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Effect of Flash Fleld Size on ~B
y Flashbiindness in an Aircraft Cockpit

etails of illustrations in
lt]hss document may be. better
_ studied o0 mwrohche

Cusuuman, W, H. Effect of flash field size on flashblindness in
an.aitcraft cockpit. Acrospace Med. 42(6):630-634, 1971,

Ten volunteers were exposed to high intensity double pulse
light flashes with flash ficlds subtending 1°, 8°, 5°, 10° and 15°
of visaal angle, Fiashblindness recovery times for several aireraft
instruments were measured for each flash field diameter. Counter-
measures including looking around the afterimage and body
movement were permitted. on some of the- tnals. Recovery time
increascd as>the adapting flash visual angle was increased from
1° to 15% Instruments requiring a greater visual acuity to be
read had substantially longer recovery times than instruments
requiring less. The two, countermeasures listed above were found
to be helpful in reducing recovery time,

THE UNANTICIPATED EXPOSURE of unprotect-
ed combat pilots to the high intensity light emitted
during a nuclear detonation can.produce retinal burns,
flashblindness, or both, ‘Retinal -burns are permanent
lesions of the retina and underlymg tissue layers which
result from directly viewing extremely high intensity
light sources such as nuclear detonations, lasers, and
the sun, In contrast, flashblindness is only a temporary
visual loss lasting from several seconds to a minute or
more. Flashblindness is usually considered to be the
greater operational problem since it may be caused not
only by direct viewing but also by diffuse reflections
of the /Areball from clouds, the terrain below, or the
airerstt, -Hence, the angular subtense and reflectivity
of ithe object or objects viewed at the time of a det-
onation must be considered in evaluating the flashblind-
ness hazard in any combat situation,

The visual characteristic of flashblindness is the- for-
mation of an aftefimage which appears in the visual
field as a bright area -of the same size and shape as
the flash field. The veiling luminance of the afterxmage
prevents an observer from perceiving visual detail in
the portion of his visual field which is masked by the
afterimage. The afterimage persists for seme time but
gradually fades as visual function is restored, The
elapsed time between flash exposure and when an ob-
server can again-distinguish pertinent details of a visual

This research was partinlly funded by the Defense Atomic
Support Agency, Washington, D.C.

WiLriam H, CusuMAN

USAF School of Aerospace Medicine, Brooks- Air Force Buse,
Texas 78235

display is called recovery: time. While an afterimage
may persist five minutes or miore, recovery times are
usually much shorter, for an observer can often dis-
tinguish. visual detail through an afterimage soon -after
it begins to fade, especially if the level of ambient il-
lumination is high,

Experimental investigations of flashbiindness are nu-
merous. Most have been controlled laboratory studies
using trained subjects, Maxwellianview optical systems,
single pulse flashes, and Suellen letters or gratings as
recovery targets. While these experiments may be ade-
quate from a scientific viewpoint, they are often less
than satisfactory for military planners who must predict
flashblindness incapacitation under entirely dilferent
circumstances (i.e., free viewing, two-pulse flashes, and
aircraft instruments as recovery targets), Nevertheless,
laboratory investigations have delineated the variables
which affect rccovery time. These variables include
flash intensity and duration,»1%12 visual angles sub-
tended by the flash field®** and recovery targets,”! "
target luminance, %! preflash adaptation,? pupil di-
ameter*'? and retinal locus of the afterimage.®

A lessei number of-studies have been published con-
cerning flashblindness as it might affect military nir-
crews, Aldertz and Hamilton®® have done flashblind-
ness experiments in aircraft and aircraft flight simuln-
tors. Their studies dealt primarily with loss of airerafl
control during flashblindness and differences in recov-
ery times for different aircraft, They did not attempt
to replicate any of the parametric laboratory studics
concerned with the variables which affect recovery
time, nor did they measure recovery time for any in-
strument except the gyrocompass.

The primary objective of the present study is lo
determine the effect of flash field size on flashblind-
ness .secovery time in an aircraft cockpit for several
different flight instruments. This information is needed
for two reasons:

1. The findings of similar laboratory studies have
been contradictory. Millex'® has reported that foveal
recovery times decrease as the flash field diameter is
increased from 2.5° to 10° of visual angle, ahile
Chisum? and Miller and White** have noted an increase
i, recovery time as the adapting flash visual angle is

_increased from %° to 10°.
Reprinted from Aerospace Medicine, Vol, 42, No. 8, June 1971

Repraduced b

NATIONAL TECHNiCAL

INFORMATION SERVICE

springfield. Vs. 22131




¢

»

»

e R

v
-
A

=)
G

o R e TR e A
ox ot

NNl 052 S et oo e b o 3 s 55 FRSETRa

© et et gt s

EFFECT OF FLASH FIELD SIZE ON FLASHBLINDNESS—-CUSHMAN

2. 'Recovery targets in almost all flashblindness ex-
periments "have been letters, numbers, or gratings re-
quiring a rélatively high visual acuity. However, many
aircraft instruments require considerably less acuity to
be read, particularly those having large pointers or
bars. For this reason generalizations of laboratory find-
ings to an aircraft cockpit may not be valid, particu-
larly since Miller®® has pointed out that the visual angle
subtended by the critical detail in a target display is
an. importarit variable affecting recovery time.

MATERIALS AND METHODS

Apparatus—The “USAF School of Acrospace Medi-
cine’s B-47 Flashblindness Orientation-Training (FOT)
system shown in Figures 1 and 2 was modified for use
as the experimental appiratus. The FOT System con-
sists of a liglit-tight, instrumented mock-up of the B-47
cockpit with a two pulse high intensity flash source
attached.

The first pulse of the adapting flash was provided by
a General Eléctric FT 503 flash tube mounted within
an 11%-inch parabolic reflector assembly. The exit aper-
ture of the reflector was completely covered with a
circulor diffusing plate in order to provide uniform
luminance up to 7.5° in all directions from a central
fixation cross etched on the plate’s front surface. The
fixation cvoss and diffusing plate were continuously il-
lyminated from behind prior to the flash by a tipe EAK
modeling lamp located inside the FT 503. The investi-
gator adjusted the intensity of the modeling lamp until
the luminance of the"fixation point and diffusing plate,
as measured-with a dircct reading photometer, was .2
mL. Flash field diameter could then be varied by plac-
ing, on the front surface of the diffusing plate, tem-
plates with circular apertures subtending 1°, 3°, 5°,
10°, or 15° of visnal angle at 35 inches, the normal
viewing distance,

The peak luminance of the adapting flash, deliver-d:

by the FT 503 was measured by a procedure briefly
outlined below. The output of the photgmultiplier
(PM) tube of a Gamma Scientific model 700.18 photo-
metric telescope (complete with photopic eye response
filter) was connected to- the inpiit of a Tektronix type
549 storage oscilloscope. The photometric telescope
was aligned to measure the lurainance of a 100 mL
standard source. The sensitivity of the oscilloscope and
the voltage on the telescope’s PM tube were adjusted
until the investigator chserved a full scale deflection of
the oscilloscope beam. The telescope was next posi-
tioned to measure the peak luminanco of the FT 503
diffusing plate. The investigator placed a stack of cali-
brated neutral density filters in front of the PM tube,
flashed the FT 503 several times, and added or sub-
tracted filters as needed until the peak deflection of the
stored cscilloscope trace was again full scale, The total
optical density (OD) reqaired to reduce the luminance
of the FT 503 to 100 mL was 6.2, Since OD = log
(1/transmission), the unattenuated luminance of the
adapting flash was 1.6 X 10* mL. Flush duration be-
tween one-half peak amplitude points was 2 msec,

Five Colortran.tungsten-halogen “giiurtz” lamps posi-
tioned in a seniiciriular arc across the canopy top as
shown in Figure 2 pravided the second pulse, Acti-
vated by the trailiid edge of the first pulse, the “quartz”
lamps remained-is.-for two seconds and illuminated the
B-47 instrumeni,. 9anel with 100 ft-c. These secondary
sources did nol affect recovery time, however, since
they were sitvated so their filaments *vere not visible
to- subjects <=ted in the FOT device and fixating on
the FT 507, vflector’s diffusing plate.

The B-27 aitimeter, gyrocompass; and airspeed indi-
cator were, . ¢éd as recovery targets in this study. They
were ‘il “ivated only by the red nighttime cockpit
lights. nov.us dy found in the B-47. “"The gyrocompass is
located ix. he upper central-portion of the instrument

, " - - . AL i
Fig. 1. USAF Schocl of Aerospace Medicine’s B-47 Flash-
blindness Orientation~Training (FOT) Device with canopy raised.

Flg. % Interior of B-47 FOT Device showing position of fitght
instruments and focation of flash sources
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panel. The compass needle subtends 3.1° X 10" and’it
had 2 mean luminance of .07 mL; the angular sub-
tense of the entire instrument is 7.3°, Located slightly
below. and to the left of the gyrocompass, the altimeter
subtends 4.5°. Its longest hand has an angular subtense

TABLE 1. EXPERIMENTAL CONDITIONS

Adapting Flash Instrument Countermeasures

Condition Visual Angle Reading Sequexce Permitted
1 1° ALT, ASI Yes
2 3 ALT; ASI Yes
3 5 ALT, AS1 Yes
4 1* GG Yes
L) 3 -GC Yes
6 3 Ge Yes
7 10° ALT, GC, ASt Yes
8 15° ALT, GC, ASt Yes
9 10° ALT, GG, AS1 No

10 15° ALT, GC, Ast No

ALT—altimeter; GC—gyrocompass; AS!—airspccd indicator

TABLE 1I. MEAN RECOVERY T'IMES IN SECONDS AND
THEIR STANDARD BEVIATIONS

Adapting Flash Visual Angle

1* 3 5¢ 10° 15 10°LT 15°LT

Altimeter X 171 2.06 3.25 4.26 679 1894 2559
S.D. 15 2.81 3.21 2.87 3027 941 1239

Gyro- X a» 2,59 379 1348 .60 37.31 4827
compass 8D, 262 2.35 264 1164 488 1498 29.07

Alspeed X 395 1702 3285 3042 4420 48.98  66.47
Indicator S.D. 269 ‘994 109 1542 1412 1930 2.7

LT--Subjects were required to read the ceckpit instruments through the
afterimage. No countermcasures were permitted,

TABLE Il ANALYSIS OF VARIANCE SUMMARY

Soutce duf, M.53q. [ X% F P
ALTIMETER
FishField = 4 1.201 FFD X Ss 7.550 <.01
Diameter (FFD)
Subjects (Ss) 9 526
FFD X Ss 36 71
GYROUOMPASS

FFD 4 10.846 FFD X Ss 21:576 <.,01
Ss 9 2,166

FFD X 8s 36 486

AIRSPEED INDICATOR

FFD 4 23.596 FFD X S 40.473 <.0¢
Ss 9 2349

FFD X Ss 36 383

A quare root transformation of the data was performed prior to analysis,

TABLE 1V. SUMMARY OF t-TESTS FOR 10* AND 13* FLASIl FIELDS

t (onc-tail test, 9d.f.) P

Instrument Comparison

Aiticeter 10> v 10° LT -56.163 <.0!
15¢ vs 13° LT -6.096 < .01

Gyrocompass 10* vs 10° L'T -5.866 < .0
15* vs 15 °LT ~7.854 <.01

Alnspeed 10% v 10* LT ~2.228 <.05

Indicator 13 v 15 LT ~3.957 <0t

632  Acrospace Medicing o June, 1971

of 1.6° X 10" and ‘had. a luminance of .3-:xnL. The air-
speed ‘indicator also subtends 4.5° of visiai angle, Lo-
cated slightly below and & the right of the gyrocom-
pass, the numerals in the central windovs of the air-
speed indicator subtend 2¢', although the eritical detail
of each numeral subtends only 4. The luminance of
the airspeéd indicator was-.2-mL.

Recovery times for each of the thrce ins*ruments
wer¢ measured independently with thrée-électric timers
(Industzial Timer Torporation, model SC-100).

Subjects—Five commissioned officefs‘nd five enlisted
personnel assizned to the Oculo-Thermal Function of
the USAF School of Aerospace -Medicine volunteered
to serve as subjects, Each had a visual acuity of 20/100
or better, . correctable to 20/20. All had normal dark
adaption curves; none had detectable retinal damage
or other cye disease.

Procedure—Each volunteer served once in each of
the ten experimerital conditions (sce Table I). The
order-in which these 10 conditions were presented was
independently determined for each subject from a'table
of random numbers. A preliminary study showed that
the altimeter, gyrocompass, and. :airspeed indicator
could’ be sequentially xéad as indicated in Table I
without biasing the data,

The visual angles subtrnded by the adapting flash
in conditions 1-3 were 4°, 3% and 5°, respectively.
Subjects were requested to identify as~quickly .as pos-
sible clockwise or counterclockwise h.ovement of the
altimeter. hands (ALT) and the number—10, 20, 30, 40,
60, 70, 80, or 90—appearing in the central window of
the airspecd indicator (ASI). In conditions 4-8 the adapt-
ing flash visual angles remained the same but subjects
were required only to read the course heading—N, NE,
E, SE, S, SW, W,.or NW—indicated by.the' gyrocom-
pass (GC). In conditions 7 and 9 the flash field: sub-
tended 10°; it subtendéd 15° in conditions 8 and: 10.
In these last four conditions the altimeter was read
first, followed by the gyrocompass, .and finally the air-
speed indicator,

Limited countermeasures including looking around
the afterimage and moving slightly forward were per-
mitted except in conditions 9 and 10. In these two
conditions subjects were required to remain in a fixed
position:and read their instruments through the decay:
ing afterimage. Turning up-cockpit lighting and exces-
sive forward -movement were prohibited in all condi-
tions.

Prior to each exposure the subject dark adapted for
two minutes while seated in the B-47 cockpit. From a
console outside the cockpit the investigator set the
three target instruments to their assigned readings for
that trial as determined from a table of random num-
bers. At the conclusion of the adaptation period the
fixation and instrument lights were turned on and the
subject was instructed to take up fixation, The subject
signaled his readiness for the adapting flash by depress-
ing a hand-held switch, The investigator then pre.
sented the flash within two seconds, and the subject
began verbally reading the target instruments in the
proper sequence as quickly as he could. As soon as a

pdem
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target instrument was correctly rcad, the investigator
immediately stopped the timer corresponding to that
instrument. A corfection factor of 425 seconds—2
seconds for flash-duration.plus 2.2% seconds for mean
instriment reading time in the absence of a flash—was
subtracted from the elapsed times indicated on each of
the timers before the data-were recorded. If the sub-
ject made dn :incorrect response, the data were dis-
carded and the trial rerun .at a later time. Subjects
were given three days convalescence between flashes.
All subjects were given sequential instrument read-
ing practice and several preliminary flashblindness trials
with diffcrent flash field diameters. These preliminary
sessions enabled them to become familiar with flash-
blindness countermeasures which were permitted.

RESULTS

Table.IT shows the mean recovery times and standard
deviations of the ten subjects for each of the 21 instru-
ment-flash field size treatments, .. LT refers to treatments
in which subjects were required to look through the
afterimage and were not permitted to use counter-
measures. The mean recovery times for all! treatments
in which countermeasures were permitted are graphi-
cally presented in Figure 3, Figure 4 shows the mean
recovery times of the 10° and 15° treatrrents. Since
the variances increased with an increase in mean<iovel,
a transformation of the datu was required before' an
analysis of variance could be validly performed. A
square’ root transformation was used and the trans-
formed data of the 15 treatments whose means are
shown in ‘Figure 3 were then analyzed in three Lind-

50

RECOVERY TIME {SECONDS)
n
>

AIRSPEED INDICATOR

GYROCOMPASS

~ALTIMETER

! Ll 1
1* 3° 5* 10* 15¢
VISUAL ANGLE SUBTENDED BY SOURCE

N ]

Fig. 3. Flashblindness recovery time as a function of adapting
flash visual angle for three primary flight ‘instruments,

quist treatments x subjects analyses of variance.® For.
all three instruments recovery ‘time was found to in-
créase significantly as the visual angle subtended Ly
the source was increased (F == 7.550, F = 21.576, F =

40473, P < .01). Recovery times were greatest for the

airspeed indicator and least for ‘the altimeter. The
analysis of variance summary table is presented in
Table III.

Figure 4 shows the magnitude of reduction in recov-
cry time attributable to looking arvund thé adterimage
and moving slightly forward. These counteimeasures
decrcased mean :altimeter recovery time Dy about .17
seconds or 75%, Mean gyrocompass recovery time was
reduced by 25 seconds or 60%,.and airspeed indicator
recovery time was reduced by .18 seconds or 25%,

Six paired observation t-tests were done to detetmine
the significance of the difference between 10° and 10°
LT means and between 15° and 15° LT means for
each target instrument. Table IV shows the résults of
these tests. In all cases the meanvrecovery times for.
LT treatments were significantly longer than for-those
of corresponding treatments in which countermeasures
were permitted.

DISCUSSION

The function relating flashblindness recovery time
and adapting flash visual angle for 20 numerals of the
airspeed indicator (luminance .2 mL) is similer in shape
to those found by Miller and White!! for 19° Snellen
letters (luminance 9.5 mL and 38 mL) and by Chisum?
for a 33 acuity grating (luminance 4-8.3 mL). In-this

701~
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Fig. 4. Flashblindness recovery times for 10° and 15° flash
field diameters as a function of use or non-use {L.T) of counter
measures for three alrcraft instruments,
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study recoverv time for ‘the 20' numeérals of the afi-
speed. indicator increased as the visual -anggle -of the
Source -way increased from 12 to 15°, but the rate of
-hicréase was more rapid-from- 1° to 5° than frons 5°
‘to 15°% However, thé clgpe -transition- peint of the
-curves in the Miller and White'* apd Chisum® studies,
gvl'zich were done in Maxwellianwview, is:2° -ather.than

The function relating recavery time and angular sub-
tense of the source for the airspeed.indicator numerals
is .dissimilar, -however, to the one found by Milieri®
for 20° Snellen letters (luminance .07 mL). She, found
‘reécovery -lime- decreased- as.the wisual angle subténded
by the source was increased from2.5° tn 10°,

The large-differences in recovery times between the
airspeed indicator and the other two-instruments prob-
ably ‘reflect. the involvement of different underlying
visual processes, Numiurals of the airspeed indicator
with a luminance of .2 mL and critical detail subtend-
ing 4' cannot be recognized at distances greater than
about' 2,5° from the line of fixation,” indicating they
are seen’ with foveal and parafoveal elements. On the

other hand; the critical detail of the gyrocompass and

:altimeter (i.e., width of the needle or hands) subtends
10°. These two instruments can be read by peripheral
mechanisms at retinal cccentricities—distances.from-the
center of the fovea—of 7%° and greater.” Hence, an
observer could read the altimeter and-gyrocompass by
looking around.the afterimage Tor all flash fields used
in -this -experiment. The altimeter was easier to read
relative to the gyrocompassiubecause it was brighter
and was moving.

A gerérall function can be promulgated which..re-
lates rccovéry tinie to adapting flash visual angle and
which has three ¢omponents or segments. The slope
of the first is €ssentially zero. It cxtends from 09 to:5°
for the gyrocompass and from 0° to 10° or 15° for the
altimeéter, Recovery targets can be read almost imme-
diately around the afterimage for all.flash fields within
the first segment’s range.

The slope of the second segment is positive and.the
function fairly steep.. As the angular subtense of the
source is increased within the range of this component,
an observer encounters increasing difficulty in reading
an instrumént by looking around the afterimage; The
second component extends from 1° to 5° for the air-
speed indicator and from 5° to 15° for the gyrccompass.

The slope of the third component is less than the
slope of ‘the second and eventually becomes zero. For
flash fields of the third seginent recovery time can be
reduced very little, if any, by looking around the after-
image, because. the. visual receptors at these retinal loci
are not capable of resolving the critical detail of the
secovery target, The third component for the airspeed
indicator extends from 5° to 15° and greater. It begins

634  Aerospace Medicine o June, 1971

beyond 15° for the gyrocompass and altimeter.

The differences in recovery times between the LT
and-non-LT trcatments shown in Figure 4 may now be
explained. This difference of 26 seconds.for the gyro-
compass and 17 seconds for the altimeter may be at-
tributed mostly to subjects looking around the after-
image in the non-LT treatments, since both instruments
could eansily be read around a 10° or 15° afterimage
at the original distance.” The 16-second differencefor

‘the airspeed indizator probably was due to subjects

moving forward, since.all subjects reported: it was ex-
tremely difficult, if not impossible, to read the airspeed

Aindicator at the ofiginal distance around an afterimage

subtending 10° or greater; some did not.cvén attempt

t0.do it. The “moving:; forward” hypothesis is also sup-

ported by Miller's*-data, She found LT recovery time
for Snellen letters decreases rapidly as the angular sub-
tense of their critical detail is increased. Her data
would jredict a 10-15-second reduction in airspeed
indicator recovery time for a-subject who looked through
the afterimage but mov. -forward in the cockpit about
15 inches,

Moving forward, while found to be an effective coun-
termeasure, may not be advisabie in some operational
situations nor possible in some aircraft. In these-cases
the mean recovery times for .an instrument requiring
the same visual acuity as the airspeed indicator may
be slightly greater (for sources subtending 10° or more)
than would be predicted from ‘the data in Figure 3.
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