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ABSTRACT- 

This  p a p e r  d i s c u s s e s  f u n c t i o n s  which w i l l  r e q u i r e  
s u p p o r t  from t h e  on-board computer s y s t e m  d u r i n g  advanced 
manned m i s s i o n s .  I n  a d d i t i o n  t o  p r e s e n t - d a y  f u n c t i o n s ,  s u c h  
as g u i d a n c e ,  n a v i g a t i o n  and a t t i t u d e  c o n t r o l ,  t h e  computer  
sys t em would p r o v i d e  c a p a b i l i t y  f o r :  1) m o n i t o r i n g ,  c o n f i d e n c e -  
t e s t i n g ,  and d i a g n o s t i c  t e s t i n g  f o r  s p a c e c r a f t  s y s t e m s  and ex- 
p e r i m e n t s ;  2 )  i n f l i g h t  crew t r a i n i n g  w i t h  s i m u l a t i o n s : ,  3 )  con- 
t r o l  and data management f o r  e x p e r i m e n t s ;  4 )  d i s p l a y s  f o r  f l i g h t  
and expe r imen t  o p e r a t i o n s ;  and 5 )  G & N  o f  unmanned p r o b e s  l aunched  
from t h e  mother  c r a f t .  

It i s  concluded  t h a t :  1) The f u n c t i o n s  ( G & N ,  a t -  
t i t u d e  c o n t r o l )  which o r i g i n a l l y  j u s t i f i e d  u s i n g  on-board 
computers  are  no l o n g e r  t h e  p a c i n g  f a c t o r s  i n  d e t e r m i n i n g  m h y  
computer  s y s t e m  c h a r a c t e r i s t i c s ;  2 )  M i s s i o n  complex i ty  w i l l  
f o r c e  t h e  crew t o  make e x t e n s i v e  u s e  o f  computer  sys t em sup+ 
p o r t ;  3 )  The growth o f  computer  u sage  i n  spaceborne  s c i e n t i f i c  
e x p e r i m e n t a t i o n  w i l l  p a r a l l e l  t h e  h i s t o r i c a l  s u r g e  e v i d e n t  i n  

. ground-based e x p e r i m e n t a t i o n ;  4 )  I n c r e a s e d  f u n c t i o n a l  r e q u i r e -  
men t s  w i l l  r e s u l t  i n  a grea t ly  i n c r e a s e d  number o f  1/0 chan- 
n e l s ,  i n c r e a s e d  h i g h  speed memory, t h e  a d d i t i o n  o f  o f f - l i n e  
b u l k  s t o r a g e ,  and more power fu l  p r o c e s s i n g  c a p a b i l i t y ,  r e g a r d -  
l e s s  o f  t h e  s p e c i f i c  s y s t e m  c o n f i g u r a t i o n ;  and 5 )  The amount 

b e  large r e l a t i v e  t o  manned m i s s i o n s  h e r e t o f o r e .  
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TECHNICAL MEMORANDUM 

1 . 0  I N T R O D U C T I O N  

I n  t h e  Apol lo  program t h e  s p a c e c r a f t  computers  a re  
used  f o r  t h e  f u n c t i o n s  o f :  g u i d a n c e ,  n a v i g a t i o n ,  a t t i t u d e  con- 
trol, o p e r a t i o n  of  s i m p l e  d i s p l a y s ,  a s t r o n a u t - c o m p u t e r  communi- 
c a t i o n ,  and computer-ground communicat ions.  They a l s o  r u n  t e s t s  
on t h e m s e l v e s  and t h e  G & N  s y s t e m .  Beyond A p o l l o ,  t h e  i n c r e a s i n g  
complex i ty  o f  m i s s i o n s ,  and advances  i n  computer  t e c h n o l o g y ,  w i l l  
undoub ted ly  r e s u l t  i n  a l e n g t h e n i n g  of t h e  l i s t  o f  f u n c t i o n s .  

T h i s  p a p e r  d i s c u s s e s  v a r i o u s  f u n c t i o n a l  r e q u i r e m e n t s  
f o r  s p a c e c r a f t  computer  sys t ems  on advanced manned m i s s i o n s .  A- 
p l a n e t a r y  f l y b y  m i s s i o n  sha l l  be  used  as a n  example m i s s i o n  f o r  
t h e  pu rpose  o f  t h i s  d i s c u s s i o n .  N e v e r t h e l e s s ,  t h e  d i s c u s s i o n  
w i l l  b e  a p p l i c a b l e ,  to v a r y i n g  degrees,  t o  l o n g  d u r a t i o n  ea r th  
o r b i t a l ,  p l a n e t a r y  l a n d i n g ,  d o u b l e  f l y b y ,  and o t h e r  manned m i s s i o n s .  

Emphasis  i s  p l a c e d  on  r e q u i r e m e n t s  which a re  new, 
i . e . ,  n o t  e x p e c t e d  t o  b e  found on m i s s i o n s  t h r o u g h  Apo l lo .  It 
i s  assumed t h a t  t h e  s p a c e c r a f t  must be c a p a b l e  o f  e n t i r e l y  i n d e -  
penden t  o p e r a t i o n ,  r e g a r d l e s s  o f  whe the r  t h e  s p a c e c r a f t  o r  ground 
has pr ime c o n t r o l  f o r  t h e  v a r i o u s  m i s s i o n  o p e r a t i o n s .  No a t -  
t empt  i s  made t o  d e l i n e a t e  a S p e c i f i c  computer  s y s t e m  c o n f i g u -  
r a t i o n ,  a l t h o u g h  c e r t a i n  g r o s s  sys t em c h a r a c t e r i s t i c s  can  be 
i n f e r r e d .  

2 . 0  EXAMPLE MISSION 

The ~ l a n e t a r y  f l y h y  mission used as an  example here i s  
assumed t o  b e g i n  w i t h  a s s e m b l y  and checkout  o f  a s p a c e c r a f t  and 
i n j e c t i o n  v e h i c l e  i n  e a r t h  o r b i t .  The s p a c e c r a f t  i n c l u d e s  a 
la rge  Planned Module ( Y N )  i n  which t h e  a s t r o n a u t s  n o r m a l l y  c a r r y  
on t h e i r  a c t i v i t i e s  d u r i n g  t h e  t r i p ,  and a small Ear th  E n t r y  
IvIodu.le (EEN) f o r  t h e  f i n a l  r e t u r n  t o  E a r t h .  Af te r  i n j e c t i o n  
t o w a r d  t h e  p l a n e t  , a few midcou.rse c o r r e c t i o n s  are  made. I n  
t r a n s i t ,  e x p e r i m e n t s  i n  space  p h y s i c s ,  b e k a v i o r ,  and  p h y s i o l o g y  
a r e  conduc ted .  As t ronomica l  o b s e r v a t i o n s  are  made u s i n g  a l a r g e  
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t e l e s c o p e .  A. few days  b e f o r e  p l a n e t a r y  e n c o u n t e r ,  s e v e r a l  
( abou t  s i x )  unmanned p r o b e s  a r e  e j e c t e d  frorr, t h e  s p a c e c r a f t  
and gu ided  t cward  t h e  p l a n e t .  The p r o b e s  nay i n c l u d e  o r b i t e r s ,  
s low-descent  a t m o s p h e r i c  p r o b e s  and s o f t  l a n d e r s .  The p robes  
communicate a t  h i g h  da ta  ra tes  w i t h  t h e  mother  s p a c e c r a f t  for 
a s h o r t  t i m e  b e f o r e  and a f t e r  p e r i a p s i s .  

On-board t h e  s p a c e c r a f t  , remote  measurements o f  t h e  
p l a n e t  are made u s i n g  v a r i o u s  p o r t i o n s  o f  t h e  e l e c t r o m a g n e t i c  
spec t rum.  A l a r g e  number of h i g h  r e s o l u t i o n  p i c t u r e s  are t a k e n  
u s i n g  t h e  l a r g e  t e l e s c o p e .  Data i s  t r a n s m i t t e d  t o  E a r t h  a t  
r a t e s  up t o  one megabi t  p e r  second from i n j e c t i o n  u n t i l  a f e w  
weeks a f t e r  e n c o u n t e r .  The maximum r a t e  d i m i n i s h e s  t o  a low o f  
a p p r o x i m a t e l y  s e v e n t y  k i l o b i t s  p e r  s econd .  T h i s  low r a t e  l a s t s  
f o r  abou t  a month,  t h e n  r e t u r n s  t o  one megabit p e r  s econd .  
There may b e  a p e r i o d  on t h e  r e t u r n  l e g  when t h e  sun  l i e s  be- 
tween t h e  s p a c e c r a f t  and E a r t h ;  t h i s  would c u t  o f f  communica- 
t i o n s  w i t h  E a r t h  f o r  as long  as two months.  The r e t u r n  l e g  o f  
t h e  m i s s i o n  i s  used  to t r a n s m i t  data  c o l l e c t e d  d u r i n g  p l a n e t a r y  
e n c o u n t e r  t o  E a r t h  and  t o  pe r fo rm e x p e r i m e n t s  s imi l a r  t o  t h o s e  
on t h e  o u t g o i n g  l e g .  E a r t h  e n t r y  w i l l  o c c u r  some one and one- 
h a l f  t o  two y e a r s  a f t e r  i n j e c t i o n .  

3 . 0  REQUIREMENTS FOR FLIGHT OPERATIONS 

3 . 1  Moni to r ing  and  T e s t i n g  On-board Systems 

Three l e v e l s  o f  t e s t i n g  w i l l  b e  r e a u i r e d  for con- 
d u c t i n g  f l i g h t  o p e r a t i o n s :  monitoring - an e s s e n t i a l l y  c o n t i n -  
uous check of c e r t a i n  sys tem p a r a m e t e r s ;  c o n f i d e n c e  t e s t i n g  - a 
more d e t a i l e d  check  o f  system parameters b e f o r e  c e r t a i n  c r u c i a l  
e v e n t s ;  and d i a g n o s t i c  t e s t i n g - -  a s t i l l  more d e t a i l e d  check  o f  
a s y s t e m  whenever i t  i s  found t o  be f a u l t y .  

Checkout a t  t h e s e  l e v e l s  i s  n o t  r e s t r i c t e d  t o  i n -  
f l i g h t  needs  b u t  i s  r e q u i r e d ' a s  w e l l  i n  c e r t a i n  p h a s e s  p r i o r  t o  
l a u n c h .  Use of an  i n t e g r a t e d  t e s t i n g  concep t  i n  which c e r t a i n  
p r e l a u n c h  and i n f l i g h t  t e s t s  are c a r r i e d  o u t  i n  a common manner 
by e s s e n t i a l l y  t h e  same a u t o m a t i c  equipment  a p p e a r s  d e s i r a b l e ,  
b o t h  f o r  economic r e a s o n s  and t o  m a i n t a i n  c o n t i n u i t y  o f  t e s t i n g .  
The on-board computer  sys tem i s  t h e  n a t u r a l  c a n d i d a t e  f o r  t h e  j o b .  

There are  o t h e r  arguments  f o r  u s i n g  t h e  on-board com- 
p u t e r  sys t em f o r  checkou t .  Mon i to r ing  sys t em s t a t u s  for l o n g  
p e r i o d s  o f  t i m e  i s  a j o b  done p o o r l y  by humans and ,  e v e n  worse ,  
i s  a waste o f  p r e c i o u s  r e s o u r c e s .  ' * )  Conf idence  and d i a g n o s t i c  
t e s t i n g ,  t hough  h i g h e r  o r d e r  tasks  t h a n  m o n i t o r i n g ,  are  a l s o  
c a n d i d a t e s  f o r  au tomat ion  i n  o r d e r  t o  o b t a i n  f a s t e r  t e s t i n g  w i t h  

f 
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l e s s  chance  o f  human e r r o r .  T h i s  i s  p a r t i c u l a r l y  t r u e  a t  hec- 
t i c  times i n  t h e  m i s s i o n  or i f  m u l t i p l e  f a i l u r e s  o c c u r .  

The u s e  o f  a computer for t e s t i n g  p r o v i d e s  t h e  s t o r -  
age media, c o m p u t a t i o n a l  c a p a b i l i t y ,  and l o g i c a l  c a p a b i l i t y  for 
making compar isons  and i n d i c a t i n g  t r e n d s  w i t h  b o t h  a c c u r a c y  and 
r e p e a t a b i l i t y .  F u r t h e r m o r e ,  t h e  t e s t  p o i n t s  and much o f  t h e  
checkou t  s o f t w a r e  w i l l  a l r e a d y  e x i s t  from p r e l a u n c h  r e q u i r e m e n t s .  
It w i l l  a l s o  be d e s i r a b l e  t o  have an au tomated  s y s t e m  on boa rd  
which can  ass is t  t h e  ground i n  d e t e r m i n i n g  t h e  s t a t u s  o f  t h e  
s p a c e c r a f t ,  e s p e c i a l l y  i f  p a r t  o f  t h e  crew becomes i n c a p a c i t a t e d .  

A s t r o n a u t s  w i l l  c o n t r o l  t h e  au tomated  checkout  s y s t e m  
v i a  a checkout  s t a t i o n  which w i l l  have a keyboard ,  d i s p l a y s ,  
and communication l i n k  w i t h  t h e  c e n t r a l  computer  s y s t e m .  Or- 
d i n a r i l y ,  o n l y  summaries o f  s y s t e m  s t a t u s  w i l l  be p r e s e n t e d  on 
t h e  d i s p l a y s .  Upon r e q u e s t  , t h e  a s t r o n a u t  w i l l  be p r e s e n t e d  
w i t h  more d e t a i l e d  i n f o r m a t i o n  on any s y s t e m .  H e  w i l l  be ab le  
t o  a s k  f o r  p r e s e n t ,  f o r m e r ,  o r  nominal  v a l u e s .  H e  w i l l  a l s o  be 
able  t o  i n i t i a t e  c o n f i d e n c e  and d i a g n o s t i c  t e s t s .  H i s  o v e r a l l  
c a p a b i l i t y  w i l l  be  somewhat l i k e  t h a t  a t  l a u n c h  s y s t e m  c o n s o l e s  
d u r i n g  an  Apo l lo  countdown. The MADAR ( M a l f u n c t i o n  D e t e c t i o n  
and Record ing )  Sys t em,  an au tomated  i n f l i g h t  checkout  and main- 

a n o t h e r  p r e c u r s o r  o f  t h e  t y p e  o f  s y s t e m  e n v i s i o n e d .  
t e n a n c e  s y s t e m  b e i n g  developed  f o r  t h e  C-5A t r a n s p o r t ,  ( 3 )  i s  

I n  Apo l lo ,  t h e  ACE (Acceptance  Checkout Equipment)  
s p a c e c r a f t  t e s t  p o i n t s  are a u t o m a t i c a l l y  checked on t h e  ground.  
Only a r e s t r i c t e d  s e t  o f  t hese  p o i n t s  i s  u s e d  on b o a r d  b e c a u s e  
of t h e  v e r y  l i m i t e d  use  of i n f l i g h t  ma in tenance .  I n  c o n t r a s t ,  
an  i n t e r p l a n e t a r y  s p a c e c r a f t  w i l l  p r o b a b l y  have  a l l  o f  i t s  
"ACE" p o i n t s  a v a i l a b l e  i n  f l i g h t  as w e l l  as p r e f l i g h t .  Some 
of t h e  p o i n t s  used  for d i a g n o s t i c s  and a l l  o f  t h o s e  used  f o r  
m o n i t o r i n g  and c o n f i d e n c e  t e s t i n g  w i l l  p r o b a b l y  be  w i r e d  i n t o  
t h e  au tomated  checkou t  system, The r e s t - - t h o s e  o f  improbable  
u s e  due t o  l i m i t e d  s y s t e m  usage or l a c k  o f  c r i t i c a l i t y - - w i l l  b e  
a c c e s s i b l e  b y  b e i n g  p lugged  i n t o  a p o r t a b l e  i n t e r f a c e  w i t h  t h e  
computer .  

How many t e s t  p o i n t s  w i l l  t here  be? On one 'hand, t h e  
i n c r e a s e s  i n  sys t em s i z e  and s o p h i s t i c a t i o n  and t h e  a d d i t i o n  o f  
new s e r v i c e s  w i l l  t e n d  t o  i n c r e a s e  t n e  chec l io i i t  r e q u i r e z e n t s  
o v e r  Apo l lo .  On t h e  o t h e r  hand,  t h e  i n c r e a s i n g  c a p a b i l i t y  p e r  
u n i t  s i z e  of  e l e c t r o n i c  d e v i c e s  and o t h e r  s y s t e m  b u i l d i n g  b l o c k s  
w i l l  t e n d  t o  r e d u c e  t h e  o v e r a l l  number o f  p o i n t s  t o  be t e s t e d .  
The  a u t h o r s '  s p e c u l a t e  t ha t  f o r  a m i s s i o n  s u c h  as t h e  7 0 ' s  f l y b y  
e x a m p l e ,  one can  e x p e c t  a f a c t o r  o f  two t o  f i v e  i n c r e a s e  o v e r  
t h e  number of Apol lo  ACE CSM t e s t  p o i n t s .  T h i s  i m p l i e s  approx-  
i m a t e l y  2000 - 4000 t e s t  p o i n t s  f o r  t h e  MM s y s t e m s .  D i a g n o s t i c  
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t e s t  p o i n t s  would make up about  t h r e e  f o u r t h s  o f  t h e  t o t a l  
number. 

Three  b r o a d  c l a s s e s  o f  d i a g n o s t i c  approaches  a re  
f o r e s e e n :  1) t h o s e  f o r  d i g i t a l  s y s t e m s  ( a u t o m a t e d ) ;  2 )  t h o s e  
f o r  a n a l o g  sys t ems  ( a u t o m a t e d ) ;  and t h o s e  f o r  bas ic  b u i l d i n g  
b l o c k s  ( semi -au tomated ) .  J u s t  as  t h e y  r e q u i r e  more t e s t  p o i n t s ,  
d i g i t a l  equipments  g e n e r a l l y  r e q u i r e  more complex d i a g n o s t i c  
r o u t i n e s  t h a n  do  a n a l o g  equipments  s i n c e  t h e y  a re  g e n e r a l l y  ca- 
p a b l e  o f  many more o p e r a t i o n a l  s t a t e s .  Thus,  e l a b o r a t e  d i a g -  
n o s t i c  r o u t i n e s  are  f o r e s e e n  f o r  sys t ems  such  as up and down 
da ta  l i n k s ,  t h e  computer  sys tem i t s e l f ,  and t h e  computer  i n t e r -  
f a c e  equ ipmen t s .  C e r t a i n  d i g i t a l / a n a l o g  h y b r i d  subsys t ems  w i l l  
a l s o  r e q u i r e  r a the r  e l a b o r a t e  d i a g n o s t i c  r o u t i n e s .  

The t o t a l i t y  of d i a g n o s t i c  programs w i l l  r e q u i r e  a 
s i g n i f i c a n t  amount o f  b u l k  memory s p a c e .  For example,  t h e  
Apo l lo  A C E  programs use  t e n s  o f  t h o u s a n d s  o f  words f o r  checkou t  
of  a l u n a r  l a n d i n g  m i s s i o n  s p a c e c r a f t .  A p l a n e t a r y  f l y b y  space -  
c r a f t  would r e q u i r e  somewhat g r e a t e r  s t o r a g e  for t h e  t o t a l i t y  
o f  i t s  checkout  programs.  

The d i s c u s s i o n  t h u s  f a r  a p p l i e s  p r i m a r i l y  t o  a n  MM 
where t h e  crew norma l ly  c a r r i e s  on i t s  a c t i v i t i e s .  It i s  r e c -  
o g n i z e d  t h a t  an  EEM would be checked  o u t  p r i o r  t o  i n t e r p l a n e -  - 
t a r y  i n j e c t i o n  and p r i o r  t o  E a r t h  l a n d i n g .  I t s  checkout  equ ip -  
ment may b e  p a r t i a l l y  s e l f - c o n t a i n e d ,  p a r t i a l l y  c o n t a i n e d  i n  
t h e  MM. The MM computer  sys tem may t h e r e f o r e  have  t o  bear p a r t  
o f  t h e  l o a d  of EEM checkout  as w e l l  as i t s  own. However, f o r  
most o f  t h e  m i s s i o n ,  EEM checkout  w i l l  n o t  o r d i n a r i l y  b e  o f  
c o n c e r n .  

3 .2  G & N ,  Abort  Guidance,  and D i g i t a l  A u t o p i l o t  

Guidance , n a v i g a t i o n  , and a b o r t  r e q u i r e m e n t s  ob- 
v i o u s l y  depend h e a v i l y  on t h e ' t y p e  o f  m i s s i o n  i n v o l v e d .  
For p l a n e t a r y  f l y b y  m i s s i o n s ,  t h e  G & N  computa t ion  r e q u i r e -  
ments  would n o t  be s u b s t a n t i a l l y  h i g h e r  t h a n  t h o s e  r e q u i r e d  
f o r  a l u n a r  f l y b y ,  e x c e p t  i n  t h e  v i c i n i t y  o f  t h e  p l a n e t ,  where 
p r o b e  gu idance  ( b r i e f l y  d i s c u s s e d  l a t e r )  i s  n e c e s s a r y .  There  
would be  o p p o r t u n i t y  for e a r l y  r e t u r n  b y  a b o r t  o n l y  w h i l e  t h e  
Sp_18CEc;i-ai ----oc c, 18 n i r r n ;  O L ~ L ~ ~ ~ ~ ~ ~ . . ~ - ~  tin3ntIv i n f l i i e n c e d  by t h e  e a r t h ' s  g r a v i -  
t a t i o n a l  f i e l d ,  which i s  l e s s  t h a n  one p e r c e n t  o f  t h e  m i s s i o n  
d u r a t i o n .  Abort G & N  a l g o r i t h m s  would b e  o f  t h e  same o r d e r  o f  
c o m p l e x i t y  as t h e  a b o r t  a l g o r i t h m s  used  f o r  a l u n a r  f l y b y .  

A s i g n i f i c a n t  impact  upon advanced computer  s y s t e m s  
c o u l d  r e s u l t  from t h e  u s e  o f  s t rap-down i n e r t i a l  measurement 
u n i t s  (IMU's), which a r e  c a n d i d a t e s  f o r  p l a n e t a r y  m i s s i o n  u s e  
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because  of  r e l i a b i l i t y  p e r  u n i t  weight  and power c o n s i d e r a -  
t i o n s .  There are i n d i c a t i o n s  t h a t  s t rap-down u n i t s  c o u l d  i n -  
c r e a s e  t h e  on-board G&N computa t ion  l o a d  b y  as much a s  a f a c -  
tor o f  f i v e  to t e n  w i t h  r e spec t  t o  t h e  c a l c u l a t i o n s  r e q u i r e d  
u s i n g  a g imbaled  I M U ,  a l t h o u g h  u s e  o f  a d i g i t a l  a u t o p i l o t  t e n d s  
t o  lower  t h i s  f a c t o r  s l i g h t l y .  Both g imbaled  and o p t i c a l  p l a t -  
forms are  a l s o  p o s s i b i l i t i e s .  E i t h e r  c o u l d  w e l l  b e  u s e d ,  i f  
n o t  i n  a pr ime r o l e  for t h e  e n t i r e  m i s s i o n ,  t h e n  as pr ime f o r  a 
p a r t i c u l a r  m i s s i o n  phase  o r  as  backup.  

3 . 3  D i s p l a y s  

C u r r e n t l y ,  t h e  i n t e r i o r  o f  a s p a c e c r a f t  resembles 
an  a i r p l a n e  c o c k p i t :  a p r o f u s i o n  o f  d i a l s ,  l i g h t s ,  and 
s w i t c h e s ,  e a c h  w i t h  a un ique  f u n c t i o n .  For t h e  most p a r t  t h e y  
a r e  connec ted  t o  s e n s o r s  with l i t t l e  or no  i n f o r m a t i o n  p r o c e s -  
s i n g  e n  r o u t e .  P i l o t s  e v e n t u a l l y  l e a r n  t o  l i v e  w i t h  t h i s  d i s -  
p l a y  j u n g l e ,  though n o n - p i l o t s  a re  u s u a l l y  s t a g g e r e d  by i t .  
The s i t u a t i o n  c o u l d  get worse w i t h  t h e  more numerous and com- 
p l e x  s y s t e m s  e x p e c t e d  on advanced m i s s i o n s .  

One s o u r c e  of  r e l i e f  would be to d i s p l a y  l e s s  sub-  
s y s t e m  data  w i t h  t h e  a i d  o f  t h e  p r e v i o u s l y  d i s c u s s e d  au tomated  
checkout  sys t em.  Another  approach  would be  t o  combine i n f o r -  
m a t i o n  from v a r i o u s  s e n s o r s  i n t o  i n t e g r a t e d  s i t u a t i o n  d i s p l a y s  
l i k e  t h o s e  r e c e n t l y  deve loped  by Army-Navy r e s e a r c h  f o r  a i r -  
c r a f t  u s e .  (4) I n  one such  d i s p l a y  s y s t e m ,  da ta  i s  c o l l e c t e d  
from t h e  g y r o s ,  radars ,  a i r  da ta  computer ,  compass, i n s t r u -  
m e n t a t i o n  l a n d i n g  s y s t e m ,  and f u e l  f l owmete r s .  The c e n t r a l  
d i g i t a l  computer sys t em p r o c e s s e s  t h e  i n f o r m a t i o n  and p r o v i d e s  
t h e  o u t p u t s  t o  r u n  a v e r t i c a l  s i t u a t i o n  d i s p l a y  and a h o r i z o n -  
t a l  s i t u a t i o n  d i s p l a y .  

A v e r s i o n  of  t h e  v e r t i c a l  s i t u a t i o n  d i s p l a y ,  made by 
Kaiser Aerospace and E lec t ron i - c s  C o r p o r a t i o n ,  i s  c u r r e n t l y  op- 
e r a t i o n a l  i n  t h e  Grumman A-6A I n t r u d e r .  T h i s  " c o n t a c t  a n a l o g "  
d i s p l a y  shows t h e  command f l i g h t  p a t h  as a highway i n  t h e  s k y .  
The  highway i s  i n  p r o p e r  p e r s p e c t i v e  as viewed from t h e  c u r r e n t  
p o s i t i o n  of t h e  a i r c r a f t .  The p i l o t  f l i e s  h i s  command c o u r s e  
s i m p l y  b y  t r y i n p ;  t o  s t a y  on t h e  highway. O the r  f e a t u r e s  i n c l u d e  
a d i s t a n c e  s c a l e ,  t h e  a i r c r a f t  a t t i t u d e  i n  t h r e e  d i m e n s i o n s ,  
and  symbols f o r  a t a r g e t  ana a WeapoiT r e l z a s e  =nInt.: 

I n  a second  mode, t h e  d i s p l a y  p r o j e c t s  a s y n t h e t i c  
3-D view o f  t h e  t e r r a i n  ahead o f  t h e  p l a n e ,  u s i n g  r a n g e ,  a l -  
t i t u d e  and az imuth  i n f o r m a t i o n  from t h e  radars .  The t e r r a i n  
i s  shown as t e n  v e r t i c a l  s l i c e s  a t  v a r i o u s  r a n g e s  (1/4 m i l e  
ahead, 1 / 2  mi le  a h e a d ,  e t c . ) .  Each s l i c e  shows t e r r a i n  h e i g h t  
V S .  a z imuth  a t  t h a t  r a n g e ,  so  t h a t  t h e  o v e r a l l  e f f e c t  i s  one of 
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l o o k i n g  a t  a t h r e e  d i m e n s i o n a l  c o n t o u r  map. Tes t s  show t h a t  
p i l o t s  can f o l l o w  t e r r a i n  c o n t o u r s  o f  t h e  radar d i s p l a y  more 
a c c u r a t e l y  and w i t h  more c o n f i d e n c e  t h a n  w i t h  v i s u a l  r e f e r e n c e s  
i n  c l e a r  weather. The radar s h a r p e n s  t e r r a i n  f e a t u r e s ,  and ac-  
c u r a t e l y  measures  r a n g e  which t h e  e y e  on ly  estimates.  P i l o t s  
l i k e  t h e s e  d i s p l a y s .  

The f l i g h t  d i s p l a y  p u t s  a l i g h t  i n c r e m e n t a l  computa- 
t i o n  l o a d  on t h e  c e n t r a l  computer ,  s i n c e  most o f  t h e  d i s p l a y e d  
data  must be c a l c u l a t e d  regardless of  t h e  t y p e  o f  d i s p l a y  used .  
The amount o f  a d d i t i o n a l  computer  memory s p a c e  which may be  
cha rged  t o  t h i s  p a r t i c u l a r  d i s p l a y  i s  es t imated a t  l ess  t h a n  
1000 words.  

It seems r e a s o n a b l e  t o  a n t i c i p a t e  v a r i a t i o n s  o f  t h e  
above i n t e g r a t e d  s i t u a t i o n  d i s p l a y s  which would ass i s t  r endez -  
vous ,  ea r th  e n t r y ,  a t t i t u d e  c o n t r o l ,  and v i r t u a l l y  a l l  o t h e r  
p i l o t i n g  f u n c t i o n  a b o a r d  a manned s p a c e c r a f t .  Fo r  example,  
c o n s i d e r  a manual ly  c o n t r o l l e d  rendezvous  w i t h  a n o t h e r  veh i -  
c l e  which has an  e x t r e m e l y  u n f a v o r a b l e  l i g h t i n g  background.  
A d i s p l a y  showing t h e  v e h i c l e  i n  p e r s p e c t i v e ,  some r a n g e  mark- 
e r s ,  t h e  des i red  rendezvous  t r a j e c t o r y ,  and  a p p r o p r i a t e  com- 
mand i n f o r m a t i o n  would be o f  c o n s i d e r a b l e  a id  t o  t h e  p i l o t  and 
t h e r e b y  i n c r e a s e  r e l i a b i l i t y  i n  a c r i t i c a l  s i t u a t i o n .  O t h e r  i n -  
tegrated d i s p l a y s  might  b e  used  f o r  p r o j e c t i n g  e n t r y  c o r r i d o r s  - 
as three  d i m e n s i o n a l  p a t h s ,  o r  i n  s i m u l a t i o n s  used  f o r  on- 
b o a r d  crew t r a i n i n g .  

I n  a d d i t i o n  t o  t h e s e  somewhat e x o t i c  d i s p l a y s ,  t h e r e  
w i l l  be  more mundane CRT or e l e c t r o l u m i n e s c e n t  ( E L )  d i s p l a y s  
f o r  showing such  t h i n g s ’ a s  X-Y p l o t s  and a l p h a n u m e r i c s .  For 
example,  t h e  au tomated  checkout  s y s t e m  w i l l  u s e  these  d i s p l a y s .  
Others  w i l l  b e  a s s o c i a t e d  w i t h  expe r imen t  c o n t r o l  and  data  man- 
agement .  The Apo l lo  s p a c e c r a f t  u s e s  numer ic  EL d i s p l a y s  f o r  
showing s e l e c t e d  o u t p u t s  f r o m  t h e  A G C .  

The r o l e  o f  t h e  computer  i n  a l l  o f  these  v a r i o u s  on- 
b o a r d  d i s p l a y  s y s t e m s  i s  obv ious :  i t  c o l l e c t s  and  f o r m a t s  i n -  
f o r m a t i o n  from v a r i o u s  s e n s o r s ;  s t o r e s  and f e t c h e s  data;  p e r -  
fo rms  n e c e s s a r y  c o m p u t a t i o n s ;  and composes a p p r o p r i a t e  data 
i n t o  t h e  v a r i o u s  p r e s e n t a t i o n s  by  commanding t h e  a p p e a r a n c e  and 
p o s i t i o n i n g  of  symbols ,  wavef’oi-iiis, azd o t h e r  t y p e s  nf’ graphics - 
I n  s p i t e  o f  t h e  i n f e r e n c e  one might draw from t h e  v e r t i c a l  s i t u -  
ation d i s p l a y  example p r e s e n t e d  he re ,  t h e  l o a d  on t h e  computer  
f o r  d r i v i n g  d i s p l a y s  may vary o v e r  a ve ry  wide r a n g e .  

The MTBF’s o f  p r e s e n t  i n t e g r a t e d  s i t u a t i o n  d i s p l a y s  
a re  estimated a t  s e v e r a l  days t o  s e v e r a l  weeks--too low f o r  
p l a n e t a r y  m i s s i o n s .  A n t i c i p a t e d  improvement i n  CRT and /o r  EL 
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t echno logy  w i l l  s i g n i f i c a n t l y  i n c r e a s e  t h e s e  MTBF's. The f a c t  
remains  t h a t  most o f  t h e  e l emen t s  o f  t h e  p r e s e n t  d i s p l a y  j u n -  
g l e  have t h e  i n h e r e n t  r e l i a b i l i t y  a d v a n t a g e  of t h e  s i m p l e  o v e r  
t h e  complex and o f  n o t  p u t t i n g  a l l  t h e  eggs  i n  one b a s k e t .  Un- 
t i l  t h e  more s o p h i s t i c a t e d  d i s p l a y s  a re  p roven  r e l i a b l e ,  t h e y  
w i l l  p r o b a b l y  be backed up b y  a r e d u c e d  se t  of  " s imple"  d i s p l a y s .  

3 .4  Astronaut-Computer Communications 

Guidance Computer ( A G C )  u s i n g  a keyboard  w i t h  b u t t o n s  f o r :  
numbers 0 - 9 ,  +, -, VERB, NOUN, CLEAR, STANDBY, KEY RELEASE, 
ENTER, and RESET. The a s t r o n a u t s  c o n s u l t  a code book and punch 
i n  d i g i t s  r e p r e s e n t i n g  v e r b s ,  nouns ,  o r  d a t a .  The v e r b s  a re  
s imple  commands t o  t h e  computer ,  such  as " d i s p l a y  (noun) , "  "mon- 
i t o r  ( n o u n ) , "  " l o a d  (noun) , "  The nouns a re  v a r i o u s  p a r a m e t e r s  
such  as v e l o c i t i e s ,  a n g l e s ,  r a t e s ,  p o s i t i o n s ,  t imes ,  e t c .  The 
computer  communicates w i t h  t h e  a s t r o n a u t s  v i a  a s i m p l e  numer ic  
EL d i s p l a y  and a s e t  of s t a t u s  l i g h t s .  Almost t h e  e n t i r e  com- 
p u t e r - a s t r o n a u t  d i a l o g u e  c e n t e r s  a round  gu idance  and n a v i g a t i o n .  

s i o n s  w i l l  r e q u i r e  more f r e q u e n t ,  more i n c l u s i v e ,  and more so-  
p h i s t i c a t e d  man-machine communications t h a n  i n  Apo l lo .  A p r e -  
mium w i l l  b e  p l a c e d  on speed  and a c c u r a c y  o f  communicat ions and. 
on min imiz ing  t h e  t remendous l e a r n i n g  burden  o f  t h e  a s t r o n a u t s .  
The improved d i s p l a y s  s u g g e s t e d  i n  t h e  p r e c e d i n g  s e c t i o n  w i l l  
be  one s o u r c e  of  a i d .  Another w i l l  b e  h i g h e r  l e v e l  i n p u t  l a n -  
guages .  Resea rch  i s  needed t o  d e f i n e  e i t h e r  a g e n e r a l  space -  
c r a f t  command and c o n t r o l  language  or a group o f  f u n c t i o n - o r i -  
e n t e d  l a n g u a g e s  f o r  t h e  a s t ronau t - compute r  d i a l o g u e .  Reasonably 
d e t a i l e d  d i a g n o s t i c s  of i n p u t  programs s h o u l d  a l s o  b e  p r o v i d e d .  
A h i g h  l e v e l  l anguage  package p l u s  i n c r e a s e d  d i a g n o s t i c  capa-  
b i l i t y  imply t h e  a v a i l a b i l i t y  o f  a d d i t i o n a l  h i g h  s p e e d  memory 
s p a c e .  

Another  improvement w i l l  be  t o  e n l a r g e  t h e  keyboard  
and have  i n d i v i d u a l  keys  f o r  f r e q u e n t l y  used  words ,  w i t h  less  
f r e q u e n t l y  used words i n s e r t e d  v i a  a g e n e r a l  s e t  o f  a lphanu-  
m e r i c  k e y s .  The c h o i c e  of words t o  be c o n s i d e r e d  "most f re-  
q u e n t "  might  be  l e f t  t o  t h e  u s e r  and a l lowed  t o  v a r y  from p e r -  
son t o  p e r s o n  arici  s t a t io r ;  s t a t i n n .  A l l  commands c o u l d  s t i l l  
b e  i n i t i a t e d  from any keyboard.  

The Apol lo  a s t r o n a u t s  communicate w i t h  t h e  Apol lo  

The expanded s e t  of computer  f u n c t i o n s  on advanced m i s -  

O p t i o n a l  hard copy of i n p u t s  or o u t p u t s  would b e  an- 
o t h e r  d e s i r a b l e  f e a t u r e .  Also,  punched or magne t i c  c a r d s  might  
b e  used  f o r  s t o r i n g  f r e q u e n t l y  u s e d  programs.  The c a r d  would be 
i n s e r t e d  i n t o  a computer i n p u t  d e v i c e ,  s imilar  t o  c a r d  d i a l e r s  
u s e d  w i t h  t e l e p h o n e s ,  i n  l i e u  o f  punching  b u t t o n s  whenever t h e  
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program i s  d e s i r e d .  Voice i n p u t  d e v i c e s  might  a l s o  become 
f e a s i b l e  f o r  some p o r t i o n  of  t h e  i n p u t  r e p e r t o i r e .  

-3 .5  I n f  li ght . C r e w  T r a i n i n g  

"During a s e v e r a l  month i n t e r p l a n e t a r y  voyage , 
crew members c o u l d  l o s e  some o f  t h e  s k i l l  t h e y  have 
deve loped  i n  such  maneuvers as e a r t h  a tmosphere  r e -  

As t ronau t  Alan B. Shepard 

P l a n e t a r y  f l y b y s  w i l l  p u t  a t  l ea s t  one t o  two y e a r s  
between t h e  t i m e  an  a s t r o n a u t  l a s t  f l e w  (or p r a c t i c e d  i n  a f u l l  
s c a l e  s i m u l a t o r )  an e a r t h  e n t r y  and t h e  t i m e  h e  must do s o  a g a i n .  
The i n t e r v e n i n g  t i m e  p l u s  t h e  p h y s i o l o g i c a l  and p s y c h o l o g i c a l  
demands o f  t h e  m i s s i o n  w i l l  t e n d  t o  d e g r a d e  h i s  a b i l i t y  t o  p e r -  
form t h e  t a sk .  Var ious  o t h e r  on-board tasks w i l l  have smaller  
b u t  s t i l l  s i g n i f i c a n t  i n t e r v a l s  between p r a c t i c e s .  Examples 
a r e  p l a n e t a r y  photography at c l o s e  r a n g e ,  t a r g e t i n g  and g u i d -  
ance  o f  p r o b e s ,  and on-board p l a n e t a r y  e n c o u n t e r  e x p e r i m e n t s .  

The a s t r o n a u t s  must somehow m a i n t a i n  t h e i r  s k i l l s  i n  
t h e s e  t a s k s ,  e i t h e r  b y  l i v e  p r a c t i c e  r u n s  or s i m u l a t i o n s .  I d e a l l y ,  
t h e y  s h o u l d  use  t h e  same c o n t r o l s ,  d i s p l a y s  and s y s t e m s  f o r  p r a c -  
t i c i n g  as i n  a c t u a l  o p e r a t i o n a l  u s a g e .  However, t h e r e  i s  a 
s c h o o l  of  t h o u g h t  t h a t  one s h o u l d  n o t  t ake  f l i g h t - c r i t i c a l  con- 
t r o l s  and d i s p l a y s  o f f  l i n e  f o r  s i m u l a t i o n s  d u r i n g  a m i s s i o n .  
Moreover ,  i n t r o d u c i n g  s i m u l a t i o n  modes ( w i t h  s w i t c h e s  and  ad- 
d i t i o n a l  i n p u t  and o u t p u t  p a t h s )  may lower sys t em r e l i a b i l i t y .  

We t h e r e f o r e  a n t i c i p a t e  t h e  e x i s t e n c e  o f  an on-board 
t r a i n i n g ,  s i m u l a t i o n  and b e h a v i o r a l  r e s e a r c h  s t a t i o n .  It would 
have  d i s p l a y s  and c o n t r o l s  which can  assume d i f f e r e n t  c o n f i g u r a -  
t i o n s  t o  s i m u l a t e  d i f f e r e n t  crew s t a t i o n s .  It would u s e  
t h e  computer  sys t em f o r  c o n t r o l l i n g  r e a l  t i m e  s i m u l a t i o n s ,  s t o r i n g  
n o r m ,  s i m u l a t i n g  c e r t a i n  systems, e v a l u a t i n g  r e s u l t s ,  and com- 
p i l i n g  s u b j e c t  p r o f i l e s .  The f a c i l i t y  would have t h e  f o l l o w i n g  
u s e s :  

1. T r a i n i ~ g - ; .  This i s  r e q u i r e d  to m a i n t a i n  crew 
s k i l l s  which are not  f r e q u e n t l y  u s e d .  

2 .  C r e w  r e a s s i g n m e n t s .  Each a s t r o n a u t  w i l l  be  a 
s p e c i a l i s t  i n  some a r e a s  and c r o s s - t r a i n e d  i n  
o t h e r s .  A t  some p o i n t  i n  t h e  m i s s i o n ,  p e r h a p s  
due t o  t h e  i n c a p a c i t a t i o n  o f  some o t h e r  crew 
member,  i t  may be  des i rab le  or n e c e s s a r y  t o  
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r e a s s i g n  an  a s t r o n a u t  f rom h i s  o r i g i n a l  
s p e c i a l t y  to a n o t h e r .  The equipment  and 
s o f t w a r e  used  for " rou t ine ! '  t r a i n i n g  might  
s u f f i c e ,  though some a d d i t i o n a l  " t e a c h i n g  
machine' '  c a p a b i l i t y  may a l s o  p rove  t o  be 
d e s i r a b l e .  

3 .  Checkout of  new p r o c e d u r e s .  These may be 
e s t a b l i s h e d  b y  t h e  f l i g h t  crew or ground 
d u r i n g  t h e  c o u r s e  of t h e  m i s s i o n  [The m i s -  
s i o n  w i l l  be o f  such  d u r a t i o n  t h a t  even  
s t a t e - o f - t h e - a r t  advances  are  p o s s i b l e .  1 
T h i s  f u n c t i o n  r e q u i r e s  t h e  a b i l i t y  to i n -  
s e r t  l a r g e  new programs i n t o  t h e  computer  
from ground or smaller ones  from on-board.  

4 .  B e h a v i o r a l  r e s e a r c h .  I n  a d d i t i o n  t o  t h e  
b i o m e d i c a l  m o n i t o r i n g  of  t h e  a s t r o n a u t s ,  
c e r t a i n  b e h a v i o r a l  s t u d i e s  w i l l  t ake  
p l a c e .  These w i l l  c o n s i s t  o f  t e s t s  of 
r e a c t i o n - t i m e ,  dec is ion-making  and prob-  
l e m  s o l v i n g .  The r e s u l t s  o f  these  t e s t s  
w l l  be  c o r r e l a t e d  w i t h  b i o m e d i c a l  data  
t o  i n d i c a t e  t h e  " c o n d i t i o n "  of  t h e  as- 
t r o n a u t s  a t  v a r i o u s  p o i n t s  i n  t h e  m i s -  
s i o n .  S i n c e  t h e s e  b e h a v i o r a l  s t u d i e s  w i l l  
r e q u i r e  t h e  u s e  o f  d i s p l a y s  and c o n t r o l s ,  
i t  s h o u l d  b e  p o s s i b l e  to u s e  t h e  f a c i l -  
i t y  f o r  b e h a v i o r a l  e x p e r i m e n t s  as w e l l  as 
for s i m u l a t i o n  and t r a i n i n g .  

The s i m u l a t i o n s  used i n  c o n j u n c t i o n  w i t h  t h i s  f a c i l -  

The Apol lo  
i t y  would be ma jo r  u s e r s  o f  c o m p u t a t i o n a l  t i m e  when r u n n i n g .  
They c o u l d  be among t h e  l a r g e s t  programs on b o a r d .  
M i s s i o n  S i m u l a t o r  and LM Miss ion  S i m u l a t o r  programs e a c h  r u n  
g r e a t e r  t h a n  l O O K  words.  
t h e y  i n d i c a t e  how l a r g e  t h e s e  s i m u l a t i o n s  can  become. 

Thobgh n o t  n e c e s s a r i l y  r e p r e s e n t a t i v e ,  

"Nuclear  i n s t r u m e n t a t i o n  i s  unde rgo ing  r e v o l u -  
t i o n a r y  changes  because  o f  [ t h e ]  r a p i d l y  i n c r e a s i n g  
u s e  of  s to red -p rogram computers  b y  e x p e r i m e n t a l i s t s  
i n  n u c l e a - r - s t r u c t u r e  l a b o r a t o r i e s .  

John V. Kane 



I BELLCOMM, INC. - 10 - 

" I n  t h e  h i g h  ene rgy  p h y s i c s  l a b o r a t o r y  t h e  
most r emarkab le  development t h a t  has o c c u r r e d  i n  
t h e  l a s t  f i v e  years  has been t h e  i n t r o d u c t i o n  of 
t h e  d i g i t a l  computer  as an a c t i v e  p a r t  o f  t h e  
e x p e r i m e n t a l  a p p a r a t u s .  I' 

George W. T a u t f e s t  

Both o f  t hese  q u o t e s  were t a k e n  from t h e  J u l y ,  1966 
i s s u e  of " P h y s i c s  Today" and i n d i c a t e  t h e  e f f e c t  computers  have 
had on ground-based e x p e r i m e n t a t i o n .  It i s  l i k e l y  t h a t  space-  
borne  computers  w i l l  have a s i m i l a r  e f f e c t  on s p a c e  experimen- 
t a t i o n  w i t h i n  t h e  n e x t  decade when one c o n s i d e r s  t h a t  t h e y  have 
been  v i r t u a l l y  unused t h u s  f a r  and t h a t  t h e  number and complex- 
i t y  o f  e x p e r i m e n t s  a r e  i n c r e a s i n g .  For example ,  t h e  p a r t i c l e s  
expe r imen t  on E x p l o r e r  I measured o m n i d i r e c t i o n a l  i n t e n s i t y  o f  
p a r t i c l e s  o f  any t y p e .  On OGO-E, t h e  p a r t i c l e s  expe r imen t  w i l l  
measure d i r e c t i o n a l  c h a r a c t e r i s t i c s  and i n t e n s i t y  as a f u n c t i o n  
o f  p a r t i c l e  e n e r g y  and t y p e .  (6) 
on-board e x p e r i m e n t a t i o n  a re  s u g g e s t e d  i n  t h e  f o l l o w i n g  s e c t i o n s .  

Experiment  Checkout and C a l i b r a t i o n  -- It i s  es t imated  t h a t  t h e r e  
w i l l  be  abou t  30-40 ma jo r  p i e c e s  of e x p e r i m e n t a l  equipment  on- 
boa rd  a f l y b y  s p a c e c r a f t  i n  a d d i t i o n  t o  abou t  f o r t y  c a r r i e d  i n  
t h e  unmanned s c i e n t i f i c  p robes .  There would a l s o  be a l a r g e  
( 4 0 " )  t e l e s c o p e  w i t h  i t s  own a t t i t u d e  c o n t r o l ,  p h o t o g r a p h i c  and 
TV s y s t e m s .  

S e v e r a l  u s e s  o f  computers  i n  

About one t h i r d  o f  t h e  on-board e x p e r i m e n t s  and  t h e  
t e l e s c o p e  sys t em must be  mon i to red  and o c c a s i o n a l l y  t e s t e d  o r  
c a l i b r a t e d  t h r o u g h o u t  t h e  m i s s i o n ,  much i n  t h e  manner o f  space -  
c r a f t  sys t ems .  Another  t h i r d  of  t h e  on-board e x p e r i m e n t s ,  t h e  
f o r t y  e x p e r i m e n t s  c a r r i e d  i n  t h e  p r o b e s ,  t h e  v a r i o u s  subsys t ems  
o f  t h e  p r o b e s ,  and t h e  f l y b y  photography and TV sys t ems  must a l l  
be t e s t e d ,  and c a l i b r a t e d  i f  n e c e s s a r y ,  s h o r t l y  b e f o r e  p l a n e t a r y  
e n c o u n t e r .  T h i s  may i n v o l v e  6n t h e  o r d e r  o f  one t o  two t h o u s a n d  
t e s t  p o i n t s .  

The checkou t  and c a l i b r a t i o n  tasks  s h o u l d  be a u t o -  
mated t o  t h e  f u l l e s t  e x t e n t  p o s s i b l e  f o r  r e a s o n s  s imilar  t o  t h o s e  
g tven  fnr a u t o m a t i n g  s p a c e c r a f t  sys t ems  checkout  ( o b t a i n  speed  
and  a c c u r a c y ,  r e d u c e  crew workload ,  a v o i d  huiiian CTTC?,   et^;), 
The p r e c i s i o n  p o s s i b l e  w i t h  a computer  s y s t e m  w i l l  b e  o f  even  more 
i m p o r t a n c e  for t hese  t a sks  t h a n  f o r  t e s t i n g  o f  s p a c e c r a f t  sys t ems  
b e c a u s e  o f  t h e  g e n e r a l l y  g r e a t e r  p r e c i s i o n  r e q u i r e d  by  s c i e n -  
t i f i c  measurements  compared t o  o p e r a t i o n a l  e n g i n e e r i n g  measure-  
men t s  ( G & N  s y s t e m s  e x c e p t e d ) .  



BELLCOMM, I N C .  - 11 - 

A s  i n  t e s t i n g ,  t h e  use  of  t h e  computer  s y s t e m  f o r  c a l -  
i b r a t i o n  w i l l  p e r m i t  t h e  use  o f  c o m p l i c a t e d  or e x h a u s t i v e  schemes 
which might  n o t  o t h e r w i s e  be used .  T h i s ,  p l u s  t h e  a c c u r a c y  and 
r e p e a t a b i l i t y  o f  t h e  computer ,  t h e  a b i l i t y  t o  r e c o r d  s t eps  i n  t h e  
c a l i b r a t i o n  p r o c e s s ,  and t h e  p r e s e n c e  of  man, w i l l  r e s u l t  i n  
g rea te r  c o n f i d e n c e  i n  t h e  c a l i b r a t i o n  o f  t h e  exper iments - -an  i m -  
p o r t a n t  advan tage  o v e r  p r e s e n t  e x p e r i m e n t a t i o n .  

Experiment  C o n t r o l  -- A t  v a r i o u s  times i n  t h e  m i s s i o n  e x p e r i -  
ments  must be t u r n e d  on ,  have t h e i r  s e n s o r s  exposed ,  b e  r u n  t h r o u g h  
a warm-up sequence ,  be  c o o r d i n a t e d  w i t h  o t h e r  e x p e r i m e n t s ,  undergo  
c y c l i c  chang ing  o f  o p e r a t i o n a l  modes, e t c .  Although most o f  t h e s e  
f u n c t i o n s  c o u l d  b e  implemented w i t h  s imple  programmers,  t h e y  a re  
c a n d i d a t e s  f o r  computer  c o n t r o l  i n  o r d e r  t o  a l l o w  f l e x i b i l i t y  i n  
f l i g h t .  B u i l d i n g  a programmer w i t h  enough f l e x i b i l i t y  t o  a rb i -  
t r a r i l y  change t h e  t i m i n g  and sequenc ing  o f  e x p e r i m e n t s  may b e  
l e s s  des i r ab le  t h a n  b u i l d i n g  a wired i n t e r f a c e  w i t h  t h e  computer  
s y s t e m ,  u s i n g  a modest amount o f  computer  t i m e  and memory s p a c e ,  
and k e e p i n g  t h e  f l e x i b i l i t y  i n  t h e  s o f t w a r e .  

A more complex t y p e  o f  c o n t r o l  t h a n  s e q u e n c i n g  may b e  
needed  f o r  e x p e r i m e n t s  such  a s  p a t r o l l i n g  f o r  s o l a r  f l a res .  I n  
t h i s  e x p e r i m e n t ,  t h e  sun  w i l l  be  mon i to red  f o r  abou t  h a l f  o f  t h e  
p l a n e t a r y  m i s s i o n  u s i n g  t e l e s c o p e s ,  X - r a y ,  UV, v i s i b l e  and o t h e r  
e l e c t r o m a g n e t i c  s e n s o r s ,  cosmic r a y  and s o l a r  p r o t o n  s e n s o r s ,  e t c .  
While  t h e  crew may o c c a s i o n a l l y  o r  even  r e g u l a r l y  m o n i t o r  t h e  
s e n s o r s ,  i t  does  n o t  seem r e a s o n a b l e  t o  spend a man-year f o r  t h i s  
p u r p o s e ,  s i n c e  t h e  f l a r e s  o c c u r  o n l y  abou t  0 - 2 0  t imes  p e r  y e a r .  
Nor can  one r e l y  on E a r t h  t o  warn t h a t  a f l a r e  i s  o c c u r r i n g .  
The v i s i b l e  p o r t i o n  o f  a f l a r e  las ts  from s e v e r a l  minu te s  t o . o n e  
h o u r ,  whereas t h e  communication t i m e  f o r  t r a n s m i t t i n g  t h e  warn ing  
f r o m  ear th  t o  s p a c e c r a f t  w i l l  b e  i n  t h e  o r d e r  o f  0 - 30 m i n u t e s ;  
t h e  f l a r e  or i t s  b e g i n n i n g  might be missed e n t i r e l y .  

It would b e  economica l  i n  f i l m ,  b i t  s t o r a g e ,  and man- 
h o u r s  t o  have a s y s t e m  which samples t h e  s e n s o r s  a t  a low r a t e  
u n t i l  someth ing  u n u s u a l  o c c u r s ,  t h e n  a l e r t s  t h e  a s t r o n a u t s ,  i n -  
c r e a s e s  t h e  sampl ing  r a t e s  and p h o t o g r a p h i c  r e p e t i t i o n  r a t e s ,  and 
b r i n g s  o n - l i n e  any s e n s o r s  which may have been  i n a c t i v e .  The com- 
p u t e r  s y s t e m  would be used  t o  d i s c o v e r  t h e  "something u n u s u a l , "  
p e r h a p s  u s i n g  p a t t e r n  r e c o g n i t i o n  t e c h n i q u e s  t o  d e t e r m i n e  an  un- 

s y s t e m  would command t h e  i n i t i a l  r e s p o n s e .  T h i s  o v e r a l l  scheme 
r e p r e s e n t s  one form of data compact ion by computers .  

u s u a l l y  b r i g h t  area on a TV p i c t u r e  o f  t h e  s u n .  The co----- 111p ut 2 r 

S e v e r a l  e x p e r i m e n t s ,  i n c l u d i n g  t h e  above ,  w i l l  r e q u i r e  
a c c u r a t e  p o i n t i n g  and h o l d i n g  t o  t a r g e t s  on v a r i o u s  heaven ly  b o d i e s .  
C a l c u l a t i o n s  f o r  these  f u n c t i o n s  may r e q u i r e  data  from t h e  
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on-board a u t o p i l o t  and G & N  sys t em,  t h e  t e l e s c o p e  a t t i t u d e  con- 
t r o l  s y s t e m  and ephemer is  t ab l e s .  

Experiment  Data Management and D i s p l a y s  -- The a s t r o n a u t s  them- 
s e l v e s  w i l l  have an  i m p o r t a n t  r o l e  i n  t h e  c h e c k o u t ,  c a l i b r a t i o n  
and r o u t i n e  c o n t r o l  o f  t h e  e x p e r i m e n t s .  I n  a d d i t i o n ,  t h e y  s h o u l d  
have some c a p a b i l i t y  t o  t a k e  advan tage  o f  d i s c o v e r i e s ,  e x p l o r e  
a n o m a l i e s ,  r e d i r e c t  expe r imen t s  i n  c a s e  o f  f a i l u r e s  or mistakes,  
and s e l e c t  data  f o r  t r a n s m i s s i o n  t o  t h e  ground.  

To pe r fo rm t h e s e  tasks  t h e  a s t r o n a u t s  must b e  ab le  t o  
sample, i n  r e a l  or n e a r - r e a l  t i m e ,  data  from any o f  t h e  e x p e r i -  
ments  b e i n g  conduc ted .  Though t h i s  may n o t  a lways be p o s s i b l e ,  
i t  s h o u l d  s e r v e  as a g o a l .  They must t h e n  be able t o  p r o c e s s  t h e  
da t a  w i t h  t h e  a id  of t h e  computer  sys t em i f  n e c e s s a r y .  Proces-  
s i n g  may i n v o l v e  c u r v e - f i t t i n g ,  computa t ion  o f  s t a t i s t i c s  , sta-  
t i s t i c a l  f i l t e r i n g ,  c o r r e l a t i n g  data from s e v e r a l  e x p e r i m e n t s ,  
s o l v i n g  s y s t e m s  o f  e q u a t i o n s ,  and an e x t r e m e l y  wide r a n g e  o f  
o t h e r  p o s s i b i l i t i e s .  

Both raw and p r o c e s s e d  data s h o u l d  be c a p a b l e  o f  b e i n g  
d i s p l a y e d  i n  a v a r i e t y  o f  a lphanumer ic  and g r a p h i c  f o r m a t s .  D i s -  
pla37 o p t i o n s  s h o u l d  i n c l u d e  symbols , h i s t o g r a m s ,  X-Y p l o t s ,  wave- 
fo rms ,  and s c a t t e r  d i ag rams .  The a s t r o n a u t s  s h o u l d  also be ab le  
t o  d i s p l a y  data  from s e v e r a l  r e l a t ed  e x p e r i m e n t s  s i m u l t a n e o u s l y  - 
and t o  r e q u e s t  a p r i o r i  e x p e c t e d  r e s u l t s  t o  b e  d i s p l a y e d  a long-  
s ide  a c t u a l  r e s u l t s .  

.4.2 Probes  

I n  o u r  example m i s s i o n ,  t h e  crew o f  t h e  f l y b y  space-  
c r a f t  must check o u t  and count  down t h e  a p p r o x i m a t e l y  s i x  s c i -  
e n t i f i c  p r o b e s  abou t  one week p r i o r  t o  e n c o u n t e r ,  u s i n g  t h e  com- 
p u t e r  s y s t e m  f o r  au tomated  t e s t i n g  and s e q u e n c i n g .  About t h r e e  
o f  t h e  p r o b e s  w i l l  be  of  t h e  complex i ty  o f  Lunar  O r b i t e r  or 
S u r v e y o r ;  t h e  o t h e r  t h r e e  w i l l  b e  r e l a t i v e l y  s i m p l e  a t m o s p h e r i c  
p r o b e s .  A l l  would be launched  w i t h i n  a p e r i o d  o f  a few days .  

Af t e r  i n j e c t i o n  toward t h e  p l a n e t ,  t h e  p r o b e s  w i l l  be  
t r a c k e d  from t h e  s p a c e c r a f t  b y  radar and o p t i c a l  t e c h n i q u e s .  
Before l a n d i n g  (or g o i n g  i n t o  o r b i t ) ,  t h e  p r o b e s  r e c e i v e  one or 
two midcourse  c o r r e c t i o n s  from t h e  spacec l7a f t .  The c o r r e c t F a n s  
are  based on t h e  c o n t i n u a l l y  improving  knowledge o f  t h e  space-  
c r a f t ' s  t r a j e c t o r y  r e l a t i v e  t o  t h e  p l a n e t .  The t r a j e c t o r y  i m -  
provement  i s  b a s e d  on i n p u t s  f rom t h e  on-board s e x t a n t  and t e l e -  
s c o p e s  and from earth-based c o n t i n u o u s  t r a c k i n g .  

Thus,  t h e  s p a c e c r a f t  must a c t  as a spaceborne  t r a c k i n g  
a n d  f l i g h t  c o n t r o l  f a c i l i t y  w h i l e  a t  t h e  same t i m e  n a v i g a t i n g  f o r  
i t s e l f .  It has been  e s t i m a t e d  t h a t  t h e  spaceborne  computa t ion  
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l o a d  f o r  p robe  gu idance  w i l l  be s e v e r a l  t imes t h a t  o f  t h e  Apol lo  
LM d e s c e n t  g u i d a n c e ,  t h e  most demanding o f  t h e  Apol lo  g u i d a n c e  
programs.  

It i s  n o t  c l e a r  t o  what e x t e n t  gu idance  computa t ions  
f o r  t h e  v a r i o u s  p r o b e s  would o v e r l a p  i n  t i m e  w i t h  one a n o t h e r  
and w i t h  o t h e r  t a s k s .  It i s  c l e a r ,  however ,  t h a t  t h e  p r o b e  gu id -  
ance  tasks  w i l l  b e  o f  ex t reme i m p o r t a n c e  and w i l l  b e  demanding 
a t t e n t i o n  a t  one o f  t h e  b u s i e s t ,  most c r i t i c a l  t imes i n  t h e  m i s -  
s i o n .  

5 . 0  RELIABILITY REQUIREMENTS 

The heavy dependence upon t h e  computer  sys t em sug- 
g e s t e d  i n  t h i s  p a p e r  presumes e x t r e m e l y  r e l i a b l e  hardware  and 
s o f t w a r e .  I n  Apo l lo ,  t h e  gu idance  computer  i s  r e q u i r e d  t o  have 
a c e r t a i n  MTBF. A computer  sys tem f o r  i n t e r p l a n e t a r y  m i s s i o n s  
w i l l  a l s o  have MTBF r e q u i r e m e n t s ,  b u t  i n  a d d i t i o n  w i l l  be  re- 
q u i r e d  t o  a b s o r b  ( a t  v a r i o u s  l e v e l s )  c e r t a i n  m a l f u n c t i o n s  w i t h -  
o u t  h i n d e r i n g  pe r fo rmance ,  and c e r t a i n  o t h e r  m a l f u n c t i o n s  w i t h -  
o u t  comple te  loss o f  per formance .  C o n s i d e r a b l e  s t u d y  i s  b e i n g  
g i v e n  to hardware r e l i a b i l i t y ,  and t e c h n i q u e s  are  r a p i d l y  be- 
coming a v a i l a b l e  t o  meet these  enhanced  r e q u i r e m e n t s  on hardware. 

The AGC s o f t w a r e  i s  r e q u i r e d  t o  produce  a p p r o p r i a t e  
o u t p u t s  unde r  a l l o w a b l e  i n p u t  c o n d i t i o n s .  T h i s  g e n e r a l  s o f t -  
ware " q u a l i t y "  r e q u i r e m e n t ,  a l ready  d i f f i c u l t  t o  a c h i e v e ,  w i l l  
t e n d  t o  become even  more e l u s i v e  i n  f u t u r e  m i s s i o n s .  The house-  
k e e p i n g  f u n c t i o n s  i n t r o d u c e d  by redundancy  and s w i t c h a b l e  con- 
f i g u r a t i o n s  as w e l l  as i n c r e a s e d  1/0 w i l l  s i g n i f i c a n t l y  com-. 
p l i c a t e  t h e  package  of programs r e l a t i v e  t o  t h e  AGC s o f t w a r e .  

I n  s t u d y i n g  t h e  software q u a l i t y  c o n t r o l  problem o f  
P r o j e c t  Apo l lo ,  i t  was concluded  t h a t  t h e  u s e  o f  s t r o n g  manage- 
ment p r o c e d u r e s  i n c l u d i n g  t i g h t l y  c o n t r o l l e d  documen ta t ion  was 
t h e  most v a l u a b l e  approach  a v a i l a b l e .  ( 7 )  
s o f t w a r e  documen ta t ion  has a most d e s i r a b l e  by -p roduc t ,  t h a t  o f  
f o r c i n g  t h e  t h i n k i n g  o u t  of program p o s s i b i l i t i e s .  T h i s  t e n d s  
t o  e l i m i n a t e  problems due t o  l o g i c a l  i n c o n s i s t e n c i e s .  It a p p e a r s  
t h a t  s t r o n g  management c o n t r o l  w i l l  r emain  a v a l u a b l e  approach  f o r  
interp1arle:tai;y missions. The g e l ~ e r a l  problem o f  s o f t w a r e  r e l i a b i l -  
i t y  i s  r i p e  f o r  new approaches .  

Producing  d e t a i l e d  

6.0 C O N C L U S I O N  

The f o l l o w i n g  i n f e r e n c e s  can b e  drawn from t h e  above 
d i s c u s s i o n :  
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1. The f u n c t i o n s  which o r i g i n a l l y  j u s t i f i e d  
b r i n g i n g  L computer  on boa rd  a s p a c e  
v e h i c l e  ( G & N ,  a t t i t u d e  c o n t r o l )  w i l l  no  
l o n g e r  b e  t h e  pr ime f a c t o r s  i n  d e t e r m i n i n g  
c h a r a c t e r i s t i c s  o f  t h e  computer sys t em.  
The new f u n c t i o n s ,  automated c h e c k o u t ,  
f l i g h t  crew t r a i n i n g ,  expanded d i s p l a y s ,  
and on-board exper iment  c o n t r o l  and da ta  
p r o c e s s i n g ,  w i l l  f o r c e  t h e  f u t u r e  on-board 
computer sys t em to have t h e  c a p a b i l i t y  to 
2 f f i c i e n t l y  pe r fo rm c h a r a c t e r  m a n i p u l a t i o n s  
a s  w e l l  as m a t h e m a t i c a l  c a l c u l a t i o n s .  

2 .  The complex i ty  o f  s p a c e c r a f t  f l i g h t  
o p e r a t i o n s  and s c i e n t i f i c  a c t i v i t i e s  w i l l  
a l t e r  p r e v i o u s  m i s s i o n  management c o n c e p t s .  
The crew w i l l  make e x t e n s i v e  use  o f  t h e  
au tomated  sys t em c e n t e r e d  a round t h e  com- 
p u t e r ( s ) .  T h i s  w i l l  r e q u i r e  h i g h l y  e f f i -  
c i e n t  a s t r o n a u t / c o m p u t e r  communicat ions.  
Nore s o p h i s t i c a t e d  d i s p l a y s  and i n p u t  
l anguages  t h a n  t h o s e  b e i n g  used  i n  Apol lo  
w i l l  b e  r e q u i r e d  t o  accompl i sh  t h i s .  

3. The growth o f  computer usage  i n  on-board 
e x p e r i m e n t a t i o n  w i l l  p a r a l l e l  t h e  r a p i d l y  
expand ing  usage  i n  ground-based experimen- 
t a t i o n .  T h i s  w i l l  impose s i g n i f i c a n t  re- 
q u i r e m e n t s  on b o t h  t h e  memory and p r o c e s s i n g  
c a p a b i l i t y  o f  f u t u r e  on-board computer  
s y s t e m s .  

4. The i n c r e a s e d  f u n c t i o n a l  r e q u i r e m e n t s  w i l l  
r e s u l t  i n  a g r e a t l y  i n c r e a s e d  number o f  
1/0 c h a n n e l s ,  an i n c r e a s e  i n  h i g h  speed  
memory by a f a c t o r  o f  two t o  t e n ,  t h e  addi -  
t i o n  o f  o f f - l i n e  b u l k  s t o r a g e  memory, and 
a more p o w e r f u l  p r o c e s s i n g  c a p a b i l i t y  t h a n  
i s  p r e s e n t l y  a v a i l a b l e  i n  A p o l l o .  These 
c h a r a c t e r i s t i c s  w i l l  r e q u i r e  e i t h e r  a v e r y  
f z s t  c e n t r a 1  F r o c e s s o r  or a m u l t i p r o c e s s o r  
s y s t e m .  

5 .  The amount o f  on-board s o f t w a r e  r e q u i r e d  
f o r  a manned f l y b y  m i s s i o n  w i l l  be  l a r g e  
r e l a t i v e  to manned m i s s i o n s  h e r e t o f o r e .  

The re  a re  v a r i o u s  f u n c t i o n s  i n  a d d i t i o n  t o  t h o s e  
d i s c u s s e d  i n  t h i s  p a p e r  which may be  c a n d i d a t e s  for u s e  o f  
the  on-board computer  sys tem.  For example:  
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. S p a c e c r a f t  housekeep ing ,  s u c h  as a u t o m a t i c  
b a l a n c i n g  o f  s o l a r  heat l o a d s  by a t t i t u d e  
c o n t r o l .  

. Communications management, such  as r o u t i n g  mes- 
s a g e s  between s p a c e c r a f t  s y s t e m s ,  e x p e r i m e n t s ,  
p r o b e s  and g round ,  and p o i n t i n g  s p a c e c r a f t  an- 
t ennas  . 

. Medica l  d i a g n o s i s  

. Data r e d u c t i o n  and compress ion ,  i n  a d d i t i o n  t o  
c o n t r o l l i n g  expe r imen t  s ampl ing  r a t e s  as i n  
s o l a r  p a t r o l s .  ( T h i s  i s  n o t  f o r e s e e n  as a v i t a l  
f u n c t i o n  because  of t h e  e x p e c t e d  lo6 b i t s / s e c ,  
t r a n s m i s s i o n  c a p a b i l i t y  on b o a r d .  ) 
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