
FREQUENCY AND TIMING SYSTm FOR THE 
CONSOLIDATED DSN AND STDN TRACKING NETWORK 

K. C .  C o f f i n ,  0 .  E .  Johnson ,  and P. F. Kuhnle 

Jet .  P r o p u l s i o n  ~ ~ a 1 ) o r a t o r ~ : : '  
C a l i f o r n i a  I n s t i t ~ i t e  o f  Tc..c.:.l-inology 

Pasacir?rlii. C a l i f o r n  i n  

ABSTRACT 

For  NASA, JPT, i s  p r e s e n t l y  i n  t h e  p l a n n i n g  phase  of  
c o n s o l i d a t i n g  t h e  e x i s t i n g  Deep Space Network (DSN) 
and c o l o c a t e d  Goddard S p a c e f l - i g h t  T r a c k i n g  and Data 
Network (sTDN) s t a t i o n s  i n t o  a m u l t i p l e  a n t e n n a  
a r r a y .  

Each s i t e  wil .1 i n c l u d e  a S i g n a l  P rocess i r lg  Ceil tcr  
(SPC) cen te - r ed  i n  an a r r a y  of f o u r  o r  f i v e  an te t lnas  
each  l o c a t e d  w i t h i n  a p p r o x i m a t e l y  300 t o  800 m e t e r s  
of t h e  SPC. r\ c e n t r a l  Frequency arlrl Tirnj.ng Systcrn 
(FTS) l o c a t e d  i n  the  SPL: w i l l  c o n t a i n  rcfcrcnce 
f r e q u e n c y ,  t i m i n g  and t i m e  code g e n e r a t i o n ,  and 
d i s t r i b u t i o n  equipment: f o r  b o t h  t h e  SPC and e a c h  
a n t e n n a  w i t h  i t s  a s s o c i a t e d  f r o n t  end an . teuna  c n n t r o l  
b u i l d i n g .  

The r e f e r e n c e  frequency d i s t r i b u t i o n  and c l o c k  equ ip -  
ment w i l l  bc  driven by a  Hydrogen Mascr 2s t h e  pr ime 
f r equency  s t a n d a r d  w i  tli Ccsiutr~ Ream Fre~ltlen(:>~ Stan-  
d a r d  as t h e  s e c o n d a r y .  

'l'fiis p a p e r  w i l l  p r e s e n t  tile propi.)sed cq~ii1)ment con- 
f i g u r a t i o n  and p r e l  imina ry  performance spec  i r  i c a t i o n s :  
f o r  Lhe a b o v e  l.'requency and 'I'irnirlg Sg-stcrr~. 

INTRODUCTION 

T h e  advent: of  t h e  Trac.king Llafa Relay S a t e 1  l i t c  S y s t e m  (TDRSS) w i l l  
1lernl.d major c-hanges t.n N i i ~ ~ l ' s  grouncl-':,ascj. t r a c k i n g  ~ l e fworks .  ;LI of f -  
s h o o t  of these.  changes, whicli w i l l  be  liiscussc.d i n  niorc detail bc.l.ow, i s  

.. . . . ~,, .!. 
T h i s  paper  p r e s e n t s  t h e  r e s u 1 . t ~  af orii-. pliasc ol' r e sen rc l i  i:;-irricd nl.il- ,.it 
t h e  Jet P r o p u l s J o n  L a b o r a t o r y ,  C a l i f o r n i a  l n s t i t u t c  o f  Technology,  
u n d e r  C o n t r a c t  Eo. NAS 7-100, sponso red  1)y t h e  Nat:ional Acrona t r t i c s  
and Space  Adrnin i . s t ra t ion .  



t h e  c o n s o l i d a t i o n  of JPL ' s  g l o b a l l y - d i s t r i b u t e d  Deep Space Network w i t h  
c o l o c a t e d  e lements  of  G S F C 1 s  Ground S p a c e f l i g h t  Track ing  Data Network 
(GSTDN). Tn c o n j u n c t i o n  w i t h  t h e s e  m o d i f i c a t i o n s  t o  t h e  ground t r a c k i n g  
networks ,  t h e r e  w i l l  b e  r e q u i s i t e  changes t o  t h e  Frequency and Timing 
Subsystem (FTS) which p r o v i d e s  r e f e r e n c e s  f o r  t h e  t e l e m e t r y ,  command, 
and t r a c k i n g  a p p l i c a t i o n s  o f  t h e s e  s t a t i o n s .  

The s c h c d u l e  of m o d i f i c a t i o n  t o  t h e  Ground Track ing  Networks i s  d r i v e n  
p r i m a r i l y  by s p a c e c r a f t  e v e n t s  such as l aunches  and p l a n e t a r y  e n c o u n t e r s ,  
and by funding a v a i l a b i l i t y .  P r e s e n t  p l a n n i n g  i n d i c a t e s  t h a t  major 
implement at i o n  a c t i v i  t i  e s  w i l l  occur  i n  t h e  1983-19 85 t ime  p e r i o d .  
Consequently t h e  s t a t e  of  t h e  d e s i g n  i s  s t i l l  f u n c t i o n a l  a t  t h i s  t ime .  
E a r l y  assessments  of t hc  Frequency and Timing S y s t e m  requ i rements  have 
been made and a  h igh- leve l  sys tem fur lc t ional  d e s i g n  has  evolved.  Addl- 
t i o n a l l y ,  t h e  subsys  tern f u n c t i o n a l  r e q u i r e m e n t s  have heen t e n t a t i v e l y  
e s t a b l i s h e d  and a r e  c u r r e n t l y  b e i n g  r e v i s e d .  The purpose  of t h i s  paper  
is t o  i n t r o d u c e  t h e  Conso l ida ted  Space Communication Network t o  t h e  £ re -  
quency and t i m i n g  community and t o  show t h e  p r e s e n t  t h i n k i n g  a t  Goddard 
and JPL abou t  t h e  d e s i g n  of t h e  Frequency and Timing System t o  support: 
t h a t  network.  

NETWORKS CONSOLIDATION PROGRAM OVERVIEW 

Decisions were made by NASA i n  1979 which w i l l ,  by 1985 ,  r e s u l t  i n  the  
merger o f  t h e  col oca ted  t r a c k i n g  f  a c i l  i t i e s  o f  t h e  Ground S p a c e f l i g h t  
Track ing  and Data Network (GSTDN) and t h e  Deep Space Network (DSN), 
Th i s  Consol idated Space Communication Network, t o  b e  o p e r a t e d  b y  J P L ,  
w i l l  be  r e s p o n s i b l e  f o r  a l l  ground t r a c k i n g  s u p p o r t  f o r  Deep Space 
Miss ions  i n c l u d i n g  high e a r t h - o r b i t a l  m i s s i o n s .  T t  w i l l  NOT s u p p o r t  
low e a r t h - o r b i t a l  s p a c e c r a f t  which w i l l  b c  supported e x c l u ~ v e l y  by 
the  TDRSS. The d e c i s i o n  t o  c o n s o l i d a t e  r e s u l t e d  from a s t u d y  performed 
by t h e  Networks P lann ing  Working Group, which was e s t a b l i s h e d  by t h e  
NASA O f f i c e  of  Space Track ing  arid Data Systems (OSTDS) i n  1979.  'The 
working group members11 i p  c o n s i s t e d  of  r e p r c s e n t a t i v ~ s  from OSTDS , t h e  
Soddard Space F l i g h t  Center  (GSFC) , t h e  J e t  P r o p u l s i o n  Labora to ry  ( J P L )  , 
t h e  Spanish  Tnst i t u t o  Nacional  de  Tecn ica  Aerospac ia l  (LNTA) , and t h e  
Aus t ra l  i an Dcpar tment of  S r i e ~ i c e  and Environmen t (USE) . This  s t u d y  
is  c o n c e n t r a t e d  on t h e  c a p a b i l i t i e s ,  r equ i rements  and c o s t s  of t h e  
ground segment o f  t h e  NASA Track ing  Networks. 

Therc were  t h r e c  b a s i c  d r i v e r s  f o r  t h e  s t u d y  c f f o r t .  F i r s t ,  the  e a r l y -  
to-mid e i g h t i e s  w i l l  be a  p e r i o d  of  lowererl t r a c k i n g  a c t i v i t y  f o r  a l l  
space  m i s s i o n s .  Second, t h e  e a r l y  c i g h t i c s  w i l l  qee t h e  advent of the 
TDRSS which w i l l  c a r r y  t h e  m a j o r i t y  of  t h e  t r a c k i n g  load f o r  e a r t h -  
o r b i t a l  s p a c e c r a f t  , i n c l ~ ~ d i n g  t h e  low-alt i t u d e  s p a c e c r a f t .  T h i r d ,  t h e  



i n c r e a s e d  a c t i v i t y  i n  s p a c e  d u r i n g  t h e  second  h a l f  o f  t h e  e i g h t i e s .  To 
p r e p a r e  f o r  t h i s  i n c r e a s e d  I .oad ,  i t  js a p p r o p r i a t e  t o  mod i fy  and r econ -  
f i g u r e  t h e  Ground Traclcing Nctwol-k(s) now, f o r  more c o s t - c f  fee-tivc 
o p e r a t i o n  1 a t c r .  F i g u r e  1 shows the p r e s e n t  day  (1980) l o c a t i o n s  o f  
t h e  a n t e n n a s  t.o be  co1oc; t tcd .  A l l  o t h c r  GS'I'IiK s i t e s  w i l l  b e  c l o s e d  
a f t e r  t h e  TDRSS becomes o p e r a t i o n a l .  

Both  t h e  64-meter and 34-meter a n t e n n a s  a t  e a c h  IlSN comp1tt.x w i l l  b e  u sed  
t o  t r a c k  p l a n e t a r y  and interplanetary s p a c e r r a f t .  The c o l o c a t e d  GSTDN 
9-meter  a n t e n n a s  w i l l  b~ c o ~ l v e r t c d  i n t o  a s u b n e t  t o  s u p p o r t  f u t u r e  h i g h  
e a r t h - o r b i  till s p a c e c r a f t  . S i g n a l  P r o c e s s i n g  C e n t e r  (SPC) equ ipmen t  
s h o u l d  he i n t e r c h a n g e a b l e  be tween  p l  a n c t a r y  and h i g h  enrt l - i -orbi  t a l .  
l i . n k s .  F i g u r e  2 i s  an o v e r v i e w  o f  t h e  C o n s o l i d a t e d  Space  C o m u n i c a t i o ~ i  
Network.  The anEcnnas and t h e i r  x s so i : i a t ed  f r o n t - e n d  a r e a  o p e r a t e  i n  
an unattended mode f o r  a l l  ~ ~ o r r n a l  t r a c l i i n g .  

The SPC w i  1 1  c o n t  air1 t h e  c c n t r a l  i z c d  mor~ i t o r  and c n n t r o l  equ ipmen t  , 
t e l - e m e t r y  demod t l l a t i on ,  command p r o r e s s i n g  ecluipmctlt ,  f r e q u e n c y  and 
t i m i n g ,  r e c e i v e r ,  e x c i t e r ,  r a d i o  s c i  e n c c ,  and cornm~lnicaL.i on equ ipmen t .  

A l l  manual  c o n t r o l  p0i.nt.s f o r  t h c  communicat ion cnmp Lcx w i l l  r e s i d e  i.n 
t h e  monicor  and c o n t r o l  equipment  i n  t h e  SPC. Each conirnu~licnt ion l i n k  
w i l l .  b e  s u p e r v i s e d  t h r o u g h  a  d e d i c a t e d  c o n t r o l  c o n s o l c  w i t h  a l l  con- 
s o l  e s  c e n t r a l  1 y l o c a t  ecl i n  tilt. SPC. Equipment c n n f  i g u r a t i o n s  a r c  t o  be  
sui.11 t h a t  s i g n a l  combin ing ,  t e l e m c t r ) ,  s i g n a l  detection, and t e l e m e t r y  
arrd cnmmand p r o c e s s i n g  w i l l  b e  not-mal.ly d e c l i r a t c d  t o  n s p e c i f i c  1 i n k ,  
b u t  c.an b e  s w i t  clletl f o r  mut:ual b a c k u p .  ill 1 a t l t c i -u~~as  ;ir i t i  f.ront-c-.r~d a r e a  
s u b s y s t e m s  w1)ic.h a r c  a r r a y e d  t o g c t l i e r  Tor a cummurli ( - . a t ions  l i n k  w i l l  b e  
s u p e r v i s e d  tl-irough t h e  con t  rc~l. conso l t .  f o r  t h a t  l i n l i .  P i g u r c  3 sl-lows 
a v iew o f  a t y p i c a l  complex a f t e r  r c c o n f i g u r a t i o n .  

The f r e q u e n c y  and t i m i n g  r c q u i r e r n e n t s  a r e  b e i n g  d r i v e n  by two f a c t o r s .  
P i  r s t  , t h e  impet lding c 0 ~ 1 s o l . i t l a t i o n  c.)f L E N  w i t h  t h e  co  1 o c a t e d  GSTDN i s  
p l a c i n g  new r e q u i r e m e n t s  on t h e  e x i s t i n g  E'CS. Tliese r e q u i r e m e ~ i t s  f a l l  
p r i m a r i l y  i r l t o  t h e  a r e a s  o f  i nc r ca sec l  d i s t r j . l . ) u t - t i o n  r:apaci t.y and cnpn- 
h i l i t y ,  t h c  need f o r  c e n t r a l i z e d  monitnt-  and cant-rol o f  t h e  f r e q u e n i : ~  
a n d  t i m i n g  e r i u i p m ~ n t ,  ant1 F i n a l l y  t h e  ncccS t o  PI -ovi t le  t i m c  o f i s e t s  
( unde r  o p e r a t o r  c o n t r o l )  t o  se1.e~-:tcd u s e r s  [(:)I- t i - i i .  p u r p n s e  o f  s i .mul .a t ing  
upcoming t r a c k i n g  e v e n t s  f o r  Lr:.i-ining p u r p o s e s .  I'iic si..i:ot~tl f a c t o r  
d r i v i n g  t l i e  r e - q u i r c m c n t s  t o  dcvc lo l )  n e w  f requcr ic : ,  niid t im. ing  equipment 
i s  t h c  need  t o  r e p l a c e  a g i n g  e q u j  pmi?rlt. Tlic j l reset l t  cr-jmp.1 ernent o f  
ecluipment a t  b o t h  GSTDP: arid OSN . s t ~ t i o n t ;  a r e  ;.intiqilrit e d  , mucil u f  i.l: 
l-lilving b e e n  implelnentcd i r i  t-lie ninctccl-1 s j x t i e s .  

The app roach  t h a t  h a s  becn f o l l o w e d  i s  t o  t a k e  t i l t .  b e s t  equi.pmcnt a v a i l -  
a b l e  i n  e i t h e r  ne twork  and t o  d e s i g n  t h c  rcmairjcler.  L l i  g e n e r a l ,  t l i c  
FTS can  bc t hough t  o f  a s  ;.i s e r i e s  arr;lngemt.nt o r  i un  c t i i :~r l s  a s  shown i n  
F i g u r e  G. 



S i n u s o i d a l  r e f e r e n c e  g e n e r a t i o n  and d i s t r i b u t i o n  f u n c t i o n s  w i l l  b e  
s u p p o r t e d  by  e x i s t i n g  equipment-.  GSTDN equipment w i l l  b e  used  t o  gen- 
e r a t e  and  d i s t r i b u t e  epoch t i m e  and  t i m i n g  p u l s e s .  The d i s t r i b u t i o n  
c a p a c i t y  f u n c t i o n ,  t h e  m o n i t o r  and c o n t r o l  f u n r t i o n ,  iir~d s i m u l a t i o n  t i m e  
w i l l  r e q u i r e  new equipmcnt .  

C o n s o l i d a t i o n  01 t l lc  ne twork  w i l l  have  a s i g n i f i c a n t  impac t  on FTS 
r e q u i r e m e n t s .  D i s t r i b u t i o n  o f  s i n u s o i  d a l  r e f e r e n c e  f r e q u e n c y  i s  p r e s -  
e n t l y  made t o  a l l  u s e r s  i n  t h e  c o n t r o l  room arid a n t e n n a .  However, 
t i m i n g  s i g n a l s  a r e  a d i f f e r e n t  m a l t e r .  P r e s e n t  d i s t r i b u t i o n  c a p a b i l i t y  
o f  t i m i n g  s i g n a l s  o n l y  r x t c n d s  t o  u s e r s  i n  t h e  c o r l t r o l  room where  com- 
p u t e r s  a r e  l o c a t e d .  W i  l h  t h e  imp lemen ta t ion  o f  t h e  NCP c o n f i g u r a t i o n ,  
t h e  d i s t r i b u t i o n  r e q u i r e m e n t s  rhange  i n  two ways; f i r s t ,  t h e r e  w i l l  b e  
more u s e r s  i n  t h e  SPC: t han  c u r r e n t l y  s c r v e d  by t h e  64-meter c o n t r o l  
room FTS. Second1 y  , t h e r e  wi 11 now b ~  a need t o  p r o v i d e  s i g n a l s  t o  
r emote  Lront-end a r c a  l o c a t i o n s .  

C o i n c i d e n t  w i t h  imp lemen ta t  i o n ,  t h e  DSN w i l l  r e p 1  a r e  t h e  rnoni t o r  pro-  
c c s s o r s  wh i rh  do  n o t  have  t h e  capac i  t y  t o  accommodate t h e  i n c r e a s e d  l o a d .  
Implementation o f  m o n i t o r  and c o n t r o l  equipme11L w i l l  p r o v i d c  r c n t r a l i z e d  
o p e r a t o r  r a p a b i l i t y .  A d d i t i o n a l l y ,  t h e  dcs igr r  i s  based  upon u n a t t e n d e d  
f ron t - end  areas. Thc r a m i f i c a t i o n s  of  t h e s e  ~non i  t o r  and con1 r o l  c l i a~ lges  
t o  f r e q u e n c y  and t i m i n g  i s  t h a t  (1) t h e  new cquipmcnt  p l anned  f o r  t h e  
f r o n t - e n d  a r e a  must b e  u r l a t t e n d ~ d  , and ( 2 )  t l ie  f r c q u c n c y  ant1 t i ming 
equipment i n  t h e  St'C m u s t  have  a s i n g l e ,  d i g i t a l ,  m o n i t o r ,  and c o n t r o l  
i n t c r f a c c  f o r  t h e  c e n t r a l  m o n i t o r  and  cun t r o l  p r o c e s s o r .  

Sinitllat i o n  t i m e  code generation and d i s t r i l l u t  i.011 i s a n ~ ) t h ~ ' r  ma jo r  ar+cx,l 
o f  cfiangc b c i n g  imposed ilpon t h e  f r c q u c n r y  and t i m i n g  equ ipmen t .  For 
t e s t i n g  p r i o r  t o  c r i t  i - c a l  t r a c k i n g  e v e n t s  s u c h  a s  e n c o u n t e r s  o r  spitcc-. 
c r a f t  maneuvers ,  ant1 f o r  t r a i n i n g  o f  pe r so~ i r l e l  , t h e  FTS g e n e r a l e s  and 
d i s t r i b u t e s  a t i m e  code t h a t  i s  o f f s e t  (by o p e r a t o r  command) Irom r ~ a l  
t i m e .  T r a d i t i o n a l l y ,  t l i r  DSN h a s  bccn  a b l e  t o  o f f s e t  time f o r  31 1  
u s e r s  a t  a  s l a t i o n .  With a  Co i l so l ida t ed  Nctwork,  t h a t  w i l l  n o t  h e  
p o s s i b l e .  I t  w i l l  b e  n e c e s s a r y  t o  p r o v i d e  s e l e c t a b l e  t i m e  ( r e a l  o r  
s i m u l a t e d )  s e p a r a t e l y  t o  each  u s e r .  The ce11lr;ll l i n k  o p e r a l o r  w i l l  
s e l e c t ,  f o r  e n r h  a s sembly ,  which t i m e  epoch t o  u s e .  



FREQUENCY AND TIMING FUNCTIONAL KEQUTREMENTS 

Tn o r d e r  t o  s u p p o r t  t h e  f r e q u e n c y  and t i m i n g  f u n r t i o n s  01 t ,hc  Corisol i -  
c lated Network ,  c e r t a i n  complex ancl netwnrlc l e v e l  fur lc t . inns  must be. 
s a t i s f i e d .  Thcsc  f u n c - t i o n s  a r i s e  o ~ i t  o f  t h e  gloha.11y distributed n a t u r e  
o f  the FTS , t h e  r equ i r emen t .  Cnr coniplex t i tue svnc i i ron i  z a t i o l ~ ,  conlpl ex 
f rcquer icy  ancl t i m i n g  d i s t r i b u t i o n ,  and t h e  d i s c i p l i n e  r e q u i r e d  f o r  
main te r lance  o f  t i m e  arlrl frccjuerlc:y performar~cr? r e r - o r d s .  b ' igurc 5 i s  a  
l l i c ra rc l - l i i : ;~ l  i t i p t l t - ou tpu t  ( h a r t  d c p i  c t i t l g  t h e  1;TS i t i t e r f a c c - s  and tl-ic 
f u n c t i o n s  t h a t  s e r v e  t h e  DSX. 

Knowledge olT t h e  t i m e  o1f ; se t  o f  t h e  13SN r e l a t i v e  t-o t h e  11nt iona l  s tan--  
d a r d s  at: the N a t i o n a l  Bureau  of  Str t r ldards (NRS) .is p r e s e n t l y  o b t a i n e d  by 
t r a v e l i n g  c.loc:k vi si  ts from 3SS-1.5 (Go i.dstorle 64-meter  a n t e n n a )  . DSS-14 
scrvc ls  as t.lie DSN m a s t e r  f rcquericy s t a n d a r d  ancl c1or.k and t h e  o t h e r  s t a -  
t i o n s  are. syn r l l r on i  zed t o  i t .  F u t u r e  p l  an s  assutne t h a t  i l l i s  f'unc: t i o n  
wi 1 1  S c  p e r  t-ormcd v i  a a G l o b a l  Posi  t i o n i n g  S a t  e l  1 i t e  ((.:PS) Systeni will1 
GPS t i m c  s y n c h r o n i  z a t i c m  grot.tnd h a s ~ . d  re r :e i  vcr:; a t  b o t h  TISS-14 anci NKS 
i n  B ~ l ~ ~ l d e r ,  C(:)I.c?rad~). :['lie t i m i '  c l f f s c t  O C  t h e  DSS niasl(:x' i r ~ q i ~ c n c y  
s t a n d a r d  r e 1  i ~ t i v c  tr.) U S N C ) / S H S  i s  main i  airlcici \.ri t h i n  '10 rnicrose<:t :~nds.  
Knowlcdge (2 t t . l i is of fscl. i s 11i;a.int a i n e d  w i 1 i ~ i r l  i rnirrusc?(:c-)ntls. T11.i.s 
rt..c!uirenicnt is l);.~.setl l t p ~ ) ~ i  t ~ i i v i g ; l t . i ~ n  a c c u r a c y  rleetls and s tcn is  f r o m  t h e  
1let.3 t o  zoup1.e r a n g i r - ~ g  , d o p ~ j l  er arid VLBL rnensur-etnents t c! the cal- t l l  
plalrfrorm. 

T1-ic. mc-.asurement o f  f r e q u e n c y  and t i m c  o f f s e t  o f  cac:li cniriplex m a s t e r  
st nndnrd r c l a t i v ~  t o  tilt Hctworic Mas t e r  S t a n d a r d  at. G(n It-lstonc .is a r h i c v c d  
by ;I . v a r i e t y  o f  t e c i ~ r i i r i u c s .  T}-7.i.cal. t ec :hn iqucs  arc.. Very T.ong B a s e l i n e  

I n t e i - f e r o i n c t e r  (VT,BT)  , t r a v c l  in); c:l ock  v i s i t s ,  I,C)ICZS-(: t i m c  syric!ii-oniztl- 
t i i - ~ n  ( S p a  i n )  , and TV p1.1l.se (:imp s~ ; r : e - : l~ ro~~ iza t i c -~n  lI\~lstral i.a) . l i l i t l ~  t l i e  
i n r c p t i c i n  c.)f [.lie Global Pos i t i c:r:-ir~g S a t c l l i t c  t,C;I-':'j 9 > , s  t:cm aniS 11-1s 
.imlpl eme i i t a t i ou  o f  IJSL GPS tinlc s y n c  rei:eivpt-cs , ,ill ~ L I L  t i ; ?  ? ' I .BI  t ~ i i . 1 1 -  

I i 1 .  1 s t i  1 VLZI j) 1.1.l~ l OkAS-(: ;iilci I I' . S > ~ I I T :  nictliods 
;we r~scd, a l o n g  w i t h  time s e r v i c e  i j u l l c t i n : ;  tc.1 prc-rvitic ill; i r~clr?penrlci~t 
c o r t : e l n t i n n  o f  t h e  meast t rcnicnis .  'i'lle t i tne o f f s t t  c ~ t  c;jc:1.1 c.c-iii~plcx is 
m a i n t a i n e d  t o  w i t h i n  50 microsecc-lnt1.s i:rf t l1~5  i:u.Ldsl.<in;i iolnplo;  L I T I ~ I  
I<:-!c)wl cdgc  of  t  i111e o f f s e t  i s  rc.c!il i.1,c.d t.c-\ b~ wit1ii1.1 11) m i  ( : :~-oscc :L)I~~s .  
iCnowledzc i)f t l ie  f r e q [ r c ~ i c y  o I i s ~ i t  (3f ti.ic frecju~r-~i::: s t ; ~ ~ c i a z - r l  c i r  o n e :  r o m -  
p i e x  r e : l ; . ~ t i v t .  t o  the o t l i e r  ct.irnl?lcxcs j.s tc3 bc i , : i t l l in .3 p a r t s  i n  1013 .  
l.'rcquc~lcry s t a ~ l d a r d  errors t r ; - i n s l n t c  . i r l t ( ~  : ~ p l ) ; j ~ - ~ r i t  spac:f:c.r;ift i ~ o s i t i o n a l  
e r r o r s  ;d-ii.n r~ialkin,g 11avi gal- i  i-l1?;3l 1 1 1 t  ,is i~rcme:i ts  ils i l - , ~  t t . j , ? - s taLin~l  t-.t:rlinic;ues 
srich a:; V L E I  o r  iiirwr1.l i n k  o n i - - w r ~ \ ~  r:.3:1qirig. Ti~xv o f f s e t  i s c r  i  t i  L::~.L i c ~  

t i l e  131 ,?t i t : t  ary ran2.i  ng ~ n c  t.liocis ~;s;.ci lib, t h t :  TIS?;. 

!-/i t i i irl  each curnple!x, t h e r t :  a r c  s i .vc . r i~ l  p l -~ys i r~? . l l q -  ~c1.);31:;3te(! fr i .c luci icy 
s ta t ic la rds  and (:locks. In t l i c  :Jctwc.)rl; Consnl id : j t io l -~  c s ; j ,  tilost o f  tllcsc? 
w i l l  b e  r e~ .o ra t c !d  ti1 tire c e r i t r d  SPC. liowever, a t  Goids tonc .  one 



s t a t i o n ,  a  34-meter t r a n s m i t - r e c e i v e  f a r i l i t y  w i l l  remain p h y s i c a l l y  
remote from t h e  SPC and w i l l ,  t h e r e f o r e ,  s t i l l  r e t a i n  i t s  s t a n d  a lone  
f requency s t a n d a r d  and c lock .  For syncf l ron iza t ion  of t h a t  s t a t i o n ,  a 
one p u l s e  per  second s i g n a l  w i l l  be t r a n s m i t t e d  from t h e  complex mas te r  
v i a  t h e  a r e a  microwave system. The t r a n s m i s s i o n  modes a r e  of a known 
and s t a b l e  t ime d e l a y .  Time s y n c h r o n i z a t i o n  w i l l  be mainta ined w i t h i n  
50 microseconds of t h e  complex mas te r  and knowledge of t ime o f f s e t  w i l l  
be  wi thi t i  3 microseconds.  Knowledge of f requency offset: i s  n o t  a s  
c r i t i c a l  a s  f o r  complex-tn-complex o f S s e t  s i n c e  t h i s  s t a t i o n  i s  n o t  
i n v o l v e d  i n  dual s t a t i o n  n a v i g a t i o n  measurements. T h e r e f o r e ,  t h e  know- 
l e d g e  of t h e  frequency o f f s e t  w i l l  be  w i t h i n  1 p a r t  i n  1011. 

Genera t ion  and d i s t r i b u t i o n  of r e f e r e n c e  f r e q u e n c i e s ,  t iming  p u l s e s ,  and 
epoch t ime codes  t o  sys tem u s e r s  i n  each SPC, PEA, Antenna Area and Net- 
work Opera t ions  Cont ro l  Center  (NOCC) i s  t h e  pr imary purpose  of t h e  fre- 
quency and t iming  equipment. The s i n u s o i d a l  r e f e r e n c e  f r e q u e n c i e s ,  
t iming  p u l s e s ,  and epoch t i m e  codes t h a t  a r e  genera ted  a t  t h e  complex 
mas te r  FTS f o r  d i s t r i b u t i o n  t o  f requency and t iming  u s e r s  a r e  shown i n  
F i g u r e  6. Tab le  1 d e p i c t s  t h e  A l l a n  v a r i a n c e  s t a b i l i t y  requ i rements  f o r  
r e f e r e n c e  f r e q u e n c i e s  w i t h i n  a  complex. 

The NOCC, l o c a t e d  a t  JPL, Pasadena,  C a l i f o r n i a ,  r e q u i r c s  t iming  p u l s e s  
and epoch t ime codes ( I  ~ / s ,  10 p / s ;  30-bi t  p a r a l l e l  BCD, 30-b i t  pa r ' a l -  
l e l  b i n a r y  and 36-b i t  s e r i a l  NASA t ime  code) .  The FTS p r e s e n t l y  
i n s t a l l e d  a t  NOCC w i l l  c o n t i n u e  t o  be u t i l i z e d .  Time synchron iza t io ,n  
is  t r a c e a b l e  t o  NBS/USNO through t h e  JPL s t a n d a r d s  l a b o r a t o r y .  

R e l i a b i l i t y  of 99.9 p e r c e n t  a t  t h e  t h r e c  complexes will be  achieved w i t h  
t h e  implementat ion of a second Hydrogen Maser f requency  s t a n d a r d  and a n  
upgraded T r i p l e  Redundant Timing System (TRTS) a t  each Network Con- 
s o l i d a t i o n  complex. T h i s  l e v e l  of r e l i a b i l i t y  is  based upon t h e  r e l i a -  
b i l i t y  requ i rements  f o r  t e l e m e t r y  and t r a c k i n g  data and a n  unders tand ing  
of sys tem d e s i g n  i n  which f requency and t iming  r e f e r e n c e s  a r e  a  pre- 
r e q u i s i t e  t o  v a l i d  d a t a .  

V a l i d a t i o n ,  r e c o r d i n g ,  and p u b l i s h i n g  of t h e  performance of f requency 
and t i m e  pa ramete rs  i n c l u d i n g  c o n f i g u r a t i o n  and s y n c h r o n i z a t i o n  i s  an  
extremely impor tan t  a s p e c t  of any t iming  system. Performance r e c o r d i n g  
of r e f e r e n c e  and epoch t ime s i g n a l s  a r e  o f t e n  used a s  a  y a r d s t i c k  f o r  
DSN measurements. I n  some a p p l i c a t i o n s ,  u n c e r t a i n t i e s  i n  r e f e r e n c e  
f requency o r  epoch t ime  can be  t r a n s l a t e d  i n t o  measurement e r r o r s .  
Consequently,  t h e  s t a b i l i t y  requ i rements  of t h e  r e f e r e n c e s  and t h e  
c a l i b r a t i o n  of epoch t i m e  r e q u i r e s  a c c u r a t e  measurements ( v a l i d a t i o n )  
and r i g o r o u s  r e c o r d  maintenance.  To accomplish t h e s e  f u n c t i o n s ,  a  
performance measuring c a p a b i l i t y ,  s u f f i c i e n t  t o  a s c e r t a i n  f u n c t i o n a l  
o p e r a b i l i t y ,  w i l l  be  r e q u i r e d .  It i s  planned t h a t  t h e  measurements of 
t ime and f requency s t a b i l i t y  (Al lan v a r i a n c e )  w i l l  be an  automated 
f u n c t i o n  imp]-emented w i t h i n  t h e  Frequency and Timing Monitor and Cont ro l  



System a t  each s t a t i o n .  The t ime-var ian t  c o n f i g u r a t i o n  a s  w e l l  a s  
a la rm s t a t u s  w i l l  a l s o  be monitored and recorded a t  each s t a t i o n .  

Network l e v e l  moni to r ing  and performance a n a l y s i s  w i l l  be accomplished 
i n  a  semi-automated mode by t h e  Network Opera t ions  and Ana lys i s  (NOA) 
S e c t i o n  at JPL. Th is  NOA S e c t i o n  w i l l  r e c e i v e  r e p o r t s  from each s t a t i o n  
t a b u l a t i n g  s t a b i l i t y  performance,  c o n f i g u r a t i o n ,  and t h e  r e s u l t s  of s t a -  
t i o n  l e v e l  o f f s e t  measurements such as LORAN-C, TV sync p u l s e ,  and 
t r a v e l i n g  c l o c k  v i s i t s .  Addi t iona l" ly ,  t h e  a n a l y s t s  w i l l  r e c e i v e  mea- 
surement r e s u l t s  from VLBI d a t a .  An a n a l y s i s  of t h e s e  d a t a  w i l l  t h e n  
cu lmina te  i n  a  p e r i o d i c  (monthly) r e p o r t  on s t a t i o n  s t a b i l i t y  perform- 
ance ,  complex-to-complex t ime  and f requency o f f s e t  and an a n a l y s i s  of 
any anomalous behav ior .  

F i g u r e  7 i s  a  s i m p l i f i e d  f low c h a r t  showing t h e  d a t a  g a t h e r i n g  p r o c e s s  
f o r  f requency  and t iming  performance ana l .ys i s .  VLBI t ime  synchroniza-  
t i o n  measurements are performed approximately  on seven day c e n t e r s .  
Upon r e c e i p t  of t h e  VLBI measurement d a t a  a t  a  complex, t h e  d a t a  i s  con- 
v e r t e d  t o  d i g i t a l  form and t r a n s m i t t e d  t o  t h e  VLBI Processor  Subsystem 
at t h e  NOCC. A f t e r  p r o c e s s i n g ,  t h e  d a t a  i s  made a v a i l a b l e  f o r  a n a l y s i s  
a t  t h e  Network Opera t ions  and Ana lys i s  (NOA) S e c t i o n .  Complex FTS 
performance paramete rs  a r e  d a t a  l i n k e d  t o  t h e  NOCC Monitor and Control  
(NMC) Subsystem from t h e  Complex Monitor and Cont ro l  Console ( C M C ) .  TheNMC 
p r o v i d e s  comp1,ex FTS moni tor  and s t a t u s  r e p o r t s  t o  t h e  NOA. FTS moni tor  
and s t a t u s  r e p o r t s  and t h e  VLBI c o r r e l a t e d  d a t a  a r e  compiled and analyzed 
as t o  t ime and f requency  o f f s e t s  between complexes and f o r  complex mas te r  
f requency s t a n d a r d s  and c lock  behav ior .  

FREQUENCY AND TIMING FUNCTIONAL D E S I G N  

Refe rence  D i s t r i b u t i o n  

The f requency and t i m i n g  f u n c t i o n a l  des ign  i s  s t i l l  evo lv ing  and i t  w i l l  
c o n t i n u e  t o  change as t h e  NCP des ign  s o l i d i f i e s .  Complicat ing t h e  proc- 
e s s  i s  t h e  fact t h a t  f requency  and t iming  s i g n a l s  a r e  r e q u i r e d  t o  be one 
of t h e  f i r s t  e l ements  of t h e  sys tem t o  become o p e r a t i o n a l .  The p r e s e n t  
h i g h  l e v e l  b lock  diagram f o r  f requency and t iming i n  t h e  Network Con- 
s o l i d a t e d  e r a  i s  shown i n  F i g u r e  8.  

The f requcncy and t iming  des ign  i s  hased tlpon t . 1 1 ~  exist.i.rlg 13SN complex 
mas te r  f requency s t a n d a r d s  and s i n u s o i d a l  r c f c r c n c e  g c n c r a t o r s .  
Located a t  each SPC,  t h e  complex mast.c..r frequcncy s t a n d a r d  w . i l l  con- 
sist  oL two Hydrogen EIascrs backed by t w o  Ccs iun i  B c a m  Freqtlcncy 
S tandards .  These s t a n d a r d s ,  which a r e  1.ncatcd il-i an env i ronmenta l ly  
c o n t r o l l e d  a r e a ,  a r e  provided w i  t11 an ~ m i n t e r r u p t i b l e  power s o u r c e  
f o r  p o s s i b l e  emergencies .  Switching provided i.n t h e  s i n u s o i d a l  r e f e r -  
ence g e n e r a t o r  a l lows s e l e c t i o n  of any of t h e  four  s t a ~ l d a r d s  a s  t h e  
i n p u t  f o r  t h e  c-omplex. Switching from s tandard- to - s t  andard may be 



by manual o p e r a t o r  command b u t ,  i n  t h e  event  o f  f requency s t a n d a r d  
f a i l  u r e ,  t h s  s t a n d a r d s  a r e  swi tched a u t o m a t i c a l l y .  

S i n u s o i d a l  s i g n a l s  n o t  a v a i l a b l e  from t h e  f requency s t a n d a r d s  arc syn- 
t h e s i z e d  and d i s t r i b u t i o n  a m p l i f i e r s  provided i n  s u f f i c i e n t  q u a n t i t i e s  
t o  meet a l l  u s c r s  nccds  i n  t h e  SPC. The amount of equipment r e s i d e n t  
i n  t h e  SPC w i l l  be  g r e a t e r  than  now suppor ted  by t h e  DSN r e f e r e n c e  
g e n e r a t o r s .  One r e f e r e n c e  g e n e r a t o r  w i l l  have t o  meet t h e  needs of 
equipment t h a t  i s  now suppor ted  by i n d i v i d u a l  r e f e r e n c e  g e n e r a t o r s  a t  
s t a n d a l o n e  st a t i o n s  . The e x t e n t  of t h e  needed expansion i n  c a p a b i l i t y  
i s  be ing  de te rmined ,  however, i t  i s  a n t i c i p a t e d  t h a t  t h e  q u a n t i t y  of 
new d i s t r i b u t i o n  amp1 i f i e r s  w i l l  perhaps  double .  

Reference f requency  d i s t r i b u t i o n  is  n o t  t h e  o n l y  c a p a b i l i t y  t h a t  w i l l  have 
t o  expand i n  t h e  NCP area. TTming s i g n a l  ( p u l s e s )  and epoch t i m e  code 
d i s t r i b u t i o n  c a p a b i l i t y  i s  a l s o  n o t  adequa te  f o r  a Conso l ida ted  Space 
Communication Network. The p r e s e n t  p l a n n i n g  assumes the a v a i l a b i l i t y  of 
Goddard T r i p l e  Redundant Timing Systems a t  each complex f o r  g e n e r a t i o n  
and d i s t r i b u t i o n  of c l o c k  s i g n a l s .  These t i m i n g  systems a r e  f u n c t i o n a l l y  
i d e n t i c a l  t o  t h e  t i m i n g  system p r e s e n t l y  i n s t a l l e d  a t  t h e  White Sands 
TDRSS Tracking S t a t i o n .  

S i n u s o i d a l  r e f e r e n c e  s i g n a l s  f o r  users a t  t h e  an tenna  a r e a s  w i l l  b e  d i s -  
t r i b u t e d  t o  t h e  a n t e n n a s  e i t h e r  d i r e c t l y  by uncompensated b u t  b u r i e d  
cables, o r  by a c t i v e l y  s t a b i l i z e d  c a b l e s .  The a c t i v e l y  s t a b i l i z e d  
c a b l e s  are used ,  today ,  o n l y  f o r  VLBI  which r e q u i r e s  r e f e r e n c e  s i g n a l s  
on t h e  an tenna  having e s s e n t i a l l y  t h e  s a m e  s t a b i l i t y  a s  t h a t  of t h e  
Hydrogen Haser  r e f e r e n c e  f requency  s t a n d a r d .  

S imula t ion  Time 

T h i s  f u n c t i o n ,  which is  n o t  e a s i l y  conveyed by a b lock  diagram,  w i l l  be  
ach ieved  by a system d e s i g n  u t i l i z i n g  s e r i a l  time code d i s t r i b u t i o n  and 
u s e r s  i n d i v i d u a l l y  mounted t i m e  code t r a n s l a t o r s  t h a t  can  b e  i n d i v i d -  
u a l l y  t ime o f f s e t  upon command. T h i s  d e s i g n  a v o i d s  c e n t r a l  s w i t c h i n g  
and m u l t i p l e  c l o c k s  w h i l e  s i m p l i f y i n g  d i s t r i b u t i o n .  In c o n j u n c t i o n  
w i t h  t h i s  e f f o r t ,  t h e r e  w i l l  be  a r e s t r i c t i o n  of t h e  t y p e s  of codes  
a v a i l a b l e  t o  u s e r s .  

Monitor and Cont ro l  

At t h e  SPC, FTS performance paramete rs  from the  FTS mas te r  w i l l  be 
r o u t e d  t o  t h e  Complex Monitor and Cont ro l  (CMC) Console v i a  an FTS 
c o n t r o l l e r .  The PTS performance paramete rs  w i l l  t h e n  be d a t a  l i n k e d  
from t h e  CMC t o  t h e  NOCC Monitor and Cont ro l  (NMC) Subsystem a t  JPL v i a  
t h e  GCF, GSFC NASCOM Switch,  and t h e  JPL C e n t r a l  Communications t e r m i n a l .  
Moni tor ing of FTS paramete rs  v i a  t h e  CMC and t h e  NMC is  new f o r  t h e  
Conso l ida ted  Space Communication Network. 



Within  t h e  NOCC a t  JPL,  t h e  VLBI P r s c e s s o r  Subsystem and t h e  NOCC 
Monitor and Cont ro l  (NMC) Subsystem perform f u n c t i o n s  f o r  t h e  U S N  Fre- 
quency and Timing System. A t  t h e  VLBI Processor  Subsystem, complex VLBL 
t i m e  s y n c h r o n i z a t i o n  d a t a  i s  rece ived  over  a 56 kb / s  NASCOM c i r c u i t .  
The VLBI c o r r e l a t o r  w i l l  p r o c e s s  t h e  VLBI d a t a  and make i t  a v a i l a b l e  f o r  
t h e  Network Opera t ions  and Ana l~ys i s  S e c t i o n  (NOA). 

The NMC w i l l  r e c e i v e  FTS parameters  d a t a  l i n k e d  from t h e  complexes and 
w i l l  p rov ide  Monitor FTS Disp lays  f o r  use  by t h e  Network Opera t ions  
C o n t r o l  Team. The NMC w i l l  a l s o  p rov ide  FTS moni tor  and s t a t u s  
r e p o r t s  t o  t h e  Network Opera t ions  and Ana lys i s  S e c t i o n  (NOA).  

The Network Opera t ions  and Ana lys i s  S e c t i o n  (NOA), as a  DSN s u p p o r t i n g  
e lement ,  w i l l  r e c e i v e  complex-to-complex t i m e  and f requency o f f s e t  com- 
p i l e d  d a t a  from t h e  VLBI c o r r e l . a t o r  and FTS moni tor  and s t a t u s  r e p o r t s  
f r o m  t h e  NMC. The d a t a  w i l l  be  analyzed a s  t o  t ime  and f requency  o f f -  
s e t s  between complexes and for c.ornplex mas te r  f requency s t a n d a r d  and 
c l o c k  behav ior .  The NOA w i l l  a d v i s e  t h e  complexes of t h e  r e s u l t s  by 
TWX and /or  w r i t t e n  r e p o r t s .  The r e p o r t s  w i l l  a l s o  be a v a i l a b l e  t o  t h e  
FTS Cognizant Opera t ions  Engineer (COE), Cognizant Design Engineer (CDE) 
and t h e  FTS Systems Engineer ( s E ) .  The FTS s e r v i c e s  pcrforrned by t h e  
NAO a r e  n o t  unique t o  t h e  consol. idated network. 

Time Synchron iza t ion  

F i g u r e  9 f u r t h e r  i l l u s t r a t e s  i n  more d e t a i l ,  t h e  i n t e r f a c i n g  and d a t a  
f l o w  f o r  t ime  synchron iz ing  t h e  network.  Complex-to-complex t ime syn- 
c h r o n i z a t i o n ,  r e f e r e n c e d  t o  t h e  N a t i o n a l B u r e a u o f  S t a n d a r d s ,  w i l l  be  
accomplished v i a  Globa l  P o s i t i o n i n g  S a t e l l i t e  (GPS) ,  System and a  GPS 
Receiving System a t  each complex. It i s  a n t i c i p a t e d  t h a t  t h e  GPS, w i t h  
i t s  planned 1 8  s a t e l l i t e s ,  w i l l  p rov ide  a  means of synchron iz ing  t h e  
t h r e e  complexes t o  an accuracy  of b e t t e r  than 50 nsec  and w i t h  a t ime 
s t a b i l i t y  day-to-day of b e t t e r  than 10  nsec  a l lowing  an a b s o l u t e  f r e -  
quency d i f f e r e n c e  between any of t h e  t h r e e  complexes t o  b e t t e r  t h a n  
1 p a r t  i n  loL3.  

The h igh  accuracy ca l  i b r a t i o n s  are achicvahl  e because  o F t h e  band- 
width  and s i g n a l  s t r e n g t h  t h e  GPS u f f e r s  and use ( 3 1  s t a t e - o f - t h e - a r t  
a tomic o s c i l l a t o r s  on-board each of t h e  s a t e l l i t e s .  The c l e a r  a c c e s s  
(CA) code on t h e  L 1  c a r r i e r  from t h e  GPS s a t c l l i t c  clocks w i l l  be  used .  
Completed procurement and implementation of GPS receivers t o r  t ime  syn- 
c h r o n i z a t i o n  at  t h e  t h r e e  complexes i s  expected i n  1 9 8 4 .  

Complex FTS master t o  DSN FTS mas te r  (Goldstone) s y n c h r o n i z a t i o n  mca- 
surements  a r e  accomplished u s i n g  t h e  Very Long B a s e l i n e  I n t e r f e r o m e t e r  
(VLBI)  t ime s y n c h r o n i z a t i o n  t echn ique .  I n  t h i s  t e c h n i q u e ,  r e a l - t i m e  
d a t a  i s  s e n t  t o  JPL f o r  r e d u c t i o n  and computation of t i m e  o f f s e t  and 
f requency  r a t e .  The d a t a  ob ta ined  i s  a l s o  used f o r  n a v i g a t i o n a l  



purposes .  The V L B I  r equ i rements  a r e  n o t  new t o  t h e  Consol idated Space 
Communication Network. 

COMPLEX DESIGN 

The fo l lowing  a r e a s  w i t h i n  t h e  FTS w i l l  be  new f o r  t h e  Consol idated 
Space Communication Network: 

(1) Expanded d i s t r i b u t i o n  of r e f e r e n c e  f r e q u e n c i e s ,  t iming  p u l s e s ,  
and epoch t ime  code t o  suppor t  a d d i t i o n a l  FEAs. 

( 2 )  Upgraded c l o c k s  ( T r i p l e  Redundant T i m i n g  System - TRTS). 

( 3 )  Monitor ing f u n c t i o n s  of FTS performance paramete rs .  

The new TRTS will p r o v i d e  t iming p u l s e s  and epoch t ime  codes and a func- 
t i o n  f o r  s i m u l a t i o n  t ime .  The c a p a b i l i t i e s  t h a t  t h e  new c l o c k s  w i l l  have 
and t h a t  do n o t  p r e s e n t l y  e x i s t  a t  t h e  complexes a r e :  

( I )  Year End: Automatic r e s e t  

( 2 )  Leap Year: Automatic e x t r a  day a d d i t i o n  

( 3 )  Leap Second: Simple a d d i t i o n  o r  s u b t r a c t i o n  of l e a p  second 

(4 )  R e s e t t a b i l i t y :  Simple c l o c k  ad jus tments  

Moni tor ing of FTS performance parameters  w i l l  i n c o r p o r a t e  PTS c o n t r o l - l e r  
equipment implemented w i t h i n  t h e  FTS a t  t h e  SPC. Monitor o u t p u t s  of t h e  
FTS master w i l l  be r o u t e d  t o  t h e  c o n t r o l l e r .  The c o n t r o l l e r  a t  Goldstone 
w i l l  have a d d i t i o n a l  i n p u t s  f o r  moni to r ing  of t h e  FTS performance param- 
e t e r s  from t h e  s t a n d a l o n e  FTS a t  DSS-I,?. The FTS c o n t r o l l e r  w i l l  route.  
t h e  FTS performance parameters  t o  t h e  DMC where measurements o f  t i m e  and 
f requency o f f s e t  w i l l  be accomplished by au tomat ic  f u n c t i o n s  w i t h i n  t h e  
Monitor and Cont ro l  System. The DSS-12 w i l l  have a moni tor  micro- 
p rocessor  whit-h w i l l  perEorm t h e  t r a n s f e r  f u n c t i o n s  f o r  r o u t i n g  t h e  FTS 
paramete rs  t o  t h e  FTS c o n t r o l l e r  v i a  the  Ground Comm~inications F a c i l i t y  
(GCF 1.0). 

STATUS AND SCHEDULE 

The d e s i g n  and implementat ion of r e f e r e n c e  f requency and t iming  equip- 
ment (FTS) is  paced by the f i r s t - s c h e d u l e d  i n s t a l l a t i o n  complet ion 
c o i n c i d e n t  w i t h  t h e  r e l o c a t i o n  of DSS-44 i n  t h e  s p r i n g  of 1983. A l l  
S i g n a l  P r o c e s s i n g  C e n t e r s ,  64-meter and 34-meter Deep Space Network 
(DSN) a n t e n n a s  must be  completed p r i o r  t o  t h e  Voyager 2 s p a c e c r a f t  
encounte r  a t  t h e  p l a n e t  Uranus d u r i n g  November 1985. The t h r e e  GSTDN 
26-meter an tennas  w i l l  be r e l e a s e d  f o r  r e l o c a t i o n  a f t e r  t h e  TDRSS s a t e l -  
l i t e  is  o p e r a t i o n a l ,  c u r r e n t l y  scheduled f o r  December 1983. The t h r e e  



GSTDN 9-meter an tennas  a r e  scheduled f o r  r e l o c a t i o n  d u r i n g  1986. A 
schedu le  d e p i c t i n g  programmatic m i l e s t o n e s ,  FTS equipment d e s i g n  and 
implementat ion and s t a t i o n  convers ion  i s  shown i n  F igure  10.  

C O N C L U S I O N S  AND SUMMARY 

The Consol idated Space Communication Network has been d e s c r i b e d  w i t h  
p a r t i c u l a r  emphasis on t h e  f requency and t iming a s p e c t s  of t h e  network.  
System requ i rements  have a l s o  been p resen ted  w i t h  t h e  i d e n t i f i c a t i o n  
of t h e  requ i rements  t h a t  a r e  d i f f e r e n t  from t h o s e  e x i s t i n g  today a s  
f o l l o w s ;  

(I) Inc reased  d i s t r i b u t i o n  c a p a b i l i t y  

( 2 )  C e n t r a l i z e d  monitor and c o n t r o l  

(3) Generat ion and d i s t r i b u t i o n  o f  s imula ted  t ime t o  i n d i v i d u a l  
u s e r s  when r e q u i r e d .  

F i n a l l y ,  a  f u n c t i o n a l  d e s i g n  has  been p r e s e n t e d  t h a t  w i l l  meet t h e  
e x i s t i n g  and new requ i rements .  Th i s  d e s i g n  i n v o l v e s  s e l e c t i o n  of t h e  
most modern equipment f rom b o t h  t h e  DSN and t h e  GSTDN. A s  t h e  archec-  
t u r a l  d e s i g n  of t h e  Consol idated Space Communications Network e v o l v e s ,  
t h e  FTS d e s i g n  w i l l ,  of  n e c e s s i t y ,  a l s o  change. 
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F i g .  3--Typical Complex Configuration 
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QUESTIONS AND ANSWERS 

MR. SAM WARD, The J e t  P ropu l s i on  Labora to ry  

D ick  cou ld  perhaps t h e  synch ron i za t i on  t o  t h e  southern hemisphere 
r e g i o n  be improved by supp ly ing  defense department mapping f o r  t h e  
GPS r e c e i v e r ?  

MR. COFFIN: 

We1 1, t h a t  m igh t  be. I t  sounds 1  i k e  an i n t e r e s t i n g  idea.  That 
h a d n ' t  occur red  t o  me Sam. I t  migh t  be a  good idea.  Of course, 
you a r e  go ing  t o  ask t h e  ques t ion  a f t e r  t h a t ,  what about t h e  Spanish 
e q u i v a l e n t  o f  t h e  Department o f  Na t i ona l  Mapping I would expect.  

MR. WARD : 

Not necessa r i l y .  

MR. COFFIN: 

Okay. 

PROFESSOR LESCHIUTTA: 

Yes, thank you. You mentioned t h e  a c t i v e  s t a b i l i z e d  connec t ion  
between t h e  da ta  p rocess ing  cen te r  and t h e  antenna mount area. 
Would you be so k i n d  as t o  e x p l a i n  about t h i s ?  Thank you. 

MR. COFFIN: 

T h i s  i s  a  s t a b i l i z e d  l i n k  which I t h i n k ,  if you w i l l  see me a f t e r -  
wards I can p u t  you on t o  a paper t h a t  w i l l  desc r i be  i t  i n  more 
d e t a i l  bu t  b a s i c a l l y  what i t  amounts t o  i s  t h a t  t h e r e  i s  an i n a c t i v e  
phase s h i f t e r  which i s  p a r t  o f  a  servo l o o p  i n  which a  s i g n a l  i s  
sen t  up t o  t h e  antenna and modulates t h e  down l i n k .  I t  i s  d i v i d e d  
and somehow modulates t h e  down l i n k  back down t h a t  same cable ,  and 
the s i g n a l  i s  phase compared a t  t h e  bottom and an e r r o r  s i g n a l  
generated f o r  t h i s  phase s h i f t e r .  I f  you want t o  see me a f t e r -  
wards I w i l l  p u t  you w i t h  one o f  t h e  des igners  o f  t h a t  who hap- 
pens t o  be i n  t h i s  room. 

PROFESSOR LESCHIUTTA: 

Thank you. 



DR. W I L L I A M  WOODEN, DMAHTC 

I wonder i f  you have given any thought t o  what type of receiver you 
were planning t o  ins ta l  1 ,  have you given any thought t o  t h i s ?  

MR. COFFIN: 

Well I happen t o  know tha t  there  i s  work in several areas going 
on i n  GPS receivers.  I t h i n k  t h a t  there  i s  some work here a t  
Goddard and a t  several other locations.  I believe t ha t  the  Na- 
t ional  Bureau of Standards i s  a1 so working on t ha t  and we have 
provided some funds t o  the  National Bureau of Standards t o  support 
them i n  t h a t  work. And I don ' t  know whether t h a t  wil l  be the  re-  
ce iver  we wil l  f i n a l l y  implement, b u t  t h a t  i s  c e r t a i n ly  one pos- 
s i b i l i t y .  


