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INTRODUCTION 

For t h e  purposes of t h i s  paper, an onboard checkout system i s  de f ined  a s  
a system which i s  b u i l t  i n t o  prime f l i g h t  equipment, f l i e s  wi th  it, and 
permits  a checkout c a p a b i l i t y  t o  e x i s t  dur ing a l l  the  major phases o f  t h e  
t e s t  and miss ion l i f e  of t h a t  prime equipment. Varying degrees  of c a p a b i l i t y  
may e x i s t  i n  such a system, depending on what is designed i n t o  i t .  This ,  i n  
t u r n ,  i s  g e n e r a l l y  dependant on l i f e  and miss ion requirements of t h e  prime 
equipment, degree  o f  miss ion checkout requ i red ,  r e l i a b i l i t y  r e s t r i c t i o n s ,  
redundancy l e v e l s ,  d a t a  management scheme, and equa l ly  important,  s t a t e  o f  t h e  
a r t .  Not a l l  checkout can be  accomplished w i t h  onboard equipment. Mechanical 
system problems such a s  l e a k  d e t e c t i o n ,  f o r  example, r e q u i r e  techniques  t h a t  
cannot be remotely c o n t r o l l e d  and evaluated today.  On t h e  o t h e r  hand, such 
t h i n g s  as i n - f l i g h t  te lemetry  have been used f o r  q u i t e  a long time and w i l l  
con t inue  t o  .be used f o r  onboard checkout. 

A number of papers  have been w r i t t e n  which dea l  w i t h  onboard checkout, 
inc lud ing  i t s  advantages and disadvantages .  Some of  t h e s e  a r e  re fe renced  f o r  
f u r t h e r  reading.  1, 2 ,  3, 4, 5, 6 ,  7 

Considerat ion o f  problems i n  long-durat ion o r b i t a l  f l i g h t s ,  deep-space and 
p l a n e t a r y  f ly -by  missions,  and long-durat ion l u n a r  and p l a n e t a r y  l and ings ,  
i n d i c a t e s  c l e a r l y  t h a t  onboard checkout c a p a b i l i t y  beyond e x i s t i n g  system 
c a p a b i l i t y  i s  r equ i red .  This is  due t o  expected t echn ica l  problems a s  w e l l  
as miss ion times involved.  Also, t h e  economics o f  space f l i g h t  show a g r e a t  
need f o r  re -usab le  boos te r s ;  t h e s e  too  r e q u i r e  onboard checkout c a p a b i l i t y  f o r  
b e s t  use,  s h o r t  turnaround time, and optimum f l i g h t  scheduling.  

The advantages o f  onboard checkout, a s i d e  from t h e  obvious miss ion needs L i s ted  
above, a r e  surmnarized b r i e f l y  a s  follows: 

(1) In-depth  checkout c a p a b i l i t y  e x i s t s  dur ing  miss ion opera t  ions .  

(2) A l l  checkout, a t  every l o c a t i o n ,  i s  performed wi th  e s s e n t i a l l y  t h e  
same equipment. 

(3) Requirements f o r  ground checkout equipment a r e  g r e a t l y  reduced. 

(4) L o g i s t i c s  requirements,  w i t h  proper system design,  a r e  g r e a t l y  reduced. 



(5) E r r o r s  a r e  reduced when no ground equipment change i s  r equ i r ed  t o  
correspond t o  a v e h i c l e  change, and sof tware  i s  s t anda rd i zed .  

(6) An increased  depth of checkout p e n e t r a t i o n  can be obta ined ,  g iv ing  
an  inc reased  confidence i n  system i n t e g r i t y .  

(7 )  Requirements f o r  umbi l ica l  l i n e s  and "carry-on" equipment a r e  reduced. 

(8) A n e t  r educ t ion  i n  weight  and volume, and possibly i n  complexity, w i l l  
r e s u l t  i n  many i n s t a n c e s .  

The d isadvantages  a r e  a s s o c i a t e d  mainly w i t h  t h e  unknowns. These concern 
m a t t e r s  of  r e l i a b i l i t y ,  and t e c h n i c a l  problem a r e a s  such a s  computer use ,  
i n t e g r a t e d  c i r c u i t  a p p l i c a t i o n ,  improved sens ing  and c o n t r o l ,  mechanical 
systems problems, and t h e  l i k e .  

This  paper i s  an a t t empt  t o  d e a l  w i t h  most of t h e  major t e c h n i c a l  d e c i s i o n  
and problem a r e a s  a s s o c i a t e d  w i t h  an onboard checkout system. It d i s c u s s e s  
bo th  problems, and l i k e l y  o r  p o s s i b l e  s o l u t i o n s  and t r adeo f f  cons ide ra t i ons .  
Most o f  t h e  proposed s o l u t i o n s  a r e  d i s cus sed  i n  depth  i n  a very  wide range  o f  
p u b l i c a t i o n s .  Many of  t h e  problems a r e  a l s o  d i scus sed  s e p a r a t e l y .  The i n t e n t  
h e r e  i s  t o  touch upon bo th  t h e  problem and t r a d e o f f  a r e a s ,  and t h e  p o s s i b l e  
s o l u t i o n s ,  i n  one document. There i s  no p re t ense  o f  complete comprehensiveness, 
nor  of  exhaus t ing  a l l  p o s s i b l e  s o l u t i o n s .  To o b t a i n  more comprehensive coverage, 
it i s  unavoidable t h a t  occas iona l ly  a d i s cus s ion  may appear  o v e r l y  fundamental.  
If ,however, t h e  ch i e f  p i t f a l l s  and d i r e c t i o n s  a r e  i nd i ca t ed ,  t h e  purpose s h a l l  
have been achieved .  

TYPES OF SYSTEMS 

Two types  of checkout system approaches t h a t  may be ca t ego r i zed  by packaging 
means a r e  immediately obvious.  These a r e  t h e . s e l f - c o n t a i n e d ,  and t h e  v e h i c l e  
i n t e g r a t e d  system approaches.  These w i l l  be  d iscussed  and compared; combinations 
of  t h e  two types  a r e  then covered.  

Self-Contained System 

With t h i s  approach a l l  checkout system components a r e  packaged s e p a r a t e l y  from 
t h e  o p e r a t i o n a l  f l i g h t  system. This  most nea r ly  co inc ides  w i th  t h e  i d e a  expressed  
i n  t h e  phrase  "inove t h e  GSE onboard." Obviously, one does no t  simply repackage 
a l l  e x i s t i n g  ground checkout equipment and load  i t  on a f l i g h t  v e h i c l e .  As wi th  
any scheme o f  provid ing  onboard checkout c a p a b i l i t y ,  f unc t iona l  cons ide ra t i ons  
such as l o c a t i o n  of  t e s t  and sens ing  po in t s ,  prime subsystems t o  be  t e s t e d ,  and 
l ayou t ,  grouping, and r o u t i n g  of  i n t e r connec t  cab1 ing, determine packaging 
breakdown. Also, a s  w i t h  any o t h e r  scheme, system f u n c t i o n a l  i tems p e c u l i a r  t o  
prime f l i g h t  equipment a r e  l o c a t e d  ad j acen t  t o  t h a t  equipment, w i t h  shared system 
i tems grouped i n  s i n g l e  packages based on func t ion .  The ch i e f  advantage t o  t h i s  
approach i s  t h a t  i t  i s  c l ean ,  bo th  w i t h  r ega rd  to  system des ign  and t o  t e s t ,  
i n s t a l l a t i o n ,  checkout,  and mod i f i ca t i on .  Advantages a r e  l o s t ,  however, i n  change 
c o n t r o l  and documentation, probably i n  l o g i s t i c s  and modi f ica t ion ,  and i n  space ,  
weight ,  and, pos s ib ly ,  power consumed. 



In t eg ra t ed  System 

With t h i s  approach, a l l  components a r e  i nd iv idua l ly  i n t e g r a t e d  i n t o  prime 
equipment t o  be t e s t e d ,  except ,  o f  course,  f o r  shared checkout system i tems 
p e c u l i a r  t o  t h e  checkout system and not t o  t h e  ope ra t iona l  f l i g h t  equipment. 
For example, t he  sensors  a s s o c i a t e d  wi th  a given i tem of f l i g h t  equipment 
would be  designed d i r e c t l y  i n t o  t h a t  prime equipment. While t h i s  i s  n o t  
unusual i n  i t s e l f ,  analog t o  d i g i t a l  conversion may a l s o  be included,  where 
d i g i t a l  s i g n a l  t ransmiss ion  i s  u t i l i z e d ,  a s  we l l  a s  high-low l i m i t  comparison, 
s i g n a l  l e v e l  conversion, and o t h e r  f a c t o r s  a s  app ropr i a t e .  This  l eads  t o  a 
r educ t ion  i n  l o g i s t i c s  requirements ,  an  improvement i n  maintenance e f f o r t s ,  
and a reduced e r r o r  p o s s i b i l i t y  i n  change con t ro l  and documentation. It 
would be d i f f i c u l t  i f  no t  impossible, however, t o  apply  t h i s  approach ac ros s  
t h e  board t o  a n  a l r eady  e x i s t i n g  f l i g h t  hardware i tem without  some redes ign  
and corresponding c o s t .  I n  f a c t ,  c o s t  and/or s t a t e - o f - t h e - a r t  may we l l  be 
l i m i t i n g  f a c t o r s  even i n  a new f l i g h t  system des ign .  

Combined Systems 

The s i t u a t i o n  has  begun to  occur where it i s  necessary  t o  f l y  new i tems,  
u n r e l a t e d  t o  f l i g h t  mission equipment, on an e x i s t i n g  c a r r i e r .  A p a r t i c u l a r  
example i s  the  i n f l i g h t  experiments  c a r r i e d  on Gemini and planned f o r  Apollo 
f l i g h t s .  I n  such a case ,  one has  both  an e x i s t i n g  and a to-be-designed 
system a t  the  same time. Thus, an onboard checkout system t o  inc lude  bo th  
the  new and o ld  equipment can take  advantage o f  a combination of t h e  two 
approaches j u s t  d iscussed .  The checkout sys  tem would, i n  most i n s  tances ,  
have t o  be superimposed on t h e  e x i s t i n g  equipment, and f o r  t h i s  would most 
nea r ly  resemble the  se l f - con ta ined  approach. For t h e  new equipment, maximum 
advantage should be taken of  t he  c a p a b i l i t y  t o  des ign- in  checkout system 
f e a t u r e s .  Beyond t h i s ,  an  e x i s t i n g  computer o r  cont ro l le r -compara tor  i n  t h e  
c a r r i e r  could be u t i l i z e d  f o r  t he  e n t i r e  checkout system, assuming t h a t  
f avo rab le  t iming and c a p a b i l i t y  f a c t o r s  e x i s t  f o r  t h i s  i t e m .  One thus  u t i l i z e s  
e x i s t i n g  c a p a b i l i t y  of  t he  c a r r i e r  system; such c a p a b i l i t y  e x i s t s  t o  some 
e x t e n t  i n  every  c a r r i e r  system, i f  only  i n  t h e  form o f  f l i g h t  ins t rumenta t ion .  

THE CONTROLLER-EVALUATOR 

An onboard checkout system has  an inhe ren t  requirement f o r  a means of c o n t r o l  
and eva lua t ion .  I f  e i t h e r  t h e  f l i g h t  o r  checkout systems con ta in  any reasonable  
degree o f  complexity, t h e  means of c o n t r o l l i n g  and eva lua t ing  r e s u l t s  a r e  
g e n e r a l l y  beyond t h e  c a p a b i l i t y  f o r  manual ope ra t ion .  This  t h e r e f o r e  l e a d s  
d i r e c t l y  t o  t he  cons ide ra t ion  of a con t ro l l e r - eva lua to r  which i s  a machine. I n  
t h e  s imples t  sense  t h i s  could be a r e l a y  ladder ,  o r  a punched-tape system. How- 
ever ,  t h e  f l e x i b i l i t y  t h a t  i s  reasonably needed f o r  an ope ra t ion  of  t h i s  type 
almost r e q u i r e s  t he  use o f  a d i g i t a l  computer. Such need i s  emphasized by t h e  
f a c t  t h a t ,  f o r  most systems which would be considered a t  t h e  p re sen t  f o r  a p p l i -  
c a t i o n  o f  onboard checkout, a computer i s  e i t h e r  a component p a r t  a l r eady ,  o r  
w i l l  b e  i f  i t  is a f u t u r e  system. Typical  examples i n  e x i s t i n g  systems a r e  t h e  
guidance computer i n  t h e  Instrument Unit  of  t he  Saturn  V launch veh ic l e ,  t h e  
guidance and naviga t ion  computer i n  a Lunar Excursion Module, and t h e  guidance 
computer i n  t h e  Command-Service module of  t h e  Apollo s p a c e c r a f t .  Since one 



would expect  t h a t  t hese  v e h i c l e s  have a cdmplexity of  t he  degree expected i n  
any sys  tem u t i l i z i n g  onboard checkout, t h e  p r o j e c t  ion t h a t  a computer would 
e x i s t  i n  a t y p i c a l  system, even though i t  i s  not  y e t  designed, i s  pjobably 
no t  so  f a r - f e t ched .  

For onboard checkout use ,  t h e  performance o f  t h e  computer i s  f a i r l y  c l e a r -  
c u t .  It f i r s t  must be a b l e  t o  con t ro l  t h e  systems t o  be  checked ou t ,  s o  t h a t  
they can o p e r a t e  s u f f i c i e n t l y  t o  provide the  necessary eva lua t ion  information.  
Second, t h e  computer must be a b l e  t o  a s s i m i l a t e  t h e  information r e tu rned  from 
senso r s  i n  t he  equipment being checked ou t ,  and to  a t  l e a s t  compare it t o  go 
no-go l i m i t s .  Af t e r  such a comparison, t he  computer can then make a programed 
d e c i s i o n  t o  pass t he  system under t e s t  o r  t o  s e t  an alarm. Beyond t h i s ,  many 
p o s s i b i l i t i e s  e x i s t .  For example, i f  a system o r  a hardware i tem does not  pass 
a p a r t i c u l a r  t e s t ,  c a p a b i l i t y  can, and should i n  some ins t ances ,  e x i s t  w i t h i n  
t h e  computer t o  provide a l t e r n a t e  r o u t i n e s  f o r  o t h e r  t e s t s  i n  o rde r  t o  f u r t h e r  
i s o l a t e  t h e  malfunction,  o r  poss ib ly  t o  s e l e c t  a l t e r n a t e  pa ths  t o  accomplish 
t h e  purpose of  t he  malfunctioning equipment. A f u r t h e r  need i s  f o r  t h e  computer 
t o  be capable  of formating d a t a  and present ing  i t  f o r  eva lua t ion  by human 
i n t e l l i g e n c e ,  and p o s s i b l e  a c t i o n .  The degree of  malfunction i s o l a t i o n  p o s s i b l e  
i s  g e n e r a l l y  more dependant on des ign  of t h e  system under t e s t  than on t h e  
computer because of  t e s t - p o i n t  a c c e s s .  Considerat ions of maintenance and 
r e p a i r ,  a s  d i scussed  i n  a l a t e r  s ec t ion ,  w i l l  impact t h i s  c a p a b i l i t y  cons iderably ,  
e i t h e r  favorably  o r  adve r se ly .  

The memory s i z e  o f  a computer f o r  t h i s  use  i s  c r i t i c a l .  This  i s  p a r t i c u l a r l y  
t r u e  i f  t h e  computer i s  a l r e a d y  being used f o r  o t h e r  func t ions .  For example, a 
guidance computer which a l s o  doubles a s  a checkout computer must be  a b l e  t o  con- 
t a i n  i n  memory t h e  necessary  guidance func t ion  i n s t r u c t i o n s  and r o u t i n e s .  I f  a l l  
checkout r o u t i n e s  can be performed a t  times when t h e  computer i s  no t  needed f o r  
a guidance func t ion ,  t h e  checkout programs need not  n e c e s s a r i l y  be c a r r i e d  i n  t h e  
a c t i v e  memory. Time-sharing i n  t h i s  fash ion  i s  c e r t a i n l y  t h e  most expedi t ious  
and economical approach. Some type of  bulk  s to rage  i s  then r equ i r ed  t o  unload 
guidance informat ion  from t h e  computer and s t o r e ,  and t o  r e load  checkout informa- 
t i o n  on t o  the  computer t o  perform checkout. I f ,  on t h e  o t h e r  hand, i t  i s  
necessary  t o  per  form some checkout func t ions  dur ing  the  time t h a t  guidance 
func t ions  a r e  a l s o  be ing  accommodated, t h e  a c t i v e  memory of t he  computer must 
c a r r y  those  checkout r o u t i n e s  i n  a d d i t i o n  t o  t h e  guidance r o u t i n e s .  When checkout 
and guidance func t ions  must be i n t e r l e a v e d ,  an execut ive  r o u t i n e  i s  necessary  t o  
manage t h e  t iming between t h e  performance of  t he  guidance func t ions  and the  
performance o f  t h e  checkout func t ions .  In  t h e  i d e a l  ca se  o f  course,  t he  computer 
t o  b e  used, whether i t  i s  used bo th  f o r  guidance and checkout o r  f o r  checkout 
a lone ,  should have d i r e c t  acces s  memory a v a i l a b l e  t o  c a r r y  a l l  necessary r o u t i n e s  
i n t e r n a l l y .  This  minimizes e x t e r i o r  equipment, both  f o r  i n t e r f a c i n g  w i t h  t h e  
computer and i n  terms o f  e x t r a  f l i g h t  packages t o  be c a r r i e d .  

The problem of da t a  i npu t  t o  t h e  computer can, t o  a c e r t a i n  e x t e n t ,  be regarded 
i n  t h e  same manner a s  t h a t  of  program r o u t i n e s .  This  d a t a  which comes i n t o  t h e  
computer f o r  eva lua t ion ,  a f t e r  it h a s  been evalua ted ,  can e i t h e r  be thrown away, 
s t o r e d  i n  computer a c t i v e  memory f o r  f u t u r e  r e fe rence  and l a t e r  readout  and 



playback, o r  s t o r e d  on some type o f  bulk  s to rage  medium. The bulk  s t o r a g e  
medium can be core  o r  drum memory, e x t e r n a l  t o  t h e  computer, wi th  non-di rec t  
acces s .  It could a l s o  be d i s c  o r  magnetic tape  s t o r a g e .  Although o t h e r  
candida tes  poss ib ly  e x i s t ,  t h e s e  t o  be the  most l i k e l y .  I n  any case ,  whether 
one uses  a computer s o l e l y  f o r  checkout o r  sha re s  it f o r  o t h e r  uses ,  some type 
of  bulk  s t o r a g e  appears  t o  be e s s e n t i a l .  Although the  author  has no c u r r e n t  
r e f e r e n c e  a v a i l a b l e ,  it i s  r epor t ed  t h a t  I n t e r n a t i o n a l  Business Machines has 
a l r eady  b u i l t  a  small drum s t o r a g e  u n i t  about t he  s i z e  of  a  baseba l l  weighing 
two and one-half  pounds. It has  a  500 kc b i t  r a t e ,  s t o r e s  one-mi l l ion  b i t s  
o f  information,  and uses  ten  w a t t s  of  power. 

A p o s s i b l e  a l t e r n a t e  candida te  t o  bulk  s to rage  f o r  some space missions i s  
t ransmiss ion  o f  d a t a  i n  r e a l  time t o  ground s t a t i o n s  f o r  s to rage ,  and t ransmiss ion  
of  t e s t  programs t o  the  space v e h i c l e  from ground s t a t i o n s  a t  t h e  time they a r e  
needed. More and b e t t e r  information i s  becoming a v a i l a b l e  w i th  regard  t o  space 
communications capab ' l i t i e s  i n  order  t o  determine t h e  r e l i a b i l i t y  and e f f e c t i v e -  
nes s  of t h i s  method. 8 

The missions f o r  which da t a  and program t ransmiss ions  a r e  more p r a c t i c a l  a r e  
obvious ly  those  i n  which the  space v e h i c l e  is  wi th in  range of e x i s t i n g  ground 
equipment. This  t ransmiss ion  equipment could e i t h e r  be e x i s t i n g  ground s t a t i o n s ,  
o r  a  ground s t a t i o n  r e l a y  through a s a t e l l i t e  network. More thought has  been 
given r e c e n t l y  t o  t h e  use o f  s a t e l l i t e s  f o r  communication w i t h  space v e h i c l e s . 9  

A s  a  f i n a l  cons ide ra t ion  i n  use o f  a  con t ro l l e r - eva lua to r ,  one should eva lua t e  
i t s  l o c a t i o n .  For a  spacec ra f t ,  t h i s  i s  a f a i r l y  s imple cons ide ra t ion .  I f  f o r  
some reason one were t o  cons ider  t h e  use of  an onboard checkout system on a 
mul t i - s t age  launch v e h i c l e ,  such a s  t he  Saturn  V f o r  example, t he  ques t ion  
immediately a r i s e s  a s  t o  whether i t  i s  f e a s i b l e  i n  terms of  t ransmiss ion  d i s t a n c e s  
and simultaneous usage t o  have t h e  computer l oca t ed  i n  t h e  f i n a l  s t age ,  such a s  
t h e  Instrument Un i t .  This  i s  a  ques t ion  which can have a c l e a r  c u t  answer only  
f o r  s p e c i f i c  v e h i c l e s .  I n  t he  case  o f  the  Saturn  V launch veh ic l e ,  aga in  f o r  
example, i t  would be necessary  t o  determine f i r s t  t he  magnitude and complexity 
o f  t h e  checkout t a s k s  f o r  each s t a g e .  I f  t h i s  t a s k  was indeed l a r g e ,  complex, 
and p o s s i b l y  continuous,  then i t  would be reasonable  t o  expect  a  checkout computer 
t o  be l o c a t e d  on each s t a g e .  I n  t h i s  case ,  t he  checkout computer l oca t ed  i n  t h e  
f i n a l  s t age ,  t h e  Instrument Unit ,  would se rve  a s  a  master and a coordina tor ,  
o p e r a t i n g  t o  d i r e c t  and coordina te  t h e  ind iv idua l  s t a g e  computers a s  t o  when t o  
perform t h e i r  func t ions ,  when t o  t r a n s f e r  da t a ,  and s o  on. On the  o t h e r  hand, f o r  
a  launch v e h i c l e  such as t h e  Saturn V, t h e  time when the  e n t i r e  v e h i c l e  i s  f l y i n g  
w i t h  t h e  f i r s t  s t a g e  boos t e r  i s  only  about a  minute and one-half ,  and then t h a t  
boos t e r  i s  dropped o f f .  The f l i g h t  time o f  t h e  second s t a g e  wi th  t h e  e n t i r e  
v e h i c l e  i s  somewhat longer .  However, t h a t  time too,  i s  r e l a t i v e l y  s h o r t  i n  
comparison t o  t h e  t o t a l  l i f e t i m e  of  o t h e r  upper s t a g e s .  Under t hese  circumstances,  
a  s i n g l e  computer l oca t ed  i n  t h e  Instrument Uni t  can probably c a r r y  the  checkout 
t a sk ,  i f  indeed i t  were determined t h a t  such a t a s k  were necessary fo r ,  not only  
t h e  Instrument Unit ,  bu t  a t  l e a s t  a l s o  the  f i r s t  two s t a g e s .  

In  surmnary then, a  computer i s  a h ighly  d e s i r a b l e  i f  not  a  necessary  element; 
memory s i z e  o f  t he  computer i s  a c r i t i c a l  f a c t o r  i n  i t s  use; and i t s  l o c a t i o n  can 
on ly  be  determined by the  s p e c i f i c  t a s k  which i t  has t o  perform. 



THE SENSORS 

In  o rde r  t o  b e  u s e f u l ,  any checkout system must acqu i r e  informat ion  on t h e  
performance of  t h e  i t em under t e s t .  To some ex t en t ,  information sources  a r e  
b u i l t  i n t o  a l l  f l i g h t  v e h i c l e  systems i n  t h e  form of  func t ion  i n d i c a t o r s ;  
however, a l l  systems a l s o  r e l y  on senso r s  t o  measure t h e  occurrence and/or  
va lue  of  e v e n t s .  The s i g n a l s  can e i t h e r  be  d i s c r e t e  l e v e l  changes o r  ana log  
v a l u e s .  Furthermore, they can be d e t e c t e d  a c t i v e l y  o r  pas s ive ly .  For t he  
purposes of  t h i s  paper ,  a c t i v e  measuring i s  de f ined  a s  us ing  a  sens ing  l i n e  
o r  sensor  which i s  a  func t iona l  p a r t  o f  t he  i tem o r  system be ing  measured. 
Pas s ive  measurement means u s ing  a  sens ing  means which is  no t  an a c t i v e  
f u n c t i o n a l  p a r t  o f  t h e  device  being sensed.  S ince  r e l i a b i l i t y  i s  a  prime 
cons ide ra t i on  f o r  space systems, p a r t i c u l a r l y  those  w i th  long d u r a t i o n  miss ions ,  
t h e  a b i l i t y  t o  t ake  measurements pas s ive ly  o f f e r s  a t t r a c t i v e  advantages.  

I n - f l i g h t  s enso r s  o f  many types  a l r e a d y  e x i s t  i n  space v e h i c l e  systems. Thei r  
purpose i s  t o  measure s i g n a l s  t o  determine how wel l  t h e  v,ehicle  performs i t s  
f l i g h t  func t ion  and su rv ives  a  f l i g h t  environment. Since t h e s e  s enso r s  a r e  
p a r t i c u l a r l y  used  t o  provide f l i g h t  information,  t h e i r  use  f o r  checkout p r i o r  
t o  launch  i s  q u i t e  l im i t ed .1°  The problems of  checkout use of  t h e  s enso r s  l i e  
i n  bo th  t h e i r  l o c a t i o n  and/or  t h e i r  accuracy .  I n  t he  des ign  of  an onboard 
checkout system, t h e  f i r s t  t a s k  i s  t o  i n v e s t i g a t e  e x i s t i n g  i n - f l i g h t  s enso r s  
f o r  u se  i n  bo th  f l i g h t  information and checkout.  Unfortunately,  most programs 
have two b a s i c  types  of measuring systems: t h a t  used dur ing  t h e  r e s e a r c h  and 
development p a r t  of t h e  program, and g e n e r a l l y  removed a f t e r  t h e  development 
program i s  f i n i s h e d ;  and t h a t  g e n e r a l l y  termed the  ope ra t iona l  system, which 
cont inues  t o  f l y  w i th  t h e  v e h i c l e  dur ing  i t s  o p e r a t i o n a l  phases.  I n  order  t o  
s i m p l i f y  t h e  system and inc rease  r e l i a b i l i t y ,  t h e  ope ra t iona l  s enso r s  g e n e r a l l y  
a r e  l e s s  a c c u r a t e  and l e s s  s t r a t e g i c a l l y  l oca t ed  than t h e  r e s e a r c h  and develop-  
ment system s e n s o r s .  Sensors  f o r  onboard checkout systems w i l l  no doubt r e q u i r e ,  
i n  some in s t ances ,  more accuracy than t h e  ope ra t iona l  sensor ,  and more numerous 
s enso r s  t h a t  a r e  b e t t e r  l o c a t e d  w i l l  be r equ i r ed .  The succeeding paragraphs of 
t h i s  s e c t i o n  w i l l  d ea l  w i t h  a  number of  types of sensors  which appear  promising 
f o r  onboard checkout systems use,  and which a r e  gene ra l ly  of a  l e s s  conventional  
n a t u r e  than  those  used f o r  ope ra t iona l  purposes.  Conventional s enso r s  a r e  we l l  
known and w i l l  no t  be  d iscussed  h e r e .  

Inf  r a r e d  

The use  o f  i n f r a r e d  sens ing  techniques appears  promising f o r  use a s  a  s ens ing  
method. Seve ra l  types  of equipment now e x i s t  t h a t  can be used f o r  measuring 
i n f r a r e d  l e v e l s  o f  equipment i n  t h e  l a b o r a t o r y .  Although t h i s  equipment i s  
a c c u r a t e  enough f o r  some c i r c u i t  i n spec t ion  func t ions  ( r e s o l u t i o n  between 
elements  i s  no t  b e t t e r  than one degree C) no c l e a r c u t  p a t t e r n  has  been e s t a b l i s h e d  
f o r  i t s  use  even f o r  q u a l i t y  c o n t r o l  and in spec t ion  type  work. The prime con- 
t r a c t o r  f o r  t h e  f i r s t  s t a g e  o f  t h e  Sa turn  V v e h i c l e  has done some advanced work 
w i t h  i n f r a r e d  sens ing  equipment toward us ing  i t  f o r  r a t h e r  s p e c i f i c  q u a l i t y  c o n t r o l  
problems. This  involves  mainly p r i n t e d  c i r c u i t  boards and l i k e  i tems,  and has  
been d i r e c t e d  toward so lv ing  p a r t i c u l a r  problems which were beyond t h e  c a p a b i l i t y  
of methods o r  equipment normally i n  u se  i n  t h e  q u a l i t y  con t ro l  f i e l d .  I n  s e v e r a l  
i n s t a n c e s  it has  been p o s s i b l e  t o  l o c a t e  t h e  cause of  r e c u r r i n g  d e f e c t s  i n  p r i n t e d  
c i r c u i t  boards by t h e  u s e  of  t h i s  equipment. Work by Raytheon Company on a 



c o n t r a c t  f o r  Marshal l  Space F l i g h t  Center toward a h igh-resolu t ion ,  f a s t  
scan system, g e n e r a l l y  c a l l e d  an i n f r a r e d  microscope, has been conducted 
f o r  approximately two years ,  and promises good r e s u l t s .  

For genera l  use  i n  a f l i g h t  system, i t  would be expected t h a t  i t  would be 
necessary  t o  ob ta in  access  i n t o  ind iv idua l  f l i g h t  equipment packages. In- 
v e s t i g a t i o n s  have been made i n t o  us ing  f i b e r  o p t i c s  techniques f o r  t h i s  
purpose. The b a s i c  idea  i s  t h a t  t h e  f i b e r  o p t i c s  bundle i s  spread a t  t he  
sens ing  end i n  order  t h a t  smaller  bundles of f i b e r s  may be concentrated i n  
p a r t i c u l a r  a r e a s  i n s i d e  the  box. A s i g n i f i c a n t  problem i n  u t i l i z a t i o n  i s  t h a t  
i n f r a r e d  t ransmiss ion  through the  f i b e r  o p t i c s  i s  only r e l i a b l e  f o r  a compara- 
t i v e l y  s h o r t  d i s t ance ,  something i n  t h e  order  of one meter .  Another problem 
i n  t h e  use  of  i n f r a r e d  sens ing  i s  t h e  vary ing  emis s iv i ty  of t he  d i f f e r e n t  
components i n  a given c l u s t e r  which a r e  being sensed.  Some work is  going 
forward a t  t h e  p re sen t  time toward developing a coa t ing  t o  be used i n  t h e  
same manner a s  a conformal coa t ing .  The r e s u l t a n t  coa t ing  w i l l  tend t o  
s t anda rd ize  the  e m i s s i v i t y  of  a l l  of  t h e  components t o  some r e l a t i v e l y  cons t an t  
l e v e l .  In  many in s t ances  t h i s  s t anda rd iz ing  would a l s o  involve an inc rease  of  
t he  e m i s s i v i t y .  This  e f f o r t  has not  y e t  come t o  f r u i t i o n ,  al though it  appears  
now t h a t  good r e s u l t s  can even tua l ly  be achieved.  

Electromagnetic  Sens i n q  

For a long time e lec t romagnet ic  sens ing  has been used wi th  c l ip-on  ammeters. I n  
t h i s  ca se  t h e  magnetic f i e l d  e s t a b l i s h e d  by a cu r ren t  i n  a conductor i s  used t o  
couple w i t h  t h e  c l ip -on  loop t o  provide an i n d i c a t i o n  on t h e  meter .  The use of  
s o l i d - s t a t e  H a l l - e f f e c t  devices  looks very  promising f o r  t h i s  purpose. Work has  
been done f a i r l y  r e c e n t l y l l  which g ives  a s a t i s f a c t o r y  output  s i g n a l  almost  of  
cons t an t  l e v e l  i n  a frequency range from approximately 5 cps t o  5 megacycles. 
For moving p a r t s ,  work has  a l s o  been done t o  i n s t a l l  small permanent magnet 
sources  a t  s t r a t e g i c  l o c a t i o n s  on t h e  p a r t s  and then t o  sense the  magnetic f i e l d  
of  t h e s e  permanent magnets t o  i n d i c a t e  such th ings  a s  motion, r e l a t i v e  motion, 
speed, e t c .12  Following t h e  same l i n e ,  work has a l s o  been. done t o  measure the  
a c t u a l  ambient magnetic f i e l d  of  devices  such a s  e l e c t r i c a l  motors.12 I n  t h i s  
ca se  the  magnetic f i e l d  measurement i s  aga in  capable of  i n d i c a t i n g  more than  t h e  
s imple f a c t  t h a t  t h e  device  has  been a c t i v a t e d .  There probably a r e  some ins tances ,  
f o r  example w i t h  so lenoid  va lves ,  where an i n d i c a t i o n  t h a t  t he  device has been 
a c t i v a t e d  w i l l  be s u f f i c i e n t  i f  i t  i s  used i n  conjunction wi th  o t h e r  measuring 
i n d i c a t i o n s ,  f o r  example p o s i t i o n  switches,  t o  i n d i c a t e  t h a t  t he  device  has a 1  so 
funct ioned p rope r ly .  

Light  

The use  of l i g h t  i s  another  a t t r a c t i v e  p o s s i b i l i t y  f o r  connecting t o  c i r c u i t s  
where no coupling wi th  the  device  being measured i s  d e s i r e d .  For example, i t  is 
p o s s i b l e  t o  u se  a l i g h t - e m i t t i n g  diode such t h a t  t h e  diode switches on when a s i g n a l  
i s  p re sen t ,  and the  l i g h t  can then be de t ec t ed  t o  i n d i c a t e  t he  presence o f  t h e  s i g -  
n a l .  This  would be p a r t i c u l a r l y  app l i cab le  when a d i s c r e t e  on-off cond i t ion  i s  t o  
be sensed, and where problems of i n t e r f e r e n c e  by o u t s i d e  l i g h t  can be avoided w i t h  
an  enclosure .  The General E l e c t r i c  Company i s  now working w i t h  l i g h t  s enso r s  and 
has  a c t u a l l y  developed a connector which uses l i g h t  f o r  coupling between the  two 
s i d e s  of  t he  connector .  Lasers  a l s o  o f f e r  p o s s i b i l i t i e s  f o r  t h e  fu tu re ,  a l t hough  
a t  t h e  p re sen t  time t h e r e  a r e  many problems a s soc ia t ed  w i t h  them, p a r t i c u l a r l y  i n  
t h e  a r e a  of  modulation and sources .  S o l i d - s t a t e  junct ion  devices  a s  l a s e r s  o f f e r  
promise f o r  t h e  f u t u r e .  



Radio-Frequency 

Radio-frequency in te r fe rence  has been a well  known problem f o r  a long time; 
work has been done recen t ly  toward mathematical computer modeling of systems 
t o  p red ic t  sources of both in te r fe rence  and suscept ib i l i ty .13 Since i t  i s  
poss ible  t o  measure and record ex i s t ing  pa t t e rns  of r ad io  frequency s igna l s ,  
even though they be spurious, present  work on pa t t e rn  recogni t ion techniques 
promises t o  be useful  i n  u t i l i z i n g  these  s igna l s  t o  analyze e x i s t i n g  condi- 
t i o n s  of var ious  devices aboard a space veh ic le .  Much work of course w i l l  
have t o  be done t o  s impl i fy  p a t t e r n  recogni t ion techniques i n  order t o  take 
advantage of t h i s  c a p a b i l i t y  wi th  an onboard computer. Work by Honeywell 
has indicated t h a t  the re  i s  a range of  i n t e l l i g e n t  noise around 27 megaherz 
which can be obtained by a v ib ra to ry  mechanical s t imulat ion of some e l e c t r o n i c  
devices.  Considerable s tud ies  a r e  being made i n  the  a rea  of pa t t e rn  recogni t ion 
by var ious  organizat ions  working wi th  adaptive networks, and toward s e l f -  
r e p a i r i n g  con t ro l  systems. 

Acoustical  

Another source of information on device performance is through acqu i s i t ion  of 
acous t i ca l  energy given o f f ;  i n  t h i s  case, the  device being sensed must have 
a moving p a r t  a s  an inherent  p a r t  of i t s  opera t ion.  Valves of a l l  types a r e  
candidates f o r  consideration,  a s  well  a s  such devices a s  gyros. I n  the  l a t t e r  
case, the  problem i s  considerably more sub t l e .  Work has  been done by the  Army 
i n  acous t i ca l  monitoring, p a r t i c u l a r l y  toward determining need f o r  r e p a i r  of tank 
engines; a computer i s  used f o r  diagnosis of the  acous t i ca l  energy received,  and 
t o  de f ine  required rework. This i s  a log ica l  extension of  use of the  t r a ined  
e a r  of a good mechanic. Examination of  solenoid valves and evaluat ion of t h e i r  
condi t ion was attempted by Marshall Space F l igh t  center14 both in-house and by 
con t rac t  about two years  ago. Of a group of severa l  l i k e  valves,  it was poss ible  
t o  i d e n t i f y  individual  valves r e p e t i t i v e l y ,  although the  work has not y e t  pro- 
gressed t o  the  s t age  of  problem i d e n t i f i c a t i o n .  The major technical  problem 
encountered i n  use of  acous t i ca l  techniques, a s ide  from the  pa t t e rn  recogni t ion 
problem, i s  t h a t  of i n - f l i g h t  i s o l a t i o n  of the des i red  s ignal  from o the r  
extraneous noise present  during measurement. Location of pickups wi th  a hard 
mount immediately adjacent  t o  or  on the  device t o  be sensed w i l l  obviously 
g ive  the  b e s t  s igna l  t o  noise  r a t i o .  F i l t e r i n g  and o the r  p a t t e r n  recogni t ion 
approaches a r e  a l s o  useful  i f  the sensed information frequency bands a r e  
f o r t u i t o u s l y  located.  Repe t i t ive  t e s t i n g  of a r ep resen ta t ive ly  l a r g e  sample of 
the  var ious  components t o  obta in  information on good-bad character  i s  t i c s  is  the  
f i r s t  s t e p  toward f i n a l  app l i ca t ion  of pa t t e rn  recogni t ion.  

Radioactive Tracers 

Radioactive i sotope t r a c e r s  have been used f o r  severa l  years  t o  determine 
whether l eaks  e x i s t  i n  hermet ica l ly  sealed e l e c t r o n i c  components .I5 The com- 
ponent i s  placed i n  a container and gas containing t r a c e r s  is used t o  p ressur ize  
the  container f o r  a given time. The component is then removed, and s c i n t i l l a t i o n  
counters a r e  used t o  de tec t  gas presence ins ide  the component. I n  t h e  same 
manner, it i s  poss ible  t o  i n j e c t  known q u a n t i t i e s  of t r a c e r  gas along wi th  the  
normal pressur iz ing medium i n t o  a pneumatic system. Leaks then become a point  



source of r a d i o a c t i v i t y  which can be de t ec t ed  by s tandard  means. Work was 
done by the  Un ive r s i ty  o f  Michigan us ing  Krypton 85 a s  a  t r a c e r  f o r  t h i s  
purpose.16 Since  the  gas d i f f u s e s  a t  a  f a i r l y  r a p i d  r a t e ,  p a r t i c u l a r l y  a t  
lower ambient pressures ,  and s i n c e  mul t ip l e  l eaks  produce mul t ip l e  r a d i a t i o n  
sources ,  a  s t a t i s t i c a l  method f o r  computer eva lua t ion  was worked o u t  a t  MSFC 
t o  eva lua t e  l e a k  l o c a t i o n s  and q u a n t i t a t i v e  s i z e s . 1 7  This  work was done 
assuming t h r e e  simultaneous l e a k s .  The e f f e c t s  o f  sh i e ld ing  due t o  o t h e r  
components, 1 ines ,  and so on, cause t h e  major inaccurac ies  here ,  p a r t i c u l a r l y  
i n  a  low ambient p re s su re  environment where t h e  t r a c e r  gas molecules tend t o  
t r a v e l  i n  a  r e l a t i v e l y  s t r a i g h t  l i n e  a f t e r  l eak ing  o u t .  Fur ther ,  t h e  problem 
of so lv ing  f o r  more than t h r e e  simultaneous l eaks  becomes much more complex. 
Although t h i s  method holds  good promise f o r  f u t u r e  app l i ca t ion ,  much groundwork 
remains t o  be done be fo re  a  p r a c t i c a l  a p p l i c a t i o n  can be  made, and work has  
been suspended due t o  h ighe r  p r i o r i t i e s .  A follow-on a p p l i c a t i o n  i s  t o  use 
t r a c e r s  s o l u b l e  i n  cryogenic l i q u i d s ,  which then can be de t ec t ed  t o  i n d i c a t e  
a  p r o p e l l a n t  l e a k .  

Chemical Sensing 

Chemical s ens ing  of l e a k s  us ing  halogen gas a s  a  t r a c e r ,  and halogen d e t e c t o r s ,  
h a s  been a standby i n  s t a g e  checkout f o r  many yea r s .  The d e t e c t i o n  has  been 
mainly q u a l i t a t i v e  t o  t h i s  time. Recently, a  dual-head halogen d e t e c t o r  
system t o  permit  vec to r ing  a l e a k  was developed by Ohio u n i v e r s i t y  .21 This  
has  been packaged i n t o  a  hand-held t e s t  u n i t  and i s  c u r r e n t l y  be ing  evalua ted  
a t  MSFC. Other work us ing  va r ious  types  o f  chemical "seeds" which subl imate  
under s p e c i f i c  condi t ions ,  and permit de t ec t ion ,  has  been done f o r  t h e  A i r  Force 
by the  I l l i n o i s  I n s t i t u t e  of Technology Research 1 n s t i t u t e . 1 2  These "seeds" 
can be s e l e c t e d  f o r  d e t e c t i o n  of such th ings  a s  temperature, pressure ,  presence 
of o t h e r  chemicals, and so  on. I n  a  we igh t l e s s  s t a t e  and i n  vacuum, c o l l e c t i o n  
of  r e s i d u a l  gases  i n  c r ev ices  and c losed  a r e a s  w i l l  qu ickly  render  t h i s  use  
i n e f f e c t i v e .  For earth-bound use  under ambient pressure ,  however, and where a  
blow-down purge of  t he  c losed  a r e a s  can be accomplished, some use  o f  t hese  
techniques  should prove va luab le .  There i s  always t h e  problem of choosing t h e  
chemical "seed" o r  t r a c e r  which w i l l  no t  contaminate e i t h e r  t he  system under 
t e s t  o r  t he  environment, thus  making t h e  t e s t e d  i tem u n f i t  f o r  use .  

Other approaches than those  presented  a l s o  o f f e r  poss ib l e  a p p l i c a t i o n ,  a l though 
they  a r e  sometimes d i f f i c u l t  t o  l o c a t e .  Two recen t  s t u d i e s  by h n d 1 8  and 
~ o e i n ~ l 9  i n d i c a t e  t h e  d i f f i c u l t y  of  ob ta in ing  l e a d s  from s tandard  l i t e r a t u r e  
sources .  A l i t e r a t u r e  search  e f f o r t  r e v e a l s  t h e  d i f f i c u l t y  o f  f i nd ing  key words 
which a c c u r a t e l y  p inpo in t  t h e  type of information sou h t  i n  t h i s  f i e l d .  The 
two r e fe renced  r e p o r t s ,  p a r t i c u l a r l y  t h e  one  by Rand,f8 b r i n g  t h i s  ou t  po in t ed ly .  
An example i s  t he  use  o f  u l t r a s o n i c  energy induced f o r  t e s t i n g  purposes, and 
then d e t e c t e d .  Recent work by t h e  Dickinson f o r  MSFC r e s u l t e d  i n  
an unusual u l t r a s o n i c s  device  which, i f  weight and s i z e  can be  e f f e c t i v e l y  
reduced, could conceivably be use fu l  f o r  me teo r i t e  damage assessment i n  s h e l l  
s t r u c t u r e s  . 

THE STIMULATORS 

Any system, i n  order  t o  be checked ou t ,  r e q u i r e s  a c t i v a t i o n  and ope ra t ion  of  
t h e  va r ious  devices  and subsystems w i t h i n  it. This  a p p l i e s  equa l ly  t o  component 



and subsystems t e s t s  as we l l  a s  complete system t e s t s .  In a t e s t  o f  t h e  
o v e r a l l  system, of  course,  i t  i s  gene ra l ly  only  necessary t o  i n i t i a t e  system 
sequencing. The t e s t  then proceeds through normal sequencing con t ro l  conta ined  
w i t h i n  t h e  system i t s e l f .  For t e s t i n g  ind iv idua l  sys tem devices ,  t h i s  "normal" 
sequencing p a t t e r n  i s  not  always a v a i l a b l e .  It t h e r e f o r e  becomes necessary  
t o  s t i m u l a t e  t h e  devices  i n d i v i d u a l l y .  The s t imu la t ion  which occurs  normally 
w i t h  system sequencing may be def ined  a s  a c t i v e  s t imu la t ion ;  i nd iv idua l  i tem 
s t i m u l a t i o n  can b e s t  be  accomplished by pass ive  means. The term "best" means 
from t h e  s t andpo in t  of  t he  o v e r a l l  system, a s  compared t o  the  ind iv idua l  
device  be ing  t e s t e d .  In  t h e  sense of  s t imu la to r s ,  pas s ive  i s  aga in  used the  
same way t h a t  it was used wi th  regard  t o  sensors .  Unfortunately i n  t h e  case  
o f  s t i m u l a t o r s  pas s ive  ope ra t ion  i s  no t  accomplished so r e a d i l y  as ope ra t ion  
w i t h  senso r s .  The reasons  f o r  t h i s  a r e  a s soc ia t ed  w i t h  t h e  f a c t  t h a t  s t imula-  
t i o n  w i l l  g e n e r a l l y  be p e c u l i a r  t o  a p a r t i c u l a r  device,  whereas sens ing  can be, 
and i n  most ca ses  i s ,  designed f o r  genera l  a p p l i c a t i o n  r a t h e r  than being 
a s s o c i a t e d  w i t h  p a r t i c u l a r  dev ices .  Fur ther ,  t h e r e  has  been a much g r e a t e r  
demand f o r  improved sens ing  means. This  demand has  not  been equa l ly  s t r o n g  
toward device  s t i m u l a t i o n .  

Where poss ib l e ,  i t  i s  b e t t e r  p r a c t i c e  to  use e x i s t i n g  systems means o f  stimu- 
l a t i n g  o p e r a t i n g  devices  t o  be t e s t e d .  In  t h e  preceding paragraph t h i s  was 
i n d i c a t e d  as be ing  t h e  "normal" sequencing means f o r  t he  device .  P a r t i c u l a r  
dev ices  w i t h i n  a space v e h i c l e  o r  s p a c e c r a f t  a r e  sometimes r e a d i l y  s u b j e c t  t o  
t h i s  type  of  ope ra t ion .  Examples a r e  a c t u a t o r s  f o r  such th ings  a s  vane o r  engine 
motion, motor opera t ion ,  p re s su re  switch opera t ion ,  and l i k e  th ings .  Beyond 
t h i s ,  d i g i t a l  equipment and systems w i l l  gene ra l ly  have b u i l t  i n  se l f -check  
c a p a b i l i t i e s .  The s i g n i f i c a n c e i s  t h a t  p lans  should be c a r e f u l l y  made f o r  any 
p a r t i c u l a r  prime £1 i g h t  equipment t o  take  maximum advantage o f  e x i s t i n g  capab i l  i- 
ties.  This  i s  even more important  and probably more poss ib l e  i n  t h e  case  of  
s t i m u l a t i o n  than i n  t h e  case  of  sens ing .  For a s p a c e c r a f t  i n  o r b i t ,  a p a r t i c u l a r  
problem i s  t h e  power r equ i r ed  to  perform t e s t i n g .  Operation of  a c t u a t o r s ,  motors, 
and so  on, r e q u i r e s  a reasonable  amount of  power. A h y d r a u l i c a l l y  opera ted  
a c t u a t o r  i s  f r equen t ly  d r iven  from a systems supply der ived  from ope ra t ion  of a 
propuls ion  system. An a u x i l l a r y  e l e c t r i c a l  pump may o r  may not  be a v a i l a b l e .  I f  
i t  is ,  i t  can be u t i l i z e d ,  b u t  g e n e r a l l y  w i l l  consume a reasonable  amount of  
power. This  power i s  o f  course  a d r a i n  on any b a t t e r y  system t h a t  e x i s t s .  U n t i l  
t h e  time when f u e l  c e l l s ,  r a d i o a c t i v e  genera tors ,  o r  t he  l i k e ,  a r e  a v a i l a b l e  t o  
supply l a r g e  amounts o f  power f o r  a p r o t r a c t e d  per iod  o f  time, power conserva t ion  
methods must be employed. 

A s  previous ly  i n d i c a t e d  f o r  sensors ,  i n d i r e c t  coupling t o  t h e  device  under t e s t  
i s  s a f e r  and more r e l i a b l e .  This  e f f e c t i v e l y  sepa ra t e s  t he  means of  s t imu la t ion  
from t h e  prime f l i g h t  equipment, and t h e r e f o r e  e f f e c t i v e l y  removes many problems 
o f  r e l i a b i l i t y  a s s o c i a t e d  w i t h  t h e  t e s t  equipment i t s e l f .  Of t h e  means o f  
pas s ive ly  coupl ing  w i t h  t h e  system under t e s t ,  most o f  those  descr ibed  under 
s enso r s  a r e  e i t h e r  not  a p p l i c a b l e  o r  have only  l i m i t e d  a p p l i c a b i l i t y .  Means of  
coup1 ing through l i g h t  t ransmiss ion  i n s i d e  connectors  i s  one which i s  a p p l i c a b l e .  
Electromagnetic  coupling a l s o  appears  t o  o f f e r  cons iderable  promise, depending 
on t h e  n a t u r e  of  t h e  device  being t e s t e d .  



Although i t  i s  not  an i n d i r e c t  coupling method i n  i t s e l f ,  one approach t o  
ind iv idua l  device  t e s t i n g  which has been under i n v e s t i g a t i o n  i n  f a i r l y  
r e c e n t  y e a r s  i s  s i n g l e  parameter t e s t i n g .  This i s  def ined  a s  providing a 
s i n g l e  i npu t  s i g n a l  of a  predetermined type t o  t h e  device  i n  ques t ion ,  
then observ ing  t h e  r e s u l t i n g  ou tpu t s .  It has  been f a i r l y  wel l  demonstrated 
by work done which r e s u l t e d  i n  a c t u a l  hardware22 and a l s o  by t h e o r e t i c a l  
work23 t h a t ,  f o r  the  proper input ,  a  s p e c i f i c  s e t  of  ou tpu t s  can be  expected 
from most systems.  These can be gene ra l ly  ca tegor ized  i n t o  normal ope ra t ion  
ou tpu t s ,  and ou tpu t s  r ep resen t ing  dev ia t ions  from normal. The dev ia t ions  
from normal t ake  var ious  forms, depending on the  na tu re  o f  t h e  problem i n  
t h e  t e s t e d  equipment. The hardware work previous ly  referenced was done on 
t h e  ST-124 I n e r t i a l  Platform f o r  t h e  Saturn  V veh ic l e ,  al though t h e  t e s t  
equipment has  no t  y e t  been flown. This  equipment provides a s i n g l e  input  
t o  t h e  p l a t fo rm a t  a  b u i l t - i n  t e s t  p o i n t .  The responses a r e  compared by t h e  
equipment w i t h  s i m i l a r  responses from a hardware model of  t h e  system rece iv -  
ing  t h e  same s t imulus  a t  t he  same time. Level d i f f e r e n c e s  i n  t he  output  
s i g n a l s  a r e  measured by counting techniques,  and a numerical r e s u l t  i s  
e s t a b l i s h e d  by readout  devices .  The s p e c i f i c  numbers achieved then a r e  
i n d i c a t o r s  o f  t he  t e s t  system func t ion .  Some work i s  a l s o  being pursued 
in-house a t  MSFC on t h e  same type  of  i n e r t i a l  system, b u t  us ing  s i g n a l s  
vary ing  from u n i t  impulse t o  whi te  noise .  Cross -co r re l l a t i on  i s  then app l i ed ,  
u s ing  a s  a  b a s i c  mathematical premise Prony' s method, w i t h  va r ious  exponent ia l  
f i t s ,  l e a s t - s q u a r e  f i t s ,  and curve smoothing techniques.  

The r e fe renced  t h e o r e t i c a l  work was done on pass ive  networks a t  the  beginning,  
having vary ing  degrees  o f  complexity, and w i t h  va r ious  types of  i npu t  s i g n a l s .  
The work r e s u l t e d  i n  t h e  conclusion t h a t ,  f o r  a t  l e a s t  s imple networks which 
a r e  pass ive ,  t he  methods a r e  q u i t e  p r a c t i c a l .  Types of input  i n v e s t i g a t e d  
were s t e p  funct ions ,  s i n e  waves, ramp waves and growing exponent ia l s  . This 
work a l s o  appears  t o  i n d i c a t e  t h a t  t h e  same degree of success  can be achieved 
w i t h  more complicated systems, and w i t h  a c t i v e  a s  wel l  a s  pass ive  networks. 
Mathematical modeling work has  been done t o  desc r ibe  t h e  dynamic behavior  
o f  i nd iv idua l  i tems o f  equipment aboard space veh ic l e s ,  and r e s u l t s  i n d i c a t e  
t h a t  t h i s  i s  a good p o s s i b i l i t y .  The computer manipulated mathematical model 
should be  a cons iderable  a i d  i n  determining t h e  na tu re  of  both  the  inpu t s  
and ou tpu t s .  24 

DATA MANAGEMENT 

Much o f  t h e  d i scuss ion  i n  t h i s  paper thus  f a r  has  been w i t h  regard  t o  d a t a .  
Not t he  l e a s t  o f  t h e  problems i n  d a t a  i s  what t o  do wi th  i t  a f t e r  i t  i s  
acqui red .  There a r e  a  f a i r l y  l a r g e  number of  sources f o r  d a t a  aboard any 
space v e h i c l e .  For example, one would expect  t h a t  s c i e n t i f i c  and o t h e r  types  
of  experiments  not  n e c e s s a r i l y  r e l a t e d  t o  t h e  prime mission of  t h e  v e h i c l e  
would be  c a r r i e d ,  and would develop d a t a .  Furthermore, t h e  b i o l o g i c a l  
informat ion  and d a t a  a s s o c i a t e d  w i t h  t h e  hea l  t h y  well-being,  and performance 
of  a s t r o n a u t s  i n  any manned ope ra t ion  needs t o  be t r ansmi t t ed .  I n  o rde r  t o  
a s c e r t a i n  t h a t  systems a r e  ope ra t ing  proper ly  a t  any g iven  time, much d a t a  
a r e  ga thered  w i t h  r ega rd  t o  t h e  performance of t hese  systems. To be  a b l e  t o  
u t i l i z e  an onboard checkout system, d a t a  a r e  a l s o  ga thered  f o r  t e s t  eva lua t ion .  



For an  onboard checkout system both the des t ina t ion  and uses of a l l  da ta  
gathered must be c a r e f u l l y  considered. I n  the pas t ,  common p r a c t i c e  has  
been t o  t ransmit  a l l  raw da ta  by the telemetry system t o  the  ground. There 
i t  is  c o l l e c t e d  f o r  l a t e r  evaluation.  I n  some cases,  r e a l  time evaluat ion 
i s  necessary, p a r t i c u l a r l y  i n  manned f l i g h t s .  Addit ionally,  of course, some 
of these  da ta  have been made ava i l ab le  t o  the men onboard the spacecraf t  f o r  
t h e i r  own evaluation,  and f o r  f u r t h e r  decis ion making regarding t h e i r  f u t u r e  
a c t i o n s .  The enormous bulk of data  which has been obtained from the  
unmanned s a t e l l i t e  programs t o  da te  g ives  a c l e a r  p i c t u r e  of the  reduct ion 
problems wi th  which one i s  faced i n  order t o  a ss imi la te  these data .  With 
proper u t i l i z a t i o n  of an onboard checkout system, much se lec ted  da ta  could 
be evaluated onboard. In f a c t ,  i t  must be, i f  the  system i s  t o  function 
e f f i c i e n t l y  and properly.  A t  the beginning of using an onboard checkout 
system i n  f l i g h t ,  much raw systems data  w i l l  no doubt be t ransmit ted  t o  the  
ground, i f  not indeed a l l  of i t .  On the  o the r  hand, ne i the r  the ground 
equipment nor the  onboard checkout system should be overburdened wi th  da ta  
t o  t h e  e x t e n t  t h a t  they no longer can function properly, e spec ia l ly  i n  r e a l  
time. Data management onboard the veh ic le  i s  p a r t i c u l a r l y  necessary f o r  
dec i s ion  making, whether it i s  done by a computer o r  presented t o  a man f o r  
dec i s  ion.  

For reducing the gross  bulk of data  col lec ted,  da ta  compression c e r t a i n l y  
should be employed. To do t h i s ,  da ta  which have not changed over some pre- 
s e l e c t e d  period of time should be omitted from transmission.  Note t h a t  
transmission i n  t h i s  case could e i t h e r  be to  the  onboard checkout system 
aboard the  vehic le ,  o r  t o  the  ground, o r  both. A change i n  data  l e v e l  i s  
used a s  a s igna l  to  cause data  transmission to  begin again.  A f u r t h e r  
extension of t h i s  concept i s  t o  use programmable scan r a t e s  i n  data  co l l ec t ion .  
As the  i n t e r v a l  of nonchange of  da ta  grows longer on a p a r t i c u l a r  channel, the  
scan r a t e  f o r  t h a t  channel i s  extended. I f  the  i n t e r v a l  of da ta  change becomes 
shor te r ,  the  scan r a t e  is  increased i n  order  t h a t  no s i g n i f i c a n t  data  be missed. 
Lockheed Miss i lesand Spacecompany has been successful ly  using a data  compression 
system of t h i s  type f o r  severa l  years .25 Others a r e  a l s o  looking a t  the  problem 
and coming t o  the  same general  so lu t ions .  Data compression techniques can be 
employed e i t h e r  aboard the space veh ic le  o r  on the ground, or  both.  For app l i -  
c a t i o n  t o  an onboard checkout system, however, i t  i s  almost e s s e n t i a l  t h a t  a t  
l e a s t  onboard data  compression be used. Decisions t o  u t i l i z e  i t  a l s o  on the  
ground could possibly r e s u l t  i n  some increase  i n  e f f i c i ency  by reducing required 
s to rage  and d a t a  reduct ion.  

Most telemetry systems f o r  space veh ic les  a r e  evolving toward g rea te r  use of 
pulse code modulation (PCM), insofa r  a s  t h i s  i s  p r a c t i c a l  f o r  the p a r t i c u l a r  
case .  This type of system i s  inherent ly  more e f f i c i e n t  f o r  data  c o l l e c t i o n  
and transmission,  and it could be hoped t h a t  eventually a l l  da ta  w i l l  be 
success fu l ly  t ransmit ted  v i a  PCM. Undoubtedly some systems have frequency 
information f o r  transmission exceeding the  bandwidth of the PCM systems. I n  
t h i s  case,  s t rong considera t ion should be given to  using onboard data  formating 
t o  a t  l e a s t  reduce the  bulk of  information transmitted,  reduce the  number of 
channels necessary on high frequency telemetry systems, and possibly eventual ly  
be reduced so  t h a t  PCM transmission could be used ins tead of the  higher 
bandwidth systems. 



Command d a t a  from t h e  ground is  a l s o  used today, both f o r  range s a f e t y  and 
d a t a .  Hopefully, proper f u t u r e  evo lu t ion  o f  onboard checkout systems, could 
n e a r l y  completely e l imina te  t h e  need f o r  d a t a  t ransmiss ion .  Uplink da t a  has  
been very  s u c c e s s f u l l y  handled on t h e  Gemini program. In  t h i s  case  a d i g i t a l  
command r e c e i v e r  is  used, a s  it i s  a l s o  used on t h e  Instrument Unit o f  t he  
Saturn  v . ~  For an onboard checkout system which u t i l i z e s  a computer w i t h  a 
l i m i t e d  memory capac i ty ,  i t  i s  p a r t i c u l a r l y  important t h a t  a c a p a b i l i t y  e x i s t  
f o r  provid ing  d a t a  from t h e  ground. As mentioned e a r l i e r ,  t h i s  i n  i t s e l f  
could reduce t h e  bulk  s t o r a g e  problem aboard t h e  s p a c e c r a f t .  It could a l s o  
provide  much g r e a t e r  f l e x i b i l i t y  f o r  t e s t i n g  by al lowing f o r  a g r e a t e r  v a r i e t y  
of  t e s t  programs, and even f o r  t h e  change o f  a previous ly  planned t e s t  program 
on t h e  ground be fo re  it i s  t r ansmi t t ed  t o  t h e  spacec ra f t .  The l a t t e r  ca se  
would only  be  necessary  where unforeseen events  occurred t h a t  r equ i r ed  a d i f -  
f e r e n t  type of  t e s t  than previous ly  planned, o r  i f  a previous ly  planned t e s t  
f a i l e d ,  e i t h e r  due t o  f a i l u r e  of  t he  t e s t  procedure i t s e l f ,  o r  f a i l u r e  of  some 
equipment. Again, i t  would be hoped t h a t  t h e  i n t e r n a l  memory capac i ty  of  com- 
pu te r s  and t h e  bu lk  s t o r a g e  problems aboard the  spacec ra f t  could be  so lved  
s u f f i c i e n t l y  w e l l  t h a t  an  abso lu t e  minimum of upl ink  da t a  t ransmiss ion  would be 
necessary .  

The r e c o g n i t i o n  of  d i s c r e t e  on-off events  occurr ing  aboard a space v e h i c l e  
can be  a p a r t i c u l a r  problem. This is  e s p e c i a l l y  t r u e  i f  they occur f r equen t ly ,  
i f  t h e r e  is a l a r g e  number of events ,  o r  i f  t iming could be somewhat i n  doubt 
f o r  p a r t i c u l a r  events  t h a t  a r e  t o  occur .  For t h i s  reason i t  would seem p r a c t i c a l  
t h a t  a s e p a r a t e  system f o r  monitoring o f  d i s c r e t e  events  be suppl ied  f o r  an  
onboard checkout system. This  i s  t y p i c a l  of  problems encountered i n  ground 
checkout where i t  was d e s i r a b l e  t o  g e t  away from us ing  s t r i p  c h a r t  r eco rde r s  
f o r  event  recording ,  bo th  because of  t h e  amount o f  records  accumulated, and 
because of  t he  eva lua t ion  problem on those  r eco rds .  A proposed onboard system 
has  been conceived by t h e  Rand corpora t ion2fJ  which appears  t o  o f f e r  cons iderable  
advantages.  Under some circumstances i t  could conceivably a l s o  t i e - i n  w i t h  o r  
r e p l a c e  t h e  computer system aboard t h e  spacec ra f t ,  and thus  reduce t h e  o v e r a l l  
q u a n t i t y  of  equipment needed t o  be flown. In  any case  the  approach appears  t o  
be  conserva t ive ,  and t h e  equipment r equ i r ed  does not  appear t o  be excess ive .  

CAL LBRATION AM) CHECKOUT 

The v a r i o u s  geographica l  l o c a t i o n s  where checkout is conducted have always 
presented  problems t h a t  a r e  p e c u l i a r  t o  each l o c a t i o n  2 7 ~  28, 29 .  The use  of  
an onboard checkout system w i l l  g r e a t l y  a l l e v i a t e  problems a t  a l l  l o c a t i o n s ,  
p a r t i c u l a r l y  because checkout c a p a b i l i t y  which i s  aboard t h e  v e h i c l e  i s  always 
t h e  same, and uses  t h e  same equipment. Not a l l  checkout c a p a b i l i t i e s  can be 
provided onboard, however, and t h e  gaps a r e  worth reviewing by way of  exception 

A t  t h e  manufacturing loca t ion ,  postmanufacturing checkout must be a comprehensive, 
in-depth p e n e t r a t i o n  i n t o  a l l  poss ib l e  problem a r e a s .  In so fa r  a s  poss ib l e ,  des ign  
deficiencies,manufacturing d i sc repanc ie s ,  shor tages ,  onboard ins t rumenta t ion  
c a l i b r a t i o n ,  and a l l  l i k e  th ings  must be c l ea red  up. Since va r ious  s t a g e s  and 



s p a c e c r a f t  a r e  u n l i k e l y  t o  be manufactured a t  one loca t ion ,  mating problems 
must be a n t i c i p a t e d  by providing i n t e r f a c e  s u b s t i t u t e s  fo r  each i n t e r f a c i n g  
"end" of t h e  s t a g e  being t e s t e d .  Once the  i n i t i a l  c a l i b r a t i o n  of  s enso r s  
and ope ra t ion  o f  t h e  onboard system a r e  c leared ,  most of  t he  checkout can 
proceed us ing  t h a t  system. Assuming an onboard computer, t he  sof tware  pro- 
grams f o r  i t  should be checked, then u t i l i z e d ,  not only  f o r  postmanufacturing 
checkout, b u t  a l s o  f o r  a l l  o t h e r  checkouts i n  t h e  mission l i f e  of  the  s t a g e  - 
t h a t  is, launch s i t e  checkout, launch, and f l i g h t .  Thus t h e  quan t i t y ,  com- 
p l e x i t y ,  debugging, and a l l  o the r  problems now as soc ia t ed  wi th  sof tware  can be 
g r e a t l y  a l l e v i a t e d .  Great  c a r e  should be  exerc ised  i n  planning t h i s  checkout 
t o  cover a l l  mission func t ions  t o  be performed l a t e r ,  so t h a t  t h i s  sof tware  
and t h e  equipment mating and ope ra t iona l  problems can be c l ea red  a t  t h i s  time. 
The many th ings  such a s  inspect ion ,  alignment, mass c h a r a c t e r i s t i c s  determination,  
l e a k  t e s t i n g ,  and so on, t h a t  cannot be  handled by the  onboard system must a l s o  
be accounted f o r .  

When t h e  time f o r  launch s i t e  checkout a r r i v e s ,  an onboard checkout system can 
a l low omission o f  many items o f  ground equipment and procedures followed pre-  
v ious ly .  The computer software should a r r i v e  wi th  t h e  f l i g h t  item, hope fu l ly  
a l r e a d y  s t o r e d  i n t e r n a l l y ,  al though it  would not  be s a f e  t o  r e l y  on t h a t  
assumption u n t i l  i t  i s  thoroughly proven. The instrumentat ion c a l i b r a t i o n  should 
be  a l r eady  accomplished, and only  the  computer v e r i f i c a t i o n  of  c a l i b r a t i o n  needed, 
i n  a manner t o  be descr ibed  s h o r t l y .  The f l i g h t  v e h i c l e  i s  mated w i t h  t h e  o t h e r  
rnajor s e c t i o n s  o f  t h e  launch veh ic l e ,  so i n t e r f a c e  s u b s t i t u t i o n  i s  minimized o r  
e l imina ted .  The major items t o  be  i n i t i a l l y  checked us ing  ground equipment then, 
a r e  t h e  funct ioning  of  t h e  s t a g e s  w i t h  one another ,  and t h e  a b i l i t y  of  t he  
"master" o f  t h e  checkout system - t h e  v e h i c l e  checkout computer o r  master  
computer - t o  do i t s  p a r t .  Accounting f o r  many s a f i n g  and checkout func t ions  
onboard al lows e l imina t ion  of  many umbi l ica l  l i n e s .  Those remaining a r e  mainly 
f o r  s e rv i c ing ,  p r o p e l l a n t  loading,  prelaunch ground power, and the  1 ike .  

I n  f l i g h t  o r  on a "surface" mission, t h e  a s t r o n a u t - p i l o t  can c a l l  up a t  h i s  
d e s i r e  those  checkout r o u t i n e s  needed. These w i l l  normally be preplanned, bu t  
he  has  t h e  c a p a b i l i t y  t o  use any o t h e r s  he  needs a t  anytime. By t h i s  means, 
mal funct ioning  equipment can be loca t ed  and co r rec t ed .  To say t h a t  no c o r r e c t i o n  
o f  mal funct ions  can ever  occur i s  sho r t s igh ted  i n  t h e  extreme. Ce r t a in ly  today, 
on ly  a  minimum c o r r e c t i o n  can be made. To plan t h i s  way f o r  t he  f u t u r e  would 
be ru inous .  

About two y e a r s  ago, t h e  Nortronics Divis ion  of Northrop Corporation made a 
s tudy f o r  MSFC on t h e  methods o f  f l i g h t  ins t rumenta t ion  c a l i b r a t i o n ,  intended 
t o  determine optimum means of u s ing  e x i s t i n g  automated equipment.30 The r e s u l t  
o f  t h i s  work was a technique f o r  us ing  a computer-performed e x t r a p o l a t i o n  of  
s enso r - s igna l  condi t ioner  bench c a l i b r a t i o n  d a t a  t o  update c a l i b r a t i o n  aboard 
t h e  s t a g e .  The method i s  performed us ing  computer software and r e q u i r e s  no 
"touching-up" of  s i g n a l  cond i t ione r s  on t h e  s t age ,  a s  previous ly  p r a c t i c e d .  It 
i s  v a l i d  a s  long as i t  i s  followed c o n s i s t e n t l y  through a l l  phases o f  ope ra t ion ,  
i nc lud ing  launch.  Only i f  a  s igna l  condi t ioner  d r i f t s  beyond some predetermined 



to lerance  l i m i t  i s  it necessary to  "touch-up" or  replace .  Since the  method 
i s  based e n t i r e l y  on computer programming, it i s  v a l i d  f o r  i n - f l i g h t  use, and 
f a l l s  n a t u r a l l y  i n t o  the  category of those th ings  to  use with onboard checkout. 
It i s  of course, e n t i r e l y  v a l i d  a l s o  f o r  s imi la r  use outs ide  t h e  aerospace 
f i e l d  and has been re leased i n t o  t h e  NASA technology u t i l i z a t i o n  system. 

GROUND SUPPORT EQUIPMENT 

The sub jec t  of ground support equipment was touched b r i e f l y  i n  the sect ion on 
c a l i b r a t i o n  and checkout. There it was mentioned t h a t  i n t e r f a c e  s u b s t i t u t e s  
a r e  needed f o r  both  "ends" of the  veh ic le  under t e s t  (a stage,  f o r  example), 
and t h a t  alignment, mass c h a r a c t e r i s t i c s ,  and l eak  t e s t i n g  equipment i s  required.  
As a genera l i ty ,  it should be noted t h a t  e a r l y  vers ions  of any onboard checkout 
systems w i l l  r equ i re  more ground support than l a t e r  models, and t h a t  some th ings  
w i l l  probably never appear a t  a l l  i n  the  onboard system. 

It is l i k e l y  t h a t  a ground computer system of some reasonable capacity w i l l  be 
needed f o r  both manufacturing checkout and launch s i t e  use. Ear ly  systems may 
well  t i e  i n t o  t h i s  wi th  a hard-l ine l i n k ,  a t  l e a s t  fo r  c a l i b r a t i o n  purposes, 
Likewise a telemetry ground s t a t i o n  f o r  instrumentation c a l i b r a t i o n  and v e r i -  
f i ca t ion ,  and an RF ground s t a t i o n  f o r  uplink commands i s  required.  Use of an 
onboard system can serve t o  g rea t ly  reduce requirements on the  ground computer 
system. Requirements f o r  ha rd l ine  umbilical l inked consoles wi th  the  i tem 
under t e s t  a r e  g rea t ly  reduced. The onboard system can take f u l l  advantage of 
i n t e r n a l  s to red  program control ,  and w i l l  make d i f f i c u l t  o r  impossible " j u s t  
one more hard  wire with a toggle switch.'' 

The same b a s i c  computer-telemeter-RF ground s t a t i o n  type complex used f o r  
manufacturing checkout and launch w i l l  a l s o  be required fo r  f l i g h t  use, p a r t i -  
c u l a r l y  f o r  c lose- in  o r b i t a l  missions. The f a r t h e r  out  the  mission, however, 
the  more independent the  space veh ic le  must become, and the l e s s  use can and 
w i l l  be made of such a complex. 

Although it  i s  not  s t r i c t l y  i n  the  category of ground support equipment, 
mention should be made of  computer software. Production of such software i s  
complex and time consuming, and must be ava i l ab le  f o r  both onboard and ground 
computer systems. Many advances have been made i n  recent  yeam i n  methods of 
generating such software.  31 Work on t e s  t -or  iented languages has  been p a r t  i- 
c u l a r l y  spurred wi th  the advent of automatic checkout and launch. What has 
been done is  general ly  good and useful ;  more e f f o r t ,  and r e s u l t s  from work now 
being done w i l l  add t o  t h i s .  It does not seem l i k e l y  t h a t  specia l  languages 
ou t s ide  the  pale  of t h i s  work w i l l  be required fo r  onboard checkout systems. 
Special  app l i ca t ions  must be made of it, however, p a r t i c u l a r l y  work o r i en ted  
toward allowing the  as t ronau t -p i lo t  more capab i l i ty  f o r  performing spec ia l  
tasks  a s  the  need a r i s e s .  



VALIDITY AND RELIABILITY 

Three major questions always enter a discussion of any flight system, and 
they enter forcibly in a discussion of an onboard checkout system. Is the 
data and system information gained dependable? Is the overall system reliable, 
or do some elements degrade overall reliability? Can the equipment be main- 
tained, replaced, and repaired? 

Whether the data gathered are dependable is determined by careful attention 
to details, many of which are already covered. The sensors must be capable 
of accurate measurement and must possess accuracy over long life and under a 
sometimes difficult environment. They must be applied particularly for the 
job to be performed. They must be located carefully so that they are sure to 
obtain all the information that is required. They must be mated properly with 
the data transmission system, and the information must be capable of being 
handled by that system. The data management system must insure smooth flow 
of information, in the proper amount and at the proper time and data must 
arrive at its proper destination in a timely manner. Considerable care must 
be exercised to insure that data channels are properly identified with the 
information (sensor) to be transmitted, and calibration of sensors must be 
assured. If this seems elementary, it is nonetheless true; it is surprising 
how many times it is possible to encounter one or the other of these factors 
missing. 

It has long been a standing rule in missiles and space vehicles to leave 
everything possible on the ground and to fly only the essential. Minimum com- 
plexity has been the first ground rule of reliability. Yet, amazingly complex 
systems have performed long and well, thus demonstrating that complexity does 
not inevitably produce unreliability. It has recently been reported that the 
Mars Mariner space vehicle is still reporting back good data and functioning 
properly, despite having travelled multiple millions of miles, almost one 
complete circuit around the Sun, exceeding its design life by 100 percent. An 
onboard checkout system does indeed add complexity to a flight vehicle. Yet 
many things can - and must - be done to insure its reliable operation. Com- 
ponents must be selected with great care. It appears that integrated circuits 
should be used in every instance possible, not only because they save on 
weight, volume, and power, but also because their reliability exceeds that of 
discrete component circuits by several orders of magnitude when they are 
treated properly. Efforts to achieve passive, uncoupled sensing and stimulation, 
and uncoupling of circuits by means such as light connectors should be utilized. 
And always, adequate flight qualification testing and careful preflight checkout 
must be used. Someone once said that when a successful Saturn liftoff had 
occurred, a minor miracle had been achieved. It was achieved eleven times: a 
perfect program record. 

The problems of maintenance, replacement, and repair must also be placed in a 
special category. This is an area to which little attention has been given as 
far as the space environment is concerned. Yet if we are to achieve very long 



d u r a t i o n  o r b i t s ,  deep space f lybys ,  and p l ane t a ry  landings  (with r e t u r n ,  of 
course) ,  we must apply  t h i s  a t t e n t i o n .  Recently,  t h e  AMP Company has s t a r t e d  
producing a ve ry  small  i n t e g r a t e d  c i r c u i t  socket ,  a long t h e  l i n e s  of a  tube  
s o c k e t .  It can b e  f a s t ened  t o  a  w i r ing  board, a long w i t h  many o t h e r s ,  us ing  
wire-wrap o r  d i p  s o l d e r i n g .  The r e c e p t a c l e  i s  provided wi th  a  p lug- in  wafer ,  
and f l a t - p a c k  i n t e g r a t e d  c i r c u i t s  can be clamped i n t o  t h e  wafer w i th  a  s i n g l e  
o p e r a t i o n .  The wafer i s  keyed t o  f i t  i n t o  t h e  r e c e p t a c l e  only  one way. Severa l  
hundred of  t h e s e  wafers  w i t h  f l a t  packs a t t ached  could be c a r r i e d  i n  a  man's 
coa t  pocket .  This ,  t oge the r  w i th  modular des ign  and m u l t i p l e  u se  of a s  few 
types o f  c i r c u i t  modules a s  pos s ib l e ,  i s  a  long s t e p  on t h e  road t o  replacement 
and r e p a i r s .  One obvious ly  cannot e a s i l y ,  i f  a t  a l l ,  r e p a i r  a  me teo r i t e  - 
punctured p r o p e l l a n t  tank .  But t h e r e  a r e  very  many th ings  w i t h i n  t h e  rea lm o f  
t h e  r ea sonab le .  

THE MAN INTERFACE 

Even though an onboard checkout system provides much i n t e r n a l  c o n t r o l  and 
decision-making, t h e  man i n  t h e  p i l o t ' s  s e a t  and t h e  man i n  t h e  ground c o n t r o l l e r ' s  
c h a i r  r e q u i r e  a c c e s s  t o  bo th  gene ra l  and d e t a i l e d  information.  This  now comes t o  
resemble t h e  "Test  Conductor" t ype  of  information i n  an automated manufacturing 
checkout .  Many shapes,  s i z e s ,  and types  of d i s p l a y s  a r e  i n  ex i s t ence ,  and they  
a r e  a v a i l a b l e  from many sou rces .  From t h e  s t andpo in t  of complexity of  in format ion  
t o  be  presented ,  however, few improvements have been made a v a i l a b l e .  

A s tudy  of  in format ion  d i s p l a y s  was made f o r  MSFC r e c e n t l y  which l a i d  o u t  an 
approach toward p re sen t ing  information i n  more e a s i l y  a s s i m i l a t e d  form.32 For 
a  t e s t  procedure,  automated under computer con t ro l ,  events  occur  r a p i d l y .  The 
t e s t  conductor  needs t o  be  aware of  c u r r e n t  s t a t u s ,  how he  has  progressed,  and 
what a c t i o n s  on h i s  p a r t  he must a n t i c i p a t e  s h o r t l y .  The s o l u t i o n  was a  moving 
c u r s o r  approach, w i th  a  s i m p l i f i e d  b lock  flow diagram of  t h e  t e s t .  Backup informa- 
t i o n  may be  f e d  i n t o  t h e  b locks  a s  r equ i r ed ,  b u t  b a s i c a l l y  t h e  cu r so r  provides most 
neces sa ry  informat ion  a t  a  g l ance .  A moving diagram approach ( a s  opposed t o  t h e  
moving c u r s o r )  would be  u s e f u l  h e r e  a l s o ,  except  t h a t  i t  would provide  more l i m i t e d  
v i s i b i l i t y  of  p a s t  and f u t u r e  even t s .  Other s tudies33  have a l s o  looked i n t o  t h i s .  
The s t a g e  prime c o n t r a c t o r s  i n  t h e  Sa tu rn  V program each developed a d i s p l a y  
system adapted t o  t h e i r  own checkout system use .  The Douglas A i r c r a f t  system 34 
o f f e r s  more v e r s a t i l i t y  than most systems a v a i l a b l e  today and could we l l  o p e r a t e  
w i t h  a  moving-cursor approach. Problems remain i n  t h e  "what t o  show" and "how 
t o  format" a r e a s  t h a t  a r e  cha l l eng ing  and worthy of  t a l e n t e d  a t t a c k .  

CONCLUSIONS 

A s  p rev ious ly  s t a t e d ,  most of t h e  b a s i c  hardware now e x i s t s  t o  d e f i n e  and b u i l d  
an onboard checkout system f o r  a  s p e c i f i c  v e h i c l e .  Problems e x i s t  i n  nea r ly  a l l  
major t e c h n i c a l  a r ea s ,  b u t  they  a r e  of  t h e  type t h a t  a r e  r evea l ed  and so lved  when 
a system des ign  i s  be ing  assembled; a l s o ,  many of them a r e  problems only  i n  t h a t  
t hey  a r e  unknowns, a t  p r e sen t ,  and can be handled by convent iona l  techniques .  



Appl ica t ion  of some of  t he  more e x o t i c  s o l u t i o n s  descr ibed  should remain 
t h e  exception,  and not  t h e  r u l e ,  f o r  a system des ign .  The g r e a t  e f f o r t s  
t h a t  have been made toward automating s t a g e  and launch v e h i c l e  checkout 
and launch w i l l  now begin t o  pay b i g  b e n e f i t s  i n  onboard checkout systems.  
Even i f  no o t h e r  reason e x i s t e d  f o r  those  e f f o r t s ,  t h e  f a c t  t h a t  i t  i s  now 
poss ib l e  t o  use  t h e  r e s u l t s  f o r  a second gene ra t ion  automatic  checkout 
system i s  s u f f i c i e n t  j u s t i f i c a t i o n  f o r  them. 
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