if one is to switch from FLIR to NVG's? To explore this
trial. In a separate session, the duration of letter expo- issue, letter size- contrast, and exposure duration were
sum (0.5, I, 2 or 4 s) was varied between trials. Each varied from trial to trial with adaptation maintained at
trial was repeated 4 times for each condition (size, con- the highest level (49.2 fL). Thus, we determined the
trast, and duration), and the percent correct was deter- increase in letter size, contrast, and exposure duration
mined for each subject. necessary to overcome a large luminance adaptation ef-

Five adult volunteers (age 22 to 31; mean - 26.4 fect. Results are summarized on the right side of Fig. I
years) with normal ocular health and visual acuity cor- as changes in visual acuity, contrast sensitivity, and
rected with spectacles to 20/20 participated in this response time. Following adaptation to the 49.2 ft. field,
study. Following protocol approval by our institutional letter size had to be increased an average of 2x (20/21 to
review board, informed consent was obtained after each 20/42), letter contrast 3X (27.1% to 81.3%), and expo-
subject was briefed on all procedures. Subjects were sure duration 4 x (from I to 4 s) to overcome the adap-
told they could withdraw at any time. tation effect and achieve criterion performance. In

terms of both magnitude and duration, these transient
RESULTS visual decrements are nontrivial and stress the impor-

tance of maintaining a proper balance between FLIR
Fig. I shows the relation between letter recognition and NVG display luminances.

on a simulated NVG display after switching from a DISCUSSION
FUR display of equal or higher luminance. Mean per-
cent correct (five subjects) is plotted against the lumi- The purpose of this study was to determine the dis-

nace of the adaptation field. Because results with high play luminances which produce an adverse effect on

328 Aviation, Space, and E.aawironmtnt Medne • April 1994
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SWILCHINU FROM FLLR TO NVG'S-RABIN & WILEY

visual resolution after switching from a higher lumi- sual acuity for letters of similar size (20/20-20/40). This
namce (FLIR) to a lower luminance (NVO) display. A result, however, may be expected from the shape of the
significant reduction in letter recognition was observed contrast sensitivity function which, for higher spatial
in the first I s after switching from simulated FLIR to frequencies, changes more rapidly for contrast than size
simulated NVO when the FUR luminance was ;w 10 fL. (6,7). A clinical application of the present result may be
By varying letter size, contrast, and exposure duration, to use small letter contrast sensitivity, rather than acu-
it was possible to estimate the magnitude and duration ity, to reveal abnormal luminance adaptation in the clin-
of visual loss after switching from a very bright (49.2 fL) ical photostress recovery test (4,8).
FUR display. This visual loss, which lasted up to 4 s,
included a 2X reduction in visual acuity, and a 3x re- ACKNOWLEDGMENTS
duction in contrast sensitivity. Grateful acknowledgment is extended to James Wicks and James

A transitory reduction in resolution after switching Bohling for their assistance.
from FUR to NVG's could interfere with object recog-
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