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ABSTRACT 
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The percen tage  of  c i r c u i t  a v a i l a b i l i t y  t ime,  t h e  
p r o b a b i l i t i e s  of  c i r c u i t  i n t e r r u p t i o n s  r e s u l t i n g  i n  t o t a l  
channel  ou tages ,  and probable  e r r o r  r a t e s  f o r  d a t a  t r a n s -  
miss ion  were cons idered  f o r  vo ice  bandwidth c i r c u i t s  ( i nc lud -  
ing t e l e t y p e  and h igh  speed d a t a ) ,  and wideband d a t a  channels  such  
as a r e  planned f o r  communications i n  t h e  Apollo Network. Most of I 

t h e  b a s i c  i n fo rma t ion  analyzed was obta ined  from GSFC and NASA 
documents on t h e  p a s t  performance of NASA communication networks 
p r i m a r i l y  f o r  t h e  pe r iods  du r ing  space missons. 

From t h e s e  d a t a ,  w i th  t h e  excep t ion  of high f r equency1  
- (HF) r a d i o  c i r c u i t s ,  i t  was e s t ima ted  t h a t  t h e  average r e l i a b i l i t y  

f o r  non redundant channels  of t h e  Apollo Manned S p a c e f l i g h t  Network 
can be expected t o  be h igh  f o r  s h o r t  cont inuous use  (.about 99.7 

. p e r c e n t  f o r  one h o u r ) ,  and t h a t  t h e  p r o b a b i l i t y  of  a complete , 

channe l  outage i n c r e a s e s  wi th  t ime r e s u l t i n g  i n  lower r e l i a b i l i t y  
(about  92.7 pe rcen t  f o r  24  h o u r s ) .  E r r o r  r t e s  f o r  d a t a  t r a n s -  
miss ion  were e s t i m a t e d  t o  b e '  low (one i n  105 b i t s '  o r  l e s s ) .  
Redundant channels  appeared t o  be j u s t i f i e d  f o r  very impor tan t  
f u n c t i o n s ,  p r e f e r a b l y  over  geograph ica l ly  d i v e r s i f i e d  f a c i l i t y  
r o u t e s .  The . c a l c u l a t e d  r e l i a b i l i t y  i s  99.9 p e r c e n t  that i t  .least 
one ,of  two .channe ls  w i l l  ' be  an o p e r a t i n g  : & a t e  #at; .any t . tme1 'ut i1 iging 
two independent routes: . I . . . . .. - d 
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TZCXNICAL MENORANDUM 

1 . 0  INTRODUCTION I 
I 

It i s  w e l l  r e c o g n i z e d  t h a t  adequa te  communications 
between s i t e s  o f  t h e  Apol lo  MSFN have a d i r e c t  r e l a t i o n s h i p  
t o  t h e  p r o b a b i l i t y  of m i s s i o n  s u c c e s s  and crew s a f e t y ,  S i n c e  
t h e  p r o b a b i l i t y  o f  a n  ou tage  i n  a communication network i s  
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  p e r i o d  o f  c o n t i n u e d  u s e ,  t h e  
r e l i a b i l i t y  o f  t h e  network i s  o f  i n c r e a s i n g  concern  w i t h  t h e  
a d v e n t  o f  t h e  l o n g e r  d u r a t i o n  m i s s i o n s  such  a s  Gemini and Apol lo ,  

The i n t e r s i t e  communications o f  t h e  Apol lo  MSFM comprise  
e s s e n t i a l l y  a world-wide p r i v a t e - l i n e  network made up f o r  t h e  
most p a r t  o f  commercial t y p e  c i r c u i t s  i n  t h e  wor ld  wide commercial  
communication f a c i l i t i e s .  The r e l i a b i l i t y  o f , t h e  Apol lo  MSFN i s  
t h u s  c i o s e l y  r e l a t e d  t o  t h e  q u a l i t y  and q u a n t i t y  o f  t h e s e  
f a c i l i t i e s .  Communication r e l i a b i l i t y  may be  c o n s i d e r e d  as a 
measure o f  a b i l i t y  t o  t r a n s p o r t  i n f o r m a t i o n  when r e q u e s t e d ,  
w i t h i n  a d e s i r e d  t i m e  i n t e r v a l  and w i t h  a d e s i r e d  d e g r e e  o f  
a c c u r a c y .  These p a r a m e t e r s  a r e  seldom p r e c i s e l y  d e f i n e d ,  and 
when t h e y  a r e ,  t h e i r  r e l a t i o n  t o  a p a r t i c u l a r  p h y s i c a l  ne twork 
a r e  p robab ly  b e s t  de te rmined  by a c t u a l  measurements ,  Even s o ,  
t h e  r e l i a b i l i t y  may v a r y  w i t h  t ime  depending upon many f a c t o r s  
s u c h  as t h e  f o l l o w i n g :  (1) p a r t i c u l a r  u n i t s  o f  equipment a s s i g n e d  
t o  a c i r c u i t  a t  a g i v e n  t i m e ,  ( 2 )  C a c i l i t y  r o u t i n g ,  ( 3 )  wea the r ,  - 
(4) human e r r Q r ,  ( 5 )  message l o a d i n g ,  ( 6 )  equipment  f a i l u r e s ,  
( 7 )  p r o t e c t i o n  ( i . e .  backup) c h a n n e l s  a v a i l a b l e  and p r o t e c t i o n  
s w i t c h i n g  a r r a n g e m e n t s ,  ( 8 )  q u a l i t y  o f  maintenance ,  ( 9 )  d i u r o a l  
v a r i a t i o n  o f  r a d i o  p r o p a g a t i o n ,  ( 1 0 )  t y p e  o f  f a c i l i t y  and i t s  
c o n d i t i o n .  Thus d e t e r m i n i n g  a s i n g l e  o v e r a l l  r e l i a b i l i t y  f i g u r e  
f o r  a communication f a c i l i t y  o r  f o r  a p a r t i c u l a r  p r i v a t e  l j n e  
ass ignment  w i t h i n  a f a c i l i t y  i s  a v e r y  complex problem. B a t h e r  
t h a n  a t t e m p t  t o  d e r i v e  such  a f i g u r e ,  i t  i s  more r e a s o n a b l e  t o  
d i s c u s s  s i g n i f i c a n t  a s p e c t s  o f  r e l i a b i l i t y  and a r r i v e  a t  a r a n g e  ., 
o f  v a l u e s .  



n.- ,,,e . o a s i c  coxinunicz t ion  f a c i l i t i e s  f o r  t h e  A p o l l o  
i ~ t e r s i t e  coni;;cur,lcation network w i l l  c o n s i s t  o f  m i c r o w a v e l r a d i o  
r e i a y s ,  Land l i r . e s ,  and u n c e r s e a  c a b l e s  t o  a l l  l a n d  s i t e s  e x c e p t  
k s c e ~ s l o n  I s l a n d  f o r  . ,c p r i x a r y  ( f i r s t  c h o i c e )  r o u t i n g ,  
Ceographr ; ca l ly  c i v e r s l ; ' l e a  f i r s t  c h o i c e  communicat ion f a c i l i t i e s  
&re & l s o  a v a i l a j l e  o r  p l a n n e d  g e n e r a l l y  w i t h i n  t h e  c o n t i n e n t a l  
*. b n i t e d  S t ; t e s  and by u n d e r s e a  c a b l e s  t o  Europe ,  A u s t r a l i a  and  
E a w ~ i i .  i i ign frequeficy ( 2 3 )  r a d i o  i s  t h e  p r e s e n t  p r i m a r y  f a c i l i t y  
f o r  s h i p s ,  a i r c r z f t ,  and Ascens ion  I s l a n d  and ,  t o  some e x t e n t ,  
p r o v i d e s  f o r  backup c i r c u i t s  t o  a l l  l a n d  s i t e s  e x c e p t  t h o s e  i n  t h e  
c o n t i r ~ e n t a l  U n i t e d  S t a t e s .  T h i s  memorandum c o n s i d e r s  t h e  r e l i a b i l i t y  
of f h c i l i t i e s  when used  f o r  wideband d a t a ,  h i g h  s p e e d  d a t a ,  v o i c e ,  
and t e l e F y p e .  P o s s i b l e  d a t a  t r a n s m i s s i o n  e r r o r  r a t e s  o v e r  
o p e r a t i n g  c i r c u i t s ,  as w e l l  as t o t a l  c h a n n e l  o u t a g e s  a r e  d i s c u s s e d .  
The per formance  o f  KF r a d i o  c i r c u i t s  i s  t r e a t e d  s e p a r a t e l y .  Most 
of  t h e  b a s i c  data f o r  t h i s  r e l i a b i l i t y  a n a l y s i s  was o b t a i n e d  from 
Goddard Space  F l i g h t  C e n t e r  and NASA documents .  

ft w&s f s u h d  f o r  fiicrvjwave arid h a ~ d  wire facilities 'chat t h e  
c h a n n e l  a v a i l a b i l i t y  ( t h e  r a t i o  of s a t i s f a c t o r y  o p e r a t i n g  t i m e  t o  
s c h e d u l e d  o p e r a t i n g  t i m e )  i s  c o n s i s t e n t l y  abou t  99 p e r c e n t  o r  b e t t e r  
f o r  v o i c e  bandwidth  c i r c u i t s ,  ( i n c l u d i n g  h i g h  speed  d a t a  and  
t e l e t y p e  c i r c u i t s ) .  The a v a i l a b i l i t y  o f  wide band d a t a  c i r c u i t s  
was a l s o  found t o  be  99  p e r c e n t  o r  b e t t e r .  

From c o n s i d e r a t i o n  o f  t h e  d a t a  t r a n s m i s s i o n  e r r o r  r a t e ,  
n i g h  s p e e d  d a t a  ( a b o u t  2 .0  k i l o b i t s  p e r  s e c o n d )  may be  e x p e c t e d  
t o  have  an  e r r o r  r a t e  o f  a b o u t  10-5 o r  l e s s .  Wideband d a t a  may b e  
t r a n s m i t t e d  o v e r  t r a n s c o n t i n e n t a l  d i s t  n c e s  w i t h i n  t h e  U n i t e d  
S t a t e s  w i t h  an  e r r b r  r a t e  o f  abou t  o r  less f o r  o v e r  98% o f  
t h e  t i m e .  

R e l i a b i l i t y ,  i n  accordance  w i t h  MIL-STD-188B, was 
d e f i n e d  as t h e  p r o b a b i l i t y  o f  an o p e r a t i n g  c h a n n e l  c o n t i n u i n g  
i n  an o p e r a t i n g  s t a t e  ( w i t h o u t  a t o t a l  o u t a g e )  o v e r  a g i v e n  t i m e ,  
I t  was found t h a t ,  f o r  90 p e r c e n t  o f  t h e  t i m e  w i t h  a c o n f i d e n c e  
o f  95 p e r c e n t ,  t h e r e  i s  a p r o b a b i l i t y  o f  80 p e r c e n t  t h a t  a s i n g l e  
t y p i c a l  Apo l lo  v o i c e  bandwidth c i r c u i t  w i l l  n o t  i n c u r  a t o t a l  
o u t a g e  w i t h i n  2 4  h o u r s  o f  a g i v e n  t i m e .  The c o r r e s p o n d i n g  pro-  
b a b i l i t y  f o r  a wideband c i r c u i t  i s  9 1  p e r c e n t .  For  a t e n  day 
m i s s i o n  t i m e ,  any s i n g l e  c h a n n e l  w i l l  have  l i t t l e  chance  o f  
c o n t i n u o u s  o p e r a t i o n  w i t h o u t  a t  l e a s t  one f a i l u r e  r e s u l t i n g  i r ~  . 
a t b t a l  o u t a g e .  



Y,., 4- bwo ckannel  ,-edur,dant o p e r a t i o n ,  i t  is found t h a t  
i-. ,r1e 2 r o ~ ; 5 i l L t y  of  .zt l e z s c  one of t h e  redundant  channe ls  b e i n g  
- '? FLr, G p 2 - O - ' - ' V T  
A . A l  s ~ v r r l U  s t a t e  a t  ~ r . y  tine i s  b e t t e r  t h a n  9'9.9 p e r c e n t  f o r  
vo ice  bar,Cwldth o r  wiCebarLd d a t a  channels .  However, t n i ?  f i g u r e  . - .  . 
i s  1es.s C e r t a i n  f o r ,  t h e  wi2eoand .case:bekause df t'h&- p o s s i b i l i t y  
of  overlapping r e p a i r  t i n e s .  

Cons iderab ie  uncertainty e x i s t s  i n  connec t ion  w i th  
KF r a d i o  f a c i l i t i e s .  While " o p e r ~ t i n g  r a t i o s "  may be f a i r l y  
good, t h e  p r o b a b i l i t y  of  a  chacne l  o p e r a t i n g  over  any 2 4  houri I 

t i n e  p e r i o d  wi thout  an outage aepends u2on t e r m i n a l  l o c a t i o n s  and 
a  number of  wice ly  f l u c t u z t i n g  2arameters  ( i n c l u d i n g  t h e  i o n o s p h e r i c  
p z ~ a x e t e r s ) ,  q&ny of whlch %re  not  under eng inee r ing  c o n t r o l .  
r a d i o  comxunications h&ve f a i l e d  d ~ r i n g . m i s s i o n  t imes  ( e . g . ,  t o  
t h e  P a c i f i c  Corninand s h i p  du r ing  t h e  KA8 Nercury m i s s i o n ) .  1% hijs 
been p r e d i c t e d  ( S e c t i o n  4 .3)  t h a t  d a t a  e r r o r  r a t e s  o f  about  10- 
o r  l e s s  may be ex?ected f o r  90 pe rcen t  of t h e  t ime  ove r  t h e  d i r e c t  
XF c i r c u i t  from Ascension t o  Cape Kennedy. 1 
3 . 0  4 e l i a b i l i t y  C r i t e r i a  

The Goddard Space F l i g h t  Center  i n  t h e i r  "NASCOM 
Network Ground Communications R s l l a b i l i t y  Report"  d e f i n e s  
r e l i a b i l i t y  as t h e  r a t i o  of r e a l i z e d  c i r c u i t  o p e r a t i n g  t ime 

. t o  t h e  t o t a l  scneduled o p e r a t i n g  t ime.  This  d e f i n i t i o n  w i l l  
be used a s  " o p e r a t i n g  r a t i o "  i n  t h i s  memorandum. The o p e r a t i n g  
r z t i o  f o ~  hardwire  c i r c u i t s  has been found t o  be c o n s t a n t l y  hi-gh, 
about 59% o r  b e t t e r .  It i s  one way of exp re s s ing  r e l i a b i l i t y  on e 

a long  term b a s i s ,  and g ives  a  good i n d i c a t i o n  of s e r v i c e  r e c e i v e d  
in an economical  s ense .  It t e l l s  l i t t l e  though,  about t h e  pro- 
b a b i l i t y  of  a c i r c u i t  outage occur ing  d u r i n g  some f u t u r e  e n t i r e  
miss ion  t ime ,  which i s  of  p a r t i c u l a r  i n t e r e s t  f o r  Apol lo ,  

Common c a r r i e r  p r i v a t e  l i n e  c i r c u i t s  g e n e r a l l y  e x i s t ,  
w i t h i n  a s u f f i c i e n t l y  l a r g e  communication faci l3 . tp ;cross  s e c t i o n ,  
such t h a t  one c i r c u ' i t  may be s u b s t i t u t e d  f o r  a n o t h e r  equ iva . len t  
c i r c u i t  f o r  normal maintenance o r  c i r c u i t  r e s t o r a l  i n  c a s e  o f  
ou tage .  Th i s  u s u a l l y  a p p l i e s  f o r  Goice-band, o r  t e l e t y p e  channe l s  
which a r e  normally c a r r i e d  by voice-band c i r c u i t s .  It i s  a l s o  t h e  
c a s e  f o r  d a t a  channe ls  of  about 2400 b i t s  .per second o r  l e s s ,  The 
r e 1 i a b i ; i t y  of such c i r c u i t s  a r e  t h e r e f o r e  n o t  h e a v i l y  Gependent 
upon whether  o r  no t  t h e  c i r c u i t  i s  r e q u i r e d  f o r  f u l l  t i i e  ( 2 4  
hours  p e r  day)  s e r v i c e  o r  some l e s s e r  amount p e r  day. A,lsol, f o r  
t h e s e  c i r c u i t s ,  ou tages  a r e  probably  random i n  n a t u r e ,  



I 

For  h i g h e r  s p e e ~  d a t a  o r  v i d e o  c i r c u i t s ,  which a r e  
s p e c i a l l y  t r e a t e d ,  t h e  s i t u a t i o n  would be d i f f e r e n t ,  s i n c e  
e q u l v z l e n t  s u b s t i t u t e  channe l s  a r e  normal ly  l i m i t e d  f o r  such  
c i r c u i t s .  I n  any c a s e ,  f o r  most c h a n n e l s ,  i t  might  be  e x p e c t e d  
t h a t  once a  c i r c u i t  i s  s e t  up, i t s  t ime  t o  f a i l u r e  would be 
e x p o n e n t i a l  i n  n a t u r e  a s  h a s  been found f o r  most e l e c t r o n i c  
equipments .  C o n s i d e r i n g  t h e  above,  and f o r  t h e  purpose  of 
e s t i m a t i n g  t h e  p r o b a b i l i t y  of a c i r c u i t  o u t a g e ,  and t h e  p r o b a b l e  
o u t a g e  t i m e  as d i s c u s s e d  i n  s e c t i o n s  7 and 8, t h e  f o l l o w i n g  
assumpt ions  were made: 

I I 
( 1 )  C i r c u i t  i n t e r r u p t i o n s  pe r .month  r e s u l t i n g  i n  

comple te  o u t a g e s  may be approximated  by a normal  
d i s t r i b u t i o n  f u n c t i o n .  I 

( 2 )  E s t i m a t e d  t i m e - t o - f a i l u r e  f o r  a t y p i c a l  c i r c u i t ; ,  
w i t h i n  any month may be approximated  by an e x p o n e n t i a l  
f u n c t i o n .  

( 3 )  C i r c u i t  outage-time-per-interruption f o r  t y p i c a l  
, c i r c u i t s  may be approximated  by a normal  d i s t r i -  

b u t i o n  f u n c t i o n .  

(4) It i s  e q u a l l y  p r o b a b l e  t h a t  a t  any t i m e ,  T, any one 
c i r c u i t  o f  a  group o f  ave rage  c i r c u i t s  may f a i l ,  

S n o r t  t ime  i n t e r r u p t i o n s ,  such a s  impulse  n o i s e ,  which a f f e c t  
t h e  q u a l i t y  o f  d a t a  t r a n s m i s s i o n s  a r e  n o t  random i n  n a t u r e ,  It 
h a s  been found t h a t  w h i l e  some impulse  n o i s e  may o c c u r  a t  random 
i n t e r v a l s ,  l o n g  n o i s e  b u r s t s  and c i r c u i t  d r o p o u t s  a l s o  o c c u r ,  
r e s u l t i n g  i n  d a t a  e r r o r  ra tes  which a r e  n o t  p u r e l y  random. Data 
t r a n s m i s s i o n  and p o s s i b l e  e r r o r  r a t e s  w i l l  be d i s c u s s e d .  

* . -  , 4.0 R e l i a b i l i t y  of Genera l  Types !bf_ Communication F a c i l l i t i e s .  . I .  

4 . 1  Microwave Radio Relay 

The r e l i a b i l i t y  o f  microwave r a d i o  r e l a y  depends 
mos t ly  upon t y p e  of equipment ,  sys tem d e s i g n ,  and fade 
marg ins .  A wide ly  used d e s i g n  o b j e c t i v e  f o r  m i c ~ o -  
wave f a d i n g  i s  9 9 . 9 9 %  r e l i a b i l i t y  p e r  hop f o r  t h e  
busy hour  l o a d  c o n d i t i o n s .  F o r  40 hops ,  o r  abou t  
1000 m i l e s ,  which i s  l L k e l y  t o  be i n v o l v e d  i n  many 
Apol lo  i n t e r s i t e  c i r c u i t s ,  t h e  reliability, Rn would 

b e  ( ~ ~ ) ~ = 9 9 . 6 3 1  and does  n o t  i n c l u d e  a l lowance  f o ~  
human e r r o r  o r  equipment f a i l u r e , .  T h i s  figuye :Is a t t a b a b l e  
from a p r a c t i c a b l e '  s t andpo in t - -by  using' pr 'd tec t i .okAchanne l  . 



swi t ch ing  ( o r  frequency d i v e r s i t y )  and a p p l i e s  t o  a l l  
B e l l  System heavy r o u t e ,  long  h a u l  t ype  o f  f a c i l i t i e s ,  
and t o  most l i g h t  r o u t e ,  s h o r t  h a u l  f a c i l i t i e s *  It 
may not  apply  where l i g h t  r o u t e  f a c i l i t i e s  have been 
ob t a ined  on a lowest  b i d  b a s i s  u n l e s s  c a r e  has  been 
e x e r c i s e d  i n  s p e c i f y i n g  t h e  requ i rements  ... 

4.2 Hard Wire 

Hard w i r e  f a c i l i t i e s  may be grouped i n  dec reas -  ' 

i n g  o r d e r  of t h e i r  r e l a t i v e  r e l i a b i l i t i e s  as: (1) under-* 
s e a ,  o r  under ground cab le ;  ( 2 )  a e r i a l  c a b l e ;  and 
( 3 )  open wi re .  Th is  grouping i s  based p r i m a r i l y  upon 
s u s c e p t i b i l i t y  t o  p h y s i c a l  damage. 

It may be expected t h a t  an undersea  c a b l e  o f l t h e  
newer t ypes  w i l l  s u f f e r  damage about once a y e a r ,  A e r i a l  
c ab l e  o r  open wi r e  r o u t e s ,  ing .add i t ion  t o  a c c i d e n t a l  
damage, a r e  s u b j e c t  t o  t h e  weather  e lements  such as 
s l e e t ,  i c e ,  wind and l i g h t n i n g ,  Yearly ou tages  f o r  a l l  . 
ha rd  wi re  f a c i l i t i e s  a r e  s t r o n g l y  dependent on t h e  
c l a s s  o f  c o n s t r u c t i o n  and t h e  geog raph ica l  a r e a ,  and 
w i l l  vary widely f o r  d i f f e r e n t  r o u t e s ,  

4 . 3  High Frequency Radio 

Regardless  of t r a n s m i t t e d  power o r  modulat ion 
t echn iques ,  i t  i s  necessary  t o  change f requency 
p e r i o d i c a l l y  i n  o r d e r  t o  main ta in  communications ove r  
an HF r a d i o  c i r c u i t .  li i s  extremely d i f f i cu2 , t3  i f  
no t  imposs ib le ,  because of  t h e  above f a c t o r ,  t o  pro- 
v ide  cont inuous  s e r v i c e  f o r  long t ime i n t e r v a l s  ove r  
any s i n g l e  HF r a d i o  channel .  Th is  s i t u a t i o n  i.s of 
course  improved by u s i n g  m u l t i p l e  channe ls  combined1 
w i t h  d i v e r s e  geographica l  r o u t e s .  Diverse  r o u t e s  a r e  
p a r t i c u l a r l y  important  f o r  eas t -west  d i r e c t i o n s  due' 
t o  d i u r n a l  v a r i a t i o n s .  F o r e c a s t i n g  of  p rogaga t ion  
c o n d i t i o n s  i s  a l s o  h e l p f u l  i n  o p e r a t i n g  HF r a d i o  I 11 

networks,  and techniques  such a s  i bnosphe r i c  soundings  ii 
have been used t o  determine t h e  optimum f r e q u e n c i e s  
of t r a n s m i s s i o n .  The b e t t e r  o p e r a t i n g  techniq-ues ,  
m g h e r  t r a n s m i t t e r  powers, and improved hardwa.re, 

1 

ti 'R, T. Nichols ,  "Submarine Telephone Cables and I n  er-  
n a t i o n a l  Telecommun~cat ions"  , Rand 'Corporation,  February 1963, 
P *  30.  



a v a i l a b l e  toa,zy , nsve n e v e r t h e l e s s ,  done l i t t l e  t o  
m i t i g a t e  t h e  b a s i c  problems i n h e r e n t  i n  HF r a d i o  t r a n s -  
m i s s i o n  which a r e  l a r g e l y  due t o  t h e  u n c o n t r o l l a b l e  
n a t u r e  o f  t h e  t r a n s m i s s i o n  medium. 

For  Apol lo ,  H F . r a d i o  c i r c u i t s  t o  a i r c r a f t ,  and  
t o  s h i p  l o c a t i o n s  i n  t h e  n o r t h e r n  and s o u t h e r n  a r e a s  
of t h e  A t l a n t i c  and P a c i f i c  Oceans, and t h e  I n d i a n  
Ocean a r e  c u r r e n t  r e q u i r e m e n t s ,  Ascens ion must a l s o  
be  r e a c h e d  by t h i s  t y p e  o f  f a c i l i t y ,  and h a s  MF 
r a d i o  l i n k s  t o  c a b l e  o r  l a n d  l i n e  t e r m i n a l  p o i n t s  a t  
Ant igua  and Cape Kennedy. The A i r  Force  Missle T e s t  
C e n t e r  h a s  r e p o r t e d  h ' g h  r e l i a b i l i t i e s  f o r  t h e  Ascens ion  
c i r c u i t s  ( 9 7  t o  99%). '  However, a  s t a t i s t i c a l  s t u d y  of 
t h e  AFETR c i r c u i t s ,  based  on RCA Radio C i r c u i t  P e r f o r b  
mance Summaries f o r  t h e  f i rs t  e i g h t  months o f  1963,  
i n d i c a t e  much p o o r e r  o p e r a t i o n s .  T h i s  s t u d y  shows f o r  
t h e  Cape Kennedy-Ascension l i n k ,  ~ 2 6 ~ ,  t h a t  t h e  a v e r a g e  
number o,f q u a r t e r - h o u r  o u t a g e s  p e r  day e q u a l e d  1 . 3 ,  b u t  
i n  t h e  t ime i n t e r v a l s  of minus 24 hours  p l u s  2 4  h o u r s  
from l a u n c h  f o r  seven  o r b i t a l  launohes t h e  equivafenk 
o f  43 q u a r t e r - h o u r  o u t a g e s  were r e p o r t e d .  T h i s  would 
be  about  3 . 1  q u a r t e r - h o u r  o u t a g e s  p e r  day o r  o v e r  t w i c e  
t h e  l o n g  t e r m  (212 day)  a v e r a g e .  T h i s  and similar 
a n a l y s e s  on o t h e r  HF r a d i o  l i n k s  l e a  t o  t h e  c o n c l u s i o n s  
o f  t h e  Aerospace s t u d y  which s t a t e d  t h a t  m o n i t o r i n g  
o f  t h e  AFETR HF r a d i o  c i r c u i t s  was undoubtedly  h e a v i e r  
d u r i n g  l a u n c h  t i m e s  and t h u s  d  t a  from t h e  RCA summaries 
c o u l d  l e a d  t o  b i a s e d  o p i n i o n s .  3 

A d e t a i l e d  s t u d y  by NBS, a n a l y z e d  by ITT 
Communications Systems,  I n c . ,  c o n s i d e r e d  p r e d i c t e d  p e r -  
formance o f  1 8  AFETR p o i n t - t o - p o i n t  H P  r a d i o  c i r c u i t s ,  
and a l a r g e  number o f  sh ip - to - shore  l i n k s  f o r  s h i p s  i n  
t h e  n o r t h  and s o u t h  A t l a n t i c  and t h e  I n d i a n  Ocean. 
The Cape Kennedy-Ascension o v e r a l l  r e l i a b i l i t y  was 
e s t i m a t e d  8s. 83%. T h i s  was based  on a d a t a  e r r o r  r a t e  
o f  1 i n  1 0  b i t s ,  7 1  db S/N r a t i o  i n  a one c y c l e  band,  

2 ~ .  M .  Coombs, " T r i p  R e p o r t - B r i e f i n g  on Kinep lex  Data 
T r a n s m i s s i o n  by High Frequency Radio i n  A t l a n t i c  M i s s l e  Range"", 
Bellcomm, I n c .  (August 2 0 ,  1963.). 

3 ~ .  L. Bagg, " S t a t i s t i c a l  S tudy t o  A s c e r t a i n  t h e  V a l i d i t y  
o f  t h e  AMR Radio C i r c u i t  Performance Summaries f o r  HF Radio  
Outage", Aerospace C o r p o r a t i o n ,  February  29, 1964, ( C o n t r a c t  AF04 
(695.269) 0 



quadruple  d i v e r s i t y ,  and inc luded  a d i r e c t  pa th  p l u s  
an a l t e r n a t e  p a t h  v i a  Antigua. For  t h e  d i r e c t  p a t h ,  i t  
was expec ted  t h a z  t h e  S/N r a t i o  would exceed 43 db 
( e r r o r  r a t e  about 3x10'3) f o r  90% of  t h e  t ime .  The 
o t h e r  po in t - to -po in t  c i r c u i t s  cons idered  were e s t i m a t e d  
t o  g i v e  b e t t e r  performance i n  va ry ing  deg rees  up t o  73 
db S/N r a t i o  expected t o  be e  ceeded 90% of  t h e  t ime  
f o r  an  Asmara-Ascension l i n k .  3 

For t h e  MA-9 mission,  NASA r e p o r t e d  r e l i a b i l i t i e s  
o f  85 t o  98% wi th  message de lay  t imes  up t o  206 minutes  
f o r  t h e  HF r a d i o  sb'ip t o  shore  c i r c u i t s .  5  

For t h e  MA-8 miss ion ,  i t  was c a l c u l a t e d  t h a t  HF 
r a d i o  r e l i a b i l i t y  would be l e s s  t han  90% f o r  about  f i v e  
hours  d u r i n g  miss ion t i n e  t o  t h e  P a c i f i c  Cormand Sthip 
(PCS), and t h a t  r e l i a b i l i t y  would be l e s s  t h a n  90% f o r  
about f o u r  hours  between A u s t r a l i a  and t h e  I n d i a n  Ocean 
s h i p  ( 1 0 s ) .  The Ind i an  Ocean Ship  l o s t  t e l e t y p e  com- 
municat ions  f o r  about  a  one-half  hour p e r i o d  which j u s t  
preceded i t s  c o n t a c t  wi th  t h e  Mercury 'capsu le  Can t h e  
t h i r d  o r b i t .  The PCS l o s t  t e l e t y p e  communicatl.on f o r  
about one hour du r ing  t h e  f i f t h  o r b i t ,  and was o u t  d u r i n g  
t h e  capsu l e  i n  view t ime .6  F o r t u n a t e l y ,  t h e s e  ou t ages  
d i d  no t  s e r i o u s l y  a f f e c t  t h e  miss ion.  

F o r e c a s t i n g  of p ropaga t ion  c o n d i t i o n s  depends upon 
t h e  t ime and t h e  known t r a n s m i t t e r  and r e c e i v e r  l o c a t i o n s .  
The f o r e c a s t  becomes more a c c u r a t e  as t h e  t ime t h e  
f o r e c a s t  i s  made and t h e  cons idered  t ime of c i r c u i t  
use  become c l o s e r  t o g e t h e r .  It i s  unders tood  t h a t  GSFC 
can prov ide  propaga t ion  s e r v i c e s  on a monthly,  d a i l y ,  o r  
hou r ly  b a s i s  f o r  miss ion p e r i o d s .  It i s  l i k e l y ,  however, 
t h a t  r e l i a b i l i t y  g e n e r a l l y  w i l l  vary  over  a r a t h e r  wide 
range f o r  v a r i o u s  HF c i r c u i t s  and v a r i o u s  c o n d i t i a n s ,  
f o r  example, 78 t o  98 pe rcen t .  I 

4 u ~ n a l y s i s  of  NBS P r e d i c t i o n s  o f  Performance AMR HF Radio 
C i r c u i t s " ,  I T T  Communication Systems, Inco rpo ra t ed ,  A p r i l  2 2 ,  1963, 
( C o n t r a c t  AF 1 9  (6261-5). 

5n~ommunica t  i o n s  Per f  orrnance Analysis  f o r  MA-9" , Goddard 
, . 

Space F l i g h t  Cente r ,  June 20, 1963. , 
b v ~ r o j  e c t  Mercury Ground Communications, F i n a l  Report  on 

Observa t ions  During t h e  MA-8 Mission September 22, 1962 th rough  
October  3 ,  1962", B e l l  Telephone L a b o r a t o r i e s  I f i corpora ted ,  
(October  31, 1962) ,  p o  11 (Con t r ac t  NAS 5 0 1 4 3 4 ) ~  



I n  g e n e r a l ,  HF r a d i o  c i r c u i t s  p r o p e r l y  d e s i g n e d ,  
and w i t h  good o p e r a t i n g  and f o r e c a s t i n g  t e c h n i q u e s ,  
p r o v i d e  f a i r l y  e f f e c t i v e  communications f o r  v o i c e ,  t e l e -  
t y p e ,  and low speed d a t a .  Such c i r c u i t s  a r e  mast  
a t t r a c t i v e  where r e a l  t i m e  t r a n s m i s s i o n  i s  n o t  mandatory.  
Where r e a l  t i m e  t r a n s m i s s i o n  i s  mandatory,  and a t r a n s -  
m i s s i o n  t ime  i s  l i k e l y  t o  f a l l  a t  any t ime  w i t h i n  any 

I .  

24 hour  i n t e r v a l ,  h i g h  p r o b a b i l i t i e s  o f  r e l i a b l e  
communications a r e  n o t  a t t a i n a b l e .  ! 

5 .0  Apol lo  I n t e r s i t e  F a c i l i t i e s  

F o r  .Apollo,  t h e  major  ground s t a t i o n s  shown i n  F i g u r e -  Lli 
a r e  p l a n n e d .  T h i s  f i g u r e  d e p i c t s  t h e  b a s i c  i n t e r s i t e  communi- 
c a t i o n  f a c i l i t i e s  f o r  t h e  pr imary  o r  f i r s t  c h o i c e  r o u t i n g .  ~ i r s d  
c h o i c e  t y p e  o f  f a c i l i t i e s  f o r  a l t e r n a t e  g e o g r a p h i c a l l y  d i v e r s i -  
f i e d  r o u t i n g  a l s o  e x i s t s  between NASA c e n t e r s .  But a l t e r n a t e  
r o u t i n g  f o r  s i t e s  o u t s i d e  t h e  c o n t i n e n t a l  Uni ted  S t a t e s  ,as w e l l  
as p r imary  r o u t i n g  fsr AscensT~r-i and a l l  s h i p s  and aircraft, 
a t  t h e  p r e s e n t  t i m e ,  depends upon a t  l e a s t  one l i n k  0% t h e  HF 
r a d i o  t y p e  o f  c i r c u i t .  , / 

Remote s i t e  c i r c u i t s  may be t e r m i n a t e d  t o  any NASA cen te r  
t h r o u g h  d i v e r s i f i e d  broadband ( 4  mc.) f a c i l i t i e s .  T h i s  i s  f u r t b ~ r  
i l l u s t r a t e d  i n  F i g u r e  2. T h i s  f i g u r e  shows t h e  many p o s s i b i l i t i e s  
o f  a l t e r n a t e  r o u t i n g  between t h e  NASA c e n t e r s  v i a  microwave 
r a d i o  r e l a y .  Also  a v a i l a b l e ,  b u t  n o t  shown, a r e  many c a b l e  and 
open w i r e  r o u t e s .  I n  g e n e r a l ,  such  communication f a c i l i t i e s  and 
r o u t i n g  f l e x i b i l i t i e s  a r e  a v a i l a b l e  th roughou t  t h e  c o n t i n e n t a l  
Uni ted  S t a t e s ,  w i t h  c o r r e s p o n d i n g l y  h i g h  f a c i l i t y  'and r o u t e  
r e l i a b i l i t y .  

O u t s i d e  t h e  Uni ted  S t a t e s ,  Apol lo  ne twork c i r c u i t s  
may be  d i v e r s i f i e d  t h r o u g h  u n d e r s e a  c a b l e s .  There a r e  t h r e e  
B e l l  System t r a n s a t l a n t i c  c a b l e s  t o  Europe,  w i t h  a f o u r t h  p lanned  
f o r  1965 w i t h  t o t a l  c a p a c i t y  u s i n g  a l l  c a b l e s  o f  4 2 4  c i ~ c u i t s .  
Hawaii may be reached  v i a  t h r e e  u n d e r s e a  c a b l e s  - c a p a c i t y  2 5 5  v o i c e  
c i r c u i t s .  Bermuda, Guam, and A u s t r a l i e a t  t h e  p r e s e n t  t i m e  depend 
upon s i n g l e  c a b l e s  w i t h  c a p a c i t y  o f  80, 128,  and 80 v o i c e  c i r c u i t s  
r e s p e c t i v e l y ,  Canary I s l a n d  i s  t o  be  s e r v e d  by u n d e r s e a  c a b l e  
from S p a i n  b e i n g  i n s e a l l e d  i n  1965 - v o i c e  c h a n n e l  c a p a c i t y  w i l l  
be  160 c i r c u i t s .  R e l i a b i l i t y  f o r  t h e s e  t y p e  f a c i l i t i e s  i s  v e r y  
n i g h .  The p r o b a b i l i t y  i s  g r e a t e r  f o r  a f a i l u r e  on t h e  open w i r e  

I,  

r o u t e s  i n  A u s t r a l i a ,  o r  t h e  open w i r e  r o u t e  s e r v i n g  Guaymas, 1 
Mexico from Tucson, Ar izona .  However, t h e  l i k e l i h o o d  o f  any s i t e  

As shown i n  F i g u r e  1, a second c a b l e  r o u t e  t o  A u s t r a l i a  will be I 
I 

i n  o p e r a t i o n  i n  l a t e  1966. 
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being completeJy i s o l a t e d ,  because of an  e n t i r e  f a c i l i t y  r o u t e  
f a i l w e ,  a l t hough  p o s s i b l e ,  i s  s l i g h t .  The i n d i v i d u a l  channe l  I 
performance of  Apollo network c i r c u i t s  w i l l  be most s i g n i f i c a n t  j 1 
w i t h  r e g a r d  t o  r e l i a b i l i t y  s i n c e  t h i s  t ype  of f a i l u r e  w i l l  o ccu r  
moot o f t e n .  i 

6.0 . Te le type  Performance I I 
I '  5 i s ,  61 i/,.,:/se, :l (c,-s of iox cpccd Chta  i 

( 1 ~ 6  '/li1i4 '(5 o i t s  p e r  second) ,  and i s  u s u a l l y  mu l t i p l exed  I 
and c a r r i e d  over  vo ice  bandwidth c i r c u i t s .  For t h e  P r o j e c t  
Mercury MA-8 Miss ion,  i t  was r e p o r t e d  by t h e  B e l l  Telephone Lab- 
o r a t o r i e s  t h a t :  "The t e l e t y p e  c i r c ' l i t s  i n  t h e  o v e r a l l  Mercury n e t -  
work provided s e r v i c e  c o n t i n u i t y  f o r  more t han  994 of t h e  t o t a l  I 

a v a i l a b l e  network t ime f o r  t h e  l i v e  miss ion.  On t h i s  day,  t h e  ne t -  
work was ope ra t ed  on miss ion s t a t u s  f o r  1 4  hours  o r  840 minutes .  
The e n t i r e  Mercury t e l e t y p e  network c h s i s t s  o f  33 two-way c i r c u i t 8  
o r  66 one-way c i r c u i t s .  There fore ,  some 5 5 , 4 4 0 , c i r c u i t  minutes  
o f  t e l e t y p e  f a c i l i t i e s  were invo lved  i b  t h e  miss ion .  The 
continuity of these facilities showed only 2 2 5  a l r c u i t  minute8 
of  ou tage ,  g i v i n g  an  o p e r a t i n g  r a t i o  o f  9 9 . 6 %  . 7  There is: no 1 .  

'known reason  t o  suppose t h a t  t h e  o p e r a t i n g  r a t i o  f o r  t h e  Apollo 
t e l e t y p e  network would  b e , l e s s  t h a n  about 99%,  &ssuming t h e  
he+iLj t i l c , i  $ l r , ~  k c /  j r  l ?, I ,  # / ' A H  j 1 !,;/ i r t y j l i l  #l,lfbi,j.m and l n ~ i n t o n a n c e  

I 
p l l u C @ ~ l ~ ~ ~ o e f i ,  

i 

7 . 0  Voice-Bandwidth Channels 

S ince  vo i ce  bandwidth c i r c u i t s  a r e  u t i l i z e d  f o r  vo i ce  , 
and h igh  speed d a t a  ( t o  about 2 . 4  k i l o b i t s  p e r  s econd) ,  t h e i r  ' , 
performance i n  bo th  c a t e g o r i e s  a r e  o f  i n t e r e s t .  The approach 
h e r e  w i l l  be t o  cons ide r  s e p a r a t e l y  (1) c i r c u i t  i n t e r r u p t i o n s  
where t o t a l  outage occurs  and ( 2 )  e r r o r  r a t e s  over  o p e r a t i n g  

s . c i r c u i t s  f o r  d a t a  t r ansmis s ion .  For  t o t a l  ou t ages ,  Table  1 has 
' ,  ,been compiled from d a t a  publ i shed  p e r i o d i c a l l y  by GSFC e n t i t l e d ,  

! 

"NASCOM Network Ground Communications R e l i a b i l i t y  Repor t" .  The 
d a t a  covers  t h e  p e r i o d  from September 1963 through J u l y  1964 by  
; r e p o r t s  da t ed  September 1963, November 1963, December 1963 
January  1964, February 1964, June 1964 and J,uly 1964. The 

1 

' d a t a  cons ide red  i s  a p p l i c a b l e  t o  vo i ce  bandwidth c i r c u i t s  between , 
GSFC and t h e  Apollo s i t e s  shown on F igu re  1 and l i s t e d  i n  Table  1; 

I 

7 " ~ r o j e c t  Mercury Ground Communications, F i n a l  Repor t  on . . 
a Observa t ions  During t h e  MA-8 Miss ion September 22 ,  1962 th rough  : 

I 

October  3 ,  1963". B e l l  Telephone L a b o r a t o r i e s  Inco rpo ra t ed ,  
- October  31, 1962).  p. 11 (Con t r ac t  NAS 4-1434). 

a t  I - 
4, 
.I .- 

I 
4 
m 



7 . 1  P r o b a b i l i t y  o f  T o t a l  Outage 

I t  may be s e e n  from Tab le  1 t h a t  w h i l e  " o p e r a t i n g  r a t i o s "  a r e  
nigh (99 .26% a v e r a g e )  t o  a l l  Apol lo  s i t e s ,  it i s  h i g h l y  p r o b a b l e  (100% 
a v e r a g e )  t h a t  a  c i r c u i t  t o  any Apol lo  s i t e  w i l l  s u f f e r  t o t a l  o u t a g e  a t  
some t i m e  w i t h i n  any month. The d a t a  on i n t e r r u p t i o n s  p e r  c i r c u i t  p e r  

, month and c i r c u i t  ou tage  t ime  p e r  c i r c u i t  h a s  been p l o t t e d  on F i g u r e  3 
and F i g u r e  4 ,  r e s p e c t i v e l y ,  as p e r c e n t a g e  cumula t ive  d i s t r i b u t i o n s .  

I The s o l i d  l i n e  f o r  b o t h  f i g u r e s  was d e t e r m i n e d  from t h e  means and 
I 
I s t a n d a r d  d e v i a t i o n s  o f  t h e  samples ,  and a r e  est imated normal  CumU- 
, l a t i v e  d i s t r i b u t i o n s  which a r e  used  i n  d e t e r m i n i n g  t h e  e s t i m a t e d  
I r e l i a b i l i t i e s  shown i n  Tab le  3 and Tab le  4 .  

T a b l e  3  shows t h a t  w i t h  95% c o n f i d e n c e  i t  can  be s t a t e d  t h a t  f o r  
I 

i 
90% o f  t h e  t ime  t h a t  t h e  p r o b a b i l i t y  o f  a n  a v e r a g e  Apol lo  ne twork v o i c e  
bandwidth  c i r c u i t  o p e r a t i n g  w i t h o u t  a t o t a l  o u t a g e  ( f rom any t i m e  t ) ,  

I i s  99.08% f o r  one hour ;  f o r  one day 80.2% and ,  f o r  1 0  days  11.1%. 

These r e s u l t s  a r e  based on a l i m i t e d  sample n e c e s s a r i l y  chosen 
i n  such  a manner t h a t  t h e y  might n o t  a p p l y  t o  a l l  n e t w o r k s ,  The numbers,  

. however,  do a p p e a r  t o  be r e a s o n a b l e .  It i s  w e l l  known t h a t  i n d i v i d u a l  
t e l e p h o n e  c i r c u i t s  do f a i l ,  bu t  i t  i s  a l s o  w e l l  known t h a t  n a t i o n w i d e  
network f o r  t e l e p h o n e  s e r v i c e  i s  h i g h l y  r e l i a b l e .  T h i s  a p p a r e n t  
c o n f l i c t  i s  r e s o l v e d  t h r o u g h  u s e  o f  r edundan t  c i r c u i t s .  ?%ere a r e  now 
o v e r  238,000 l o n g  d i s t a n c e  c i r c u i t s  which p r o v i d e  f o r  a  c o n s i d e r a b l e  
number o f  r edundan t  p a t h s  between s w i t c h i n g  c e n t e r s . 8  F o r  example,  
c i r c u i t s  a r e  p r o v i d e d  between s w i t c h i n g  c e n t e r s  so . . tha t  i t  w i l l  be  
e x p e c t e d  t h a t  a l l  c i r c u i t s  between any two c e n t e r s  w i l l  be busy f o r  
o n l y  1 . 0 %  o f  t h e  c a l l s  d i a l e d  d u r i n g  t h e  b u s i e s t  hour  of t h e  b u s i e s t  
day o f  t h e  y e a r .  It i s  c l e a r ,  t h e r e f o r e ,  t h a t  f o r  t h e  m a j o r i t y  o f  t h e  
t ime  miny c i r c u i t s  a r e  i d l e  and t h e s e  p r o v i d e  redundan t  f a c i l i t i e s  
c o n t r i b u t i n g  t o  t h e  h i g h  r e l i a b i l i t i e s  which e x i s t .  The MSFN may 
u t i l i z e  t h e  swi tched  network f o r  v o i c e  c i r c u i t s  i f  a need s h o u l d  o c c u r ,  

An i n d i v i d u a l  Apol lo  c i r c u i t  would n o t  a u t o m a t i c a l l y  be s w i t c h e d  
f o r  a n o t h e r  c i r c u i t  i n  c a s e  of  a  f a i l u r e .  Thus,  i t s  t i m e  t o  f a i l u r e  
would be r e l a t e d  t o  t h e  number o f  e l e c t r o n i c  components i n  t h e  c i r c u i t ,  
which, o f  c o u r s e ,  i s  r e l a t e d  t o  c i r c u i t  l e n g t h .  T a b l e  1 i n d i c a t e s  
t h a t  c i r c u i t  l e n g t h  i s ,  i n d e e d ,  one f a c t o r  i n  r e l i a b i l i t y .  It may 
be s e e n  i n  T a b l e  1 t h a t  a number o f  i n t e r r u p t i o n s  p e r  c i r c u i t  months 
of o p e r a t i o n  a r e  c o n s i d e r a b l y  h i g h e r  f o r  t h e  l o n g e r  c i r c u i t s .  ( 9 . 5  f o r  
Aus t ra l i a -11500  m i l e s  v s .  0 .6 f o r  Cape Kennedy-925 m i l e s ) .  F o r  t h e  MSFN 
network r e d u n t a n t  c i r c u i t s ,  which a r e  d i s c u s s e d  i n  S e c t i o n  9 .0  a r e  used  
t o  i n c r e a s e  r e l i a b i l i t y ,  

8 R .  R .  Rough, "The B e l l  System C o n s t r u c t i o n  Program," B e l l  Telephone 
Magazine, X L I I  Number 3 , ' (Autumn 1 9 6 4 ) ~  



7.2  High Speed Data Z r r o r  Rates  

E r r o r  r a t e s  f o r  d a t a  t r a n s m i s s i o n  over  vo i ce  band- 
width  t e lephone  c i r c u i t s  a r e  a f f e c t e d  by such t r a n s m i s s i o n  
paramete rs  a s :  (1) c i r c u i t  bzndwidth, ( 2 )  f requency response  
c h a r a c t e r i s t i c ,  ( 3 )  envelope de l ay  c h a r a c t e r i s t i c ,  (4) c i r c u i t  
n e t  l o s s ,  ( 5 )  s t eady  s t a t e  n o i s e ,  and ( 6 )  impulse n o i s e .  These 
paramete rs  a r e  by no means consistent f o r  a l l  c i r c u i t s ,  b u t  
vary  cons ide rab ly  from c i r c u i t  t o  c i r c u i t  and a l s o  from t ime  t o  
t ime f o r  t h e  same c i r c u i t  i n  some case s .  Other  impor t an t  f a c t o r s  
which i n f l u e n c e  e r r o r  r a t e s  a r e  t h e  t ype  of  d a t a  s e t s  used ,  and 
whether  t h e  d a t a  i s  t o  be t r a n s m i t t e d  o v e r  t h e  swi tched t e l ephone  
network,  o r  p r i v a t e  l i n e  c i r c u i t s .  E r r o r  d e t e c t i o n ,  w i t h  r e -  
t r a n s m i s s i o n  of  d a t a  i n  e r r o r ,  o r  e r r o r  c o r r e c t i o n  codes would 
a l s o  i n f l u e n c e  t h e  o v e r a l l  e r r o r  r a t e .  The B e l l  Telephone 
L a b o r a t o r i e s  have s t u d i e d  t h e  swi tched  te lephone  network f o r  
d a t a  t r a n s m i s s i o n  c a p a b i l i t i e s .  For  one t ype  of d a t a  s e t ,  
and as a gen r a l  s i t u a t i o n ,  i t  was found t h a t  d a t a ' e r r o r  r a t e s  
of about l o m 5  f o r  60% of  long  d i s t a n c e  c a l l  would app ly  f o r  d a t a  
t r a n s m i s s i o n  spebds of  1200 b i t s  p e r  second.g  A s t udy  y  t h e  
L inco ln  Laboratory  showed t h a t  e r r o r  r a t e s  %f  about lo-' were 
f e a s i b l e  ove r  t y p i c a l  p r i v a t e  l i n e  t e lephone  c i r c u i t s .  Th is  
s t udy  cons ide red  o u r  d i f f e r e n t  d a t a  s e t s ,  a t  1300, 1000, and 2400 
b i t s  p e r  second.  16 

Improvements i n  d a t a  s e t s  and i n  t h e  t e l ephone  network 
have proceeded s i n c e  t h e  above s t u d i e s  were made (1959-60). The 
B e l l  System d a t a  S e t  201A i s  now o f f e r e d  f o r  2000 b i t s  p e r  second 
s e r v i c e  ove r  t h e  swi tched te lephone  network, and t h e  Da.ta S e t  
201B f o r  2400 b i t s  p e r  second s e r v i c e  over  p r i v a t e  l i n e  sys tems ,  
S e v e r a l  t ypes  of  p r i v a t e  l i n e  c i r c u i t s  a r e  o f f e r e d  f o r  d a t a  t r a n s -  
miss ion .  These i n c l u d e  a Schedule 4B Voice/Data s e r v i c e ,  wh'ich 
i s  now provided f o r  h igh  speed d a t a  (2000 b i t s / s e c o n d )  c i r c u i t s  
between GSFC and Cape Kennkdy, and GSFC and Bermuda. T h i s  t ype  
of  c i r c u i t  i s  e s p e c i a l l y  t r jea ted o r  s e l e c t e d ,  i f  r e q u i r e d ,  t o  
meet s p e c i f i c a t i o n s  on a t t e n u a t i o n ,  f requency r e sponse ,  envelope 
d e a l y ,  s i gna l - t o -no i se  r a t i o  and impdase n o i s e .  GSFC r b e p o r t s  
t h a t  t h e  e x i s t i n g  c i r c u i t s  a r e  perf'orming very w e i l . l l  Con- 
s i d e r i n g  t h e  above, and t h e  f a c t  t h a t  expe r i ence  w i t h  d a t a  

'A. A .  Alexander, R. M. Gryb, and D. W .  Nast ,  " C a p a b i l i t i e s '  
o f  t h e  Telephone Network f o r  Data Transmiss ion" ,  B e l l  System , 

Techn ica l  J o u r n a l ,  X X X I X ,  (May 1960) ,  431. 

''A. B.  Fon ta ine ,  and R .  G .  Ga l l age r ,  "E r ro r  S t a t i s t i c s  
and Coding f o r  Binary Transmiss ion ove r  Telephone C i r ~ u i t s . ~ ~  
Proceedings of  t h e  IRE, ( June  1961) ,  p. 1059. 

l l n ~ ~ ~ ~ ~ ~  Network Ground ~omrnunicat ions  R e l i a b i l i t y  Report  -8 " 
Goddard Space  light Cente r ,  August 1964, P* 81. 



+ I - t r a n s m i s s i o n  o v e r  v a r i o u s  c i r c u i t s  ( e .g .  SAGE) h a s  broadened I I 

c o n s i d e r a b l y  i n  t h e  p a s t  s e v e r a l  y e a r s ,  it i s  h i g h l y  u n l i k e l y  1 '  
t h a t  e x c e s s i v e  d a t a  e r r o r  r a t e s  w i l l  be  e x p e r i e n c e d  o v e r  t h e  i I 1 
Apol lo  ne twork p r i v a t e  l i n e  c i r c u i t s .  T h i s  a s s w e s  t h a t  p r o p e r  I 

! 

c i r c u i t  d e s i g n  i s  fo l lowed  and a p p r o p r i a t e  data 4 e t s  a r e  @ h 0 8 @ ~  
. from thoqe  a v a i l a b l e .  

8.0 Wide Bandwidth CVlannels ' 

\ 
8.1 P r o b a b i l i t y  o f  T o t a l  Outage 

) From avlchannel o u t a g e  s t a n d p o l n t ,  two wideband 
' 6  d a t a ~ s e r v i c e s  have been i n f o r m a l l y ;  i n v e s t i g a t e d .  One 

s e r v i c e  c o n s i s t e d  o f  2100 c i r c u i t  m i l e s  i n  t h e  e a s t -  
. wes t  d i r e c t i o n .  The o t h e r ,  1030 c i r c u i t  mi l e s  i n  a 

n o r t h - s o u t h  d i r e c t i o n ,  Both s e r v i c e s  a r e  p r o v i d e d  
by t h e  B e l l  System w i t h i n  t h e  c o n t i n e n t a l  U n i t e d  S t a t e s  
and o p e r a t e  a t  40.8  thousand  b i t s  p e r  s6cond, The 
l o n g e s t  c i r c u i t  h a s  been i n  s e r v i c e  f o r  a p p r o x i m a t e l y  
two y e a r s ,  and t h e  s h o r t e s t  f o r  abou t  f o u r  months, A s  
shown i n  T a b l e  3 ,  and Based on t h e  r a t i o  o f  a c t u a l  
s e r v i c e  a v a i l a b i l i t y  t i m e  t o  s c h e d u l e d  s e r v i c e  
a v a i l a b i l i t y  t i m e ,  i t  was found t h a t  t h e  o p e r a t i n g  
r a t i o s  f o r  t h e  l o n g e s t  and s h o r t e s t  c i r c u i t s ;  r e s p e c t i v e l y ,  
were 99 .5% and  99 .8%.  I n t e r r u p t i o n s  p e r  c i r c u i t  p e r  
month and t h e  c i r c u i t  o u t a g e  t i m e  p e r  i n t e r r u p t i o n  
have  been approximated  by t h e  normal  d i s t r 5 b u t i o n  
shown on F i g u r e  3  and 4 r e s p e c t i v e l y .  Because o f  t h e  
l i m i t e d  d a t a  upon which t h e s e  d i s t r i b u t i o n s  are b a s e d ,  
i t  i s  d o u b t f u l .  t h a t  c o n c l u s i o n s  may be  made w i t h  a 
h i g h  d e g r e e  of c o n f i d e n c e .  It i s  o f  i n t e r e s t  t o  n o t e ,  
however,  t h a t  w h i l e  wideband d a t a  c i r c u i t  i n t e r r u p t i o n s  
p e r  month a p p e a r  t o  be  l e s s  t h a n  t h a t  f o r  v o i c e  band- 
w i d t h  c i r c u i t s ,  t h e  o u t a g e  t i m e  p e r  i n t e r r u p t i o n  c a n  
be  s i g n i f i c a n t l y  h i g h e r .  Wideband d a t a  s e r v i c e  i s  
r e l a t i v e l y  new. Because o f  t h i s ,  and t h e  n a t u r e  o f  
t h e  s e r v i c e ,  i t  i s  l i k e l y  t h a k  c i r i u i t  a s s i g n m e n t s  
would be most c a r e f u l l y  made, r e s u l t i n g  i n  t h e  v e r y  b e s t  
f a c i l i t i e s  b e i n g  made a v a i l a b l e  f o r  wideband d a t a  t r a n s -  
m i s s i o n s .  Also ,  l e s s  equipment  would be  r e q u i r e d ,  corn- 
p a r e d  t o  a V o i c e - c i r c u i t ,  s i n c e  i n t e r c o n n e c t i o n s  would 
be  made on a group o r ' t h r o u g h  b a s i s  and no v o i c e  c h a n n e l  
modems would b.e r e q u i r e d .  I n  a d d i t i o n ,  i t  i s  l i k e l y  tha t  

... ;.. . l~~ma~ntenance~.~~orfcs:~~~w,t>u,ld~~t~,nd ,. . : to b e  e s p e c i a l l y  a l e r t  
6'' ' r e g a r d i n g  a" widgband ' data service. 'These  f a c t o r s  

> 



could conceivably  reduce t h e  number o f  i n t e r r u p t i o n s  
t o  t h e  wideband s e r v i c e .  On t h e  o t h e r  hand, beca'use 
of  t h e  s p e c i a l  c i r c u i t  ar rangements ,  and c i r c u i t  
condi t . ions ,  i t  i s  l i k e l y  t h a t  t h e  number o f  e q u a l  
q u a l i t y  s p a r e  f a c i l i t i e s  would be l i m i t e d .  I n  some 

.6 ' cases ,  t h e r e f o r e ,  a wideband d a t a  c i r c u i t  cou ld  be 
ou t  u n t i l  t h e  t r o u b l e  caus ing  t h e  ou tage  was found 
and c o r r e c t e d  i n s t e a d  of  s u b s t i t u t i n g  a good c i r c u i t  
f o r  t'he bad one whi le  r e p a i r s  were be ing  made. 

8.2 Wideband Data E r r o r  Rates  

Wideband d a t a  t r a n s m i s s i o n  and probable  e r r o r  
r a t e s  ove r  B e l l  System type  of  f a c i l i t i e s  i s  cons ide red  
i n  d e t a i l  i n  l lTransmiss ion systems f o r  Communica t i~ns '~ ,  
B e l l  Telephone L a b o r a t o r i e s ,  Chap. 28, Based on a c t u a l  
n o i s e  measurements on B e l l  System long  h a u l  microwave 
f a c i l i t i e s ,  and o t h e r  r e l e v a n t  paramete rs ,  i t  1 s  shown 
t h a t  wideband d a t a  may be t r a n s m i t t e d  over  t r a n  c o n t i n e n t a l  
d i s t a n c e s  w i th  b i t  e r r o r  r a t e s  of  l e s s  t h a n  lo-'  .for 
98.5 pe rcen t  of t h e  t ime.  It was f u r t h e r  e s t i m a t e d  t h a t  
r e l i a b l e  d a t a  t r a n s m i s s i o n  i s  f e a s i b l e  up t o  4000 
mi l e s  a t  a r a t e  e q u i v a l e n t  t o  6 pageslger minute of  
f a c s i m i l e  o r  255 k i l o b i t s  p e r  second. There a r e  no 
known r ea sons  t o  cha l l enge  t h e s e  c o n c l u s i o n s e  It 

. s h o u l d  be emphasized, however, t h e  communication 
systems cons ide red  were B e l l  System type  l o n g  h a u l  
f a c i l i t i e s  which w i l l  be u s e d ' f o r  Apollo such a s  t h e  
TD-2 microwave r a d i o  re lay . .  Les se r  q u a l i t y  f a c i l i t i e s  
would expe r i ence  h i g h e r  e r r o r  r a t e s .  

9 , O  Redundant Channel Opera t ion  

It has  been a p r a c t i c e  t o  p rov ide  redundant  channe ls  
ove r  geog raph ica l  d i v e r s i f i e d  r o u t e s  f o r  o p e r a t i o n a l  c ~ i t i c a l  
c i r c u i t s  whenever such r o u t i n g  was o r  couzd be made a v a i l a b l e ,  
f o r  impor tan t  miss ions .  For  Apollo,  s u c h , r o u t i n g  w i l l  be 
a v a i l a b l e ,  and it  i 8  of  p a r t i c u l a r  i n t e r e s t  t o  de te rmine  t h e  
r e l i a b i l i t y  p r o b a b i l i t i e s  i nvo lved ,  

It has  been imp l i ed  t h a t  c i r c u i t  r e l i a b i l i t y  i s  r e -  
l a t e d  t o ,  among o t h e r  t h i n g s ,  t h e  c i r c u i t  r e p a i r  t ime as well 
as t h e  number o f  c i r c u i t  ou tages  w i t h i n  a t ime  p e r i o d ,  T h i s  i s  

Ad Transmiss ion SystemsFor  Communication, T h i r d  E d i t i o n ,  
B e l l  Telephone L a b o r a t o r i e s  Inco rpo ra t ed ,  (.1964), p. 6 9 0 ,  



t r u e  f o r  r edundan t  c h a n n e l  o p e r a t i o n .  There  i s  some p r o b a b i l i t y  
t h a t  r e p a i r  t ime w i l l  o v e r l a p  o v e r a t i n g  t ime ,  t h u s  c a u s i n g  b o t h  
c h a n n e l s  t o  be o u t  o f  s e r v i c e .  T h i s  problem may be reduced  t o  
a  f i r s t  o r d e r  Markov p r o c e s s  w i t h  two s t a t e s  f o r  each  c h a n n e l  
( o p e r a t i n g  s t a t e  and r e p a i r  s t a t e )  and t h e  c h a n n e l  t r a n s i t i o n  
p r o b a b i l i t i e s .  Another  p o s s i b i l i t y  i s  t h a t  a c h a n n e l  i s  i n  a 
s t a n d b y  s t a t e ,  b u t  f o r  Apol lo ,  i t  w i l l  be assumed t h a t  any 
b e n e f i t  o f  l o n g e r  l i f e  a t t a i n e d  by a s t a n d b y  c o n d i t i o n  u n d e r  
r educed  s t r e s s  f o r  e l e c t r o n i c  equipment  would b e  o f f s e t  by 
s w i t c h i n g  time r e q u i r e d  t o  b r i n g  t h e  c i r c u i t  i n t o  o p e r a t i o n a l  
s t a t u s .  The f o l l o w i n g  r e l a t i o n s  a r e  used:13 

(1) The p r o b a b i l i t y  t h a t  b o t h  c h a n n e l s  are o p e r a t i o n a l  
a t  t h e  b e g i n n i n g  o f  any time T  is: 

( 2 )  The p r o b a b i l i t y  t h a t  one channe l  i s  o p e r a t i o n a l  
and one c h a n n e l  i s  i n  r e p a i r  a t  t h e  b e g i n n i n g  of 
any t ime  T i s :  

( 3 )  The p r o b a b i l i t y  t h a t  b o t h  c h a n n e l s  a r e  i n  r e p a i r  
a t  t h e  b e g i n n i n g  o f  any t ime  T  is:  

eWhere To i s  t h e  t ime  i n t e r v a l  between c h a n n e l  f a i l u r e  

and Tr i s  t h e  t ime  i n t e r v a l  r e q u i r e d  t o  r e p a i r  a channel . ,  

"w. B e  Rohn, " R e l i a b i l i t y  P r e d i c t i o n s  for Cornnlax 2 u a t n m ~ f i  



9 . 1  Redundancy U t i l i z i n g  Independent  Routes  

Tab le  4 i s  a  summary o f  t h e  p r o b a b i l i t i e s  f o r  two c h a n n e l  
r e l i a b i l i t y .  I t  may be s e e n  from t h i s  t a b l e ,  t h a t  t h e  pmoba.bi l i ty  
of a t  l e a s t  one o f  two c h a n n e l s  b e i n g  i n  t h e  o p e r a t i o n a l  s t a . t e  f o r  
bo th  v o i c e  bandwidth c i r c u i t s  and wideband d a t a  c i r c u i t s  i s  v e r y  
good, abou t  99 .9%.  I t  i s  a l s o  shown t h a t  wideband d a t a  c h a n n e l s  
a r e  somewhat l e s s  r e l i a b l e  f o r  two channe l  o p e r a t i o n  than  t h e  
v o i c e  bandwidth c i r c u i t s .  T h i s  i s  because  o f  m o r e - u n c e r t a i n t y  i n  
p r o b a b l e  r e p a i r  t ime  f o r  wideband d a t a  c h a n n e l s . .  ' T h e - p r o b a b i l i t y  
o f  b o t h  wideband d a t a  c h a n n e l s  b e i n g  i n  an o p e r a t i o n a l  s t a t e  a t  t h e  
b e g i n n i n g  of any t ime  T, and f o r  To and Tr w i t h i n - t w o  s t a n d a r d  
d e v i a t i o n s  o f  t h e  mean i s  93.9% w h i l e  t h e  c o r r e s p o n d i n g  f i g u r e  
f o r  v o i c e  bandwidth c i r c u i t s  i s  95 .6%.  

9.2 Redundancy U t i l i z i n g  Same Route 

Redundant c h a n n e l s  such a s  v o i c e  o r  wideband d a t a  
may be p r o v i d e d  o v e r  t h e  same communication r o u t e .  The improves  
ment i n  r e l i a b i l i t y  o b t a i n e d  by t h i s  method depends upon' t h e  t y p e  o f  
r o u t e  and t h e  f a c i l i t y  components o r  equipment which a r e  common ' t o  
t h e  redundan t  c h a n n e l s .  For  "LU t y p e  c a r r i e r ,  t h e  same g roup ,  
s u p e r  g roup ,  m a s t e r  g roup ,  and l i n e  r e p e a t e r s  would be used f o r  
many v o i c e  o r  d a t a  c h a n n e l s .  Group equipment  i s  common t o  t h e  
e q u i v a l e n t  o f  twe lve  ( 4 K C )  v o i c e  c h a n n e l s ;  s u p e r  group t o  6 0  
v o i c e  c h a n n e l s ;  and m a s t e r  group t o  600 v o i c e  c h a n n e l s .  Redundant 
c h a n n e l s  a s s i g n e d  w i t h i n  t h e  same group would r e s u l t  i n  l i t t l e  
immediate r e l i a b i l i t y  improvement. T h i s  may be de te rmined  from 
Tab le  3 by comparing t h e  average  v o i c e  , c h a n n e l  r e l i a b i l i t y  o f  99 .68 
p e r c e n t  f o r  one hour  w i t h  t h e  wideband f i g u r e  o f  99.86 p e r c e n t  f o r  
one h o u r .  The wideband r e l i a b i l i t y  i s  r e p r e s e n t a t i v e  o f  a c h a n n e l  
from i n p u t  t o  group equipment  t o  o u t p u t  o f  group equipment s i n c e  
t h i s  s e r v i c e  does n o t  u t i l i z e  v o i c e  modems. I t  i s  c l e a r  t h a t  no  
amount of  redundancy o f  c h a n n e l s  a s s i g n e d  w i t h i n  t h e  same g roup  
o r  o t h e r  common equipment  can improve r e l i a b i l i t y  beyond t h a t  o f  
t h e  group o r  common equipment  i t s e l f .  For  10 days  o f  c o n t i n u o u s  
o p e r a t i o n ,  r e l i a b i l i t y  s i m i l a r  t o  t h e  above d o u l d  be 46.8 p e r c e n t  
f o r  v o i c e  and 71.9 p e r c e n t  f o r  wideband. 

Undersea c a b l e s  of 128 (3KC) v o i c e  c h a n n e l  c a p a c i t i e s  
r e q u i r e  o n l y  8 group and 2 s u p e r  group equipments  f o r  m u l t i p l e x i n g ,  
T h i s  s e r i o u s l y  r e s t r i c t s  p o s s i b i l i t i e s  o f  r edundan t  c h a n n e l  
a s s ignments  f o r  h i g h  r e l i a b i l i t i e s  . L i n e '  r e p e a t e r s ,  and power 
s u p p l i e s  a r e  common t o  a l l  c h a n n e l s  and p l a c e  f u r t h e r  r e s t r i c t i o n s ,  
on p o s s i b l e  r e l i a b i l i t y  improvements by redundancy.  

Microwave r a d i o  r e l a y  and underground c a b l e  r o u t e s  - 
tt 

may have many independen t  c h a n n e l  ass ignment  p o s s i b i l i t i e s ,  
3 ' C o n s i d e r a b l e  improvement r e l i a b i l i t i e s '  ' f o r  s e l e c t e d  redundan t  - c h a n n e l s  o v e r  such  r o u t e s  i s  f e a s i b l e . .  Openewi re  rout.es have, 
2 
0 - similar p o s s i b i l i t i e s ,  C a r e f u l  ass ignment  o f  f a c i l i t i e s  f o r  

l 



redundan t  channe 1 o p e r a t i o n s  o v e r  such  r o u t e s  s h o u l d  * r e s u l t  f n  a 
p r o b a b i l i t y  of  a t  l e a s t  one o f  . t h e  redundan t  * c h a n n e l s  b e i n g  i n  
an o p e r a t i n g  s t a t e  a t  any t i m e ,  T, which approaches  t h e  r e l i a b i l i t y  
of t h e  r o u t e  i t s e l f ,  

10,O CONCLUSIONS . I 
i 

C o n s i d e r a t i o n  o f  t h e  v a r i o u s  a s p e c t s  o f  t h e  c o ~ u n i ~ a t i o n  
network between s i t e s  o f  t h e  Apol lo  MSFN l e a d  t o  t h e  f o l l o w i n g  
c o n c l u s i o n s :  

I 

1. The b a s i c  communication f a c i l i t y  r o u t e s  between 
NASA c e n t e r s  and t h e  pr imary  r o u t e  t o  Apol lo  grou~nd 
s i t e s  a r e  of s u f f i c i e n t l y  h i g h  q u a l i t y ,  t h a t  t h e r e  i s  
l i t t l e  chance of  a  s i t e  b e i n g  i s o l a t e d  because  of a n  
e n t i r e  r o u t e  f a i l u r e .  An e x c e p t i o n  i s  Ascens ion I s l a n d  
which depends s o l e l y  on h i g h  f requency  @F) r a d i o .  There  
i s  some r e s e r v a t i o n  r e g a r d i n g  communication r e l i a b i l i t y  
o f  Guaymas, Mexico, which i s  s e r v e d  by open w i r e  from 
Tuscan, Ar izona ,  and t h e  C a r n a ~ v o n ' ,  ~ u k ' t r a l i a  s i t e ,  

2 .  E r r o r  r a t e s '  f o r  d a t a  t r a n s m i s s i o n  o v e r  microwave o r  h a r d  ' 

wire c i r c u i t s  o f  & i n  105 f o r  v o i c e  bandwidth c h a n n e l s ,  
and a b o u t  1 i n  10  f o r  wideband c h a n n e l s  hn7 the  USA can. be 
e x p e c t e d .  Wideband d a t a  may be t r a n s m i t t e d  o v e r  t r a n s -  
c o n t i n e n t a l  d i s t a n c e s  w i t h i n  t h e  U n i t e s  S t a t e s ,  

3 @  A v a i l a b i l i t y ,  ( r a t i o  of  o p e r a t i n g  time t o  s c h e d u l e d  
. o p e r a t i n g  t i m e ) ,  i s  99 p e r c e n t  o r  b e t t e r  f o r  microwave 

o r  h a r d w i r e  c h a n n e l s ,  v o i c e  and wideband,  

4. R e l i a b i l i t y ,  ( t h e  p r o b a b i l i t y  of a s i n g l e  cha  n e l  
o p e r a t i n g  w i t h o u t  a n  outage.  o v e r  a g i v e n  t i m e r :  d e c r e a s e s  
s h a r p l y  w i t h  t h e  d u r a t i o n :  of' t h e  o p e r a t i o n a l  i n t e r v a l ,  and 
t h e r e :  i s  l i t t l e  .ahance  t h a t  a s i n g l e  channeJ ( v o i c e  o r  wideband 
woulb o p e r a t e  a o n t i n u o u s l y  f o r  a 1 0  dgy m i s s i o n  p e r i o d .  

5. For  independen t  two channe l  r edundan t  microwave o r  hard-  
w i r e  o p e r a t i o n ,  t h e r e  i s  a h i g h  p r p b a b i l i t y ,  99.9% o r  
b e t t e r ,  t h a t  a t  l e a s t  one c h a n n e l  o f  t h e  two w i l l  be  i n  
an o p e r a t i n g  s t a t e  a t  any t ime f o r  v o i c e  o r  wideband,  
There  i s  l e s s  c e r t a i n t y  a s s o c i a t e d  w.ith t h i s  r e l i a b i l i t y ,  
f o r  wideband as compared t o  v o i c e  c i r c u i t s ,  

6 ,  There  i s  c o n s i d e r a b l e  u n c e r t a i f i t y  a s s o c i a t e d  w i t h  
h i g h  f r e q u e n c y  r a d i o  f o r  rea l  t i m e  t r a n s m i s s i o n ,  
High f r e q u e n c y  r a d i o  c i r c u i t s  are, t h e r e f o r e ,  qot 



a t t r a c t i v e  i n  cases where r e a l  t ime  tra.mni~Sion f s  
a requk.zrnenb:. 

At tached :  
F i g u r e s  1-4 
T a b l e s  1-5 
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TABLE 1 

I I 
I 

Estimated Average Monthly Performance - Apollo MSFN / 1 

Voice Bandwidth Basis 

Scheduled ; I  
Mosb No. of Prob. of an 

t / / / I  - 1 ;  

/ I  

Antigua 

Ascension 

Comparable t o  Cape Kennedy 

High Frequency Radio 

Bermuda 1 4  8 
! j 

5701% 1137 H r s e  1.7Nro 99.855 ! I  

4 
! I  

Canberra 38 loo,+ 2235 26.2 98,83 1 1  
36 

1 1  
Cape Kennddy 56 64.3 2433 '64 99073 . I I 

Carnarvon . Comparable t o  Canberra 1 1  I! 
Texas 7 5 71.4 

Goldstone 12 2 3 100. + 
Guam Comparable t o  Kauai 

Guaymas 7 20 100. + 

Kauai 7 12 100. + 
Madrid* 6 ,  42 100 1 + 

Average 1 4 . 1  2 3 100. + 

*Based on London c i r c u i t s  1 1 
, I 

Basic da ta  f o r  t h i s  t a b l e  was obtained form t h e  GSFC Na~com Netvork.Ground ' 
1 1 
I Communication Re l i ab i l i t y  Reports. 11 

/ I  
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Table 2 

Eetimated Average Monthly Performance - Apollo MSFN 
I 

Wide Bandwidth Basis 
n 

Scheduled 
Ckt. Mos. No. o f  Prob. o f  an Opn. Time Out Time Opn; 

Location o f  Opn. . :  I n t s , . . ' I n t .  PerMo. Per'Ckt.'  Per Ckt. Ratio 

East - Weat 

Continental U.S. 

2100 Ckt. Miles '20 20 100% . 6480 Hre 32.7~r8, 99,  ' 

North - South 

Continental U .  S a 

1030 Ckt . Miles 3 1 33.3 975 1*9 99 0 60 

Average 11 .5  10.5 91 6 30 3727 , 17.3 99054 



Estimated R e l i a b i l i t y  Apollo - E F N  

e 

Single  Channel Operation 

- 

R(10) * - 
For 90% of P r ~ o :  of Z 
Time with In te r rup t ions  ~ ( t  ) Probab i l i ty  of No. In te r rup t ion  30. I n t  .' Duration ' of  -0 
% Confidence per  c i r c u i t  f o r  Continuous time o f :  f o r  One . H r  . Outages i f  
Indicated  per  month 5 X one h r .  one day 5 days 10 days I n  10 ckt .  Grp. Occuring X h r s .  

Voice  and 75% 6.0 99.17% 81.9% 36.8% 13.5% 92.00% 1-9 
Voice Band 90 6.4 99-13 81.3. 35.9 12.2 91.63 2.0 
Voice Band 95 6 6 99-08 80.2 33.3 11.1 91.15 2.1 
Average 2 3 99-68. 92.7 68.4 46.8 96.83 1.2 

Wide Band 75% ' 2 5 99.65 92.0 66.3 43.6 6.7 
Wide Band 90 2.8 99.61 91.1 63.1 39.5 7-2 

Wide Band 95 2-9 99 59 967 61.9 37.9 7.6 

' Average 1.0 99.86 96.7 85.2 71.9 3.0 

- .  
% 

~ ( t )  = 1-6-" where h = number of in te r rup t ions  per  month divided. 
by number of days o r  hours pe r  average month. 

- 



Table 4 

Estimated Re l i ab i l i t y  - Apollo MSFN 

Two Channel Redundant Operation 

Independent F a c i l i t i e s  

Probabi l i ty  of 
OperaGing S ta te  Voice Bandwidth 
P , o r  ~ e ~ a i 2 . l  ' 

0 - 
Plus one Plus Txo S t a t e  Pro 

Average Std. Dev, Std. Dev, 

Both Chs. Opn., 
P ~ o  . 99 23% 97 . 72% 95 8 57% 

One Opr., One Rpr,, P 
o r  0.763 . 2.27 

. 4.39 

Both Rpr., Prr eO.002' (0.02 ~ 0 . 0 6  

A t  Least One Opr. 99 99 99 * 98 99-94 . 

Wide Bandwidth 

Both  Chs. Opr., Poo . 99 . 17% 97.07% . 93.92% ' 

One Opr., One Rpr,, 'or 0.826 2.91 6. 09 

Both Rpr., Prr *O. 002 ~ 0 . 0 3  eO.10 
8 

A t  Leaet One Opr., PC 99 e 99 99 97 ' 99.90 * 



TABLE 5 
APOLLO INTERSITE C O ~ i V ~ I U N I C A T I O N  FACILITIES 

PRIhWRY AND ALTERNATE R O U E S  

UNDERSEAS CABLE 

ECEND: 
P - PRlMARY 
B - BACKUP DIVERSE ROUTE 


