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I ~ ~ ~ O D U G T I O N  
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A l i t t l e  over two years ago, Marshall Space Fl ight  Center (MSFC) 
decided that the Saturn smce  vehicle checkout and launch Drosrams should - - 

...@ e eutomated by using d i g i t a l  computers for  remote control and evaluation. 
.:..;@$s -*: was  a log ica l  follow-on. t o  programs which had been i n  existence about 

t -,@,gear axid a-half  a t  t ha t  time. One of these programs was the development 
, -~ 

I . . . - 06 :a computer controlled system for  launch of the  Saturn I. The other was 
, the  development of a system f o r  automated manufacturing checkout of the  

. . , '  ' -Saturn I f i r s t  s tage at Marshall. These two programs had indicated tha t  
~ . ,  although there  were many unansweredquestions, i t  was both feas ib le  and 

' 
desirable  t o  es tab l i sh  an automated checkout and launch for  -a l l  Saturn 
vehicles.  

Today there  s t i l l  a r e  unanswered questions. However, through the 
e f fo r t s  of four major stage contractors i n  the  Saturn program, and the 
overal l  coordination of MSFC, many answers have been found, and many stan- . 
dardizations have been set for th .  This paeer w i l l  present a number of 
these solutions and standardizations, which I have chosen to  c a l l  p rac t i -  

,-A y c a l i t i e s .  It w i l l  a l so  point t o  some others that a r e  yet  t o  be established. 
The paper t o  follow t h i s  one i n  the symposium w i l l  then pinpoint develop- 
ment items t h a t  a r e  needed t o  allow us t o  automate more f u l l y  than we a r e  
able  t o  do today. 

With the exception of the  S-IV stage, the second s tage of the  Saturn I 
vehicle, al l  manufacturing checkout for  Saturn stages today is e i the r  being 
controlled by computers, or, when checkout f i r s t  begins, w i l l  be controlled 
by computers. (Chart I shows these stages and the computers used.) 

:The l a s t  S- I  s tages  t o  be b u i l t  a t  MSFC a re  under construction a t  the 
preseq? time. This is the f i r s t  stage for  both the Saturn I and IEi pro- 

, ,gqgq.siI Mechanical systems checkout is p a r t i a l l y  automated under computer 
- aoner@:l; e l e c t r i c a l  and electromechanical systems t e s t s  a r e  almost en t i r e ly  

under computer control, and have been for  approximately ten months, wi th  
highly sa t i s fac tory  resu l t s .  Ef for t  is continuing t o  improve techniques 
and extend control fur ther .  Manufacture of t h i s  stage is now beginning at 
the uichoud plant'  in  New Orleans;.stage checkout there w i l l  repeat the  pat- 
t e rn  a t  MSFC. Checkout of t h i s  stage is. the only instance in .  the  Saturn 
programwbere a mul%iple computer complex is used. 



As previous ly  ind ica t ed  t h e  S-IV s t a g e  checkout i s  no t  automated. 
Although manufacture of t h i s  s t a g e  began w e l l  a f t e r  manufacture of  t h e  
S - I  s t age ,  t h e  S-IV s t a g e  checkout was no t  prev ious ly  performed a t  MSFC. 
A s  a r e s u l t ,  t h e r e  was no previous a t tempt  t o  automate, and none w i l l  be 
made i n  t h e  fo re seeab le  f u t u r e .  

The Instrument Unit  of t h e  Sa turn  I, IB, and V v e h i c l e s  is somewhat 
d i f f e r e n t  f o r  each veh ic l e ;  i t  con ta ins  t h e  guidance and most of  t h e  t r ack -  
i ng  systems. These u n i t s  a r e  t r e a t e d  as s t ages ,  and a r e  b u i l t  and checked 
o u t  a t  MSFC us ing  t h e  launch s i te  computer. Nei ther  o f  t h e  computers used 
i n  t h e  Sa tu rn  I or  Sa tu rn  U3 programs w i l l  be  t h e  launch s i te  computer. 
A l l  equipment f o r  u se  a t  t h e  launch s i t e  w i l l  be designed and suppl ied  by 
EFC.  rn 

I n  t h e  Sa tu rn  V veh ic l e ,  t h e r e  a r e  t h r e e  s t a g e s .  The S-IC s t age ,  t o  
be  b u i l t  i n  New Orleans,  w i l l  be  checked ou t  us ing  t h e  launch s i t e  computer, 
The s t a g e  w i l l  be mounted immediately upon t h e  Launch Umbilical Transpor te r  
upon a r r i v a l  a t  t h e  launch s i t e .  Since t h e  base  of  t h e ' t r a n s p o r t e r  w i l l  
a l r e a d y  con ta in  t h e  MSFC-provided launch s i r e  computer and o t h e r  launch 
equipment, t h i s  equipment t r i l l  be used f o r  immediate checkout of t h e  S-IC. 
The Marshal l  automation program r e q u i r e s  t h a t  checkout of  i nd iv idua l  s t a g e s  

r a t  t h e  launch s i te  b e  as nea r ly  l i k e  manufacturing checkout as f e a s i b l e ,  
cons ide r ing  t h e  d i f f e r e n c e  i n  f a c i l i t i e s  and geographical  l o c a t i o n .  There- 
f o r e ,  manufacturing checkout of  t h e  S-IC uses  t h e  launch s i t e  computer. 

The second s t a g e  of  t h e  Sa turn  V, t he  S-11, w i l l  undergo manufacturing 
checkout i n  C a l i f o r n i a ,  u t i l i z i n g  t h e  same computer f o r  con t ro l  and evalua-  
t i o n  as the  S-IVB s t a g e .  When these  two s t ages  a r r i v e  a t  t h e  launch s i t e ,  
t hey  w i l l  undergo checlcout a s  i nd iv idua l  s t ages ,  u t i l i z i n g  b a s i c a l l y  t h e  
same equipment as t h a t  provided f o r  manufactuhing checkout. Bas ic  knowledge 
gained dur ing  the  manufacture of  t h e  S-IV s t a g e  was used t o  c r e a t e  a s t a g e  
which i s  l a r g e r  and q u i t e  d i f f e r e n t  from t h e  S-IV s t a g e .  This  is t h e  S-IVB 
s t age ,  o r i g i n a l l y  intended f o r  u se  only a s  t h e  Sa turn  V t h i r d  s t age .  S ince  
t h e  Sa tu rn  V program requ i r ed  t h a t  manufacturing checkout f o r  a l l  s t a g e s  be 
under computer con t ro l ,  t he  S-IVB was included.  It w i l l  undergo checkout 
under computer con t ro l ,  t he re fo re ,  even when b u i l t  t o  be t h e  Sa tu rn  IB  
v e h i c l e  second s t a g e .  

STANDARD APPROACHES 

Computers: In  a program a s  complex a s  t h e  Sa turn  program, i.t: is most 
d e s i r a b l e ,  a s  long a s  c a p a b i l i t y  and f l e x i b i l i t y  a r e  maintained, t o  u se  
completely s tandard  equipment i n s o f a r  a s  poss ib l e .  This is  p a r t i c u l a r l y  
t r u e  i n  t h e  case  o f  computers f o r  s t a g e  checkout. However, c e r t a i n  p r a c t i -  
c a l  cons ide ra t ions  d i c t a t e d  t h a t  nor a l l  s t a g e  checkout computers be  
e x a c t l y  t h e  same. 

The p rev ious ly  e x i s t i n g  S - I  s t a g e  programs had provided a weal th  o f  
background experience and development. Checkout of t he  S - I  s t age ,  t he re -  - 
f o r e ,  has  cont inued w i t h  the  same checkout system. It has  s e v e r a l  i n d i -  ? ' 

'. 
v i d u a l  t e s t  s t a t i o n s  con t ro l l ed  by a c e n t r a l  computer complex which inc ludes  d 
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s e v e r a l  Packard B e l l  250 computers. The ind iv idua l  t e s t  s t a t i o n s  a r e  a 
grouping o f  s t a g e  i n t e r f a c e  equipment p e c u l i a r  t o  p a r t i c u l a r  s t a g e  sub- 
s y s  tems . 

The reason  f o r  choosing the  RCA 110 launch s i t e  computer f o r  t h e  S-IC 
s t a g e  has  a l r e a d y  been ind ica t ed .  It was p o s s i b l e  t o  t ake  a new approach 
w i t h  t h 6 - I 1  and S-IVB since these stages were- under development: at-th-e- -- -- - - - 
t ime t h e  computer w a s  cfiosen. A computer wis chosen which was l a t e r  s t a t e -  - - -.A- - 
o f  - t h e - a r t ,  and which had more bGi l t - i n  f e a t u r e s  than  previous - - ~ n e s .  This  

-. - . 

computTr; t h e  C6r i r~ iT+Data  924 ,  had i n l k e n t  l i m i t a t i o n s  w i t h  regard  t o  
input -output  c a p a b i l i t y .  When these  l i m i t a t i o n s  were d iscussed  w i t h  t h e  
computer manufacturer,  he  proposed a modi f ica t ion  t o  overcome t h e  d i f f i -  
c u l t i e s  by provid ing  buf fered  input-output  r e g i s t e r s .  This  r e s u l t e d  i n  
t h e  924-A ve r s ion  of  t h i s  p a r t i c u l a r  computer. 

We who have used computers i n  s t a g e  checlcout r e a l i z e  t h a t  a l l  t h i n g s  
cannot  be  done w i t h  computers. To assume t h a t - a  computer is a magic wand, 
r a t h e r  than a complex, f l e x i b l e ,  and advanced t o o l  f o r  s t a g e  checkout, 
would be a s e r i o u s  mistake.  Unfortunately,  t h i s  mistake i s  made by too  
many management people.  

S ince  t h e  use  of  computers f o r  s t a g e  checkout is  comparatively new, 
t e s t  procedures c o n t r o l l e d  by computers a r e  q u i t e  s i m i l a r  t o  manual check- 
ou t  procedures.  Consider t h e  fol lowing example however, t o  s e e  improve- 
ments gained by t h e  use  of  computers. 

A p a r t i c u l a r  t e s t  on t h e  Sa turn  I s t a g e  r e q u i r e s  g imbal l ing  
t h e  rocke t  engines i n d i v i d u a l l y  i n  increments of  a few degrees 
and reading  t h e  s t a t i c  p o s i t i o n  feedback vo l t age  a t  each pos i t i on .  
S ince  t h e r e  a r e  a l a r g e  number of  s t e p s t o r  each engine involved, 
and a t o t a l  o f  four  engines t o  be  t e s t e d ,  t h e  e n t i r e  t e s t  normally 
took, u s ing  manual equipment, about two and a h a l f  days. This  
allowed one reading  per  s t e p  and d a t a  was manually reduced. 
Approximately twenty s t e p s  gave twenty p i eces  of d a t a  per  engine.  
When compute r~con t ro l l ed  s t a g e  checkout began, t h e  e n t i r e  t e s t  
was f i n i s h e d  i n  a few hours .  Performance of  t h e  t e s t  took l e s s  
than an hour .  Addi t ionz l ly ,  t h i r t y  d a t a  p o i n t s  were taken a t  
each  engine p o s i t i o n  and averaged t o  ob ta in  t h e  b e s t  va lue  f o r  
t h a t  p o s i t i o n .  In s t ead  of twenty d a t a  po in t s  per  engine, s i x  
hundred were obta ined .  I f  t h e  t e s t  is re run ,  i t  is  c e r t a i n  t h a t  
i t  w i l l  be  repea ted  exac t ly  a s  before .  

Displays: Display of information dur ing  s t a g e  checkout i s  o f  p a r t i c u -  
lar  importance a t  t h i s  s t a g e  of our s t e p s  toward automation. Each s t a g e  
is  somewhat d i f f e r e n t  from o t h e r  s tages ;  d i f f e r e n t  information requirements  
t h e r e f o r e  e x i s t  dur ing  checkout. Fur ther ,  information t o  be d isp layed  is  
determined, t o  some e x t e n t  a t  l e a s t ,  by t h e  type  o rgan iza t ion  doing t h e  
s t a g e  checkout. PEFC r e q u i r e s  t h a t  information be presented t o  t he  t e s t  
o p e r a t o r s  s o  t h a t  i t  may be read  and i n t e r p r e t e d  i n  f a m i l i a r  terms and so  
t h a t  ope ra to r s  may judge t h e  t e s t  and develop a "feel"  f o r  t h e  ope ra t ion .  
Except f o r  c e r t a i n  s p e c i a l  s i t u a t i o n s ,  t h i s  obviously precludes t h e  pre-  
s e n t a t i o n  o f  checkout d a t a  i n  such forms a s  b inary  o r  o c t a l  code. The 



checkout equipment proposal  of  each s t a g e  con t r ac to r  i s  reviewed c a r e f u l l y  
and i n  d e t a i l  by MSFC t o  determine t h a t  t h e  information p r e s e n t a t i o n  capa- 
b i l i t y  i s  bo th  s u f f i c i e n t  and s a t i s f a c t o r y .  

Two types of  information d i s p l a y  equipment a r e  be ing  provided: s t an -  
dard  items such as l i g h t s ,  meters,  and i n - l i n e  i n d i c a t o r s ;  and cathode-ray 
tube  (CRT) displays. (See Figure 1.) Almost everyone who deals with the 
gene ra l  problem of s t a g e  checkout us ing  computers b e l i e v e s  t ha t  CRT d i s -  
p lays ,  gene ra l ly  i n  alphanumeric form, a r e  d e s i r a b l e .  This  may be more a 
ma t t e r  of  experienced engineering judgement than a p a r t i c u l a r  knowledge o r  
expec ta t ion  a£ many ind iv idua l  t h ings  t o  b e  presented  on the  d i sp l ays .  
Grea t  i nhe ren t  f l e x i b i l i t y  e x i s t s  i n  t he  combination o f  a CRT d i s p l a y  and 
t h e  programming c a p a b i l i t y  o f  a computer. 

Those who propose t o  u s e  CRT d i sp l ays  th ink  i n  t h e  d i r e c t i o n  of what 
can b e  presented,  and what t h e  d i s p l a y  is a b l e  t o  do. L i t t l e  is s a i d  about  
what i s  mandatory f o r  t h e  checkout. This  is  t r u e  of experienced people 
b o t h  i n s i d e  MSFC and among s t a g e  con t r ac to r s .  For t h i s  reason,  t h e  ground 
r u l e  f o r  t h e  Sa turn  automation program on GRT d i sp l ays  i s  t h a t  they  w i l l  
e x i s t ,  b u t  w i l l  have l i m i t e d  i n i t i a l  use.  The t h r e e  Sa turn  V c o n t r a c t o r s  
a r e  pursuing s l i g h t l y  d i f f e r e n t  approaches w i t h  d i sp l ays  i n  t h e i r  own pro- 
grams. E f f o r t  has  been l imi t ed ,  however, t o  a l low each s t a g e  c o n t r a c t o r  
t o  develop and b u i l d  a s i n g l e  d i s p l a y  which w i l l  be used i n  h i s  mockup 
f a c i l i t i e s .  He w i l l  t e s t  the  e n t i r e  s t a g e  mockup toge the r  w i t h  i t s  au to-  
mated ground suppor t  equipment. When a l l  d i s p l a y s  have been demonstrated 
and used, de te rmina t ion  w i l l  be made a s  t o  whether such a d i s p l a y  is  needed 
a t  a l l ,  and, i f  so,  which i s  t h e  b e s t  approach. It w i l l  then  be  p o s s i b l e  , 

t o  apply  t h a t  s i n g l e  approach t o  a l l  s t ages .  

Ground Equipment Test ing:  Experience a t  Marshall  has i nd ica t ed  t h a t  
it is  e s s e n t i a l  t h a t  a complex of  s t a g e  checkout equipment be t e s t e d  a f t e r  
i n s t a l l a t i o n  a s  i t  i s  assembled and mated w i t h  t h e  l o c a l  f a c i l i t i e s ,  b u t  
be fo re  t h e  s t a g e  i s  connected. This w i l l  be done using a Ground Equipment 
Tes t  S e t .  The Ground Equipment Tes t  S e t  is a comparatively s imple device,  
b a s i c a l l y  manual i n  opera t ion ,  which serves  a s  a s t a g e  i n t e r f a c e  s u b s t i t u t e  
f o r  u s e  w i t h  t h e  s t a g e  cl~eclcout equipment. It c o n s i s t s  mostly of  r e l a y s ,  
l i g h t s ,  and patch boards,  and has allowed f o r  s a t i s f a c t o r y  checkout o f  an 
automated complex. I ts s i m p l i c i t y  and use  of common equipment keeps t h e  
c o s t  o f  such a device  q u i t e  low and makes it a d d i t i o n a l l y  a t t r a c t i v e .  
Doubtless,  much inore e l a b o r a t e  and complicated equipment could be used t o  
do t h e  same job. The simple approach, however, proved t o  be  d e f i n i t e l y  
a c c e p t a b l e  and by f a r  t he  l e a s t  expensive. 

Data Acquis i t ion :  In  o rde r  t o  provide improved information t r a n s f e r  
from t h e  Sa tu rn  V veh ic l e ,  it was decided some time ago t h a t  Pulse  Code 
Modulated (PCM) te lemet ry  would be u t i l i z e d .  Considerat ion of  s t a g e  check- 
o u t  caused a f u r t h e r  dec i s ion  t o  extend t h e  system t o  al low information t o  
b e  brought ou t  from t h e  s t a g e  on a coaxia l  cab le  through t h e  umbi l ica l  con- 
nec to r s .  This  permits  a more complete eva lua t ion  of t he  ins t rumenta t ion  
system of t h e  s t age ,  p a r t i c u l a r l y  during launch pad opera t ions ,  than was 
p rev ious ly  poss ib l e .  This  approach u t i l i z e s  t h e  f r o n t  end o f  t he  PCM 



t e l eme t ry  system, and is c a l l e d  t h e  D i g i t a l  Data Acquis i t ion  System (DDAS) . 
The design approach t o  t h e  a i r b o r n e  and ground equipment f o r  t h i s  system 
has  been s tandard ized ,  and e s t a b l i s h e d  by Marshall  a s  po l i cy  f o r  t h e  
Sa tu rn  V .  (See F igu re  2.)  

Proper c a l i b r a t i o n  of  t h e  £1 i g h t  ins t rumenta t ion  system, t o  i n s u r e  
t h e  b e s t  i n  accuracy and completeness of information, r e q u i r e s  more elabo-  
r a t i o n  i n  performing ins t rumenta t ion  checkout than most o rgan iza t ions  are 
w i l l i n g  t o  g ive .  Use o f  t h e  DDAS al lows f o r  t h i s  necessary e l a b o r a t i o n  of  
t e s t i n g  wi thout  r e q u i r i n i  e x t r a  connection o f  t e s t  equipment i n t o  t h e  s t a g e .  
Fur ther ,  p rov i s ion  is made i n  t h e  a i rbo rne  ins t rumenta t ion  system t h a t ,  
du r ing  a s e m i - s t a t i c  s i t u a t i o n  such a s  a s t a g e  checkout, information from 
o t h e r  te lemet ry  systems can be  t r a n s f e r r e d  t o  t h e  ground by means of  t h e  
DDAS, where t h e  response i n  t h i s  s e m i - s t a t i c  condi t ion  i s  w i t h i n  t h e  capa- 
b i l i t y  of  t h e  DDAS. 

It was o r i g i n a l l y  expected t h a t  t h e  DDAS would provide much informa- 
t i o n  f o r  eva lua t ing  s t a g e  checkout, even though each ins t rumenta t ion  t r a n s -  
ducer  t o  be used a s  a  d a t a  source f o r  s t a g e  checkout must be c a l i b r a t e d  
p r i o r  t o  checkout use .  Recent s t u d i e s  have ind ica t ed  t h a t  r e l i a n c e  upon 
d a t a  from f l i g h t  t ransducers  is  minor a t  t h e  p re sen t  time. l a e t h e r  t h i s  
i s  because a  previous c a l i b r a t i o n  cyc le  i s  necessary,  o r  because of  t h e  
p r e s e n t  d i f f i c u l t y  of access ing  s t a g e  information has not  y e t  been d e t e r -  
mined. Where o r b i t a l  checkout is  necessary,  r e l i a n c e  on f l i g h t  t ransducer  
information is  e s s e n t i a l .  A t  t h i s  time, however, i t  is  n o t  p o s s i b l e  t o  
a c c u r a t e l y  p r e d i c t  whether t h e  DDAS w i l l  merely enhance t h e  c a l i b r a t i o n  
of  t h e  f l i g h t  ins t rumenta t ion  (which is  saying  a  l o t  i n  i t s e l f ) ,  o r  
whether,  i n  a d d i t i o n  t o  t h a t ,  i t  w i l l  g r e a t l y  a i d  access  of  information 
f o r  s t a g e  checkout. 

D i sc re t e  S igna ls :  Much information t h a t  i s  used f o r  eva lua t ing  s t a g e  
s t a t u s  dur ing  checkout is der ived  from d i s c r e t e ,  on-off type s i g n a l s .  This  
a l o n e  i n d i c a t e s  t h a t  use  of t h e  D i g i t a l  Data Acquis i t ion  System w i l l  no t  be  
a s  ex t ens ive  a s  prev ious ly  thought .  Nevertheless ,  t h e  problem of  access ing ,  
record ing ,  and eva lua t ing  t h e  d i s c r e t e  o r  event  s i g n a l s  i s  a  major and a  
s e r i o u s  one. Almost everyone i n  t h e  m i s s i l e  and space indus t ry  r e l i e s  
today on drag-pen r eco rde r s  which change l e v e l  i n  some fash ion  t o  i n d i c a t e  
an "on" o r  an "off"  condi t ion .  W'nen record ing  f i v e  hundred t o  one thousand 
d i s c r e t e  channels  i s  requi red ,  e s p e c i a l l y  dur ing  a  launch, t h e  problem of 
eva lua t ing  t h e s e  record ings  becomes monumental. 

Severa l  yea r s  ago, i t  was r e a l i z e d  a t  Narsha l l  t h a t  t h i s  problem w a s  
becoming more severe ,  and t h a t  i t  would be  d e s i r a b l e  t o  have a device  which 
could d i g i t a l l y  r eco rd  channel number, whether t h e  event  switched "on" o r  
"off ,"  and the  s p e c i f i c  switching time. A market survey was conducted, and 
no such device was found. Therer'ore, s ;>ec i f l ca t io~?s  were ~ r ~ i t t e r .  t o  a l low 
f o r  development of  such a  device.  Resul t s  of  t h e  i n i t i a l  development 
proved h igh ly  s a t i s f a c t o r y  i n  use .  Unfortunately,  t h e  device  i t s e l f  was 
u n r e l i a b l e ,  and the re fo re ,  a  second e f f o r t  i s  c u r r e n t l y  underway. 

Much thought has  been given t o  providing t h e  c a p a b i l i t y  f o r  event  
r eco rd ing  w i t h i n  t h e  checkout computer i t s e l f .  Eiowever, t h e  record  must, 



i n  genera l ,  be  accu ra t e  t o  about two mi l l i seconds ;  f i v e  hundred t o  one 
thousand channels of  information a r e  necessary  f o r  a major s t a g e  checkout; 
du r ing  c e r t a i n  per iods  major events  occur, such a s  s imula t ion  o f  l i f t - o f f ,  
which produce a number of simultaneous changes of s t a t e .  

D i sc re t e  record ing  a lone  would occupy almost the  e n t i r e  t ime of  t h e  
' checkout computer. Requirements f o r  one o r  two mi l l i second r e s o l u t i o n s  

and absorbing simultaneous changes of  s t a t e  make t h i s  development most 
d i f f i c u l t .  Present  d i r e c t i o n  t o  s t a g e  con t r ac to r s ,  t he re fo re ,  i s  t h a t  
drag-pen r eco rde r s  tqi.11 cont inue t o  be used f o r  event  record ing  u n t i l  a 
dev ice  has  been developed and proven by Marshall  f o r  t h i s  use.  I n s t r u c -  
t i o n s  w i l l  then  be given t o  s t a g e  c o n t r a c t o r s  t o  change t o  the  new device .  

The use  of  a  d i g i t a l  event  recorder  w i l l  g r e a t l y  a i d  i n  record ing  of  
running o r  c y c l e  t ime on f l i g h t - c r i t i c a l  hardware, s i n c e  switching f o r  
t h i s  hardware can e a s i l y  be incorporated i n t o  event  channels.  Fu r the r ,  
i f  a cces s  t o  t h e  computer f o r  o f f - l i n e  updat ing of  time information i s  pro- 
vided,  e i t h e r  through d i r e c t  cab l ing  o r  through use  of  magnetic o r  punched 
paper tape ,  eva lua t ion ,  updat ing of  h i s t o r i c a l  records,  and o t h e r  va luab le  
information processes  w i l l  be  s imp l i f i ed  considerably.  

I n i t i a l  Operations : A s  previously explained,  i n  t he  beginning au to-  
mated checkout procedures and opera t ions  w i l l  c l o s e l y  resemble manual 
ope ra t ions .  This  was t r u e  i n  t he  i n i t i a l  programming and ope ra t ion  of  
t h e  S - I  s t a g e  automated checlcout a t  Marshall .  The enormous c a p a b i l i t y  
and f l e x i b i l i t y  of computers, however, provide t h e  a b i l i t y  t o  go w e l l  
beyond t h i s .  It may be conf iden t ly  expected t h a t  t h i s  extended u s e  w i l l  
proceed a t  a  r a p i d  r a t e ,  once t e s t  o rgan iza t ions  have begun t o  u s e  com- 
p u t e r s .  A s tandard  requirement of t he  Sa turn  automation p lan  i s  t h a t  t h e  
ope ra to r  be provided c o n t r o l s  and d i s p l a y s  t h a t  a r e  n e a r l y  as f l e x i b l e  a s  
i n  a  manual system. It is  f u l l y  intended, however, t h a t  the  computer be 
i n  c o n t r o l  of b o t h  s t i m u l i  and eva lua t ion  of responses.  

I For example, requirements have been incorporated f o r  what has  been 
c a l l e d  " l o c a l  cont ro l . "  This  a l lows t h e  opera tor ,  upon r e c e i p t  of  a manu- 

I a l l y  switched "permission" from t h e  t e s t  conductor, t o  c o n t r o l  h i s  s t a g e  ' 

i n t e r f a c e  equipment l o c a l l y .  By manipulating switches,  he fol lows t h e  ~ same con t ro l  r o u t e  w i th in  t h e  t e s t  s t a t i o n  a s  t h e  computer. He may accom- 
' 1  p l i s h  n e a r l y  anyth ing  of  which t h a t  p a r t i c u l a r  t e s t  s t a t i o n  is  capable.  

The i n t e n t  i s  t o  f u l l y  automate, and y e t ,  a t  t h e  same fime, provide s u f f i -  
I 

c i e n t  f l e x i b i l i t y  t h a t  t e s t  o rgan iza t ions  can r e t a i n  a  g r e a t  d e a l  of con- 
f i dence  i n  t h e i r  f l e x i b i l i t y  and c a p a b i l i t y  t o  r e a c t  t o  emergencies. 

Mockups: A f u r t h e r  s tandard  approach t o  automating o f  t h e  Sa turn  V 
s t a g e  checkout has  been t o  al low each s t a g e  con t r ac to r  t o  provide o r  have 
acces s  t o  a mockup f a c i l i t y .  This includes a  mockup of h i s  s t age ,  and an 
a c t u a l  i n s t a l l a t i o n  of  a l l  h i s  e l e c t r i c a l  s t a g e  checkout equipment. The 
e x t e n t  t o  which t h e  mechanical s t a g e  checkout equipment e x i s t s  i n  t h e  
mockup i s  determined, t o  some cons iderable  ex t en t ,  by the  e l abo ra t eness  
of  t h e  s t a g e  mockup. Reproduction of much of t he  propel lant-sequencing 
mecbanFca1 system i n  t h e  s t a g e  mockup is  d e s i r a b l e .  This  allows proving j 



t h e  performance of t he  automated system w i t h  t h e  s t a g e  system, and f u r t h e r  
permi ts  s o l u t i o n  of  those  b u i l t - i n  timing problems ~~r l l i ch  cannot b e  fo re -  
s e e n  b u t  which, p a r t i c u l a r l y  i n  a computer opera t ion ,  must be  covered. 

\ 

For example, dur ing  automated ins t rumenta t ion  c a l i b r a t i o n  of t he  S - I  
s t age ,  t h e  s t imulus  app l i ed  by the  computer caused a p e r i o d i c  change i n  
t ransducer  condi t ions ,  r equ i r ing  a s e t t l i n g - o u t  t ime b e f s r e  a reading o f  
the return signal could be taken by the computer. I f  t h e  reading  was 
taken p r i o r  t o  t h e  s e t t l i n g - o u t  per iod,  t h e  va lue  was i n c o r r e c t  i n  almost  
every in s t ance .  The computer speed is  high, and the  computer Is q u i t e  
capable  of t ak ing  t h e  reading  too soon. 

Proving-out o f  s t a g e  checkout procedures i s  a l s o  p o s s i b l e  and d e s i r -  
a b l e  be fo re  s t a g e  checlcout begins.  It is  n o t  a b s o l u t e l y  e s s e n t i a l ,  as 
long  as cons ide rab le  ca re  is  taken w i t h  t h e  f i r s t  l i v e  s t a g e  checkout. 
No mockup f a c i l i t y  f o r  t h e  S - I  s t a g e  o r  i ts automated s t a g e  checkout 
equipment ex i s t ed ;  t h e  f i r s t  r e a l  proof of  ope ra t ion  of t h e  equipment 
took p l a c e  on a f l i g h t  s t age .  A mockup f a c i l i t y ,  provides z 
v e r y  good insurance  pol  icy .  

WHAT TO LOOX< FOR I N  A COPIPUTER 

A t e s t  opera tor  performs many a c t i o n s  wi thout  consciously th ink ing  
o f  them. For example, when the  power supply i s  switched on, a quick 
g l ance  a t  t h e  meters  i n d i c a t e s  t h a t  t he  vo l t age  has r i s e n  t o  t h e  proper  
va lue .  I f  so,  t h e  t e s t  proceeds. I f  not ,  c o r r e c t i v e  a c t i o n  i s  taken 
b e f o r e  proceeding wi th  t h e  t e s t .  This  is  t r u e  of many s t e p s  w i t h i n  any 
t e s t  procedure. The English-language ve r s ion  of  t h e  t e s t  procedure need 
n o t  c a l l  t h i s  ou t ,  because the  ope ra to r  has done i t  many times and lcnows 
what t o  do without  th inking .  Unfortunately,  a computer does not  t h ink .  
Therefore,  t he  t e s t  engineer  must provide a l l  necessary  th inking  f o r  t h e  
computer i n  advance. I n  many r e spec t s  t h i s  i s  good, because i t  fo rces  
him t o  th ink  through troublesome s i t u a t i o n s  be fo re  they a r i s e .  He then 
b u i l d s  a provis ion  i n t o  t h e  computer program f o r  an a l t e r n a t e  r o u t i n e  i n  
c a s e  of a n t i c i p a t e d  d i f f i c u l t i e s  o r  symptoms. The problem can then be  
solved,  o r  a t  l e a s t  i s o l a t e d ,  by the  a l t e r n a t e  r o u t i n e .  To provide t h i s  
i n  a language u s e f u l  t o  t h e  computer, however, i s  a d i f f e r e n t  problem. 
For one th ing ,  t h e  language which t h e  computer spealcs i s  extremely pre-  
c i s e .  This,  t o  say  t h e  l e a s t ,  i s  no t  t r u e  of t he  language which the  t e s t  
people speak. Nevertheless  having worked toge ther  f o r  some time, they  
can communicate w i t h  reasonable e f f ec t iveness ,  a l though t h e i r  wording i s  
no t ,  perhaps, a s  exac t  a s  i t  might be. Conversion, then, of t he  a c t u a l  
thoughts  of t h e  t e s t  planner  must be  performed so  t h a t  t h e  machine can do 
i t s  job proper ly .  The e a s i e r  t h i s  conversion can be made, t h e  more l i k e l y  
t h e  job is  t o  be  done proper ly .  

Besides t he  conversion, t h e r e  a r e  ope ra t ions  which a r e  sometimes 
more than  j u s t  i t e r a t i v e  and/or j u s t  s e r i e s  ope ra t ions .  They could become 
complex, even when c a r r i e d  o u t  manually. Some taslcs which must be accom- 
p l i s h e d  w i t h  equipment which is, i n  e f f e c t ,  i n  p a r a l l e l  w i t h  t h e  automated 
equipment, so  t h a t  one p a r t  of t h e  t a s k  is  accomplished manually whi le  
ano the r  p a r t  i s  accomplished au tomat ica l ly .  Any one of t hese  th ings  could 



cause d i f f i c u l t i e s .  Vhen one must cons ider  a l l  of them toge ther ,  which 
i s  t r u e  i n  every s t a g e  checkout, then ease  o f  computer programming 
becomes a primary cons idera t ion .  Computer commands which accomplish a  
m u l t i p l e  func t ion  a r e  important because of  sav ing  computer s t e p s .  A 
s i n g l e  command, f o r  example, t o  al low a readout  and a high-low compari- 
son would be  p r e f e r a b l e  t o  a  requirement f o r  a  command f o r  t h e  readout ,  
a second command f o r  t h e  high,  and a t h i r d  command f o r  t h e  low cornpari- 
son. Fur ther  d i scuss ion  of programming w i l l  fo l low i n  a subsequent 
paragraph.  

System Control:  Another important cons idera t ion  f o r  a  checkout com- 
p u t e r  might be  c a l l e d  " f inge r s  i n t o  t h e  system." Even a f a s t  computer 
which consumes much t i n e  i n  information t r a n s f e r  i n t o  and ou t  of  t h e  
machine, is i n h e r e n t l y  l i m i t e d  i n  con t ro l  o r  superv is ion  c f  a system. I n  
a space v e h i c l e  s t a g e  checkout, many th ings  occur  s imultaneously,  p a r t i c u -  
l a r l y  dur ing  s imu la t ion  of  t h e  f l i g h t  sequence; commands must be  given 
r a p i d l y  and readings  taken quickly.  The computer f o r  s t a g e  checkout 
should have a s  many pa ths  a s  reasonably poss ib l e  i n t o  tile c o n t r o l  o f  t h e  
system i t s e l f .  The t o t a l  number of  pa ths  probably could be s p e c i f i e d  f o r  
any p a r t i c u l a r  t a sk ,  and then b u i l t  i n t o  a s i n g l e  machine; bu t  what is  
optimum f o r  one s i t u a t i o n  i s  not  f o r  another .  Efarshall experience has  
i n d i c a t e d  t h a t . a  s i n g l e  pa th  i s  d e f i n i t e l y  no t  s a t i s f a c t o r y .  Three, t o  
perhaps a s  many a s  t en  o r  twelve, would be t h e  optimum number of  pa ths  
f o r  a c o n t r o l  computer f o r  s t a g e  checkout. 

S imul tan ie ty :  A f u r t h e r  d e s i r a b l e  f ea tu re ,  and one which t i e s  i n  
a lmost  d i r e c t l y  w i t h  t h e  previous paragraph, is t h a t  c a p a b i l i t y  of  t h e  
computer which is gene ra l ly  r e f e r r e d  t o  as simultaneous read/write/compute. 
The checkout computer should u t i l i z e  a  small  percenthge of  i t s  time t o  
b r i n g  i n  o r  send o u t  information.  A b e n e f i t  r e a l i z e d  dur ing  s t a g e  check- 
o u t  from t h i s  c a p a b i l i t y  is a b i l i t y  t o  con t ro l  and manage s e v e r a l  systems, 
o r  s e v e r a l  p a r t s  o f  t h e  same system, s imultaneously.  A computer w i t h  com- 
p a r a t i v e l y  few pa ths  i n t o  t h e  sys  tem can ga in ,  e f f e c t i v e l y ,  a d d i t i o n a l  
pa ths  through having simultaneous read/wr i t e /  compute cepab il i t y  . 

Memory: Much can, and has  no doubt, been s a i d  w i t h  regard  t o  t h e  
memory of  computers. v?ork i s  con t inua l ly  going foxward t o  improve com- 
pu te r  memories, t o  reduce t h e i r  s i z e ,  and t o  do o the r  t h ings  which would 
opt imize  them. There a r e  t h r e e  outs tanding  f e a t u r e s  which should be  con- 
s i d e r e d  i n  terms o f  memory f o r  a checlcout computer. Considering f u r t h e r  
t h e  d i s c u s s  ions  i n  t h e  previous two paragraphs, t h a t  computer memory which 
i s  most immediately and d i r e c t l y  a c c e s s i b l e  i s  t h a t  which is  t h e  most use- 
f u l .  The memory ope ra t ion  i s  f o r  t h e  u l t ima te  purposes of  system opera t ion ,  
and is  one which might be considered "overhead." M~mory a c c e s s i b i l i t y ,  
t h e r e f o r e ,  i s  the  f i r s t  important m e d r y  f e a t u r e .  

A second important memory f e a t u r e  is  chat i t  be permenent. Frequent ly  
du r ing  a  s t a g e  checkout, s i t u a t i o n s  a r i s e  t7hich r e q u i r e  a  quick switch-down 
of  power, o r  which, perhaps, blow major breakers  i n  t he  e l e c t r i c a l  system 
and cause power t o  be  l o s t .  , I n  b r ing ing  power back on t o  the system, g r e a t  
c a r e  must be talcen t o  s e e  t h a t  a l l  th ings  a r e  i n  proper o rde r  so t h a t  
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t h e  s t a g e  i s  not  damaged o r  destroyed.  A computer which has  a memory 
which can " lo se  i ts mind" upon l o s s  of  power, can make t h i s  s i t u a t i o n  
v e r y  much worse. 

e t h i r d  important memory f e a t u r e  of a checkout computer is  s i z e .  
a tu re  is almost i n sepa rab le  from ease  of programming. The memory 

, ~ ~ G + L Y  o f  a checkout computer must be able t o  hold necessary exeeueiva 
rou t ines ,  t rouble-shoot ing  o r  o the r  types of  subrout ines ,  and t o  ho ld  t h e  
t e s t  t o  be performed and t l x t  d a t a  der ived  from i t  and used i n  it. The 
more auxiliary equipment e x t e r n a l  t o  t h e  computer which i s  used, such as 
cathode-ray tube  d i sp l ays ,  l i n e  p r i n t e r s ,  magnetic t ape  t r a n s p o r t s ,  and 
typewr i t e r s  t h e  more memory is  r equ i r ed  t o  manipulate  t hese  devices .  

Speed: Considerable  emphasis has  been given t o  t h e  speed o f  compu- 
t e r s .  I n  a checkout computer, speed has cons iderably  more s i g n i f i c a n c e  
than j u s t  a r e f e r e n c e  t o  t h e  c lock - ra t e  of t he  computer. There is always 
a problem of  how much electro-magnet ic  i n t e r f e r e n c e  can c reep  i n t o  any 
system which i s  a s  d i v e r s e  and a s  s c a t t e r e d  a s  t he  checkout system f o r  a 
s t age .  This  becomes more t r u e  when d i g i t a l  s i g n a l s  and d i g i t a l  speeds 
a r e  involved. Therefore,  as the  c lock  r a t e  of  t he  computer goes up, one 
could expect  more d i f f i c u l t i e s  w i t h  cl~eckout  computers. ' A cIoc1c-rate of 
approximately two megacycles has  no t  y e t  o f f e r e d  much d i f f i c u l t y .  

I n  most cases ,  t he  computer w i l l  be s u f f i c i e n t l y  f a s t  t h a t  i t  is 
w a i t i n g  on t h e  s t a g e  system under t e s t .  The s t a g e  system, being most ly 
a n  electro-mechanical  system, is  n a t u r a l l y  much slower than a computer. 
On t h e  o t h e r  hand, i f  event  record ing  wi th in  t h e  computer i s  at tempted i n  . 
a d d i t i o n  t o  a l l  o t h e r  th ings ,  t h e  po in t  of e x t e r n a l - t o - i n t e r n a l  power t r a n s -  
f e r  o r  s imulated l i f t - o f f  causes many d i s c r e t e  events  t o  occur  sirnultane- 
ous ly .  The speed of t he  computer then  becomes extremely important i n  t he  
terms of  t h e  c lock - ra t e .  This  is worse s t i l l  when c a l c u l a t i o n s  must be 
performed o r  d e t e c t i o n  of a c e r t a i n  event  w i th in  a p a r t i c u l a r  time frame 
is  necessary  f o r  sequencing. Speed i n  a checkout computer, t he re fo re ,  i s  
c l o s e l y  interwoven w i t h  e a s e  of programming, pa ths  f o r  system con t ro l ,  
s imultaneous read/write/compute, and memory access  t ime. It i s  add i t i on -  
a l l y  a f f e c t e d  by t h e  magnitude of  t he  t a s k  t o  be done i n t e r n a l l y ,  a s  
opposed t o  t h e  e x t e r n a l  t a sks ,  such a s  event  recording,  provis ion  f o r  
e x t e r n a l  equipment t o  have i n t e r n a l  s torage ,  s igna l ing ,  r e f r e s h  r a t e s  ( i n  
t h e  case  of d i sp l ays ) ,  and so on. Speed must be a r a t h e r  f i n e  ba lance  
between, no t  on ly  the  c a p a b i l i t y  of  t he  computer and i t s  c lock- ra te ,  b u t  
t h e  expected environment i n  which t h e  computer i s  t o  ope ra t e  w i t h  r ega rd  
t o  e lec t ro-magnet ic  i n t e r f e r e n c e  and e x t e r n a l  equipment c a p a b i l i t y .  A 
new system des ign  can obviously provide more e x t e r n a l  c a p a b i l i t y  than  an  
o l d  one upon which a computer i s  superimposed f o r  con t ro l .  

R e l i a b i l i t y :  Ce r t a in ly  a major f a c t o r  i n  a checkout computer is  
r e l i a b i l i t y .  In  terms of s t a g e  checkout, r e l i a b i l i t y  a l s o  tends t o  a c q u i r e  
a d i f f e r e n t  meaning from t h a t  f o r  a computer i n  o t h e r  a p p l i c a t i o n s .  I n  
t h e  f i r s t  p lace ,  space  v e h i c l e  programs a r e  low-volume, high-complexity 
programs. U n t i l  space technology evolves i n t o  a t r u e  t r a n s p o r t a t i o n  system 
similar t o  t h e  a i r l i n e  systems, space programs w i l l  be  opera ted  by h i g h l y  



s k i l l e d ,  t e c h n i c a l l y  t r a i n e d  people.  I n  t h i s  s i t u a t i o n ,  those  who a r e  
u s ing  t h e  computer o r  wllo a r e  b e n e f i t i n g  from i t s  use  a r e  t e c h n i c a l l y  
s k i l l e d  and a r e  t h e r e f o r e  capable of  tak ing  i n t o  account, n o t  on ly  t h e  
i n t r i c a c i e s  o f  t h e  computer i t s e l f ,  b u t  perhaps a l s o  i t s  r e l i a b i l i t y  
qu i rks .  Fur ther ,  a d a i l y  self-check program, t o  any necessary  l e v e l ,  can 
b e  performed on t h e  computer t o  e s t a b l i s h  t h a t  i t  i s  ope ra t ing  r e l i a b l y .  
Experience w i l l  i n d i c a t e  t h e  t ime t h a t  continued r e l i a b l e  ope ra t ion  can 
be  expected. Experience w i t h  s t a g e  checfiout computers a t  Marshall  Space 
F l i g h t  Center has  i nd ica t ed  e x c e l l e n t  r e l i a b i l i t y .  

The greates:  f e a r  o f  t h e  checkout man who has  not  used automated 
equipmen: p rev ious ly  i s  t h a t  something w i l l  happen t o  t h i s  equipment dur-  
i ng  a t e s t  t o  cause an emergency condi t ion  which he cannot c o n t r o l .  The 
precaut ions  which one u s u a l l y  takes  w i t h  any type  o f  checkout equipment 
a r e  t h e  type  precaut ions  t o  t ake  w i t h  computers i n  checkout.  The r e s u l t s ,  
i n  terms of  r e l i a b l e  ope ra t ion  during a p a r t i c u l a r  t e s t ,  a r e  q u i t e  s a t i s -  
f a c t o r y .  Manual s t a g e  checlcout equipment which has  been used f o r  many 
y e a r s  is e q u a l l y  s u s c e p t i b l e  t o  having emergency f a u l t  cond i t i ons  cause 
a checlcout c r i s i s .  Computers a r e  assembled w i t h  p r i n t e d  c i r c u i t  cards,  
g e n e r a l l y  of s i l i c o n ,  and a r e  very  r e g u l a r l y  checked f o r  proper ope ra t ion .  
The f r i g h t e n i n g  p a r t  o f  computer u se  t o  t h e  checlcout man is, f i r s r ,  t h a t  
he  i s ,  g e n e r a l l y  speaking, no t  a s  acquainted w i t h  computers a s  w i th  pre-  
v i o u s l y  used equipment and, t he re fo re ,  does not  knox? what t o  expect;  and 
secoad, a computer appears  t o  be  a t  l e a s t  somewhat more complex than  t h e  
equipment he  normally uses .  Once again, he does not  lcno3~ what t o  expect .  -3 
His r e a l  f e a r ,  t h e r e f o r e ,  i s  of the  unknown, r a r h e r  t han  f e a r  of something - 1  I )  

which could happen t o  him w i t h  computers b u t  no t  under h i s  p re sen t  ci-rcum- . 
s t ances  . 
THE llINTEWP,CI1!G1r APPRO.4Ci-Z TO STAGE CI-IECKOUT 

It appeared some time ago t o  be d e s i r a b l e  t o  have equipment f o r  check- 
o u t  of  i nd iv idua l  s t a g e  subsystems a t  a s i n g l e  l o c a t i o n  and ~ J i t h i n  a s i n g l e  
group of  cab ine t s .  This  s i n g l e  group should be a l l  necessary  equipment 
f o r  a subsystem. Subsequent experience has indicaLed that a somewinat d i f -  
f e r e n t  approach w i l l  probably give,  i n  many cases ,  more d e s i r a b l e  r e s u l t s .  
This  approach I have csalled t h e  " in t e r f ac ing"  approach t o  s t a g e  checkout.  
This  term simply means t o  consider  a l l  i n r e r f a c e s  needed f o r  t h e  s t a g e  
checkout equipment and design f o r  i n t e r f a c e s  r a t h e r  than equipment group- 
ing.  (See F igure  3 . )  

I n  an  automated checlcout, t h e r e  i s  a s t a g e  t o  be checked o u t  and a 
computer t o  c o n t r o l  and m n i t o r  t h i s  checkout process .  A l l  equipment used 
ocher  than  s t a g e  and computer i s  def ined  a s  s t a g e  checlcout equipment. The 
s t a g e  checltout equipment, t he re fo re ,  i n t e r f a c e s  i n  t h r e e  ways : wi th  t h e  
man who i s  monitor ing t h e  checkout, l ~ i t h  t h e  s t age ,  and wi th  t h e  computer. 
In t h e  o r i g i n a l  concept,  a l l  t h r e e  o f  t hese  i n t e r f a c e s  f o r  a given subsystem 
were a s i n g l e  p l ~ y s i c a l  group of equipnent ri~ounted i n  a s i n g l e  phys i ca l  group 
o f  c a b i n e t s .  This  concent ra t ion  i s  no t  e s s e n t i a l  a s  long a s  each o f  t h e  
t h r e e  i n t e r f a c e s  is  provided f o r  each s t a g e  subsystem. Tl~e s t a g e  i n t e r f a c e  
equipment, however, f o r  a p a r t i c u l a r  subsystem should be grouped wi th in  a i 
s i n g l e  group of czb ine t s  phys i ca l ly  l oca t ed  ad jaccn t  t o  one another ,  inso-  
f a r  a s  poss ib l e .  This  w i l l  s imp l i fy  t rouble-s l toot ing g r e a t l y .  This is a 



n a t u r a l  r e s u l t  of good design i n  most cases .  Let  us  then a t tempt  t o  d e t e r -  - 
mine those  th ings  which a r e  p r a c t i c a l  w i t h  regard t o  t hese  ' i n t e r f a c e s .  

The Stage: F i r s t  consider  the  s t a g e  i n t e r f a c e .  Stage design has 
evolved from a s e r i e s  of compromises, beginning wi th  the  rpission of t h e  
f l i g h t  of t h e  e n t i r e  space veh ic l e .  The mission has caused dec i s ions  
f a r  optimum s t ag ing ,  and these  have determined how many s t a g e s  must be 
used,  The number-of-stages dec i s ion  has then  bracketed the  na tu re  o f  
each s t age .  D e f i n i t i o n  o f  i nd iv idua l  s t a g e s  and t h e  e n t i r e  v e h i c l e  have 
determined a  p a t t e r n  f o r  how t h e  v e h i c l e  w i l l  be  launched. Design of  
i nd iv idua l  s t a g e s  can then progress ,  based on the  determinat ion of  what a 
p a r t i c u l a r  s t a g e  must be  l i k e ,  and how i t  musk be handled dur ing  t h e  
launch ope ra t ion .  

Yfnufactur ing checkout must determine, among o t h e r  th ings ,  t h a t  t h e  
s t a g e  w i l l  mate p rope r ly  w i t h  launch s i t e  equipment. Manufacturing checlc- 
o u t  equipment then  must be determined by launch cons ide ra t ions  and by t h e  
ind iv idua l  s t a g e  i t s e l f .  Some th ings  aboard t h e  s t a g e  w i l l  be designed 
i n  a manner t o  f a c i l i t a t e  u t i l i z a t i o n  of d i g i t a l  equipment; o the r  th ings  
w i l l  be designed along t h e  o lde r  and more convent ional  p a t t e r n s ,  and use  
of d i g i t a l  equipment f o r  t hese  w i l l  r e q u i r e  some type  of conversion.  
Launch cons ide ra t ions  w i l l  f u r t h e r  determine types of  s t i m u l i  t o  be pu t  
i n t o  and rece ived  from t h e  s t a g e  umbi l ica l  connectors .  The p a t t e r n  f o r  
t h e  s t a g e  checkout equipment i n t e r f a c e  w i t h  the  s t a g e  is then e s t ab l i shed ,  
based upon a l l  o f  t h e  l i s t e d  cons ide ra t ions . '  

I n  many cases  t he  most d e s i r a b l e  provis ion  f o r  performing a  s t a g e  . 
t e s t  w i l l  no t  be  b u i l t - i n  aboard the  s t age ,  because a  compromise has  been 
necessary  i n  t h e  s t a g e  due t o  weight,  environmental condi t ions ,  s a f e t y  
cons ide ra t ions ,  o r  o t h e r  t h ings .  The s t a g e  c'neclcout equipment which 
i n t e r f a c e s  w i t h  t h e  s t a g e  w i l l  be  an aggregat ion of some d i g i t a l  systems 
and some analog equipment. A l l  of t h i s  w i l l  i n t e r f a c e  wi th  t h e  s t a g e  
through t h e  s t a g e  umbi l ica ls ,  and, s i n c e  we a r e  speaking of manufacturing 
checkout,  through o t h e r  r e s t  connect ions.  

Use of  t e s t  connect ions o the r  than normal s t a g e  umbi l ica ls  may meet 
w i t h  some disagreement.  It would be more d e s i r a b l e  i n L a l l  checkout t o  
connect t he  s t a g e  umbi l i ca l s  a s  f o r  a launch. The c a p a b i l i t y  f o r  t h i s ,  
however, w i l l  be determined almost e n t i r e l y  by what checkout provis ions  
a r e  designed i n t o  the  s t a g e .  I f  f u l l  c a p a b i l i t y  f o r  accomplishing manu- 
f a c t u r i n g  checkout were designed i n t o  the  s t age ,  umbil ical-only connect ing 
would be poss ib l e .  Even then, however, one would have t o  consider  mating 
w i t h  the  o the r  s t a g e s .  Proof of  mating c a p a b i l i t y  r e q u i r e s  a  connection 
a t  t h e  forward and a f t  end of the s t a g e  t o  some device  which s imula tes  
t h e  i n t e r f a c e  between t h e  s t a g e  under t e s t  and t h e  ad j acen t  s t ages .  S ince  
the  purpose of t h i s  paper i s  no t  t o  d i scuss  i n  d e t a i l  t h e  d e s i r a b i l i t i e s  
f o r  doing a  proper s t a g e  checkout, l e t  i t  s u f f i c e  t o  say t h a t  we w i l l  
assume t h a t  connections o the r  than umbi l ica l  connections a r e  necessary .  

The Computer: Inherent  c a p a b i l i t i e s  of t he  checkout computer d e t e r -  
mine much of  what must e x i s t  i n  t he  s t a g e  checkout equipment. Those checlc- 
o u t  c a p a b i l i t i e s  r equ i r ed  which cannot be suppl ied  by an overloaded or 
inadequate  computer must be suppl ied i n  t he  s t a g e  checkout equipment. 



II 

i s  s u p p l i e d  t h e r e  w i l l  r e f l e c t  d i r e c t l y  i n t o  t h e  i n t e r f a c e  o f  t h i s  equ ip-  
ment w i t h  t h e  computer. An a d d i t i o n a l  c o n s i d e r a t i o n  i s  what i n f o r m a t i o n  
must b e  p r e s e n t e d  t o  and commands taken from t h e  man c o n t r o l l i n g  t h e  t e s t -  
i n g .  

A s i m p l i f i c a t i o n  o f  t h e  computer i n t e r f a c e  may b e  o b t a i n e d  by b u i l d -  
i ng  the stage checkout  equipment w i t h  basic d i g i t a l  hnrdware, such as 
p r i n t e d  c i r c u i t  c a r d s  and s o  on, o b t a i n e d  from t h e  computer manufac tu re r .  
T h i s  can e l i m i n a t e  l o g i c  l e v e l  convers ions ,  word s t r u c t u r e  convers ions ,  
and o t h e r  l i k e  t h i n g s .  However, equipment p r e v i o u s l y  used by t h e  s t a g e  
manufac tu re r  on o t h e r  programs may a l r e a d y  be a v a i l a b l e  and r e q u i r e  mini-  
mum m o d i f i c a t i o n  f o r  u s e  i n  t h e  c u r r e n t  e f f o r t .  These, and o t h e r  cons id -  
e r a t i o n s  such  as s c h e d u l e  t ime and c o s t  may w e l l  d i c t a t e  a p r a c t i c a l  
e n g i n e e r i n g  compromise t o  u s e  a v a i l a b l e  hardware,  even though i t  does  n o t  
match d i r e c t l y  w i t h  The chosen computer. 

e n e r a l  c o n s i d e r a t i o n  then,  it i s  s a f e  t o  assume t h a t  a computer 
e v i c e ,  t o  be  connected between t h e  compurer and s t a g e  checkout  

equipment,  and t o  p r o v i d e  n e c e s s a r y  convers ion,  w i l l  be  used.  Th is  com- 
promise,  however, p r o v i d e s  a  happy s i d e  b e n e f i t :  Exchange o f  t h e  i n t e r -  
f a c e  d e v i c e ,  as a p p r o p r i a t e ,  a l lows  d i f f e r e n t  computers t o  b e  used i n  
o t h e r  l o c a t i o n s  i f  necessa ry ,  a s  long  as t h e  minimum computer c a p a b i l i t y  
r e q u i r e d  i n  t h e  o r i g i n a l  d e s i g n  is  s u p p l i e d .  Th is  does  n o t  n e g a t e  t h e  
f a c t  t h a t  i t  i s  always more d e s i r a b l e  t o  have manufactur ing checkour 
resemble  l a u n c h  s i t e  o p e r a t i o n  as n e a r l y  a s  p o s s i b l e  t o  i n s u r e  a s u c c e s s -  
f u l  launch. o p e r a t i o n .  It does ,  however, o f f e r  an approach which p e r m i t s  
o t h e r  c o n s i d e r a t i o n s .  

The Man: The d e g r e e  o f  human p a r t i c i p a t i o n ,  i n  any i n d i v i d u a l  c a s e ,  
w i l l  de te rmine  t h e  n a t u r e  o f  t h e  i n t e r f a c e  between t h e  man and t h e  s t a g e  
checkout  equipment.  Th i s  i n t e r f a c e  looks  i n  two d i r e c t i o n s  f o r  c o n t r o l  
and in format ion :  toward t h e  s t a g e  checlcout equipment, and toward t h e  
computer. As p r e v i o u s l y  i n d i c a t e d ,  p r e s e n t  e x p e r i e n c e  o f  checlcout 
peop le  w i t h  automated,  d i g i t i z e d  equipment i s  v e r y  s l i m .  There fore ,  com- 
p u t e r  c o n t o l l e d  s t a g e  checlcout today i s  q u i t e  s i m i l a r  t o  manual o p e r a t i o n s .  
I n  t h e  man i n t e r f a c e  t h e r e  i s  much d i s p l a y  equipment, i n  p a r t i c u l a r  such 
t h i n g s  a s  i n - l i n e  r e a d o u t s ,  l i g h t s  f o r  d i s c r e t e  i n d i c a t i o n s ,  ca thode- ray  
t u b e  d i s p l a y s ,  and o t h e r  s o u r c e s  o f  v i s u a l  in fo rmat ion .  It a l s o  p rov ides  
f o r  t a k i n g  o v e r  t e s t  c o n t r o l  under c e r t a i n  c i rcumstances ,  i n  p a r t i c u l a r  
t h o s e  which a r e  concerned w i t h  s s f  e t y .  D i r e c t i o n  t o  S a t u r n  s t a g e  c o n t r a c -  
t o r s  h a s  been a l o n g  c o n s e r v a t i v e  l i n e s .  Kard w i r e  connec t ions  a r e  pro-  
v i d e d  f o r  s a f i n g  f u n c t i o n s ,  w i t h  p o s i t i v e ,  manual, o v e r - r i d i n g  i n i t i a t i o n .  
I n  a l l  t e s t s ,  p r o v i s i o n  f o r  t r o u b l e - d e t e c t i n g  and t r o u b l e - c o r r e c t i n g  sub- 
r o u t i n e s  w i l l  be made w i t h i n  t h e  computer. I f  i n d i c a t i o n s  a r e  r e c e i v e d  
t h a t  an  u n s a f e  c o n d i t i o n  is about  t o  occur ,  t h e  computer w i l l  jump t o  a 
s u b r o u t i n e  t o  s a v e  t h e  s t a g e .  I n  most c a s e s ,  t h e  speed o f  t h e  computer 
w i l l  have t h e  s t a g e  i n  a  s a f e  c o n d i t i o n  b e f o r e  t h e  o p e r a t o r  r e c o g n i z e s  
t h a t  an u n s a f e  c o n d i t i o n  has  e x i s t e d .  Regard less  o f  t h i s ,  however, i t  i s  
n e c e s s a r y  t o  p rov ide ,  f i r s t ,  f o r  t h e  p o s s i b i l i t y  t h a t  t h e  u n s a f e  c o n d i t i o n  
may n o t  have been conceived p r e v i o u s l y ,  and t h e r e f o r e  al lowed f o r  i n  t h e  
computer programing, and second, t h a t  some i t em of d i g i t a l  equipment w i l l  
f a i l  and t h a t  t h e  human can i n t e r v e n e  t o  s a v e  t he  stage. Even i f  t h e  



manual s a f i n g  equipment is  never a c t u a l l y  used, it provides'  t h a t  e x t r a  
margin of  confidence f o r  ope ra to r  assurance t h a t  h i s  system i s  completely 
under h i s  c o n t r o l .  

Those th ings  which a r e  t r u e  of s a f e t y  a r e  no doubt t r u e  of o t h e r  con- 
t r o l s  and readouts  which appear,  a t  t h e  p re sen t  time, on t h e  man i n t e r f a c e  
t o  t h e  system. That i s ,  whatever i s  provided i n  t h e  computer program i n  
t h e  way of s t i m u l i ,  r ecogn i t i on  of sequencing, eva lua t ion  of da t a ,  and so  
on, w i l l  probably be handled more quick ly  and more e f f i c i e n t l y  by t h e  com- 
pu te r ,  and a t  such a speed t h a t  the  human w i l l  on ly  recognize a f t e r - t h e -  
f a c t  t h a t  it has  been handled. This  is c l e a r  Erom Saturn  automated t e s t i n g  
a l r eady  under way. Fur ther ,  a s  anyone knows wllo has conducted t e s t s  on 
l a r g e  s t ages ,  t h e r e  is  a c e r t a i n  "feel"  about a t e s t  which, a f t e r  t h e  t e s t  
has  run,  a l lows tile ope ra to r  t o  judge i t s  r e l a t i v e  success .  This " fee l"  
is  developed through a number of  th ings ,  inc luding  glances a t  i nd iv idua l  
instruments ,  p a t t e r n s  of  l i g h t  i nd ica t ions ,  genera l  sounds of t he  t e s t  a s  
i t  progresses ,  and s o  on. A t e s t  performed i n  complete i s o l a t i o n ,  w i th  no 
i n d i c a t i o n s ,  meters ,  o r  sounds, would d e l e t e  t h i s  c a p a b i l i t y .  Although 

. i t  is  inexac t ,  and c e r t a i n l y  not  sub jec t  t o  hard engineering s c r u t i n y ,  t h e  
experienced ope ra to r  recognizes  t h i s  va luab le  t o o l  f o r  a d d i t i o n  t o  t h e  
conc re t e  d a t a  f o r  t e s t  eva lua t ion .  This is  nore  p a r t i c u l a r l y  t r u e  when a 
t e s t  i s  not  s a t i s f a c t o r y ;  t h e  "feel"  of the  opera tor  can then  guide t h e  
t rouble-shoot ing  a c t i v i t y .  

In  beginning t o  automate a s t a g e  checl:out, t he re fo re ,  experience 
i n d i c a t e s  t h a t  d e f i n i t e  provis ions  should be made f o r  ope ra to r  con t ro l ,  
ope ra to r  ove r r ide ,  and opera tor  information r ecep t ion .  These, i n  t u rn ,  
b u i l d  ope ra to r  confidence so  t h a t  he begins t o  p lace  more t r u s t  i n  t h i s  
new and h igh ly  complex t e s t  device,  t he  computer, because he can s e e  w i t h  
h i s  own eyes t h a t  it i s  a c t u a l l y  doing i t s  job proper ly .  Having t h i s  con- . 
f idence ,  he then w i l l  begin t o  devise  new means of us ing  it, and a s  a 
r e s u l t  w i l l  move more toward f u l l  use of t h e  c a p a b i l i t y  of  t h e  computer. 

Externa l  Equipment: The genera l  tendency w i t h  Sa turn  automation has 
been t o  at tempt  t o  have e x t e r n a l  devices  which can s tand  on t h e i r  own. 
For example, i n  cathode-ray tube d i sp l ays ,  such th ings  a s  automatic  
r e f r e s h ,  i n t e r n a l  s to rage ,  i n t e r n a l  cha rac t e r  genera t ion ,  and so  on, a r e  
almost  e s s e n t i a l s .  As computer use increases ,  and a s  use  of the  capab i l -  
i t y  of computers i nc reases ,  a s  i t  w i l l  do when people become accustomed 
t o  them, e x t e r n a l  c a p a b i l i t y  w i l l  become even more important than a t  p res -  
e n t .  Tes t s  w i l l  b e  combined, so t h a t  s eve ra l  of today ' s  t e s t s  w i l l  be  run  
a s  a s i n g l e  sequence. The more t h a t  i s  t o  be accomplished i n  any s i n g l e  
t e s t  o r  t e s t  procedure, t h e  more c a p a b i l i t y  i s  requi red ,  given a s p e c i f i c  
computer. 

PROGUA?Q*ZING FOR CHECKOUT 

One of t he  a r e a s  which has caused a g r e a t  amount o f  concern i n  pro- 
v id ing  automated s t a g e  checkout has been how t o  provide necessary com- 
pu te r  programs so t h e  computer does i t s  job proper ly ,  and t o  i n s u r e  t h a t  
i t  does no t  f a i l  t o  do necessary th ings ,  p a r t i c u l a r l y  i n  t h e  case  of an 
emergency s i t u a t i o n .  Etucb of t h i s  concern, no doubc, has been t h e  r e s u l t  



of  a  l ack  of understanding a s  t o  exac t ly  what was involved i n  computer pro- 
gramming and t h e  c a p a b i l i t y  of  t h i s  programming by people who have had a  
good knowledge of ope ra t iona l  systems and f l y i n g  s t ages .  As computer u se  
has increased,  and p a r t i c u l a r l y  i n  i n d u s t r i a l - c o n t r o l  type a p p l i c a t i o n s ,  
more and more engineers  have rece ived  t r a i n i n g  which provided fundamental 
knowledge of computers and computer programs. This b a s i c  t r a i n i n g ,  t oge the r  
w i t h  systems knowledge from experience,  has a ided  g r e a t l y  i n  e s t a b l i s h i n g  
the f a c t  t h a t  because a  computer opera tes  only  wi th  ones and zeros,  it is  
n o t  n e c e s s a r i l y  incapable  of  doing complex t a s k s  i n  s t a g e  checkout. A 
gap, however, s t i l l  e x i s t s  between the  computer p rog ramer  and t h e  systems 
engineer  r e spons ib l e  f o r  a  s t a g e  checlcout. A t  p resent ,  it appears  e a s i e r  
t o  t r a i n  t h e  programmer i n  systems, than it is  t o  t r a i n  t h e  systems engi-  
neer  i n  p rog raming .  Unfortunately,  most automatic  checkout programs a r e  
needed i n  a hur ry .  The necessary time-consuming cross  t r a i n i n g  t o  i n s u r e  
good communication between t h e  t e s t  engineer  and the  p r o g r a m e r  simply is 
n o t  poss ib l e .  A b a s i c a l l y  d i f f e r e n t  approach is needed t o  e s t a b l i s h  means 
whereby t h e  thoughts  of t he  t e s t  engineer  can be t r a n s l a t e d  most d i r e c t l y  
and placed i n t o  t h e  computer program t o  do t h e  checkout t a s k  proper ly .  

Within t h e  Sa turn  program t h e r e  a r e  t h r e e  d i f f e r e n t  computers be ing  
used. Presumably, f o r  f u t u r e  programs a  more advanced computer can be  
used, i f  a v a i l a b l e .  I f  not ,  one of  t he  p re sen t  computers w i l l ,  no doubt, 
cont inue  t o  be  used. I n  e i t h e r  case, a  d e s i r a b l e  f e a t u r e  f o r  computer 
c o n t r o l l e d  checlcout would be a  s i n g l e  language wl~ich  could be  spoken by 
a l l  persons concerned wi th  checkout and opera t ion  of t he  computers, and 
i n  which a l l  words and phrases  would mean the  same th ings  t o  a l l  people.  

7 
1 

Fur ther ,  t h e  problem of t r a n s l a t i o n  of  c h i s  language i n t o  t h e  language o f  , 

t h e  computer would then  be g r e a t l y  reduced. 

A s t a r t  toward t h e  s o l u t i o n  of t h i s  problem has been made a t  E F C .  A 
programming technique has been developed f o r  s equen t i a l  t e s t s  which r e q u i r e s  
on ly  two computer programs t o  be w r i t t e n  f o r  each com3ination of  computer 
and checkout equipment. The two programs may be considered t o  b e  t r a n s l a -  
t o r  ope ra t ions .  

The f i r s t  s t e p  i n  w r i t i n g  a t e s t  procedure w i t h  t h i s  technique is  f o r  
t h e  t e s t  engineer  t o  s e t  dor-m, on a  s tandard  form, t h e  s t e p s  he wishes t o  
accomplish, t oge the r  w i th  s p e c i f i c  information concerning each s t e p .  This  
is  then punched i n t o  cards ,  and the  card deck i s  fed i n t o  t h e  computer i n  
an  o f f - l i n e  ope ra t ion .  The f i r s t  t r a n s l a t o r  program i s  used i n  t he  com- 
p u t e r  t o  provide a  conversion and produce a  punched paper tape .  It a l s o  
produces a  p r i n t e d  copy of t he  t e s t  which may be used by the  t e s t  engineer  
f o r  v e r i f i c a t i o n ,  snd f o r  fo l lo . r~~ ing  t h e  t e s t  a s  i t  is  performed. The sec-  
ond t r a n s l a t o r  program i s  then loaded, and, i n  an on - l ine  opera t ion ,  t h e  
t a p e  i s  played i n t o  t h e  machine. The t r a n s l a t o r  conver t s  t he  t ape  s t e p s  
d i r e c t l y  i n t o  system a c t i o n s .  

This  technique has been used f o r  two d i f f e r e n t  types of computers, 
u s ing  t h e  exac t  same format f o r  g e t t i n g  information from the  t e s t  engineer .  
Obviously, v a r i a t i o n s  t o  t h e  procedure a r e  poss ib le .  The s i g n i f i c a n t  advan- 
t age  is  t h e  need t o  w r i t e  on ly  two computer programs f o r  each combination 
o f  computer and s t a g e  checkout equipment. Once these  a r e  e s t a b l i s h e d  a s  



c o r r e c t ,  any number of  t e s t s  may be w r i t t e n  wi thout  f u r t h e r  dependence on 
programming. Test  modi f ica t ions  may be e a s i l y  made ahead of t ime by 
exchanging cards i n  t he  deck be fo re  going through t h e  f i r s t  t r a n s l a t o r  

ine. 
h 

This type of  programming has  been used succes s fu l ly  w i th  s e q u e n t i a l  
c B u ~ a  where the next computer operat ion i s  dependant on receipt  of a tima- 
bracketed s i g n a l  i n d i c a t i n g  t h a t  a previous opera t ion  has been s u c c e s s f u l l y  
accomplished. It has  not  y e t  been poss ib l e  t o  apply t h i s  approach i n  a 
completely s a t i s f a c t o r y  manner t o  t h e  type of t e s t i n g  i n  which t h e  proce- 
dures a r e  l a r g e l y  i t e r a t i v e ,  as ,  f o r  example, instrumentat ion c a l i b r a t i o n .  
Further  work i s  be ing  done wi th  reasonable success  i n  an at tempt  t o  extend 
t h i s  technique t o  make i t  more un ive r sa l  and, therefore ,  more use fu l .  
Obviously review of  t e s t  procedures f o r  co r r ec tnes s  and s u f f i c i e n c y  i s  
made much e a s i e r  by t h i s  method. 

Once the  two t r a n s l a t o r  programs a r e  e s t ab l i shed ,  they  a r e  f i xed  f o r  
t h e  p a r t i c u l a r  computer and s e t  of equipment, and do no t  change. I f  it 
i s  e s t a b l i s h e d  t h a t  t h e s e  programs a r e  co r r ec t ,  it is  then only  necessary 
t o  v e r i f y  t h a t  t h e  form which is f i l l e d  ou t  by the  procedure w r i t e r  o r  
t e s t  engineer  conta ins  t h e  necessary and s u f f i c i e n t  information t o  perform 
t h e  t e s t  a s  des i r ed .  

Another d e s i r a b l e  f e a t u r e  f o r  programming of computers f o r  s t a g e  
checkout is  a  technique wi th in  the  p rog raming  method which w i l l  a l low 
f o r  ease  of  o n - l i n e  change. During t h e  time t h a t  a  t e s t  i s  being per -  
formed it i s  f r equen t ly  found t h a t  something i s  no t  performing proper ly ,  
t h a t  some p a r t i c u l a r  p i ece  of f l i g h t  hardware has been changed and t h e  new 
hardware has d i f f e r e n t  parameters,  t h a t  t he  c h a r a c t e r i s t i c s  of  some par-  
t i c u l a r  p i ece  o f  f l i g h t  hardware i s  d i f f e r e n t  from a previous one, t h a t  
some modi f ica t ion  has  been i n s t a l l e d  i n t o  the  system s i n c e  the program was 
w r i t t e n ,  and so on. Changes i n  t h e  t e s t  procedure a r e  then necessary t o  
a l low f o r  t hese  changed t e s t  condi t ions .  Ease of  change, t h e r e f o r e ,  under 
cond i t i ons  when t e s t i n g  i s  imminent, must be one requirement of  checkout 
programming. This,  unfor tuna te ly ,  i s  not  a  requirement: which has  been 
so lved  a s  y e t .  It is  t h e r e f o r e  necessary t o  maintain t h e  conserva t ive  
approach ind ica t ed  previous ly  whereby the  man i n t e r f a c e  has c o n t r o l s  t o  
a l low him t o  handle unprogrammed s i t u a t i o n s .  Tlle type of programming 
j u s t  descr ibed  probably comes a s  c l o s e  t o  permi t t ing  t h i s  change a s  any- 
t h i n g  determined t o  da t e .  However, even t h a t  type of programming r e q u i r e s  
f i r s t  t h e  f i l l i n g  ou t  of a  format, and then the  feeding  of punched cards  
i n t o  a  computer i n  an o f f - l i n e  opera t ion .  Therefore,  even t h i s  i s  not  

I optimum. Change, however, should not  be so easy t h a t  it  i s  p o s s i b l e  f o r  
an inexperienced ope ra to r  t o  perform a few manipulations,  and thus  change 
t h e  b a s i c  i n t e n t  of t h e  w r i t e r  of t h e  t e s t  procedure, o r  t o  p lace  the  
s t a g e  i n t o  a dangerous condi t ion .  

I n  summary, a  s t a r t  has  been made i n  programming f o r  checkout u s ing  
a s i n g l e  language which includes ease  of t r a n s l a t i o n ,  ease  of review, ease  

r of  comrnunicatioil from engineer t o  computer, but  does not  y e t  provide f o r  
t h a t  very  necessary  ease  of  change i n  programming t o  accommodate unexpected 

L s i t u a t i o n s  dur ing  t e s t .  



CONCLUSIONS 

Operation w i t h  automatic  s t a g e  checlcout under computer con t ro l  f o r  
approximately a year ,  and cons idera t ion  of the necessary means f o r  doing 
t h i s  f o r  va r ious  s t a g e s  and under var ious  condi t ions  f o r  s e v e r a l  years ,  
has  i nd ica t ed  t h a t  t h e r e  a r e  a number of h ighly  p r a c t i c a l  approaches which 
muss be taken. Additionally, there are methods and approaches which are 
g e n e r a l l y  d e s i r a b l e  b u t  are not  abso lu t e ly  e s s e n t i a l .  There i s  no ques- 
t i o n  t h a t  i t  has  been we l l  e s t ab l i shed  through experience that  automated 
checkout o f  a space v e h i c l e  s t age ,  u t i l i z i n g  a computer f o r  c o n t r o l  and 
monitor of  t h e  r e s u l t s ,  i s  probably the most f l e x i b l e  and poverful  t h ing  
t h a t  has  happened t o  s t a g e  checlrout s i n c e  it f i r s t  began. There a r e  many 
p r o j e c t i o n s  which can b e  made a s  t o  u t i l i z i n g  t h e  f u l l  c a p a b i l i t y  of  t h e  
computer i n  performing this t a sk  and improving t h e  genera l  s t a t e  of t he  
checlcout ar t  a s  it now e x i s t s .  These a r e  th ings  which must be b u i l t  on 
what we have a l r eady  done and what we a l r eady  know. The bu i ld ing  must be 
p r a c t i c a l  and y e t  no t  r e l u c t a n t ,  i n  a way t h a r  i s  forward looking, and y e t  
i s  n o t  ex t ravagant ,  and i n  a way t h a t  a l lows us  t o  maintain t h e  ga ins  
which have made t o  d a t e  i n  space v e h i c l e  technology and t h e  successes-.tse 
have accomplished i n  space v e h i c l e  lauachings.  A t  the  same t ime we must 
r a p i d l y  push forward t h e  s t a t e -o f - the -a r t  such t h a r  we can have a success-  
f u l  space t r a n s p o r t a t i o n  system even as we now have a h igh ly  succes s fu l  
a i r  t r a n s p o r t a t i o n  system. 
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