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FOREWORD

This report was prepared by the Iafe Sciences Division of Technology Incorporaled
for the Manned Spacecraft Cen-ter of the National Aeronautics and Space ’Admmls-
tration under Coniract NAS 9-11085, and covers the period 28 May 1970 to

28 May 1971, Dr. W.H Shumate,and Dr. R. Fitch were the Contract Monitors,

and Dr. Brian Ward was the Principal Investigato:.

Acknowledgement 1s made of the assistance provided by the Contract Monitors

throughoutl the period of the study

The research effort involved five distinct phases, each of which was performed
and reported as a separate umit. This Final Report will continue thas approach

by summarizing the enlire program.



INTRODUCTION

The work described in this report refers to tasks which have been performed
during the period 1 June 1970 to 31 hiay 1971 unde1r the lerms of Contract

NAS 9-11085,

Research on physical and physiological aspects of visual optics in spaceflight
has involved five . task areas, which may be conveniently grouped under the.
following headmngs.
1., Retinal temperature calculations for the specification
of adequate eye proiection at the lunar surface’
2. A survey of hazardous visual perceptions in spaceflight
3. Measurement of the oplical properties of new and used
visual {ransparencies
4, Analysis of visual problems in spaceflight
5. Direct support to the neurophysiology laboratory, NASA,

MSC, Houston

The text of Jus report 1s similarly subdivided,

1L
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1. RETINAL TEMPERATURE CALCULATIONS FOR THE SPECIFICATION OF

ADEQUATE EYE PROTECTION AT THE LLUNAR SURFACE

1,1 Introduction

The 1nfiared region of the specirum 1s generally considered o exiend from
approximately 700 nm to some 100U It 1s chiefly known for the heating

effects produced when radiation in this wavelength band 1s absorbed by the

body,

The eye 1s heated in common with other suifaces of the body, The retina
of the eye however, 1s parlicularly vulnerable to the heating effects of boih
the visible and the infrared spectral regions,_because radiation in the
wavelengtih bands below 1400 nm  1s focused upon a retina which 1s backed
by the highly laght absorbing, retinal pigment epithelivm, Above 1400
nm, the ocular media are virtually opaque and the chorloretinal struclure

15 protected,

Man is ordinarily protected from solar retinal burns by his aversion to

intense lights, by blinks, pupil contractions, and the aitenualion of

radiation by the atmosphere. Yet on the moon, without an atmosphere,

heating due to the increased irradiation 1s much greater, TFor this reason,

the astronaut requres optical protection in both the visible and the infrared
~.

regions of the spectrum It is desirable that this protection should be

provided while providing foxr optimumn visual performance.



-1.2

The Model Described

A mathemalical model(l) construcled under a previous contract has been
modified and employed to calculate the retinal temperatuie 1nc1-easre caused
by direct observation cf the solax disc by an unprolected astronaut situated
on the lunar surface. Such calculations, based upon considerable
experimental data, allow the calculaiion of the minimum attenuvation of the
solar radiation required for safe exposure on the lunar surface Data on the
radiani cutpul of the sun(z) 15 used, and the worst-case condition 1s
considered 1n which the astronaut directly observes the sun for 100 seconds.
The pupil of the astronaut's eye 1n this calculation was assumed to be 3

millimeters in diameter, an appropriate size for a terrestrial observation

of the sun. The resulting temperature rise 1s shown in Figure 1.

The total irradiance from the sun, called the solar constant, 1s approximately
2.0 calories per square centimeter per minuile, Infrared radiation
contribules about half of the solar constant, 0. 98 calories per square
centimeter per minule, Pre-retinal ocular media absorb much of the near
infrared and practically all of the radiation of wavelengths greatei than

1400 nanometers, As a result, only about 27 percent of the retinal
temperature rise 1s caused by infrared radiation Table I+ shows the

temperature rise associated with each of fourteen wavelength bands used

in the calculation,
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TABLE I

Wavelengih Band (um) Termperature Rise (OC)
$ee- 38 ... b.00%0l08  ULIRAVIOLET
381- 413 0. 043509
413- 451 0 3099
451- 496 0. 6808
VISIBLE
496 545 0.7382
545- 591 0.6321
591- 636 0,5821
636= 689 0MSe
689- 751 0. 4949
T51- 827 0. 3565
827- 918 0.2519 INFRARED
918-1033 0.096649
1033-1181 0, 086086
1181-1377 0,013878

The temperature rise considered to be safely tolerable 1s 50, (3) and from
Figure 1 1t 1s seen that retinal damage wzll not occur fora 3 mm pupil
diameter., There are sitvations however, 1n which the sun may be imaged
on the retina when the pupil size 1s larger than 3 millimeters, and the s;lld
curves in Figure 2 show the temperature rise associated with the various

pupil sizes of the human eye. Curve (C) 1s concerned with -

infrared and visible specira reaching the ietmma, (D) is concexrned
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with the visible spectrum alone, The coriesponding dashed curves (A) and
(B) predict the degree of neutral density fillering requared, over the visible
and infrared specira, for the safely criterion slipulated of a retznal

tengperawure rise of 5°C or less, for pupil diameters of 1 {o 8 millimeiers,

It 1s appareni from Figure 2 that failtering of some kind 1s requured in the
astronaut's helmet and visor system in order to protcct agawnsl retinal
damage., Even in an accidental exposure, Lhe retinal temperature rise
atlains over 80 percent of the 100 second value before the eye can blink,
The design of protectave fillering 1nvolves a decision aboul the spectral
distribution of the fulter transmitlance, The simplest filter 15 a neutral
filter in which the transmattance 1s the same at all wavelengths of
impoxrtance, The transmitiance of a neutral filler which would prevent
the temperature rise in the retina from exceeding 5° 1s given in Figure 2

by the dashed curve, as a function of pupzl diameter,

Using Fagure 2 and Table I, a suitable filler may be designed for various
situations or mission objectives., The total temperature rise and
temperature rise 1in each wavelength band in the Table arxe directly
proporizonal to the pupil area ox the square of the pupil drameter, A
possible filtex would be one which filtered out most of the infrared radiation
~

but was very transparent io the visible wavelength radiation The retinal

temperalure rise wn this case 1s shown for various pupil diameters by the

-



solid curve in Figure 2 labeled (D). A safe visible light neutlral filter worn
wilh a filter opaque to the infrared would be one with the transmattance shown
by the dashed curve 1n Figure 2 labeled (B). It is seen thal with the infrared
filler and a 20 pexcen! aealral filter, the astronaut would have adequate
proteclion agamnst retinal burn from the sun., Standard Air Force

sunglasses, for example, provide adequate safety as they have a 15 percen.
transmassivity in the visible range and about 2 percent in the infrared

out to at least 1400 am



A SURVEY OF HAZARDOUS VISUAL PERCEPTIONS IN SPACE FLIGHT

Introduction

Three Apolle missions have successfully landed on the moon and relurned
o earth, To date, visual problems associaled with lunar rtnissions have
nct prevented the successiul completion of these missions, Iiis, however,
;
possible and desirable to i1dentify some polentially hazardous perceptual
conditions which could affecl performance on fulure lunar missions and in
other space programs. This task 15 difficult becaus e of the paucity of
research on the lype of perceptual tasks demanded in these situations
The visual problems described 1n this report must, therefore, be viewed
as conjeclures and possibilities. Through a systematic research program
1t should be possible to determine which of the perceptual problems des-
cribed 1n this report are most likely to occur during lunar massions, A
program of this nalure would alsc permal the 1dentification of additional

areas of concern and would provide information about methods of

reducing the dangers from such phenomena,

Voyage 1n a space vehicle mtroduces conditions which may produce
aberrant perceptions which could constitute a serious hazard during
ciitical phases of operalion, This section discusses these conditions
and the 1llusions that .may amse from them. Some of the topics
discussed below will perhaps not be applicable to the Apcllc program,

but may be pertinent tc future space activities,



2.2 Survey of Illusions

2.2 1 The Visual Effects of Restricted Percepiual Environments

Duiing the space flight the astronauts are exposed io a v151’1al
environment which 1s resiricted in a number of ways. This
enviionment contains few, if any, of the cues to distance and
depth noxrmally associated with earth terrain, Such cues include
texture density gradients, which are important for yudgments of
both distance and slant, linear perspective cues and gradients of
light and shading, which produce the 1impression of depth and
elevation, Furthermoie, there 1s a latmted visual expanse within
the cabin, and while space oulside the cabin extends to opiical
infimity, there i1s no natural visual ground at any ''maddle-
distances' -- distances between perhaps 10 feet and one male,

The perception of objects at such distances 1s of primary importance
fo1 the lunar landmg operalion and lunar surface explorations.

The possibility arises that this resiricted environment could cause

inapproprnate and confusing perceptual responses,

Few studies have been directly concerned with the effect that -
deprivation of a particular depth clue might have on tasks
requiring later utilization of that clue. One experiment reporied
that deprivation of binocular vision by allernating monocular
occlusion at 2 - 3 hour mntervals for a 24-hour period resulted
in a deterioration of depth perception, ) There appear to be

no analogous studies for the monocular clues to depth and distance.



-

Hence, the effect of a lack of opportunity to ulilize cexrtain depth
cues, or to make perceptual responses ito certain distances, 1s

unknown,

It 18 known chal various percepiual syslems can be altered by
introducing a systematic bias, tn humans these syslems appear

(6)

to be guile labile or plastic, Since perceplual sysiems are
capable of modification, it 1s plausible to hypothesize that they
are also susceptible to degradation 1f they are not continuously
recalibrated or re-tuned, If this 1s frue, the lack of any oppor~
tumty to calibrate various systems during the space flight may
have adverse consequences during the lunar landing, Itis a

reasonable hypothesis that any system capable of being changed

requires frequent input to remain calibrated,

If subjects make active movements while wearing wedge prisms
1n spectacles, they rapidly adapt to the visual displacement by
altering the positional sense of a body part such as an arm, head,
or eye. Essenlially, the proprioceptive sense 1s recalibrated to

7,8
(7,8 o

align it with visual ego-centric localization of the part,
of the first consequences of looking through lenses which reverse
or invert the visual field 1s that when the head or eyes move,

the field of view dous not remain stable or stationary, as it

would under ordinary conditions However, with time these

percewed movements become less pronounced. Agamn, it 1s as ii

10



the systems signaling movement 1n the woxrld become adjusted so
that a change 1n the position of a retinal image, which formerly
produced the sensation of objecl movement, no longex does so

In a sumilar fashion, the absence of an opportumty during the
duration of the space flight to calibrate movement of 1nages of
chjects across the retina with distance, for distances greater
than 10 feet, may result in the degradaiion of the "motion

parallax -- distance perception linkage, "

Similarly, the relationship between convergence and distance
can be experimentally altered, It 1s also possible that this
relationship may become degraded without an opportunity for
calibration, Although convergence 1is not usually considered a
major clue to depth, 1t 1s important for the accurate perception
of the absolute depth associaled with a given magnitude of
stereopsis or binocular disparity, To deternune the absolute
distance between two objects, an observer must take into account
boih the disparity of the images of the objects on the retinas and

the degree of convergence of the two eyes.

The posstbility that the perceptual systems responsible for
distance ijudgments may become decalibrated during the space
{l1ght has not yet been empirically validated, The hypothesis
could be tested 1n a straightforward manner under simulated

space flight conditions, If degradation were to occur, 1t might

11



be possible to provide ''exercise' devices to be used within the
spacecralt lo sumulate distances between 10 feet and one maile
and Lo produce a variety of depth clues associated with objects
at such distances. It would be difficull {o make provision for the
active movements necessary lor recalibration and possably
necessary for the prevention of degradation, reverltheless, in

a visually rich environmenl, several clues together might
sufficiently rewnforce or bolster each olher, and reduce the

tendency loward degradation,

The Visual Effects of Alteration in Sleeping Patterns

A conlinuing problem for the astronauts is the lack of adequate
sleep, due {o such factors as stress, excitement, noise, the
novel environment, and cramped quarters, Lack of sleep may
result in perceptual and cogmitive malfunctioning The
decrement 1n performance on vigilance tasks with an increase

(9)

in drowsiness has been documented, such a decrement can he

reduced by appropriate motivational increases, It has also been
reported that sleep deprivation i1s frequently associated with the

(10)

produclion of hallucinations

S~

Another possible consequence of altering normal sleeping habils,
and one which has only recently been hypothesized, 1s a deterioration
of binocular depth perceplion, It has been suggested that one

-

function of REM ( rapid eye movement) sleep 1s to provide a

12



mechanism for maintaimng precise binocular coordination so as
to prevent a degradation of binocular vision mimmediailcly upon

1 After a period of sleep deprivalion, non-REM sleep

awakening,
takes precedence over REM sleep, so thal an individual does not
innervate his eye muscles during sleep while he 1s recuperating
from the lack of sleep, If an astronaut were in a state of sleep
deprivation so that almost all of his sleep were of the non-REM
variety, and if he were required to perform a task demanding
binocularly coordinated eye movements shortly after awakening,
1t 1s possible that his visual performance would be seriously
impatred. This 18 an intriguing and potentially important area

in which the necessary confirmatory research has yet to be

performed,
The Visual Eifects of Angular and Iainear Accelerations

Illusory visual and spatial perception may arise as a result of
angular acceleration (affecting the semicircular canals) or linear
acceleration (affecting the otolith organs), A frequent outcome of
angular acceleration 1s known as the oculogyral 1llusion. Ifa
subject 1s seated 1n a rotating chair, viewing a target which
rotates as he does, an acceleration to the left will cause the
target to seern .0 raove lettward, without appearing to be greatly
displaced. The :llusion may also occur when viewing a moving

targel 1in darkness, so that the effecls of real and apparent

13



12
motion may exther swminate or cancel each other. (t2)

A second effect of angul:ar accelieration 1s the Coriclis effect,
cccurring when a subject who 1s rotating in one plane tilts his
head 1n a different plane. The resulis can be severe dizziness,
nausea, and spatial disoiientation, as well as :llusory targel

motion,

A lLinear acceleration causes target displacement 1n a drtection
consistent with the resultant gravitational force vector., Thus
effect 1s known as the oculogravic 1llusion, If a pilot accelerates
his plane during siraighi and level flight, the resullant G-vector
1s mistakenly mmlerpreted as a cue to veriicalily, causing the pilot
to feel that he 1s tilting backward, A fixed target would then

appear to rise as the pilot appeared to tilt,

A special case of the oculogravic i1llusion involves a change in
the magnitude of the G-vector, but not in its direction, When the
G-vector increases 1n ragnitude, as when a high speed elevator
ascends, a target fixed relative to the observer appears to rise,
Conversely, during a decrease 1n G-force, a fixed target appears

to descend,

The 1llusions described above are not sumply laboratory phenomena,

3

but do occur in high performance aircraft, and are considered a

(12)

potentially serious hazard to flight safety To mmirmeze

14



problems caused by the oculogyral and oculogravic 1llusions, a

good visual frame of reference outside the vehicle should be

(13)

mainiained. Difficulties of this nature resulting f1om space-

craft maneuvers are not anticipated during lunar landings
occurring in the dayllght.“ However, during space flight, or,

more likely, 1n extra;’ehlcular space acoviiles where the asironaul
may be in a position to see only black space and stars, false clues

to motion might result from certain accelerations, and might

produce mappropriate and dangerous corrective actions,

The Visual Effects of Weightlessness

While a variety of authors have suggested that certain visual
(14)
anomalies mught occur in a weightless environment, no
serrous difficulties have been encountered in the U. S, space
program. Although future experimentation may reveal subftle

effects of 2 zero-G enviionment, curreni evidence does not

suggest this poses a serious threat to lunar missions,

With respect to visual acwmty, although slight decrements have

been found during some zero-G flights 1n airplanes, these were

(15)

too small to be of practical significance, Furthermore, the

~
testing of astronauts during Gemin: flights 5 and 7 produced no

(16)

evidence of any such degiadation

One 1llusion which has been observed under ceriain conditions 1n

15



transient weighilessness experiments 1s the "inversion' 1llusion,
Upon entering the zero-G stale, subjects sometimes report the
feeling of suddenly being turned upside down. Similazrly, 1’f they
were ''standing'’ on the ceilirg of the plane during the parabolic
maneuvel, they might report the feeling that they were standing
upright and that the pla;le was flying upside down, Although some
Russian cosmonauts have experienced Lthis illusion in space

18
flight, (18) astronauts of the U, S, space program have not

reported it,

In general, the evidence to date indicates that the oculovestibular
systern does not react to weightlessness in a manner foreseeably
hazardous to space travel or lunar landing operations. This 1s
doubly true for experienced pilots trained to recognize and, where
possible, avoid many situations where 1llusory perceptions may

oceur,
Autokinesis

The aulokinetic effect consists of the apparent random movement
of a light viewed without an adequate visual frame of reference,
If the interior of a spacecraft were dimly i1llummnated, objects
viewed throngh the windows could occasionally appear to move
in an erratic fashion. Such movement could also occcur for dim
signal lamps wathin the craft, This apparent movemenl 1s a

compelling phenomenon, and 1s difficult to abolish Whale

16

(1

)



thorough parametric research has not been conducted on the
subject of minimizing the illusion, there 1s evidence that 1t-1s
reduced when multiple hights are visible, and when a visual frame
of reference, such as the border or a window, 15 mniroduced inlo

(18)

the field of view.
Perspective Reversals

If the only clue to the nearer and farther sections of a space
station 1s the retinal angle subtended by the two sections, a
perceplual 1eversal of near and far 1s then possible When an
object 15 seen 1 this reversed fashion, it appears to move
laterally along with a laterally moving observer, As long as it
remains reversed, correcitive movements will be reversed, (A
fore and aft runway reversal in darkness or fog has been suggestied
as the probable cause of some aircraft aceidents 1n which the

(19)

pilot Jands well short of the actual runway, Because of this
reversal of corrective Tmovements, anastronaut would probably
approach a perceptually reversied space station on an erratic
course, Perspective reversals could also occur when viewing a
girder-like structure, such as a partially consiructed space

~
station, against the blackness of space, (This can :De demonstrated
i the laboratory by viewing a luminescent wire model of a cube

in an otherwise dark room.} This phenomenon is viewed as a

seriocus potenfial problem mn space activifies, and one not easily

17
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2.7

(20)

solved,

It 15 difficull lo prevent the occurrence of this illusion, to cf:lo so 1t
1s probably necessary to inlroduce olther clues to distance, For
example, differencial :llomination of the near and far poriions of
the space station maght reduce the frequency of the reversal
effect, It may also be possible to train astronauts to recognize
its occurrence and to avoid approaching the station when 1l 1s
spatially reversed. If the shape of the object being viewed were
well known, the illusion's existence should become apparent,
since shapes become distorted as objects reverse This 15 a
conseqguence of the mechamsm of size constancy, by means of
which the apparent size of a portion of the object 1s determined

by its apparent dislance from the obseiver, -
Reduced Size Constancy

As we walk toward an object it remains approximately constant in
percewed size, Such constancy of size will be reduced, however,
when an object 15 approached in space, Research has shown
that when an observer 1s wheeled at a constant velocity toward a
luminous disc 1n an otherwise completely dark room, the disc

~

(20)

appears to expand in size,
i distance 1s enhanced if the observer views the disc through a

samulated window frame dimly 1:it by luminous paini, In this case,

the observer apparenlly compares the retinal 1mage size of the

18

The 1increase 1n s1ze with a decrease



digc with that of the window, As he approaches the disc, 1t

expands relative to the \_Wlndow; and 15 percewved as becoming larger.
These viewing condifions are similar to spacecraft conditions 1n
which 1he observer has no subjective 1mpression of h's own motion,
Possible phenomenological experiences include the perception that
the viewed cbjecl 1s mcreasing in size and/or the perception that

it 15 moving toward the observer, Methods to reduce thus

1llusion have been explored, one possible technique 1s to provide

(20} 4

the observer with non-visuval information about distance,
one 1s trained lo associlate tones with distances .under normal
1llumination, the tones may help to maintain paitral size constancy
in the reduced :llumination conditions, Also, placing a fixed
reference light next to the object being viewed has been found to
a1d the viewer considerably in maintaining constancy. (19) It may

be necessary to introduce such techniques for visually guided

space rendezvous,
Brightness Difference Ilusions

Another perceptual anomaly which might atise m space mnvolves
the problem of estimating the relative distances of two objects
differiag 1in brightness. Normally, the brightness of a surface 1s
not a cue to its distance from the observer, since although the

intensity of a point of light diminmishes with distance via the

mverse square law, the lurmnance of a surface does not, This 1s

19



because as a surface recedes, 1ts theoretical ''poinis!' become

more densely packed, so that the total amount of light per unit

solid angle at the eye remains constant., Paradoxically, however,
when wvo luminous objecis are viewed against a hlack bacigiound,
the brighter object does, in fact, appear to be closer, (21) g4 4

noi difircult to conceive c:f situations (such as when astronauls are
freely moving mm space, or possibly are engaged 1n a rendezvousing
maneuver) where the blackness of space could glve—rlse to this
1lJlusion, This phenomenon has not been extensively mvesligated,
50 1t 15 not clear whether training procedures can reduce its effects,
Furthermore, 1t 1s possible that a2 dark background 1s not a
necessary condition for its occurrence, and that it may arise m
other situations where there 1s a reduced number of normal

distance cunes {e g., in orbit with the earth or moon as a

background, or possibly on the lunar surface 1tself),

Potentially Hazardous Illusions in Iunar Landing

The descent to the surface of the moon may be the most critical and
potentially dangerous portion of the lunar mission, Since, 1n the Apollo
program, this descent 1s visually gumided, any mmpairment m perceptual
functioning could have severe consequences, Even if the perceptual
systems of the astronauls are i1n normal condition after the flight from
earth, the lack of sufficient visual information regarding features of the
lunar surface and the presence of conditions producing visual idlusions

during the descent and landing may result in non-veridical perceptions,

20



Perceptual tasks esseniial to the mission include the recogmtion of the

pre-designated landing site, the choice of a safe area 1n which to land,

the delermination of altitude above the lunar surface, and the alignment

of the lunar module with the selected touchdown point during the final

descent to the suiface,

2,3.1

Recognition of Landing Site

The effects of set or expectancy are known to play a sigmficant role
in visual perception, The fact thal people are prone to see what
they anticipale seeing, or what they hope to see, sometimes
produces embarrassing, or even catastrophic, 1esults, For
example, there are occasions each year when experienced pilots

(22)

unknowingly land their aircraft at the wrong airport, In the

Junar landing situation, a slight course deviation of which the
pilot was unaware could cause hun to rmispercewve lunar features

and, possibly, to commit hamself to landing at a site more

dangerous than the one originally chosen,

This problem can be munimized, first, by thorough training
with accurate simulations and photographs of the selected landing
area., With regard to thus point, the Apollo 12 astronauts
commented that their traiming photographs were 1nadequate for
visual orientation imimediately after pitchover, i1n terms of

(23)
detail and field of view Second, traimng should emphasize

not only the distinctive features of particular landmarks, but

21



2.

3,2

also the spatial relationships between several of these landmarks.
(For example, Apollo 12 astlronauts looked for a cluster of
craters which resembled a "snowman'.} Finally, with two persons

searching independently for critical features, the probability of

misperception due to set should be reduced.
Seleclion of a Safe L.anding Area

Perceplual problems associated with the selection of a safe area
are more likely to occur during future maissions scheduima:d for
areas more rugged than those 1n which landings have already
occurred, When the astronaut attempis to select a landing area
visually, certain features of the lunar surface may cause hmm to
make a poor choice The shadows cast by mountains 1lluminated
at low sun angles would obliterate most surface details. These
details would not be 1llurmuinated by the scattering of light from
atmospheric paiticles as occurs on earth, Mounds, craters,
and boulders may be hidden by such lunar shadows, No attempt
should be made to land in or near s:uch a shaded area without
adequate 1llummation from the spacecraft itself, or the provision
of masking of brightly illuminated features so that the eye

could see shaded detail receivang indirect lighting.

The slope or slant of the lunar surface cannot always be

determined accuralely from the perceptual input available during
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the final descent, There are, on the surface of the earth, cerlain
fealures which dre known {o have a constant orientation with
respect Lo gravitational forces and which contribute to the '
determination of slanl, These earih features include horizonial
bodies of water and veriical trees and buildings, In addition,
roads arnd rectangular fl(-;lds provide information about surface
slant via the perceptual clue of linear perspective. This
informadtion 1s not available on the lunar surface, In the

absence of these or other clues, iwo general assumptions are
likely to enter into the assessment of surface slant. First, a
large and apparently smooth area, in the absence of contradictory
cues, will be assumed o be flat, And, second, mountains and
crater walls will be assumed to be regular or symmetrical, A
problem might arise 1f an area were bounded on two sides by
mountains which rose at different angles to the true horizontal,
for the assumptlion that they were actually symmetrical would be
likely to cause a misjudgment of the siant of the area whach they

bounded,

Accurate perception of slant will be aided at lower altitudes by

the gradients of texture density, The texture of a surface becomes
finer as that surface recedes 1n the distas.e, The rate, or
gradient, of this toxture change can provide information about
slope, People can perceive slant when presented with pictures

of surfaces composed of elements such as small rocks, However,
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they tend to underesiimate the aclual slant by approximately

(24)
50% . Furthermore, the height al which this cue becomes
effective depends on particle size. Virtually no 1nformation could
be oblained from lexture density when flying over an area composed
mainly of dust particles, The absence of this cue 18 a serious
problem, not only for perception of siant but also for judgment

of height, and has ofien caused difficulties for pilots flying over

iresh snow or a glassy-smooth lake,

In addition, 1t should be mentioned that judgments of surface slant
based on the distributrion of texture elements involves the
assumption that the elements are the same size, Thus, a
particulair gradient produced by a surface composed of uniform
elements slanting away from the observer could also represent

a level surface with smaller objects at a greater distance from ihe
observer, A visual array with such characteristics could be
produced, for example, by rocks being scaliered about a

craler by eruption or meteoric impact,

The lunar surface should be carefully examined for the presence
of conditions likely to produce such terram idlusions. It would
probably be difficult to tramn an astronaut to overcome these
1llusions because the assumptions producing them are adaplive
for the perception of slant in most situations, They become
maladaptive i1n the presence of unusual or atypical surface

characteristics,
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Further problems associated wilh the selection of the landing site
are the astronauts' lack of knowledge of the exact sizes of specific
objecils on the lunar surface and the failure of size constancy
mechanisms to operate above vertical distances of any appreciable
extent, An area a mile away might appear smooth because 1t

was relatvely smoother than adjacent areas, yel still be too
rough for a safe landing., Practice 1n judging the size of vertically
viewed objects irom the length of their shadows should reduce the
likelihood of commatting the spacecraft to land 1mn an unfavorable

area,

The Perception of Altitude

The judgment of vertical distance 1s a difficult perceptual task,
The primary distance clue available to the astronauts in the lunar
module 15 the differential rate of expansion of elements on the
lunar surface as the craft approaches the surface, The rate of
expansion increases as digtance to the surface decreases. There
18 apparently no research on the adequacy of this clue for
mediating veridical judgments of absolute distance. Texture
density 1tself 13 a cue to height only if the size of the surface
elements 15 well known, Other available clues to distance are
convergence (probanly limited to distances closer than 60 ft, )
and motion parallax produced by the observer's head and eye

movements. These cuaes are presumed lo be relalively meffective
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for vertical distance judgmenis.

Fortunately, cogmtive mnput in the form of allimetler readings 1s
availahle Lo compensate for the lack of adequate perceptual
information, Were the perceptual and cognitive informaltion Lo
confl.ct, 1t 18 possible that the perceptual input would take
precedence, alihough experienced pilots are trained to avoid

this errox,

The surface of the moon may be hidden by a dust cloud during the
final moments of the descent, This was a particular problem
during the landing of Apollo 12, when vision of the ground was
totally obscured for the last 50 feet. (23) This lack of visibility

forces reliance on instruments at a time when visual input maight

provide adequate and usable information about depth.
Alhgnment wath Touchdown Pouwnt

During the final moments prior to landing a sensation of
drifting could occur due to the.111u51on of induced motion This
1llusion (analogous to the sensation of motion i1nduced by the
movement of an automobile beside one's own stationary vehicle)
could be caused by the drifting of the dust cloud which 1s
generated by the descent rocket, and the change in the position
of the shadow of the lunar module's legs on this cioud. The

pilot's view of the dust cloud, which 1s moving away from him,
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could induce the 1llusory perception of backwards motion. The
sensation of drifting to one side could be induced by the appearance
of the shadow of the lunar module's legs on this dust cloud: 1f

the sun were slightly to the pilot's left, the shadow would be
displaced to the left 1elative to lus viewing window as the craft
approached the surface., (In the absence of the dust cloud, the
shadow would appear to move with respect to festures on the
surface and therefore be less likely to induce motion } I

both backwards and rightwards motion were induced, compensation

would result in a 'hook' forward and to the left just prior to

touchdown.

Induced motion 1s a compelling perceptual phenomenon, Ifis
possible that simulation training would reduce the tendency to
make a compensatory response, although 1t 15 unlikely that the
illusion itself could be reduced., This 1liusion occurs because a
viewer is moving in most situations when he and the backgrouz;d
alter their relative positions, thus, attribuling motion to oneself

1s usually the corzxect decision,

Potentially Hazardous Visual Illusions in Lunar Surface Exploration

~

Ilusions occurring once the astronauts are on the surface of the moon are
likely to involve the misperception of distance (and therefore size), depth,
and terrain slant. These mmsperceptions are unlikely to mntroduce hazards

during limiated excuirsions on relatively flat texrain, They may cause more
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serious problems when vehicular exploration 1s undertaken, Perceptual

performance may also be mmpalred by faclors associated with the lack of

atmospheric scatiering of sunlight, These faclors include the dlfflc;ulty

of coping with the wide range of lurninances that will occur between

1lluminated and shaded portions of the lunar surface, and the presence of

glare from reflecting surfaces and the sun itself,

2.4, 1

Distance and Depth Perception

It 1s probable that far distances will not be accuralely perceived
by lunar explorers, The absence of aerial perspective, present

on earth due to atmospheric haze, will result in an underestimation
of distance, distant features will appear closer than they are,
However, a feature located on or near the horizon may be

judged to be farther than its actual distance. This would occur 1f
the shorter distance to the moon horizon was assumed to be equal
to the distance to the earth horizon., These factors may partially
cancel each other, however, the general tendency, confirmed in
the Apollo 11, 12 and 14 explorations, will be one of distance

2
underestimation, (23, 25, 25a)

The effectiveness of other distance clues may be reduced on thg\
lunar surfaze, The nse of texture density gradients as a clue to
absolute distance requires knowledge of element size. Such
knowledge may require more familiarity and experience than

would be provided by an inspection of a small segment of the lunaxr
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surface The effecliveness of thus clue would probably be further
reduced by the presence of rocks of all sizes on the lunar surface,
the elements are more irregular than those on the surface of the
earth due to the absence of weathering, Another factor weakeming
the effectiveness of this clue 1s the low conlrast on the lunar
surface at higher sun angles, which may make the perception of

element size more difficult

Illusions of distance result in the misperception of size a mound
inferred to be closer than it actually 15 will therefore be judged
smaller than it actually 1s. Although disiance and size may be
percewed 1n an i1llusory fashion, such misperceptions will probably
not be hazardous mm mosl situations., If accurate distance judgments
were required, a rangefinder could be utilized for this purpose.

It should be noted that knowledge obtained mn this fashion 1s unhikely
to result in veridical size perception, Size constancy is set by

(6)

registered distance, not by known distance.

Judgments of crater depth may be 1mpossible to make when the
sun 15 low 1n the horizon, Since the inside of the crater will be
in shadow and, except where sigmficant amcunts of reflected light
enter 1t, its details will not be vigible to the outside observer.”
The depth of the crater might then be estimated from its diameter,
and 1f an incorrect judgment were made, an astronaut's decision

to step or drive into a crater, believed to be shallow, could
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result 1in serious consequences, Headlights or portable lights

may be necessary under certain circumstances,

In conclusion, the lunar lighting conditions, the lack of atmospheric
lLight s;:atterlng, the absence of haze, the general unfamiliarity

of the terram oz the lack of objecls wilh familiar shapes at
known distances, will contribute tc uncertainly and to systematic
errors in the perception of distance, size, and depth on the lunar
surface, Itis umpossible at present to estimate accurately the
extent of such a perceptual degradation A large scale lunar
gurface with appropriate lighting would provide invaluable

informatlion about these problems,
Judgment of Terrain Slant

Terrain slant 1s usually judged by a ground observer from a
combination of vestibular clues caused by gravitational pull and
visual clues such as the assumed verticality of buildings and
natural objects such as trees. These clues are minumal or

absent on the surface of the roon. A large flat area may tend

to be judged as level, regardless of 1ts actual slant, The difference
in effort required to traverse a slope as opposed to a level surface
may not be noticed because of the reduced gravity., Lighting
conditions will also affect perception of slant, as happened during
Apollo 12 where a slope that appeared to be tilted 35° when 1t was

in shadow seemed to be only 10° - 15° (close1 to the actual value)
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2.4.3

(23)

when directly 1lluminatled by the sun, It may be desirable to

equip surface exploralion vehicles with a level to indicate the

velhicle's slant, and to mcorporate self-leveling devices on

equipment which must be positioned vertically,

Visibility under Lunar Laghting Conditions

The wide range of luminances encountered by the astronaut on the
moon can tmpair visual performance since the dark and light
adaptation processes are not instantaneous, If an astronaut
switches from a task requiring hum to look at a highly 1lluminated
area on the surface of the moon to a tagk requiring ham to look in
a shadow or towards the black sky, he may requre several minutes
to dark adapt sufficiently to perceive small details, A switlch
from a dark area to a Light area will be accompanied by dazzle
and an i1nability to see adequately for some 5 seconds to 2 minutes,
The visibility of an object mm a dark axea which adjoins a bright
area will be further dininished due to a beorder contrast effect

(26)

resulting from lateral interactive effects within the visual system

Another possible major problem 1s that of temporary flashblindness
due to an accidental visual encounter with a lrghly reflecting
surface such as a porxtion of the lunar module or an excursion
vehicle, or with the sun itself, Due again to the lack of atmos-
pheric scatter, and to the small number of vertical objects 1n the

field of view, the astronaut may not always be aware of the sun's
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exact posilion m the sky. There may theiefore be a danger of has
inadvertently looking into the sun, with severe visual impairment

lasting for peihaps a minute or more.

In general, the effects of continuously viewing a highly contrasted
field are nol known and should be studied, Reports from ihe shoxt
lunar excursions to date indicate that the most sexious visibalily
problems involved the necessity of usirg one hand to shield the
eyes m order to reduce glare when looking up-sun, a slight
problem in scanning the bright zone at the zero-phase point down-

sun, and the need to dark adapt a shori while when entering a shadow,

Conclusions

This section of the report has reviewed present-day knowledge concermng
visual 1llusions pertunent to lunar missions and to spaceflight m general,

It has also pointed to areas where further research 1s desirable., The
approach has been designed to identify possible hazards, some of which

may be found to be of litile consequence in the foreseeable future, However,
it 15 also true that some of the problem areas discussed may prove to be

serious enough Lo merit detailed investigation,

It should also be stated that illusion problems should not be disregarded
on the strength of their non-occurrence to date in the space program,
Future missions will become more difficult and demanding for the human
observer, for example, when different areas of the moon are chosen as

landing targets, when maneuvering in space musi be done without the
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exiensive computer aid available to date, and when longer missions
introduce more severe condilions of fatigue, In the decades to come, 1t
seems highly probable that error in the human visual system will pr;:ac'{uce
hazardous consequences, or will causs a hazardous situation lo become
more so, and the better understanding of such problems 1s the only basis

for their prevention.
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3. MEASUREMENT OF THE OPTICAL PROPERTIES

O NEW AND USED VISUAL TRANSPARENCIES

Helmet/Visor Transparency Wear and Tear

Under Contract NAS 9-6865, an experimental program of research was con-
ducted, designed to deterrmine the feasibility of setfing special oplical specifi-
cations for helmets and visors, appropriaie to the manufacturmg technigues

(27)

currently emploverl. It was Sl;.OWI’J. that the accepled oplical qualily tests

for ophthalmic lenses are appropriate for the ground glass product of precision

gridmg and polishing, but not for the moulded plagtics transparencies

currenily 1in use in the space program. In considering the optical quality

of helmets and visors, it 15 apparent that the following basic considerations

undexlie the choice of specificalions: -

(1) The specifications should be realistically attainable by the
produclion techniques available,

(2} The specificalions should relate to human visual performance,

(3) The specifications should conlain provision for wear-and-tear
factors so thal a service life of the transparency may be established

which ensures that optical quality degradalion does not cause

unacceptable effects upon the wearer's visual performance,

On the basis of the findings of our previous study, we recommend that

future specifications be set to include the better 50% of transparencies -
currently in use, As staled in the earlier study-revoxt, overall optical quality
may be assessed by the means of sample modulation transfer curves taken

at various points on the iransparency. The means and standard deviations of

these values at selected spatial frequencies (20, 60 and 100 lines per mualli-
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meter) were shown Lo be useful objeclive racasurements, agreeing with

assessmenls of qualily made from the vizual performance altained by highly

trained subjecls through the same areas of the iransparencies.

In using optical measuring msiruments and specrally designed clamps in the
testing of the plasiics transparencies, il readily became apparent that the
ophthalmié porilions are liable to suffer signiticant guality degradation i use.
The mechanical scratching of the surfaces from contact with relatively hard
objects of equipment, or even a dust-covered glove, make it necessary to

develop hard protective coatings for operational use

The use of modulation transfer function testing, vertex focometer testing,
projection testing, hazemetering and scratchmetering were sclected as

bewmg the best measures of optical performance decrement from surface
damage. These tests were applied to a group of transparencies. Itis
unfortunate thal helmeti/visor systems used in flight or in flaght traiming could

not be made available for such a thorough optical evaluatiion,

It was determined, however, that of these tests, only modulation transfer
function (MTF) measurement and macro and microscopic scratchmetering

were of adequate sensitivity,

Photographic scratchmetering was performed as follows: A high 1ntensi'r:¥
projeciion lamp was masked by a curved slit corresponding to the radius
of curvature of the edge of a sample Apollo visor. With a visor mn the
proper position, the projeciion lamp trans-illurninated the ceniral portion

of the transparency surface. Scratching of the surface of the visor became
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dramatically appaient when so (lluminaied. Figures 3 and 4 show two
sample visors, one hightly scratched and the other heavily scratched,
respeciively, All of the scratches had resulted from normal handling of
these {ransparencies, Simuilar photograpic techniques were used on two
sample helmetls as well, Figure 5 15 a used training helmet while Figure 6

15 of a new, non-used, helmet,

Pholometiic measures of surface reflections were made at four siles on a
sample visor before and after scralching the sample sites with an 0-grade
steel wool pad or an 8" bastard file., The four areas' average light diffusion,
measured with a Pritchard Spectrophotometer, was 0. 24 foot lamberts before
scratching., The diffusely reflecled lighl values for the four sample sites

after scratching were,

Area #1 Area #2 Area #3 Area #4

Steel Wool Pad i 8! Bastard File
Inght Scratching Heavy Scratching Taght Scratching Heavy Scratching
0.7 fL 0.8 fL 2.4 fL, 2.8 1L

Figures 7 through 11 show an MTY¥ instrument calibration curve and
sample MTF curves of the four sample sites mentioned above, MIF
curves before and after scratching are indicated in the graphs by sohd
or dashed lines, respectively. From these graphs the degradation in
image quality as a resull of various degrees of scratching canbe seen

readily.
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Figure 3, Lightly scratched sample Apollo visor.




Figure 4.

Heavily scratched sample Apollo visor,
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Figure 6. Noun-used, new sample Apollo helmet,
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It 15 apparenl that current helmet-visor systems are liable o significant
optical degradation from scratching., From experience in attempting to
measure the visual factors relaled to helmet and visor transparency, itis
apparenti that special techmques are required in order to assess surface
scratching It 1s felt that a techmique of {ransillumanation sumilar to the

one described above 1s a useful approach to surface scratch evaluation,

Minor scratching, which mighi be totally unnoticeable in diffuse illumination,
would produce a veiling light mn strongly directlional lighting of the type
common 1n space. The superimposition of illurminated scratches can have
significant obscuring and desensitizing effects 1n a relatively dark adapted
eye viewing a low contrast visual field, Scratches and local unevennesses

in the visor's gold coats will cause more infrared and visible light to be
passed, and i1lluminated scratches - will be seen out-of-focus and supex-

imposed upon the visual field,

Infrared Absorption of Helmets and Visors

Infrared absorption measurements have been made on various helmets and
visors, without the final metallic coating, The resulis were obtained using
a cornbination of a tungsten light source, a collimating lens, the
transparency to be measured, a focussing lens, an infrared-grating

monochrometer, a Barnes thermopile and a Keithley electrometer,

The results of certain selected measurements are presented 1n Figures

12-13., These resulls are represeniative of sumilar measurements made

on components supplied by the contract monitor,
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3.3

In designuig safe filtering for the protection of the astronaut, ultraviolet
absorption 1s satlisfactorily accomplished by the thickness of material
used 1n the transparencies, Additional absorption in the visible and
infrared portions of the spectrum, however, is provided by means of

neviral density filte.ing contribuied by a reflective gold coat on the visor,

The results of this giudy indicate the expecled requirement for filtering -0
the 1nfrared portion of the spectrum, in addition to ithat provided by the
material of the transparencies themselves, However, the current use of

a gold coating causes severe reflection problems, and it would therefore
be desirable for the density of tlus coating to be reduced, without creating
a hazard of chorioretinal burns from solar radiation, This may be done,
taking 1into account the results of the study performed by Technology
Incorporated and presenied in Section 1 of this report, by introducing

forms of radiation absorption.

Ultraviolet Absorption Measurements in Transparency Materials

The ultraviolet densitometer constructed under Contract NAS 9-6865

has been employed tc make optical density measurements on various
optical tzansparencies, in response to the requirements of the Neuro-
physiology Liaboratory, NASA, MSC, The spectral range covered is

240 to 320 nm, Transmuattances of the order of IOd6 have been measured

~.

with satisfactory repeatability, The ultraviolet densitometer will be

28
found to be fully described in an earlier report, (28)

Components and complete systems subjected to analysis in this way during
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the course of the reporting period were:

(1) s peclacle crown lenses

(2) .asironaut helmets

(3) astronaut visors

(4) asironaut wrap-around goggles

{5) spacecraft windows, heat shields and samples of proposed

temporary coatings for quartz components, and

(6) Iexan samples

The quartz spacecraft window was divided into four segments using tape and
labeled 1 through 4, respectively, as shown in Figure 14, A detector
reading was recorded for each as it was placed in the measuring beamn,

The transmiattance was computed and recorded for each tested area,

Areas 2, 3, and 4 were then coated as indicated on the chart and trans-
mittance was again recorded, The data as recorded on the chart indicates

the results,

A pilece of ordmary household wrapping material (Handi-wrap) was

tested in the same manner and the results were recorded,

A pair of flight certified eyeglasses were tested and the transmttance
determined to be less than 10-4. Due to a failure in one optical chopper
S

we were unable to operate the device in the dual beam mode, and therefore

4
the fest range was limited to 10" umts of optical density,

Calibration of the equpment was confirmed before and after the tests by

50



S

Cuartz spacecraft window coated with UU-V absorbing films for testing on UV densitomaeter,




2

placing known ND filters in the beam and comparing measured transmiitance
/
to manufacturer's specification, Accuracy was better than 10% for all

wavelengths tested,

Each hight path of the double beam densitometer 1s equipped with electionic
light choppers of the tuming-fork variety, Wilh use, these components
have been found tv reduce thear c}:opplng gaps to an exlent which mierferes
with the passage of focussed beams. During the course of the year, these

components have been removed for examination (by the manufacturer) and

repalr.

The following pages contain sample results of ultraviolet and visible
spectrum transmaission curves which have been supplied to NASA, MSC

on a fast-response bases (Figures 15-18, Table II)}.

Modulation Transfer Function Determinations

During the course of Contract NAS 9-6865, the Life Sciences developed the
application of the modulation transfer function (MTF) to the assessment

of the visual and optical properfies of ophthalmic transparences,

During the reporting period, a seriesof suchmeasurements has been made

on ophthalmic components, at the request of the Contract Monitor

The results of these measurements have been supplied to the Contract

Monitor, and selected examples of these findings have been presented in

earlier progress reports.
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Figure 15, UV transmission of specific crown glass

56



LY
{ Nur) HIONATIAVM

0S4
1

0038
il

PER CENT TRANSMISSION

059 009 0cs 00¢ 0sy 007 05¢
] || \ \ . ! ]

0oL
1

\¥] (Sa}
) 3 2
Ex = =
2 e et et s M ik BT g o p— . - . — f—n o Noows G gy " b g dmewnppey
: S—
Figure 16, Visible and UV transmission of right lens (center) of

clear wraparound astronaut goggles

%001



89

() HLONHTEAY M

0sy  CO¥

0%

w

o]

0sL Q0L 089 009

008

PER CENT TRANSMISSION

—
2 o o o
e* Qﬁ o\q‘ ~2

2 1 it

(93]

ol

<

Figure 17. Visible and UV transmission of right lens (center) of
tinted wraparound astronaut goggles



AVM

iy
[ 3

(W) [ ILONST

0s¥ 00F 06¢

IS

Lyl
[83]

0¢. 004 099 009

008

,%g

PER CENT TRANSMISSION

. %01

956 T

Figure 18.

Visible and UV transmission of right lens (periphery}
of tinted wraparound astronaut goggles



Glare and Reflection in the Helmet/Visor System

Astronauts operaling on the lunar surface have commented on troublesome
facial reflections from the helmet and visor systems. The helmets and
visois themselves act as concave mirrors at each interface. The protective
gold coatings on the ouler and inner visors increase the reflectivity of one

surface of each of these components enormously.

Figure 191llustrates the boundary conditions for reflection in concave

mairrors for an object

(1) outside the radius of curvature of the mirror,

(2) at the center of curvature,

(3) between the center of curvature and the focal point of the muirror,
(4) at the focal point, and

(5) within the marror's focal length,

It \‘wll be noticed that the real, :nverted 1mage moves away from the
mirror as the object approachei the system?'s focal point. The image

is at optical infinmity when the Ob_]\E;Ct 1s at the mrror's focal point,

Ob;ects situated within the system's focal pownt are 1maged 1n a magnified,
virtual and errect fashion. Images of objects outside of the radius of

curvature are mimfied, objects within the radius of curvature are

magnified,

This reduced geometrical cptical scheme 1llustrates the way i1n which
features of the astronaut's face are 1maged., All suchimages may

act as in-focus or out of focus veiling-glare 1mages at the refina,

60



19

Cc

j

l focal

——— s
length

l
f
I
i
|
|
|

radius J
—=

[
|
|
|
|
|
!
{
|
|
e
' of

curvature

(3) / /

Figure 19,

Boundary conditions of visor reflections




3.

This reduced geometrical optical scheme illustrates the way in which
features of the asironaut's face are 1maged. All such images may act

as in-focus or out of focus veuling glare 1mages al the retina,

The genewral equation applying to reflection for a convex mirror 1n alir 1s,

Li=L+F
or

L'=1L - 2R, where
L .= vergence of light in the object space
I.' = vergence of light in the.lmage space
R = curvature of the mirror
F = powei in diopters
and L:-—é—, L':—ng,andR=-rl,

C, €' and r being the object distance, 1mage distance and radius of

curvature respechvely (measured from the pole of the mirror 1n meters)

Determunation of the Approximate Luminances of Facial Reflections on

the Liunaxr Surface

Let.

El solar 1lluminance at lunar surface, - le, 729 1t cd(zg) ~

E, solar 1illumnance at astronaut's face o
* o (30)

Th transmiitance of helmet/visor system. - 0.1

Rf reflectance of face "O. 35(31)
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L luminance of astronaut's face

f
Li luminance of 1image of face
i (32)
Rh reflecltance of helmet visor system - 0.36
C conversion factor, meter candles lo fool candles
w effective solid angle into which light 1s reflected from the

astronaut's face

ate
X

approximate values

_ -1
Lf—EIThRfCW

[12, 729 ft cd] [0, 1] [0.35] [10. 766] —lﬂ— cd m_z, assurming lambertian

B}

reflection

1526 cd m 2

L = Lf x R, (assuming a plane reflecting surface)

h
1526 x 0. 36

-2
550 ed m

Computations show that this luminance level 1s similar to that of lunar

terrain of average reflection factor 0, 1.

Glare studies have been performed 1n which facial reflections were
superimposed upon various vision targets., It has been shown that
acuity may be totally unaffected or reduced to 20/200 or less, according

to the part of the facial image superimposed upon the target.
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4, ANALYSIS OF VISUAL PROBLEMS IN SPACEFLIGHT

This program 1s concerned with the 1dentification and analysis of visual problems m

spaceflight and the recommendatlion of procedures for their elimination,

The following pages contain an analysis of likely sources of the {lasmng lighls

which have been perceived by the astronauts on moonflights.

4,1 Intioduction

Apollo crew membezxrs have reported being aware of discrete flashes and
streaks of light during per:ods of darkness in spaceflight. These unusual
light perceptions were visible with the eyelids open or closed and
occurred with a frequency no greater than 1-2 per munute 1n Apollo

flights 11, 12 and 14, but more frequently in Apolle 13,

The origin of these phenomena 1s not known, and therefore, their
significance has not been ascertained. The physics, physiological optics
and neurophysiology of the visual system suggest several possible
explanations, Some explanations suggest bemgn sources which constitute
no danger to the astronaut, while other possible causes are potentially

injurious., It 1s desirable that the origin of these phenomena be 1dentified.

Table IIl summarizes reported sightings of entoptic light flashes on missions

Apollo 11 through 14,

4,2 Possible Sources of Entopic Lights in Space

The likely sources of these phenomena may be conveniently divaded imnto
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TABLE III

Summary of repoils of entoptic laghi flashes on missions Apollo 11 through
14. This_gomposite is made up of the remarks recorded by Fazio, Jelley and
Charman, plus information made available by NASA, MSC, Houston, Texas.

Flight Asironaut Observations

Apollo 11 Edwin Aldrin All incoming light biocked by shades,
spacecraft revolvang, pinpoini-like
flash ithat dissipated rapidly, single
flash, white, frequently streak, occa-
sional double flash, random location,
saw them at will, static eleclricity not
the cause, never recalled seeing them
with eyes closed,

Neil Armstrong Saw approximately 100 flashes, rate
aboul one per rmnute.

Apollo 12 Charles Conrad Observed flashes with eyes closed,
approximately 10 per cent of flashes
were sireaks and double points, streaks
appeared horizontal, all streaks appeared
in the upper field of view,

Apollo 13 General comments Each crewman saw light flashes, but
only while 1n the dark and with the eyes
closed All observations were made 1n
the command module, both 1n and under
the couches. None of the flashes were
obtrusive The crewman had to be
relaxed before he noticed them., They
observed many more dots than streaks,
and the colour was always white.

James Lovell Frequency of flashes about once every
two minutes.

Jack Swigert Counted only two flashes :n one half hour.

Fred Haise First evening counted 10 flashes 1n a 5-min
period, time intervals varied from 7 s
to 1.5 rmn, all but one flash were dots
that looked like 'Y"roman candles', i1n this
set there was one streak that passed from
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Flight'

Apollo 13
{continued)

Apollo 14

TABLE III (continued)-

Astronaut

Fred Haise
{continued)

Allan Shepard
E.R. Mitchell

Stuart A Roosa

66

Obse1valions

left to right, the second night 12 to 15
flashes observed before falling asleep
{time interval not defined)

Flashes observed 1n darkened cabin
with eyes open or closed.

Flashes observed within one minute of
illuminating the eyes with a flashlight.



two groups:

A, Those originating from stimuli havang an origmn outside the
body.
B. Those of an internal nature
4,2.1 Stirnuli having an origin outside the body
A, The near-visible and visible electromagnetic radiations

Visible light 18 composed of electromagnetic radiations
within the wavelenglh band of approximalely 400-700 nm,

It consists of radiatuon Whlch‘may penetrate the optical media
of the eye and supply quantal bleaching energies to molecules
of visual pigments, siored in the outer segments of the
retinal receptors., The stimulus effectiveness of a radialion

is dependent upon ocular transmission and visual pigment

absorption characteristics,

Infrared radiation (IR} 1s significant because its absorption
may produce surface and chorioretinal burns, The visual
pigments are almosl completely transparent to the infrared
wavelengths up to 1400 nm which are significantly transmitted
by the ocular media., Therefore, visual effects are not -
expe~ted exceptas a temporary secondary effect of

thermal damage,

Ultraviolet radiation (UV) may consfitute '"visible light"
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vwhen allowed io reach, and be absorbed by, the receptoral
photopigmentis in the retina, However, the normal eye absorbs

UV in the ocular media, preventing il from reaching the retina,

Visible, IR and UV radiations are significantly absorbed and
diffused by the closed lids., Consequently, stimulation of the

retina by these radiations would be significanily altered by

closing the eye lads.

“Visible laght could conceivably be released by high-energy
particles of 1onizing radiatlo; peneirating to the vitreous oxr
retina, Cherenkov radiation consists of energy released
when a particle enters a medium in which its velocity 1s
greater than the velocity of light in that materal. The
coherent visible light 1s released in a cone about an axis
which lies along the path of the particle, The half angle (g)
Bl

of the cone 1s given by cos ¢ = Y where Bl i1s the

speed of light in the medium and B is the speed of the
) (33)

particle 1n the medium, There 1s no ocular optical
focussing mechamsm which would focus fluorescent intra-
ocular sources sharply on the retina, and it must therefore

be assumed that the released light must 1mpinge upon the.

receptors, providing the adequate stumiuius for visual detection,

Nerve stimuiation py radiation bombardment

Stimulation of the visual pathway al any level will give rise
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to a visual perceplion presumably rdentical to the relinal
light stimulus configuration which the neural response has
by chance mimicked, We may assume that point-of-light
sensations may be evoked by unii stimuolation m the retina
or 1n the visual pathway between the relina and the Inghest
perceptual centers in the occipital lobes of the cerebral
cortex., Receptor ciells or receptor sites on cells, howeve.,

form the most likely sites for such stimuli to be effective.

It may also be possible for the visual perceptiion of a streak
of light to b.e the result of the sequential stimulation of a
whole row of neural unmits. In this case one would expect no
sense of movement, because of the high velocity of a
stimulating particle, The direction of travel through the
retina would presumably mmfluence the form and orientation
of the shapes perceived. There do exist, however, complex
form and movement sensitive units at various levels in the
visual pathway, which are visual-form-specific in the infor-

(34)

mation which they normally carry. Were one of these
latter units to be stumulated, it must be assumed that the
perception of some line, bar or border maght reach the

level of conscious awareness, The stimulation of complex
neutel tnils imight explain entoplic lights evoked by radiation
or '"physiclogical" stimuli with fewer quantal energy

absorption events than are commonly considered to be

required (5-14 simultaneous absorptions in different
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(35)

receptors ). While the term stamulation 1s commonly
employed to sigmify the application of sufficient energy to a
neural unit to cause it Lo respond, it may also include
temporary stimulation concomitant with an injury currentin a
nerve cell, Such a response, familiar to the single-cell

electrophysiologist, frequently s1gna:ls the rmpending .

functicnal and biclogical dealh of the unit,

If repeated cosmic bombardments are causing a significant
amount of cellular death, then the super-sensitive dark
adapted visual system may prove a detecting tool superior

to histopathological examination,

Observation of frequency, duralion and visual appearance
may i1ndicate the level of the visual pathway involved as the
site, or sites, of primary stimulation, In this connection,
it should be remembered that the cortex within its bony case

1s as vulnerable to penetrating particles as 1s the retina,

{

lapetz 36) has proposed that radiations outside the normal
visual spectrum may cause the stereoisomerization of
visual prgment molecules contained within receptor outer
segmentis, Any such change, which produces an adequate
neural response, becomes a visual event regardless of the-

fact that the mitiating radiation lies ocutside of the accepted

visible spectrum,
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Dawson and Wlederwohlf?ﬂ) found no evidence for X-ray
bleaching of receptor phetopigment 1n mvestigations on the
eye of the 1m1ulus-cra.b, but they were able to show adaptive
changes mcluding a hypersensitivity to visible light

stimulation,

The perception of visual phosphenes from X-ray stirmulation of
the retina appears to occur with little or no cell damage.

The reverse, however, appears to be the case when nerve
tissue 15 irradiated with the Ingher energy level particles

associated with primary and secondary cosmic radiations.,

Llpetz(36)

has concluded from his reviews of the literature
that 8 particles from radium cause phosphenes by vitreous

fluorescence, and y particles by action upon the photopigment

molecules,

(38)

Fazio, Jelly and Charman have recently considered the
reports of the observances of the crew members of

Apollo 11, 12, and 13 missions, From the fact that most
sightings were made und“er conditions of darkness, they

concluded that the source lies 1n primary cosmaic radiation,

Two suggested stimmulus situations were:

(1) Cherenkov radiation generated within the optical

media of the eye, and
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(2) the excitation of receptors or olher retimnal cells by

ronizing radiation,

Since the flight of Apollo 14, the observation of entoptic light
flashes in partially hght adapted eyes has rre-opened the
question of the phenomenon's origin, It mught be expected
thal the gquantities fof light ematted by the Cherenkov effect
and capabl= of causing low level response from a dark
adapted eye would not be likely to be perceptible to the less

-

laght-sensitive light adapted eye.

The absolute guantal threshold for 60% probability of
detection 1535-—14 (effectively summated) absorptions. (39)

If we round off to 10, and compare this with the photopic

eye's maximum sensitivity during dark adaptation (whichis

the ordexr of 2 to 3 log units less}), we arrive at a figure of

the order of 103 to 104 guanta for photoplc'threshold. However,
the light adapted eye 1s functionally different, having smaller
units for retlnal-spatlal integration, as well as an 1ncreasing
directional sensitivity, -The foregoing facts 1llustrate that
significantly higher Cherenkov light yields would be required
for laght perception in the hhght adapted eye., Such yields .

would seem to be adequate for corresponldingly meore intense

and noticeable perception in the dark adapted eye.

It 1s apparent, at this tume, that further research is required
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to answer the question whether Cherenkov radiation can
satisfaclorily explain the perception of light flashes soon
afier the eyes have been exposed to the desensitizing effects
of light adaptation from a flashlight. The observations to date

seem to indicate an external stumulus scarce, and

consequently the term '"entopic' 1s probably inappropriate,
Sources of a purely internal nature

The dark adapted retina produces a I;erc,eptlon, not of blackness,
but of moving scintillating lights, This '"eigenlicht' or "dark-light"
of the eye 15 assumed to result from the relatively random firing

of neural umts of the visual system, and may represent receptoral
activity due to photochemical thermal decomposition or spontaneous
neural actavity, Such mechanical factors as arterial pulsation cr
tissue traction from muscular fissues may contribute to stamulation
or to the synchromzation of these noise perceptions These factors

may differ in their significance between the normal and the

weightless states,

The recent observation of flashes after light adapting the eye with
the light from a flashlight would seem to elirmnate sources of an
internal nature from consideration,, A full photometric and phy;m-
logical analysis wll, however, be requred beiore the validity

of this test may be confirmed.
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It would be advantageous to know something aboutl the

appearance of the dark-light of the visual system in the physiological
state of weightlessness, The dark mmage of the visual system, 1if
not responsible for the perceplual phenomena reported in space, s
in fact the background against which 1t 1s viewed in the dark

adapted eye.
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5.

DIRECT SUPPORT TO THE NEUROPHYSIOLOGY LABORATORY,

NASA, MSC, HOUSTON

Introduction

During the past year the Houston group of Technology Incorporated's Life
Sciences Division, Vision/Neurophysiology Section, has been mvolved in work
on a large number of problems in the areas of vision, audifion, and
neurophysiclogy. The wide variety of subjects to be covered in tlns section
suggests that each area be covered as a separate entity rather than treating

the effort as a unificd whole,

Molorized Howard-Dolman Device:-

The construction of the motorized Howard-Dolman device, begun under
Contract NAS 9-6865, has been completed during this year. A complete
description of this system appears in the manual associated with the
device, Briefly, the instrument consists of a stimulus box with a
stationary rod, a motor driven stage supporting a movable rod, two
fluorescent lights and brackets, and control electronics and a power supply.
In addition to the stimulus box there 1s a subject's control box with a

one dimensional joystick control, and an experimenter's boxwith a digital

voltmeter and check-out switches,

The subject's task 1s the same as that with the conventional string-operated
model, The two pegs must be aligned so that they appear to be equidistant
from the subject. With the motorized system, peg speed and direction

are determined by the displacement and direction of the joystick controller.
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Longitudinal separationbetween the pegs is rcad in millimeters on the

digital display,

At present, 21 clmical subjects have been tested on the device. Their tests
have been conducted in the course of standard visual examinations performed
by the Contract Monitor. Summary results, presenied in Table IV, showno
unmiform instrumental bias, and the overall standard devialion 1s simailar

40
to those values reported in the literature. (40)

In the course of the design of the instrument we undertook the task of defiming
meaningful statistics to be used m the analysis of the raw scores, The
subject responds to the stereopsis angle percerved between the pegs, not

to the absolute longitudinal distance between them., The equation relating

peg displacement and stereopsis angle 1s

B -1 P -1 P
o = (Tan o) - (Tan 5 )

where
o 1s the stereopsis angle
P 1s the inter-pupillary distance
D 1s the distance from the eyes to the fixed pey
X  is the longitudinal distance between the fixed and
movable pegs. The sign convention normally used
assigns + to the condition of movable peg closer to

the subject than the fixed peg.

Since the equation 1s non-linear, it 15 ~vident that if ¢ 1s normally distributed,
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MEAN

STANDARD
DEVIATION

N

IABLEIV

Mean and standard deviation for all settings

by 21 subjects (10 settings eachj,

SECONDS OF ARC MILLIMETERS
-.496 -1, 337
6.690 18, 447

210, 210,
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X will not be normally distributed.. ,In_oxdex to use standard silatistical
tesls n this siluation, 1t 1s necessary to convert the subject's setting errors
(1n maiilimeters) into stereopsis angle (in arc seconds). A program was
written for a Wang 700B Calculator to perform the conversion and to
generate the summary statistics 1n both arc seconds and maillimeters, A
sample printout 1s shown in Fignre 20, The program uses a converging
series technique which ensures an error in the angle calculation of less

than 3,6 x 107 ° arc seconds. This approach avoids the fimte ervors
introduced 1n the approximation technique usually used in the conversion of

distances to stereopsis angles on the Howard-Dolman device,

The Motorized Howard-Dolman device and its associated data reduction
program should provide a very stable rmmeasurement system for determining
mimmum stereopsis angles, The device 1s simple and sufficiently rugged

for both climcal and laboratory use.

Haze Measurements

In addition to the helmet and visor haze measurements mentioned elsewhere
in this report, five sets of haze measurements have been made on coated
and uncoated samples of Lexan provided by the Crew Systems Division,
NASA, MSC The measurements were made 1n support of an effort by

that division to determine the compatibility of 2 new anti-fog compound W\J:th
helmet II_’la.tel‘Ia.].S for Apollo 15, Each sample (6 to 8 1n each set) was
measured at three different places with a Gardner pivotable sphere

hazemeter, Measured haze andtransrmttance were reported for each
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Figure 20, Sample data of aulomated Howard-Dolman apparatus
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testing position on each sample.

Apollo Transcript Production

All references to vision and visual perception have been extracted from the
Apollo Air-Ground Communication Transgrlpts for Apollo Flights 13 and 14,
These excerpts have been typed and delivered to the Contract Momtor—.
Review of the excerpts from Flights 12 througn 14 indicates that no
unanticipated effect has been encountered, with the exception of the
perception of light flashes on the lunar missions, The vast majority of the
commenls refer to ocbservalion of surface degalls of the Earth and Moon,
and, during lunar surface operation, to descriptions of gross‘ and fine

surface details., The excerpts provide a primary source for anecdotal

data on man's visual experience 1n space,

Light Flash

Light flashes reported by the crews of Apollos 11, 12, 13,. and 14 have
raised considerable comment and interest 1n the past year, Consequently,
a portion of our effort has been directed toward assisting some of the NASA
scientists 1nvolved in the interpretation of these reports, and in the
development of a Detailed Test Objective for Apollo 15. We have
recommended that spectacle frames developed by Omnitech, Inc. be
modified to serve as the face mounting support for the "Apollo Light Flash
Mowving Emulsion Device' to be flown on Apollo 15 and on subsequent
missions, The recommendation was accepted, and assistance was

provided i1n placing the spectacles into the MSC guality control system,
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In addition, we have begun the task of evaluating the reliability of flight
crew reports of which eye received the laght flash, Earher work, by a
number of investigators, suggests that it should be difficult to i1dentify
correctly the stumulated eye, In order to verify thus hypothesis a number
of laboratory tests have beer conducted involving the use of small light
emitiing diodes as the flash samulators, Generally, binocular fixation of a
simple field or an array of the diodes has been arranged and the diodes on
one side of the field pulsed for 200y seconds or less. Due to the geometry
of the viewing situalions, the light from a given diode can reach only one
eye. Results of subject reports so far have been inconclusive, Research
15 currently under way m an attempt to resolve the confusion and, by doing

so, to answer the question.

A

Photometric Calculation

The Space Environment Simulation group of the Environmental Medicine
Division 1s mterested in determining the fatigue effects from the high

lunar illuminance and contrast, and the nature of any changes i1n performance
due to this fatigue., At their request, we have calculated illumination levels
for a vasor-up simulation which would correspond to the visor-down con-
figuration on the lunar surface. Our recommendation was that the
1llumination be 1272 1m ft—z. After examination of available light

and power sources, it was determined that 1t was mmpractical to 1lluminate

a sigmficant portion of the cthamber at those levels, In spite of this
recommendation, work 1s proceeding to provide some high-level 1llumination

in the simulation chamber for the fatigue tests. We have been requested to
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support the work with photometric measurements in the chamber following

completion of the installation,

Auditory Research

One area of concern to the Neurophysiology Laboratory is the early
detection of symptoms leading to loss of consciousness during +GZ
acceleration. For a number of years, loss of pezipneral visionhas been
taken as such an mndicator. Itis well known that the sense of hearing 1s
more resistant to the effects of anoxia than is vision, For example, under
sustamed linear +Gz acceleration, auditory sensitivity 1s maintained at

(41, 42)

acceleration levels sufficient to cause visual blackout. It 18 no

doubt paztly for this reason that audition has been studied far less
extensively than v1;10n under conditions of anoxic stress. Thus, 1t 1s not
known whether higher level auditory perception (as opposed to simple
sensitivity) 1s affected 1n humans by a temporary reduced blood supply

to the brain. Some recent work at Albany Medical College, however, points
to the possibility of the eventual development of an auditory perceptual

45
task of considerable sensitivity for the detection of anoxia, (43, 44, 45)

A 1000 Hz sine-wave sigrnal with abrupt onset and decay

must be presented for a mimmum of approximately 10 msec

to evoke a tonal sensabion in a normal subject. A signal of

shorter duration 158 heard as a click, It has been discovered, however,
that persons with a vertebral-basilar artery insufficiency have tone
thresholds dramatically higher than those of normal subjects, and signal

duration must often be extended to 200 msec or more before acquiring a
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tonal quality, The vertebral-basilar system primarily supplies the brain
stem, including auditory nerve centers., It i1s sigmficant that this elevated
thresheld 15 nol accompanied by a decrease in sensitivity, and that

the phenomenon 1s at least partially reversible, since corrective surgery

reduces temporal thresholds by more than 50%.

The characteristics of this phenomenon suggest that it may be of considerable
value in the monitoring of subjecls for early signs of cerebral decrement

due to anoxia, For example, a simple auditory perception test could become
a popular alternative to the vision tests routinely used 1n acceleration

studies,

Investigations of a preliminary nature were undertaken to develop the
optimal psychophysical techniques for the monitoring of tone thresholds,
and to determine whether a threshold shift would reliably accompany a

mild anoxic state,

A pure-tone generator was used in conjunction with logic circwmtry in order
to present a monaural, repetitive 1200 Hz signal at durations continuously
variable from 5 to 35 msec., While several expermmental procedures were
tried, it appears that the method of adjustiment 1s the most efficient means
of determinming a tone threshold. With a signal presented every 1,5 sec,
the subject adjusted 1ts duration to the minmimum at which it retained a
predominantly tonal quality, After a few practice sessions, subjects were
able to make judgments rapidly and with low variability (standard deviations

were 1 msec or less),
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5.8

Attempts to demonstrate threshold shafis under conditions of mld anoxie
produced suggestive, but inconclusive, resulis, No reliable shift occurred
and 85% N

after breathing a mmxture of 15% O for 5 munutes prior lo

2 2

testing, This result may have been due to difficulties encountered with

the breathing apparatus employed. While bieathing a 12% Oz, 88% N2
mixture, however, two subjects showed a significant threshold elevation,
although the third did not, The ;ubject showing the greatest shift also
reported a dimmaing of the visual field, while the other iwo subjecis reported
no visual changes. No blood samples were drawn so that j:he actual decrease

in blood oxygen level during these experiments 1s unknown,

It 1s clearly necessary to obtain more extensive and closely conirolled

data before the va.l;.e of this test as a monitoring technique can be ascertained,.
It 1s felt that the preliminary data obtained to date do show sufficient

promise to warrant a further effort, possibly by using lower body negative
pressure to produce cerebral ischerma or by ’fur“cher reducing the OZ

level in the inspired air. Further tests of the tonal perception time may

be attempted 1n the MSC man-rated centrifuge.

Neurophysiology

Our efforts 1in neurophysiology have been directed primarily toward
identifying, specifying, and preparing to order the equipment required to
establish well-equipped sleep and auditory laboratories at the NASA,
MSC, Houston, Recommendations for equipment and techniques of data

collection and reduction have been made and assistance has been supplied

in the design of equipment interfaces for the final laboratory system.
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