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The G l o b a l  P o s i t i o n i n g  System h a s  r e c e n t l y  been  renamed t h e  
NAVSTAR G l o b a l  P o s i t i o n i n g  Sys tem.  I t  was known a s  System 
6 2 1 B  o r  Defense  N a v i g a t i o n  S a t e l l i t e  Sys tem,  and  w i t h i n  t h e  
Navy it was known a s  TIMATION. NAVSTAR r e p r e s e n t s  a com- 
b i n a t i o n  of t h e  c o n c e p t s  t h a t  were  known as TIMATION and  
t h o s e  knonw a s  System 6 2 1 B  i n t o  a J o i n t  Program. T h i s  com- 
b i n a t i o n  w a s  d i r e c t e d  by S e c r e t a r y  Clements  on 17 A p r i l  
1973 .  A DSARC r e v i e w  w a s  h e l d  on t h e  1 3 t h  of December and  
a  f i n a l  d e c i s i o n  was made t o  app rove  t h i s  program on t h e  
22nd of December by  S e c r e t a r y  C lemen t s .  NAVSTAR i s  a rnult i-  
s e r v i c e  program (See  F i g u r e  1) w i t h  t h e  J o i n t  Program 
O f f i c e  a t  SAMSO which i s  p r o c e e d i n g  i n t o  i t s  P h a s e  I Concept 
V a l i d a t i o n  Program.  I would l i k e  t o  d e s c r i b e  t h e  s y s t e m  
and  t h e  Concept  V a l i d a t i o n  Program w i t h  you a t  t h i s  t i m e .  

The c u r r e n t  s t a t u s  of s a t e l l i t e  n a v i g a t i o n  s y s t e m s  w i t h i n  
DOD is  d e s c r i b e d  i n  F i g u r e  2 .  The e x i s t i n g  o p e r a t i o n a l  
s y s t e m  is  c a l l e d  TRANSIT. F o r  a h o s t  of  r e a s o n s ,  i t  d o e s  
n o t  s a t i s f y  a b r o a d  base of  u s e r s  ( S e e  F i g u r e  3 ) .  P a r -  
t i c u l a r l y ,  anyone w i t h  dynamics  i n  t h e i r  p o s i t i o n i n g  o r  
n a v i g a t i o n  p rob lem.  T h e r e f o r e ,  we a r e  m o t i v a t e d  t o  move 
ahead  t o  a G l o b a l  P o s i t i o n i n g  System t h a t  p o t e n t i a l l y  can 
e v e n t u a l l y  r e p l a c e  TRANSIT and s e r v e  a  h o s t  of  o t h e r  u s e r s  
as  w e l l  ( S e e  F i g u r e s  4 and 5 ) .  The i n i t i a l  o p e r a t i o n a l  
c a p a b i l i t y  would b e  achieved i n  a b o u t  1984.  The P h a s e  I 
Program i n c o r p o r a t e s  t h e  e f f o r t s  of t h e  Naval  R e s e a r c h  
L a b o r a t o r y ,  w i t h  t h e i r  N a v i g a t i o n  Technology S a t e l l i t e s  
( N T S ) ,  NTS-1 and  NTS-2. The  J o i n t  Program O f f i c e  w i l l  
d e v e l o p  p r o t o t y p e  N a v i g a t i o n  Development S a t e l l i t e s  (NDS) 
that w i l l  be d e s c r i b e d  l a t e r .  The b a s i c  sys t em c a p a b i l i t y  
i s  t h r e e  d i m e n s i o n s  of  p o s i t i o n ,  t h r e e  d i m e n s i o n s  of v e l o -  
c i t y  and v e r y  p r e c i s e  sys t em t i m e .  

I ' d  l i k e  t o  now d i s c u s s  t h a t  s y s t e m s  c o n c e p t  which c o n s i s t s  
of a Space Segment ,  a  g round b a s e d  C o n t r o l  Segment ,  and t h e  
User Segment (See  F i g u r e  6 ) .  The o p e r a t i o n a l  s y s t e m  would 
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deploy t h r e e  p l a n e s  of s a t e l l i t e s  i n  c i r c u l a r ,  10 ,000  
n a u t i c a l  m i l e  o r b i t s  w i t h  an i n c l i n a t i o n  of 63O. Each 
p l a n e  would c o n t a i n  e i g h t  s a t e l l i t e s .  T h i s  deployment i n -  
s u r e s  t h a t  a t  l e a s t  s i x  s a t e l l i t e s  a r e  c o n t i n u o u s l y  i n  view 
from any p o i n t  on t h e  e a r t h .  The Master  C o n t r o l  S t a t i o n  
would be l o c a t e d  i n  t h e  Uhi ted  S t a t e s  w i t h  f o u r  moni to r  
s t a t i o n s  l o c a t e d  on Uni ted  S t a t e s  t e r r i t o r y .  The u s e r  
equipment c l a s s e s  would s a t i s f y  a h o s t  of DOD u s e r s  and 
w i l l  a l s o  be  o f f e r e d  t o  t h e  c i v i l i a n  community. W e  expec t  
t h e  s p a c e c r a f t  weight  t o  be 800 pounds,  with 300 w a t t s  end- 
o f - l i f e  power. I t  would employ a  dua l - f requency  pseudo- 
random n o i s e  n a v i g a t i o n  s i g n a l .  For  g e n e r a l  u s e ,  o n l y  t h e  
pr imary  NAV s i g n a l  a t  1600 MHz would be  u s e d .  The b a s i c  
t r a c k i n g  t e c h n i q u e  f o r  the C o n t r o l  Segment is one-way 
t r a c k i n g .  A unique  f e a t u r e  of t h e  sys tem is  t h a t  t h e  
s a t e l l i t e  employs an a tomic  spaceborne  c l o c k .  W e  are pro-  
j e c t i n g  an o p e r a t i o n a l  c l o c k  of about  10-13 seconds  p e r  
second d r i f t  r a t e .  T h i s  is t h e  s t a t e - o f - t h e - a r t  f o r  cesium 
c l o c k s  a s  e x e m p l i f i e d  by t h e  Hewlet t-Packard Labora to ry  
s t a n d a r d s .  

The b a s i c  system t e c h n i q u e  is  d e s c r i b e d  i n  F i g u r e  7 .  The  
C o n t r o l  Segment t r a c k s  t h e  s a t e l l i t e s  and p r e d i c t s  t h e i r  
f u t u r e  p o s i t i o n  a s  w e l l  a s  t h e  f u t u r e  b e h a v i o r  of t h e s e  
c l o c k s .  I t  p e r i o d i c a l l y  u p l o a d s  t h a t  i n f o r m a t i o n  i n t o  t h e  
s a t e l l i t e ' s  memory. The s a t e l l i t e s  c o n t i n u o u s l y  t r a n s m i t  
t h e i r  s i g n a l  which is  a spread-spect rum L-Band s i g n a l  w i t h  
a 10 MHz c h i p p i n g  r a t e  and a  20 MHz bandwidth.  I f  a  u s e r  
h a s  a  c l o c k  which is synchron ized  t o  t h e s e  s a t e l l i t e  c locks ,  
he  can  measure t h e  t i m e  d i f f e r e n c e  between t r a n s m i s s i o n  and 
r e c e p t i o n .  T h i s  is t h e n  m u l t i p l i e d  by t h e  speed of l i g h t  
t o  f i n d  t h e  r a n g e .  Thus,  c o n t a c t  w i t h  t h r e e  of t h e s e  
s a t e l l i t e s  would de te rmine  t h r e e  s p h e r e s  and h i s  l o c a t i o n  
would be a t  ' the i n t e r s e c t i o n  of t h o s e  t h r e e  s p e r e s .  Un- 
f o r t u n a t e l y ,  t h e  assumption of t h e  u s e r ' s  synchron ized  
c l o c k  would be v e r y  e x p e n s i v e .  To s a t i s f y  t h a t  problem, he 
l i s t e n s  t o  a  f o u r t h  s a t e l l i t e ,  t h e r e b y  g i v i n g  him f o u r  
p i e c e s  of i n f o r m a t i o n  from which he d e r i v e s  t h r e e  c o o r d i -  
n a t e s  of p o s i t i o n  and one c o o r d i n a t e  of t i m e .  T h i s  r e a l l y  
r e p r e s e n t s  s y n c h r o n i z i n g  h i s  ve ry  c r u d e ,  by f l i g h t  q u a l i f i e d  
a tomic  s t a n d a r d s ,  c r y s t a l - b a s e d  c l o c k .  So t h e  b a s i c  t e c h -  
n i q u e  of l i s t e n i n g  t o  f o u r  s a t e l l i t e s  t o  d e r i v e  t h e  u s e r ' s  
c o o r d i n a t e s  is  more economical ly  a t t r a c t i v e .  

The o r b i t a l  c o n f i g u r a t i o n  f o r  t h e  o p e r a t i o n a l  system i s  
d e p i c t e d  i n  g r e a t e r  d e t a i l  i n  F i g u r e  8.  There w i l l  be 
t h r e e  o r b i t a l  p l a n e s ,  each  i n c l i n e d  approx imate ly  630 t o  
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t h e  e q u a t o r .  The 24 s a t e l l i t e s  w i l l  have  an o r b i t a l  p e r i o d  
rjf 1 2  h o u r s .  T h i s  w i l l  g i v e  a rninimunl o f  s i x  s a t e l l i t e s  i n  
v i ew  c o n t i n u o u s l y  a t  a l l  g l o b a l  l o c a t i o n s  and on  t h e  a v e r -  
a g e  t h e r e  w i l l  b e  8 o r  9 s a t e l l i t e s  i n  v iew.  Approximate  
upper bounds  on the s a t e l l i t e  w e i g h t  and power a s  w e l l  a s  
o t h e r  s p a c e c r a f t  p a r a m e t e r s  a r e  l i s t e d  on t h e  r i g h t .  

The b a s e l i n e  g l o b a l  p o s i t i o n i n g  s y s t e m  w i l l  r c l y  on Mas t e r  
S t a t i o n s  i n  t h e  U n i t e d  S t a t e s  o n l y  ( S e e  F' igure 9 ,  10 and 
1 1 ) .  The Mas t e r  S t a t i o n  and comput ing  f a c i l i t i e s  w i l l  he  
l o c a t e d  a t  o n e  o f  severa l  a l t e r n a t i v e  l o c a t i o n s ,  e a c h  01 
which  a l r e a d y  h a s  a computing f a c i l i t y  o r  a s p a c e c r a f t  
c o n t r o l  and  t e l e m e t r y  s y s t e m .  D u r i n g  t h e  f i r s t  p h a s e  of  
d e v e l o p m e n t ,  o v e r s e a s  Moni tor  S t a t i o n s  would b e  u s e d  t o  
h e l p  d e v e l o p  t h e  wor ldwide  i o n o s p h e r i c  model .  

We d o n ' t  r e q u i r e  t h e  a c c u r a t e  c l o c k s  i n  any of  t h e s e  a p p l i -  
c a t i o n s .  I t ' s  c h e a p e r  f o r  e v e r y o n e  t o  s i m p l y  l i s t e n  t o  
f o u r  s a t e l l i t e s .  I n  f a c t ,  t h e  u s e r  who knows his a l t i t u d e  
c a n  g e t  by w i t h  j u s t  l i s t e n i n g  t o  t h r e e  s a t e l l i t e s ,  and 
a g a i n ,  he d o e s n ' t  have  t o  have an  a c c u r a t e  c l o c k .  Even a 
u s e r  w i t h  a ce s ium c l o c k  would g c t  o u t  of s y n c h r o n i z a t i o n  
b y  t h e  end  of a  week. Tha t  is, t h e  n a v i g a t i o n  P u n c t i o n  
would b e  somewhat i m p a i r e d ,  i f  t h e  r e q u i r e m e n t  was f o r  
1 0 0  f o o t  a c c u r a c y .  I f  t h a t ' s  n o t  a p r o b l e m ,  he c a n  g e t  by 
w i t h  a t h r e e - c h a n n e l  r e c e i v e r ,  f o r  example ,  and a t  a po ten -  
t i a l  c o s t  s a v i n g .  On t h e  o t h e r  hand ,  i t  may bc t o  you r  ad-  
van tage  t o  l i s t e n  t o  a l l  Pour s a t e l l i t e s  and s y n c h r o n i z e  
you r  ce s ium c l o c k  t o  a world-wide s t a n d a r d .  

The s i x  u s e r  c l a s s e s  t h a t  we p r o j e c t  i n  the o p e r a t i o n a l  
s y s t e m  a r e  p o r t r a y e d  i n  F i g u r e  1 2 .  These  a r e  t h e  ma jo r  
c l a s s e s  w i t h  t h e  cost  of  u s e r  e q u i p n ~ e n t  f o r  u n i t  b u y s  in 
t h o u s a n d s  of d o l l a r s .  C l a s s  A i s  f o r  t h e  dynamic u s e r  i n  a 
p o t e n t i a l l y  h i g h  jarnming env i ronmen t  t h a t  demands t h e  
u l t i m a t e  i n  p r e c i s i o n .  The two p a r e l l e l  d e f i n i - t i o n  e f f o r t s  
t h a t  w e  u n d e r t o o k  have  e s t i m a t e d  t h e  c o s t s  t o  b e  be tween  
$28,000 and $ 2 9 , 5 0 0 .  C l a s s  B i s  f o r  t h e  h i g h  dynamic u s e r .  
C l a s s  C is a n  i n t e r e s t i n g  c l a s s .  I Iere  we're a d d r e s s i n g  low 
a c q u i s i t i o n  c o s t  w i t h  Low L i f e  C y c l e  c o s t  a s  w e l l .  The 
r a n g e  w e  now p r o t j e c t  f o r  a  c o m p l e t e  p i e c e  of C l a s s  C u s e r  
equ ipment  is $15 ,000  t o  $16 ,000 .  Class D is f o r  s u r f a c e  
v e h i c l e s .  

C l a s s  E is a man-pack which a l s o  h a s  a p p l i c a t i o n s  f o r  











s e l f - n a v i g a t i o n  of s a t e l l i t e s .  I t  a l s o  h a s  a p p l i c a t i o n  t o  
t h e  midcourse  gu idance  of missiles because  it i s  s m a l l ,  
l i g h t  weight  and rugged.  C l a s s  F i s  f o r  submar ines .  
F u r t h e r  c o n s o l i d a t i o n  e f f o r t s  seem p o s s i b l e  w i t h  s a v i n g s  t o  
DOD by r e d u c i n g  l o g i s t i c  r e q u i r e m e n t s .  

I n  F i g u r e  1 3  i s  shown t h e  e x p e c t e d  sys tem accuracy  f o r  t h e  
mature  o p e r a t i o n a l  sys tem.  F i f t y  p e r c e n t  of t h e  t i m e  i n  
t h e  h o r i z o n t a l  p l a n e  i t  i s  1 6  f e e t ;  and i n  t h e  v e r t i c a l  
p l a n e  i t  is 20 f e e t .  These f i g u r e s  a r e  t h e  r e s u l t  of ex- 
t e n s i v e  s i m u l a t i o n s  by The Aerospace C o r p o r a t i o n  i n  L o s  
AngeLes, The A n a l y t i c a l  S c i e n c e s  C o r p o r a t i o n  i n  Massachu- 
setts  as w e l l  a s  t h e  Naval Weapons L a b o r a t o r y ,  who have per- 
formed analysis of t h e  TRANSIT program. I n  f a c t ,  we i n t e n d  
t o  u s e  t h e  Naval Weapons Labora to ry  o r b i t  d e t e r m i n a t i o n  i n  
o u r  ephemer is  d e t e r m i n a t i o n .  

T h i s  is an u n c l a s s i f i e d  sys tem excep t  f o r  two a s p e c t s .  The 
measured performance c a p a b i l i t y  of t h e  f u l l - u p  sys tem would 
be  C o n f i d e n t i a l .  The q u a n t i t a t i v e  e v a l u a t i o n  of s u r v i v -  1 

a b i l i t y l v u l n e r a b i l i t y  w i l l  be S e c r e t .  The p r o j e c t i o n s  I ' m  
showing you are n o t  c l a s s i f i e d .  W e  have done o u r  b e s t  t o  
make t h i s  sys tem a s  u n c l a s s i f i e d  a s  we c a n .  I t  makes it  a  
l o t  e a s i e r  t o  deve lop  the sys tem.  A s  soon as t h e  f i r s t  
pe r son  g e t s  a  p i e c e  of u s e r  equipment ,  t h e  c a p a b i l i t y  of 
t h e  sys tem would be p r e t t y  obv ious .  We d i d n ' t  s e e  much 
p o i n t  i n  n e e d l e s s l y  o v e r  c l a s s i f y i n g  i t .  

The character is ti.^^ of t h e  sys tem I ' v e  d e s c r i b e d  a r e  v e r y  
i n t e r e s t i n g ,  (See F i g u r e  1 4 )  g i v i n g  a c c u r a t e  three-dimen- 
s i o n a l  p o s i t i o n  a s  w e l l  a s  v e l o c i t y .  The v e l o c i t y  is con- 
s i d e r a b l y  b e t t e r  t h a n  a f o o t  a  second.  These a c c u r a c i e s  
a r e  a v a i l a b l e  a s  a  world-wide common g r i d .  A s  a  r e s u l t  of 
having t h e  pseudo-random n o i s e  t r a n s m i s s i o n ,  t h e  sys tem h a s  
the a b i l i t y  t o  b e  made s e c u r e  and have a  good a n t i - j a m  
c a p a b i l i t y .  I t  i s  p a s s i v e  w i t h  a  c o n t i n u o u s  r e a d o u t  system 
a v a i l a b l e  i n s t a n t a n e o u s l y  t o  e v e r y  u s e r .  I t  i s  u n s a t u r a b l e  
and t h e r e f o r e  can s e r v i c e  any number of u s e r s .  

We a r e  a l s o  a d d r e s s i n g  l i f e  c y c l e  c o s t  ve ry  e a r l y  i n  t h e  
development .  We have had a  Deputy Program Manager f o r  
L o g i s t i c s  s i n c e  t h e  beg inn ing  of t h i s  program, and o u r  
e f f o r t s  i n  t h a t  d i r e c t i o n  I think are s i g n i f i c a n t .  

The a p p l i c a t i o n s  a r e  v e r y  wide r a n g i n g  from p r e c i s i o n  
weapons d e l i v e r y  t h r o u g h  s e a r c h  and r e s c u e ,  (See  F i g u r e  15).  
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W e  r e c e n t l y  b r i e fed  t h e  Commandant of t h e  Coast  Guard and 
some of h i s  s t a f f ,  and t h e y  s u g g e s t e d  some a d d i t i o n a l  a p p l i -  
c a t i o n s  t h a t  w e  had n o t  p r e v i s o u l y  c o n s i d e r e d .  I n  t h e  a r e a  
of p i l o t a g e  t h e y  were ve ry  i n t e r e s t e d  i n  t h e  man-pack. 
They s u g g e s t e d  t h a t  t h e  h a r b o r  p i l o t  a r r i v e  onboard s h i p  
w i t h  a  man-pack which g i v e s  him b o t h  p o s i t i o n  and v e l o c i t y .  

H e  can  t a k e  it t o  t h e  b r i d g e  and s imply  r e a d  o u t  t h e  coor-  
d i n a t e s  of t h e  s h i p  a s  i t  i s  coming i n t o  t h e  h a r b o r  and 
t h e r e b y  be  able.  t o  n a v i g a t e  i n  f o g  o r  d a r k n e s s  wi thou t  any 
d i f f i c u l t y .  There i s  an  a p p l i c a t i o n  i n  Anti-Submarine 
Warfare (ASW) i n  which t h e  Navy i s  v e r y  i n t e r e s t e d .  

Now,f want t o  b r i e f l y  d e s c r i b e  t h e  r e s u l t s  of t h e  Holloman 
T e s t  program (See F i g u r e  16) .  Holloman t e s t s  w e r e  con- 
c e i v e d  a s  a  s i m u l a t i o n  of t h e  s a t e l l i t e  sys tem.  Four L-Band 
pseudo-random n o i s e  spread-spect rum t r a n s m i t t e r s  were 
p l a c e d  on t h e  d e s e r t  f l o o r .  The mobi le  c a l i b r a t i o n  s t a t i o n  
was a l s o  p l a c e d  t h e r e  which h a s  t h e  same f u n c t i o n  a s  a 
t r a c k i n g  s t a t i o n ,  b u t  it was on ly  t r a c k i n g  t h e  c l o c k  i n  
t h i s  c a s e ,  because  of c o u r s e ,  t h e  t r a n s m i t t e r s  w e r e n ' t  
moving. W e  p l a c e d  two competing t y p e s  of r e c e i v e r s  i n  a 
C-135 and o v e r f l e w  t h i s  complex. We r e c o r d e d  t h e i r  i n p u t s  
and t h e n  compared t h a t  w i t h  t h e  l o c a t i o n  of t h e  a i r p l a n e  a s  
de te rmined  by  t h e  White Sands M i s s i l e  Range Track ing  c a m -  
p l e x .  

The compar isons  t h a t  you see i n  F i g u r e  1 7  a r e  comparisons 
between NAVSTAR-indicated a i r c r a f t  l o c a t i o n  and t h e  l o c a -  
t i o n  a s  a s s e s s e d  by t h e  White Sands Missile Range Track ing  
complex. The tes t  s i m u l a t e s  s a t e l l i t e - t y p e  geometry from 
about  40 t o  120 seconds  on the graph .  I have t h r e e  axis of 
d a t a ,  up ,  n o r t h  and e a s t .  Again,  i t  is  a 3-D sys tem - 
z e r o  t o  f i f t y  f e e t .  

To show that t h e s e  w e r e n ' t  s imply  p a t h o l o g i c a l  r e s u l t s ,  
h e r e  is t h e  cumula t ive  d i s t r i b u t i o n  a s  a  p e r c e n t  o f  t i m e .  
E r r o r s  w e r e  measured th rough  t h i s  a r e a  n a v i g a t i o n  t es t  f o r  
each  of  t h e  competing r e c e i v e r s  (See  Figu re  1 8 ) .  Ninety  
p e r c e n t  of t h e  t i m e ,  t h e  Magnavox r e c e i v e r  on a l l  t h r e e  
a x i s  was w i t h i n  about  15 f e e t  and 90 p e r c e n t  of t h e  t i m e  
t h e  H a z e l t i n e  r e c e i v e r  was w i t h i n  about  22 f e e t .  T h i s  is  a 
summary of the t es t  r e s u l t s  which demons t ra ted  performance 
of b o t h  c o n t i n u o u s  and s e q u e n t i a l  r e c e i v e r s .  I d i d n ' t  show 
you t h e  v e l o c i t y  compar ison,  b u t  i t  demonst ra ted  a c c u r a c i e s  
which were bet ter  than a foo t  p e r  second.  We a l s o  r a n  a  
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s e c o n d  series of tests which  were cal led  o u r  ILS  t e s t s .  I n  
t h i s  tes t  w e  were f l y i n g  a p p r o a c h e s  t o  t h e  runway as shown 
i n  F i g u r e  19.  

F o r  t h i s  I L S  p u r p o s e ,  o u r  p o s i t i o n  a c c u r a c y  i s  be t t e r  t h a n  
5 f e e t  ( S e e  F i g u r e  2 0 ) .  One o f  t h e  more i m p o r t a n t  r e s u l t s  
h e r e  i s  e n g i n e e r i n g  f e e d b a c k  t o  t h e  n e x t  g e n e r a t i o n  o f  
r e c e i v e r  d e s i g n .  

The m a j o r  t e s t  r e s u l t s  a r e  summarized i n  F i g u r e  2 1 .  The 
Holloman T e s t s  v e r i f i e d  t h e  s y s t e m  e r r o r  budge t  t h r o u g h  
a c t u a l  f l i g h t  t e s t s .  Both  c o n t i n u o u s  a n d  s e q u e n t i a l  re- 
c e i v e r s  w e r e  d e m o n s t r a t e d .  The c o n t i n u o u s  r e c e i v e r  s i m u l -  
t a n e o u s l y  r e c e i v e s  t h e  n a v i g a t i o n  s i g n a l s  from f o u r  s a t e l -  
l i t e s ;  t h e  s e q u e n t i a l  r e c e i v e r  l i s t e n s  t o  t h e  s a t e l l i t e s  
o n e  a t  a t i m e .  A c c u r a c i e s  b e t t e r  t h a n  1 5  f c c t  i n  p o s i t i o n  
and  1 FT/SEC i n  v e l o c i t y  were a c h i e v e d .  The most  s i g n i f i -  
c a n t  r e s u l t  i s  t h a t  d a t a  i s  a l r e a d y  a v a i l a b l e  t o  f e e d  i n t o  
u s e r  equ ipment  d e s i g n  improvements .  

The f i r s t  p h a s e  of  t h i s  p rogram t o  a r r i v e  a t  a  G l o b a l  P o s i -  
t i o n i n g  Sys tem i s  a Concept  V a l i d a t i o n  Phase ( S e e  Fi .gure 22). 
I t s  o b j e c t i v e s  a r e  f o u r - f o l d :  t o  be  c e r t a i n  t h a t  t h e  b a s i c  
c o n c e p t  is  sound ;  t o  make s u c h  a d j u s t m e n t s  i n  t h a t  c o n c e p t  
a s  n e c e s s a r y  t o  g e t  t o  t h o  b e s t  d e s i g n ;  t o  p i n  down t h e  
s y s t e m  c o s t ,  b o t h  f o r  the  u s e r  c o n s i d e r i n g  life c y c l e  c o s t ,  
and  t h e  c o s t  01 o v e r h e a d ;  a n d ,  t o  d e m o n s t r a t e  t h e  m i l i t a r y  
v a l u e  i n  s e l e c t e d  o p e r a t i o n s  d e m o n s t r a t i o n s .  

The method of  a c h i e v i n g  t h e s e  o b j e c t i v e s  w i l l  a l s o  e v o l v e  
i n t o  t h e  o p e r a t i o n a l  s y s t e m  ( S e e  F i g u r e  2 3 ) .  T h i s  w i l l  b e  
done  u s i n g  p r o t o t y p e  o p e r a t i o n a l  s a t e l l i t e s  d e p l o y e d  i n  
o p e r a t i o n a l  o r b i t s  with f i v e  s a t e l l i t e s  d e v e l o p e d  by  t h e  
G l o b a l  P o s i t i o n i n g  System Program O f f i c e .  Fo r  t h e  s i x t h  
s a t e l l i t e ,  w e ' r e  r e l y i n g  on t h e  Naval  R e s e a r c h  L a b o r a t o r y  
t o  p u t  up a f o l l o w - o n e x p e r i m e n t a l  s a t e l l i t e  (NTS-2)  which  
would a l s o  have  o u r  s i g n a l  s t r u c t u r e  on board ,  By Lime- 
p h a s i n g  t h e s e  s i x  s a t e l l i t c s  t o  a r r i v e  o v e r  t h e  t e s t  a r e a ,  
w e  g e t  up  t o  t h r o e  h o u r s  of good g e o m e t r y .  T h i s  p e r m i t s  
v e r y  good deve lopment  t e s t s  f o r  t h e  r e c e j v e r v  we w i l l  be  
d e v e l o p i n g .  The  Mas t e r  C o n t r o l  S t a t i o n  w i l l  h e  a prototype 
of t h e  O p e r a t i o n a l  Mas t e r  S t a t i o n .  The Moni to r  S t a t i o n s ,  
which  a r e  r e a l l y  no mor-c t h a n  a piece of- u s e r  e q u i p m e n t ,  
would b e  p r o t o t y p e s  of  t h e  o p e r a t i o n a l  s y s t e m  a s  w e l l .  W e  
h ave  a  p rogram f o r  d e v e l o p i n g  u s e r  equ ipment  f o r  a l l  t h e  
u s e r  c l a s s e s  shown. It's an  o r d e r l y  p h a s e d  a p p r o a c h  t h a t  





HAFB FLIGHT TESTS TYPICAL ILS RESULTS 
11 S T A T E  FILTER SOLUTION WITH INITIALIZATION 

P A S S  1 P A S S  1 
I 

-25L . a- - -L .- - - - L - - 
0 10 20 30 40 50 60 0 I 0  20 30 40 50 60 

TIME, sec 

FIG 2 0  

T E S T  RESULTS 

HOLLOMAN N A V S A T  SIMULATION/INI 

@DEMONSTRATED PERFORMANCE OF BOTH CONTINUOUS Rc .I:EQI ;ENTIAL RECEIVERS 

C O N T I N U O U S  RECEIVER ACCURACIES 

AREA N A V  - POSITION: LESS THAPl 15 I LL. i 
- VELOCITY: LESS THAF.1 I FOG i ,CtCOND 

• ILS - POSITION: LESS T H A h  5 F k E T  

ENGINEERING FEEDBACK TO THE DESIGN 

F IG  2 1  







f i r s t  goes  t h r o u g h  advanced development models  and t h e n  
p r o c e e d s  i n t o  e n g i n e e r i n g  development .  

The o r b i t a l  c o n f i g u r a t i o n  by p h a s e s  e v o l v e s  i n t o  o u r  t o t a l  
c a p a b i l i t y  a s  shown i n  F i g u r e  24.  Phase  I h a s  t h e  f i v e  
s a t e l l i t e s  t h a t  I ' v e  j u s t  d e s c r i b e d ,  w i t h  a  s i x t h  one from 
t h e  Naval Research  L a b o r a t o r y .  Phase  11, which would beg in  
w i t h  a DSARC 11 d e c i s i o n ,  augments t h e s e  s a t e l l i t e s  o u t  t o  
t h r e e  s a t e l l i t e s  i n  e a c h  of t h r e e  r i n g s .  F u l l y  o p e r a t i o n a l  
s p a c i n g  t i m e  p h a s e s  a r r i v a l  o v e r  t h e  t e s t  a r e a ,  and g i v e s  
u s  a  f u l l  o p e r a t i o n a l  tes t  f o r  about  e i g h t e e n  months. A t  
t h e  end of t h a t  p e r i o d ,  which would b e  about  1981,  w e  r e -  
p o s i t i o n  t h e s e  s a t e l l i t e s ,  s p a c i n g  them un i fo rmly  i n  t h e i r  
o r b i t s  g i v i n g  u s  a  world-wide, c o n t i n u o u s ,  l i m i t e d  opera-  
t i o n a l  c a p a b i l i t y .  That  means t h a t  t h e r e  i s  a  l i n e  of 
p o s i t i o n  a v a i l a b l e  f o r  anyone a t  a l l  t i m e s  i n s t a n t a n e o u s l y .  
A s  a  m a t t e r  of f a c t ,  e i g h t y  p e r c e n t  of  t h e  t i m e ,  t h e  u s e r  
who knows h i s  a l t i t u d e  can  g e t  a  comple te  f i x .  T h i s  is  a  
v e r y  s i g n i f i c a n t  c a p a b i l i t y ,  and I t h i n k  makes a  r e a l  s t e p  
forward  i n  terms of  t h e  program l e g a c y .  

I n  F i g u r e  25 is shown t h e  program s c h e d u l e  b y  c a l e n d a r  year .  
The f i r s t  e v o l u t i o n a r y  s t e p  was approved w i t h  DSARC I i n  
December. I t  i s  a Concept V a l i d a t i o n  P h a s e ,  w i t h  t h e  u s e r  
equipment s p l i t  i n t o  two b road  c a t e g o r i e s :  t h e  low-cost 
u s e r  (which is d e s i g n a t e d  a s  C l a s s  C )  and t h e  more s o p h i s t i -  
c a t e d  c l a s s e s .  I n  Phase  I t h e  low-cost r e c e i v e r  w i l l  pro-  
g r e s s  i n t o  a p r o t o t y p i n g  s t a t u s .  The s o p h i s t i c a t e d  u s e r  
w i l l  be  l a g g i n g  s l i g h t l y ,  s t i l l  b e i n g  i n  t h e  development 
s t a t u s  d u r i n g  Phase  I .  I n  1978 w e  complete development test  
and e v a l u a t i o n .  The s a t e l l i t e s  t o  s u p p o r t  i t  a r e  t h e  s i x  
t h a t  I ' v e  j u s t  d e s c r i b e d .  The Ground C o n t r o l  Segment moves 
forward  as a p r o t o t y p e .  Our sys tem c a p a b i l i t y ,  i n i t i a l l y ,  
would be ground t e s t i n g  u s i n g  a  s i m u l a t e d  s a t e l l i t e  complex 
w e  developed a t  Bolloman Air Force Base and t h e n  p roceed ing  
on w i t h  p e r i o d i c  3-D c a p a b i l i t y  as  t h e  f o u r  s a t e l l i t e s  
a r r i v e  o v e r  o u r  tes t  a r e a .  

Phase  I1 is  t h e  sys tem v a l i d a t i o n  p h a s e .  The low-cost 
equipment w i l l  be  i n  p r o d u c t i o n  s o  it i s  a v a i l a b l e  f o r  t h e  
world-wide l i m i t e d  o p e r a t i o n a l  c a p a b i l i t y  i n  1981. The 
more s o p h i s t i c a t e d  c l a s s e s  would b e  b rough t  fo rward  t o  t h e  
p r o t o t y p e  s t a t u s ,  i-e., j u s t  b e f o r e  p r o d u c t i o n ;  t h e y  c o u l d  
be c a l l e d  p r e p r o d u c t i o n  models .  IOT&E, i n i t i a l  o p e r a t i o n a l  
t e s t s ,  w i l l  be c a r r i e d  o u t  u s i n g  t h o s e  u s e r  models .  S i x  
a d d i t i o n a l  s a t e l l i t e s  w i l l  g i v e  u s  n i n e  and a l l o w  f o r  
s p a r e s .  These would a c t u a l l y  be p r o d u c t i o n ,  Block-1 
s a t e l l i t e s .  
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Three-dimensional  t e s t i n g  would o c c u r  f o r  about  e i g h t e e n  
months,  t h e n  t h e  l i m i t e d  o p e r a t i o n a l  c a p a b i l i t y  would be 
implemented by r e s p a c i n g  t h e  s a t e l l i t e s  u s i n g  t h e  onboard 
p r o p e l l a n t  c a p a b i l i t y .  

A f a v o r a b l e  d e c i s i o n  a t  DSARC I11 would move ahead w i t h  
f u l l  p r o d u c t i o n  of  t h e  sys tem,  a c h i e v i n g  i n i t i a l  o p e r a t i o n a l  
c a p a b i l i t y  i n  1984. A l l  u s e r  equipments  would be  i n  produc- 
t i o n  a t  t h i s  p o i n t ,  and w e  would comple te  o u r  o p e r a t i o n a l  
t e s t  and e v a l u a t i o n .  

I n  F i g u r e  26 is shown some of t h e  f u t u r e  t es t  work t h a t  
w i l l  be ongoing d u r i n g  Phase I .  The demons t ra t ion  of p e r -  
formance,  t h r o u g h  t h e  d e m o n s t r a t i o n  of s e l e c t e d  o p e r a t i o n a l  
m i s s i o n s ,  Naval s u r f a c e  v e s s e l s  a r e  c e r t a i n l y  i n c l u d e d .  A l l  
a long  t h e  A i r  Force  h a s  had u s e r  command p a r t i c i p a t i o n .  
I ' v e  asked my Navy Deputy t o  i n s u r e  t h a t  w e  a l s o  g e t  Navy 
u s e r  command p a r t i c i p a t i o n  i n  t h e  d e s i g n  and o v e r s e e i n g  t h e  
r e s u l t s  of t h e s e  i n i t i a l  t e s t s ,  because  we f e e l  i t  is  q u i t e  
i m p o r t a n t .  

T h e r e ' s  a n  a p p l i c a t i o n  f o r  r e p l a c i n g  r a n g e  i n s t r u m e n t a t i o n  
and t h e  a c c u r a c i e s  a v a i l a b l e  a r e  e q u i v a l e n t  t o  rough ly  t h e  
k i n d s  of a c c u r a c i e s  expect 'ed from v e r y  s o p h i s t i c a t e d  
r a n g e s .  Fur the rmore ,  y o u ' r e  n o t  p inned  down t o  a s i n g l e  
g e o g r a p h i c  a r e a .  You c o u l d  a c h i e v e  t h e s e  a c c u r a c i e s  any- 
where. Then you have two o p t i o n s ,  you c o u l d  e i t h e r  t e l e -  
meter back t h a t  p o s i t i o n  o r  your  c o u l d  r e c o r d  it on t a p e  
f o r  l a t e r  r e c o v e r y  v i a  some o t h e r  t e c h n i q u e .  That  a p p l i -  
c a t i o n  is  c l e a r .  I t  would b e  p remature  t o  do i t  d u r i n g  
Phase I .  
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QUESTION AND ANSWER PERTOD 

MR. FISCHER: 

On the slide showing the landing test results, I noticed i t  mentioned an 11 state 
filter. I wonder if there's a simple description what those 11 state a r e?  I was 
assuming 9 states for vehicle motion and two for clocks, is that anywhere near 
correct? 

COL. PARKINSON: 

No. I think it's 6 states for vehicle motion and something like 5 states for clock 
or  perhaps 4 states for clock because you see, you have to also model all the 
individual clocks in this case. I'm not certain what all the states were anymore, 
but the important thing is he had to not only model the position of the receiver 
itself, he also had to model the e r ror  that was being generated from our trans- 
mitters because they were not all locked in. They were running open loop. So 
he had to accept that a s  part of the model. 

DR. COFIEN: 

This i s  a very bold and exciting project and one which will get a lot of use, but 
you should be made aware that the radio astronomers will receive it a s  a mixed 
blessing. There will be doubt with 1,200 and 1,400 megahertz radiation which 
will fall on them continuously and maybe forever. 

1 ,200 megahertz is in the red shifted hydrogen band from external galaxies 
which receive some use and will receive even more. It's not a radio astronomy 
protected band, but i t  is one which will be very useful in scientific research and 
one which clearly will become unusable, at  least within some number of your 
megahertz. I don't h o w  what the effects of band widths of your transmissions 
would be. 

COL. PARKINSON: 

At that frequency, 20 megahertz. But you have to recognize tha.t the signal it- 
self is below the noise floor in an omni antenna. 

I'm not certain that it's quite the problem here. 

DR. COHEN: 

Well, I don't know. , I think you said 400 watts. 



That's 400 watts DC power, but the actual power that's being radiated could be 
a s  much as 100 watts. 

DR. COHEN: 

Haven't there been somc experiments with some other satellites in the 1,600 
megahertz region and rather far  away from your nominal band that found that the 
interference is very, very strong and wiped out radio astronomy measurements 7 
The point is that radio astronomers detect and work with signals which a r e  very 
much below the noise floor by a factor of 1,000 o r  10,000. 

COL. PARKINSON: 

Well, I certainly register your comment. Assuming that you have a degree of 
directivity in those antennas, I personally don't think that the spread spectrum 
signal can be a Iot of trouble. 

DR. COHEN: 

In these same cxperiments that I described i t  was found that when they were 
within three degrees of pointing at  a satellite, they were wiped out entirely. 
For  some extremely sensitive measurements they were wiped out whenever the 
satellite was abovc the horizon. 

After 1984 your system will have from 6 to 9 satellites in view a t  a.11 times from 
cvcry point on the earth. I think that that will realfirm that systems a re  getting 
rnorc sensitive all the time. My guess is that there will hc some bands which 
will become closed, in a sense, to very scnsitjve radio astronomy use. 

I'd be delighted, sir, to send you a report that the National Radio Astronomy 
Observatory has just written on this particular interference problem. 

DR. ALLEY: 

If you assume a rcasonablc circularity of orbit, that you might hope to achisve, 
there will be a modulation with a 12-hour pcriod having an amplitude of 12  nano- 
seconds in the ability to transfer time due to the potential effccl of general 
relativity. 

COL. PARKINSON: 

Well, of course that's a hi.ghly predictable thing. Therefore, it doesn't show up 
in an e r r o r  budget since we would be calibrating i t  out. The effect is on the 



order of 2,200 nanoseconds times the eccentricity of the orbit and it is a size- 
able effect and one that wc have to correct our clocks for. 

We'll correct  our clocks in such a way that the user is insensitive to that effect 
and doesn't even know it's there. The very fast moving user still  has to worry 
about his own relativistic problem. 

MR. KEATING: 

You mentioned minimization of thc proliferation of global navigation systems. 
How does your system relate to other systems which are global such as  OMEGA, 
and perhaps loran, which may possibly some day become global? Arc you in 
completion with them ? 

COL. PARKINSON: 

Yes, I guess my feeling right now is that the competition is not one that I'm in- 
volved in. I'm offering up and building a system, and then the user  community 
will have same choices to make. 

If I could hold down the cost of user  equipment, provide a highly accurate worlcl- 
wide grid which is reliable and always available, then the user  community will 
have a choice to make. And I think that's the best way to look at the problem, 
rather than looking at it as though I'm trying to turn off all  the loran transmitters 
in thc world-because I'm not. 




