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ABSTRACT 

S i g n i f i c a n t  improvements i n  b a l l i s t i c  m i s s i l e  guidance performance 
has  n e c e s s i t a t e d  t h e  guidance sys tems a n a l y s i s  community t o  adop t  
more p r e c i s e  t i m i n g  s t a n d a r d s  f o r  t h e  e v a l u a t i o n  o f  t e s t  d a t a .  To 
d a t e ,  d a t a  t i m i n g  i s  ach ieved  a t  t h e  ground i n s t r u m e n t a t i o n  s i t e s  
s i n c e  t h e  m i s s i l e  dynamics a r e  t o o  demanding f o r  r u r r e n t l y  a v a i l -  
a b l e  h i g h  p r e c i s i o n  m i s s i l e  borne  t i m i n g  s o u r c e s .  I n  t h e  p a s t  
f i v e  y e a r s  a s  n o t e d  111 t h e  1973 PTTT p a p e r ,  " P r e c i s e  Timing Cor- 
r e l a t i o n  i n  Te lemet ry  Recording and P r o c e s s i n g  Systems",  a c c u r a c y  
improvements i n  e v a l u a t i o n  o f  guidance sys tems were expec ted  t o  
exceed t h e  I R I G  t i m i n g  t e c h n i q u e s  used i n  t ime  t a g g i n g  gu idance  
t e l e m e t r y  d a t a .  An approach developed by Space and M i s s i l e  T e s t  
C e n t e r  (SAMTEC) t o  improve t h e  ground i n s t r u m e n t a t i o n  t i m e  t a g g i n g  
a c c u r a c y  has  been adap ted  t o  s u p p o r t  t h e  Mir~uteman ICBM program 
and h a s  been d e s i g n a t e d  t h e  'riming l n s e r t i o n  Uni t  (TITJ) . The TIU 
t e c h n i q u e  produces  a  t e l e m e t r y  d a t a  t ime  t a g g i n g  r e s o l u t i o n  o f  one 
t e n t h  o f  a microsecond,  w i t h  a  r e l a t i v e  i n t e r s i t e  accuracy  a f t e r  
c o r r e c t i o r i s  t o  b e t t e r  t h a n  0 . 5  microsecond.  M e t r i c  t r a c k i n g  p o s i -  
t i o n  and v e l o c i t y  d a t a  ( r a n g e ,  az imuth ,  p l e v a t i o n  and range r a t e )  
a l s o  used i n  m i s s i l e  guidarice sys tem a n a l y s i s  can be c o r r e l a t e d  t o  
w i t h i n  t e n  microseconds o f  t h e  t e l e m e t r y  guidance x ,  y ,  z  and 2 ,  
9 ,  i d a t a .  T h i s  r e q u i r e s  p r e c i s e  t i m i n g  s y n c h r o n i z a t i o n  between 
t h e  m e t r i c  and t e l e m e t r y  i n s t r u m e n t a t i o n  s i t e s .  The t i m i n g  syn- 
c h r o n i z a t i o n  can be  ach ieved  by u s i n g  t h e  r d d a r  a u t o m a t i c  p h a s i n g  
system time c o r r e l a t i o n  methods.  Other  t ime  c o r r e l a t i o n  t e r h n i -  
ques such  a s  T e l e v i s i o n  (TV) Line-10 and t h e  G e o s t a t i o n a r y  Opera- 
t i o n a l  Environmental  S a t e l l i t e s  (GOES) t e r r e s t i a l  t i m i n g  r e c e i v e r s  
a r e  b e i n g  c o n s i d e r e d .  With t h e  c o n t i n u i n g  improvemerit of  b a l  l i  s-  
t i c  m i s s i l e  g v d a n c e  performance,  on-board c l o c k i n g  s t a b i l i t y  o f  
one p a r t  i n  10 may be required. T h i s  i n c r e a s e d  on-board s t a b i l -  
i t y  w i l l  i n f l u e n c e  improvements i n  t ~ r r e s t i a l  t ime  p r e c i s i o n  and 
a c c u r a c y .  



INTRODUCTION 

The Air Forces Space and Missile Test Center (SAMTEC), headquar- 
tered at Vandenberg Air Force Base, California, manages, operates 
and maintains the Western Test Range (WTR) and the Eastern Test 
Range (ETR) in support of Department of Defense (DOD), National 
Aeronautics and Space Administration (NASA) and other ballistic, 
space and aeronautical user programs. Figure 1 shows the geogra- 
phical area of the WTR which extends from the west coast to 90 de- 
grees East longitude in the Indian Ocean and includes instrumenta- 
tion support provided by the U.S. Navy Pacific Missile Test Center 
(PMTC), NASA, U.S. Air Force Satellite Control Facility (AFSCF) 
and the U.S. Army Kwajalein Missile Test Range (KflR). This paper 
describes the application of precise time synchronization techni- 
ques by SAMTEC to provide support for DOD ballistic weapon system 
user programs with a need to achieve improved ballistic missile 
inertial guidance system analysis. The SAMTEC has determined 
through analysis of inertial guidance telemetry data that the mis- 
sile guidance system clock stability is affected by flight dynam- 
ics during the launch and post boost burn. because of this clock 
stability problem, another means of providing timing synchroniza 
tion was required. SAMTEC has recently designed and developed 
equipment and procedures which allow relative time synchronization 
between telemetry receiving sites to within 0.5 microsecond and 
the time tagging of recorded telemetry data to a resolution of 0 . 1  
microsecond. Metric radar sites are synchrorlized to within one 
microsecond relative between radar sites and telemetry sites. 
Figure 2 shows the geographical relationship of westcoast uprange 
(SAMTEC and PMTC) telemetry receive sites and metric radar sites 
which support ballistic missiles launched from Vandenberg Air 
Force Base, California. 

Background 

The need for a more accurate timing capability to time tag teleme- 
try inertial guidance data came as an intrinsic result of the im- 
proved guidance performance. Timing accuracy requirements have 
gradually increased over the past few years from milliseconds in 
the early 1960's until today when the range user is requesting 
time resolutions to the tentti of a microsecond. Figure 3 shows 
the history of timing accuracy improvement implemented at WTR for 
time tagging of telemetered ballistic missile inertial guidance 
data. 



A s  r e c e n t  a s  on ly  a  few y e a r s  ago ,  t im ing  prov ided  by t h e  I n t e r -  
Range In s t rumen ta t i on  Group (IRIG) "B" codes were cons idered  ade- 
q u a t e  f o r  p o s t  f l i g h t  r e d u c t i o n  of t e l eme te r ed  p u l s e  code modula- 
t i o n  (PCM) d a t a .  With f u r t h e r  improvements i n  b a l l i s t i c  m i s s i l e  
guidance sys tems ,  WTR was r e q u i r e d  t o  d i s t r i b u t e  T R l G  "A" t ime 
code fo rmat  w i t h  a  r e s o l u t i o n  of 100 microseconds.  However, even 
w i th  t h e  h i g h e r  t im ing  c a r r i e r  f r e q u e n c i e s  i . e . ,  I R I G  "G" wi th  a 
100 k i l o h e r t z  c a r r i e r  and a  r e s o l u t i o n  of 10 microsccands,  t iming  
accuracy  and p r e c i s i o n  were s t i l l  found t o  he  i nadequa t e  f o r  t h e  
demands of i n e r t i a l  guidance accuracy  a n a l y s i s .  Th is  i s  p r i m a r i l y  
due t o  t h e  methods of r e co rd ing  t h e  t im ing  on independent  t r a c k s  
of an ana log  t a p e  r e c o r d e r  i n  p a r a l l e l  wi th  t h e  p r t t de t ec t i on  r e -  
corded PCM t e l e m e t r y  d a t a .  Tape r eco rdc r  e l e c t r o n i c s  [ I . ]  i n t r o -  
duced phase s h i f t s  i n  t h e  recorded l K I G  t ime code c a r r i e r s .  Phys- 
i c a l  placement (a l ignment )  ul: t h e  reproduce heads on t h e  t a p e  rtt- 

co rde r s  would a l s o  i n t r o d u c e  v a r i a b l e  time b i a s e s  f rom rr~achille t o  
machine. D i f f i c u l t i e s  i n  p r e d i c t i n g  s y s  tern t-ime d e l a y s ,  n o t  only 
i n  t h e  t e l e m e t r y  d a t a  hu t  i n  t h e  I R I G  t ime d i s t r i b u t i o n  equipment 
r e su l t - ed  i n  t-he s e a r c h  f o r  a  more a c c u r a t e  and re: . iahle rneans of 
c o r r e l a t i n g  t h e  same t e l e m e t r y  t ime tagged d a t a  recorded a t  m u l t i -  
p l e  s i t e s .  

The i n i t i a l  i n v e s t i g a t i o n  by t h e  SAMTEC r e s u l t e d  i n  t h e  dc s jgn  and 
implementatiorl  of  a  Tirne Cor re la t j .on  Generat-or (TCC) systctrn. The 
TCG uses  a  one p u l s e  p e r  second (pps)  s t r o b e  from t.he t e lemet - ry  
s i t e  l o c a l  time code g e n e r a t o r  and then  i n s e r t s  a  r e cogn i zab l e  
p a t t e r n  i n t o  t h e  p o s t d e t e c t i o n  recorded  t e l e m e t r y  b i t  st-ream. 
'l'hrough p o s t  l aunch  a n a l y s i s  uf t h i s  d a t a ,  t h e  i n s e r t e d  p a t  t e r n  i s  
c o r r e l a t e d  w i th  t h e  I H T G  m i l l j s e c o n d  ~r larkers  and a  r e l a t j v e  t iming  
b i a s  c o r r e c t i o n  f a c t o r  i s  c a l c u l a t e d  and a p p l i e d  t o  t h e  i n e r t i a l  
guidance d a t a  du r ing  p o s t  l aunch  p r o c e s s i n g .  Through t he  use  of 
t h e  TCG system SAMTEC a n a l y s t s  were a b l e  t o  measure i n e r t i a l  g u i -  
dance i n t e r n a l  t-iming i.nst.abi1 j t i e s  which were n o t  p r e v i o u s l y  
measured du r ing  m i s s i l e  f Light .  However, t h e  TCG syst-em had two 
b a s i c  l i m i t - a t i o n s ,  t h e  r e s o l u t i o n  a f t e r  d a t a  p r o c e s s i n g  was l i m i -  
t e d  t o  p l u s  o r  minus one b i t  t ime (about  3 microseconds f o r  t h e  
prime m i s s i l e  system u s e r )  and t h e  repe t i -L ive  freqilctncy of t ime 
correlation (once p e r  sec:ond) in t roduced  a1 i a s i n g .  

The b a l l i s t i c  m i s s i l e  u s e r  has  s p e c i f i e d  new t im ing  requ i rements  
t o  t ime t-ag a l l  t e l e m e t r y  d a t a  r e f e r enced  t-o t h e  t ime  i t  was 
t r a n s m i t t e d  from t h e  mi s s i  l e .  This  r e q u i r e s  t h e  syr lchron iza t i  on 
of a1 1. uprange t -e lcmet ry  s i t e s  t o  w i t h i n  3 microseconds r e l a t i v e  
and a l l  m e t r i c  r a d a r  s i t e s  t o  w i t h i n  10 microseconds r e l a t i v e  of 
each o t h e r  and t h e  t e l e m e t r y  s i t e s .  Th is  has  r e s u l t e d  i n  t h e  
l a t e s t  uprangc W'L'K cunf i gu ra t i on .  f o r  t imc synchroni za t io r l  and d i s -  
t r i b u t i  o n .  The u s e r ' s  t i m i n g  r e q i i i  r ~ m e r i  t .  was  s a t i s f i e d  th rough  



two actions by SAMTEC. First, time tagging of the telemetry data 
and time synchronization between telemetry sites was accomplished 
through the design and implementation of a new SAMTEC development 
designated the Timing Insertion TJnit (TIU) and secondly, the 
metric radar time correlation will be accomplished through the use 
of intersite time correlation technique using the radar Automatic 
Phasing System (APS). 

Timing Insertion Unit 

The time synchronization accuracy requirements necessitated the 
development of a new operational approach to the problem of accu- 
rate time tagging of missile events. These events were to be tag- 
ged with respect to the time of transmission rather than time of 
data receipt. This requires not only synchronization of time be- 
tween telemetry sites but also an accurate knowledge of the mis- 
sile location during flight. This latter requirement is solved 
through the use of inertial guidance position and velocity data in 
terms of x ,  y, z and i ,  9 ,  A ,  contained within the telemetered PCM 
data stream. But additional confirmation of the missile position 
is required for guidance analysis. Therefore, accurate metric 
radar data, correlatable to the telemetered PCM data, is also re- 
quired. From these factors, timing support requirements were fix- 
ed to within 3 microseconds between telemetry sites and to within 
10 microseconds between radar and telemetry sites. Resolution of 
the telemetered PCM data and inserted timing was fixed at one 
tenth of a microsecond. 

The goals of the design require that all known sources of error 
such as telemetry propagation delay, receiving system delay, etc. 
be minimized. In addition this shoilld provide the necessary in- 
formation to accomplish a relative time correlation between telem- 
etry sites. The TIU units, installed at each telemetry site, de- 
rive their time stability from cesium frequency standards trace- 
able to the U.S. Naval Observatory (USNO) Coordinated Universal 
Time (UTC). The traceability to USNO/UTC is established through a 
SAMTEC Precise Time and Time Interval (PTTI) calibration program. 

The basic operational concept of the approved TIU design recogn- 
izes the telemetered frame sync pattern of the PCM frame or sub- 
frame. After frame or subframe recognition it then waits for the 
leading edge of the first PCM bit following frame sync to occur 
and strobes binary coded decimal (BCD) time (in hours, minutes, 
seconds, milliseconds, microseconds and hundreds of nanoseconds) 
into a storage register. The time word is then strobed from the 
storage register into the PCM data stream at a known and predeter- 
mined data word locati-on. The PCM/TIU data is then outputted in a 
serial format for recording and subsequent data processing. 



A func t i - ona l  b lock  diagram of  t h e  TIU a p p l i c a t i o n  i s  shown i n  
F i g u r e  4 .  The TIU i n t e r f a c e  cons i sLs  of  a PCM ' h i t  s ynch ron i ze r  
which reshapes  t h e  raw PCM t e l e m e t r y  d a t a  and g e n e r a t e s  a  z e r o  de- 
g r e e  c l o c k ,  a frame decommutator which p rov ide s  frame sync recogn- 
i t i o n  i n p u t ,  a t ime  code g e n e r a t o r  f o r  p rov id ing  BCD t h i n g  i n p u t ,  
a  cesium f requency  s t anda rd  f o r  p r o v i d i n g  a s t a b l e  f j v e  (5) mega- 
her t -z  (MHz) i n p u t  f requency  t o  t h e  t ime  code g e n e r a t o r ,  and a s so -  
c i a t e d  power s u p p l i e s  and out.put d r i v e r  c i r c u i t s .  

Si.nce a l l  i n s e r t e d  RCU t-imirig from each  T I U  i s  r e f e r e n c e d  t o  t h e  
a r r i v a l  of t h e  same t e l e m e t r y  d a t a  b i t ,  and t h e  pos i t - i on  and ve- 
l o c i t y  i n fo rma t ion  i n  tlre t e rms  of x ,  y ,  z,  and x ,  9 ,  i of t h e  
t r a n s m i t t i n g  b a l l i s t i c  m i s s i l e  i s  we l l  known; i t  becomes a r o u t i n e  
p r o c e s s i n g  computat ion t o  f i r s t ,  c o r r e c t  t h e  i n s e r t e d  t ime  t a g  t o  
t h e  t ime  of  d a t a  t r a n s m i s s i o n  and secondly ,  t o  det-ermine r e l a t i v e  
t ime from one t e l e m e t r y  s i t e  t o  a n o t h e r .  If r e q u i r e d ,  c o r r e c t i o n  
of  t h e  i n s e r t e d  t ime  a t  any s i t e  r e l a t i v e  t o  any o t h e r  s i t e  can b e  
computed. Thus, th rough  t h e  a p p l i c a t i o n  of  t h e  TIU  and p o s t  
l aunch  p roce s s ing  of  d a t a  p r e o p e r a t i o n a l  te lemet-ry  s i t e  synchron j -  
z a t i o n  of t ime i s  n o t  r e q u i r e d .  I t  i s  o n l y  nece s sa ry  t-o have each  
support i .ng t e l e m e t r y  s i t e  p rov ide  ove r l app ing  t e l e m e t r y  coverage 
i n  o r d e r  t o  e f f e c t  an i n t e r s i t e  t ime  c o r r e l a t i o n  of t h e  p o s t  
l aunch  p roce s sed  t e l e m e t r y  d a t a .  

F i g u r e s  5 and 6 show t y p i c a l  t e l eme te r ed  t r a n s i t  tirne c o r r e c t e d  
TIU measlirements of  on-board i n e r t i a l  guidance system c l o c k  i n s t a -  
b i l i t y  w i t h  a peak- tc-peak j i t t e r  of 40 microseconds.  The two  
s e t s  of  d a t a  were recorded over  t h e  same f l i g h t  Lime i n t e r v a l  from 
two independent  WTR t e l e m e t r y  a c q u i s i t i o n  s i t e s  w i t h  ove r l app ing  
co e r a  P .  The p r e c i s i o n  and accuracy  of  t h e  TTlJ i s  or,e p a r t  i n  7 g -  10 . 
Met r i c  r a d a r  t im ing  c o r r e l a t i o r l  i s  accomplishd u s i n g  t h e  au toma t i c  
phas ing  system a t  uprange l o c a t i o n s .  

Radar Automatic Phas ing  System 

The W T K  m e t r i c  r a d a r  systems u t - i l i z e  t h e  APS t o  p r e v e n t  "bcacon. 
s t e a l i n . g t '  o r  m u l t i p l e  r a d a r  r e t u r n s ,  when t-wo o r  more r a d a r s  a r e  
t r a c k i n g  a  s i n g l e  t a rge t . .  The r a d a r  phas ing  system d e s i g n a t e s  t h e  
r a d a r  under  t e s t  in t -o  a  trarxsmit. t ime slot .  and ma in t a in s  t h e  r a d a r  
t r an smi t t - e r  i n  t h a t  t ime  s l o t  r e g a r d l e s s  of i t s  t a r g e t  range ;  t h i s  
preve1lt.s an  ove r l app ing  of  t h e  r a d a r  re tur i lcd s i g n a l s .  F i g u r e  7 
i s  a  s i m p l i f i e d  b lock  diagram of t h e  APS used a t  t h e  WTR. A s  
shown, t h e  r a d a r  p u l s e  r e p e t i t i o n  f requency (PW) of  160.0864 pu l -  
s e s  p e r  second i s  dc r i ved  by d i v i s i o n  of a 5.24571328 MHz s i g n a l  
which i s  syn the s i zed  froln a 5  MHz cesium freqllency s t a n d a r d  s i g n a l .  
The t ime  of  occur rence  (TOC) of t h e  f i r s t  p u l s c  of  t-he r a d a r  
160.0864 P U  i s  co r i t r o l l ed  by a time code generator, '  s ynch ron i ze r  



a l s o  d r i v e n  by t h e  cesium 5 MHz f r ~ q u c ~ l c y  r e f e r e n c e .  Thus,  i f  a l l  
r a d a r  s i t e  cesium f r ~ q u c n c y  s t a n d a r d s  a r e  "on time" and a l l  r a d a r s  
a r e  a s s i g n e d  t o  t h e  same t r a n s m i t  t ime s l o t ,  t h e  t r a n s m i t  t imes  o f  
a l l  r a d a r s  w i l l  occur  a t  t h e  same t ime  epoch.  

I f  r e l a t i v e  t ime  c o r r e l a t i o n  between two r a d a r  s i t e s  cesium f r e -  
qucrlcy s t a n d a r d s  i s  r e q u i r e d  a s  i l l u s t r a t e d  i n  F i g u r e  8 ,  i t  i s  
o n l y  n e c e s s a r y  t h a t  each  r a d a r  sys tem range  on t h e  o t h e r s  t r a n s m i t  
p u l s e .  The r e l a t i v e  range  measurement d i f f e r e n c e  now r e p r e s e n t s  
t h e  r e l a t i v e  t ime  d i f f e r e n c e  between t h e  two s i t e  cesiums f r e -  
quency s t a n d a r d s .  To s y n c h r o n i z e  t h e  two s i t e s  i t  i s  n e c e s s a r y  t o  
a d j u s t  one o f  t h e  cesium f requency  s t a n d a r d s  i l r l t i l  b o t h  r a d a r  s y s -  
tems measure t h e  same range .  Time c o r r e l a t i o n  u s i n g  t h i s  method 
h a s  a r e s o l u t i o n  a c c u r a t e  t o  w i t h i n  t h e  measurement accuracy  o f  
t h e  r a d a r  which i s  l e s s  t h a n  50 f e e t ,  o r  approxi.mately 50 nanosec- 
onds i n  t i m e ,  and assumes o n l y  t h a t  t h e  two-way r a d a r  range t r a n s -  
m i s s i o n  t i m e s  a r e  t h e  same and tha t .  i n t e r r i a l  sys tem t ime  d e l a y s  
w i t h i n  t h e  r a d a r s  a r e  known. T y p i c a l  r e s u l t s  of APS measurement 
a r e  w i t h i n  p l u s  o r  mi.nus one microsecond a s  compared a g a i n s t  a  
p o r t a b l e  t r a v e l i n g  c l o c k .  T h i s  c l o c k  a l s o  p r o v i d e s  t h e  t r a c e a b i l -  
i t y  t o  USNO/UTC. 

The method of t ime  s y n c h r o n i z a t i o n  between r a d a r  and t e l e m e t r y  
s i t e s  a t  t h e  WTR h a s  been g r e a t l y  s i m p l i f i e d  s i n c e  one o f  t h e  ce-  
sium f requency  s t a n d a r d s  l o c a t e d  a t  t h e  P i l l a r  P o i n t  A i r  Force  
S t a t i o n ,  C a l i f o r n i a  p r o v i d e s  a  common f requency  r e f e r e n c e  t o  co- 
l o c a t e d  t e l e m e t r y  and m e t r i c  r a d a r  sys tems .  

Backup Time C o r r e l a t i o n  C o n s i d e r a t i o n s  

The u s e  o f  t h e  m e t r i c  r a d a r  APS t o  a c h i e v e  t h e  10 microsecond r e l -  
a t i v e  t ime  c o r r e l a t i o n  between m e t r i c  r a d a r  s i t e s  and t e l e m e t r y  
s i t e s  h a s  been demons t ra ted .  The APS a v a i l a b i l i t y  f o r  t ime  c o r r e -  
l a t i o n  measilremerits cannot  always b e  a s s u r e d  because  o f  t h e  h i g h e r  
p r i o r i t y  o p e r a t i o n a l  sys tem commitments. To c i rcumvent  t h i s ,  
SAMTEC i s  e v a l u a t i n g  t h e  u s e  o f  o t h e r  backup t i m e  c o r r e l a t i o n  s y s -  
tems i e ,  TV Line-10,  G e o s t a t i o n a r y  O p e r a t i o n a l  Environmental  
S a t e l l i t e  (GOES), and o t h e r  a v a i l a b l e  sys tems .  

The TV Line-10 r e l a t i v e  t ime  c o r r e l a t i o n  a p p l i c a t i o n  i s  j o i n t l y  
be ing  e v a l u a t e d  between Camp Rober t s  U.S. Army S a t e l l i t e  Communi- 
c a t i o n s  S t a t i o n  and t h e  SAMTEC P r e c i s i o n  Measurement E l e c t r o n i c s  
Labora to ry  (PMEL) Vandenberg A i r  F o r c e  Rase ,  C a l i f o r n i a .  P re l im-  
i n a r y  d a t a  shows b e t t e r  t h a n  one microsecond r e s o l u t i o n  when com- 
p a r e d  w i t h  t h e  PMEL cesium f requency  s t a n d a r d  and LORAN-C. I n  ad- 
d i t i o n ,  SAMTEC h a s  o b t a i n e d  two GOES s a t e l l i t e  t i m i n g  r e c e i v e r s  
t o r  e v a l u a t i o n .  



1 A secondary b e n e f i t  of e i t h e r  system i s  t h a t  i t  w i l l  p rov ide  
I SAMTEC performance a n a l y s t s  a means t o  t r a c e  t h e  cesium f requency  
1 s t a n d a r d s  i n s t a b i l i t y  [ d r i f t )  w i t h  USNO refcrerrce  c l o c k s .  This  

c a p a b i l i t y  p rov ide s  a  morv e f f e c t i v ~  method t o  e v a l u a t e  cesium 

I f r equency  s t anda rd  performance and c a l i b r a t i o n  i n t e r v a l s .  

SAMTEC has  delnorlstrated t h a t  th rough  t h e  use o t  t h e  Timing I n s ~ r t -  
i o n  U n i t s  and Automatic Phas ing  Systems,  t h a t  r e l a t i v e  i n t  e r s i  t~ 
t iming  cdn be  c o r r e l a t e d  and c o n t r o l l r d  t o  l e s s  t h a n  on(= mic ro s r c -  
ond f o r  t e l e m e t r y  and m e t r i c  r a d a r  s i t e s .  Although f u r t h e r  i m -  
provemerlts t o  t h e  WTR t e r r e s t i a l  t iming  s y s L r ~ ~ ~  a r e  p o s s i b l e ,  i t  
appea r s  t h a t  u n t i l  t h e  on-boar$j i n t 3 r t i a l  guidance c lock  s t  ab i  1 i t y  
i s  improved t o  one p a r t  i n  10  , thp  W'SR t e r r p s t i a l  t iming  system 
w i l l  n o t  be a  l i m i t i n g  f a c t o r .  
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