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PREFAC E 

UH627 . V575 1962 c. I 
Visual problems of space 
travel; report of Working 
Group V, Armed Forces-NRC 
Committee on Vision. 

At the s ugge stion of Dr. Sam F .  Seeley , executive s e c retary of 

the A rmed Force s-NRC Committee on Bio-Ast ronautic s ,  the Execu-

tive Council  of the Armed Force s-NRC Committee  on Vision es tab-

li shed Wo rking G roup V to deal with problems of vision in space t ravel . 

The Working G roup met s eve ral times , evaluating and organizing the 

vast amount of available r e s earch data in term s  of it s potential rela -

tionships to space t ravel . The re sult s of this wo rk are  set fo rth in 

thi s  repo rt . 

The report brings togeth e r  re sults of pertinent re s ea rch known 

to the Working G roup , in both vis ion and a st ronautic s . It i a  admittedly 

speculative at many points , due to the fact that many of the pa rameters  

of  apace t ravel remain open to  conjectu r e . 

The report conclude s with an extensive bibliography of pertinent 

re a earch r epo rts in thi s  field , which ia not available els ewhere . 

Ap ril 1 ,  1 96Z 

Milton A .  Whitcomb , Executive Sec r etary 
Armed Force s - NRC Committee on Vision 

iii 
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FOREWORD 

A variety of s ensory and perc eptual p roblems will ar i se  in con 

nection with space flight , both for the occupant s o f  space vehicles and 

in ce rtain instances  for s uppo rt pe r sonnel . The solution s to the s e  

p roblems are  inte rrelated and t remendously complex , thus requiring 

coope rative effo rts among many s cientific  di scipline s .  It i s  the 

purpose of thi s repo rt , however ,  to dis cus s the problems of space 

flight only insofar as  they relate to the visual mechanism . 

This report repre s ents the joint effo rts of Working Group V of 

the Armed Fo rce s - NRC Committee on Vision . The members  of thi s  

group are Jame s W.  Mille r ,  Chai rman , William Bevan , John L. Brown , 

John W .  Sende rs , Olin W .  Smith , and Richard Trumbull . The repo rt 

was p repared by the chairman , and incorporates  recommendations of 

membe r s  of the group . 

Spe cial acknowledgment should be made of a recent report , 

"Sensory and Pe r c eptual P roblems Related to Space Flipt , "  edited 

by John L. Brown , and publi shed by the National Academy of Science s 

- National Re s earch Council . The Brown report , NAS-NRC Publica

tion Numbe r 872 , re sulted from the wo rk of  the Arme d Force s - NRC 

Committee  on Bio - A stronauti c s . Substantial portions of that publica

tion have been quoted in the present report . The se  quotations  a re set 

off from the remaining text of thi s repo rt by indentation and s ingle 

spacing , with bracket s indicating edito rial changes . 

v 
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The p re s ent repo rt , in addition to updating the Brown repo rt , 

pres ents a cons ide rable amount of additional info rmation rega rding 

specific c ritical visual problems , as well as a recently compiled , 

extensive bibliog raphy of reuarch in thi s  field . 

Ap ril 1 ,  1 962 

vi 

James W. Mille r ,  Chairman 
Wo rking G roup V 
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VISUAL PRO BLEMS O F  SPACE T RAVEL! 

The type s of space flight which may be unde rtaken in the 

immediately fore s eeable future  and the delineation of their  pha s e s  a re 

int roduced b riefly . Following this dis cus sion , s eve ral specific prob-

lem a reas along with potential lines of inve stigation a re sugge ated . 

The final s ection of thi s  repo rt i s  conce rned with the role man can 

play in a space mis sion . The emphasis  i8 on the vi sual ·mechanism 

and how i t  can  be used effectively to inc reaae the p robability o f  

suc ceas rath e r  than simply to  aid s urvival . 

Space Flight Miuiona 

"In the immediately fo re seeable future we can anticipate 
th ree  baaic kinds of manned space flight mi s a iona . The 
fi r s t  of the s e  will be orbital flight around the ea rth , the 
second wilJ be a luna r flight , and the third will be inter
planetary flight within our  own solar syatem . "  

"O rbital Flight 

"O rbital flights around the earth will be at altitude& 
which rang e f rom app roximately 100 mile a to app roxi
mately 500 miles . The minimum altitude is eatablished 

1 Thi s  report draw s  e specially heavily upon the content of a p revious 
repo rt , " Sensory and Pe rc eptual Problems Related to Space Flight, " 
by John L .  Brown , NAS-NRC Publication No . 872, 1 96 1 . Large aeg
menta of  that report are  quoted he rein , with mino r editorial emenda
tion& . The s e  quotations are  s et off from the r emaining text of this 
report by indentation and single a pacing , with brackets indicating 
editorial changea .  Occa sional sho rt quotation s from the Brown report 
have not been referenced in the usual manne r .  

1 
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by the increas ing aerodynamic drag which i s  provided by 
the e a rth •s atmosphe re a s  altitudes  a re reduced  below 1 00 
miles .  The maximum altitude i s  imposed by the location 
of the Van Allen radiation belt at altitude s above approxi
mately 500  mile s . . . . " 

"Luna r Flight 

" A  flight to the moon would consist es sentially of the 
placement of a vehicle in an o rbit about both the earth and 
the moon . The fiight would probably consist  of a s inale 
trip to the reaion of the moon for the purposes of photoa
raphy followed by immediate return to earth . .. . ( Subse
quent to a circumlunar fiight , both hard and soft landinas 
will be attempted . ]" 

"Interplanetary Fliaht 

"Inte rplanetary fiiaht will be accomplished by launchina 
vehicles from the earth at velocities such that they can 
escape the gravitational field of the earth and enter into 
their own orbit about the sun • • • •  

"It s eems ce rtain that as  in the case of orbits around 
the earth , interplanetary fiiaht will be alona pre selected 
route s and the re will not normally be a rose  alte rations in 
vehicle fiight path en rout.e , even after p ropuls ion systems 
which may afford the continuous application of thrust have 
become available . (Thus , external visual naviaation will 
not play a dominant role other than as a check on the auto 
matic navigational equipment. ] The time when sufficient 
energy will be available for radical chana•• of fiiaht path 
en route ia a lona way off and problems related to this 
kind of fii&ht will not be cons ide red." 

Another  extremely important phas e  of manned space fiight i s  

that of  accomplishina landings on  surface s othe r than earth . "Two 

types of vehicle landings may be considered . The s e  will be claued 

as  ae rodynamic landings and reaction landing s (B rown , 1 96 1 ). 1 1 Al-

though exte rnal vision will not play a major role during interplanetary 

flight , it is  enti rely pos s ible that visual functions will be important 

in achieving succ e s s ful landings on alien planets o r  on the moon . 

z 
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The Visual Envi ronment of Space 

The envi ronment of space is not something that becomes apparent 

at any one specific altitude . As Simon s ( 1 9 58 )  puts  it 1 1  • • •  there i s  no 

one altitude at wh ich space begins for man .  Rathe r ,  the s ituation be-

come s space- equivalent in more ways a s  one goe s highe r and highe r 

until the re i s  no diffe rence . 1 1 

Thi s  g radual change i s  true visually a s  well as  phys ically . As 

one a s cends from the s urface  of the ea rth , the ove rhead sky takes  on 

a deeper and deepe r blue as a result of leas optical s catte ring in the 

thinner  atmoaphe re . C oncomitantly , the lower part of the visual  field 

be come s inc reasingly b righter and may become the s ource  of s evere  

gla re . At about 70 ,  OOQ _feet the colo r a  on the ground begin to fade so  
.. --- - - - - - -�- ----�--

that beyond 45 degrees  the re is only a gray haz e. St raight down , 

g reens and reds a re still di stinguishable but are  quite faded and p re-

sent a pastel  imp re s sion . There i s  a blui sh cast as  though the earth 

is being seen th rough a blue- tinted filter . The overhead sky at 70 , 000 

to 1 00 , 000  feet i s  be at de s c ribed as  a dark purple-blue . In the vicinity 

of 1 00 , 000  feet the earth appear s  very s trange. There are s everal 

banda of color as  one looks from the ho rizon to the zenith. The first  

band above the ho rizon i s  white . Above thi s i s  a nar row band of blue 

which extends to darker shades into the purple. When examined 

closely the sky gives the impre s s ion of spect ral violet. 

In view of this darkening of th e sky at the zenith , it has  been 

sugge sted by s ome that daytime celestial navigation may be pos s ible . 

3 

) ( 
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Labo ratory inve stigations conducted by Taylo r (1 9 60a , 1960b) however. 

have demonst rated that cele stial naviaation during daylight hou r s  at 

altitude s  a s  hiah as 50 , 000 feet is not feasible eith e r  with the unaided 

eye or with various optical aid s . The altitude at which it first becomes 

possible ha s not as yet been dete rmined .  

It is expected that at about 1 001000 feet an individual who i s  

da rk-adapted will s e e  flash e s  o f  liaht cau s e d  by dire ct stimulation o f  

the retinal elements by heavy co smic particles . It is not known at the 

pres ent time whether or not such stimulation will be of serious 

phys ioloaical consequence . 

As man goe s still hiper the featu r e s  mentioned are even leas 

di stinauishable • while the curvature of the earth be come s mor e ap-

parent . At 500 , 000 feet (about 9 5  mile s ) the ove rhead sky is com• 

pletely black except fo r the stars . 

Some of the mor e  specifi c aspects of orbital flight are now 

con sidered. 

"During an orbital flight it will be of importance to 
maintain a che ck on the po sition of the vehicle over the 
earth'• surface. the time at which various check point s 
are paned. and the attitude of the vehicle itself with 
respect to its orbital path . In the pres ent Mercury sys 
tem , external visual cues may play a primary role if the 
man is involved in the s e  tasks . The normal attitude of 
the vehicle will be such that he will have a direct view 
of the ho rizon to p rovide a roll reference . In addition , 
by means of a peris cope he will be able to s e e  the around 
beneath him out to the horizon in all directions . With 
the horizon visible at a di s tance of approximately 900 
miles for an altitude of 1 00 mile s. the visible s urface 
of the e arth will be repres ented by a circular area havina 
a diameter of approximately 165 dearee s  of anale sub
tende d at the vehicle . The periscope field will be so 
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posit ione d  with respect to the vehicle that the vehicle 
att itude in pitch and roll will be c o r rect when the ea rth's 
visible surfa c e  is  centered in the p e r i s cope field . The 
vehicle, t raveling at approximately 1 8 , 000 miles per 
hour at an altitude of 1 00 miles , will be trave rsing ap
p r oximately five miles on the earth's surfa c e  eve ry s e cond . 
In the periscopic field thi s  will be readily disc riminable 
in te rms of the motion of the pattern within the field ,  pro
vided the r e  is a disc riminable patte rn . The o rientation of 
the vehicle in yaw may then be obse rved in te rms of the 
di rection of relative motion of the ea rth 'a surface as s een 
in the field of the pe riscope . If there i s  no dis c riminable 
patte rn within the pe riscopic field , control . . ,  [ of) yaw may 
be achieved by visual reference to star patterns . It may 
be as sumed that in the c a s e  of failure of an automatic sys
tem ,  out side visual refe rence may be • • •  impo rtant fo r 
cont rol o£ th e vehicle, and that in any case it will provide 
po s itive c ros s - checks of the automatic  sy stem and of the 
p roper functioning of ins t rument s .  In an o rbital vehicle , 
outs ide obs e rvation s will be  complicate d  to s ome extent by 
a daylight and darkneu cycle of app roximately 90 minutes .  
The po rtion of the e a rth ' s s u r fa c e  t rave r s ed in daylight 
may change on suc c e s sive cycle s , The p roblems of ex
te rnal vision have been con s ide red in detail in connection 
with the Me rcury Proje ct (Jon e s , 1 960 ), 11 

[ J one s ha s  deac ribed s ome of the se problema as follows: ) 
"CLOUD COVER - The most cons picuoua visual effect at 

orbital altitude , oth e r  than day-night cyc le ,  ia the wide 
va riation in cloud cove r . Clouds have two llignificant 
vhual effects : they block th e view of the ea rth and c reate 
shadow a, and they reflect sunlight to inc rea s e illuminance , 
Theae have implications for both navigation and p rotection 
of the astronaut from high inten s ity light . The mean 
cloudinesa over the earth ha s been estimated aa 54 per 
cent for land and 58 p e r c ent fo r wate r . Howeve r , in the 
latitude s  fo r the Me rcu ry mi ssion , a 6/ 1 0 o r  mo r e  cloud 
cover  i s  estimated to o c cur only about 3 0  p e r  cent of the 
time , Thi s value will be low e r  in aumme r and somewhat 
high e r  in winter, Some wat e r  o r  land should b e  vis ible 
almo st all the time thr ough th e pe r i s cope because of its  
wide field of  cove rage . Howeve r ,  a NASA Ti ro• I pictu re 
shows a cyclonic cloud 2000 mile & in diamete r in the 
central Pacific. The albedo , or p ropo rtion of sunlight 
reflected back in spac e , has a mean of a round 0, 35 for 
the ea rth , and about 0 .  50 for cloud s . By compa rison , 
the moon's albedo is 0, 07 . T his h a s s ignificanc e for the 
occupant of the vehicle in te r ms of comfo rt and adaptation , 

5 
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At night translucent clouds may serve a s  a diffusing 
medium fo r the light from major population c ente r s , 
possibly p ro ducing a distingui shable landmark . 11 

Jones  points out fu rth e r  th at " • • •  The ea rth-sky dis continuity 

is an important exte rio r visual refe rence for back -up cont rol of the 

capsule's attitude in pitch and roll . "  Additional conaideration , how-

eve r  1 Should be given tO the fact that "during daylight 1 the around 

ho rizon is often obscured by haze and is not sharp . "  C onsequently , 

the dis c ontinuity just mentioned will not always be available. "A 

diffe rent s ituation exists  on the da rk s ide of the earth since the die-

continuity [ here) re sults from the earth maekina the heavens • • • lthue 

c reating the appearanc e  of] a black hole again s t  a star background." 

To quote from Jone s again: " The sta r s  will no lonaer scintillate , 

they s hould be b righte r by about 30  per c ent , and s ome diffe rences  

in  colo r miaht be apparent. Sta re will be visible and constellation 

patte rning recognizable at night when the obs e rve r is dark-adapted 

and capsule lighting condition s a r e  app ropriate. The moon , airglow , 

sta rlight , galactic light, and z odiacal liaht in decreasing o rder of in-

tensity , will furnish a very faint light when the vehicle is on the dark 

side of the ea rth. Air alow will be below the vehicle . "  As would be 

expe cted , the vi sual field "will change from dark to liaht and back to 

da rk eve ry 90 minute s du ring each orbit. " 

"If fo r any reason the vehicle should go into a tumbling 
mode , external cue s may affo rd a refe rence for r eaaining 
stability . Rate indicato r s will p rovide a bette r  refe rence 
than exte rnal cues, but afte r s tabilization has been achieved , 
locking of gyros copes during tumbling may requi re that 
gy ro s cope s be caged and that vi s ual cue s  be used fo r as s um
ing the desired vehicle attitude prio r to uncaaina gyros . 

6 
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"The lo cation over the earth of an orbital vehicle at 
altitudes of 1 0 0  to 5 0 0  mile s may be dete rmined by the 
visual identification of characte ri s tic feature s of the 
ea rth's surface if cloud-cover doe s not obst ruct visibility. 
[ Such fe atu r e s  may be us eful as,  large lak e s , rivera,  
is land patterns, mountain range s , sizeable citie s ,  etc. 
Inasmuch as] . • .  vision at o rbital altitude s  is  ch a racte rized 
by  the p e rc e ption of shape and pattern rathe r than the 
resolution of small objects , • • •  [ any object would have 
to be of subs tantial size and pos s e s s  unique cha racte r
i s tic s in or de r to be of navigational value . ] " 

Out s ide the ea rth 'a atmo s phere  the light from the sun will be 

less attenuated and thus the sun will appea r as a b rilliant disk against 

the relative blackness of space. Although the sun's co rona scatter s  

some of the light emitted f rom the photosphere, this s catter will not 

be seen a1ainat the brilliance of the solar disk itself . As has been 

diacuued by Stru1hold and Ritte r  ( 1 960) , an ast ronaut may well ex-

perience functional disturbances in the form of glare. Due to the fact 

that the sun is surrounded by relative blackness , the problem of 1lare 

may be much mo re serious in apace  than du ring flight within the earth's 

atmosphere, p rima rily because the pupils often will be dilated du ring 

b r ief exposure s. If proper precautions a re not taken , the eye may 

suffe r structural damage in the fo rm of retinal burna caused by infra-

red and near- infrared ray s focused on the retina. Unfo rtunately , in-

frared rays a re known to be t ransmitted by the cornea in s ufficient 

amounts to be ha rmful both to the lena and the co rnea if the source is 

intense enough . 

Although on earth it requi res about one minute for the develop-

ment of eclipse blindneu ( Co rdes , 1 948 ) , in apace it is estimated that 

7 
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it may take lese than 1 0 seconds to produce a retinal burn in the 

normal eye (Byrnes , Brown , Rose , It Cibie , 1955). Strughold (1960) 

points out that at least within our own solar system the irradiance of 

the image on the retina is independent of the distance . Thue , even 

though the size of the retinal burn will decrease  with distance , the 

critical time of exposure will remain nearly the eame . 

In addition to the danger of retinal burns, consideration muet 

be given to the pouibility of ocular damaae resultina from ultraviolet 

radiation. An extensive series of experiments on rabbits by Verhoef£ 

and Bell (1916) showed that abiotic effects could be obtained when the 

eyes were exposed to wave lengths sho rter than 3050X. Inasmuch as 

the cornea and lens absorb these  wave lengths ve ry stronaly, 19 times 

the minimal exposure needed for corneal damage was required to pro

duce an effect on the lens . It was concluded further that due to the 

abso rption of the lens and cornea it h extremely unlikely that an indi

vidual will suffer retinal damage from ultraviolet radiation. This 

latter conclusion is also  supported by Wald (195Z). Although the retina 

itself h rarely damaged by ultraviolet llaht , a marked fluorescence 

of the lens and cornea is produced. This can cause a seve re blurring 

of the retinal image which at the least is annoying , and in some cases 

may produce eye strain . There h the additional danaer of damaalna 

the anterior portion of the eye , This is usually ln the form of con

junctlvith (snowbllndneu) , which , if sufficiently seve re , can ewell 

the lids to the point that the eyes cannot be opened . Fortunately , the 

8 
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prope r de sign of porthole filters and gla s s e s  can all but eliminate the 

detrimental effect s of ultraviolet radiation . 

Although the as t ronaut can be fairly well p rotected from ultra-

violet radiation , the picture is not so  pleasant with regard to the bio-

logical effects of high-ene rgy alpha and proton irradiation . Data ob-

tained from earth satellite s and deep space p robe s  indicate that the s e  

radiations exiat  a t  ext remely high ene rgy levela . The s ource of theae 

radiation a is the Van Allen Belt , aural displays , cosmic rays , and 

in apecial caaeli the intensity il markedly inc reased by a olar flares 

(Winkle r ,  1 960). It is well es tablished that the lens of the eye is 

extremely sensitive to radiation. It is p rotected on the outside by only 

about 3. 5 millimeters  of oth e r  tiuue s (aqueous , cornea , tea r fluid) 

and can suffe r i rreve rsible damage from a comparatively small 

dose. The implications of this p roblem have been stated clearly by 

Schaefe r .  

"The int ricacy of the pe rtinent relationship i s  beat 
demonstrated in a conc rete example. If we visualiz e 
an astronaut in a capsule protected by a vehicle wall of 
3 / 4- inch of aluminum flying throuah the lowe r frinae s 
of the Van Allen Belt , the len s e s  of hi s eyes are p ro
tected by an additional 3. 5 mlllimetere of tiuue , as 
mentioned above . This additional filtr ation reduces  the 
dose  to the lena to about 94 . 5 pe rcent of the akin dos e  
inside the ship. By clos ing his eye a , the man could 
furthe r reduce the dos e  to the lena to 93 pe rc ent , and 
by squeezing the eye s to about 90 percent. In an au roral 
proton field under  the same condition s the cor responding 
fiaure a are 67 pe rc ent , 59 percent , and 47 pe rcent , 
re spectively . It i s  obvioua that in the fi rst case , i . e . , 
in the Van Allen Belt, c los ing the eye s and squeezing is  
not of much advantage ,  wh e reas in the auroral radiation 
field a substantial reduction of the radiation load on the 
lena would be accompli shed . Still mor e  d rastic fiaures 
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obtain if we vis ualize the man a s  freely floating outside the 
ship in a full pre ssure s uit with his eye s  p rotected merely 
by 3 millimete rs of plastic vis o r  of the h elmet . Exact data 
for thi s particular case  cannot be e stablished yet , s inc e , 
as  has been pointed out befo re ,  the range spect ra for the s e  
ve ry small thickne s se s  a re not known ( 1 960) . 1 1  

A recent laboratory study by Culve r and Newton ( 1 96 1 ) ,  and 

Z ellmer and Allen ( 1 96 1 ) ,  utilizing the synch rocyclot ron at the Uni-

varsity .of  Califo rnia at  B e rkeley , with rhesus  monkeys a s  subject s , 

has r evealed that both immediate and long-te rm ocular damage may 

result from irradiation , In o rde r to p rotect future astronauts from 

the damaging effects of radiation , ext reme care  will have to be taken 

to minimiz e  the time spent in the primary radiation belt s and to cease  

flights during period s of unusual solar activity . In addition , shielding 

should be provided whe re pos s ible . In view of the fact that the eye s 

are the mos t  s ens itive to irradiation , the wearing of a specially de-

signed eye p rotector would have the effect of  inc reasing over -all 

tolerance  durin& paa aage through h igh ene ray fields . 

A further s ou rce  of radiation for the c rews of space vehicles 

i s  that o riginat in& in nuclear propulsion systems , A detailed dis -

cua aion of thi s p roblem has been published by Konecci and T rapp 

( 1 9 59 ) . It was concluded that although a nuclear system definitely 

adds to the radiation hazard ,  the combined use  of structural and 

chemical shielding should pe rmit such flights to be made , at leaet 

from the etandpoint of c rew protection. 

In addition to radiation hazards from nuclear eyeteme , the 

recent advan c e s  in rocket propulsion system s makes it imperative 
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that the biological effects of the various  fuels  utilized be carefully 

s c rutinized, Many of the s e  so-called exotic fuel s can be ext reme ly 

toxic when abs orbed or inhaled,  Some of the visual symptoms whi ch 

may res ult can be quite s ever e. The abs orption of methyl alcohol , 

fo r example ,  has been shown to produc e within Z4  hour s  auch viaual 

symptom s as  retinitis, ret robulbar neuriti s , and optic at rophy, If 

inhaled ,  .the same fuel can produce blindnes s .  Ethyl alcohol , although 

not as  toxic , can p roduce marked drows ines s  and i rritation of the eyes , 

Ammonia , a more commonly en counte red agent , i s  very irritating to 

the eye s and in high conc ent rations can cause conjunctival and co rneal 

injurie s .  The fumes of certain jet fuels have been found to have an 

effect  s imilar to that of ethyl al cohol . Other  fuels which have toxic 

symptoms as sociated with thei r  fumes are  the boranes , nitric acid , 

fluo rine , hydroaen peroxide , ozone, and liquid oxygen . A detailed 

diacuuion of the above fuels can be found in Stumpe ( 1 9 58) . In view 

of the toxic effects of s ome of the s e  fuels , great care must be taken 

to provide adequate fume dete ctor s fo r the protection of the crew. 

The Visual Effe cts  of Gravitational Streuz 

One facto r of spa ce travel which cannot be avoided or excluded , 

either  at pre s ent or in the future , i s  accele rative and de celerative 

fo rce . Accele rative fo rce will be encounte red in attaining orbital and 

Z For a more detailed discus s ion of the effects  of g ravitational forc e s  
o n  vi s ion ,  see  White ( 1 9 58 ) . 
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e s cape velocity; decele rative force in re- ent ry and recove ry .  Fo rtu

nately , due to extens ive studies in aviation medicine , a large body of 

information concerning the effect of the se force s on the human body 

is already available . In addit ion to numerous inve stigation s pe rtaining 

to systemic effects , many studies  have been conce rned directly with 

a s sociated vis ual phenomena . 

Ea rly s tudies pe rfo rmed at the Naval School of Aviation Medicine 

in Pensacola (Cochran , Gard , II Northswo rthy , 1954) we re de signed 

to determine the a-tole rance levels with re spect to los s of pe riphe ral 

vi s ion , blackout , and uncon sciousnes s .  The subject s  (1, 000) we re 

s eated in an up right position . They expe rienced los s of peripheral 

vi s ion at 4 . 1 ± O. 7 G ,  vis ual blackout at 4 .  7 ± 0 . 8 G ,  and uncons cious

ne s s  at 5 . 4  t 0 . 9 G .  Although visual blackout occurs at about 4.7 

po sitive G ,  as  just mentioned , similar visua l  sympt oms do not occur 

as readily with t ransve rse G (chest to back) until the force  is  in exc e s s  

of lZ.O G (Gaue r II Ruff , 1 939) . Re cent unpublished studies  at Johns

ville indicate howeve r ,  that there are vi sual symptoms present during 

transve r s e  G if the t runk is inclined forward .  Other  studie s  concerned 

with the effects of t rans ve r se G (Duane , Beckman , Z iegle r , II Hunter ,  

1 9  53 ) did not reveal s e rious visual symptoms at even high e r  G level s , 

i . e . , 1 3 - 1 7  G .  An additional study by Bondurant et al ( Bondurant , 

Clark , Blanchard , Mille r ,  Hes s burg , & Hiatt , 1 9 58) was de signed 

specifically to examine the accele ration patte rns  anticipated in space 

flight. Again , pos itioning the body so that the G force was t ransve r se 

lZ 
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was found to be optimal. It was found by these authors that, "The 

optimal body position for exit appears to be a seated position with a 

ZO degrees inclination of the trunk in the direction of acceleration, 

with the legs fully flexed (seated, forward-facing). Three-stage ac

celerations sufficient to reach orbital velocity, with peaks of either 8 ,  

10, or 1Z G ,  are tolerable in this position. 11 It was found also that 

"Accelerations of leas than 4 G are tolerable in either chest-to-

hack, back-to-cheat, or foot-to-head direction for long enough to 

exceed escape velocity. Prolonged low G acceleration patterns I while 

not feasible with current propulsion systems, have the potential ad

vantage of enabling man to reach very high velocity (ZOO, 000 m.p.h.) 

and to retain a degree of mobility sufficient to perform limited control 

functions during the boost phase. 11 

In addition to the visual symptoms discuued with respect to the 

dimmin1 of vision and blackout, there are other aspects of vidon af

fected by G forces. White and Riley ( 1 958 )  found that the number of 

errore in dial-reading increased as the G level approached 3-4. Then 

authors point out that the effect of acceleration at 4 G is comparable 

to reducing the luminance of the dial by one logarithmic unit, and that 

this factor should be considered in the design of instrument panels. 

Visual acuity also has been found to be affected by acceleration 

(White I& Jorve, 1 9 58) . White and Felder (n.d.) found, for example, 

that at a luminance of 0. 01 millilamberta the minimum visible anale 

increased from 4. 0 minutes of arc at 1 G to 7 .  59 minutes at 4 G .  
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At 1 50 millilamberte the comparable decrement was only O . Z 5  minutes 

of arc. This suggests again that the instrument panel in forthcoming 

space vehicles should be of sufficient brightness so as to compensate 

for such effects. 

White ( 1 960) , working at poeitive-G levels below those whlch 

produced peripheral dimmins, found that foveal sensitivity was re• 

duced during rune laetins 1 .  Z 5  minutes. Hle results demonstrated 

that foveal thresholds were doubled and tripled at levels of 3 and 4 G, 

respectively. 

A further study by Brown and Burke ( 1 9 58) demonstrated that 

visual reaction time also le affected by acceleration. Although the 

causative relationships are not clear, lt le eusgeeted that this break

down may be related to a decrement ln form discrimination. 

The Visual E££ecte of Weishtleaeneee and Simulated Gravity 

Since the end of World War II , numerous articles have been 

written concernins the subject of welghtleun�u. Inasmuch as true 

welshtleasnes s can be experienced only when the force of gravity le 

absent or le counterbalanced by an opposite force, much of what la 

contained ln the literature is baaed on speculation. 

So far as is known at the present time, the absence of sravlty 

has no direct physlolosical or anatomical e££ect on the vleual mecha

nism per se (Gerathewohl, 1 9 5Z ) .  
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The r e  have been a few studies, however, concerning ce rtain 

specific vis ual phenomena . Pigg and Kama ( 1961) studied the effect 

of sho rt exposures (14 seconds) to weightlessness on vis ual acuity . It 

was found that the acuity lo s s  in flight at z e ro G was only 6 pe r cent and , 

when compared with labo rato ry tests , the loss was still only 10 per 

cent . The s e  small dec rements a re conside red  to be negl igible . Shock 

( 1 9 59) dete rmined that the ab ility of a subject to adjust a bar to a hor-

izontal and ve rtical position in the absence  of  visual cue s is  s ignifi -

cantly impaired.when he i s  totally immer s ed in water . 

"On the surface  of the ea rth, man has constantly avail
able his  perception s "  [ based upon] the fo rce of g ravity and 
[in addition has  many ] indication s of the dire ction of "up . 1 1  
The p re s ence o f  this  refe rence [ system] , along with the 
fact that he usual ly pe rforms g ros s movement s in only 
two dimens ions g reatly simplifie s  the p roblem of navigating 
hi s body within the confine s of his immediate physical en
vi ronment . In a spacec raft this refe rence may be lackins 
and in addition , at some future time when large spac e stations 
have been e stabli shed, man may have the added complication 
of being requi red to maneuve r his body in th ree dimen-
sions almo st  cont inuous ly .  

1 1Some of the pos s ible c omplication s of this situation 
may be di s cus sed . As long periods of time will be spent 
by occupant s of spac ec raft under conditions of ze ro gravity , 
the layout of the inte rio r of such a c raft may be quite dif
fe rent fr om the inter iors of terres t rial vehicle s of com
pa rable siz e .  It . • .  [may ) not be nece s sa ry to have any 
floo rs or c eiling s a s  such , The day may come when indi 
viduals  will be able to  move in any direction within the 
vehicle without refe rence to a spec ific ground plane , The 
stations of diffe rent c rew membe r s  within a single com
partment may be o riented such that these  individuals are  
at  unique angles  with respe ct to  one another , It is to  be  
expected that man ' s t raining and expe rience in  earthly 
surrounding s may cause him some difficulty in hi s initial 
expe riences  in such a novel s ituation . Man is accustomed 
to a rectangular organiz ation of the artificial enclosure s 
in which he lives  on the surface of the earth . His rooms 
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are constructed with four sides and the streets of hie cities 
eros s each other at approximately right angles. Orienting 
within a building or a large city is strongly dependent on 
what we may consider a right angle unit for the perception 
of direction. There are innumerable examples of problems 
arising from a nonrectanaular spatial organization. Two 
prominent examples of such problems are tbe city of Wasb
inlton and the Pentagon. Stran1ers to each of these places 
find it extremely difficult to orient themselves. It is neces
sary for them to unlearn orientation schemes based on right 
angle layouts and to leam other appropriate techniques 
before they can get about without difficulty • • • •  

"The most efficient layout of a spacecraft deeigned for 
multiple occupancy probably will not be rectanaular. It 
will be necessary for occupants to leam to move contln• 
uously in three-dimensional space and not on a sinal• refer
ence or ground plane in any given compartment. Under con· 
dltions of zero G ,  restriction on body positions which apply 
at 1 G will not apply and the most efficient desisn of work 
spaces and the intearation of the locations of the several 
occupants of a given compartment will require a careful 
consideration of the additional flexibility afforded by the 
wei1htless state.... Such problems must be considered in 
plannin1 trainin1 pro1rams for the future occupants of such 
an environment. [ Further discussion of problems associated 
with work space layout will be found in the next Section. )" 

In view of the fact that wei1htleasness does markedly affect other 

sensory systems of the body, the role of vision in maintainin1 effective 

performance in space fliaht is extremely important. The results of 

short exposures to weightlessness have demonstrated that individuals 

probably can perform effectively in space if they are selected care· 

fully. Whether these same individuals can perform as well for ex· 

tended periods has yet to be determined. 

If a space traveler in a completely weiahtless state were to 

maintain a riaid postural position, he probably would be able to orient 

himself properly solely with his visual mechanism. It is absurd to 
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assume , howeve r ,  that such a condition would exist exc ept for brief 

inte rvals . If the head is moved in sub-gravity conditions the r e  is 

evidence indicating that visual perception will be affected by the action 

of the semicircula r canals and otolith o rgans of th e inner ear. These 

effe cts usually a r e  in the form of illuso ry movement of su r roundina 

objects (oculoagravic illusion) , ve rtigo, and gene ral diso rientation 

(G raybiel , 1952; Gerathewohl, 1953; G e rathewohl & Stallings, 1958). 

Th ese ph enomena have been t reated adequately elsewhere (Gerathewohl, 

1959; Lofte rs & Hamme r, 1961; Schock, 1958a, 1958b) so a detailed 

discussion is not attempted here. One fact which should be empha

siz ed, howeve r, is that an individual in a weightless state may not be 

able to rec ognize c ertain of these visual illusions, as such, until after 

a considerable lag. Hence, any potential astronaut should underao 

extensive training and indoctrination to prevent any incapacitation due 

to these effects. 

There appear to be three basic methods of dealing with the 

problem of weightlessneu. The first and most obvious is simply to 

do nothing about it, in which case the onus is on the astronaut to learn 

to live with it. A second method h to create an artificial 11down11 which 

may be accomplished with the use of magnetic shoes in conjunction with 

an appropriately designed cabin interior. Work along these lines has 

been done by Simons (1959). When such a technique was used there 

was a strong sensation of foot-down orientation. This sensation was 

so strong according to Simons that, 11When one subject walked on the 
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ceiling and one on the floo r ,  the foot -down o rientation again ove r rode 

any s ensation of disorientation and each man appeared upside-down to 

the othe r . " In thi s  regard it might be of inte re st to s tudy the effect 

of s ustained pres sure on various pa rts of the body , e . g . , the feet on 

the ove r-all perception of the visual world.  Such stud ie s  would be 

germaine both to th e p sycho-physiological p roce s s  involved and to the 

de s ign of diap1ay sy stem s .  

A third method th at has received wide attention i s  that of c reating 

an artificial a ravity by means of slowly rotatina an entire vehicle o r  

platfo rm . Although from a technical standpoint such a system is en

tirely feasible , the stre s s e s  which it p resents to the occupants may 

be severe . An excellent study performed recently in Pensacola pe r

tains directly to thi s  problem (Clark lc G raybiel , 1960; Grayblel , 

C lark , lc Zar riello , 1960). In these experiment s a nearly c ircular ,  

windowle s s  room , 15 feet in diameter ,  was con st ructed around the 

center post  of a human centrifuge . The room contained complete 

living facilitie s for four peuons . Subj ect. were rotated in this room 

for pe riods up to th ree days at angula r ve locitie s  ranging from 1. 71 

to 10 rpm. These speeds were chosen primarily to sample the ranae 

that might be used in manned space platforms . 

The r e s ults indicated that strona oculoayral , oculoa ravic , and 

carioUs illusions were p re sent in all normal subject s , but that they 

often disappeared at the end of the fir st or second day of rotation. 

In addition , the subjects experienced othe r symptoms such as 

malaise , apathy, and nausea . In some in stance s , the symptoms were 
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so severe that the subjects w ere unable to carry on. Adaptation , how

ever, " • • .  occu rred ove r  periods of hours to days and the symptoms 

either di sappea red or were reduc ed in severity . 11 

An obvious conclusion from thi s  expe rimental p rocedure using 

the rotation room is that the subjects were exposed to substantial 

amounts of stre s s , pa rticula rly at the highe r rotational velocitie s .  

Furthe rmo re, it would appear that the inte rmittent stimulation of the 

semici rcular canals i s  the dominant facto r in the s ituation. This 

conclusion is s uppo rted by the fact that the s ignificant stimulus was 

angular acceleration , and the additional fact that a subject who had 

lost the function of th e semici rcular canals , along with other sensory 

o rgans of the inne r ears , did not experience  thes e  symptoms. 

Although this study was conce rne d with many diffe rent param

eters , the visual illusions exp erienced by the aubj ects are capable of 

inducing seve re diso rientation for the unwary subject . 

If , in the futur e ,  a space vehicle or  platform iB utilized which 

inco rporate s con stant angular rotation , extreme care must be given 

to the de sign of the inte rio r so as to minimize , if poasible , some of 

the effect s just de s c ribed. 

It would appea r ,  on the basis of available expe rimental evidence, 

that man wil l  be able to function adequately in the absence of gravity . 

Further support for this comes from the manned shots of the United 

State s and the USSR . Future orbital shot s  should dete rmine whether 

th e re a re unanticipated effe cts produced by long-term exposure . 
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Vilual Problema within the Space Vehicle 

In any vehicle, whether it be an automobile, train, aircraft, or 

apace ship, certain information iB required by the operator in order 

to effect successful control. " • • • . Instrument display problema as such 

are not novel. In apace flight • . .  " however, the absence of gravity, 

the presence of various accelerative forces, and other unique features 

of apace pose certain display problema which are novel. The following 

paragraph a contain brief discussion• of eome of these problema. 

"Frequently, technique• for the visual communication 
of information in a terrestrial environment are to some 
extent dependent upon orientation of the display with re• 
apect to the vertical. Even more often, the orientation 
of the diaplay with respect to the position of the observer 
iB of importance . It is often true that instrument indi· 
catora and printed material eometimes may be interpreted 
with the observer in any relative position, but interpre
tation is accomplished only with difficulty and with a con
siderable increase in the probability of error when the 
orientation of the observer with respect to the display is 
not the usual one. Much of the difficulty which is en
countered may be attributed to conventional training and 
experience. In a spacecraft there will be long periods in 
which there is no acceleration and consequently no "up." 
It may prove undeairable or impractical to design the 
interior of a apace vehicle, particularly if there is more 
than one man in the crew, so that there is any consistent 
viaual "up. " [ In such instances, ] it may be necessary to 
deaign visual displays  so that they can readily be inter• 
preted by an observer in any position with respect to the 
display . This will require that all information in the dia
play be dependent upon relations hips among elements of 
the dhplay itself without relation to any part of the back
ground or surround. Individual elements within the dis• 
play must have unique , recognizable characteristics which 
are independent of their position . It will be necessary to 
conduct extensive training of crew members 10 that they 
can dhcriminate relations within the display for any dh· 
play orientation . Visual coding by color and shape factors 
which are independent of position will be of importance." 
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On the othe r hand ,  it may be deairable for psychological reaaons 

to maintain a diap1ay de sign s imilar to tho se utilized in airc raft and 

aboard ahip s . As  was dis cuased earlie r ,  vi sual orientation during 

weightleaaneas is influenced markedly by the wearing of magnetic 

shoe s (Simona , 1 9 59 ) . In such caaea , "down" ia whe re the feet a re .  

Although thia ia not aimulated g ravity , and the individual can atill 

walk on the ceiling as easily aa on the floor ,  a diaplay syatem which 

is de signed within a fixed aet of coordinate• may be of t remendous 

psychological advantage. Not only would it pe rmit the astronaut to 

live in surrounding• of a mo re conventional nature , thua reinforcing 

his  paychological stability in a s tre uful situation , but the p robability 

of ope rational errors  would be le s a .  

Regardless of whether  the information required by the aatronaut 

ia di aplayed in a conventional manner or in a novel arrangement , there 

may be ce rtain instancea  in  which i t  h de sirable to have a particula r  

display which maintain• a constant orientation irreapective o f  the 

poaition or  location of the obae rve r .  One meana of accompliahing thia 

i a  for the di aplay to be attached to the obs e rve r .  Cathode- ray tube 

development i a  auch that miniature tube s (le s s  than 1 inch in diameter ) 

are  readily available which have a reaolution facto r of 500- 1 , 000 linea 

pe r inch. Such a tube in conjunction with a lightweight optical ayatem 

can be mounted easily on the head . Thia syatem would permit the die

playing of any type of information which can be shown in a conventional 

conaole with the added advantage of a con stant orientation with reapect 

2.1 
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to the observer regardles s  of ac celeration , weightle s snes s ,  o r  angular 

rotation, A working prototype of such a system is  presently under1oin1 

evaluation in an industrial laborato ry (Hall k Mille r ,  1960), 

"The exact nature  of the visual displays utiliaed in a 
space ship will depend on precisely what ope rations man 
is expected to perfo rm . , . [during ] a given mission . , • •  
[ The mis sion will , of course, J determine the nature 
of information which . , . will (be required). A statement 
. , • [as to what the required information will be , the refo re , 
must wait until  specifi c  mission s a re decided upon, ] Cer
tain general que stions may be posed , howeve r ,  such as 
wheth e r  o r  not the man will be required to conceptualize 
hi s vehicle situation in such a way that he can explicitly 
state naviaational problems and generate solutions for 
them in terms of available information , o r  wheth e r  all of 
his problem solution effort s  will be in t erms of the use of 
formula s ,  the bases for which he is not required to unde r
stand . The answer to s uch a general question as this will 
lead to mor e  specific que stions  such as whether  or not 
pictorial di splays may be useful in the presentation of in
formation . It seems probable that in certain • • •  [ domains ] 
it will be impou ible for a man to inte rpret information 
which he receives  by di rect external vision o r  from a 
pictorial type of information pre s entation . In othe r situ
ations such as the te rminal atage s  of a soft landing , direct 
or  synthetic pictorial info rmation may provide a [ satisfactory) 
basis for rapid analysis of the s ituation by a man . The kind 
of information neces sary for the understanding of a complex 
situation which is unique in te rre st rial experi ence pose s  an 
inte re sting problem in the subject of complex perceptual 
proc e s s e s, Nonlinear di splays and othe r  relatively novel 
display characte ristics  should not be overlooked o r  ne1lected 
in attempting to find an adequate solution to • • •  [ such problems ]. " 

"The problem of orientation in a spacecraft w ill depend primarily 

on visual cue s in the absence of reliable ve stibular , , • , tactual , and 

kineathetic cue s which are  dependent upon a gravitational field . " There-

fo re , the enginee ring des ign of the di splay system must be such that 

the visual system is utilized optimally. As a result of the perceptual 

illus ions  di s c us s ed earlie r ,  there will sometimes be , as in conventional 

2.2. 
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flying , ma rked conflict s between what the astronaut 1 1 feels 1 1  and what 

the inst ruments tell him . A very intere sting study along the s e  line s 

was made by Johnson and Williams. It was conce rned -with the 

relation ship between the degree of confidence with which a pe rson 

accepts the information provided by hla visual field and his pe rception 

of motion di rection , It wa s found that 1 1de etroyina a person • •  confidence 

in what he s ees doe s make a difference , a t  least in this situation, in 

whethe r he re sponde on the ba sh of visual cues or on the basis of some 

oth er available cues ,  presumable vestibular and kinesthetic (Johnson 

lc Williams , 1 949) . 1 1 It was found furth e r  that the more re ali stic a 

display ,  the mo re it was relied upon by obse rvers , It is ,  therefore , 

extremely important to de sign the display systems in space vehicle s 

so as to maximize the p robability that the u s e r  will rely on it rather 

than on physiological cues which in many instance s  ar e e r roneous , 

Even thouah the man may be well awa re of the s e  conflict s a s  a result 

of t raining , he will need to be reassured constantly as to the true state 

of conditions both inside and outs ide the ship . In such a sy stem quick 

readout facilities  will be e nential . 

In addition to the conventional display requi rements the re a re 

numerous novel a spect s  of . apace flight which must be di splayed; i.e., 

ecologic al systems , unique navigational p roblem s , radiation levels , 

compute r readouts , etc . The s e  facto r s  have been dis cus sed in detail 

elsewhe re (Hopkins , Baue rachmidt , lc Ander eon , 1 960 ;  Kahn , 1 957 ) 

and hence are  not reiterated he re . It would seem that although most 
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of the display problema of apace flight can be solved by conventional 

technique s .  the re are certain novel problema remaining to be solved. 

Many of the se will . of course . be worked out durin1 early orbital 

flights . 

Additional Visual P roblema Related to Space Fli1ht 

The re are several visual problema that do not fall conveniently 

into any of the preceding sections . 

1 .  Monitorin1 and Vi1ilance 

The te rms monitoring and vigilance often are used interchan1e• 

ably . whereas . in fact . they are really two different problema .  In 

monitoring . the observer usually is dealinl with several •ianala or  

input s • and the job is one of continually a88e88inl their state and notin1 

any change s .  Vigilance . on the other hand . baa been defined a• "a 

probability of signal detection (Je riaon .  1959) . "  In sustained apace. 

fli1ht these problema are basically the same as those  in conventional 

craft . except that the responses  may be more critical . Althouah 

monitorin1 and vi1ilance are intimately associated with such complex 

problema a• fatlaue . boredom . atrea a .  confinement , isolation , etc . , 

no attempt i s  made to examine these relationships he re . In a apace 

ship , the operato r ' •  task in regard to the display system consists 

chiefly of monitorinl • It is es sential . the refor e .  to have well-deaiped 

warnin1 or attention-getting signals for purposes of alertinl • Inasmuch 

as the visual system may be utiliaed continuously for routine operations . 
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it probably will  be desirable to employ various auditory wa rning signals 

in addition to the conventional lighting system. Auditory s ignals have 

th e further  advantage that the ear is not as susceptible to anoxia and 

noxious fumes as is the eye . The r efo re ,  when the astronaut falls to 

re spond to a visual warning s ignal , an auditory back- up signal could 

be utiliz ed in ext reme eme rgencie s . In addition , it may be desi rable 

to have o.ccasional simulated eme rgencie s which are e ither rare or of 

an unexpected nature .  Fo r a detailed review of pe rtinent lite rature 

on vigilance and monitoring , see McGrath , Ha rabedian , lr Buckne r , 

1 959 . 

Z .  Empty Field Myopia 

About ten yea rs  ago Whites ide ( 1 953 )  determined that ln the 

abs ence of vis ible detail in the field , the eye become • myopic , Con

s iderable work since  has been pe rformed in this a rea with re spect to 

vi sibility and high -altitude flight ( B rown , 1 9 5 3 ;  Mille r , 1 95 9 ;  Mille r 

lr Ludvigh , 1 9 6 1 ) ,  "The abs ence of any oth e r  element s  of detail in the 

vi sual field may prove to be no problem in space flight outside the 

e a rth 1 s  atmosphere . The lack of atmospheric dispe r sion wUl pe rmit 

constant vis ibility of stars . The s e  should afford ample cue s for 

distance accommodation ( l) rown , 1 96 1 ) . "  

3 .  High C ont rast 

" In the absence of any diffus ion as  found in the earth 1s atmo s 

phere , i t  may be predicted that contrast within the vi sual field will be 

much greate r  than that to whi ch we are no rmally accustomed , , , , [In 
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addition: to causing problems pe rtaining to interio r illumination and 

fatigue , th� high contrast ] may influence judgments  of s ize  and distance 

outside of t�e apace veh icle during landing on bodies  having no atmos 

phere  o r  during r endezvous with oth e r  vehicles .  [ Thes e  p roblema will 

become pa rticularly manifest  when judgments of absolute els e  and 

distance are  involved .  Such judgment s are  gene rally acknowled1ed to 

be quite :poor . ] " 

4 .  Visual Detection 

"In aearchin1 for relatively s mall tar1et vehicles in apace , the 

lack of dispe rs ion of light in the abs ence of an atmosphere [ . although 

c reating ce rtain problema in regard to contrast , ] may [ actually] prove 

. • • [ to bfJ benefic ial . ] The brightnes s  of the background will be approxi

mately one -tenth the brightne a a  of the sky on a moonlit night . The 

object for which the search is being made will be illuminated by re

flected light from the sun and will thus cons ist of  a light spot on a dark 

field . Visual acuity i s  not a limiting factor in thia cas e . Visibility will 

be limited solely by the amount of available energy in the vis ible range 

reflected from th e target . [ In the event , however ,  that the relative 

positions of the two vehicle s are  such that the object to be s ighted is  

not markedly brighte r , the problem may be extreme ly difficult .l . , . 

The p robability of detection in this  kind of situation will depend upon 

the actual amount of light reflected from the ta rget , the familiarity of 

the obse rve r with the sta r  patte rn in which the target is to be detected , 

and the relative s ize  of the vis ual  field in which s earch must be 

conducted . . • . 1 1 
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A re cent study by Hall , B rown , Payne , and Rogera  ( 1 960) re 

vealed that in a s ituation in which an obs e rver was confronted with 

various patte rns of dots having the same intensities , a la r1e numbe r  

of dota we re seen pe riodically a s  being brighte r than the othe rs . In

a smuch as  all s uch reports were false , it sugge sts that the probability 

of dete ction of a space vehicle whos e  reflected light is  s imilar to var 

ious stars  in the backg roWld will b e  ve ry low Wlle a s  high - inten sity 

light sources  or reflecto rs a re employed . It would seem alao that any 

such light sources or  reflectors  should be designed with respect to 

frequency and wave length ao as  to p re s ent a s ignal that is  easily di.a 

tinguishable from the backg round . 

The p roblem of visual detection o r  rendezvous in apace is  further  

complicated by the fact that i f  the two vehicles are  in  o rbit they will be 

going continually through a light -da rk cycle . The existence of this 

con stant fluctuation in illumination rai s e s  the question of whether ove r 

haul ( rendezvous )  should b e  made i n  the light or  dark phau . Studie• 

should be pe rfo rmed to determine the impo rtant paramete r•  involved 

in th ree -dimens ional tracking in both illuminated and darkened visual 

fields . 

5 .  Pe rception of Motion 

As sugge sted above , achieving a rendezvous in apace with an 

object o r  o rbiting vehicle i s  an exc eedingly difficult task . Other 

problem a reas which are involved a re dis cus sed in the next Section . 

If the visual capabilitie s  of man are to be utiliz ed in the terminal 
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stage s of such a task , it will be nece s sary for him to pe rform such 

functions as e stin:'ating closing rate s ,  dir ection of moveme nt , and 

other functions  pe rtaining speci fical ly to the p roblem of motion percep

tion. Thi s  is pa rticularly t rue in the event that man attempts  to navi

gate from one vehicle to another , using some type of s elf-contained 

p ropulaion syste m .  

Although motion perception h a s  been studied extensively by 

nume rous investigator s , ve ry little wo rk has been done in which the 

te st object s  we re systematically viewed a1ainst a homogeneous back

ground , eithe r empty or unifo rmly patterned. Several pertinent ex

pe riments ,  however ,  were conducted by Duncker ( 1 929 )  and later by 

Oppenheimer ( 1 93 4) . The s e  wo rke rs  investigated such problema as 

the pe rception of the direction of motion and the relative motion of 

two targets in a totally dark room . Mo re recently , similar experi

ments have been conducted by Miller and Hall ( 1 96 1 ) ,  Mille r and 

Ludvigh ( 1 96 1 ) ,  and Bake r ( 1 960) . Bake r ' s  work conce rns the ability 

of an obs e rver  to judge whethe r an object in an empty vi sual field is 

app roaching or receding as a function of velocity and visual an1le , 

while the wo rk of Mille r and Ludvigh concerns the displacement 

thre shold and the relative motion of two objects in the Ganzfeld . Much 

more res earch is needed in thi s  a rea in order to determine the poten

tial capabilities  of a man in tasks of thi s  type. 
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Utiliz ing Man ' s  Vis ion in Space 

The justification of  placing man in  apace has  in  the recent put 

evoked much heated dia cua aion . The final decision to put him the re 

has been made , howeve r ,  so the que stion ia  now mainly one of academic 

inte reat . A s econd que stion which is  pertinent and require s  much 

ae rioua conside ration i s :  To what u s e  shall man b e  put s o  as t o  "earn 

hi e keep" ? As Westbrook ( 1 959 )  says , " Man  has ce rtain physical 

limitations which are a drawback in certain cases . He has a slow 

re aponae in comparison to ce rtain servo ayatema . Hia attention 

wanders  and he makes mi stakes . He needs rest , relaxation , and 

refre shment . On the pos itive aide , w e  can mention hie wide versatility 

as a a enaing system , hie  computing and judgment ability , and hla 

adaptive optimalizing servo characteristic s .  Finally , we could mention 

the regenerative or self- repairing cha racteristics of man in which , 

afte r rest  and food , the body and mind are  fitted again for another 

pe riod . " 

Some of the pos s ible situations a re now examined in which man ' •  

vi sion may b e  found us eful , i n  addition to thos e tasks associated with 

maintenanc e and the routine monitoring of instrument s . 

' ' Launch 

"One of the few functions to which a human operator might 
. . •  contribute during launch is the achievement [ , monitorins , ] 
and maintenance of prope r vehicle attitude . • • •  During this 
phase  of flight , obs e rvation and reconnais sance functions 
outside of the vehicle may be diamia sed a a of nesligible 
importance .  It w ill be ne cessary to maintain proper [ pitch , ) 
roll , and yaw angle s ,  and to fol low a presc ribed flight path . 
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Outside vis ion may afford refe rence fo r s ome of these  
functions in  the form of  the horizon o r  stars . Howeve r ,  
particularly at night , booste r fla re may reduce visual 
capability . Instrument s ,  [ howeve r , ) will afford a more 
complete and precise reference . .  • • Althou1h exte rnal 
vi sion may provide a p rimary reference in the initial 
stages of a horizontal launch , it probably should be con
side red of impo rtance only as seconda ry or  as  a backup 
reference du ring launch in most othe r circumstances . 
Some external cue s , such as steam clouds from correctly 
functioning reaction nozzles , may affo rd indications of 
prope r vehicle function during launch as well as durin1 
other phase s of flight . The checking of the s e  indications , 
howeve r ,  should not involve unique or  difficult vi sual 
perception tasks . 1 1  

"O rbit 

"The human eye can be a ssumed to pos s e s s  a resolution 
capability of between one and ten minutes  of arc for a 
wide range of illumination conditions .  The recognition 
of a patte rn which includes a numbe r of identifiable char
acte ristic s may be assumed possible i f  distinguishing 
elements of the patte rn subtend visual angle s of ten 
minute s or arc or mo re at the eye of the obse rver [ and 
the illumination and cont rast conditions a re satisfactory) . 
The requi red length of an object in feet to meet thi s  c rite rion 
is equal to fifteen times the distance of the observe r in mile s , 
At an altitude of 1 00 miles the horizontal linea r dimensions 
of recognizable objects or patte rned elements should 
therefore be of the orde r  of 1 ,  500 feet . Geographical 
features will meet this c rite rion fo r direct vis ion . Many 
man-made obj ects will not . When a periscope which pro
vides magnification i s  available many mo re objects on the 
ea rth 's surface  will become re solvable , but �he duration 
of time the object is within the field of the pe riscope will 
be substantially reduced if th e pe riscope is fixed in relation 
to the vehicle and doe s not t rack a g round point . It has 
been e stimated that , under  ce rtain conditions , an obj ect 
imbedded in a patte rn should be expos ed for twelve seconds 
in a stationa ry di splay to maximize the probability of its 
detection ( Boynton , Elswo rth , lr Palme r ,  1 958) . Malni
fication of small objects (ZO to 30 feet in length) to the 
point wh ere  they become resolvable may reduce th e time 
they a re visible to one or two seconds , or even a fraction 
of a second and in addition they will be part of a pattern 
which is moving rapidly ove r the vi s ual field. Inc reases 
in magnification will • • .  ( have the additional effect of 
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increas ing angular velocity. Several studies have shown 
that visual acuity under such conditions will ] be affected 
at rates as low as 30 - 40 degrees per second (Ludvigh &.: 
Miller, 1 958 ;  Miller, 1958 ) . Swartz, Obermayer, &.: Muckier 
( 1959) have analyzed the problems of reconnaissance in 
considerable detail for orbital vehicles at altitudes from 
100 miles to over ZZ , 000 miles. [These authors state 
that "the effectivenes s  of even the best man-optical system 
in performing reconnaissance is certainly questionable. 
Thus , feas ibility of including an optical system in an orbital 
vehicle i s  certainly dimini shed. "] It may be concluded [, 
therefore, ] that the visual observation of man-made objects, 
unless these are fairly large (e. g. , cities, highways,  rail
roads )  will not be a practical pos sibility from an orbiting 
satellite • 11 

110rbital Rendezvous 

" [ As suggested previously) a problem of considerable 
importance within the very near future will be that of 
reaching an orbital vehicle with another vehicle launched 
at a later time. The creation of an orbiting apace station 
of any appreciable size will probably require a step by step 
construction procedure in which part at a time is placed in 
orbit. The problem will be to place those parts which are 
launched subsequent to the first not only in the same orbit, 
but at the same point in that orbit. The accuracy required 
with respect to trajectory and burnout velocity to accomplish 
this within miles affords a tremendous challenge. Terminal 
rendezvous will require a system within the rendezvousing 
vehicle which can assess the error which exists between 
ita orbit and position and those of ita target. The system 
then must afford controlled application of thrust which will 
correct the error in order to achieve the terminal rendezvous. 11 

For example, assuming that two vehicles are travelin1 in the 

same orbit about the earth but at some distance apart, if one speeds 

up to catch the other he will find himself going too fast for that orbit 

and thus will rise to a higher one. In a higher orbit he must go at a 

lower speed , however, and so instead of gaining he falls farther 

behind. Now, if he slows down further, he will fall to a lower orbit 

where he will go at a higher speed , If the orbit is low enough he will 
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c atch up , but will be too low and going too fast , so that he will soon 

pass the other vehicle . Now , however, if he 8pee ds up properly he 

will rise to the original orbit and thus slow down , and if lucky will 

reach the other vehicle. If he ia not lucky the process will have to 

be repeated , It i• clear that achi evin1 a rendezvou• in space, either 

with another vehicle or with a space platform, is indeed a difficult 

proposition . As DuBridge ( 1 960)  points out in a recent book , one 

should be skeptical when di s cus s ing the us e of stationary platform• 

" anchored in space. " The nearest approach to a stationary platform 

rotating about the earth would be one in a l6 , 000 - mile orbit , with a 

Z4-hour period equal to the earth 's rotational speed . Such an object 

will appear to be stationary only if the orbit is exactly circular , at 

the ri1ht hei&ht , and exactly in the plane of the earth ' s equator .  Even 

so, a c c ording to DuB ridge , " it h traveling at 6 ,  800 miles per hour, 

and ia not something you can easily hop on and off of like a •low 

streetcar . "  

"It il quite possible that a man , employin1 direct vis ion , may 

be included in such a system" as sug1e•ted earlier in the discus sion 

of motion perception. Althou1h some of the vi s ual problems en

countered here are similar to those in fo rmation fiyin1 and ai rc raft 

r endezvous , the la ck of an earth reference and the velocity problems 

just mentioned make any jud1ments more critical , If a human can be 

employed in the final stages of rendezvous it mi&ht simplify certain 

aspects of the navigational system due to the fact that the required 
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tole ranc e s  would be eas ed. " It would seem des i rable to study this  

problem in th e labo ratory in a s imulated setting , 1 1 particularly with 

re spect to advanc e training of a stronauts for such mie sion s .  

[Detection o f  Othe r Vehicle s in Space ] 

" External vi sual obse rvations  for the purpo s e  of detecting 
other  space vehicle s  or objects  in space may be conside red 
of negligible impo rtanc e except in s ituations where contact 
with such vehicle s or objects  has been specifically planned. 
Relative velocity between two objects inc rea s e s  rapidly as  
their o rbit s deviate and the amount of  time in  which an  ob
ject the s ize of a space vehicle  ( e . g . , 50 to 1 00 feet in 
diamete r )  would be visible dec reas e s  commensurately .  
Vehicle s will not be placed in orbit to s earch for othe r  
vehic les  that a r e  not al ready known to b e  in a specific orbit , 
and vehicle s already in orbit may expect to be app roa ched 
by othe r  vehicles in a restricted manner . The approaching 
vehicles will be assuming e s s entially the eame orbit ae the 
ta rget , p robably even when their mis s ion is  hoetile . The 
ac curacy requirements considered in conjunction with time 
available for correction in almost any other  case  will be 
beyond practical limits for some time to come . " 

[Astronomical Obs ervations ] 

"Visual observation of stars  from an orbiting vehicle 
may be of con s ide rable importance for the purpoee of fixing 
po sition. Visual astronomical obe ervatione will probably 
not be of scientific importance ,  howeve r .  Although an 
orbiting vehicle may be above the earth '• atmoephere and 
hence will be exposed to approximately 30  per cent mo re 
vi s ible light in addition to whi ch observation• will not be 
subject to atmosphe ric shimme r ,  the re a re othe r facto r• 
which will minimiz e the impo rtance of astronomical ob
se rvations. In the first  place ,  cons ide rable attenuation 
of the available ene rgy will be necessa ry to afford pro
tection of the man from ultraviolet [ and infrared) radiation 
[a s  mentioned in a p revious s ection) . The nature of ma
te rials required in any system which permits vi lion outside 
of a space vehicle will be dictated to some extent by the 
requirement that the vehicle ' s  s tructural integrity be main
tained. Thi s  will also result in the attenuation of available 
vi sible ene rgy .  In addition to required attenuation of enerJY , 
it will not be pos s ible to include tele scopes which beain to 
approach the siz e  of te rre st rial installation• in orbitin1 
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vehicle s .  Finally , the maintenance of stability in a manned 
orbital vehicle of mode rate size will pose  a se rious problem 
for astronomical observation s of pr ecision . " 

" Lunar and Inte rplanetary Flights 

" During the major portion of an earth -lunar , or  inte r
planetary flight, there will be no available horizon or 
ground plane to provide a reference fo r visual observations .  
Exte rnal vis ual obs e rvations of the stars and planets may 
be of importance to check position and cour se a s  a check 
on the stellar guidance system which may be us ed , • •  , "  

The brief orbital flights and ballistic shots achieved thus far 

indicate that man does  not los e  his  intellectual abilities ,  and that he 

can control and interpret displays unde r space flight conditions . It 

is  not unrea sonable , therefore , to suppose that he could pe rform cer-

tain navigational tasks  based upon a mixture of  direct sensory data 

and inst rumental data . " Such obse rvations will require t rainin1 in the 

recognition of celestial patte rns and in the nature of chan1•• in patterns 

with respect to positions of planets which will oc cur on a specific flight . 

Such training may be accomplished in a specially de si1ned planetarium 

which can s imulate an appropriately movin1 point of  observation . "  

" Landing 

" The nature of exte rnal vi sual task s which may be re
quired of a pilot during landing will vary with the conditions 
unde r which the landing is made . In many circumstances 
landing will be initiated from o rbital flight around the tar1et 
by fir ina a rocket which i s  oriented to reduce o rbital velocity . 
This will re sult in a vehicle falling in toward the surface of 
the target . The timing of firina of a retroarade rocket must 
be carefully controlled in o rde r to land in the de s ired area . 
Such timing i s  be st  cont rolled from the a round where  pre
cise fixe s of o rbital vehicle position can be made . G round 
suppo rt will not always be available , however , and vehicle 
position may be marked visually by obse rvation of t rans it 
of some recognizable landmark on the su rface . The deviation 
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of surface pos ition • . •  by five miles for each s econd of 
e r ror in fi ring of a retrorocket i s  not ext reme so that 
timing of fi rina by a man in the vehicle might be within 
nece s sa ry limits of accuracy . Landing from orbit about 
a relatively unknown planet or  moon will be far mo re 
difficult than landing on the s urface of the earth . It will 
be difficult to se lect app rop riate landma rks when the 
characte r of the surface is relatively unknown and the 
relative pos ition of available landmarks with re spect to 
a des irable launching s ite a re not known . ( Wheneve r 
pos s ible such landings will be controlled by automatic 
sensing devices .] Several reconnais s ance orbits may' 

[ • howeve r , ] afford visual information upon which some 
decbion can be made . For purpose s  of communication 
the earth - s ide of a distant body may be prefe rred . The 
relative difficulty of final s election of a desired landing 
site will be reduced with reductions • • •  [ in g round spe ed] . 
The extent to which it may be reduced or eliminated will 
depend upon the nature of the landing . 

"If the taraet has an atmosphere , such as the earth , 
the atmosphere will be utilized for decele ration of the 
vehicle prior to  landina . Landing may be accomplished 
by ae rodynamic control a s  in the case of conventional 
ai rcraft and the X l 5. re search vehicle . In this case it 
will be neceuary for the pilot to maintain continuous 
cont rol . Limits of dynamic pre s sure , acceleration , 
and heating must not be exceeded and it s eems p robable 
that the human pilot can function in this kind of s ituation . 
Durin& the early stages of re- ent ry into an atmosphere . 
instruments will probably provide the best source of 
information for the control task . In the final staaes when 
speed has been reduced and actual landin& is about to be 
made , exte mal visibility of the s urface upon which the 
landing i s  to be accomplished and the sur roundin& terrain 
can be expected to be impo rtant for selection of the final 
location or for alterations in the point of touchdown . 

"In addition to pilot- cont rolled aerodynamic landings .  
ae rodynamic landings which involve a hi&h-draa capsule 
must be considered . In this  case , les s  control can be 
effected by the occupant of such a vehicle . Some cont rol 
will be poss ible • howeve r .  by alteration of capsule attitude 
or by the use of reaction nozzle s for modest alterations of 
flight path . It is unlikely that exte rnal vision will provide 
a refe rence here , but it is at least a possibility in the 
final stage s . In the last staae of such a landina a parachute 
probably will be deployed . This will be controlled 

3 5  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

V i s u a l  P r o b l e m s  o f  S p a c e  T r a v e l ;  R e p o r t  o f  W o r k i n g  G r o u p  v ,  A r m e d  F o r c e s - N R C  C o m m i t t e e  o n  V i s i o n .  E d i t e d  b y  J a m e s  W .  M i l l e r
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 8 4 2 2

http://www.nap.edu/catalog.php?record_id=18422


automatically . If the a utomatic system should fail the pilot 
may effect pa rachute release  when an approp riate altitude 
and speed have been achieved . It is doubtful that the point 
of relea s e  will be dete rmined by exte rnal vi sual r efe rence 
except as an emergency backup . This will be difficult over  
wate r and othe r a reas with relatively homogeneous surfaces . 

"In the abs ence of a suitable combination of atmosphere , 
1ravitational field , and vehicle design , landing will have to 
be effected by Ule application of a reaction th rust  to slow 
the vehicle . When such a landing is  made from orbit , it 
will involve initial ret rofiring to drop out of o rbit , followed 
by the continued application of retrograde th rust to · reduce 
beth vertical and horizontal component s of velocity with 
re spect to the s urface of the target . The horizontal velocity 
may be reduced to z e ro in a variety of ways somewhat a rbi
trarily . The vertical velocity , howeve r ,  must be so con
trolled for a • • •  given accele ration field that it w ill Just be 
reduced to a value which is s ufficiently low at impact so 
that no damage to the vehicle or injury to the vehicle occu
pant will occu r .  It will be wasteful of powe r to reduce 
velocity too rapidly . The satisfacto ry solution of this 
problem will requi re info rmation concerning altitude , 
velocity and accele ration of the vehicle during de scent .  
It seems questionable that the efficient solution of this  
problem will be pos sible by means of  direct visual refer
ence without the availability of  othe r information . It is  a 
pos sibility , howeve r ,  which should be examined furthe r .  
A dominating concern in s election of an optimum method 
of landing will conce rn economy of ene rgy . In the final 
stase of a landing direct vi sion may be e s s ential for a 
decis ion as to the adequacy of the landins s ite . 1 1  

Inasmuc h  as  the human eye cannot tell the nature of a surface 

by its reflected light , i . e . , ha rd , soft , ma rshy , etc . , it might prove 

of value to fi re some te st probes  into the g round just p rior to landin1 

as a furthe r aid in s electing an adequate s ite . 

It would appear then that , from the standpoint of human vision , 

flight into space i s  fraught with dange r .  While in a ce rtain s ense this 

is  t rue , it i s  equally apparent that many of the danse r s  can be met 

satisfactorily . In addition , it i s  evident that the visual capacities  of 
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man can be utilized to t remendoua advantase beyond thei r monitorins 

function . If full uu of the eye. i s  made . it may be pouible to reduce 

cona ide rably the tole rance•  required by the nume roua phyaical 

aubayatema . 
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