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The computer system on board a h id-70 ' s  space  s t a t i o n  
w i l l  be a b l e  t o  handle  an e x t e n s i v e  amount of  i n f l i g h t  checkout.  

P r i n c i p a l  checkout f u n c t i o n s  are sampling d a t a  from 
t e s t  p o i n t s ,  comparing t e s t  p o i n t  d a t a  t o  v a r i o u s  l i m i t s ,  p re -  
d i c t i n g  f a i l u r e s  through t r e n d  a n a l y s i s ,  and d iagnos ing  f a i l e d  
o r  f a i l i n g  systems. These f u n c t i o n s  are r e q u i r e d  p r i m a r i l y  f o r  
t h e  s a f e t y  of t h e  f l i g h t  c r e w  and t h e  s u c c e s s f u l  conduct of t h e  
mission,  and secondar i ly  f o r  t h e  g a t h e r i n g  of  engineer ing  and 
des ign  d a t a  r e l a t e d  t o  t h e  ope ra t ion  of s p a c e c r a f t  systems. 

. The memory and speed requirements  onboard 
computer w e r e  eva lua ted  f o r  a wide range of o i n t s .  For a 
v a r i e t y  of checkout program o p t i o n s  e x e r c i s e d  on samp 
with a t o t a l  of 1830 tes t  p o i n t s ,  memory s i z e s  of  35- 
process ing  rates of 29-85K ope ra t ions  p e r  second, and 
ou tpu t  handl ing of  up to  3200 q u a n t i t i e s  w e r e  found n 

The memory and speed requirements  are w i t h i n  
c a p a b i l i t i e s  of  some aerospace computers a l r eady  avai 

mid-70's are expected t o  have s u f f i c  
T 

and o u t p u t s  need s p e c i a l  i n t e r f a c e  equipment 

t ,  which could handle  over 2500 tes t  po in  

d l e  as many as 1 0 , 0 0 0  t es t  p o i n t s .  

b u t  shou ld ' cause  no great problem. 

t i c  t e s t i n g ,  p a r t i c u l a r l y  t h a t  r e q u i r i n g  t h e  
imu l i  t o  s p a c e c r a f t  systems,  i n t roduces  a 

s r e l a t i n g  t o  t iming  and c o n t r o l  of t h e  
u l t i n g  sof tware  problems should be  re- 

so lved  e a r l y .  
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Abstract  (Contd) BELLCOMM, INC. - ii - 

I f  t h e  en t ry 'module  is  a c t i v e  d u r i n g  t h e  mis s ion ,  it 
could check i t s e l f  o u t .  I f  it is  normally dormant, t h e  space  
s t a t i o n  would monitor it f o r  s a f e t y  purposes .  I n  an emergency, 
the  e n t r y  module would need t o  perform some checkout of i t s e l f ,  
and may also be  r e q u i r e d  t o  monitor and t es t  t h e  space  s t a t i o n  
t o  determine whether t o  abandon the  s t a t i o n  o r  w a i t  u n t i l  it i s  
aga in  h a b i t a b l e .  
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TECHNICAL MEMORANDUM 

INTRODUCTION 

S t u d i e s  have been conducted t o  determine t h e  level  of  
checkout t h a t  can be performed on board a space  s t a t i o n ,  and t h e  
degree of automation t h a t  can be  inco rpora t ed  i n t o  t h e  i n f l i g h t  
checkout. For purposes  of  e s t i m a t i n g  computer requi rements ,  it 
w a s  assumed t h a t  a l l  mathematical ,  logical  and d a t a  manipulat ion 
tasks  would be  handled by t h e  onboard computer system. The 
primary purpose of t h e  p r e s e n t  r e p o r t  i s  t o  demonstrate  t h e  fea- 
s i b i l i t y  of t h i s  approach. A subsequent  s tudy  w i l l  cons ide r  the 
t r a d e o f f s  between onboard and ground-based checkout func t ions .  

1.1 S i g n i f i c a n c e  of  I n f l i g h t  Checkout 

I n f l i g h t  Checkout r e f e r s  t o  t h e  t a s k s  involved i n  
monitor ing t h e  o p e r a t i o n  of s p a c e c r a f t  systems dur ing  a miss ion ,  
a s s e s s i n g  t h e  performance of  t hose  systems,  and diagnosing t h e m  
t o  i so la te  malfunct ions and f a i l u r e s .  

The primary purposes of i n f l i g h t  checkout are t h e  
s a f e t y  of  t h e  c r e w  and t h e  s u c c e s s f u l  conduct of t h e  mission.  
An impor tan t  secondary purpose i s  t h e  g a t h e r i n g  of eng inee r ing  
and des ign  d a t a  on s p a c e c r a f t  systems. Space s t a t i o n s  are 
l i k e l y  t o  be  made only  i n  l i m i t e d  q u a n t i t i e s  (one o r  t w o  of a 
k i n d ) ,  be of  new des igns ,  and n o t  be recovered i n t a c t  a t  t h e  end 
of a mission.  Although t h e  systems on board t h e  space  s t a t i o n s  
may be made i n  larger q u a n t i t i e s  than  t h e  s t a t i o n s  themselves ,  
t h e s e  systems may b e n e f i t  from few i f  any f l i g h t  tests be fo re  
t h e i r  use on t h e  s t a t i o n s .  Therefore ,  t h e  d a t a  ga thered  from 
i n f l i g h t  checkout W i l l  be e s p e c i a l l y  va luab le  i n  des ign ing  
fo l lowing  gene ra t ions  of s p a c e c r a f t  systems. 

Add i t iona l  u ses  of i n f l i g h t  checkout d a t a  w i l l  be  
mission p lanning  f u n c t i o n s ,  l i k e  experiment schedul ing  and re- 
source  management, and t h e  c o r r e l a t i o n  of system performance 
wi th  exper imenta l  data. 

1.2 

The t o p i c  of i n f l i g h t  maintenance i s  g e n e r a l l y  bound 
t o  t h a t  of  i n f l i g h t  checkout. I t  is  i n t e r e s t i n g  t o  c i te  what 
happened i n  t h e  Apollo program. 
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I n  1963 ,  Bellcomm and RAND performed a s tudy  (l) of 
i n f l i g h t  checkout f o r  t h e  Apollo l u n a r  l and ing  mission and con- 
cluded t h a t  i n f l i g h t  maintenance would be r e q u i r e d  f o r  s e v e r a l  
s p a c e c r a f t  systems on t h a t  mission.  The checkout scheme adopted 
w a s  r a t h e r  simple: Comparators t o  monitor s i g n a l  levels a g a i n s t  
p r e s e t  l i m i t s ,  and tes t  equipment l i k e  a VTVM manually d i r e c t e d  
t o  test p o i n t s .  However, as the p r o j e c t  evolved,  f u n c t i o n a l  
redundancy w a s  g r a d u a l l y  developed f o r  c r i t i ca l ,  f a i lu re -p rone  
systems. A s  a r e s u l t ,  no e x p l i c i t  requirement  fo r  i n f l i g h t  
checkout o r  maintenance e x i s t s  today i n  t h e  Apollo program. 

P o s s i b l y ,  the development of systems f o r  a space  
s t a t i o n  w i l l  fo l low a course  s i m i l a r  t o  t h a t  f o r  Apollo,  and i n -  
f l i g h t  maintenance may prove t o  be  d i s p e n s i b l e  f o r  m o s t  systems. 
However, t h e  Apollo l u n a r  landing  mission takes less than  t w o  
weeks, whi le  the space  s t a t i o n  must o p e r a t e  fo r  t w o  y e a r s  o r  
more. Furthermore,  weight r e s t r i c t i o n s  p reven t  t h e  c a r r y i n g  of 
spa res  on Apollo,  wh i l e  t h e  space  s t a t i o n  w i l l  be  less l i m i t e d .  
Therefore ,  w h i l e  i n f l i g h t  maintenance may n o t  be as f r e q u e n t  as 
some des igne r s  now €oresee, it w i l l  a lmost  c e r t a i n l y  be both  
needed and feasible on a two-year mission.  

2.0 EXAMPLES O F  I N F L I G H T  CHECKOUT SYSTEMS 

I n f l i g h t  checkout systems have been s p e c i f i e d  o r  pro- 
posed f o r  a l l  the l a t e s t  l a r g e  o r  complex m i l i t a r y  and commercial 
a i rc raf t .  Two such systems,  whose character is t ics  are summarized 
i n  Table 1, i l l u s t r a t e  t h e  d i f f e r e n t  approaches t h a t  can be f o l -  
lowed i n  checkout. MADAR (Malfunction De tec t ion ,  Ana lys i s ,  and 
Recording) ,  designed by Lockheed f o r  t h e  C-5A t r a n s p o r t ,  uses  a 
c e n t r a l  d i g i t a l  computer t o  c o n t r o l  checkout f u n c t i o n s .  These 
f u n c t i o n s  are p a s s i v e  o n l y ,  as f a r  as t h e  a i r b o r n e  systems are 
concerned: T e s t  p o i n t s  are sampled fo r  subsequent process ing  i n  
t h e  computer, b u t  no s t i m u l i  are app l i ed  t o  assist i n  diagnosing 
system malfunct ions.  S i g n a l s  f r o m  tes t  p o i n t s  a r e  mult iplexed 
and routed  i n  analog form, and converted t o  d i g i t a l  form j u s t  
be fo re  e n t e r i n g  t h e  computer. Messages i n d i c a t i n g  f a i l u r e s  o r  
t h e i r  pas s ing  are p r i n t e d  f o r  t h e  f l i g h t  c r e w .  T h e  computer 
program inc ludes  p r i o r i t y  l o g i c  t o  d i rec t  t h e  c r e w  when m u l t i p l e  
f a i l u r e s  occur ,  and performs a short-term t r e n d  a n a l y s i s  t o  
locate i n c i p i e n t  f a i l u r e s .  D a t a  recorded i n  f l i g h t  can be pro- 
cessed on t h e  ground f o r  f u r t h e r  s tudy.  MADAR can also assist 
t h e  c r e w  i n  performing i n f l i g h t  maintenance and r e p a i r  on 
systems tha t  are a c c e s s i b l e  and f o r  which t h e  necessary  spa res  
are c a r r i e d .  

I n  c o n t r a s t  t o  the  c e n t r a l i z e d  approach of MADAR, ILAAS 
( I n t e g r a t e d  L igh t  A t t ack  Avionics System) f o r  t h e  A-7 a i r c r a f t  
relies on b u i l t - i n  test equipment a t  t h e  subsystem and modular 
l e v e l .  The v a r i o u s  subsystems apply local s t i m u l i  p e r i o d i c a l l y  
and set  i n d i c a t o r s  when t r o u b l e s  are d e t e c t e d .  The s t a t u s  of 



BELLCOMM, INC. - 3 -  

t h e s e  i n d i c a t o r s  i s  rou ted  i n  d i s c r e t e  form t o  a c e n t r a l  
e v a l u a t i o n  network. Malfunct ioning subsystems are i d e n t i f i e d  
f o r  t h e  p i l o t .  When a f a i l u r e  makes a d e s i r e d  mode o f  opera- 
t i o n  imposs ib le ,  ILAAS au tomat i ca l ly  swi tches  t o  an a l ternate  
mode i f  one is  a v a i l a b l e ,  even wi th  degraded c a p a b i l i t y .  
Malfunction i n d i c a t o r s  on t h e  modules remain l a t c h e d  t o  assist 
t h e  ground c r e w  i n  i s o l a t i n g  and c o r r e c t i n g  t h e  f a i l u r e  ' a f t e r  
t h e  f l i g h t .  

The long  miss ion  t i m e s  t y p i c a l  of  space s t a t i o n s  make 
i n f l i g h t  maintenance a more l i k e l y  requirement  f o r  spaceborne 
than  f o r  a i r b o r n e  systems. A s  a r e s u l t ,  spaceborne checkout 
systems need access  t o  more t e s t  p o i n t s ,  t o  a l low f a u l t  i s o l a -  
t i o n  i n  g r e a t e r  d e t a i l .  Table 2 summarizes t h e  c h a r a c t e r i s t i c s  
of two onboard checkout systems (OCS) f o r  s p a c e c r a f t .  The 
Martin OCS has  been funded i n  a series of NASA c o n t r a c t s :  a 
l a b o r a t o r y  model i s  now i n  o p e r a t i o n ,  and a f l igh t -packaged  
v e r s i o n  i s  under development f o r  MSC. T h i s  system, which evolved 
from t h e  p r e f l i g h t  checkout equipment and techniques used a t  KSC, 
i s  in tended  t o  provide a general-purpose checkout c a p a b i l i t y  on 
board a space  s t a t i o n .  A f l e x i b l e  so f tware  package i n  a central  
d i g i t a l  computer a l lows  t h e  f l i g h t  crew t o  d e f i n e  tes t  procedures  
i n  t h e  course  of the mission.  These procedures  may invo lve  
r e p e t i t i v e  t e s t i n g  of s p a c e c r a f t  systems,  a p p l i c a t i o n  of c l o s e l y  
s p e c i f i e d  s t i m u l i  through a c e n t r a l i z e d  g e n e r a t o r ,  and t h e  act i -  
v a t i o n  of o t h e r  systems a s  a r e s u l t  of tests. 

A s  p a r t  of a Grumman e f f o r t ,  RCA has  s t u d i e d  t h e  
checkout requirements  f o r  a l a r g e  space  s t a t i o n .  Seve ra l  Eeatures  
of t h e  RCA OCS are i n  sha rp  c o n t r a s t  t o  t hose  of t he  Martin system. 
RCA p l a c e s  heavy r e l i a n c e  on p a s s i v e  monitor ing.  If s t i m u l i  a r e  
needed, they should be genera ted  as l o c a l l y  as p o s s i b l e ,  r a t h e r  
than be ing  rou ted  from a c e n t r a l  source  i n  the space  s t a t i o n .  
Although space s t a t i o n  autonomy may demand t h a t  t he  c r e w  be able 
t o  change t h e  tes t  program, such changes should p r e f e r a b l y  be 
developed on t h e  ground and upl inked t o  t h e  onboard computer. 

E i t h e r  M a r t i n ' s  o r  RCA's  OCS could be  i n s t a l l e d  i n  t h e  
space s t a t i o n  a t  t h e  f a c t o r y  and used du r ing  some, i f  n o t  a l l ,  
phases of p r e f l i g h t  checkout and t r a i n i n g .  T h i s  p r a c t i c e  could 
r e s u l t  i n  less dependence on ground systems be fo re  launch,  and 
b e t t e r  c o r r e l a t i o n  of i n f l i g h t  data wi th  prelaunch va lues .  

3.0 CHECKOUT FUNCTIONS 

Of t h e  f o u r  i n f l i g h t  checkout systems mentioned above, 
on ly  one,  ILAAS, relies h e a v i l y  on b u i l t - i n  test  equipment ( B I T E ) :  
t h e  o t h e r  t h r e e  depend on a central  d i g i t a l  computer t o  c o n t r o l  
t h e i r  ope ra t ions .  Furthermore, a l l  fou r  systems i n t e r a c t  with t h e  
c r e w  t o  some e x t e n t ,  by d i s p l a y i n g  checkout in format ion  o r  by 
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r e c e i v i n g  i n s t r u c t i o n s  or o t h e r  data. Therefore ,  it i s  expedient  
t o  look a t  checkout f u n c t i o n s  broadly ,  t o  determine how they  might 
be performed by t h e  computer or the c r e w .  

3 .1  Man-Computer Cons idera t ions  

Although t h e  s p e c i f i c  checkout t a s k s  performed by t h e  
space  s t a t i o n  computer may vary s o m e w h a t  f o r  d i f f e r e n t  systems,  
c o n f i g u r a t i o n s ,  and miss ions ,  some g e n e r a l  g u i d e l i n e s  can be  
app l i ed  t o  t h e  d i v i s i o n  of  t a s k s  between t h e  computer and t h e  
c r e w .  

Computers are w e l l  adapted t o  performing r o u t i n e ,  
r e p e t i t i o u s  t a s k s .  Consequently, system monitor ing func t ions  
could be h i g h l y  automated t o  r e l i e v e  the c r e w  o f  monotonous, 
r e c u r r e n t  chores l i k e  observ ing  system parameters  and comparing 
t h e s e  va lues  t o  v a r i o u s  l i m i t s .  The computer could a lso be  used 
t o  correlate a number of simultaneous measurements, and t o  
ana lyze  success ive  parameter va lues  f o r  t r e n d s  i n d i c a t i v e  of 
malfunct ions.  

The a b i l i t y  of t h e  c r e w  t o  observe and assimilate 
l a r g e  amounts of d i s p a r a t e  d a t a ,  p a r t i c u l a r l y  i n  unforeseen cir-  
cumstances, could be  used t o  advantage i n  checkout. A t y p i c a l  
c r e w  t a s k  would be scheduled i n s p e c t i o n s  o f  t h e  s p a c e c r a f t  and 
i t s  systems t o  d e t e c t  l e a k s ,  f i l m s  and d e p o s i t s ;  l o o s e ,  dented,  
broken, o r  worn p a r t s :  and changes i n  color, t e x t u r e ,  or sound. 
These symptoms may i n d i c a t e  t r o u b l e s  t h a t  would become m o r e  
mani fes t  l a te r .  However, ea r l ie r  d e t e c t i o n  by the  c r e w  could 
r e s u l t  i n  a less hazardous cond i t ion  and could al low r e p a i r  t o  
occur  a t  a more r e l axed  pace. T h i s  checkout f u n c t i o n  by the 
crew could be e s p e c i a l l y  impor tan t  w i t h  systems o r  modules f o r  
which it w a s  i m p r a c t i c a l  t o  provide enough senso r s  f o r  every 
p o s s i b l e  t r o u b l e ,  o r  which w e r e  n o t  understood w e l l  enough, 
because of t h e i r  newness, t o  a l l o w  adequate d i a g n o s t i c  software 
t o  be w r i t t e n  t o  cover  a l l  c i rcumstances.  Furthermore,  some 
systems may have such a l a r g e  v a r i e t y  of f a i l u r e  modes t h a t  the 
c o s t  of f i n d i n g  these modes, d e v i s i n g  proper  procedures ,  and 
developing adequate computer programs would be too expensive 
i n  t i m e  o r  money. A s i m i l a r  s i t u a t i o n  could e x i s t  wi th  t h e  
space s t a t i o n  as a whole;  a l l  combinations of systems and t h e i r  
f a i l u r e  modes could n o t  be  examined. I n  t h e s e  i n s t a n c e s ,  t h e  
f l e x i b i l i t y  of t h e  c r e w  t o  respond t o  unforeseen occurrences  
could promote t h e  s u c c e s s f u l  completion o f  a mission. 

I n  some i n s t a n c e s ,  t h e  c r e w  and t h e  computer would 
work t o g e t h e r .  I n  t y p i c a l  j o i n t  ac t iv i t ies ,  t h e  c r e w  would 
direct  t h e  computer i n  t h e  execut ion  of  d i a g n o s t i c  t e s t i n g ,  t he  
p r e s e n t a t i o n  of a d d i t i o n a l  o r  s p e c i a l i z e d  data d i s p l a y s ,  and 
t h e  changing of l i m i t s  o r  procedures i n  test  programs. 
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3.2 Suggested Checkout P lan  

This  s e c t i o n  p r e s e n t s  a backgrc n d  for  t h e  f u r t h e r  
d i s c u s s i o n  of checkout requirements .  While some a s p e c t s  of 
checkout may change wi th  m o r e  s p e c i f i c  d e f i n i t i o n  of s p a c e c r a f t  
systems,  t h e  g e n e r a l  procedures  o u t l i n e d  h e r e  should remain 
l a r g e l y  i n t a c t .  

3 . 2 . 1  System Monitoring 

Space s t a t i o n  systems should o p e r a t e  s a t i s f a c t o r i l y  
m o s t  of  t h e  t i m e .  For example, a Boeing s tudy  (2 )  i n d i c a t e s  a 
mean t i m e  between f a i l u r e s  (MTBF) of 7.0 days f o r  a l l  systems on 
a two-year manned s p a c e c r a f t  mission.  Even t h e  m o s t  f a i l u r e -  
prone system, t h e  environmental  c o n t r o l  and l i f e  suppor t  system 
( E C / L S S ) ,  has  an MTBF of 20 days.  The close monitor ing of t h e s e  
systems would, t h e r e f o r e ,  be a very  monotonous chore f o r  an 
a s t r o n a u t ,  and should be ass igned  t o  t h e  computer as a r o u t i n e  
t a s k .  

The monitor ing of  system parameters  would be  done by 
reading  a t e s t  p o i n t  and comparing i t s  va lue  t o  a series of 
l i m i t s  s t o r e d  i n  t h e  computer. Most of t h e  t i m e ,  every param- 
e ter  would l i e  w i t h i n  i t s  des igna ted  l i m i t s ,  and no i n d i c a t i o n  
of  t r o u b l e  would be  genera ted  by t h e  computer. H o w e v e r ,  when 
a parameter w a s  found t o  l i e  o u t s i d e  a l i m i t ,  t h e  c r e w  would be 
alerted by v a r i o u s  a u d i t o r y  and v i s u a l  i n d i c a t o r s .  Tones could 
be emi t t ed  and pane l  l i g h t s  could be tu rned  on t o  show t h e  c r e w  
which system w a s  r e s p o n s i b l e ,  and alarms could r i n g  f o r  h igh ly  
c r i t i ca l  mal func t ions .  A l t e r n a t i v e l y ,  a spoken message t o  
a t t r ac t  t h e  crew's a t t e n t i o n  could a lso be produced, e i t h e r  by 
be ing  assembled from prerecorded speech elements o r  by be ing  
syn thes i zed  by t h e  computer. I n  a d d i t i o n ,  a p r i n t e r  would 
w r i t e  t h e  f a i l u r e  messages genera ted  by t h e  computer, so t h a t  
t h e  c r e w  would have a record  of t h e  f a i l u r e  cond i t ions  as d is -  
covered by t h e  computer. 

N o t  a l l  f a i l u r e s  would r e q u i r e  immediate a t t e n t i o n .  
The t i g h t e s t  l i m i t s  could correspond t o  a cau t ion  cond i t ion ,  t o  
which t h e  c r e w  should  a t t e n d  w i t h i n  s o m e  a r b i t r a r y  p e r i o d  l i k e  
t w o  hours .  Broader l i m i t s  would i n d i c a t e  a greater d e p a r t u r e  
of a parameter from i t s  expected o r  nominal va lue .  A parameter 
c ros s ing  such a l i m i t  would need a t t e n t i o n  more u r g e n t l y ,  say  
w i t h i n  a h a l f  hour ,  and t h e  c r e w  would be  warned accord ingly  
and may also be advised t o  don space  s u i t s .  The outermost  
l i m i t s  would r e p r e s e n t  emergency cond i t ions ,  which may demand 
immediate a t t e n t i o n  from t h e  c r e w  o r  may r e s u l t  i n  t h e i r  be ing  
i n s t r u c t e d  t o  leave t h e  space s t a t i o n ,  a t  least  temporar i ly .  
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3.2.2 Backup Monitors 

The computer i t se l f  i s  s u b j e c t  t o  mal func t ions ,  as 
are t h e  senso r s  t h a t  measure system parameters .  The re fo re ,  
some degree  of backup would be needed t o  a l e r t  the c r e w  t o  
dangerous cond i t ions  when the checkout system w a s  i n o p e r a t i v e .  
Parameters m o s t  d i r e c t l y  involved i n  c r e w  s a f e t y ,  l i k e  c a b i n  
atmosphere p r e s s u r e ,  temperature ,  and composition, would be  
monitored by redundant  s enso r s  t h a t  could a c t i v a t e  alarms 
independent ly  of  t h e  computer. 

3.2.3 Trend Analysis  

Trend a n a l y s i s  would be a u s e f u l  a d j u n c t  of system 
monitor ing.  Using r e c e n t  va lues  of a parameter  as a basis,  t h e  
computer could detect high rates o f  change, ab rup t  d e p a r t u r e s  
from s t e a d y - s t a t e  c o n d i t i o n s ,  and g radua l  d r i f t s  toward out-of- 
t o l e r a n c e  s i t u a t i o n s .  The occurrence of one of these even t s  
does n o t  by i tself  imply a system mal func t ion;  f o r  example, a 
sudden i n c r e a s e  i n  t h e  carbon d iox ide  c o n t e n t  of t h e  atmosphere 
may be d e t e c t e d  because t h e  c r e w  i s  awakening and beginning t o  
move around t h e  cabin.  Some c o r r e l a t i o n  o f  measurements would, 
t h e r e f o r e ,  be needed t o  p reven t  f a l s e  alarms from be ing  genera ted .  

3.2.4 Diagnos t ic  Tes t ing  

When a parameter  w a s  found t o  be  o u t s i d e  a l i m i t ,  the  
computer could i n i t i a t e  d i a g n o s t i c  t e s t i n g  t o  f i n d  t h e  cause of 
t h e  problem. To minimize d i s tu rbances  t o  o p e r a t i n g  s p a c e c r a f t  
systems, t h e  f i r s t  d i a g n o s t i c  t e s t i n g  procedures  would be  p a s s i v e  
i f  a t  a l l  p o s s i b l e .  I f  t h e s e  procedures  f a i l e d  t o  i s o l a t e  t h e  
t r o u b l e ,  active tests could be called.  I n  g e n e r a l ,  however, no 
s t imu lus  should be a p p l i e d  wi thou t  n o t i f i c a t i o n  and approval  of  
t h e  c r e w .  T h i s  p recau t ion  has  a twofold purpose: (1) it aler ts  
t h e  c r e w  t o  t h e  p o s s i b i l i t y  of abnormal system behavior  dur ing  
t e s t i n g ,  and ( 2 )  it reduces t h e  l i k e l i h o o d  t h a t  a test  w i l l  
i n t e r f e r e  wi th  an experiment i n  p rog res s  o r  wi th  a t i g h t  schedule  
of a s t r o n a u t  ac t iv i t ies .  

However, there may also be i n s t a n c e s  i n  which depa r tu re s  
from t h i s  p r i n c i p l e  would be p r e f e r a b l e .  BITE,  p a r t i c u l a r l y  i n  
e l e c t r o n i c  systems, could o f t e n  be used wi thou t  a f f e c t i n g  o t h e r  
space  s t a t i o n  systems. Furthermore,  i f  a l l  c r e w  members are a s l e e p ,  
o r  i f  a f a i l u r e  is  so c r i t i ca l  t h a t  immediate d i agnos i s  and remedial  
a c t i o n  are demanded, s t i m u l i  may be app l i ed  au tomat i ca l ly  by t h e  
checkout system. The e x t e n t  t o  which t h e  c r e w  should direct  o r  
i n t e r f e r e  w i t h  automatic  t e s t i n g  fs an area t h a t  needs m o r e  detailed 
a n a l y s i s  of space  s t a t i o n  systems b e f o r e  d e f i n i t i v e  d e c i s i o n s  can 
be made. 
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The i s o l a t i o n  and r e p a i r  of s o m e  mal func t ions  may 
r e q u i r e  s k i l l s  beyond those of a t y p i c a l  a s t r o n a u t ,  even when 
t h e  computer i s  a v a i l a b l e  t o  assist him. One o r  more c r e w  
members may, therefore, need s p e c i a l i z e d  t r a i n i n g  as system 
eng inee r s  t o  handle  such s i t u a t i o n s .  A l t e r n a t i v e l y ,  t h e  
f l i g h t  crew could depend on a s s i s t a n c e  from t e c h n i c a l  s p e c i a l -  
is ts  on t h e  ground. When t h e  computer d e t e c t e d  a mal func t ion ,  
it would then col lect  d a t a  on t h e  o f f end ing  system, e i t h e r  f o r  
immediate t r ansmiss ion  t o  t h e  ground, o r  f o r  r eco rd ing  for  
subsequent  playback t o  t h e  ground. T h i s  a s p e c t  of checkout 
w i l l  be covered more f u l l y  i n  a l a te r  s tudy .  

3 .2 .5  Summary 

T h e  suggested checkout p l an  uses  t h e  computer fo r  
r o u t i n e  moni tor ing  o f  space s t a t i o n  systems. When abnormal 
va lues  of  system parameters  are d e t e c t e d ,  t h e  c r e w  i s  a l e r t e d ,  
wi th  the means of a l e r t i n g  be ing  dependent on t h e  n a t u r e ,  
s e v e r i t y ,  and c r i t i c a l i t y  of t h e  f a i l u r e .  Pass ive  d i a g n o s t i c  
t e s t i n g  could be performed by the computer a u t o m a t i c a l l y ,  b u t  
t h e  c r e w  should g e n e r a l l y  be  involved i n  t h e  a p p l i c a t i o n  of 
s t i m u l i .  The ground may a l s o  assist  i n  t h e  i s o l a t i o n  and 
r e p a i r  of  malfunct ions t h a t  r e q u i r e  s p e c i a l i z e d  t e c h n i c a l  
s k i l l s .  

The i n s t a l l a t i o n  of  a comprehensive checkout system 
on t h e  space s t a t i o n  b e f o r e  launch opens the way t o  us ing  this 
system t o  perform a cons ide rab le  amount of p r e f l i g h t  checkout.  
Besides  t h e  data  cons i s t ency  mentioned i n  S e c t i o n  2 . 0 ,  t h e  use  
of onboard checkout equipment f o r  p r e f l i g h t  checkout could 
lead t o  g r e a t l y  reduced requirements  f o r  checkout equipment, 
programs, and personnel  a t  t h e  launch s i te .  An a d d i t i o n a l  
b e n e f i t  could be t h e  t r a i n i n g  of t h e  ground and f l i g h t  c r e w s  
i n  d e t a i l s  of checkout t h a t  may assist them la te r  i n  t h e  
course of t h e  mission.  T h i s  s u b j e c t  i s  ano the r  a s p e c t  of t h e  
space-ground t r a d e o f f  ques t ion  t h a t  w i l l  r e c e i v e  f u r t h e r  a t t e n -  
t i o n  i n  a subsequent  s tudy .  

4 . 0  COMPUTER FUNCTIONS 

Obviously,  t h e  computer can p l a y  a very impor tan t  
role i n  i n f l i g h t  checkout ope ra t ions .  An e v a l u a t i o n  of t h e  
computer requirements  i s ,  t h e r e f o r e ,  an e s s e n t i a l  s t e p  i n  a 
s tudy  of i n f l i g h t  checkout.  

4 . 1  Memory Requirements 

To arrive a t  a f irst  estimate of t h e  computer memory 
s i z e  and p rocess ing  speed t h a t  might be r e q u i r e d ,  a t y p i c a l  pro- 
gram was devised  t o  perform the func t ions  of system monitor ing 
and t r e n d  a n a l y s i s .  F igu re  1 shows t h e  major program s t e p s  
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i n  block diagram form. F igures  2 ,  3 and 4 show t h e  v a r i o u s  
program steps i n  more d e t a i l e d ,  f l owchar t  f o r m .  The s t y l e  
found i n  t h e s e  flowcharts i s  ve ry  s i m i l a r  t o  t h a t  used i n  
FORTRAN execu tab le  s t a t emen t s .  This  s i m i l a r i t y ,  however, 
should n o t  be i n t e r p r e t e d  as a requirement  t o  use  FORTRAN, 
or any o t h e r  p a r t i c u l a r  programming language,  i n  checkout 
ope ra t ions .  N a m e s  of v a r i a b l e s  t h a t  appear  i n  t h e  f lowchar t s  
are expla ined  i n  t h e  g los sa ry .  

a s s o c i a t e d  w i t h  it: (1) t h e  number of i n s t r u c t i o n s  s t o r e d  
f o r  t h a t  b lock ,  ( 2 )  t h e  number of  v a r i a b l e s  and c o n s t a n t s  
t h a t  could be used by t h e  i n s t r u c t i o n s ,  and ( 3 )  t h e  number 
of d a t a  va lues  t h a t  are proper  t o  each system parameter and 
t h a t  could be  addressed by t h e  i n s t r u c t i o n s .  Each i t e m  i n  
t h e  l a s t  t w o  c a t e g o r i e s  i s  counted only once,  i n  t h e  block 
i n  which it f i r s t  occurs .  

Each block i n  F igures  2 ,  3 and 4 has t h r e e  numbers 

Although no s p e c i f i c  computer t ype  i s  impl ied ,  some 
assumptions about computer ope ra t ions  w e r e  made i n  a r r i v i n g  
a t  these estimates : 

1. The data va lues  fo r  t h e  va r ious  parameters  would be 
stored i n  a r r a y s  and the i n s t r u c t i o n s  t o  address  
t h e m  could be indexed. 

2. Sampling of parameters would be done under program 
c o n t r o l ,  by having t h e  computer p u t  o u t  a word t o  
address t h e  d e s i r e d  tes t  p o i n t .  T h i s  word would 
a c t i v a t e  the proper  mul t ip l ex  c i r c u i t r y  so t h a t  
t h e  tes t  p o i n t  measurement would be  routed  ( through 
an  a n a l o g - d i g i t a l  conve r t e r ,  i f  necessary)  t o  a 
computer i n p u t  channel ,  where it could be t r a n s f e r r e d  
i n t o  memory under program c o n t r o l .  O t h e r  i n p u t  
schemes are p o s s i b l e ,  such as au tomat i ca l ly  s t epp ing  
a m u l t i p l e x e r  through t h e  v a r i o u s  t e s t  p o i n t s  i n  a 
f i x e d  o r  programmable p a t t e r n .  However, t h e  method 
adopted here i s  r e l a t i v e l y  s imple  and d i r e c t ,  and 
should g i v e  meaningful,  r e p r e s e n t a t i v e  requirements .  

3 .  A l l  parameters  would n o t  need t o  be read on every 
pass  through t h e  program; some may n o t  even need t o  
be  monitored b u t  would be used on ly  f o r  d i a g n o s t i c  
purposes.  Counters that  w e r e  updated and reset by 
the program could be used t o  c o n t r o l  sampling rates. 

4 .  L i m i t  t e s t i n g  would invo lve  three p a i r s  of v a l u e s ,  
corresponding t o  h igh  and l o w  bounds f o r  c a u t i o n ,  
warning, and emergency for each parameter.  These 
l i m i t s  could a lso be  viewed as moderate, f a s t ,  and 
u r g e n t  needs for a c t i o n .  When a parameter w a s  found 
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t o  exceed a l i m i t ,  t h e  computer would p u t  o u t  a word 
t o  a c t i v a t e  a la rms ,  i n d i c a t o r  l i g h t s ,  or o t h e r  
d e v i c e s ,  which would remain active u n t i l  reset 
c r e w .  For emergency l i m i t s ,  each parameter  would have 
i t s  own unique word f o r  each l i m i t ,  so t h a t  t h e  acti- 
v a t i o n  of alarms and o t h e r  a l e r t i n g  dev ices  could be  
t a i l o r e d  t o  t h e  s p e c i f i c  needs of  each paramet'er. 
S ince  cau t ion  and warning l i m i t s  would n o t  involve  
such g r e a t  urgency, t h e  s a m e  word f o r  each l i m i t  would 
be  used f o r  a l l  parameters  w i t h i n  a system. 

5. Messages t o  t h e  c r e w  would be p r i n t e d  when a l i m i t  w a s  
exceeded, and aga in  when a p rev ious ly  o u t - o f - l i m i t  
parameter r e t u r n e d  w i t h i n  l i m i t s .  Each message would 
c o n s i s t  of two p a r t s :  One t o  i d e n t i f y  t h e  parameter ,  
and one t o  d e s i g n a t e  t h e  l i m i t  t h a t  w a s  c rossed .  Each 
of  these p a r t s  would con ta in  f o u r  words, which would 
provide 1 6  c h a r a c t e r s  p e r  p a r t  on computers organized 
around a s i x - b i t  by te  and a 24-b i t  w o r d ,  o r  an e i g h t -  
b i t  b y t e  and a 3 2 - b i t  word. Other  o u t p u t s ,  such a s  
t h e  p r i n t i n g  of a c t u a l  parameter v a l u e s  o r  t h e  g raph ic  
d i s p l a y  of d a t a ,  could be  r eques t ed  by the  c r e w ,  b u t  
w e r e  n o t  inc luded  i n  t h i s  program. 

6 .  Trend a n a l y s i s  would be done by f i t t i n g  the c u r r e n t  
va lue  and t h e  n i n e  prev ious  v a l u e s  of a parameter  wi th  
a l ea s t - squa res  s t r a i g h t  l i n e  and e x t r a p o l a t i n g  t h a t  
l i n e  t o  t h e  n e a r e s t  f u t u r e  i n t e r s e c t i o n  w i t h  a l i m i t .  
I f  t h e  i n t e r s e c t i o n  was less than  a f i x e d  number of  
samples away, a message would be p r i n t e d  f o r  t h e  c r e w ,  
and t h e  sampling r a t e  f o r  t h e  parameter would be 
doubled if it was less t h a n  t h e  maximum rate.  The 
sampling r a t e  would be r e s t o r e d  t o  i t s  o r i g i n a l  va lue  
when t h e  i n t e r s e c t i o n  of t h e  e x t r a p o l a t e d  l i n e  wi th  a 
l i m i t  was aga in  remote enough i n  t h e  f u t u r e  t o  be 
ignored.  

Simple, commonly a v a i l a b l e  i n s t r u c t i o n s  w e r e  used 
throughout ,  b u t  r e g i s t e r - t o - r e g i s t e r  d a t a  t r a n s f e r s  and s h i f t s  
w i th in  r e g i s t e r s  w e r e  omi t ted  from cons ide ra t ion .  A more power- 
f u l  i n s t r u c t i o n  r e p e r t o r y  could permi t  some o p e r a t i o n s  t o  be 
performed with fewer i n s t r u c t i o n s .  However, t h e s e  sav ings  
could b e  o f f s e t  by t h e  a d d i t i o n a l  i n s t r u c t i o n s  needed between 
s t e p s  of an o p e r a t i o n  t o  p l a c e  data i n  t h e  proper  r e g i s t e r s  o r  
b i t  p o s i t i o n s  t o  take advantage of t h e s e  i n s t r u c t i o n s .  
Therefore ,  t h e  i n s t r u c t i o n  counts  shown i n  F igures  2 ,  3 and 4 
should n o t  vary  apprec iab ly  with choice  of computer. 
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The program to perform all the functions shown in 
Figures 1-4 would require 277 instructions and 77 words of 
program constants and variables. In addition, each parameter 
would need 29 words of data. Programs of reduced complexity 
could be obtained by deleting some functions. For example, 
if trend analysis were omitted, the program would require 135 
instructions and 45 words of program constants and variables, 
as well as 18 data values per parameter. Since full-word 
precision would not be needed for most parametric data on some 
computers, storing two or more values in the same word could 
lead to additional savings in memory. 

4.1.1 Sample Spacecraft System 

The overall memory and speed requirements depend 
heavily on the total number of parameters to be sampled, tested, 
and stored. A survey of measurement lists and parameter esti- 
mates for existing or proposed manned spacecraft indicates that 
a wide variation in this number can be anticipated. Measurement 
lists of various Apollo CSM's show roughly 300 analog parameters 
being telemetered to the ground. For the LM/ATM to be used in 
AAP missions, about 600 measurements on vehicle systems will be 
telemetered. The Martin OCS discussed in Section 2.0 considered 
about 2000 parameters for a cluster station, and the RCA OCS 
could handle as many as 10,000 test points in a large space 
stat ion, 

Since the configuration of many operational systems 
on the space station is far from fixed at the present, an 
accurate measurement list for each system cannot be obtained. 
However, an Environmental Control and Life Support System (EC/LSS) 
designed by AiResearch C~rporation'~) provided one sample system that 
could be used for sizing estimates. This system evolved during a 
preliminary study of GI maintainable EC/LSS for a four-man, two- 
compartment vehicle in Earth orbit for two to five years in the 
mid-70's. A considerable amount of detailed analysis had been 
embodied in the design, and the parameter lists presented in 
Reference 3 were, therefore, accepted with reasonable confidence. 
These lists indicated a total of 183 measurements that should be 
made in a ground-test version of the EC/LSS. Of this total, a 
set of 108 were designated to be monitored in flight. 

For an initial sizing estimate, it is better to use 
the larger of these two numbers, 183. This choice is based on 
the following reasons: 

1. The figure 183 may be viet;red as a "worst case"; if it 
can be handled satisfactorily, less taxing cases 
should pose even less of a problem. 
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2. Since the space station may well be one- or two-of-a- 
kind, the designers would want more data than a "standard" 
set of inflight parameters would give. This would be 
especially true if the station were of the integral type, 
rather than an assembly of smaller modules. 

3. The space station assumed for this checkout study would 
have a crew of up to nine men and would probably be 
divided into more than two compartments. This station 
would, therefore, require multiple requirements of cer- 
tain parameters like cabin temperature and pressure, 
where single measurements are sufficient for the vehicle 
used as a guideline in the AiResearch design. 

4. A larger number of available parameters would allow 
checks to be made on the instrumentation. 

With the further assumption that instructions and data 
values would use one word each, the computer memory requirements 
were estimated for the AiResearch EC/LSS: 

1. 

2. 

With trend analysis: 
29 x 1 8 3  = 5307 parameter data words 

277 + 7 7  = 354  program words 
5 6 6 1  total words 

Without trend analysis: 
1 8  x 1 8 3  = 3294 parameter data words 

1 3 5  + 45 = 1 8 0  program words 
3474 total words 

4.1.2 Diagnostic Testing 

Diagnostic programs must be tailored to the particular 
systems they are to test. The manner in which a system is parti- 
tioned into units and the use of BITE in various units are typical 
factors that strongly influence testing requirements. No compre- 
hensive diagnostic program was available for the EC/LSS or for 
any other advanced spacecraft system. To obtain sizing estimates, 
therefore, it was necessary to base the computer requirements on 
assumed typical diagnostic functions. Only passive testing was 
included, since no meaningful estimates of active diagnostic 
requirements could be made without detailed analysis of specific 
sys tems . 



BELLCOMM,  I N C .  - 12 - 

When a system parameter i s  observed t o  be  o u t  of  
t o l e r a n c e ,  t h r e e  p o s s i b l e  causes  of t h e  cond i t ion  can be d i s t i n -  
guished: 

1. t h e  system u n i t  w i t h  which t h e  parameter  i s  a s s o c i a t e d  
i s  d e f e c t i v e ,  

2 .  t h e  u n i t  i s  r e a l l y  h e a l t h y  b u t  is responding t o  an 
out -of - to le rance  cond i t ion  elsewhere i n  t h e  system, o r  

3 .  t h e  measurement i s  i n  error. 

The f i rs t  t a s k  of t h e  d i a g n o s t i c  program would be t o  de te rmine ,  
through t h e  c o r r e l a t i o n  of d a t a  p e r t a i n i n g  t o  va r ious  system 
parameters ,  w h i c h  o f  these causes  a c t u a l l y  a p p l i e d  t o  a s p e c i f i c  
s i t u a t i o n .  

For d i a g n o s t i c  purposes ,  a system parameter may be 
viewed as a measurement a t  t h e  o u t p u t  of  a u n i t  t h a t  i s  a f f e c t e d  
by o t h e r  parameters  as i n p u t s ,  and t h a t  i n  t u r n  in f luences  other 
u n i t s  i n  t h e  system. I f  one o r  more i n p u t s  t o  a suspec ted  m a l -  
f unc t ion ing  u n i t  are o u t  of  t o l e r a n c e ,  t h e  u n i t  may be assumed 
t o  be o p e r a t i n g  p r o p e r l y ,  a t  l ea s t  f o r  t h e  f i rs t  l e v e l  of 
d i a g n o s i s ,  and t h e  f a u l t  should be sought  i n  o t h e r  u n i t s .  
Furthermore,  i f  u n i t s  d i r e c t l y  affected by an out -of - to le rance  
cond i t ion  do n o t  show the proper  response t o  t h a t  c o n d i t i o n ,  t h e  
measurement i t s e l f  should be suspec ted  as be ing  i n  e r r o r .  The 
u n i t  wi th  which t h e  out -of - to le rance  parameter  i s  a s s o c i a t e d  
should be considered a t  f a u l t  only i f  t h e  i n p u t s  t o  t h e  u n i t  are 
w i t h i n  t o l e r a n c e  and i f  o t h e r  u n i t s  are p rope r ly  affected by t h e  
observed cond i t ion .  

Information t o  d i rec t  t h e  d i a g n o s t i c  program i n  t e s t i n g  
upstream ( i n p u t )  and downstream parameters  could be s t o r e d  i n  
tables. For each parameter ,  these a r r a y s  would i d e n t i f y  which 
o t h e r  parameters should be  tested and would i n d i c a t e  t he  sense  
of proper  ope ra t ion .  For example, an i n c r e a s e  i n  temperature  may 
r e s u l t  f r o m  an i n c r e a s e  i n  the  ra te  of heat gene ra t ion  o r  f r o m  a 
decrease i n  t h e  rate of c o o l a n t  f l o w .  The number of such param- 
eters t h a t  needs t o  be s p e c i f i e d  depends on t h e  c h a r a c t e r i s t i c s  
of t h e  u n i t s  involved ,  b u t  t h r e e  upstream and three downstream 
parameters would probably be e n t i r e l y  adequate.  A program t o  
perform the t e s t i n g  o u t l i n e d  i n  the preceding  paragraph would 
r e q u i r e  about  200 words of memory f o r  i n s t r u c t i o n s  and data other  
than these a r r a y s .  

Many i f  n o t  a11 parameters  may a l s o  be involved i n  
s p e c i f i c  c a l c u l a t i o n s  related to  d i a g n o s t i c  t e s t i n g ;  f o r  example, 
t h e  de te rmina t ion  of ideal u n i t  o u t p u t s  based on e x i s t i n g  i n p u t s .  
These c a l c u l a t i o n s  i n  t u r n  could u s e  ma themat i ca l  l i b r a r y  sub- 
r o u t i n e s  for  such t a s k s  as t a b u l a r  i n t e r p o l a t i o n ,  e v a l u a t i o n  of 
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t r i gonomet r i c  and o t h e r  t r a n s c e n d e n t a l  f u n c t i o n s ,  matrix manipu- 
l a t i o n s ,  and t h e  s o l u t i o n  of d i f f e r e n t i a l  equa t ions .  Add i t iona l  
t a s k s  could i n c l u d e  t h e  assessment  of BITE o u t p u t s  and comparison 
of redundant o r  a l t e r n a t i v e  c i r c u i t s .  The memory requirements  
t h a t  these tasks impose can vary  cons ide rab ly  f o r  each parameter .  
For s i z i n g  e s t i m a t e s ,  t h e  fo l lowing  assumptions w e r e  made: 

1. One-fourth of  t h e  parameters  would need c a l c u l a t i o n s  
comparable t o  e v a l u a t i n g  a q u a d r a t i c  f u n c t i o n  of two 
v a r i a b l e s ,  

y = axl 2 + bx2 2 + cxl + dx2 + e , 

which would r e q u i r e  23 words p e r  parameter.  

2 .  One-fourth of the parameters  would invo lve  less compli- 
cated c a l c u l a t i o n s  l i k e  e v a l u a t i n g  a l i n e a r  f u n c t i o n  
of three v a r i a b l e s ,  

y = ax1 + bx2 + cx3 + d , 

which would r e q u i r e  1 6  words p e r  parameter.  

3 .  The remaining parameters  would need only  simple ca lcu-  
l a t i o n s  o r  c a l l s  t o  l i b r a r y  f u n c t i o n s ,  f o r  which about  
6-8 words p e r  parameter would be r equ i r ed .  

These f i g u r e s  y i e l d  an average of about 13 words p e r  
parameter f o r  c a l c u l a t i o n s .  T h i s  va lue  w a s  combined w i t h  t hose  
p rev ious ly  given f o r  f a u l t  i s o l a t i o n  ( 6  words pe r  parameter and 
a program of 200 words) .  A rounded e s t i m a t e  of 20 words pe r  
parameter w a s  then  assumed. Diagnos t ic  t e s t i n g  of  t h e  EC/LSS, 
w i t h  183 parameters ,  would, t h e r e f o r e ,  add 3660 words t o  t h e  
checkout program and would r a i s e  t h e  t o t a l  requirement t o  about  
9300 words w i t h  t r e n d  a n a l y s i s  and about  7100 words wi thout  it. 

Since  the need f o r  d i a g n o s t i c  t e s t i n g  should arise 
r e l a t i v e l y  i n f r e q u e n t l y ,  a s i g n i f i c a n t  s av ing  of main memory 
could be r e a l i z e d  by p l ac ing  the  d i a g n o s t i c  programs i n  a u x i l i a r y  
s t o r a g e  and c a l l i n g  f o r  them only  when needed. Programs to  per -  
form a c t i v e  d i a g n o s t i c  t e s t i n g  could also be  placed i n  a u x i l i a r y  
storage. However, programs a s s o c i a t e d  w i t h  h igh ly  c r i t i ca l  
parameters ,  which would r e q u i r e  a f a s t  response by t h e  computer, 
could be  k e p t  i n  main memory a t  a l l  t i m e s .  
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4.1.3 Tota l  S p a c e c r a f t  Parameters  

The n e x t  ques t ion  t o  be answered w a s :  How should t h e  
EC/LSS requirements  be scaled t o  a r r i v e  a t  a b a l l p a r k  estimate 
of  requirements  f o r  t h e  e n t i r e  space  s t a t i o n ?  A survey of  
e x i s t i n g  o r  proposed manned s p a c e c r a f t  r evea led  t h a t  t h e  EC/LSS 
accounted f o r  t h e  fo l lowing  p o r t i o n s  of  t h e  measurements’ a l l o t t e d  
t o  s p a c e c r a f t  systems: 

Apollo CSM 9% 
OWS CSM I1 14% 
Martin OCS 9% 
AAP LM-A 10% 

Aver age % l o %  

I t  w a s ,  t h e r e f o r e ,  assumed t h a t  t h e  e n t i r e  space  s t a t i o n  would 
involve  t e n  systems,  each wi th  as many parameters  as t h e  EC/LSS, 
f o r  a t o t a l  of 1830 parameters .  

A f u r t h e r  assumption w a s  made r ega rd ing  t h e  checkout 
program, t o  t h e  e f f e c t  t h a t  each of t h e  t e n  space  s t a t i o n  systems 
would have i t s  own program i n  t h e  computer. Although t h e  same 
program, a s  o u t l i n e d  i n  F igures  1 - 4 ,  could be used f o r  a l l  systems,  
s e p a r a t e  programs a l low v a r i a t i o n s  p e c u l i a r  t o  a system t o  be 
handled m o r e  r e a d i l y .  Furthermore,  t h e  checkout program f o r  a 
p a r t i c u l a r  system can then  be treated as a more d i s t i n c t  e n t i t y ,  
t o  be modified or  r ep laced  a s  needed wi thout  d i s t u r b i n g  programs 
f o r  o t h e r  systems. 

With t h e s e  assumptions as a b a s i s ,  t h e  memory r e q u i r e -  
ments f o r  checking o u t  t h e  e n t i r e  space  s t a t i o n  can then  be 
estimated as 35K words for  monitor ing f u n c t i o n s .  Trend a n a l y s i s  
would r e q u i r e  22K a d d i t i o n a l  words, f o r  a t o t a l  of 57K words. 
Diagnos t ics  would add 37K wordsp f o r  a t o t a l  of  71K without  t r e n d  
a n a l y s i s ,  o r  93K with  t r e n d  a n a l y s i s .  (These t o t a l s  are more 
a c c u r a t e  than  those  t h a t  would be obta ined  by simply adding t h e  
rounded f i g u r e s  given i n  t h i s  paragraph,  namely 72K and 94K, 
r e s p e c t i v e l y . )  

F igure  5 shows how t h e  t o t a l  memory requirements  va ry  
as a f u n c t i o n  of t h e  number of  system parameters .  I t  i s  assumed 
h e r e  t h a t  t h e  checkout program w i l l  handle  t e n  systems, r e g a r d l e s s  
of t h e  t o t a l  number o f  parameters  involved.  For a checkout program 
conta in ing  both  t r e n d  a n a l y s i s  and d i a g n o s t i c  t e s t i n g ,  memory 
requirements  may vary  from 24K words ( f o r  500 parameters)  t o  490K 
words ( f o r  10,000 paramete r s ) .  The s i g n i f i c a n c e  of t h e s e  r equ i r e -  
ments i n  l i g h t  of p r e s e n t  and f u t u r e  computer c a p a b i l i t i e s  i s  
considered i n  Sec t ion  4.4 below. 
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4.2 

Another impor tan t  compu,er requirement  i s  p rocess ing  
speed. An upper bound can be  e s t a b l i s h e d  by assuming t h a t  a l l  
steps i n  t h e  program shown i n  F igures  1-4 ( a  t o t a l  of 227 
i n s t r u c t i o n s )  would be  executed fo r  a l l  parameters  (183 f o r  t h e  
EC/LSS) f o r  a l l  systems i n  t h e  space  s t a t i o n  ( 1 0  t i m e s  t h e  
EC/LSS requi rement ) .  These assumptions lead t o  an overall  
t o t a l  of  about  4 2 7 , 0 0 0  i n s t r u c t i o n s .  

However, t h e s e  cond i t ions  would n o t  normally apply i n  
p r a c t i c e .  A l l  parameters  t h a t  w e r e  sampled would pass  through 
t h e  program wi thou t  i n c i d e n t  most of t h e  t i m e ;  i . e . ,  parameters  
would g e n e r a l l y  be w i t h i n  l i m i t s  and n o t  cause any messages t o  
be genera ted .  Each such parameter would r e q u i r e  t h e  execut ion  
of 1 1 0  i n s t r u c t i o n s  if t r e n d  a n a l y s i s  w e r e  inc luded ,  o r  26 
i n s t r u c t i o n s  i f  it w e r e  no t .  Parameters t h a t  w e r e  n o t  read  
would use only  1 3  i n s t r u c t i o n s  each.  

The need t o  p r i n t  messages f o r  t h e  c r e w  could i n t r o -  
duce some complicat ions i n t o  speed estimates. T h e  i n s t r u c t i o n  
counts  given i n  F igures  2-4 assume t h a t  p r i n t  i n s t r u c t i o n s  
would be i n s e r t e d  i n  t h e  program as needed. However, an oper- 
a t i n g  program would be m o r e  l i k e l y  t o  use  computer system 
software f o r  p r i n t i n g ,  and t o  communicate w i t h  t h e  so f tware  
through a c a l l i n g  sequence. S ince  t h e  p r i n t  messages c o n t a i n  
only  alphanumeric informat ion  stored i n  t h e  program, several 
time-consuming process ing  t a s k s  l i k e  binary-to-BCD conversion,  
alignment of numerical  f i e l d s ,  and character e d i t i n g  could be  
omit ted.  For a sereamlined alphanumeric p r i n t  r o u t i n e ,  less 
than  1 0 0  o p e r a t i o n s  may be needed t o  assemble t h e  c h a r a c t e r s  
of a message and p r i n t  a l i n e .  However, t h e  need t o  p r i n t  
should arise only  i n f r e q u e n t l y ,  and should n o t  cause any no t i ce -  
a b l e  e f f e c t  i n  computer requirements .  

The d i scuss ion  so f a r  has cen te red  on t h e  number of 
o p e r a t i o n s  i n  t h e  checkout program; a t i m e  f a c t o r  remains t o  be  
in t roduced .  
about  1 / 4  of the  parameters  f o r  t h e  EC/LSS would need "continuous" 
monitoring which, aga in  f o r  t h e  EC/LSS, means about once p e r  
second. O t h e r  parameters  would be  sampled less f r e q u e n t l y ,  a t  
rates from once every f i v e  or t e n  seconds to  once every  20 minutes.  
Based on t h e s e  f i g u r e s ,  t h e  fo l lowing  assumptions w e r e  made re- 
gard ing  sample rates: 

Discussions wi th  A i K e s e a r c h  engineers  r evea led  that  

1. The checkout loop  would be executed once p e r  second. 

2. Each t i m e  through the loop,  1/3 of t h e  t o t a l  system 
parameters  would be sampled. 
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3 .  Diagnos t ic  t e s t i n g  invo lv ing  the execut ion  o f  20 
i n s t r u c t i o n s  p e r  parameter would be  r e q u i r e d  f o r  
one system each t i m e  the  checkout loop  w a s  comple- 
ted:  t h a t  i s ,  once p e r  second. This  i s  a ve ry  h igh  
l e v e l  of  d i a g n o s t i c  a c t i v i t y  b u t  could be  represen-  
t a t i ve  of a system t h a t  i s  performing q u i t e  
e r r a t i c a l l y .  

These assumptions,  a p p l i e d  t o  a space  s t a t i o n  wi th  
1830 parameters ,  lead t o  a requirement  of  29K o p e r a t i o n s  p e r  
second f o r  a s imple monitor ing program. The a d d i t i o n  of t r e n d  
a n a l y s i s  would ra i se  t h i s  f i g u r e  t o  80K. Diagnos t ic  t e s t i n g  
would i n c r e a s e  t h e  r equ i r ed  speed t o  33K o p e r a t i o n s  p e r  second 
wi thout  t r e n d  a n a l y s i s ,  o r  85K w i t h  t r e n d  a n a l y s i s .  

F igure  6 shows how speed requirements  vary  as a func- 
t i o n  of t h e  number of parameters  i n  t h e  checkout loop. A 
checkout program t h a t  inc luded  t r e n d  a n a l y s i s  and d i a g n o s t i c  
t e s t i n g  could range from 23K opera t ions  p e r  second ( f o r  500 
system parameters)  t o  462K ( f o r  1 0 , 0 0 0  pa rame te r s ) .  F u r t h e r  
d i scuss ion  of these r e s u l t s  appears  i n  Sec t ion  4.4 below. 

4 . 3  Input-Output Requirements 

The d e t a i l s  of input -output  o p e r a t i o n s  vary  somewhat 
w i t h  computer s t r u c t u r e .  The s t a t emen t s  made i n  t h i s  s e c t i o n  
should therefore be taken i n  a g e n e r a l  s ense ,  w i th  t h e  knowl- 
edge t h a t  
desirable 
sidered. 

i n t o  fou r  

1. 

2. 

3 .  

4. 

some adjustments  i n  requirements  may be necessary  o r  
when a s p e c i f i c  computer conf igu ra t ion  i s  be ing  con- 

The i n p u t s  t o  t h e  checkout computer can be grouped 
categories: 

Parameter measurements received ei ther  from a d i g i t a l  
s enso r  o r  through an ana log - to -d ig i t a l  conve r t e r ;  

Discrete s i g n a l s  from s p a c e c r a f t  systems and test  
equipment: 

Data and commands f r o m  c r e w  i n p u t  s t a t i o n s ;  

Uplink d a t a  and commands, and data from o ther  computers. 

Corresponding c a t e g o r i e s  of  o u t p u t s  can also be des igna ted :  

1. Commands t o  i n i t i a t e  the  sampling of parameters ;  
(These commands would n o t  be needed if t h e  sampling 
of parameters  w e r e  handled a t  f i x e d  rates c o n t r o l l e d  
f r o m  o u t s i d e  t h e  computer. However, t h e  commands 
would s t i l l  be  u s e f u l  f o r  d i a g n o s t i c  t e s t i n g . )  
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2. Discrete s i g n a l s  t o  c o n t r o l  s p a c e c r a f t  systems o r  
t es t  equipment; 

3. Data d i sp layed  t o  t h e  c r e w  o r  p r i n t e d  f o r  t h e i r  use;  

4 .  Downlink ( t e l e m e t r y )  d a t a ,  and d a t a  t o  o t h e r  computers. 

4.3.1 Parameter D a t a  

Although i n f l i g h t  checkout may r e q u i r e  access t o  about  
2000 parameters ,  it i s  n e i t h e r  f e a s i b l e  nor  necessary t o  provide  
each parameter w i t h  a s e p a r a t e  channel  t o  t h e  computer. Rather ,  
through s u i t a b l e  mul t ip l ex ing ,  a s i n g l e  o u t p u t  channel  could be 
used t o  handle  commands f o r  sampling, and a s i n g l e  i n p u t  channel  
could manage t h e  measurements coming t o  t h e  computer. S ince  a 
channel  on m o s t  computers can be used f o r  e i t h e r  i n p u t  o r  o u t p u t  
( b u t  no t  bo th  s imul t aneous ly ) ,  a s i n g l e  channel  could handle  
parameter d a t a  ope ra t ions .  

A l l o c a t i n g  11 b i t s  i n  t h e  ou tpu t  word t o  m u l t i p l e x e r  
c o n t r o l  would a l low 2 0 4 8  parameters  t o  be  addressed.  A few 
a d d i t i o n a l  b i t s  may be  needed f o r  p a r i t y  checks and c o n t r o l  
purposes;  t h e s e  would raise t h e  ou tpu t  word l eng th  t o  about  
1 6  b i t s .  

Measurement d a t a  read  i n t o  t h e  computer would probably 
have 8-12 b i t s  f o r  most parameters:  p a r i t y  and c o n t r o l  b i t s  may 
i n c r e a s e  t h e s e  va lues  t o  12-16  b i t s  and, i f  t h e  parameter address  
i s  t o  b e  inc luded  as another  check i t e m ,  a t  least  11 more b i t s  
would be needed i n  t h e  i n p u t  word. 

4.3.2 Discrete S i g n a l s  

The number of d i s c r e t e  i n p u t  and ou tpu t  s i g n a l s  v a r i e s  
g r e a t l y  from one s p a c e c r a f t  system t o  another .  I n  t h e  Apollo CSM, 
t h e  r a t i o  of d i s c r e t e  s i g n a l s  t o  analog measurements averages 
about  70%. I f  t h e  s a m e  r a t i o  is  app l i ed  t o  t h e  space  s t a t i o n ,  
about  1300 d i s c r e t e  i n p u t s  t o  t h e  computer may be involved.  Pro- 
v i d i n g  a unique channel  f o r  each of t h e s e  s i g n a l s  would probably 
n o t  be f e a s i b l e ,  and some l e v e l  of mu l t ip l ex ing  would be  expected. 
With s u i t a b l e  mul t ip l ex ing  and a s u f f i c i e n t  number of b u f f e r  reg-  
isters o u t s i d e  t h e  computer, one channel  f o r  both i n p u t  and out-  
p u t  could s u f f i c e .  I n  fact ,  wi th  a p p r o p r i a t e  coding of t h e  d a t a  
i d e n t i f i c a t i o n ,  t h e  s a m e  channels  could be  used f o r  d i s c r e t e  
s i g n a l s ,  both i n p u t  and ou tpu t ,  as f o r  parameter sample commands 
and measurements. 

4.3.3 C r e w  D a t a  

Computer ou tpu t s  t o  t h e  c r e w  from t h e  checkout loop 
would t y p i c a l l y  t a k e  one of t w o  g e n e r a l  forms: alphanumeric 
informat ion  f o r  a p r i n t e r  or o t h e r  d i s p l a y ,  and d i s c r e t e  s i g n a l s  



BELLCOMM,  INC. - 18 - 

t o  i n d i c a t o r  dev ices  l i k e  pane l  l i g h t s  and alarms. A s  mentioned 
i n  S e c t i o n  3 . 2 ,  t h e  a l a r m  could t a k e  t h e  form of  an assembled 
or  syn thes i zed  spoken message. I n  a d d i t i o n ,  a cathode r a y  tube  
or  s i m i l a r  g r aph ic  d i s p l a y  device could be used t o  p r e s e n t  data 
i n  s p e c i a l i z e d  formats upon r e q u e s t  of t h e  c r e w .  Computer i n p u t s  
f r o m  t h e  c r e w  would c o n s i s t  of alphanumeric informat ion  from a 
keyboard, and d i s c r e t e  s i g n a l s  f r o m  b u t t o n s ,  swi t ches ,  and o t h e r  
binary-coded dev ices .  

D a t a  t r a n s f e r  between t h e  computer and crew-oriented 
devices  could o f t e n  involve  de l ays  a r i s i n g  from mechanical 
t iming ,  synchron iza t ion ,  and acceptance-response requirements .  
Therefore ,  it would be d e s i r a b l e  t o  have a s e p a r a t e  channel  t o  
handle  t h i s  t r a n s f e r ,  so t h a t  o t h e r  input -output  o p e r a t i o n s  
would n o t  be hampered. A s i n g l e  channel fo r  i n p u t  and o u t p u t ,  
wi th  a few s p e c i a l  l i n e s  f o r  emergency purposes ,  should s u f f i c e  
f o r  t h e  more r o u t i n e  c r e w  d a t a .  However, speech devices and 
graphic  d i s p l a y s  may r e q u i r e  long s t r i n g s  of data obta ined  from 
t h e  computer memory a t  rates determined by t h e s e  dev ices ,  A 
s e p a r a t e  channel may be necessary  o r  a t  least  d e s i r a b l e  t o  
s a t i s f y  t h e s e  requirements .  

4 . 3 . 4  Link D a t a  

D a t a  t r a n s f e r r e d  between t h e  computer and t h e  ground 
would normally flow through a t e l eme t ry  and command system on 
board t h e  s p a c e c r a f t .  T h e  computer's role  would r e q u i r e  elec- 
t r o n i c  communication wi th  t h i s  system. One i n p u t  and one o u t p u t  
channel would probably s u f f i c e .  However, very  high d a t a  t r a n s f e r  
rates may r e q u i r e  t h a t  a d d i t i o n a l  channels  o p e r a t i n g  i n  p a r a l l e l  
be employed t o  handle  t h e  peak loads. T rans fe r s  between computers, 
such as would occur  when one computer t e s t e d  ano the r ,  may a l s o  
involve  h igh  data rates. 

4 . 3 . 5  Summary 

Detailed s p e c i f i c a t i o n  of input -output  requirements  
depends s t r o n g l y  on t h e  des ign  and o r g a n i z a t i o n  of a p a r t i c u l a r  
computer. A s o p h i s t i c a t e d  channel ,  f o r  example, may be a b l e  t o  
c o n t r o l  t h e  simultaneous ope ra t ion  of several i n p u t  and ou tpu t  
dev ices ,  whi le  a s imple channel may be able t o  handle  only one 
device  a t  a t i m e .  Although t h e  concept  of  "channel" i s  l e f t  
admi t ted ly  vague, a t  least  t h r e e  channels ,  each capable  of  
handl ing  i n p u t  and o u t p u t  o p e r a t i o n s ,  should be provided: One 
f o r  checkout communications wi th  s p a c e c r a f t  systems, one f o r  
communications wi th  t h e  c r e w ,  and one f o r  communications wi th  
t h e  ground. However, a d d i t i o n a l  Channels may be needed t o  handle  
occas iona l  peak loads. 
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4 . 4  Computer Resources Available 

A survey  ( 4 )  of aerospace  computers i n  e x i s t a n c e  o r  
under development shows t h a t  requirements  of up t o  131K words 
of memory and about  250,000 o p e r a t i o n s  p e r  second could be  m e t  
today. Furthermore,  aerospace  computers f o r  t h e  m i d - 7 0 ' s  are 
expected t o  have memory c a p a c i t y  i n  excess  of one m i l l i b n  words 
and be a b l e  t o  execute  w e l l  over  one m i l l i o n  o p e r a t i o n s  p e r  
second. Even t h e  h e a v i e s t  checkout requirements  de r ived  above, 
9 3 K  words of memory, and 85K o p e r a t i o n s  p e r  second, would use  
only 7 1 %  of the memory and 34% of  t h e  speed c a p a b i l i t y  of 
present-day computers, o r  about  9 %  of  t h e  memory and 8% of t h e  
speed c a p a b i l i t y  of a mid-70's computer. 

The memory and speed c a p a b i l i t i e s  of p r e s e n t  and 
f u t u r e  computers are shown by h o r i z o n t a l  l i n e s  on F igures  5 
and 6 ,  and can be seen t o  g i v e  a w i d e  margin f o r  l a r g e r  check- 
o u t  programs o r  f o r  more tes t  p o i n t s  than  w e r e  used t o  o b t a i n  
estimates i n  t h i s  s tudy .  Ki th  a moderate allowance for an 
execu t ive  program, present-day computers could handle  over  2500 
test  p o i n t s ,  whi le  a mid-70's computer could handle  as many as 
1 0 , 0 0 0  tes t  p o i n t s .  Therefore ,  t h e  memory and speed r equ i r e -  
ments of checkout func t ions  by themselves should pose no s p e c i a l  
problem f o r  t h e  onboard computer systems. However, it must be  
poin ted  o u t  h e r e  t h a t  t h e  checkout func t ions  have been considered 
independent ly  of  o t h e r  computer t a s k s  i n  t h i s  r e p o r t ;  some r e v i -  
s i o n  of estimates may be needed when o t h e r  t a s k s  are inc luded  i n  
t h e  o v e r a l l  requirements .  

The input -output  requirements  of aerospace computers 
are g e n e r a l l y  s a t i s f i e d  through t h e  des ign  of s p e c i a l  i n t e r f a c e  
equipment. Because of t h e  l a r g e  amount of mul t ip l ex ing  needed, 
a s i m i l a r  p o l i c y  should be expected f o r  t h e  space s t a t i o n .  
E x i s t i n g  computers are u s u a l l y  mul t ichannel ,  and f u t u r e  d e s i g n s .  
w i l l  probably have even more channels  and m o r e  l i n e s  f o r  s p e c i a l  
s i g n a l s  and i n t e r r u p t s .  Therefore ,  as f a r  as t h e  computer i t se l f  
is  concerned, input -output  requirements  a r i s i n g  f r o m  checkout 
func t ions  should n o t  cause any s i g n i f i c a n t  problems. However, 
some cons ide ra t ion  should be given t o  t h e  weight ,  volume, and 
power of  mul t ip l exe r s  and wi r ing  f o r  a l a r g e  number of test p o i n t s .  
With t o d a y ' s  i n t e g r a t e d - c i r c u i t  technology,  a mul t ip l exe r  t o  
handle  t h e  number of test p o i n t s  used f o r  e s t i m a t i n g  i n  t h i s  
s tudy  may weigh as much as 50 l b s ,  occupy one cubic  foo t ,  and 
consume 2 5  w a t t s  of power. Hopeful ly ,  t h e s e  f i g u r e s  could be  
reduced by f a c t o r s  of 2-10 through t h e  use  of LSI. 

4.5 Software Cons idera t ions  

A closer s tudy  of  t h e  techniques f o r  c a r r y i n g  o u t  diag- 
n o s t i c  t e s t i n g  has  revealed some p o t e n t i a l  problems i n  t h e  software 
t h a t  would be used t o  implement i n f l i g h t  checkout. The t w o  m o s t  
s e r i o u s  problems are t h e  b r i d g e  between monitor ing and d i a g n o s i s ,  
and t h e  t ime-sharing of t h e  computer between t h e s e  func t ions .  
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4 . 5 . 1  P r e l i m i n a r i e s  t o  Diagnos t i c  T e s t i n g  

The need t o  perform d i a g n o s t i c  t e s t i n g  w i l l  normally 
be made known when one or  more parameters  are found t o  be o u t  
of t o l e r a n c e  du r ing  system monitor ing.  The computer program 
can respond t o  t h i s  cond i t ion  i n  t w o  b a s i c a l l y  d i f f e r e n t  ways: 
(1) branch t o  a d i a g n o s t i c  program immediately,  o r  ( 2 )  n o t e  
which parameters  are a t  f a u l t  and d e l a y  d i a g n o s i s  u n t i l  a l l  
remaining parameters  i n  t h e  monitor loop  have been t e s t e d .  

The f i r s t  approach h a s  t h e  advantage of s t a r t i n g  
t rouble-shoot ing  procedures  as soon as p o s s i b l e .  However, t h e  
monitor loop  may be i n t e r r u p t e d  t o  do t h i s .  A s  a r e s u l t ,  t h e  
handl ing  of more ser ious-problems may be unacceptably delayed,  
p a r t i c u l a r l y  i f  the d i a g n o s t i c  t e s t i n g  became lengthy  and i n -  
volved. Furthermore,  knowing a l l  t h e  parameters  t h a t  are o u t  of 
t o l e r a n c e  may f a c i l i t a t e  d i agnos i s .  Therefore ,  t h e  second approach, 
namely n o t i n g  which parameters are a t  f a u l t  and handl ing  d i a g n o s t i c s  
l a t e r ,  i s  p r e f e r a b l e .  T h i s  n o t a t i o n  p rocess  could be as s imple as 
s t o r i n g  i n  a table t h e  index t h a t  i d e n t i f i e s  t h e  parameter ,  a long  
wi th  data t o  d e s i g n a t e  which l i m i t  t h e  parameter w a s  found t o  exceed,  
and whether t h e  problem i s  an a c t u a l  one based on c u r r e n t  va lues  
o r  an a n t i c i p a t e d  one based on t r e n d  a n a l y s i s .  

When t h e  checkout program w a s  f i n a l l y  a t  t h e  end o f  t h e  
monitor loop ,  the f i r s t  t a s k  of t h e  d i a g n o s t i c  program would be 
t o  e v a l u a t e  t h e  f a i l u r e  cond i t ions  t h a t  w e r e  found. Another 
sampling of parameters  may be called f o r ,  t o  determine whether 
the out-of - to l e rance  va lue  w a s  r e p e a t a b l e  or merely a t r a n s i t o r y  
phenomenon. Even a t r a n s i t o r y  phenomenon would be noted:  I t  
may i n d i c a t e  problem areas l i k e  no i se  s e n s i t i v i t y ,  f a u l t y  s e n s o r s ,  
or i n s t an taneous  over load ,  which, although n o t  g e n e r a l l y  a cause 
f o r  alarm, should s t i l l  be corrected. I f  t h e  program determined 
t h a t  a f a i l u r e  had indeed occurred ,  t h e  s e r i o u s n e s s  of the f a i l u r e  
would a l s o  be assessed, and a warning of dangerous cond i t ions  
would be given t o  t h e  c r e w  i f  necessary .  When m u l t i p l e  f a i l u r e s  
w e r e  p r e s e n t ,  another  task f o r  t h e  d i a g n o s t i c  program would be the  
assignment of p r i o r i t i e s  f o r  handl ing  t h e m .  

Using t h e  i d e n t i f i c a t i o n  of an out -of - to le rance  parameter 
as a key,  the d i a g n o s t i c  program would determine which tes t  r o u t i n e  
should be c a l l e d ,  and would i n i t i a t e  l oad ing  t h a t  r o u t i n e  f r o m  
secondary memory i f  it w e r e  n o t  a l r eady  i n  the  main computer memory. 
The d i a g n o s t i c  program would a lso determine whether t h a t  r o u t i n e  
r equ i r ed  a d d i t i o n a l  parameters and, i f  so,  would sample and process  
them. Next, t h e  monitor loop would be  a d j u s t e d  t o  i n h i b i t  the 
sampling and t e s t i n g  of ou t -of - to le rance  parameters i n  t h e  loop 
u n t i l  t h e  cause of t h e  problem w a s  found. 

The t ransmiss ion  or  s t o r a g e  of checkout data would also 
be i n i t i a t e d .  Even i f  the  data w e r e  s t o r e d  f o r  p o s s i b l e  l a te r  . 
t ransmiss ion ,  information d e s c r i b i n g  t h e  t r o u b l e  could be  s e n t  t o  
t h e  ground. 
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4.5.2 I n i t i a t i o n  of Diagnos t i c  T e s t i n g  

A s  mentioned i n  S e c t i o n  3 . 2 ,  d i a g n o s t i c  t e s t i n g  would 
s t a r t  wi th  p a s s i v e  tests and would proceed t o  a c t i v e  tests only 
i f  the p a s s i v e  tests f a i l e d  t o  i s o l a t e  t h e  t r o u b l e .  The f i rs t  
tests,  whether active o r  p a s s i v e ,  may be arranged t o  give a 
quick look a t  the  system so t h a t  t h e  a s t r o n a u t s  could b e  advised  
t o  t e rmina te  t h e  mis s ion ,  s w i t c h  t o  a backup mode, o r  w a i t  f o r  
f u r t h e r  d i a g n o s t i c  t e s t i n g  before dec id ing  what course  of a c t i o n  
t o  fo l low.  Ground n o t i f i c a t i o n  may also b e  involved i n  some 
i n s t a n c e s .  

Besides t h e  de l ays  i n  execu t ion  t h a t  a r e  i m p l i c i t  i n  
real  t i m e  communication w i t h  t h e  c r e w  o r  t h e  ground, an a c t i v e  
d i a g n o s t i c  program would exper ience  de l ays  i n  c a r r y i n g  o u t  i t s  
tes t  procedures .  When a s t imu lus  i s  a p p l i e d ,  t h e  computer would 
normally w a i t  a s p e c i f i e d  l eng th  of t i m e  b e f o r e  t a k i n g  measure- 
ments i n  a system. With mechanical systems l i k e  the  EC/LSS, such 
de lays  may be a number of seconds o r  even minutes i n  d u r a t i o n .  
I t  would be  i m p r a c t i c a l ,  i f  n o t  o p e r a t i o n a l l y  imposs ib le ,  t o  
suspend computer a c t i v i t i e s  du r ing  t h e s e  pe r iods  o f  d e l a y .  
Therefore, the d i a g n o s t i c  r o u t i n e s  must be designed t o  t ime-share 
t h e i r  func t ions  w i t h  other computer t a s k s .  S ince  monitor ing of 
s p a c e c r a f t  systems would normally be r e q u i r e d  on a r a t h e r  cont in-  
uous bas i s ,  t h e  monitor  program would be given h i g h e s t  p r i o r i t y ,  
and d i a g n o s t i c  tasks would be i n t e r l e a v e d  between monitor ing 
ope ra t ions .  However, a h igh ly  c r i t i c a l  f a u l t  could cause these 
p r i o r i t i e s  t o  be reversed. 

The monitor loop  could be s ta r ted  p e r i o d i c a l l y  through 
t h e  a c t i o n  of an i n t e r r u p t  t h a t  a rose  e i ther  from an i n t e r n a l  
t i m e r  o r  from some e x t e r n a l  t iming device .  O t h e r  t iming s i g n a l s  
a c t i v a t i n g  t h e  proper  i n t e r r u p t s  could i n d i c a t e  the end of a 
de lay  p e r i o d ,  such as might be desired fo l lowing  t h e  a p p l i c a t i o n  
of a s t imulus .  Input-output  process ing  w i t h  i n t e r r u p t s  has been 
i n  use fo r  many y e a r s  a l r eady ,  and could be expected t o  be a v a i l -  
able on t h e  spaceborne computer. Emergency c o n d i t i o n s ,  s i g n a l e d  
by monitor ing dev ices  t h a t  o p e r a t e  independent ly  of t h e  computer, 
could a lso be handled through i n t e r r u p t s .  

4.5.3 Summary 

Developing t h e  so f tware  f o r  i n f l i g h t  checkout may be a 
l a r g e  problem. To d a t e ,  multiprogram systems have posed a number 
of p e c u l i a r  d i f f i c u l t i e s ,  and t h e  checkout program i s  n o t  l i k e l y  
t o  be any b e t t e r .  The s i t u a t i o n   may be f u r t h e r  complicated by 
t h e  l a r g e  amount of s h a r i n g  t h a t  t h e  checkout program e n t a i l s :  
Input-output  dev ices ,  d a t a ,  and program segments. 
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Addi t iona l  d i f f i c u l t i e s  may ar ise  when f u l l e r  s p e c i f i -  
c a t i o n s  f o r  s p a c e c r a f t  systems a l low a b e t t e r  d e f i n i t i o n  of t h e  
de t a i l s  of d iagnos ing  a system, such as: 

1. Which parameters  should be tested,  i n  what sequence, 
and how o f t e n ?  

2.  What happens when some parameters  are w i t h i n  t o l e r a n c e  
whi le  o t h e r s  are not?  How should d i f f e r e n t  parameters  
w i t h i n  a system be c o r r e l a t e d ?  How should c o n f l i c t s  
i n  data be reso lved?  

3 .  How do o t h e r  s p a c e c r a f t  systems re la te  t o  t h e  observed 
cond i t ions?  How can data  f r o m  v a r i o u s  systems be 
c o r r e l a t e d  t o  determine whether an  out -of - to le rance  
c o n d i t i o n  i s  caused by a mal func t ion  o r  f a i l u r e ,  o r  i s  
t h e  r e s u l t  of some unusual b u t  accep tab le  occurrence? 

4 .  What should t h e  checkout program do i f  it cannot  
i so la te  t h e  cause of t h e  f a i l u r e ?  

Decis ions made i n  t h e s e  problem areas could s i g n i f i c a n t l y  
a f f e c t  t h e  sof tware  des ign ,  and should,  t h e r e f o r e ,  be r e so lved  a t  
an e a r l y  s t a g e  of sof tware  development. 

5 .0  EARTH ENTRY MODULE 

The e n t r y  module t h a t  t h e  crew w i l l  u se  t o  r e t u r n  t o  
Ear th  may p r e s e n t  some s p e c i a l  checkout problems. Although t h e  
module would be unoccupied most of t h e  t i m e ,  an estimated 50-100 
parameters  would need t o  be monitored t o  i n s u r e  t h a t  no unsafe  
cond i t ions  went unnot iced.  If t h e  module i s  normally k e p t  active,  
it could monitor and diagnose i t s  own systems, i n  e s s e n t i a l l y  
t h e  same manner as t h e  space s t a t i o n .  However, t o  conserve power 
and prolong t h e  systems'  l i f e t i m e s ,  t h e  e n t r y  module may normally 
be kep t  i n  a dormant cond i t ion  u n t i l  j u s t  b e f o r e  i t  w a s  t o  re- 
t u r n  t o  Earth.  During t h i s  qu ie scen t  pe r iod ,  t y p i c a l l y  t w o  t o  
f o u r  months i n  d u r a t i o n ,  data from senso r s  on board t h e  module 
would be rou ted  t o  t h e  space s t a t i o n  where, f o r  checkout purposes ,  
t h e  module could be treated as another  ope ra t ing  system. 

A normally dormant module would r e q u i r e  s o m e  s p e c i a l  
tests i n  a d d i t i o n  t o  monitoring. P e r i o d i c a l l y ,  one or m o r e  c r e w  
m e m b e r s  would e n t e r  t h e  module and conduct power-on checks of a t  
least  some systems. J u s t  b e f o r e  use  for  e n t r y ,  an ex tens ive  
checkout would be done. The space s t a t i o n  computer could assist 
i n  t h e s e  checkout t a s k s .  However ,~using t h e  e n t r y  module computer 
has t h e  advantage of keeping t h e  checkout program wi th  t h e  v e h i c l e ,  
thereby  reducing  i n t e r f a c e  problems between t h e  module and t h e  
space s t a t i o n .  
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Addi t iona l  compl ica t ions  i n  checkout r e s u l t  from t h e  
p o s s i b l e  use  of t h e  e n t r y  module as an escape  v e h i c l e ,  t o  be 
boarded by t h e  c r e w  members i f  they  must l e a v e  t h e  space  sta- 
t i o n  under emergency c o n d i t i o n s .  The module may remain docked 
t o  t h e  s t a t i o n ,  b u t  an appa ren t ly  dangerous s i t u a t i o n  could 
f o r c e  t h e  c r e w  t o  undock and move o f f  t o  a s a f e  d i s t a n c e .  

I n  an emergency, t h e  f i r s t  checkout f u n c t i o n  would be 
an assessment of t h e  s t a t u s  of t h e  space  s t a t i o n ,  t o  determine 
whether t o  abandon it and r e t u r n  t o  E a r t h ,  o r  t o  w a i t  u n t i l  it 
can be  made h a b i t a b l e  aga in .  Unless t h e  s t a t i o n  exper iences  a 
c a t a s t r o p h i c  f a i l u r e  as a r e s u l t  of f i r e ,  exp los ion ,  o r  heavy 
meteoroid damage, t h e  d e c i s i o n  t o  abandon t h e  s t a t i o n  o r  n o t  
may r e q u i r e  some degree  of checkout d i r e c t e d  by t h e  c r e w  from 
t h e  e n t r y  module. I f  t h e  checkout system on board t h e  s t a t i o n  
were f u n c t i o n i n g ,  it could be directed t o  t e s t  t h e  s t a t i o n .  
A l t e r n a t i v e l y ,  a number of key parameters  r e l a t e d  t o  t h e  h a b i t -  
a b i l i t y  of t h e  s t a t i o n  would be s e n t  t o  t h e  e n t r y  module, e i t h e r  
through a d i r ec t  connect ion o r ,  i f  undocked, by means of a tele- 
metry l i n k ,  f o r  process ing  by t h e  e n t r y  module computer. 

I f  t h e  d e c i s i o n  i s  made t o  abandon t h e  s t a t i o n ,  t h e  
e n t r y  module computer should conduct some checkout of t h e  module, 
a t  least  t o  assess i t s  performance c a p a b i l i t i e s  so t h a t  t h e  c r e w  
w i l l  be able t o  select  an a p p r o p r i a t e  t a r g e t  landing  s i te .  

T h e  preceding paragraphs show t h e  many checkout con- 
t i n g e n c i e s  t h a t  could arise w i t h  r ega rd  t o  t h e  e n t r y  module. 
To deal e f f e c t i v e l y  w i t h  t h e s e  v a r i o u s  s i t u a t i o n s ,  t h e  computers 
and a s s o c i a t e d  equipment on both  t h e  e n t r y  module and t h e  space  
s t a t i o n  must g i v e  a t t e n t i o n  t o  such f a c t o r s  as which systems 
are i n  o p e r a t i o n ,  where c o n t r o l  i s  o r i g i n a t i n g ,  how data i s  
being rou ted ,  what process ing  should be done, and what should 
be done wi th  the  r e s u l t s .  Providing t h e  r e q u i r e d  c a p a b i l i t y  
may raise some s e r i o u s  problems t o  be so lved  i n  t h e  des ign  of 
both hardware and sof tware .  

6 . 0  CONCLUDING REMARKS 

The s t u d i e s  r epor t ed  he re  show t h a t ,  a l though l a r g e  
numbers of tes t  p o i n t s  may be involved,  t h e  i n f l i g h t  checkout 
requirements  of a m i d - 7 0 ' s  space  s t a t i o n  are w e l l  w i t h i n  t h e  
memory and speed c a p a b i l i t i e s  of p r e s e n t  onboard computer sys- 
t e m s .  Over 2500 tes t  p o i n t s  could be handled wi th  p r e s e n t  
computers, and as many as 1 0 , 0 0 0  could be considered f e a s i b l e  
f o r  f u t u r e  computers. These l a r g e  numbers of tes t  p o i n t s  re- 
q u i r e  e x t e n s i v e  i n t e r f a c e  equipment t o  handle  t h e  computer 
i n p u t s  and o u t p u t s ,  b u t  no s e r i o u s  problems are fo reseen  i n  
provid ing  such c a p a b i l i t y .  
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Routine monitoring of operating systems can be highly 
automated, but the crew should conduct periodic inspections for 
abnormal conditions. Details of diagnostic testing can also be 
handled automaticlly, with the approval and under the overall 
supervision of the crew. 

However, the need to perform diagnostic testing, 
particularly that requiring the application of stimuli to failed 
or failing systems, can greatly complicate the checkout program 
and may introduce special problems in software design, like time 
delays, multiprogram operation, and multilevel interrupt proces- 
sing. It is important that these problems be anticipated and 
resolved at an early stage in the development of the checkout 
program. 

A dormant entry module should be monitored by the 
space station for safety purposes, but a normally active module 
could monitor itself. In either case, if an emergency arises, 
the entry module must provide a capability for conducting some 
testing of the space station to assess the seriousness of the 
situation, and must also be able to perform some checkout of 
itself to determine its operational capabilities. 

1031-JRB-gdn J. R. Birkemeier 

Attachments 
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TABLE 1 

AIRCRAFT CHECKOUT SYSTEMS 

MADAR FOR C-5A ILAAS FOR A-7 I 1 

' Lockheed Design 

C e n t r a l  Computer 

Cont ro l  

Passive Only, N o  S t i m u l i  

' Analog Mul t ip lex ing  

and Routing 

P r i o r i t y  Logic t o  

D i r e c t  C r e w  i n  

Mul t ip le  F a i l u r e s  

1 P r i n t e d  Messages f o r  

F l i g h t  C r e w  

Short-Term Trend 

Analys is  f o r  

F a i l u r e  P r e d i c t i o n  

I Sperry-Rand P r i m e  

1 B u i l t - I n  T e s t s  a t  

1 Modular Level 
1 

f P e r i o d i c  Local S t i m u l i  
! 

i D i s c r e t e  S t a t u s  Data i 
f 
l Routing 
i 

, Automat ic  Operat ion 

: with  Degraded 

' C a p a b i l i t y  

S t a t u s  Displays f o r  

F l i g h t  C r e w ,  Latching 

Malfunction I n d i c a t o r s  

f o r  Ground C r e w  

. N o  Trend Analysis  

i 
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TABLE 2 

SPACECRAFT CHECKOUT SYSTEMS 

I 

MARTIN OCS (MSC) RCA OCS (GRUMMAN) 
I I 

L a b  Model Developed, Study Program 

F l i g h t  Packaging Now 

General-Purpose Checkout Checkout Requirements f o r  

C a p a b i l i t y  f o r  OWS Large Space S t a t i o n  

Act ive ,  Pass ive ,  F l e x i b l e  Heavy Rel iance on 

Control  Pass ive  Monitoring 

Cen t ra l i zed  St imulus Local S t i m u l i  Wherever 

Generation Practical  

Programmable by F l i g h t  Program Changes v i a  

C r e w  D a t a  Uplink 
I 



START 

I N IT1 ALI ZATl ON 

BYPASS FOR 
PARAMETERS 
NOT SAMPLED' 

PARAMETER SAMPLING 

LOOP CONTROL 
7, 0, 0" 

1 

I LIMIT TESTING 
92, 35, 12" 

"THESE THREE VALUES INDlCATE RESPECTIVELY: 

(1) THE NUMBER OF INSTRUCTIONS STORED 
(2) 
(3) THE NUMBER OF ARRAYS OF PARAMETER DATA 

THE NUMBER OF PROGRAM VARIABLES AND CONSTANTS 

FIGURE 1 - TYPICAL CHECKOUT PROGRAM-OVERALL PROGRAM FLOW 



- -- START 

NSAMP(I1 = 0 

NTRND(I1 = 0 
NSKIP(I) = NCYC(I) 

4,3.0 I ITREND = 0 
I = 1  

INITIALIZATION 
(17,4,5) 

PARAMETER 
SAMPLING 

I I 
2,O.O 

I = 1  (24,7,3) 

16,5,3 

r 
WRITE WORD: PARMAD (1) 
READ WORD: XlNP 
WAIT FOR INPUT COMPLETION 
EXTRACT XMEAS FROM XlNP 
X = XMEAS"SCALE(I)+BIAS(I) 
NSAMP(I) = NSKIP(I) 
IPN = 4"l-3 . 

LOW CONTROL 
(7,O.O) 

-------------c-----------..--.----- 

FIGURE 2 - TYPICAL CHECKOUT PROGRAM~INITIALIZATION, PARAMETER SAMPLING, AND LOOP CONTROL 



(92, 35, 12) 

t WRITE WORD: CHI 
PRINT: PARAM. NAME, 

NCWE4I) = 2 
CAUTION HIGH MESSAGE 

/ 

NO 

WRITE WORD: CLO 
PRINT: PARAM. NAME, 

NCWE(I) = 1 
CAUTION LOW MESSAGE 

WRITE WORD: EHI(I) 
PRINT: PARAM. NAME, ), I EMERGENCY-HIGH MESSAGE I 
NCWE(I) = 6 

\ / r  1 

t WRITE WORD: WHI 
PRINT: PARAM. NAME, 

NCWE(I) = 4 
WARNING HIGH MESSAGE 

I 1 

# NO 8,4,1 I NO 

WRITE WORD: ELO(I) 
PRINT: PARAM. NAME, ), I EMERGENCY LOW MESSAGE t 
NCWE(I) = 5 < NCWE(I) > YES 

8.5.0 

I WRITEWORD: WLO I 
PRINT: PARAM. NAME, 

NCWE(I) = 3 
WARNING LOW MESSAGE 

I 

6,4,0 

PRINT: PARAM. NAME, 
NO RETURN-TO-NORMAL MESSAGE 

rn 
FIGURE 3 - TYPICAL COMPUTER PROGRAM-LIMIT TESTING 



(137,31,9) 

10,0,9 

33,12,0 

A (9*X + 7*Xl(l)+--- 
-9*X9(1)) /I65 

15,3,0 
t 

B = (X+XI(l)+--- 
+X9(1) )/10-5.5*A 

8.4,O 

PRINT: PARAM. NAME, 
END OF TREND MESSAGE 
NTRND(I1 = 0 
NSKIP(I) = NCYC(I1 

PRINT PARAM. NAME. 
HIGH TREND MESSAGE 

PRINT. PARAM. NAME, 
LOW TREND MESSAGE 
NTRND(I1 = 1 

FIGURE 4 -TYPICAL COMPUTER PROGRAM - TREND ANALYSIS 
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FIGURE 5 - ESTIMATED MEMORY REQUIREMENTS 
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FIGURE 6 - ESTIMATED SPEED REQUIREMENTS 
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GLOSSARY O F  COMPUTER PROGRAM VARIABLES 

I T R E N D  

I 

NSAMP ( I )  

NCWE ( I )  

N T R N D ( 1 )  

N S K I P  ( I )  

NCY C ( I 

NPARAM 

PARMAD ( I ) 

X I N P  

XMEAS 

SCALE ( I )  

BIAS ( I )  

- Contro l  f o r  t r e n d  a n a l y s i s :  
0 means f i r s t  pass  through loop  i s  n o t  complete. 
1 means f i r s t  pass  i s  complete. 

- Index f o r  parameter d a t a  a r r a y s  
(1 I - < 183 f o r  EC/LSS) 

- Counter s p e c i f y i n g  t h e  number of loops t o  bypass 
b e f o r e  sampling t h e  I t h  parameter .  
( 0  - < NSAMP(1) - < N S K I P ( 1 ) )  

- Number i n d i c a t i n g  a s p e c i f i c  ou t -of - to le rance  
cond i t ion  f o r  t h e  I t h  p a r a r e t e r :  
0 means no t r o u b l e .  
1 means cau t ion  low. 
2 means cau t ion  high.  
3 means warning l o w .  
4 means warning h igh .  
5 means emergency low. 
6 means emergency high.  

- Number i n d i c a t i n g  a s p e c i f i c  t r e n d  cond i t ion  f o r  
t h e  I t h  parameter:  
0 means no t r e n d  cond i t ions  of concern.  
1 means l o w  t r e n d .  
2 means high t r e n d .  

- I n i t i a l i z i n g  va lue  f o r  NSAMP(1) 

- I n i t i a l i z i n g  va lue  f o r  N S K I P ( I ) ,  used t o  restore 
N S K I P ( 1 )  a f t e r  a t r e n d  cond i t ion  passes .  

- Number of parameters (183 f o r  EC/LSS) 

- Parameter mul t ip l exe r  address  word t o  i n i t i a t e  
sampling of  t h e  I t h  parameter 

- I n p u t  word r ece ived  i n  sampling 

- Parameter (measurement) p o r t i o n  of  X I N P .  

- Scale f a c t o r  f o r  conve r t ing  XMEAS t o  t h e  d e s i r e d  
u n i t s  of t h e  I t h  parameter i n  t h e  program. 

t h e  I t h  parameter.  
- S h i f t  app l i ed  t o  converted measurement d a t a  f o r  
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I P N  - Index f o r  four-word a r r a y s  con ta in ing  parameter  
names 

C A H I ( 1 )  - Caution h igh  t h r e s h o l d  f o r  the Ith a m  

W A H I ( 1 )  - Warning h igh  th re sho ld  for  t h e  Ith parameter 

EMHI ( I )  - Emergency high t h r e s h o l d  for  t h e  I t h  parameter 

E H I  (I)  - Emergency h igh  o u t p u t  word f o r  t h e  I t h  parameter  
i n  t h e  system 

WH I - Warning h igh  o u t p u t  word f o r  t h e  system 

C H I  - Caution high o u t p u t  w o r d  for t h e  system 
( s i m i l a r l y  f o r  C A L O ( I ) ,  W A L O ( I ) ,  e tc . ,  f o r  low 
cond i t ions )  

X l ( I ) * * * X 9 ( 1 ) -  Nine consecut ive  prev ious  va lues  of t h e  I t h  
parameter (Xl(1) i s  m o s t  r e c e n t ) .  

A - Slope of l ea s t - squa res  s t r a i g h t  l i n e .  

B - I n t e r c e p t  of l ea s t - squa res  s t r a i g h t  l i n e .  

EPSA - Threshold of A ,  such t h a t  (-EPSA < A <EPSA) 
i s  cons idered  "no t r e n d  cond i t ion  of concern''. 

CROSS - P o i n t  a t  which t h e  f i t t e d  l i n e  i n t e r s e c t s  t h e  
cau t ion  low threshold  ( i f  A < 0 )  o r  t h e  cau t ion  
high t h r e s h o l d  ( i f  A > 0 )  

LOWAIT - The va lue  of CROSS, f o r  A < 0 ,  above which 
"no t r e n d  cond i t ion  of concern" i s  .assumed 

H I W A I T  - The va lue  of CROSS,  f o r  A > 0 ,  above which 
"no t r e n d  cond i t ion  of concern" i s  assumed 


