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ABSTRACT 

The Western Space and M i s s i l e  Center (WSMC) p lans  t o  p r e c i s e l y  synchronize 
t i m i n g  a t  remote t r a c k i n g  s i t e s  us ing  Global  P o s i t i o n i n g  System (GPS) 
equipment be ing  developed f o r  t h e  T r i  -Serv ice GFS Range Appl i c a t i o n s  
Program. The proposed GPS t i m i n g  systems w i l l  p rov ide  automated, 
autonomous, and cont inuous m o n i t o r i n g  of s i t e  t i m i n g  performance and 
improve WSMC m e t r i c  suppor t  c a p a b i l i t i e s  f o r  b a l l i s t i c  m i s s i l e  and space 
system t e s t  programs on t he  Western Tes t  Range (WTR). By e l i m i n a t i n g  the  
need f o r  p o r t a b l e  atomic c l ocks  and a l l o w i n g  replacement o f  s i t e  cesiums 
w i t h  l e s s  expensive standards, the proposed t im ing  systems should reduce the 
c o s t  o f  t imekeeping on t h e  WTR. I n i t i a l  f i e l d  demonstrat ion t e s t s  a re  
planned i n  e a r l y  1988 a t  t h e  uprange and midrange t r a c k i n g  s i t e s .  T h i s  paper 
discusses t h e  system design, opera t ion ,  t e s t  demonstrat ion p lans  and 
schedule. 

INTRODUCTION 

H i g h l y  accura te  t ime  t r a n s f e r  employing GPS can be accomplished d i r e c t l y  
u s i n g  a f u l l y  capable GPS r e c e i v e r  o r  i n d i r e c t l y  u s i ~ g  a l i m i t e d  c a p a b i l i t y  
r e c e i v e r  t r a c k i n g  a s a t e l l i t e  i n  common-view.l WSMC p lans  t o  implement t h e  
d i r e c t  t ime t r a n s f e r  technique u s i n g  t h e  GPS Reference Receiver/Processor 
(RR/P) be ing  developed f o r  t h e  T r i -Se rv i ce  GPS Range A p p l i c a t i o n  P r ~ g r a m . ~ + ~  
The proposed t i m i n g  system w i l l  be a tu rn -key  opera t ion ,  have the  s tandard 
RR/P f e a t u r e s  which i n c l u d e  survey and d i f f e r e n t i a l  modes o f  ope ra t i on  and 
meet the m o s t  s t r i n g e n t  s i t e  t i m i n g  synch ron i za t i on  requi rements on t h e  
Western Test  Range (WTR) . 

WESTERN TEST RANGE (WTR) 

To suppor t  t e s t i n g  o f  space and m i s s i l e  systems, WSMC uses a v a s t  a r r a y  o f  
t e s t  f a c i l i t i e s  throughout  C a l i f o r n i a ,  Hawaii and o t h e r  P a c i f i c  s i t e s  (see 
F igu re  1). WSMC operates t he  WTR as a n a t i o n a l  range asset.  Key main land 
sensors operated by WSMC are l o c a t e d  a t  Vandenberg A i r  Force Base (VAFB) and 
P i l l a r  P o i n t  A i r  Force S t a t i o n  (PPAFS). Support  f u r t h e r  south i s  p rov ided  
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by t h e  Navy's P a c i f i c  M i s s i l e  Tes t  Center (PMTC) on P o i n t  Mugu and San 
N i co las  I s l a n d  (SNI).  Coverage f rom t h e  Hawaiian I s l ands  (see F igure  2)  i s  
p rov ided  by i ns t rumen ta t i on  operated by Navy, A i r  Force, and KASA 
o rgan i za t i ons .  Downrange s u p p ~ r t  f o r  b a l l  i s t i c  opera t ions  i s  p rov ided  by 
t h e  Army's Kwa ja le in  M i s s i l e  Range (KPIR)  . 
CURRENT WTR TIME SYNCHRONIZATION CAPABILITY 

A v a r i e t y  of techniques a r e  used t o  synchronize t i m i n g  on t h e  WTR.4 A t  VAFB 
and PPAFS, t i m i n g  i s  c e n t r a l l y  generated by t ime  code generators  d r i v e n  by 
cesium standards, and d i s t r i b u t e d  v i a  d i r e c t  l i n e s ,  microwave and UHF. 
Cesium standards and t ime code generators  a r e  a l s o  used a t  t he  t e l eme t r y  and 
rada r  s i t e s .  A t r a v e l i n g  atomic c l o c k  from the  VAFP P r e c i s i o n  Measurement 
Equipment Labora to ry  (PMEL) i s  used t o  c a l i b r a t e  the  cesium standards on a  
90 day o r  as r e q u i r e d  bas is ,  PMEL has a Prec ise  Time Reference S t a t i o n  t h a t  
ma in ta ins  t ime synch ron i za t i on  w i t h  t he  Un i ted  S ta tes  Naval Observatory 
(USNO) us ing  t he  GPS common-view t ime  t r a n s f e r  technique. Timing 
c a p a b i l i t i e s  s i m i l a r  t o  those a t  WSMC a re  used a t  PMTC, and USNO prov ides  a  
c o r r e c t i o n  f a c t o r  a t  t h r e e  month i n t e r v a l s  w i t h  a p o r t a b l e  atomic c lock .  
S N I  c u r r e n t l y  r ece i ves  p r ima ry  synch ron i za t i on  v i a  microwave from Po in t  
Mugu. PMTC i s  c u r r e n t l y  i n c o r p o r a t i n g  GPS t i m i n g  capabi 1  i t i e s .  T iming a t  
t he  i ns t rumen ta t i on  s i t e s  i n  t h e  Hawaiian I s l a n d s  i s  generated a t  each s i t e  
and t he  s i t e  cesium standards a r e  p e r i o d i c a l l y  c a l i b r a t e d  by Navy and A i r  
Force t r a v e l i n g  atomic c locks .  Timing s i g n a l s  a t  KMR a re  generated by t h e  
Master Timing Center (MTC) on Kwa ja le in  At01 1  and d i s t r i b u t e d  t o  subs ta t ions  
on t h e  o u t e r  a t o l l s .  The MTC i s  t ime re fe renced  t o  the  USNO by s a t e l l i t e  
t ime t r a n s f e r  on a  weekly bas is ,  t o  two Loran C chains on a d a i l y  bas is ,  and 
c e r t i f i e d  annua l l y  by t h e  USNO f l y i n g  c l ock ,  KMR p lans  t o  use t h e  GPS 
mon i t o r  s t a t i o n  i n  t h e  f u t u r e  as t h e  reference. Cur ren t  techniques 
t y p i c a l l y  m a i n t a i n  i n t e r s i t e  synch ron i za t i on  on t h e  WTR t o  b e t t e r  than 10 
microseconds. 

RANGE VERNIER TIME SYNCHRONIZATION REQU IREFIEWT 

WSMC has developed a  phase-measuring rada r  technique c a l l e d  Range Ve rn ie r  
which has been implemented on coherent  radars  a t  PPAFS, VAFB, P o i n t  Mugu and 
S N I .  Each rada r  p rov ides  ext remely  p r e c i s e  range increment measurements 
w i t h  a  no i se  l e v e l  o f  approx imate ly  0.001 fee t .  Range Ve rn ie r  data i s  used 
f o r  t r a j e c t o r y  r e c o n s t r u c t i o n  and w i l l  improve t h e  guidance e v a l u a t i o n  
c a p a b i l i t y  f o r  f u t u r e  b a l l i s t i c  m i s s i l e  programs such as  Small ICBM. As 
shown i n  F igure  3, t h e  Range Ve rn ie r  network cou ld  p rov ide  a  t e s t  c o r r i d o r  
f o r  S D I  exper iments and Fu tu re  M i l i t a r y  Space S y ~ t e r n s . ~  9 I n  o rde r  t o  
f u l l y  use t h e  i n h e r e n t  p r e c i s i o n  of t h e  Range Ve rn ie r  network,  each 
measurement must be accu ra te l y  t ime  tagged. WSMC sponsored a s tudy  which 
assessed t he  s e n s i t i v i t y  o f  p i e r c e - p o i n t  e s t i m a t i o n  e r r o r  t o  t h e  Range 
Ve rn ie r  t ime  t a g  e r r o r . 8  The r e s u l t s  a r e  summarized i n  F igure  4. The s tudy 
found t h a t  c u r r e n t  t ime  synch ron i za t i on  v i a  atomic c l o c k  does n o t  p rov ide  
s u f f i c i e n t  accuracy t o  improve p i e r c e - p o i n t  e s t i m a t i o n  e r r o r  and concluded 
t h a t  t h e  t i m i n g  b i a s  o f  each rada r  must be reduced t o  approx imate ly  30 
nanoseconds i n  o rde r  t o  achieve t h e  f u l l  p o t e n t i a l  o f  t h e  Range Ve rn ie r  
r ada r  network. 



TIMING SYSTEM CONFIGURATION 

The proposed t i m i n g  system c o n f i g u r a t i o n  f o r  synchron iz ing  the  range v e r n i e r  
r ada r  s i t e s  i s  shown i n  F igu re  5. The system i s  based on t h e  RR/P be ing  
developed f o r  t h e  GPS Range A p p l i c a t i o n s  Program. The RR/P  code and c a r r i e r  
t r a c k s  and processes t he  P-code s i g n a l s  f rom f o u r  GPS s a t e l l i t e s  on bo th  t he  
L1 (1.57542 GHz) and L2 (1.2276 GHz) f requencies.  The Processor, which i s  
operated from a t e rm ina l ,  c o n t r o l s  t h e  Reference Receiver, P r e c i s i o n  Time 
Module and Tes t  S igna l  Source. The P r e c i s i o n  Time Wodule synthes izes a 
p r e c i s i o n  l o c a l  o s c i  11 a t o r  frequency f o r  t h e  Reference Receiver and a d j u s t s  
i t s  phase t o  make t h e  "on t ime"  one-pulse-per-seccnd (1 pps) r e c e i v e r  o u t p u t  
c o i n c i d e  p r e c i s e l y  w i t h  GPS t ime  o r  Coordinated Un iversa l  Time (UTC) t ime. 
The Time I n t e r v a l  Counter measures t h e  t ime  i n t e r v a l s  between t he  frequency 
s tandard 1 pps o u t p u t  and t he  Reference Receiver 1 pps cu tpu t .  These t ime 
i n t e r v a l s  ( t i m i n g  e r r o r s )  a re  d i sp layed  f o r  r e a l t i m e  mon i t o r i ng  and recorded 
t o  a l l o w  pos t  t e s t  c o r r e c t i o n  o f  t he  t i m i n g  s i gna l s .  The Test  S igna l  Source 
p rov ides  a c a p a b i l i t y  t o  c a l i b r a t e  t ime delays f rom the antenna t o  t he  
Reference Receiver 1 pps ou tpu t .  The r e s u l t i n g  t i m i n g  accuracy w i l l  be 
b e t t e r  then +30 nanoseconds. With common-view s a t e l l i t e  t r a c k i n g ,  r e l a t i v e  
accurac ies t o  b e t t e r  then  -+lo nanoseconds w i  11 be accomplished. These 
accurac ies w i l l  be ach ievab le  when S e l e c t i v e  A v a i l a b i l i t y  i s  i n  e f f e c t .  

DEMONSTRATION TEST PLANS 

A s e r i e s  of i n - p l a n t  t e s t s  w i l l  be conducted i n  e a r l y  1988 t o  v e r i f y  system 
performance i n c l u d i n g  s ide-by-s ide and common-view demor?strations. A f t e r  
f a c t o r y  acceptance, t e s t s  a t  a n a t i o n a l  l a b o r a t o r y  a r e  planned. The t i m i n g  
systems w i l l  then  be i n s t a l l e d  a t  Range Ve rn ie r  radar s i t e s  a t  VAFB and 
PPAFS, and a l s o  a t  t he  FPQ-14 rada r  a t  Kaena Po in t ,  Hawaii.  The accuracy o f  
i n t e r s i t e  t i m i n g  synch ron i za t i on  us ing  t h e  d i r e c t  t r a n s f e r  technique w i l l  be 
eva lua ted  by ana l yz i ng  da ta  ob ta ined  d u r i n g  common-view t r acks .  Tes t i ng  
o p p o r t u n i t i e s  f o r  t h e  c u r r e n t  t e s t  cons te l  1  a t i o n  and the  18 sate1 1  i t e  
c o n s t e l l a t i o n  a re  summarized i n  F igure  7, 8 and 9 f o r  uprange, midrange and 
downrange l o c a t i o n s .  F i gu re  8 shows the number o f  s a t e l l i t e s  above a 5 
degree e l e v a t i o n  mask angle d u r i n g  24 hours t h a t  can be used f o r  d i r e c t  t ime 
t r a n s f e r .  Oppo r tun i t i es  t o  eva lua te  i n t e r s i t e  synch ron i za t i on  between 
uprange, midrange and downrange s i t e s  us ing  dual  frequency and s i n g l e  
frequency common-view techniques a r e  shown i n  F igures  8 and 9 r e s p e c t i v e l y .  
Dur ing  s i t e  demon st ratio^ t e s t s ,  c a l i b r a t i o n  techniques anc procedures w i l l  
be developed t o  measure t he  de lay between t i n i i ~ g  system ou tpu t  and t ime t a g  
c f  t h e  rada r  dst,a. These procedures w i l l  be v e r i f i e d  us ing  t a r g e t s  o f  
oppo r tun i t y .  These s i t e  demonstrat ion t e s t s  w i l l  a l s o  be used t o  eva lua te  
t h e  e f f ec t  of pask ing,  EM1 and m u l t i p a t h  on system performance. P re l im ina ry  
t e s t s  conducted by NSWC shows t h a t  m u l t i p a t h  can degrade t ime  t r a n s f e r  
accuracy. 



SUMMARY AND CONCLUSIONS 

I n  summary, cu r ren t  t ime synchronizat ion on the  Western Test  Range (WTR) i s  
b e t t e r  than 10 microseconds as  referenced t o  USNOIUTC which i s  adequate f o r  
most t i m i n g  accuracy needs. I n  order  t o  achieve the  f u l l  p o t e n t i a l  o f  the 
Range Vernier  radar  network f o r  f u t u r e  b a l l i s t i c  m i s s i l e  and space system 
t e s t i n g ,  i n t e r s i t e  t i m i n g  e r r o r s  must be reduced t o  approximately 30 
nanoseconds. A GPS t i m i n g  system us ing  equipment under development f o r  the 
Tr i -Serv ice  Range Appl i c a t i o n s  Program can meet t h i s  accuracy need, has 
s i g n i f i c a n t  advantages over o the r  techniques, and has the  p o t e n t i a l  t o  
reduce the  cos t  o f  t imekeeping i n  many WTR app l i ca t i ons .  A se r i es  o f  
i n - p l a n t  and f i e l d  demonstration t e s t s  are planned beginning i n  e a r l y  1988 
t o  v a l i d a t e  the  accuracy o f  the planned t i m i n g  system enhancement p r o j e c t .  
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