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ARSTRACT 

This paper  d e s c r i b e s  tile design concept  and charac -  
t e r i s t i c . ~  of  :.I s e l f - c o n t a i n e d  microprocessor-based 
GPS t ime  t r a n s f e r  r e c e i v e r .  A prototype of  t h i s  uniC 
i s  c u r r e n t l y  i n  t h c  t e s t  phase .  It employs two-bit  
d i g i t a l  hasehand r o r r c l a t i o n  r a t h e r  t h a n  a n a l o g  TF 
c o r r e l a t i o n  o f  t h e  s i g n a l s  w i t h  t h e  r e f e r e n c e  
code.  The c o r r c l  n t o r  , t lurnerically c.nntrol1e.d 
o s c i l l a t o r s  ( N C O )  and code g e n e r a t o r  a r e  implemented 
i n  a specia l . -purpose  d i g i t a l  s i g n a l  p r o c c s s o r .  The 
t ime  i s  recovered  i n  t h e  d i g i t a l  code. t r a c k i n g  l o o p ,  
and f i n a l  c o r r e c t i o n s  a r c  a p p l i e d  i n  t h e  c o n t r o l  pro- 
c e s s o r .  By means of asynchronous  saninling t e c h n i q u e s  
£ o r  t h c  d i g i t a l  c o r r e l a t o r  and N C O ,  t h e  t i m e  t r a n s r e r  
r e s o l u t i o n  l i m i t  i s  2-N p a r t  of a code c h i p  p e r i o d ,  
w h e r e  N i s  32 f o r  a 32-bit: ac . c~~m~i l . a to r  in t h e  NCO. 
0tlic.r f e a t u r e s  of  t h i s  d e s i g n  a r c :  d r i f t - f r e e  d ig-  
i t a l  mc-ctlanization, h i g h  r e l i a b i l i t y  of d i g i t a l  c i r -  
c u i t s ,  f l e x i b l e  c o n t r o l  c a p a b i l i t y  of  t h e  micropro- 
c e s s o r ,  and p o t e n t i a l  f o r  a  h igh  d e g r e e  of  d i g i t a l  
VLSI c h i p  development l e a d i n g  t o  compact, low-cost  
u n i t s .  

A d e s c r i p t i o n  i s  g iven  of t h e  p r o c e s s  by which t h e  
p r e c i s e  nieasurcrnent i s  niade between u s e r  cloclc and 
r e c e i v e d  s i g n a l  c.ode. The user -c lock-der ived  sample 
t imes  i n  t h e  code t r a c k i n g  loop  y i e l d  h i g h - r e s o l u t i o n  
uncorrecte-d  time sample words.  Tticse u n c o r r e r t e d  
t ime words a r e  c o r r e c t e d  f o r  r ange  t o  t h e  satellite, 
s a t e 1  1 i t e  cloclc c r r o r ,  io r lospher ic  e r r o r ,  and 
r e l a t i v i s t i c  e r r o r s .  They a r e  t h e n  d i f f  c r ~ n c e d  w i t t i  
t h e  u s e r  c1oc.k t o  y i e l d  use r -c lock  c r r o r  e s f  i .~na tcs .  

User-c lock o u t p u t s  c o n s i s t  of  1-pps,  t ime  r e a d o u t ,  
and d i r e c t  d i g i t a l  o u t p u t s  of t ime  and t ime  e r r o r  
of  t h e  u s e r  c l o c k .  

T e s t  d a t a  on random e r r o r  of t h e  approach a r e  a l s o  
p r e s e n t e d .  



INTRODUCTION 

The GPS r e c e i v e r  descr ibed  i n  t h i s  paper c o n s i s t s  of a  baseband RF 
conve r t e r ,  d i g i t a l  s i g n a l  p rocessor ,  and general-purpose microprocessor .  
The des ign  approach and components have been developed a t  I n t e r s t a t e  
E l e c t r o n i c s  du r ing  t h e  p a s t  fou r  yea r s  a s  p a r t  of  an i n t e r n a l l y  funded 
GPS a p p l i c a t i o n s  r e sea rch  program. The goal  of t h i s  r e sea rch  e f f o r t  i s  
t o  develop a  r e l i a b l e ,  low-cost, and h igh ly  a c c u r a t e  modular system 
t h a t  can be configured t o  s a t i s f y  a  wide range of requirements  i n  t h e  
a r e a s  of t iming,  t r a c k i n g ,  and nav iga t ion .  

Our des ign  approach is  p r imar i l y  d i g i t a l  i n  t h a t  t h e  rece ived  s i g n a l  is  
converted t o  baseband and d i g i t i z e d  be fo re  any s i g n a l  p rocess ing  i s  
at tempted.  W e  i n t end  t o  ach ieve  r e l i a b i l i t y  and low c o s t  by employing 
t h e  l a t e s t  gate-array and custom-VLSI (Keference 1 )  t echniques .  System 
accuracy i s  achieved through use of d i g i t a l  c o r r e l a t i o n  techniques  
(Reference 2 )  with asynchronous sampling t o  a t t a i n  very  h igh  measure- 
ment r e s o l u t i o n .  and by us ing  long ( i . e . ,  32-bi t )  word l eng ths .  

This  paper emphasizes t h e  c h a r a c t e r i s t i c s  of t h e  d i g i t a l  s i g n a l  pro- 
ce s so r  t h a t  provide t h e  c a p a b i l i t y  of e x t r a c t i n g  t i m e  from t h e  rece ived  
s i g n a l  d i r e c t l y  a s  a  numerical. va lue .  

Evaluat ion of t h i s  GPS t i m e  t r a n s f e r  t echnique  i s  c u r r e n t l y  i n  progress  
a t  I n t e r s t a t e ,  and t h e  r e s u l t s  of i n i t i a l  t e s t s  of t h e  system's  t r a c k i n g  
accuracy a r e  included i n  t h e  paper.  

BACKGROUND 

Our work wi th  GPS r e c e i v e r s  began i n  t h e  middle of t h e  l a s t  decade wi th  
development of t h e  F l i g h t  Tes t  Support System (FTSS) f o r  t h e  Navy's 
T r iden t  T ( C 4 )  s t r a t e g i c  weapon system (Reference 3 ) .  The FTSS employed 
t h e  e a r l y  GPS s a t e l l i t e s  £or me t r i c  ( p o s t f l i g h t  a n a l y s i s )  t r a c k i n g  and 
time d i v i s i o n  m u l t i p l e  acces s  (TDMA), pseudorandom-noise (PRN)-coded 
ground t ransmiss ions  f o r  range  s a f e t y  t r ack ing .  Many of t h e  d i g i t a l -  
baseband process ing  techniques  we a r e  now using f o r  GPS process ing  
o r i g i n a t e d  i n  t h e  FTSS. 

We subsequent ly  developed a breadboard GPS system t h a t  was used for test  
and e v a l u a t i o n  a t  our f a c i l i t y  about two yea r s  ago. This  GPS r e c e i v i n g  
system employed c l e a r / a c q u i s i t i o n  (C/A)-code, one-bit  d i g i t a l  baseband 
c o r r e l a t i o n  and was an a l l - d i g i t a l  system (Reference 2)  except  f o r  t h e  
RF conve r t e r ,  which converted t h e  rece ived  s i g n a l  t o  baseband for 
d i g i t i z a t i o n .  The system's  c e n t r a l  p rocess ing  u n i t  was a D i g i t a l  Equip- 
ment Corporat ion PDP-11 computer. 

The time t r a n s f e r  r e c e i v e r  descr ibed  he re  is a  microprocessor-based 
system us ing  a Motorola Corporat ion MC68000 as i ts  c e n t r a l  p rocess ing  



u n i t .  T h i s  v e r s i o n  i s  a  comhined CIA- and P-code GPS r e c e i v e r ,  w i t h  t h e  
P-code c a p a b i l i t y  added t o  de te rmine  and compare t h e  t i m e - t r a n s f e r  
accuracy  and r e l i a b i l i t y  a c h i e v a b l e  w i t h  each code,  and t o  s a t i s f y  
requ i rements  f o r  o t h e r  a p p l i c a t i o n s .  

GENERAL DESCRIPTION 

F i g u r e  1 is  a  f u n c t i o n a l  b l o c k  diagram of t h e  GPS t ime  t r a n s f e r  r e c e i v e r .  
The RF c o n v e r t e r  i s  a  s t r a i g h t f o r w a r d ,  double-convers ion d e v i c e  f o r  L l .  
The c a r r i e r  n u m e r i c a l l y  c o n t r o l l e d  o s c i l l a t o r  (NCO) d r i v e s  t h e  baseband 
c o n v e r t e r  t o  tune t h e  r e c e i v e r  t o  t h e  s i g n a l  p l u s  Doppler.  (The s t r u c -  
t u r e  of t h i s  second-order phaselocked loop i s  d e s c r i b e d  l a t e r . )  The 
d i g i t i z e r  (F igure  1) h a s  been mechanized a s  e i t h e r  a one- o r  two-bit  
(Reference 2 )  a n a l o g - t o - d i g i t a l  c o n v e r t e r  sampl ing a t  a  r a t e  s l i g h t l y  
h i g h e r  t h a n  t w i c e  t h e  code c h i p  r a t e .  

The c o r r e l a t o r  p r o c e s s e s  t h e  d i g i t i z e d  in-phase (I)  and q u a d r a t u r e  ( Q )  
d a t a  t o  g e n e r a t e  a t r a c k i n g - e r r o r  s i g n a l .  I n  response  t o  t h e  d e l a y  
t racking e r r a r ,  t he  d e l a y  t r a c k i n g  f i l t e r  d r i v e s  t h e  code NCO and code 
g e n e r a t o r .  This loop i s  t h e  t i m e  t r a n s f e r  mechanism ( d e s c r i b e d  l a t e r  i n  
more d e t a i l  w i t h  t h e  c l o c k  and i t s  a s s o c i a t e d  components) .  

The i n t e g r a t e d  c o r r e l a t i o n  d a t a  and loop  feedhack s i g n a l s  a r e  sampled a t  
250 Hz. 

I n  o u r  sys tem,  t h e  mic roprocessor  accomplishes  most of t h e  s i g n a l  
p r o c e s s i n g .  F i g u r e  2 i l l u s t r a t e s  t h e  a l g o r i t h m s  and p r o c e s s  f low.  Note 
t h a t  t h e  code g e n e r a t o r  i s  mechanized i n  a s e p a r a t e  mic roprocessor  
(Reference 2 )  and t h a t  b a s i c  s i g n a l  a c q u i s i t i o n  i s  n o t  shown. 

I A 1 1  computat ions  excep t  c l o c k  c o r r e c t i o n  a r e  completed i n  l e s s  t h a n  
4 m i l l i s e c o n d s .  Clock c o r r e c t i o n  o p e r a t e s  c o n t i n u o u s l y  on a p r i o r i t y  
b a s i s .  

CARRIER AND CODE TRACKING 

F i g u r e  3 shows t h e  b a s i c  o p e r a t i o n  of t h e  c a r r i e r  and code t r a c k i n g  
loops .  

I n  a c q u i s i t i o n ,  t h e  c a r r i e r  NCO and code g e n e r a t o r  a r e  o p e r a t e d  i n  a 
s e a r c h  p a t t e r n  t h a t  r e s u l t s  i n  a  c o r r e l a t i o n  f u n c t i o n  be ing  c e n t e r e d  i n  
t h e  e a r l y / o n - t i r n e l l a t e  c o r r e l a t o r  o u t p u t .  The on-time c o r r e l a t o r  
complex (I and Q )  o u t p u t s  a r e  used f o r  c a r r i e r  t r a c k i n g ,  and a n  e s t i m a t e  
of t h e  a n g l e  of t h e s e  c o e f f i c i e n t s  y i e l d s  t h e  c a r r i e r - l o o p  phase  e r r o r .  
T h i s  i s  analogous t o  c o n v e n t i o n a l  Costas- loop c a r r i e r  t r a c k i n g .  The 
c a r r i e r - l o o p  e r r o r  i s  f i l t e r e d  i n  t h e  l o o p  f i l t e r  f o r  second-order 
c a r r i e r - l o o p  t r a c k i n g .  The c a r r i e r  f requency e s t i m a t e  c o n t r o l s  t h e  

I 



c a r r l e r  NCO and a l s o  i s  s c a l e d  t o  c o n t r o l  t h e  code NCO f requency ,  and 
t o  p r o v i d e  dynamic a i d i n g  f o r  t h e  f i i s t - o r d e r  code t r a c k i n g  loop .  

The code loop  d e r i v e s  i t s  d e l a y  e r r o r  s i g n a l  from t h e  d i f f e r e n c e  of the! 
magni tudes  of t h e  ear1.y and l a t e  c o r r e l a t i o n  c o e f f i c i e n t s ,  i n  t h e  manner 
of a noncoherent  code t r a c k i n g  l o o p .  The code l o o p  is  f i r s t - o r d e r ,  w i t h  
a i d i n g  from t h e  c a r r i e r  l o o p ,  and c o n t r o l s  t h e  d e l a y  of t h e  code  NCO/ 
code g e n e r a t o r  d i r e c t l y  r a t h e r  t h a n  t h e  more u s u a l  p r o c e s s  of c o n t r o l l -  
i n g  t h e  code c h i p  f requency .  Th is  c o n t r o l  mechanism o f f e r s  some 
s i g n i f i c a n t  advan tages  i n  a c h i e v i n g  very-h igh- reso lu t ion  t i m e  t r a n s f e r  
measurement. 

BASIC APPROACH TO TIME TRANSFER 

F l g u r e  4 i s  a  f u n c t i o n a l  b l o c k  diagram of t h e  GPS t ime  t r a n s f e r  p r o c e s s ,  
t h e  b a s i c  clement of which i s  t h e  code t r a c k  l o o p  t h a t  keeps  a l o c a l  
r e f e r e n c e  code synchronously  t r a c k i n g  t h e  r e c e i v e d  code.  The i n l t i a l  
phase  o r  t ime  d e l a y  of t h e  r e f e r e n c e  code i s  con t ro l l . ed  a t  t h e  s t a r t  of 
each loop  i t e r a t i o n  (4 m i l l i s e c o n d s )  by t he  feedback from the  code loop  
f i l t e r .  The c o n t r o l  word from t h e  loop  f i l t e r  i s  s p l i t  l n t o  i n t e g e r  and I 

f r a c t i o n a l  p a r t s  i n  terms of code c h i p  u n i t s ;  t h e  i n t e g e r  p a r t  s e t s  t h e  
s t a r t i n g  c h i p  number o f  t h e  code g e n e r a t o r ,  and t h e  f r a c t i o n a l  p a r t  s e t s  
t h ~  s t a r t i n g  phase  o f  t h e  NCO. 

T h i s  c o n t r o l  mechanism f o r  t h e  combined ~ ~ O / c o d e  g e n e r a t o r  i s  v e r y  
p r e c i s e  and e l i m i n a t e s  the  need f o r  a h i g h - r e s o l u t i o n  t ime  f n t e r v a l  
c o u n t e r  t o  perform t h e  b a s i c  t i m e  d i f f e r e n c e  measurement between r e f e r -  
ence t i m e  and r e c e i v e d  code epochs .  F i g u r e  5 i l l u s t r a t e s  how the 
43-h i t  i n t e g e r  d e l a y  s e t s  t h e  s t a r t i n g  code c h i p ,  and a 32-bi t  c o n t r o l  
word i n i t i a l i z e s  t h e  NCO s t a r t i n g  phase .  T h i s ,  i n  e f f e c t ,  s e t s  t h e  
s t a r t i n g  phase  t o  a  r e s o l u t i o n  o f  2-N p a r t  of a code c h i p ,  where N is  
3 2  f o r  a 32-bi t  accumulator  i n  t h e  NCO. 

L 
F i g u r e  6 o u t l i n e s  t h e  form of t h e  NCO f o r  t h i s  p r o c e s s .  The NCO con- 
sists of  a n  accumulator  r e g i s t e r  t h a t  can  be p r e s e t  by t h e  f r ac t i ona l  
c h i p  phase  command word from t h e  code loop  f i l t e r  whenever each loop  
f i l t e r  i t e r a t i o n  b e g i n s .  The f requency  command word i s  t h e n  added t o  
t h e  accumulator  on each c l o c k  t ime ,  c a u s i n g  t h e  accumulator  t o  over f low 
a t  an  average  f requency  e q u a l  t o  t h e  d e s i r e d  c h i p  f requency .  It i s  
impor tan t  i n  t h i s  p r o c e s s  t o  m a i n t a i n  a n  asynchronous r e l a t i o n s h i p  
between t h e  NCO o u t p u t  f requency  and t h e  NCO accumula t ion  r a t e  o v e r  t h e  
e n t i r e  Doppler r a n g e .  When this i s  done,  it is  found t h a t  o n l y  t h e  most 

s i g n i f i c a n t  b i t  (MSB) from t h e  accumulator  needs  t o  be  used a s  a n  NCO 
o u t p u t ,  and i t  t h e n  advances  t h e  code g e n e r a t o r  a chip  on each over f low 
of t h e  NCO accumulator .  

t 



Al-though i t  may a p p e a r  a t  f i r s t  t h a t  such  a  code  g e n e r a t i o n  p r o c e s s  
would y i e l d  u n a c c e p t a b l y  higl l  j i t t e r  i n  t h e  code  l o o p ,  t h i s  has no t  been  
t h e  c a s e ,  h e c a u s e  of  t h e  broad  s p e c t r a l  d i s t r i b u t i o n  o f  t h e  NCO p h a s e  
j i t t e r .  Wc u s e  t h e  same p r o c e s s  i n  t h e  c a r r i e r  and code  l o o p s  and see a 
p h a s e  j i t t e r  o f  a b o u t  2 d e g r c c s  r m s  ( f o r  higl-1-SNR s i g n a l s )  i n  t h e  
c a r r i e r  t r a c k  l o o p ,  a s  shown  in F i g u r c  7 .  Codc t r a c k  r e s u l t s  a re  shown 
i n  F i g u r e  8 ,  which i s  a  t i m c  h i s t o r y  o f  t h e  combined code  N C O / C O ~ ~  

g e n e r a t o r  c o n t r o l  words p l o t t e d  f o r  a n  a c t u a l  s a t e l l i t e  p a s s .  Nn 
smoo th ing  w a s  u s e d  on t h e  p l o t t e d  d a t a ,  i n  o r d e r  t n  i l l u s t r a t e  t h e  
r e s o l u t i o n  o f  t h e  raw delay measu remen t s ,  

R e f e r r i n g  a g a i n  t o  F i g u r e  4 ,  i t  c a n  be  o b s e r v e d  t h a t  t h e  nomina l  4- 
m i l l i s e c o n d  l o o p  i t e r a t i o n  r a t e  o f  the code  l o o p  i s  d e r i v e d  f rom t h e  
u s e r  c l o c k .  On e a c h  4-mi1. l isecond l o o p  i t e r a t i o n ,  a n  u n c o r r e c t e d  t i m e  
word i n  u n i t s  o f  i n t e g e r  and f r a c t i o n a l  codc  c h i p s  i s  e x t r a c t e d  f rom t h e  
code  l o o p .  T l ~ l s  t i m e  word c o n s i s t s  o f  t h e  raw u n c o r r c r t c d  t i m e  measure- 
ments  t h a t  can  h e  c o r r e c t e d  f o r  rnrlge,  i o n o s p h e r i c  e r r o r ,  relativistic 
e r r o r ,  s a t e l l i t e  c l o c k  e r r o r ,  c t c .  They c a n  b e  used  as measllrement 
v a l u e s  i n p u t  t o  a Kalman f i l t e r  t o  model v a r i o u s  s y s t e n l a t i c  and random 
c l o c k  c r r o r s ,  User c l o c k  e r r o r  i s  d e t e r m i n e d  h y  d i f f e r e n c i n g  w i t h  t h e  
i l ser  c l o c k  v a l u e  a t  t h e  same i t e r a t i o n  t i m e  mark.  Tlie c l o c k  c a n  b e  set 
t o  n u l l  t h e  e r r o r  hy a c o m b i n a t i o n  o f  s e t t i n g  t h c  c1oc.k c o u n t e r  i n  
200-nanosecond i n c r e m e n t s  a n d ,  i n  f i n e r  i n c r e m e n t s ,  hy p h a s e  c o n t r o l  o f  
t h e  r e f e r e n c e  f  requenc-y i n p u t .  Note ( F i g u r e  4 )  t h a t  u n c o r r e c t e d  time 
measurements  h a v e  a d i f f e r e n t  s l g n i f i c a n c - e ,  d e p c n d i ~ ~ g  oti w h e t h e r  t h e  
t r a c k i n g  mode i s  C I A -  o r  P-coclc. I n  t h e  P-code inotle, t h e  code s t a t e  
r e p r e s e n t s  t h e  t i m e  of  t h e  week (TOW) i t 1  d i r e c t  unnmhiguot.1~ form.  I n  
t h e  CIA-code mode, t l ie  TOW e s t a b l i s h m e n t  and  m a i n t e n a n c e  i s  somewhat 
l e s s  d i r e c t  i n  t h a t  it i ~ l v o l v c s  a c o m b i n a t i o n  o f  measured  CIA d e l a y  and 
r e s o l u t i o n  o f  t h e  1 - m i l l i s e c o n d  CIA-code a m b i g u i t y .  

DESTGN APPROACH 

The components  o f  t h e  s i g n a l  p r o c e s s o r  d e s c r i b e d  i n  F i g u r e  1 a r e  
d e s i g n e d  t o  i n t e r f a c e  w i t h  t l ic  Moto ro la  VERSAbusfi. F i g u r e  9 shows t h e  
p a r t i c u l a r  c o n f i g u r a t i o n  uscd  f o r  t h e  P-code i i m c  t r a n s f e r  p r o c e s s o r .  

T h e  VERSAhus c o n r c p t  p r o v i d e s  a d e d i c a t e d  s e r t i o n  f o r  t l ic  m i c r o p r o c e s s o r  
f u n c t  i o n s  arid 2 u s e r - d e r i x l a h l e  s e c  Lion .  

The m i c r o p r o c e s s o r  1lus s u p p o r t s  a m u l t i p r o c e s s o r  sys t em tliixt car? h e  used  
t o  s u p p o r t  a u x i l i a r y  p r o c e s s o r s  f o r  n a v i g a t i o n ,  c l o c k  e r r o r  e s t i m a t i o n ,  
and s p e c i a l - p u r p o s e  110 and d l s p l a y  f u n c t i o n s .  

F i g u r e  1 0  i s  a  p h o t o g r a p h  o f  t h e  enc : lo su rc  f o r  t h i s  d e s i g n .  T y p i c a l  
c i r c u i t  b o a r d s ,  whicll l iave t l ie  p l i v s i c a l  c h a r a c t e r i s t i c s  o f  a M o t o r o l a  
EXORmacs* h o a r d ,  a r e  shown i n  F i g u r e s  11 arid 1 2 .  T e  RF c o n v e r t e r  i s  



packaged i n  a module s o  that:  it p l u g s  i n t o  t h e  e n c l o s u r e  i n  t h e  same 
manner as t h e  p r o c e s s o r  b o a r d s ,  The p r e s e n t  d e s i g n  i n c l u d e s  a CRT, 
d i s k ,  and p r i n t e r  i n  a d d i t i o n  t o  t h e  b a s i c  c o n t r o l  pane l .  

Th i s  modular d e s l g n  approach p r o v i d e s  e x t e n s i v e  f l e x i b i l i t y  t o  d e f i n e  
sys tems  f o r  custom a p p l i c a t i o n s .  
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QUESTIONS AND ANSWERS 

DR. VICTOR REINHARDT, NASAIGoddard 

Do you have any i d e a  when t h i s  w i l l  be a v a i l a b l e ,  and do you have 
any i d e a  what t h e  c o s t  w i l l  be? 

MR. OULD:  

A v a i l a b l e  t o  c a r r y  away o r  obse rve?  

DR. RE I NHARDT : 

A v a i l a b l e  t o  c a r r y  away. 

MR. VAN WECHEL: 

P r o b a b l y  a n o t h e r  y e a r .  

MR. OULD: 

We c o u l d  c o n c e i v a b l y  do i t  i n  s i x  months, b u t  I would  h a t e  t o  prom- 
i s e  a n y t h i n g  s h o r t  o f  a y e a r  and t h a t  i s  p r i m a r i l y  because w e ' r e  
a v e r y  l i m i t e d  s t a f f .  We ' re  o n l y  t a l k i n g  abou t  t h r e e  t o  s i x  peop le ,  
and r i g h t  now w e ' r e  down t o  t h e  t h r e e - p e o p l e  l i m i t ,  and you a r e  
l o o k i n g  a t  two o f  them. 

And J i m  i s  back, j u s t  b e f o r e  we l e f t ,  t h e  RF S e c t i o n  c rashed,  
and t h a t  i s  h i s  r e s p o n s i b i l i t y .  And y e t  t h a t  i s  t h e  t h r e e  peop le .  
So, I ' d  be s t i c k i n g  my neck o u t  t o  promise a n y t h i n g  s h o r t  o f  s i x  
months t o  a y e a r .  

DR. REINHARDT: 

Do you have any i d e a  o f  what t h e  c o s t  would be? 

MR. OULD: 

I ' d  r e a l l y  r a t h e r  n o t  say r i g h t  now. We, you know, b e i n g  s m a l l ,  
I n t e r s t a t e  i s  n o t  a p r o d u c t  house, okay. We' re  i n  t o  t h i s  deve lop -  
ment. I t  i s  t o t a l l y  funded by t h e  company. We a r e  i n  t o  i t  be- 
cause we can s u p p o r t  t h e  T r i d e n t  M i s s i l e  t e s t i n g .  T h a t  i s  o u r  
i n t e n t .  Time t r a n s f e r  f o r  t h e  ranges,  e t  c e t e r a .  I had t o  beg 
o f f  on i t  l i k e  t h a t .  

MR. VAN WECHEL: 

T e l l  h im t o  come and see us a f t e r w a r d s .  



MR. OULD: 

Come and see me a t  cof fee break. 

DR. REINHARDT: 

Thank you. 

MR. ED CHRISTY, O f f sho re  Nav iga t i on  

I have two ques t ions .  One, were you r e c e i v i n g  bo th  t h e  L-1 and L-,2 
channels  i n  t h e  r e c e i v e r ?  And, secondly,  you ment ioned a synchro- 
nous sampl ing r a t e  i n  you r  d i g i t i z e r .  Approx imate ly  what f r e q u e n c , ~  
o f  d i g i t i z a t i o n  were you employing? 

MR. OULD: 

Okay. Ques t i on  one, L-1 on l y .  

Ques t i on  two, you know 20.462046 megahertz. I n  o t h e r  words, 
i t ' s  a 10  t o  t h e  f o u r t h  h i ghe r  than  t h e  c h i p  r a t e .  

MR. CHRISTY: 

And you d i g i t i z e d  t h i s  t o  16 b i t s  a t  t h a t  r a t e ?  

MR. OULD: 

No, we ' r e  d i g i t i z i n g  t o  one b i t  a t  t h a t  r a t e .  

MR. VAN WENCHEL: 

Can I say something here? 

MR. ALLAN: 

Yes, p lease.  

MR. VAN WENCHEL: 

Tha t  c h i p  r a t e  i s  chosen t o  be o u t s i d e  o f  t h e  Doppler range, t h a t  
i s  t h e  i dea  o f  t h e  asynchronous sampl ing so t h a t  t h e  sample r a t e  
never  becomes coheren t  w i t h  t h e  c h i p  r a t e .  If i t  ever  becomes co-. 
he ren t ,  e s p e c i a l l y  w i t h  one b i t  q u a n t i z a t i o n ,  you g e t  i n  b i g  t rou - .  
b l e  because you have v e r y  course q u a n t i z i n g  of t h e  phase. 

So, you choose i t  t o  be j u s t  o u t s i d e  t h e  Doppler range, and 
t h a t ' s  why t h e  one p a r t  i n  t e n  t o  t h e  f ou r t h .  




