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1 . In t roduc t i on  

It i s  genera l ly  agreed t h a t  phys io log ica l  monitor ing o f  p i l o t  or 

astronaut status, based on such parameters as the electrocardiogram and 

respi ra t ion,  leaves much t o  be desired in  assessment of broad changes o f  

consciousness from wakefulness t o  deep sleep, and t h a t  such data a r e  even 

less reveal ing o f  t rans ien t  s h i f t s  in a ler tness and focused a t t e n t i o n  

associated w i t h  drowsiness and fat igue, Nor i s  accuracy o f  evaluat ion 

l i k e l y  t o  be improved by informat ion about eye movements, o r  verbal  response 

t o  s p e c i f i c  questioning, There remains a paramount need f o r  a re1 i a b l e  

moni tor ing system capable o f  funct ion ing w i t h  a passive subject, and even 

more importantly, on a non-interference bas is  (Adey, Kado and Walter, 1966) , 

These important requirements in appl ied physiology have t h e i r  counter- 

p a r t  in  s i g n i f i c a n t  questions about bas ic  b r a i n  mechanisms, and t h e i r  

modif i c a t i o n  by exposure o f  the mama1 ian  organism t o  ever- increasing 

per iods o f  weightlessness. 

a l t e r e d  c y c l i n g  i n  the pat terns of  b r a i n  wave a c t i v i t y .  

changes might invo lve the  b r i e f  a le r ted  pat terns occurr ing i n  the few 

seconds required f o r  a d i sc r im ina t i ve  judgment. Others might r e l a t e  t o  

p e r i o d i c i t i e s  i n  sleep-wakefulness cycles, of v i t a l  importance i f  judgment 

and performance l e v e l s  a re  t o  be sustained a t  h igh l e v e l s  i n  long f l i g h t s .  

Most importantly, i t  i s  an uncompromising requirement t h a t  we c o l l e c t  

It would seem reasonable t o  seek evidence for 

Some o f  these 

s u f f i c i e n t  data over an appropr ia te ly  long per iod t o  a l l o w  us t o  d i s t i ngu ish ,  

on the  one hand, changes representing an immediate react ion t o  the sudden 

imposi t ion of weightlessness, t o  which adaptat ion may occur i n  vary ing degree; 

and on the other, the gradual appearance of undesirable changes a f t e r  an 

i n i t i a l  per iod w i t h  a sa t i s fac to ry  phys io log i ca l  status. 
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I n  p u r s u i t  o f  these goals, adequate s imulat ion s tud ies in  animals and 

man a re  essent ia l  f o r  evaluat ion o f  f l i g h t  re la ted  changes. Moreover, since 

f u l l  eva luat ion o f  cen t ra l  nervous funct ion requires use o f  e lectrodes im- 

p lanted d i r e c t l y  i n t o  deep b r a i n  structures, a strong case can be made for  

t he  continued a c q u i s i t i o n  o f  cent ra l  nervous and cardiovascular data in  

h e a v i l y  instrumented subhuman primates (Adey, 1966). Such animal f l i g h t s  

can be construed as a d i r e c t  investment i n  manned f l i g h t  programs, c o n t r i -  

bu t i ng  v i t a l l y  needed informat ion without the p o t e n t i a l  hazards t o  man i n  

the use o f  such deep instrumentation, and w i t h  c o n t i n u i t y  and u n i f o r m i t y  

o f  data a c q u i s i t i o n  not  easy t o  dupl icate in  manned f l i g h t .  

Th i s  paper w i l l  discuss current preparat ions f o r  a 30 day b i o s a t e l l i t e  

f l i g h t  dur ing 1967, and the  data analys is  and d i s p l a y  techniques developed 

f o r  t h i s  f l i g h t  and f o r  analys is  o f  t he  electroencephalogram (EEG) of a 

group o f  astronaut candidates. I t  w i l l  then consider EEG data from the 

i n i t i a l  days o f  the Gemini GT-7 f l i g h t .  

2. Preparations f o r  a 30 day b i o s a t e l l i t e  f l  Ight ,  using a p i g - t a i l  

macaque monkey (Macaca nemestrina) . 
Deta i led data on the  mounting o f  t h i s  experiment has been presented 

elsewhere (Adey, 1966). Designated B i o s a t e l l i t e  D in  the B i o s a t e l l i t e  

Program of  the O f f i c e  o f  Space Science and Appl icat ions o f  the Nat ional  

Aeronautics and Space Administrat ion,  i t  i s  planned t o  o r b i t  a 15 pound 

(6-8 Kg) male p i g - t a i l  macaque f o r  30 days. This  experiment encanpasses 

a gamut from d i r e c t  assessment of v e s t i b u l a r  funct ions in  perception, t o  

h i g h e r  nervous funct ions in  sleep and wakefulness, and in perception, 

recent  memory and v i s u a l  d i sc r im ina t i ve  performance. These cen t ra l  nervous 

s tud ies  have been combined w i t h  per ipheral  measures, inc lud ing electrooculograms, 



1 
I 

-3- 

electranyograms and ga lvan ic  sk in  responses. 

these neural  i nves t i ga t i ons  w i t h  proposed cardiovascular moni tor ing by our 

co- invest igator,  Dr. J, P. k e h a n  of the Department o f  Physiology, Un ive rs i t y  

of  Southern Ca l i f o rn ia ,  and w i t h  ca the te r i za t i on  procedures and u r i n a r y  

analyses by Or,  A. 1. K. Cockett, of the Harbor General Hospi ta l .  

u r i n e  analysts  will be undertaken by Dr. N. Pace, of the  Department o f  

Physiology, U n i v e r s i t y  o f  Ca l i fo rn ia ,  Berkeley, and by Dr. J. Rho, J e t  

Propuls ion Laboratories. Calcium balance s tud ies  w i l l  be performed by 

Dr, P. Mack, Texas Women's Universi ty.  (Fig. 1 ) .  

We have c lose ly  coordinated 

i n - f l i g h t  

a. Central  nervous moni tor ing and implantat ion procedures. 

lmplantat  i on  procedures have been described e l  sewhere (Adey, 1964), 

inc lud ing  d e t a i l s  o f  h i s t o l o g i c a l  con t ro ls  on damage a r i s i n g  i n  b r a i n  

movement r e l a t i v e  t o  the electrodes (Adey, Kado, Winters and DeLucchi, 1963). 

B ipo la r  e lect rodes fonned o f  p a i r s  o f  29 gauge s ta in less  s tee l  tubing, 

insu la ted  except a t  the t i ps ,  and separated by 2.0 mn have been s t e r e o t a x i c a l l y  

inser ted  i n t o  selected deep b r a i n  s t ruc tu res  (Fig. 2). 

obtained frun s ta in less  s tee l  screws i n  the calvarium, and add i t i ona l  screws 

a re  used t o  secure the mass of a c r y l i c  cover ing the  s k u l l  and enclosing 

connecting plugs. 

Surface records are 

It i s  planned t o  record ten  channels of EEG data. These leads have 

been selected, on the  basfs o f  our extenslve s tud ies i n  monkeys, chimpanzees 

and man (Reite, Rhodes, Brown and Adey, 1965; Rhodes, Brown, Walter and 

Adey, 1965; Adey, Rhodes and Kado, 1963; Walter and Adey, 1965), as r e f l e c t i n g  

most s e n s i t i v e l y  changing s ta tes  o f  consciousness, inc lud ing  broad s h i f t s  

in t h e  range from emotional arousal and a l e r t e d  behavior, through drowsiness 

and fa t igue,  t o  ac tua l  sleep. 

stages of  sleep, inc lud ing  dream states. 

They a l so  spec i fy  appropr ia te ly  the var ious 

These leads a re  taken from the  



amygdaloid and hippocampal regions of  the temporal lobe, from the midbrain 

r e t i c u l a r  formation, and from surface leads ove r l y ing  f r o n t a l ,  cent ra l ,  

p a r i e t a l  and o c c i p i t a l  cortex. 

b . E 1 e c t  roocul ogtapb i c 

Assessment o f  o r i e n t i n g  responses places p a r t i c u l a r  s ign i f i cance  on 

and electromyograph i c record ing . 
monitor ing head, eye and t runk  movements, Sa t i s fac to ry  long-term recording 

from electrodes implanted i n  s o f t  t issues requires t h a t  they be r e s i s t a n t  

t o  shearing stresses imposed by movement i n  t i s s u e  planes. When implanted 

i n  muscles, they should not  d e v i t a l i z e  these s t ruc tu res  t o  the p o i n t  of 

inducing scar formation and loss of electromyographic a c t i v i t y .  

A s a t i s f a c t o r y  s o l u t i o n  t o  the shearing problem appears t o  have been 

found in the use o f  stranded sta in less s tee l  wire, composed o f  7 strands o f  

44 gauge wire, and insulated w i t h  s i l i c o n  rubber. Loss of tone i n  ce rv i ca l  

musculature has been found a consistent accompaniment o f  dream sleep s tates 

in  animals and man (Jacobson e t  a1.,1965), so t h a t  i t  w i l l  be important t o  

assess any changes which may occur i n  t o n i c  a c t i v i t y  In ce rv i ca l  musculature 

i n  both waking and sleeping states du r ing  prolonged weightlessness. 

Electrocculogrephic . leads are inser ted through small holes d r i l l e d  i n  

the upper and ou te r  margins o f  the bony o r b i t .  

in monitor ing eye movements during o r i e n t i n g  responses and a l e r t e d  behavior, 

EOG data w i l l  be valuable 

as w e l l  as i n  the  large and rap id movements o f  dream sleep. 

C. Monitors of autonomic responses: ga lvanic  sk in  response, impedance 

pneumoqram, and electrocardiogram, 

Classic sensing techniques f o r  ga lvanic  s k i n  responses .(GSR) are not 

u s u a l l y  required t o  provide data f o r  more than a few hours, so t h a t  special  

techniques were developed t o  record r e l i a b l y  f o r  per iods in  excess o f  30 



-5 - 

days. A 2 cycles per  second square wave, wi th  an amp1 i t ude  o f  a few 

m i l l i v o l t s ,  and appl ied t o  electrodes 1 cm square on the sole o f  the monkey's 

foot has been found a r e l i a b l e  method f o r  per iods i n  excess o f  30 days, 

w i t h  undiminished responses t o  a l e r t i n g  s t i m u l i ,  and in  var ious sleep states, 

even a f t e r  prolonged appl i c a t  ion. 

The impedance pneumogram (ZPG) is attached t o  sensors in  l e f t  and r i g h t  

m i d a x i l l a r y  l ines,  and uses a c a r r i e r  frequency o f  70 Kcs per  second w i t h  

an ampli tude o f  20 mV. Electrocardiographic (EKG) records a r e  secured from 

the same electrodes used f o r  the impedance pneumogram. 

d. Monitor ing o f  cardiovascular functions. 

These inves t i ga t i ons  are under the d i r e c t i o n  o f  D r .  J. P. Meehan, o f  

the Department o f  Physiology, U n i v e r s i t y  o f  Southern Cal i f o r n i a ,  

experience i n  the instrumentat ion o f  two chimpanzee space f l i g h t s  (by Ham and 

Enos) has provided an incomparable background i n  the design and performance 

o f  such experiments. Pressures w i l l  be recorded d i r e c t l y  in  femoral and 

c a r o t i d  a r te r i es ,  i n  the r i g h t  a t r ium and l e f t  v e n t r i c l e ,  by catheters  

connected t o  a t o t a l  o f  s i x  s t r a i n  gauge transducers. 

Dr ,  Meehan's 

Much basel ine data has been co l l ec ted  by Dr .  Meehan i n  prov ing f e a s i b i l i t y  

f o r  a 30 day f l i g h t .  

discharge power source, i n j e c t  approximately 0.003 m l  o f  hepar in s o l u t i o n  

i n t o  each catheter once each minute. 

Small impulse pumps, operat ing f rcm a capaci tor  

e. Ur ine and feces co l l ec t i on ;  i n - f l  i g h t  u r i ne  analysis. 

As  has been emphasized in  r e l a t i o n  t o  extended manned space f l i g h t ,  

successful waste management ranks as a c r i t i c a l  requirement. Moreover, 

u r i n e  and feces ana lys i s  provide v i t a l  informat ion on whole body composition, 

against  which changes i n  such funct ions as s p a t i a l  o r i en ta t i on ,  d i sc r im ina t i ve  

Performance and b i o l o g i c a l  rhy thmic i t y  must be equated If a r e a l i s t i c  appraisal  

o f  performance capabi 1 i t y  i s  t o  be made. 



-6 - 

Extensive invest igat ions by our colleague, D r .  A. T. K, Cockett, o f  

the Harbor General Hospi ta l ,  Los Angeles, have resul ted i n  a technique o f  

per ineal  urethrostomy which a1 lows ready c a t h e t e r i z a t i o n  o f  the bladder, 

and an essent ia l  wa te r t i gh t  system o f  u r i n e  c o l l e c t i o n  whi le  r e t a i n i n g  a 

func t i ona l  sphincter. 

Dr .  Pace, o f  the Department o f  Physiology, U n i v e r s i t y  o f  Ca l i f o rn ia ,  

Berkeley, and D r .  J. Rho, o f  J e t  Propulsion Laboratory, Pasadena, have 

invest igated the f e a s i b i l i t y  of  measuring concentrat ion o f  calcium, creat ine,  

c r e a t i n i n e  and pH i n  u r i n e  sampled en route t o  storage i n  the adapter 

sect ion o f  the vehicle. The readings w i l l  be telemetered every 6 hours. 

Feces c o l l e c t i o n  i n  the weightless s t a t e  presents special problems, 

Our laboratory  has evolved a technique, which, in  t e r r e s t r i a l  test ing,  

appears t o  ensure r e l i a b l e  t r a n s f e r  t o  a co l lector -can behind the couch. 

An accurate ly  moulded s o f t  rubber pad i s  backed by  a r i g i d  plate,  which i s  

screwed t o  the i s c h i a l  tuberos i t ies.  A f l e x i b l e  hose connects t h i s  p l a t e  

w i t h  the c o l l e c t o r ,  and i s  f lushed w i t h  a d i s i n f e c t a n t  spray and a i r ,  

i n jec ted  per ianal  ly .  

On recovery o f  the spacecraft, t he  calcium content o f  the feces w i l l  

be analyzed by D r .  P. Mack, o f  the Texas Women's Univers i ty ,  as p a r t  o f  

he r  study of dep le t i on  o f  ske leta l  calcium i n  weightlessness, by wedge 

densitometry o f  the skeleton pre-  and p o s t - f l  ight, O r .  Mack has a1 ready 

made extensive basel ine studies o f  the monkey skeleton by t h i s  method. 

f. Behavioral tasks, including v i sua l  o r i e n t a t i o n ;  food reinforcement 

and feedinq techniques, 

We have included two tasks in t h i s  experiment. They w i l l  be scheduled 

successively both e a r l y  and l a t e  in  the 12-hour "day" imposed i n  the f l i g h t  

schedule. The f i r s t  involves a delayed matching-to-sample tes t ,  and the 

second i s  an eye-hand coordinat ion task. 
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In  the f i r s t  task, a symbol appears for 5 seconds in the  center of  

a rectangular matr ix ,  and i s  then extinguished (Fig. 3 ) .  A f t e r  a delay 

o f  20 seconds, the whole m a t r i x  i s  i l l umina ted  f o r  10 seconds. The o r i g i n a l  

symbol now appears embedded i n  the  t o t a l  m a t r i x  i n  a d i f f e r e n t  l oca t i on  from 

t h a t  i n  which i t  was o r i g i n a l l y  displayed. When i t  i s  touched by the animal, 

a food p e l l e t  reward i s  offered. Our experience ind ica tes  t h a t  t h i s  i s  an 

exact ing task  in  recent memory and percept ion for  the  p i g - t a i l  macaque, and 

attainment o f  a h igh  performance level  takes approximately two months o f  

d a i l y  t ra in ing .  

The second task  t e s t s  coord inat lon o f  eye and hand i n  a manner d i r e c t l y  

re la ted  t o  s p a t i a l  o r ien ta t ion .  Two co- ro ta t ing  d iscs  surround the  per iphery 

of  the ma t r i x  board described above. A small window in  the f ron t  d sc a l lows 

access t o  the  rear  d isc,  on which i s  mounted a small red bu t ton  s w i  ch. The 

d i scs  ro ta te  a t  d i f f e r e n t  rates, so t h a t  the p o s i t i o n  o f  coincidence o f  

window and bu t ton  in  successive encounters a re  constant ly  s h i f t i n g  i n  space. 

Our e a r l y  experience ind icated a surpr is ing  f a c i l i t y  on. the p a r t  o f  the 

monkey in performing t h i s  task, as w e l l  as a considerable mot iva t ion  t o  

succeed. Speeds o f  r o t a t i o n  were constant ly  increased t o  keep pace w i t h  

increas ing prof ic iency.  I t appears t h a t  the  monkey can perform a t  over 

80 per  cent cor rec t  w i t h  a window-disc r o t a t i o n  speed o f  85 repern., and 

a coincidence t ime for  window and bu t ton  o f  the order  o f  a f i f t h  of  a 

second. To accomplish i t s  goal, the animal has i t s  head moving through a 

c i r c u l a r  pa t te rn  approximately the speed o f  r o t a t i o n  o f  the disc. Th is  

phenomenon alone suggests t h a t  ves t i bu la r  disturbances associated w i t h  

t h e  rap id  head movement i n  weightlessness may profoundly d i s rup t  the  

perfomance, if frequent reports by astronauts and cosmonauts o f  d i sab i 1 i t y  

in  s i m i l a r  rap id  movements provide a bas is  f o r  comparison. 



Feeding i s  by p e l l e t s  dispensed f rom a feeder modif ied from a chimpanzee 

feeder, o r i g i n a l l y  developed a t  Holloman A i r  Force Base f o r  the A i r  Force 

O f f i c e  of S c i e n t i f i c  Research, 

8 tapes, t o  which the p e l l e t s  a re  adherent, 

This device c a r r i e s  225 p e l l e t s  on each o f  

Dr ink ing water i s  provided from the General E l e c t r i c  Company hydrogen- 

oxygen f u e l  c e l l ,  which powers the spacecraft. A f t e r  f i l t r a t i o n ,  the water 

i s  de l ivered t o  a n i p p l e  adjacent t o  the animal 's mouth. Water r a t i o n i n g  

i s  a t  the r a t e  o f  30 m l  per hour dur ing the 12-hour Iiday", and a t  one- th i rd  

t h a t  r a t e  dur ing the "night", g i v i n g  540 m l  per 24 hours. I f  telemetered 

data ind icates dehydration, a ground command maintains "night" watering 

a t  the "day" rate, a l l ow ing  720 m l  per 24 hours. 

3. Analys is  techniques f o r  EEG f l i g h t  data. 

inherent complexi t ies o f  EEG records have emphasized the need fo r  

ana lys i s  methods capable o f  s u b s t a n t i a l l y  compressing primary records t o  

provide an overview o f  long and complex epochs o f  data, wh i l e  r e t a i n i n g  

f i n e  reso lu t i on  of subt le  s h i f t s  w i t h i n  the epoch (Adey, 1965a and b), 

Qu i te  obviously, t he  u t i l i t y  o f  even the most elegant d i s p l a y  r e s t s  upon 

the  r e l i a b i l i t y  w i t h  which the observed p a t t e r n  can be equated w i t h  norms 

and base1 ines prev ious ly  establ ished f o r  a populat ion o f  comparable ind iv iduals ,  

and/or w i t h  the subject 's  own mean in  r e s t i n g  o r  simulated f l i g h t  condit ions. 

Morover, i t  would be h i g h l y  des i rab le t o  employ automated p a t t e r n  recogni t ion 

techniques, where these can be va l idated i n  t h e i r  a p p l i c a t i o n  t o  the outputs 

o f  the primary analyses. 

requirements (Adey, 1965a and b; Walter, 1963; Walter and Adey, 1965a and b; 

Walter, Rhodes and Adey, 1965; Adey, Kado and Walter, 1966), 

Our laboratory has studied each o f  these three 
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a, Spectral  techniques i n  massive ana lys is  o f  EEG data. 

I t  i s  our capaci ty  t o  p rec i se l y  spec i fy  the bandpass cha rac te r i s t i cs  

of  the d i g i t a l  f i l t e r ,  p a r t i c u l a r l y  i n  the  low frequency range between 0.5 

and 10 cycles per  second, t h a t  has establ ished i t s  s u p e r i o r i t y  over analog 

methods. Since i t s  phase s h i f t  i s  zero, i t  has become poss ib le  t o  measure 

for  the  f i r s t  t ime the  phase re la t i ons  between EEG wave t r a i n s  a t  each 

frequency across the spectrum, as wel l  as shared ampli tudes between them 

a t  each frequency. 

(Adey and \.!a1 t e r ,  1963; Wal t e r  and Adey, 1963; Walter, 1963), we have come 

t o  the  rou t ine  c a l c u l a t i o n  o f  the coherence funct ion,  as a measure o f  

s t a t i s t i c a l  v a r i a b i l i t y  in  l i n e a r  i n te r re la t i onsh ips  between b r a i n  regions. 

In our  hands, t he  value o f  coherence ca l cu la t i ons  as a bas is  f o r  sharp 

de l i nea t ion  o f  s h i f t i n g  EEG pat terns i n  spec i f i ed  s ta tes  o f  sleep and wake- 

fu lness has been paramount, The magnitude o f  t he  coherence func t ion  may be 

expressed : 

From pioneer ing s tud ies by our col league 0. 0 .  Walter 

coh(f) = MAGS(f) /ASX(f)ASY(f)  

where M A G S ( f )  i s  the mean cross-spectral magnitude a t  frequency f, and ASX( f )  

i s  t he  autospectrum o f  X and A S Y ( f )  i s  the  autospectrum o f  Y, a t  the  respect ive 

frequencies. The coherence funct ion i s  expressed between 0 and 1, and i s  a 

measure o f  the l i n e a r  p r e d i c t a b i l i t y  o f  a c t i v i t y  i n  any area, on the bas is  of 

knowing the a c t i v i t y  in  any other  area, o r  ser ies  of areas. 

Continuous contour p l o t s  of  spect ra l  dens i ty  and coherence have proved 

most use fu l  t o o l s  i n  compression o f  long epochs o f  data i n t o  a s ing le  p l o t ,  

wh i l e  r e t a i n i n g  a l l  essent ia l  informat ion r e l a t i n g  .to t r a n s i t i o n s  occurring, 

f o r  example, dur ing v i sua l  d isc r im ina t ions  and aud i to ry  v i g i l a n c e  tasks. 
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In  Figs., and 7 a re  p l o t t e d  autospectra from simultaneous scalp leads cd r ing  

these performances, which covered a t e s t  per iod o f  approximately one hour. 

Di f ferences i n  dens i t i es  a t  1 t o  2 cycles pe r  second i n  l e f t  and r i g h t  

cen t ropa r ie ta l  and l e f t  p a r i e t o o c c i p i t a l  leads were associated w i t h  sub- 

s t a n t i a l l y  greater  d i f f i c u l t y  of the task I n  the second performance, An 

even greater  d i f f e r e n c e  w i l l  be noted in  a l l  leads between records dur ing 

v i s u a l  d i sc r im ina t i on  and dur ing an aud i to ry  v i g i l a n c e  task  w i t h  eyes closed, 

These parameters form p a r t  o f  a scheme o f  automated p a t t e r n  recogni t ion 

described below. 

dur ing a l e r t e d  behavior a re  shown in Fig. 8. 

S i m i l a r  p i o t s  o f  autospectral  d e n s i t i e s  and coherences 

b. Appl icat ions o f  spect ra l  methods i n  EEG basel ine analysis;  

the normative 1 ibrary,  

It has long been a ma t te r  of concern t h a t  d e f i n i t i o n  o f  EEG pat terns 

has rested, not  on ly  on the subject ive opin ion of the  invest igator ,  but  

a l s o  on wide i nd i v idua l  v a r i a t i o n s  in apparent ly noma1 subjects. We have, 

therefore,  sought t o  e s t a b l i s h  by computer ana lys i s  the presence o f  common 

EEG f a c t o r s  in  a s i g n i f i c a n t  populat ion o f  astronaut candidates, both in  

r e l a t i o n  t o  task perfonnances and in assessment o f  sleep s tateso 

In d e t a i l e d  studies t o  be reported elsewhere (Walter, Rhodes, Kado 

and Adey, 1966), a ser ies o f  200 astronaut candidates were tested in  a 

se r ies  o f  perceptual and learn ing tasks, by means o f  a programming device, 

developed i n  our laboratory  by Raymond T. Kado, and using a magnetic tape 

ccmmand system t o  ensure accurate t im ing  i n  task presentat ion from one 

subject  t o  the  next. 

were performed by Dr. P. Kellaway and Dr .  R. Maulsby, a t  the Methodist 

Hospi ta l ,  Houston. 

Subject t e s t i n g  and EEG recording on magnetic tape 
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To synthesize the  data, an averaging procedure was adopted on the  spect ra l  

outputs, cover ing 50 o f  the  200 subjects in  the var ious  t e s t  s i tua t ions ,  and 

in  selected sleep epochs. These averages were made fo r  each scalp region, 

and a r e  presented as a ser ies  of bar graphs (Fig. 4), cover ing the  spectrum 

from 0 t o  25 cyc les per  second. F i r s t ,  an average was prepared o f  spect ra l  

dens i t i es  a t  each scalp recording s i t e  f o r  a l l  t e s t  epochs (Fig.4, top l e f t ) ,  

inc lud ing s i t t i n g  w i t h  eyes closed a t  rest ,  eyes closed dur ing 1 per  second 

f l a s h  s t imu l i ,  dur ing  an aud i to ry  v ig i l ance  task, dur ing  v i sua l  d isc r im ina t ions  

a t  3 second in terva ls ,  and a s i m i l a r  ser ies o f  more d i f f i c u l t  d isc r im ina t ions  

a t  1 second in terva ls .  

The contours o f  these "lumped" spectra were then used as the mean for 

comparison w i t h  the spectra f o r  the ind iv idua l  s i tua t ions .  The subsequent 

graphs in Fig. 4 thus show the va r ia t i ons  about the  mean establ ished by the 

average over 12 s i t ua t i ons  in  the  top l e f t  f igure.  Spectral  dens i t i es  above 

the  mean a t  any frequency have bars above the  basel ine, and v i c e  versa. It 

w i l l  be seen t h a t  such a d i sp lay  c l e a r l y  separates spect ra l  dens i ty  d i s t r i -  

but ions f o r  the 50 subjects i n  the f i v e  s i t u a t i o n s  shown. I n  p a r t i c u l a r ,  the  

d is t r . ibu t ions  for  more d i f f i c u l t  v i sua l  d isc r im ina t ions  (Fig. 4, lower 

r i g h t )  exemplify t rends t h a t  al ready character ize d isc r im ina t ions  made i n  

th ree  seconds (Fig, 4, lower middle) . Pat tern recogn i t ion  techniques 

descr ibed below c l a r i f y  d i f fe rences  between records i n  these two tasks. 

I t i s  a l s o  poss ib le  t o  compare an ind iv idua l  w i t h  the  mean f o r  the  group, 

or  w i t h  h i s  own mean, us ing a two-color d i sp lay  technique. 

S im i la r  averages were made fo r  30 subjects i n  var ious stages o f  sleep 

and drowsiness (Fig. 5). Here, the mean was establ ished by an average over 

7 stages o f  presleep, sleep and postsleep, and thus became the  basel ine for  
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measurement o f  variance f o r  ind iv idual  sleep states. It w i l l  be noted t h a t  

s ta tes o f  drowsiness, and l i g h t ,  medium and deep sleep can be r e a d i l y  

d is t inguished from each other, but  t ha t  separation o f  deep "slow wave" 

sleep from subarousal w i t h  iI(-cmplexesll i s  less c lear.  

c. A p p l i c a t i o n  o f  simple pa t te rn  recogni t ion techniques t o  spectral  

parameters for  d e f i n i t i o n  o f  s ta tes o f  a t ten t i on .  

Discr iminant analys is  was appl ied t o  these spect ra l  outputs i n  four 

eyes subjects (Walter, Rhodes and Adey, 1965) covering f i v e  s i t ua t i ons :  

c losed a t  rest, eyes open a t  rest ,  an aud i to ry  v i g i l a n c e  task, and the  

two v i s u a l  d i s c r i m i n a t i v e  tasks described above. A computer program 

attempted t o  assign each segment t o  t he  s i t u a t i o n  fran which i t  came, 

us ing measurements der ived f rom four EEG channels. 

Th is  d iscr iminant  analys is  program i n i t i a l l y  considers a l l  the measure- 

ments f o r  a l l  t he  segments, and selects t h a t  parameter which best d iscr iminates 

segments recorded in  d i f f e r e n t  s i tuat ions.  I t then reexamines a l l  measure- 

ments and chooses the parameter which w i l l  add most t o  the d i sc r im ina t i ng  

power o f  t he  f i r s t  measurement. I t ca l cu la tes  f i v e  l i n e a r  functions o f  

those two measurements whose values d i f f e r  as much as poss ib le  among the  

s i t ua t i ons .  The program continues t h i s  i t e r a t i o n  o f  se lec t i ng  and c a l -  

c u l a t i n g  l i n e a r  functions, u n t i l  i n s u f f i c i e n t  improvement i s  made by adding 

another pa ramete r. 

The separate analys is  o f  each subject 's  records i n  the same way 

y ie lded  a h igher  p ropor t i on  o f  correct  c l a s s i f i c a t i o n s  than the group 

analysis.  With h i s  own best four  measurements, between 62 and 69 per cent 

o f  a s ing le  subject 's  samples were c o r r e c t l y  c lass i f i ed ,  as contrasted w i t h  

51 per cent f o r  t he  subjects simultaneously. An even greater  d i s p a r i t y  



appeared a f t e r  15 measurements were selected. I nd i v idua l l y ,  95, 93, 96 

and 90 per cent were correct ,  wh i le  f o r  the  subjects  together, on ly  65 

per  cent were c o r r e c t l y  c lass i f i ed .  

may have a s p a t i a l l y  and numerical ly character ized i nd i v idua l  EEG "signature", 

as t o  which measurements a re  most e f f e c t i v e  in  d i s t i ngu ish ing  d i f f e r e n t  

s i tua t ions .  

It would thus appear t h a t  each subject  

4, App l ica t ions  o f  these spectral  ana lys is  techniques t o  basel ine 

data and f l i g h t  data from Gemini GT-7. 

Obviously, c r i t i c a l  evaluat ion o f  data gathered i n  actual  f l i g h t  

requi res ca re fu l  considerat  ion o f  basel ine records gathered i n  t e r r e s t r i a l  

environments, and p a r t i c u l a r l y  in  circumstances which simulate, as f a r  as 

possible,  the  capsule environment. Before proceeding t o  the f l i g h t  data, 

analyses w i l l  be presented o f  EEG data recorded from Astronaut Borman in  

the  laboratory  o f  D r .  P. M. Kellaway by D r .  R. Maulsby a t  Houston Methodist 

Hospi ta l ,  i n  accordance w i t h  the normative 1 i b r a r y  procedure described above; 

and from recordings made in  a Gemini capsule, using e lect rode placements 

and tape recording equipment i d e n t i c a l  t o  those i n  the  Gemini GT-7 f l i g h t  

dur ing  an a l t i t u d e  chamber s imulat ion a t  Macdonnell A i r c r a f t  Company in  

S t .  Louis, Missouri,  

a. Analyses o f  EEG basel i n e  data fran Astronaut Bonnan in  laboratory  

t e s t s  and under simulated space f l  i g h t  condi t ions.  

(i) Analys is  o f  data from phys io log ica l  labora tory  records. 

Two aspects of  EEG data co l l ec ted  from Astronaut Frank Borman 

dur ing t e s t i n g  in  the "normative 1 ib ra ry"  procedures w i l l  be presented 

here; analyses o f  a ser ies  o f  epochs dur ing which the subject  sat w i t h  

eyes closed between a va r ie t y  o f  perceptual  and learn ing  tasks, in  a 
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r e s t i n g  s ta te  o r  subjected t o  s lowly r e p e t i t i v e  v isua l ,  aud i to ry  and 

somatic s t imu l i ,  i n  cont ras t  t o  a second ser ies o f  recordings taken 

dur ing Performance o f  these tasks. 

The records w i t h  eyes closed, w i t h  and wi thout  simple phys io log ica l  

s t imu l i ,  c l e a r l y  ind ica te  the  normal i ty  o f  the sub jec t ' s  EEG (Fig. 6). 

A contour p l o t t i n g  d i sp lay  of  spect ra l  dens i t i es  dep ic ts  increasing 

powers a t  any frequency w i t h  progress ive ly  darker shading towards black.  

In  t h i s  display,  the  EEG spectrum from 0 t o  30 cycles pe r  second i s  

p l o t t e d  on the ord inates and analyses o f  successive epochs o f  EEG 

record (each 10 or 20 seconds long) on the abscissae. 

s ince several such epochs were usua l l y  analyzed from a s ing le  behavioral  

s i t ua t i on ,  groups o f  i d e n t i c a l  numbers appear on the  X-axis, Analyses 

a re  presented frm slrnultaneous records from s i x  EEG channels, i n  l e f t  

and r i g h t  cen t ra l ,  p a r i e t a l  and o c c i p i t a l  scalp regions. 

I n  these analyses, 

Dark bands, i n d i c a t i v e  o f  h i g h  spect ra l  powers i n  the  range from 

300 t o  1000 mic rovo l ts  squared pe r  second per  cycle,  occurred a t  f r e -  

quencies from 9 t o  11 cyc les per  second through most of the eyes-closed 

analyses. By contrast ,  powers i n  the range from 2 t o  7 cycles per  

second were low (30 UV /sec/cycle or less) e 

cycles per  second, a l l  s i x  channels showed h igher  powers than in  the 

range f rom 2 t o  7 cycles per second, but  t y p i c a l l y ,  were lower than 

the  simultaneous i n t e n s i t i e s  a t  9 t o  11 cycles per  second. 

During the performance o f  v i sua l  d i sc r im ina t i ve  tasks (Fig. 7) 

2 
A t  frequencies below 2 

epochs 60-119), a c t i v i t y  a t  9 t o  11 cyc les per  second ( alpha waves) 

decl ined sharply i n  a l l  areas, i n  conformity w i t h  the c lass i c  "alpha 

b lock ing"  phenomenon. A t  the same time, powers a t  frequencies from 

0 t o  2 cycles per second (de l ta  waves) were augmented considerably 
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over the eyes-closed s i t u a t i o n s  i n  l e f t  and r i g h t  cen t ropa r ie ta l  and 

l e f t  p a r i e t o - o c c i p i t a l  leads. In view o f  t he  f i nd ings  i n  f l i g h t  records, 

i t  may be pointed out t h a t  powers a t  frequencies from 5 t o  7 cycles per 

second ( theta waves) were low in a l l  these r e s t i n g  and v i s u a l  d i sc r im in -  

a t  ion  records, 

Performance o f  an aud i to ry  v i g i l a n c e  task  ( recogn i t i on  o f  a 3-tone 

pa t te rn  presented every 5 seconds) w i t h  eyes closed caused a recrudescence 

o f  h igh powers a t  alpha frequencies in  a l l  s i x  leads (Fig.7, epoch 55). 

(ii) Ana lys is  o f  EEG data from a l t i t u d e  chamber t e s t  i n  

simulated Gemini f l i g h t .  

These data were co l l ec ted  under the supervis ion o f  D r .  P. Kellaway 

and Dr ,  R, Maulsby, and in view o f  the i d e n t i t y  o f  a m p l i f i e r s  and tape 

recording systems w l t h  actua l  f l i g h t  items, provided a valuable compar- 

ison w i t h  f l i g h t  data. Electrode placements fo r  the two channels i n  

t h i s  t e s t  and in space f l i g h t  spanned a wide zone o f  scalp f rom ver tex 

t o  o c c i p i t a l  region, w i t h  one p a i r  located i n  the m i d l i n e  and the other  

spanning the l e f t  p a r l e t o o c c i p i t a l  area (Kel laway and Maulsby, 1966) . 
In  t h i s  tes t ,  samples o f  record were analyzed over a 10 minute 

per iod (Fig. 8), character ized by t y p i c a l  a l e r t e d  patterns,  and 

occasional movement a r t i f a c t s  (epochs 28 t o  30 i n  channel 4, and 

epoch 29 in channel 5). It w i l l  be noted that,  i n  comparison w i t h  

laboratory task performances (Fig. 7), these contour p l o t s  show r e l a -  

t i v e l y  low powers a t  a l l  frequencies above 5 cycles per second, and 

lack  any c l e a r  peak in  the  alpha range around 10 cycles per second. 

For these reasons, and in  order t o  provide a broad general c l a s s i f i -  

c a t i o n  of spectra, simple averages o f  spect ra l  densi ty  were prepared 
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f o r  each channel, cover ing the  whole t e s t  epoch (Fig. 8, lower graphs). 

The so l  i d  l i n e  shows a 1 inear p l o t  o f  spect ra l  densi t ies,  and the dashed 

l i n e  a logar i thmic  plot, over the spectrum from 3 t o  30 cyc les per  second. 

I n  both channels, a broad and i l l d e f i n e d  alpha peak a t  9 t o  13 cyc les 

pe r  second i s  overshadowed by higher powers in  the range from 4 t o  7 

cyc les per  second ( the ta  waves) 

alpha and augmented the ta  a c t i v i t y  i s  c l e a r l y  intermediate i n  the  

a l t i t u d e  chamber t e s t  between laboratory  t e s t s  (Fig. 8) and space f l i g h t  

records (Fig. 16). 

As discussed below, t h i s  decrease i n  

b. Analys is  o f  data from the  Gemini GT-7 f l i g h t .  

For the f i r s t  30 hours, t w o  channels o f  data were recorded, and one 

therea f te r .  As w i l l  be indicated, even one channel has provided h i g h l y  

s i g n i f i c a n t  data on sleep and wakefulness. 

a r t i f a c t s  have been deleted from these computed analyses, and in  general, 

the records a r e  remarkably clean. A low frequency cu t -o f f  o f  3 cycles per  

second was a r b i t r a r i l y  designated in  the computation t o  minimize contamination 

of t he  ana lys is  by  movement a r t i f ac ts .  

Epochs w i t h  gross movement 

The prelaunch per iod  and a substant ia l  p a r t  of t he  f i r s t  o r b i t  have been 

analyzed on the  bas is  o f  t w o  consecutive 10 second samples approximately 

every minute, t o  af ford a f i n e  grained ana lys is  (Fig. 9). 

the EEG spectrum i s  p l o t t e d  on the abscissa, and t ime on the  ordinate. The 

prelaunch per iod  was character ized by increased amounts o f  the ta  rhythms than 

occurred in  the base1 ine records, and may be in te rpre ted  as r e l a t i n g  t o  

s t rong ly  focused a t t e n t i o n  and o r ien t i ng  responses in  an undoubtedly novel 

s i t ua t i on .  A t  one minute before l i f t - o f f ,  there was an increment i n  t h l s  

a c t i v i t y  and i n  the h igher  frequencies in  the alpha and beta bands. The 

In  t h i s  f igure,  
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power dens i ty  o f  the EEG was augmented by a f a c t o r  o f  10 over many frequencies 

immediately before and fo l low ing  launch, i nd i ca t i ng  a strong "arousal react ion ' '  

i n  the c lass i c  neurophysiological  sense. Thereafter, there was a slow decl  ine 

i n  these augmented densi t ies,  w i t h  recurrent  epochs o f  h igher  powers i n  the 

h igher  frequency bands above 10 cycles per  second i n  the f l r s t  h a l f  hour of  

f l i g h t .  Coherence between the two channels ( r i g h t  hand f i g u r e  i n  each row) 

was h igh  a t  the ta  frequencies up t o  the  t ime o f  l i f t - o f f ,  but  f e l l  t o  low 

values across the e n t i r e  spectrum f o r  the  next 30 minutes. 

resumed h igh  values from 3 t o  9 cycles per  second. 

w i t h  simultaneously d imin ish ing powers I n  both leads a t  the h igher  frequencies, 

the f i nd ings  i nd i ca te  a progressive dec l i ne  i n  l e v e l s  o f  phys io log ica l  arousal. 

With the prime i n t e r e s t  i n  t h i s  experiment centered on drowsiness and 

Thereafter, it 

Taken i n  conjunct ion 

sleep, analyses o f  subsequent data a re  d isp layed in  a fashion emphasizing 

these phases. During the  waking state, two consecutive 15 second samples 

were analyzed every 10 minutes, whereas i n  the drowsy and sleep states,  two 

consecutive 10 second samples were taken every 2 minutes. 

d i sp lay  thus emphasizes even b r i e f  drowsy episodes. 

The graphic  

From the t h i r d  t o  the seventh hour of f l i g h t  (Fig. 10) the subject  was 

awake, w i t h  g radua l ly  d imin ish ing power i n  the frequencies from 3 t o  10 

cyc les per  second, although remaining somewhat above ground-based analyses 

i n  the the ta  range (3  t o  7 cycles per  second) even a t  the seventh hour. 

Th is  dec l ine  suggests a d iminut ion i n  o r i e n t i n g  react ions t o  the new envi ron-  

ment, and in  the  seventh hour (Fig. 5E), drowsy episodes w i t h  eyes closed 

and concomitant b r i e f  t r a i n s  o f  h igh ampli tude alpha waves occurred. The 

EEG and computed analyses c l e a r l y  revealed these episodes l a s t i n g  on ly  

from 3 t o  Is seconds, i n  the absence o f  concomitant changes i n  r e s p i r a t i o n  

o r  hear t  rate. 
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epochs 

hand f 

Return 

From the seventh t o  the eleventh hour (Fig. ll), these episodes were 

more numerous, and trended t o  continuous epochs l a s t i n g  many minutes. These 

were character ized by h igh  coherence between t h e  two channels ( r i g h t -  

gures i n  each row) over a broad band from 5 t o  11  cycles per  second. 

t o  wakefulness in  the t w e l f t h  hour was accompanied by a dec l ine in  

coherence and much lower powers i n  the alpha range. From the f i f t e e n t h  

t o  the t w e n t y - f i r s t  hour, there were long episodes o f  drowsiness and l i g h t  

sleep, w i t h  a b r i e f  episode o f  slow-wave sleep in  the  s ix teenth hour (Fig. 12). 

Coherence between the two channels again rose sharply w i t h  the onset o f  

drowsiness and actual  sleep, corresponding t o  the increasing synchrony 

observed i n  the EEG paper records (Kellaway and Maulsby, 1966). 

The records c l e a r l y  i n d i c a t e  t h a t  no f u r t h e r  s i g n i f i c a n t  sleep occurred 

frm the twenty- 

sodes occur red. 

que, although 

on t h i s  f i r s t  i 'nightii in  space, and i n  the  ensuing period 

f i r s t  t o  the twenty-ninth hour, only occasional drowsy ep 

These a re  c l e a r l y  emphasized by the contour d i s p l a y  techn 

not  i nc 1 uded he re. 

Beginning i n  the t h i r t y - f o u r t h  hour, and s h o r t l y  a f t e r  a meal, the 

astronaut passed r a p i d l y  through a drowsy phase w i t h  eyes closed (Fig. 13, 

top r i g h t ) ,  i n t o  deep sleep, w i t h  h igh  ampli tude slow waves (Fig. 13, lower 

row o f  maps). It w i l l  be noted that  from t h i s  p o i n t  only one channel remained. 

Even here, however, computer analysis shows e legan t l y  the t r a n s i t i o n s  i n  

s ta tes  over many hours. Moreover, the EEG c l e a r l y  reveals changes i n  p a t t e r n  

du r ing  s h i f t i n g  s tates of sleep and wakefulness not  e a s i l y  detectable w i t h  

EKG or respi ra t ion.  

The c y c l i c  nature o f  the sleep i s  c l e a r l y  shown i n  Figs. 13 and 14, 

w i t h  a p e r i o d i c i t y  of 90 t o  100 minutes between b r i e f  periods o f  wakefulness 

t h a t  mark the s t a r t  o f  a new cycle, w i t h  progressive descent t o  the deepest, 
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o r  slow wave, phase, fo l lowed by a more rap id  re tu rn  toward Wakefulness. 

Th is  sleep epoch las ted  from the t h i r t y - f i f t h  t o  the f o r t y - f i r s t  hour, and 

shows no abnormali t ies, a l though there i s  no c lea r  evidence of paradoxical 

o r  REM ( rap id  eye movement) sleep, associated wi th  the  dream phase, and 

forming approximately 20 pe r  cent o f  a normal n igh t ' s  sleep. It may be 

t h a t  the e lect rode loca t ions  were too p o s t e r i o r  t o  record EOG po ten t ia ls ,  

a1 though b l  ink a r t i f a c t s  were c l e a r l y  present. 

Records from the f o r t y - f i r s t  t o  the  f o r t y - e i g h t  hour show a progression 

t o  f u l l  wakefulness through approximately one hour o f  drowsiness (Fig, 15). 

The awake records show p e r s i s t i n g  h igh theta dens i t i es  noted in  e a r l y  phases 

o f  the  f l i g h t .  increasing a r t i f a c t s  i n  t h i s  one remaining channel from 

elec t rode displacement appeared beyond the f o r t y - t h i  r d  hour, and in te r rup ted  

much o f  the remaining data u n t i l  recording ceased in  the  f i f t y - f i f t h  hour. 

The contour p l o t s  in  t h i s  per iod  ind ica te  a continued wakeful state,  w i t h  

subs tan t ia l  the ta  a c t i v i t y .  

I n  c l a r i f i c a t i o n  o f  the d i f fe rences  between f l i g h t  and ground-based 

records, averaged spectra have been prepared from the  normative 1 i b r a r y  

records dur ing v i sua l  task  performances in  the  laboratory,  from scalp areas 

s i m i l a r  t o  those used in  f l i g h t .  These averages have been p l o t t e d  together 

w i t h  s i m i l a r  averages i n  awake states dur ing the  f i r s t  seven hours o f  f l i g h t  

(Fig. 16). Taken in comparison w i t h  the  a l t i t u d e  chamber t e s t  performed w i t h  

f l i g h t  equipment, i t  i s  apparent t h a t  there was a progression from a sub- 

s t a n t i a l  pers is ten t  alpha peak and low theta a c t i v i t y  in  laboratory  v i sua l  

tasks; through an intermediate type o f  contour w i t h  a broad, low alpha peak 

and increasing the ta  a c t i v i t y  i n  the  a l t i t u d e  chamber t e s t ;  t o  f l i g h t  records 

c h a r a c t e r i s t i c a l l y  showing l i t t l e  or no alpha peak, and subs tan t i a l l y  more 
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theta a c t i v i t y  than in  the a l t i t u d e  chamber. 

view t h a t  the augmented theta a c t i v i t y  in  t h i s  subject  i s  indeed a physio- 

l o g i c a l  response t o  the weight less environment, and may a r i s e  in augmented 

o r i e n t i n g  responses t o  t h i s  most unusual experience. 

These f ind ings support the 

In  these circumstances, i t  would be i n t e r e s t i n g  t o  seek i t s  presence 

in o the r  subjects, and i t s  persistence over longer per iods o f  f l i g h t ,  s ince 

i t  may represent an adapting phenomenon t o  the strange, and, indeed, hazardous 

environment o f  space. 

i n i t i a t e d ,  f o r  example, a f t e r  the f i f t h  day o f  prolonged f l i g h t s  would be 

p a r t i c u l a r l y  usefu l  i n  reveal ing the ex ten t  o f  adaptat ion t o  the  space 

environment. Such i n f o n a t i o n  would a l s o  be relevant t o  the evo lu t i on  o f  

sleep pa t te rns  in  prolonged f l ight ,  From the b io inst rumentat ion p o i n t  o f  

view, an improved e lect rode design, t h a t  might be incorporated i n t o  a cap, 

and was e f f e c t i v e  through a nonadhesive contact, and f ree  from contact 

p o t e n t i a l ,  would permit  simple wearing o r  removal by the subject. Th i s  

would a l l o w  i n i t i a t i o n  o f  recording a t  any desired phase o f  the f l i g h t ,  

and e l im ina te  problems o f  p r e f l i g h t  adhesive f i xa t i on .  

It i s  f o r  t h i s  reason t h a t  lengthy recordings 
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SUMMARY 

opments i n  a c q u i s i t i o n  and analys is  o f  electroencepha ograph i c  

(EEG) data a re  reviewed, i n  the frame o f  t h e i r  use f o r  phys io log ica l  moni tor ing 

i n  space f l i g h t .  

coherence funct ions,  i s  described, and d i sp lay  techniques f o r  compression o f  

long epochs of  analys is  a re  reviewed. 

populat ion o f  50 astronaut candidates and simple p a t t e r n  recogn i t ion  techniques 

su i ted  t o  on- l ine  f l i g h t  moni tor ing are described. 

The a p p l i c a t i o n  o f  spect ra l  analys is ,  w i t h  c a l c u l a t i o n  o f  

Resul ts o f  basel ine analyses from a 

Development toward a 30-day b i o s a t e l l i t e  f l i g h t  w i t h  a 6.8K9 p i g t a i l  macaque 

monkey a r e  evaluated. Instrumentat ion w i l l  include electroencephalographic, 

c lect ro-oculographic ,  and electromyographic implantat ion,blood pressure trans- 

ducers i n  hea r t  chambers and great  vessels. 

a l low i n f l i g h t  analys is .  

Ur inary  c o l l e c t i o n  procedures w i l l  

Computer analyses have been appl ied t o  approximately 50 hours o f  EEG data 

from the i n i t i a l  phases o f  the Gemini GT-7 f l i g h t .  Two channels were ava i l ab le  

f o r  the f i r s t  29 hours and one thereaf ter .  Basel ine data from the same astronaut 

i n  laboratory  task performances, and in  a l t i t u d e  chamber t e s t s  i n  a Gemini capsule, 

were s i m i l a r l y  analyzed. Contour displays of  spect ra l  dens i t ies ,  and o f  coherence 

between the t w o  channels have provided a f i n e  assessment o f  s ta tes  o f  sleep and 

wakefulness throughout the recording. Even one EEG channel provided h i g h l y  s i g n i f -  

i c a n t  informat ion on a l e r t e d  behavior, b r i e f  drowsy episodes and depth o f  sleep, i n  

a manner no t  r e a d i l y  ava i l ab le  from elect rocard iographic  o r  resp i ra to ry  data. 

EEG power dens i t  ies i n  the theta band (4 t o  7 cyc les per second) were sub- 

s t a n t i a l l y  h igher  i n  the waking s tate i n  f l i g h t  records than i n  leads from s i m i l a r  

sca lp loca t ions  dur ing  laboratory  v isua l  task performances, o r  i n  a1 t i t u d e  chamber 

t e s t s .  A gradat ion i n  theta-band power dens i t ies  was observed from low leve ls  i n  

labora tory  tasks, t o  intermediate leve ls  i n  Gemini f l i g h t  s imulat ions,  w i t h  h ighest  

l e v e l s  as a consis tent  fea ture  o f  the f l i g h t  records. These f i nd ings  are  i n t e r -  
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preted as poss ib ly  a r i s i n g  i n  a cont inuing o r i e n t i n g  reac t i on  i n  the un fami l i a r  

space env i ronmen t . 
The EEG analys is  revealed only  one b r i e f  episode o f  deep sleep on the f i r s t  

On the second "night," sleep w i t h  a normal c y c l i c  p e r i o d i c i t y  "night" i n  space. 

o f  about 90 minutes occurred f o r  about seven hours. 

("paradoxical" phase o f  sleep) was not  ce r ta in ,  due t o  the p o s t e r i o r  l o c a t i o n  of 

the EEG electrodes on the head, and the absence of  c l e a r  eye movement records. 

The h i g h l y  d e t a i l e d  moni tor ing of leve ls  o f  a ler tness i n  man and o f  b r i e f  

s h i f t s  i n  s ta tes o f  consciousness, o f ten  l a s t i n g  only  a few seconds; a v a i l a b l e  

from on ly  one o r  two scalp EEG channels, suggest the importance o f  f u r t h e r  develop- 

ment o f  the technique t o  a l l ow  repeated assessment o f  c e n t r a l  nervous s tatus in  

prolonged manned f l i g h t s .  

i n  reveal ing the ex ten t  of adaptat ion i n  such phenomena as the h igh i n i t i a l  theta 

a c t i v i t y  seen here, and poss ib le  modi f icat ions i n  sleep-wakefulness cycles. 

The occurrence o f  dream sleep 

Recordings i n i t i a t e d  a f t e r  the f i f t h  day would be useful  
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Leqends t o  Fiqures 

F ig.  1. Oblique view o f  b i o s a t e l l i t e  mockup, showing d i s p o s i t i o n  of animal 

on r e s t r a i n i n g  couch, w i t h  behavioral  programmer before him. 

(From Adey, 1966). 

F ig .  2. Xray o f  head o f  Macaca nemestrina monkey, showing implanted e lect rodes 

of s ta in less  s t e e l  tub ing (29 gauge) s te reo tax i ca l l y  implanted i n  

deep b r a i n  s t ructures.  Screws i n  calvar ium prov ide attachment f o r  

surface c o r t i c a l  EEG leads, as w e l l  as mechanical f i x a t i o n .  

(From Adey, 1966). 

Fig.  3 Arrangement o f  psychomotor t e s t  panel, showing windows f o r  mat r ix  

of symbols used i n  delayed matching-to-sample task. Discs f o r  

eye-hand coord inat ion t e s t  surround the ma t r i x  d isp lay.  

(From Adey, 1966). 

Fig. 4. Spectral  analyses from 50 astronaut  candidates, pooled i n t o  averages 

f o r  each scalp loca t ion  (see t e x t ) .  

f o r  a l l  subjects over 12 s i t ua t i ons .  

t o  25 cyc les per second. The average over 12 s i t ua t i ons  was used 

as the mean f o r  measurements o f  var iance a t  each frequency i n  the 

f i v e  s i t u a t i o n s  shown f o r  the populat ion of 50 candidates. 

(From Adey, Kado and Walter, 1966). 

Top l e f t  f i gu re  i s  average 

Bars cover spectrum from 1 

Fig.  5. Spectral  analyses f o r  sleep records from 30 ast ronaut  candidates, 

prepared as i n  F ig .  4. 

postsleep (A) were used as the mean f o r  assessment o f  variance f o r  

records w i t h  eyes closed, awake, (B), drowsy s tates (C),  l i g h t  

s leep (D). Cal ibrat ions f o r  stage average are  i n  mic rovo l ts  

Averages over 7 stages o f  presleep, sleep and 
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squared per second per cycle, and f o r  the ind iv idua l  s ta tes  i n  

standard deviat ions.  (From Adey, Kado and Walter, 1966). 

F ig .  6. Analys is  o f  basel ine records i n  laboratory  from Astronaut F. Borman 

dur ing r e s t i n g  s ta te  and dur ing simple phys io log ica l  s t i m u l i .  

Contour p l o t s  show h igh  densi ty  i n  alpha band (8-13 cyc les 

per second) w i t h  eyes closed. 

Fig. 7. Contour p l o t s  o f  basel ine records i n  laboratory  v i sua l  and aud i to ry  

task performances by Astronaut F. Borman. P lo ts  a re  from s i x  

EEG channels recorded simultaneously dur ing performance o f  v i sua l  

d i sc r im ina t i on  tasks in 3 seconds (epochs 60 through 73), fo l lowed 

by more d i f f i c u l t  v i sua l  d isc r im ina t ions  each performed i n  1 

second (epochs 100-119), and leading t o  an aud i to ry  v i g i l a n c e  

task presented a t  5 second i n t e r v a l s  (epoch 56). This condensed 

presentat ion covers an elapsed time o f  many minutes. 

Fig. 8. Analysis o f  records from a l t i t u d e  chamber Gemini f l i g h t  s imulat ion,  

showing autospect ra l  dens i t ies  i n  two EEG channels, and coherence 

between them. 

equipment were i d e n t i c a l  w i t h  actua l  f l i g h t  systems. Averaged 

spec t ra l  dens i t ies  f o r  each channel (lower traces) show enhanced 

theta a c t i v i t y  ( i n  range 3 t o  7 cyc les per second) by comparison 

w i t h  laboratory  records (Fig.  16). These averages were prepared 

from more than 40 epochs, each 20 seconds i n  durat ion.  S o l i d  

l i n e  i n  lower traces, l inear  p l o t ;  dashed l i n e ,  logar i thmic  p l o t .  

Electrode placements, amp l i f i e rs  and record ing 
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Fig .  9. Contour maps o f  EEG data from F. Borman i n  Gemini F l i g h t  GT-7, 

showing enhancement o f  autospectral  dens i t i es  i n  theta range i n  

two EEG channels (CPEEG 4 and CPEEG 5) prelaunch, and great  

e x a l t a t i o n  o f  many EEG frequencies immediately before and dur ing  

l i f t - o f f .  By comparison w i th  l a t e r  awake and s leeping records, 

coherences (CPEEG k/CPEEG 5) were low a t  t h i s  time. Spectral  

dens i t ies  above 10 cyc les per second gradua l ly  decl ined i n  f i r s t  

30 minutes o f  f l i g h t ,  b u t  very l i t t l e  alpha a c t i v i t y  appeared 

before 70 minutes. Numerals on abscissae ind ica te  minutes o f  

record i n  t h a t  analys is  frame. Ca l ib ra t ions  i n  autospect ra l  contours 

a re  i n  mic rovo l ts  squared per second per cyc le .  Shaded contours 

are: 

shading; over 1000, s o l i d  b lack.  I n  the coherence p l o t s ,  values 

above 0.7 ( s t a t i s t i c a l l y  s i g n i f i c a n t  l e v e l )  a re  in  black.  

100-300 uV*/sec/cycle, ho r i zon ta l  shading; 300-1000, v e r t i c a l  

F ig .  10. Contour maps s i m i l a r  t o  those i n  Fig. 9 f o r  two EEG channels w i t h  

spect ra l  densi ty  (CPEEG 4 and CPEEG 5) and coherence (CPEEG 4! 

CPEEG 5) p l o t s  from the t h i r d  t o  seventh hour. There i s  a d r i f t i n g  

from a le r tness  t o  occasional drowsy episodes i n  t h i s  period. 

Ca l ib ra t ions  as i n  Fig.  9. (From Adey, Kado and Walter, 1966). 

F ig .  11. Contour maps as i n  F ig.  9 f o r  per od from seventh to  eleventh hour. 

F ig .  12. Contour maps as i n  F i g .  9 f o r  per 

hour, showing a mixture o f  awake, 

od from f i f t e e n t h  t o  t w e n t y - f i r s t  

drowsy and l i g h t  t o  medium sleep 

s tates.  S ign i f i can t  coherences extend t o  h igher  frequencies a t  

t h i s  stage than i n  the awake records. Ca l ib ra t ions  as i n  F ig .  3.  

(From Adey, Kado and Walter, 1966). 
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Fig. 13. With on ly  one func t i ona l  EEG channel remaining, a d e t a i l e d  and 

h i g h l y  reveal ing analys is  of the onset o f  sleep on the second 

"night" i n  space was s t i l l  possible.  

episode ( top r i g h t  graph), there was a r a p i d  descent i n t o  deep 

sleep, w i t h  b i g  slow waves (bottom row of  f i gu res ) .  

exh ib i t ed  normal cyc le  lengths of  90 minutes, w i t h  b r i e f  wakeful 

per iods (Bottom row, middle f i g u r e )  between successive cycles. 

A f t e r  a b r i e f  drowsy 

This sleep 

Fig.  14. Continuing sleep cycles on second "night" i n  space, w i t h  much 

deep, slow-wave sleep, ending w i t h  gradual arousal i n  f o r t y -  

f i r s t  hour (lower r i g h t ) .  

Fig.  15. Return t o  wakefulness on t h i r d  "day" i n  space through per iods o f  

drowsiness (top row, l e f t  two f i gu res ) .  Some lead noise began 

t o  appear i n t e r m i t t e n t l y  i n  these records. 

Fig. 16. Comparison o f  autospectral  dens i t i es  i n  s i m i l a r l y  located leads 

on scalp o f  Astronaut F. Borrnan i n  laboratory  v i sua l  tasks ( l e f t )  

and i n  awake f l i g h t  records ( r i g h t ) ,  exempl i f y i n g  diminished alpha 

peak (8 t o  13 cycles per second) and augmented theta densi ty  

(3 t o  7 cycles per second) i n  fl i g h t  records. 

spectral  dens i t i es  were prepared from approximately 40 epochs, 

each of 20 seconds, f o r  both laboratory and f l i g h t  records. 

S o l i d  l i n e  indicates l i nea r  densi ty  p l o t ;  dashed l i n e  i s  

logar i thmic p l o t .  

These averaged 
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3: L. CENTRO-PARIETAL 
R1 

LC-LP 

5. VERTEX 
R1 

FZ-CZ 

6. B/ -OCC/P/TAL 
R l  

L3-RO 
a 

!. 



ASTRONAUT f 6 NORMATIE STUDY 
V/SUAL D/SCR/M/NAUV€ und AUD/TORY 
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R1 
LP-LO 

VIGILANCE TASKS 
3 L. CE/VW-PAR/ETAL 

R1 
LC-LP 

2 hi PAR/€TO -OCC/P/iYL 
R1 

RP-RO 

5 VERTEX 
R1 

FZ-CZ 

. .. 
RC-RP 

I I I  

6 B/-OCC/P/rnL 
R1 

LO-RO 
a * 
ZB st . 



6 .  

' .  

. 

'h 
8 



m 
0 
W W 

U 

f 0 
W W 

u 

a 

a 

m 
0 
W w 

U 

f 0 
W W 

u 

a 

a 

29 

27 

25 

23 

21 

19 

17 

IS 

13 

I1  

9 

7 

5 

3 

29 

27 

25 

23 

21 

I9 

17 

15 

13 

11 

9 

7 

5 

3 

m 
0 
W W 

U 
a 

I 
w i i  I I  a 
J w ;  



G€l//v/ GT-7 
C ALERT; B€iiOM/NG DROWSY 3HR 4M/N TO 5HR 34M/N 

REEL 1 
CPEEGL,/CPEEG5 

REEL 1 REEL 1 
CPEEGL, CPEEGS 

- 
SPINDW D f W U W  

D AWAKE DROWSY 5HR35M/A/ TO 6HR /ZM/N _.. 

REEL 1 
CPEEGL, 

REEL 1 
CPEEG5 

nitL i 
CPEEGq/CPEEGS 

>NTERMllrrtrM SPINDLES 
1 INTERMITENT SPINDLES 

E AWAKE 6HR /3M/N 
REEL 1 

CPEEGL, 

TO 6HR. 50M/N 
REEL 1 

CPEEG5 

REEL 1 
CPEEG't/CPEEGS 

I- 

I = 0.40 

p i  0.7 



REEL 1 
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CPEEG5 CPEE Gq /CPEEG5 

i3WM% €YES CLOSED - 9HR /M/N TO /OM 5/ M I .  
RIEL 1 FEEL 1 

CF'EEGY CPEECS 
REEL 1 

CPEEGq/CPEEGS 

AMAK€ - / /  HR OM/N TO /2HR /2M/N 
WEL 1 E E L  1 REEL 1 

CPEEG'I CPEEGS CPEEGY/CPEEGS 



. " 

GEMINI GT-7 

LIGHT SL€€P - I4HU 36M//V TO I5HR /2M/N 
REEL 2 REEL 2 REEL 2 

CPEEGY CPEEGS CPEEGY/CPEEGS 
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REEL 2 
CPEEGV 

REEL 2 
CPEEGS 

REEL 2 
CPEEGq/iPEEGS 

AWAKL BECOMING DROWSY- I6HR 56M/N REEL 2 TO 2OHR 2 M/N 
REEL 2 

CPEEGS CPEEGY/ CPEEG5 REEL 2 
*CPEEG'I 
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