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THE VISUAL REALM IN SPACE 

¿ohn Lott Brown 
Kansas Stats University 

INTRODUCTION 

Man has an important role in the exploration of space. 

It is probable that for his sise, mass, and energy requirement 

he can handle a broader range of situations more effectively 

and with more flexibility than any automatic equipment 

which might be designed. He will be able to make decisions 

in relatively unique situations, many of which are beyond 

the ability of even the most elaborately programmed auto* 

matic devices. He will not be operating in his own familiar 

terrestrial environment, however. His sensory input channels 

must therefore be evaluated in relation to the new situations 

which he may encounter and in relation to the environmental 

differences which may be anticipated. It is reasonable 

to suppose that limitations which exist in any sensory 

dimension on Earth will also exist in It is also 

possible that additional limitations may be imposed. 

I will concern myself ir» this presentation exclusively 

with the visual dimension. I would first like to review 

some of the characteristics of the visual sensing system 

and comment on their significance for man on a anace mission. 

I will then review some of the unique conditions which 

may *e encountered in space flight, particularly those 

which can be expected to influence vision. Some comments 

will be made on the nature of the visual environment in 
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space, and, fi .ally, aome of the visual functions which 
way be of particular importance will be discussed. 

THE NATURE OF THE VISUAL SYSTEM 

The human eye is an amasingly sensitive device. 

Light ray. which .ntar th. cerne, .nd p... through the var¬ 

iou. intraocular media „cite receptor, on th. retina. 

Light muet actually pa., through a number o* layer, of 

nerve fiber, and nerve cell. a. well a. acme va.eular 

tissue before reaching th. receptor.. At th. receptor layer, 

it ha. been <tamon.trat.Ml that only a very few, perhao. four 

or five, quanta of light energy are neesary for th. con.eiou 

detection of light (5,. The re.pon.. varie, with wav. Wh 

•nd th. nature of the .p.otr.i rMpon,e varl„ with ^ 

condition of adaptation of the ey. (5,. Thi. i. lllu.tr.ted 

in Figure 1. There will be ample illumination, at l...t at 

time., on th. moon and on v,r. for ^ 

curve, preaented in Figure 1 .lightly ml.le.diw, in that 

they imply equivalent maximum .en.itivity for both the daylight 

Photopic proc..., and the low-luminance, .cotopic pro».,. 

Actually, the eye bwx»e. more ..n.itiv. to light a. it 

adapts to the lower luminance level, with an accompanying 

•hift in peat .en.itivity to a shorter wav. length. The „1.. 

tion i. better illustrât*, i„ ri,u„ î where relativ. en.rgy 

required for .timul.tion 1. .hown ,er both photopic and .ootopic 

vision (18). 

*h. transition from photopic to .ectopic vision may pr.„Bt 

problem, for th. .pac. traveler. Although th. ey. can adapt „ 

«n inc„... in illumination level wi.hin it. functional rang. 

0 
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fairly quickly, a relatively long time is required for adap¬ 

tation to very low luminance lévele. Adaptation to a higher 

level requires no more than three to five minutes. Adaptation 

to low luminances may require thirty minutes or more (6). 

The dark adaptation process is illustrated in Figure 3 (1). 

An important characteristic of the data presented in Figure 

3 is the fact that the range of change in sensitivity shows 

an important relation to the area of the test spot with which 

sensitivity is measured. An experiment of the sort illustrated 

here demonstrates that the tremendous gain, as much as 

1,000,000:1 or more, in visual sensitivity with dark adaptation 

cannot be explained purely in «-err. nf Än tncronno in «-»'q con¬ 

centration of photosensitive material during dark adaptation. 

The gain in sensitivity is also a result of a change in 

neural organisation. The eye becomes able to summate energy 

over a larger area. This is illustrated by measurements of the 

"receptive field" of a single fiber of the optic nerve (4). 

In the light adapted eye a fairly large region of the retina, 

when stimulated, influences activity in a single fiber (Figure 

4). The influence may be either excitation or inhibition, how¬ 

ever. In a central area light stimulation may cause increased 

activity in the fiber, in an annular region around this central 

region light stimulation may inhibit activity in the fiber. 

With dark adaptation the excitatory region is enlarged and 

the inhibitory region drops out. Accompanying this change 

there appears to be an increased ability of the retina to 

summate over its area the stimulatinc effect of light energy 

which reaches the retina. A corollary of the increasing 

sensitivity with dark adaptation is a gross reduction in 
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spatial resolution capacity at low luminances. Increased 

sensitivity afforded by increased spatial summation is accom¬ 

panied by decreased spatial resolution capacity (46). 

Spatial resolution will be an imoortant function for the 

space traveler.. It is of importance to Vnow what the limiting 

resolution of the eye is and to know how this varies with 

changing conditions. In general, spatial resolution will 

increase with increasing luminance and with increasing con¬ 

trast between objects to be discriminated and their back¬ 

grounds (1£ , 46). The relation between visual acuity and 

luminance is illustrated in Figure 5. Visual acuity is defined 

as the reciprocal of the minimum resolvable visual angle in 

minutes of arc. It is important to note that there are 

various kinds of visual acuity, however. Visual acuity for 

raarlution of the minimum separation between two noints or 

elements of detail in a visual array is not nearly as fine 

as visual acuity for the resolution of a single dark line 

element against a bright field.(46). It is meaningless to 

speak of visual acuity for a point source of light because 

its size is not a limitina factor. Stars are essentially 

point sources of light but are detectable when their energy 

level is sufficient to stimulate the retina. The retinal 

image of a point source will always have a finite sise hv 

reason of the optical properties of the eye (47). Visual 

acuity for elements of detail in a complex visual scene is of 

the order of 1, that is, separations between elements of detail 

which subtend a visual angle of 1 minute of arc can be dis¬ 

criminated. A dark line against a bright field can be 

discriminated when its thickness subtends less than a half- 

' . ....... 
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second of arc at the eye (46)* Dark «rots against a light 

background as snail as 15 to 30 seconds of arc can be detected. 

The length of a dimension in feet which will subtend 1 minute 

of arc at the eye of an observer is equal to one and one-half 

times the distance of the observer in miles (9). Thus, at 

an elevation of 100 miles over the burface of the earth or the 

moon, minimum resolvable elements of detail in a complex 

pattern must be 150 feet in length. On the other hand, a 

single dark line of less than two feet in width nay be dis¬ 

criminated at the same distance if it is sufficiently long 

and affords sufficient contrast with its background. Astro- 

.. n*ut* who have participated in orbital flights have observed 

that tentative identification of many objects on the ground 

cah be made on the basis of what the astronaut knows to be 

there or on the basis of inference (55). Por example, a 

discontinuity along the extent of a clearly visible river 

may quite correctly be interpreted as a bridge although out 

of context its identification wpuld be impossil||,e. 

The character of the receptive field of a single cell 

in the light-adapted eye is an important factor in spatial 

resolution. The nature of its function is illustrated in 

Figure 6 (19). Stimulation of the center of its receptive 

field on the retina gives rise to much activity. Stimulation 

in an annular ring around its center suppresses activity. 

Stimulation of a larger area tends to increase activity but 

the change in relation to the background level may be very 

slight. This combination of excitation and inhibition 

dependent upon spatial region stimulated provides a basis for 

peaking of contours in the retinal image. It is thus useful 

MIIDIiliilillÜMMWilili* 
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for the enhnncewent of vísuaI rtetni]. This is illustrated 

in Figure 7. Vertical stripes of increasing darkness appear 

non-uniform from left to right. The edge of a given stripe 

near its adjacent dark stripe appears lighter than its op¬ 

posite edge. The fact that this is a property of the eye 

may be illustrated by covering the adjacent areas on both 

sides of part of one of the stripes with dark paper. The 

apparent gradient is eliminated (17). 

If our attention is transferred from single cell# and 

fibers in the region of the retina to single cells in the 

visual cortex, we find a change in the nature of retinal 

stimulation which is optimum for excitation and inhibition of 

these cortical cells. Optimum retinal stimulation is found 

to be organized along line elements for excitation of many 

cortical cells. This is illustrated in Figure 8 from an 

experiment reported by Hubei and Wiesel (33). Some cells respond 

to stimulation along a line of specific orientation in a 

certain part of the retina. Other cells appear to be sensitive 

to orientation of a line but less dependent upon the specific 

position of the line on the retina. This is illustrated in 

Figure 9, again from the *>ork of Hubei and Wiesel (33). • 

A possible effect of this kind of organization within the 

visual system is illustrated by Figure 10. If one fixes the 

center of the radial line pattern for a period of approx¬ 

imately 10 seconds and tien observes a completely plain white 

field, an afterimage pattern of annular rings is seen. It 

is as if the cortical cells which mediate discrimination of 

the radial line pattern have been "fatigued", and stimulation 

by a plain field permits the accentuated response of other 

-fe .....MM» - l . H" -* - * » ■■ ■ ♦ • — ‘•«UMMwrtlU 



cells-mponaiv« to orthogonal stimulation. The result is 

a series of concentric circles. 

The temporal resolution capacity of the eye is of concern 

in relation to the ability to perceive information in a 

rapidly changing visual field. This may be of practical 

importance in the relatively simple case where information 

is transmitted via a flashing light. Temporal response char* 

notorieties of the human eye are illustrated in Figure 11 (23). 

It is evident that the response extends to higher frequency 

at higher luminance levels* The ability of the retina to 

summate energy in time as well as over area changes with 

Illumination and level of adaptation, although the relation 

is complex (14). Part of the increased sensitivity of the 

dark-adapted eye is attributable to increased temporal summation 

capacity. This is, of course, accompanied by a decrease in 

temporal resolution. 

The ability to perceive colors ''«pcitfs upon the presence 

of three photosensitive substances within the retina having 

different spectral absorption characteristics (40). 

Color discrimination also depends on some relatively elaborate 

data processing within the nervous system (25). It has been 

demonstrated that certain cells of the retina central to the 

photoreceptors themselves respond differentially dependent 

upon the wavelength of stimulation, flome wavelengths may 

excite these cells and others may inhibit their response. 

This i* illustrated in Figure 12 (52). In Figure 13 are 

shewn the records of a Cell which is inhibited by a green light 

and excited by a red light (24). There is a burst of activity 

from this cell when the green licht is extinguished, it is 



as if extinction of the green light has the same effect on 

the cell as illumination of the red licht. Response of the 

cell is greatest when the eye is stimulated by a red light, 

immediately following illumination by a green light. It 

can be demonstrated that the extinction of a green light may 

give rise to sensations similar to those which occur when the 

eye is stimulated by the red light. If one stares fixedly 

at the center of a pattern consisting of a red and a green 

rectangle for approximately 10 seconds and then observes a 

completely uniform white field, the region In which the 

green pattern was observed will appear reddish and the region 

in which the red pattern was observed will appear greenish. 

A similar effect may be observed in a yellow and blue pattern. 

successive contrast effects and other simultaneous contrast 

effects influence interpretations of the visual world. 

It has been .suggested by some astronomers that the apparent 

coloration of the details of the Martian surface may be a 

result of such color contrast effects (3, 28, 36, 37). It 

is thsrefore dangerous to interpret them as indicative of 

a specific surface condition if they may be artifacts of the 

visual process. 

EFFECTS OF SPACE FLIGHT ON VISION 
. 

It has been suggested that the nature of the limitations 

on the visual process which are inherent in the visual system 

itself will be the same in space as on earth. This notion 

should perhaps be qualified. Limitations which exist on 

Earth will undoubtedly exist in soace, but additional limita¬ 

tions may be imposed by conditions which are unique to space 

flight. One element of concern ia the gravity environment. 
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In launching a apaca niaaion it ia nacaaaary to employ 

aecelarationa which impoaa higher gravitational forcea on the 

feocupanta of a apace vehicle (7). When the orientation of 

theee forcea ia auch aa to interfere with the circulation to 

the eye and brain, there nay be a blackout of viaion and 

•WPtona. Studiea have indicated that by ao r^aiti^ning 

a pilot that the line of action of acceleration forcea ia 

tranaverae to the long axia of the body, it ia poaaible to 

avoid blackout* Other viaual effecta nay occur nonòtheleaa. 

Theae problana have been atudied extenaively on large centri¬ 

fugea which pernit the expoaure of hunan aubjecta to high 

acceleration forcai (10), The Navy Centrifuge Byatern at the 

Acceleration Laboratory in Johnaville, Pennsylvaniat ia illue- 

tratad in Figure 14. Thia centrifuge haa been instrumented 

' for closed loop operations auch that a pilot nay perform 

the control operations necessary for a specific mission and 

the acceleration forces imposed on him be determined by his 

control manipulations. A number of experiments have been 

performed on this device to determine the mechanical limita- 

tlons imposed on the pilot by acceleration forces (8). dome 

studies have also been performed to determine purely viaual 

effects. One of these is illustrated in Figure 15 (15). The 

time required for a subject to make a motor resínense to a 

visual signal is shown to increase with increased level of 

acceleration* It ia also clear that the reaction time is 

influenced to an even greater extent by the luminance levnl 

of the visual signal. By using sufficiently bright illum¬ 

ination, relatively short reaction times can be obtained 

even at levels of acceleration near those which will cause 



blackout whan acting along tha long axia of tha body. Dr. 

Joaapta Milta and hla eollaaguaa, workln.t at tha Wright Mr 

Davalopnant Cantar of tha Mr Fore«, hav. atudlad a varluty 

of aeealaratlon affwta on vl.ion (53). rlgura 1« llluatrataa 

tha reduction In viaual acuity with Incraaaad aeealaratlon up 

to • e unite. Thera appaara to ba little difference In the 

affect on viaual acuity for tranaveree and positiva acceleration 

orientations. Miles has augoeated that the effoot on via««) 

acuity nay raault free, deformation of tha optical ayataai 

rather than tepalrawit in tha circulatory ay.too. a, ln tha 

caw of »action title, it can ba shown that influence, of 

aeealaratlon on viaual acuity, meaaurad indirectly ln tarna 

of error, in r.ading an instrument, may ba ameliorated by 

Ineraaalng the luminance lavei. Thl. i. mu.tratad In Plcmra 

1», again from tha work of White (34). High acceleration 

lovai, will b. of relatively abort duration, and barring accidant 

they will not ba ao high that they need ba a major concern aa 

•n impediment to space travel. 

PoealMy even greater concern haa baen expressed over 

the affacts which the aero gravity environment of outer apace 

in orbit or in interplanetary flight, may ha» on viaual 

processes. The exact basis for concern has not bean well 

stated in all cases, but se»ral experiments ha» been per¬ 

form* to ...... possible chano., in visual acuity and other 

visual discrimination, in the sero gravity condition, slight 

change, ha» been measured both in the direction of decrease 

and inc»..e (45, 34). i„ an extensive experiment performed' 

by astronauts in ortital fllt,ht l2f> no ,lgntfic(mt diffcrBnee 

was observed a. contrasted with pre- and post-flight test. 

..... 
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made on the ground. It is doubtful that xero gravity, at 

least for relatively short durations» has any influence on 

visual acuity. There has been greater concern with the 

possibility that mechanisms that control eye movement might 

be influenced by the absence of gravity. If coordination 

of eye movements is disrupted even slightly, the effect on 

perception and various judgments of distance or motion might 

be a handicap to the space traveler. Efforts to measure 
'HT ■ 

visual functions such as accommodation and phorias will be 

made in subsequent missions. 

It is probable that motor systems adapt reasonably quickly 

to the absence of gravity cues. Astronauts have observed 

that eye-hand coordination is umimpaired under sero gravity. 

Even tactile approximation with the eyes closed appears to 

be about as good in a xero gravity condition as it is on the 

surface of the earth (55). There seems to be no tendency 

to overshoot or underreach which is associated with the 

absence of weighting of the limbs by a gravitational field. 

The visual process is known to be quite sensitive to the 

respiratory environment. Reduction in the partial pressure 

of oxygen of the air breathed will cause measurable visual 

effects at altitudes as low as 5,000 feet. Changes are quite 

striking between altitudes of 15,000 and 20,000 feet. An 

illustration of this is presented in Figure 18 (42). Dark 

adaptation curves are presented for subjects breathing oxygen 

mixtures equivalent to the altitudes indicated. It is clear 

that the final threshold level in the dark-adapted eye is 

elevated considerably at the higher altitudes. Quick recovery 

from the highest altitude is demonstrated when subjects are 
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permitted to breatne 100 percent oxyqen. The astronaut will 

carry his atmrsnhere with him and he will be provided with 

an appropriate mixture to sustain him adeouately. Any possible 

source of contamination may cause difficulty, however (38). 

The effects of reduced oxygen pressure are compared with those 

of cigarette smoking in Figure 19. it is shown that smoking 

two or three cigarettes causes an elevation in threshold 

equivalent to that caused by an increase in altitude of only 

7500 feet (41) . The effect of cigarette smoking may be 

explained in term, of the binding of hemoglobin by carbot monoxide 

inhaled with the smoke. Another no.sible basis of explanation 

is the vaso-constrictive effect of nicotine which may influence 

retinal circulation. 

on .ome .pace nia.icn. . 100 percent oxyoen environnent 

ha. been employe* at a nres.ure oreater than the partial 

pressure of oxygen at sea level. Oxygen 1. known to be 

toxic ana 100 percent oxygen at sea level will probably 

result In death in little more than 70 hours, lesser effects 

Which eight be reflected by change, in visual function have 

therefore been considered a possibility with slight increases 

in the pressure of oxygen over the normal lavel. Thl, possi¬ 

bility has been studied extensively with a variety of visual 

test, for increased partial pressures of oxygen up to that 

represented by 100 percent oxygen at sea level pressure with 

exposure, for 24 hour. ,77,. t!o effect, on visual processes 

were observed. 

Ionising radiation is probably not a serious problem 

in relation to vision in space travel. At high levels, its 

effect on other than the visual systeo win be of post ienor- 

tance, and at low level, it probably will not cause serious 
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difficulty. It has bean demonstrated that exposure to ionizino 

radiation can cause cataract. It may also reduce visual 

sensitivity by direct or indirect action in bleaching the 

photosensitive substance of the eye (39). 

An artificial restriction on the visual environment 

in space may be imposed by the necessity that astronauts 

wear a protective helmet with a transparent window. Visual 

field may be restricted by such a device along with the illu¬ 

mination, as this is restricted by the transmittance of the 

visor. Helmets may thus imoose some limitations on vision 

for the space traveler but it is reasonable to assume that with 

continuing development of equinment these limitations will 

be reduced or eliminated. 

THE VISUAL ENVIRONMENT OF SPACE 

Nith his departure from the Earth's atmosphere, the 

space traveler will come into an entirely new visual environ¬ 

ment. The atmosphere of Earth absorbs approximately 30 

percent of the sun's radiation (43). The radiant energy 

level from the sun will thus be higher outside the atmosphere 

to this extent. Light scattering which occurs within the 

atmosphere will be absent and the uniform illumination 

provided by the daylight sky on the Earth's surface will not 

be seen. Stars and other objects will be seen against a 

darker background than that of the sky at night by reason of 

the absence of light scattering. Contrasts between illumi¬ 

nated areas and non-illuminated areas or the void of space 

will be much higher than those usually encountered on the 

surface of the Earth. This will be true on the surface of the 

moon as well as in space, by reason of the absence of any 



significant atmosphere aroruv9. the moon ( 48, 50). The 

hazard to be endountered by looking directly at the sun will 

be increased over that which exists within the Farth's atmos¬ 

phere. Whereas on the rarth's surface, injury to the retina 

may occur after gazing directly at the sun for a little less 

than one minute, the time will be 10 to 15 seconds outside the 

rarth's atmosphere (13, 48). Stars will no longer twinkle, 

and the colors of the sun and the stars will probably be more 

whitish in the absence of scattering of blue rays by an 

atmosphere. Solar illuminance will be nearly 14,000 foot 

candles, while background sky illumination will be an order 

of magnitude lower than that of tb® darv sky on a moonless 

night. Background illumination in the sky of space will be 

comprised of starlight, zodiacal light, and galactic light. 

Beyond the distance of Jupiter from the Sun, the contribution 

of zodiacal light will be greatly reduced (48). A substantial 

contribution of light in the region of the Earth will be 

reflected from the Farth itself, 36 percent of solar light 

which falls on that body. This is substantially more than the 

light reflected from the moon (albedo .17 to .14). In the 

region of Venus, solar illumination will be approximately 

twice that in the region of the earth and the hazards of 

retinal exposure will be increased cronnenourately. In the 

vicinity of Mars, solar luminance will be less than half 

that at the Earth and in the region of Jupiter it will be 

reduced to less than 1/20 of the value which prevails in the 

region of Earth. The ideal range of illumination from the 

standpoint of human vision may fall somewhere between one 

hundred million kilometers on either side of the Farth's 
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orbital distance. Stughold has referred to this region as 

a euphotic belt (4ft;. it is in this region that life as we 

know it is most favored i gaseous oxygen and liguid water 

may be present. 

Even at the mean distance of Pluto from the sun the 

illuminance provided will be sufficient for reading and for 

photopic vision in which colors may be discriminated. 

Insufficient illumination for ohotopic vision will exist at 

a distance from the sun about three ti"*es the distance of 

Pluto (about eighteen billion kilometers). 

The visual realm on the surface of the moon is of parti¬ 

cular interest at the present time {22, 50). The illumination 

level will be approximately 30 percent higher than that on 

the surface of the earth. The absence of atmosphere with 

its attendant light scattering will present a world of striking 

contrasts in illumination without the veil of sky illumination 

in shadows. Shadows will not be completely dark 

where surface irregularities provide scattering and back 

illumination. The low reflectance of the moon's surface 

will limit the amount of baok reflection which occursr however. 

The result for an explorer on the moon's surface may be likened 

to the situation where someone is searching a crowded storage 

room with the aid of illumination from a single open bulb. 

Shadows will provide a strikino element of the appearance and 

the overall appearance will vary greatly with any change in 

the direction of view of an observer with respect to tho loca¬ 

tion of the light source. The presence of highly reflecting 

surfaces needed for thermal regulation of space vehicles and 

moon surface dwellings will present periodic exposures to 



very high luminance levels. This effect coupled with the 

darkness of shadows will render vision difficult. The 

problem of moving about on the surface under one'» own power 

will be complicated both by the visual conditions and by the 

relatively low gravity of the moon (.167 Farth gravity) . 

The surface of the moon for the most part will be porous 

material. This has been inferred by the change in reflected 

light with angle of incidence of the sun's illumination as 

this is measured from the surface of the earth (30). The 

nature of changes of lioht reflected from the moon appear to 

require that its surface be of some porous material. There 

is no evidence of any sham selectivity in spectra) reflectance 

but there does appear to be a gradual increase in level of 

reflection with increase in wavelength of the illumination 

light (22). 

High illumination levels reflected from metallic surfaces 

as well as those seen when looking directly at the sun will 

present two problems. In the first place, they will cause 

light adaptation of the eve, thus reducing its ability to 

discern detail in the darker shadows. In the second place, 

they present a threat of retinal injury. The nature of these 

problems is illustrated in Figure 20 (11). As an adapting 

flash increases in its total enemy, the time required for the 

eye to recover sufficiently to view visual detail illuminated, 

at a much lower level increases. The increase occurs at 

increasing rate up to a point, probably representing depletion 

of photosensitive materials, where the curves oppear to level 

out. Somewhere beyond this energy level there will be irre¬ 

versible injury resulting from retinal burning. The eye can 
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recover from the adapting effect as this is represented by 

adapting flash energies up to the plateau of the curven. 

Retinal burns influence vision permanently, and if locate* 

in the fovea are extremely serious in their effect. 

THE VISUAL TASKS OP THF SPACF EXPLORER 

The visual requirements of an astronaut will fall in 

several categories (2, 9, 12, 34, 35, 43). The first of these 

is related to the task of controlling his vehicle and moni¬ 

toring its position and attitude in space. During many stages 

of space flight this will be accomplished primarily by visual 

reference to flight instruments. Outside visual reference 

through portholes or a periscope will also be of importance (49) 

Outside reference may be to the surface of the earth, the moon 

or some other planet? to the starsr or to other soace vehicles. 

It has been demonstrated that rendezvous and dockincr with two 

space vehicles can be accomplished by direct visual reference 

when appropriate controls are provided (21, 51). The control 

of a landing may also be effected by direct visual reference 

and laboratory studies of this oossibility continue to compare 

the efficiency of direct visual control with that of automatic 

procedures. 

The second category of visual tasks relates to the possi¬ 

bility of reconnaissance of a planet's surface from a space 

vehicle. This function will be limited by the visual acuity 

of the unaided eye. where objects on the surface may be 

familiar, it will be possible to make identifications with 

minimal visual informaiton (*'3, 44, 49). On a completely 

unknown planet the problem will be far more difficult, however. 
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The judgir>ent of size, when the nature of the object viewed 

ie unknown, is extremely difficult. Photographs of the sur- 

face of the moon illustrate that it has a very similar appear¬ 

ance in terms of the distribution df vi*n*l arglos which repre¬ 

sent diameters of craters over a large range of distances. 

There is, thus, a range of crater sizes such that the visual 

pattern may look very similar from relatively near and far 

vantage points. Assistance in evaluating the nature of an 

unfamiliar sutface may be obtained by the use of flares 

jettisoned from a space vehicle and the changing shadow 

patterns which result from flare illumination (12). 

The detection of other space vehicles or objects in 

space may represent an important visual task for an astronaut. 

Detection of objects in space will not be limited bv the 

resolution capacity of the eye but only by the amount of light 

reflected from the object to the eye. The task will be one 

of light detection rather than of spatial resolution. The 

largest problem in detection will be in localising the region 

of space in which to scan for an object, «orne familiarity 

with star patterns so that an anomalous object may be detected 

could conceivably be of value. It has been demonstrated 

experimentally that such detection will be extremely difficult, 

nonetheless (43). Another source of concern for detection 

is related to the relative motion of the object to be detected 

with respect to that of the vehicle which carries the observer. 

Times during which detections may be made for two vehicles 

which orbit the sama planet or moon may be very limited. 

Astronomical observations may be made from a space 

vehicle. The absence of an atmosphere will be helpful but the 
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transmission charactsristics of ths window in the space 

vehicle may present some limitations, with the aid of a 

telescope# if a space vehicle carrying the instrument is suffi¬ 

ciently large# rather important observations can be made. 

Stabilisation of the platform of the telescope may nresent 

a problem if human occupants of the space vehicle are movinc 

about freely. In general, observations outside a space 

vehicle will be complicated# in many instances# by the lack 

of familiarity of the observer with the actual sise of objects 

observed cr with the nature of the terrain when a surface is 

observed. High contrast between points of illumination and 

background will result in an apparent change in sise and 

shape of the source of illumination (29). 

Inside a spacecraft# other nroblems rerny arise (12). 

These relate to the orientation of the astronaut with respect 

to his vehicle in the absence of gravity. The orbital flights 

which have been made to date suggest that this problem will 

not be a serious one. Its seriousness may increase# however# 

when larger vehicles are employed in which movements of much 

greater extent# involving the whole body# may be made. The 

absence of a gravitational vertical in this situation may be 

more serious than one in which the astronaut’s position is 

relatively fixed in relation to his vehicle and instrument 

displays and controls within the vehicle. It has been suggested 

that it may be desirable to select arbitrarily some surface 

which shall be the "floor" and to construct interior spaces 

in the fashion similar tô those with which we have become 

familiar on Parth (31). Ruch design may be less efficient 

than another which could conceivably cause greater confusion 



to an astronaut. Another suggestion has been that the vehicle 

be rotated to create an artificial gravity in the form of 

centrifugal force. In this instancer other problems may arise. 

Por the length of rotational axis which would be practical, 

angular accelerations which will produce a substantial grav¬ 

itational component will be relatively high and could cause 

difficulty by reason of their stimulation of the labyrinthine 

mechanisms of the inner ear.(12, 20). It seems most probable 

at present that the problems associated with aero gravity 

would be of less concern than those associated with rotation 

of a vehicle for creation of an artificial gravity, at least 

for missions of relatively short duration. 

CONCLUSION 

The characteristics of the human visual process have 

been reviewed briefly. It would appaar that these characteris¬ 

tics will remain relatively unchanged in space flight except 

under abnormal and emergency conditions at excessively high 

acceleration or low oxygen. The problem confronting the use of 

the sense of vision in space for an astronaut will be primarily 

the lack of familiarity with the space environment. In the 

region of Earth there will be ample light, but there will 

be excessively high contrasts and large ranges of illumination 

with which we are relatively unfamiliar on the surface of the 

Earth. The lack of scattering by an atmosphere will present 

additional problems. It is probable, nonetheless, that an 

astronaut will be able to adjust to conditions which prevail in 

space. With increased experience and the development of equip- 
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»•nt to assist him, it is reasonable to predict that the role 

of the humar explorer in space will be a sianificant one 

and much of what he accomplishes will depend uoon his use of 

vision. 

»IÜJ lilniiUUl.i üálÉiiuuiUi. 
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Fig. 1. Spectral sensitivity oi the human eye at high (photopic) 
luminances (dotted curve) and at low (scotopic) luminances (solid 
curve). Each curve is arbitrarily set at the same maximum ampli¬ 
tude value. 

Fig. 2. Relative energy re¬ 
quirements at threshold for a stimu¬ 
lus presented in the foveal center of 
the retina (photopic), and in the 
periphery of the dark adapted eye 
(scotopic) (14). 

WAVELENGTH MILLIMICRONS 
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Pig- 3- Luminance threshold as a 
function of time in the dark for each of 
two observers (G.B.A. and R.A.W.) 
and three conditions of test. A: 2.7' 
field displaced 8° from fovea; B: 2.7' 
field centered on the fovea; Ct 7° field 
displaced 8° from fovea (1). 

Md of m-MMr« unit 

m la pled etetet. ‘On1 nr ‘oK< VC ^1,1 "* ‘•"«■‘•'•'ro «nil in tin- <Urk- uml liKhl- 
In Hieeonrcupundiiwiy * 0,,,, l,ri' »Im'ii (lie xtiimilu« lall» 
linee been inicrred Imni aiva-ihraNhuu’ ' Z1,1 '•» "Tiii«ie •lea lhwahokl riirvpH |tl,Vu ,|iro,.tlv. 

£iS -i- Schematic illustration of the receptive field on the 
retina for a single neural unit in both the light-adapted and the 
dark-adapted state (4). 



ÜJjLJL Visual acuity as a function 
oi luminance for each of four du¬ 
rations of dark adaptation. With 
sufficient dark adaptation, an 
oarly branch which represents 
the scotopic process is evident (10). 

iS.' 4'„r‘!n‘!t!^,U ur»,“,i“‘ion uf ««'»Ptivo lUU of «lother «.II m th. mMr duoImt bi« 
tbto Mil aba idanUHsd m that layer on (ha. Imm of all four rritaria. „j 
iUiUBbanoa >0-34lotm.o. Retinal ¡Iluminam« uf ■timuli - 0-7« log m.olstlmdM natbiu 
for aach reapanaa abown at right of flgure, and promlura idantioai to that for Taxt-Ba 1 

ttatdua rapaatad avary lOaae, a.c. reoording, impulaea M mV paah-to-paak, _ 

f/K <L Records of neural response for a single unit in the 
visual system oi the cat lor each of three conditions of stimu* 
lation (19). 
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Fic. 7. Pattern of stripes of inereasins lightness. 
The lightness of each individual stripe is uniform 
across its width.
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Fig. 8. Patti‘i-ns of excitation (x) and inhihition ( ) in 
tlie ri'tinal i-eceptivi- fiidds of nervt- cells in llu’ lali ral 
geniculate body (A, it) aiul the visual eoi'lex ((>(■; of lin­
eal (33).
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FiK. 9. Neural acUvily of cortical cells in response to 
stimulation of the eye with rcctanjjular lijiht lines. Cell re­
sponse is critically (lepi’nilent on line orienUition hut not upon 
precise line position

Fig. 10. Radial line adap­
tation pattern.



..:- ~Z Z .+ . '■'T"TZi . "a" 

Fig. 11. Modulation ampli¬ 
tude at which a sinusoidally 
varying light signal appears 
to ñise into a steady light. 
Individual curves represent 
different average luminances 
(23). 

Fig, 12. Response of 
a single retinal gangli¬ 
on cell to stimuli of 
various wavelengths in 
nanometers (52). 

I* louRK 4. Varuitiun «>f retpoiuc from a single ganglion cell with change in wave length 

of siiiniilui. Wave lengih of siiniului in mp at upper right hand of each record. The 

duration of die siiinului is indicated liy the step in the signal trace at the base of each 

sirtes. .Spikes oct tirring Ix f.tie the onset of the stimulus are “off" responses from a pie* 

ccditiK stimulus. Intensity of stimulus at 600 itim - 55 p walts/cm.* See Fig. 2 lor in* 
tensities at other wave lengths. 
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Fig. 13. Hesponsi s oi a single ecll in the lateral geniculate 
body of the monkey to green (500 nanometers) and to red 
(650 nanometers) sliniulus lights (25).

LEMR4IUGC: POMR

I'itt- 14. Sehematie illustration of system lor closed-loop 
control simulations with the Navy eentrifugi- at Johnsvillu, 
I'a. (8).
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Fig. 15. Reaction time to visual 
signals as a function of level of 
positive acceleration for each of 
two subjects (JB and GP) and each 
of two luminance levels (15). 

Fig^ l(i. Visual acuity as a function 
of level oi acceleration in two body 
positions (53). 
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Fig. 17. Percent instrument read¬ 
ings in error as a function of acceler¬ 
ation for each of five luminance levels 
(53). 

Fi«. 1 

Fig. 18. Dark adaptation curves at each of four pressure 
altitudes. Inhalation of 100% 02 at the highest altitude is 
followed by a rapid drop in threshold to the level found 
at sea level (42). 
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Fig, 19. Fluctuations in light threshold induced by changes 
in the respiratory environment and by cigarette smoking (41). 

Recovsry Tims - Seconds 

Fig. 20. Time required to recover from 
a bright adapting flash for each of six 
levels of illumination of the test cri¬ 
terion as a function of adapting flash 
energy (12). 
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