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ABSTRACT 

The Global P o s i t i o n i n g  System has r e c e n t l y  been renamed t h e  
NAVSTAR Global P o s i t i o n i n g  System. I t  w a s  known a s  System 
621B o r  Defense Navigat ion S a t e l l i t e  System, and wi th in  t h e  
Navy it w a s  known as 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  concepts  t h a t  were known as TIMATION and 
t h o s e  knonw as System 621B i n t o  a J o i n t  Program. Th 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 review w a s  he ld  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  w a s  made t o  approve t h i s  program on t h e  
22nd of December by S e c r e t a r y  Clements. NAVSTAR is a multi- 
s e r v i c e  program (See F igure  1 )  w i th  t h e  J o i n t  Program 
O f f i c e  a t  SAMSO which is  proceeding i n t o  its Phase 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 cu r ren t  s t a t u s  of sa te l l i t e  nav iga t ion  systems w i t h i n  
DOD is desc r ibed  i n  F igu re  2.  The e x i s t i n g  o p e r a t i o n a l  
sys t em is c a l l e d  TRANSIT. For a hos t  of r e a s o n s ,  it does 
no t  s a t i s f y  a broad base  of u s e r s  (See F igu re  3). Par- 
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  
nav iga t ion  problem. The re fo re ,  w e  are motivated t o  move 
ahead t o  a Global 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 hos t  of o t h e r  users  
as w e l l  (See 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 t f i l i t y  would be  achieved i n  about 1984. The Phase 1 
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 Research 
Laboratory,  w i t h  t h e i r  Navigation Technology S a t e l l i t e s  
(NTS), NTS-1 and NTS-2. The J o i n t  Program O f f i c e  w i l l  
develop p ro to type  Navigation Development S a t e l l i t e s  (NDS) 
t h a t  w i l l  be desc r ibed  la ter .  The b a s i c  s y s t e m  c a p a b i l i t y  
is t h r e e  dimensions of p o s i t i o n ,  t h r e e  dimensions of velo- 
c i t y  and very  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  concept which cons i s t s  
of a Space Segment, a ground based Cont ro l  Segment, and t h e  
U s e r  Segment (See F igu re  6 ) .  The o p e r a t i o n a l  system would 
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deploy three p l a n e s  of satellites 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 630. Each 
p lane  would c o n t a i n  e i g h t  satell i tes.  T h i s  deployment i n -  
s u r e s  t h a t  a t  least s i x  sa te l l i t es  are cont inuous ly  i n  view 
from any p o i n t  on t h e  earth. The Master Cont ro l  Stat ion 
would be located i n  t h e  United States w i t h  f o u r  monitor 
s t a t ions  l o c a t e d  on Uni ted  States t e r r i t o r y .  The u s e r  
equipment classes would s a t i s f y  a hos t  of DOD u s e r s  and 
w i l l  a lso be offered t o  t h e  c i v i l i a n  community. We expect  
t h e  s p a c e c r a f t  weight t o  be 800 pounds, w i t h  300 w a t t s  end- 
o f - l i fe  power. I t  would employ a dual-frequency pseudo- 
random noise nav iga t ion  s i g n a l .  For g e n e r a l  u s e ,  only t he  
primary NAV s i g n a l  at  1600 MIIz would be used. The basic 
t r a c k i n g  technique  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 t em is t h a t  t h e  
sa te l l i t e  employs an atomic spaceborne c lock .  We are pro- 
j e c t i n g  a n  o p e r a t i o n a l  c lock  of about 10-13 seconds per 
second d r i f t  rate.  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  as exempl i f ied  by t h e  Hewlett-Packard Laboratory 
s t anda rds .  

The basic sys t em technique  is described i n  F igure  7 .  The 
Con t ro l  Segment tracks the  s a t e l l i t e s  and predicts t h e i r  
f u t u r e  pos i t i on  as w e l l  as t h e  f u t u r e  behavior  of these 
c locks .  I t  per iodical ly  uploads t h a t  in format ion  i n t o  t h e  
sa te l l i t e ' s  memory. The satell i tes cont inuous ly  t r ansmi t  
t h e i r  s i g n a l  which is a spread-spectrum L-Band s i g n a l  w i t h  
a 10 bfHz chipping rate and a 20 MHz bandwidth. If a u s e r  
has  a clock which is synchronized t o  these sa 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 ansmiss ion  and 
r e c e p t i o n .  T h i s  is then  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  range. Thus, contact w i t h  three of these 
satel l i tes  would determine three spheres and h i s  l o c a t i o n  
would be at t h e  i n t e r s e c t i o n  of those three speres. 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  synchronized 
c lock  would be very  expensive.  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  sa te l l i t e ,  t h e r e b y  g i v i n g  h i m  f o u r  
pieces of in format ion  f r o m  which he d e r i v e s  three coord 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  really 
represents synchroniz ing  h i s  very c rude ,  by f l i g h t  q u a l i f i e d  
atomic s t a n d a r d s ,  crystal-based clock.  So t h e  basic tech- 
nique of l i s t e n i n g  t o  f o u r  sa te l l i t es  t o  d e r i v e  the  u s e r ' s  
c o o r d i n a t e s  i s  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  for  the  o p e r a t i o n a l  s y s t e m  is 
depicted i n  g r e a t e r  detai l  i n  F igu re  8 .  There w i l l  be 
three orb i ta l  p l a n e s ,  each i n c l i n e d  approximately 630 t o  
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t h e  equa to r .  The 24 satell i tes w i l l  have an o r b i t a l  pe r iod  
df 12 hours .  T h i s  w i l l  g i v e  a m i n i m u m  of s i x  sa te l l i t es  i n  
view cont inuous ly  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  aver- 
age there w i l l  be 8 o r  9 sa te l l i t es  i n  view. Approximate 
upper bounds on t h e  sa te l l i te  weight and power as w e l l  as 
other spacecraft parameters are 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 e l y  on Master 
S t a t i o n s  i n  t h e  United States only (See F igure  9 ,  10 and 
11). T h e  Master S t a t i o n  and computing fac i l i t i es  w i l l  be 
located a t  one of s e v e r a l  a l t e r n a t i v e  l o c a t i o n s ,  each of 
which  already has  a computing f a c i l i t y  or a s p a c e c r a f t  
con t ro l  and t e l e m e t r y  sys t em.  During t h e  first phase of 
development, ove r seas  Monitor S t a t i o n s  would be used t o  
he lp  develop t h e  worldwide ionospheric .  model. 

W e  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  app l i -  
c a t i o n s .  I t ' s  cheaper  fo r  everyone 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 h i s  a l t i t u d e  
c a n  ge t  by  w i t h  j u s t  l i s t e n i n g  t o  three sa te l l i t es ,  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  clock. Even a 
u s e r  w i t h  a cesium clock would get out  of synchroniza t ion  
by  t h e  end  of a week. That is ,  t h e  nav iga t ion  func t ion  
would be somewhat impaired,  if t h e  requirement was f o r  
100 foot  accuracy.  I f  t h a t ' s  n o t  a problem, he can ge t  by 
w i t h  a three-channel  r e c e i v e r ,  f o r  example, and at  a poten- 
t i a l  cost sav ing .  On t h e  o t h e r  hand, it may be t o  your ad- 
vantage t o  l i s t e n  t o  a l l  fou r  sa te l l i t es  and synchronize 
your cesium clock t o  a world-wide s tandard .  

The s i x  u s e r  classes t h a t  w e  p r o j e c t  i n  t h e  o p e r a t i o n a l  
system are por t r ayed  i n  F igu re  12.  These are t h e  major 
classes w i t h  t h e  cost of u s e r  equipment for  u n i t  buys i n  
thousands of do l l a r s .  Class A is 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  high jamming environment 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 t w o  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  undertook have estimated t h e  costs t o  be between 
$28,000 and $29,500. Class 3 is  f o r  t h e  high dynamic u s e r .  
C l a s s  C is an i n t e r e s t i n g  class. Here we're address ing  l o w  
a c q u i s i t i o n  cost w i t h  Low L i f e  C y c l e  cost as w e l l .  The 
range w e  now p r o j e c t  for  a complete p i e c e  of C l a s s  C u s e r  
equipment is $15,000 t o  $16,000. C l a s s  D is fo 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 lso has applications f o r  
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s e l f - n a v i g a t i o n  of satell i tes.  I t  also has a p p l i c a t i o n  t o  
t h e  midcourse guidance of m i s s i l e s  because it is small, 
l i g h t  weight and rugged. C l a s s  F is f o r  submarines.  
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 av ings  t o  
DOD by reducing  l og i s t i c  requi rements .  

I n  F igure  13 is shown the  expec ted  sys t em accuracy for  t h e  
mature o p e r a t i o n a l  s y s t e m .  F i f t y  pe rcen t  of t h e  t i m e  i n  
t h e  horizontal p l ane  it is 16 feet;  and i n  t h e  v e r t i c a l  
p l ane  it is 20 feet. These f i g u r e s  are 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 Corporation i n  Los 
Angeles ,  The A n a l y t i c a l  Sc iences  Corporat ion i n  Massachu- 
setts a s  w e l l  as t h e  Naval Weapons Laboratory,  who have per- 
formed a n a l y s i s  of t h e  TRANSIT program. I n  f a c t ,  w e  i n t e n d  
t o  use  t h e  Naval Weapons Laboratory o r b i t  de t e rmina t ion  i n  
our  ephemeris de t e rmina t ion .  

T h i s  is an u n c l a s s i f i e d  s y s t e m  except  for  two a s p e c t s .  The 
measured performance c a p a b i l i t y  of the f u l l - u p  s y s t e m  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 su rv iv -  I 

a b i l i t y / v u l n e r a b i l i t y  w i l l  be Secret. The p r o j e c t i o n s  I'm 
showing you are n o t  classified.  W e  have done our  best t o  
make t h i s  system as u n c l a s s i f i e d  as w e  can. I t  makes it a 
l o t  easier t o  develop t h e  sys t em.  As soon a s  the  first 
person gets a piece of u s e r  equipment, t h e  c a p a b i l i t y  of 
t h e  system would be p r e t t y  obvious.  W e  d i d n ' t  see much 
poin t  i n  need le s s ly  over  c l a s s i f y i n g  it. 

The characteristics of t h e  s y s t e m  I ' v e  described are very  
i n t e r e s t i n g ,  (See Figure  14) 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  as w e l l  as v e l o c i t y .  The v e l o c i t y  is con- 
s iderably better than  a f o o t  a second. These a c c u r a c i e s  
are a v a i l a b l e  as a world-wide common gr id .  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 ,  the  s y s t e m  has 
t h e  a b i l i t y  t o  be made s e c u r e  and have a good an t i - j am 
capabi l i ty .  I t  is p a s s i v e  w i t h  a cont inuous  readout  s y s t e m  
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  eve ry  u s e r .  I t  is  u n s a t u r a b l e  
and therefore can s e r v i c e  any number of u s e r s .  

W e  are a l s o  addressing l i f e  cycle cost very early in t h e  
development. W e  have had a Deputy Program Manager f o r  
Logistics s i n c e  t h e  beginning of t h i s  program, and our  
e f f o r t s  i n  t h a t  d i r e c t i o n  I t h i n k  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  are ve ry  w i d e  ranging  from p r e c i s i o n  
weapons d e l i v e r y  through search and r e s c u e ,  (See F igure  15). 
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W e  r e c e n t l y  briefed t h e  Commandant of t he  Coast Guard and 
some of h i s  s t a f f ,  and t h e y  sugges ted  some a d d i t i o n a l  appli- 
c a t i o n s  t h a t  w e  had n o t  p rev i sou ly  cons idered .  I n  t he  area 
of pilotage t h e y  w e r e  very i n t e r e s t e d  i n  t he  man-pack. 
They suggested tha t  t h e  harbor p i l o t  a r r i v e  onboard sh ip  
w i t h  a man-pack which g i v e s  h i m  bo th  p o s i t i o n  and v e l o c i t y .  

H e  can take it t o  t h e  bridge and s imply  read out  t h e  coor- 
d i n a t e s  of the  sh ip  as it is coming i n t o  t h e  harbor and 
thereby be able. t o  n a v i g a t e  i n  f o g  o r  darkness  without  any 
d i f f i c u l t y .  There  is an a p p l i c a t i o n  in Anti-Submarine 
Warfare (ASW) i n  which t h e  Navy is  very  interested.  

Now,I want t o  b r i e f l y  describe 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 tests w e r e  con- 
ce ived  as a s imula t ion  of t h e  s a t e l l i t e  sys t em.  Four L-Band 
pseudo-random n o i s e  spread-spectrum t r a n s m i t t e r s  w e r e  
p laced  on t h e  desert f l o o r .  The mobile cal ibrat ion s t a t ion  
w a s  also placed there which has t h e  same f u n c t i o n  as a 
t r a c k i n g  s t a t i o n ,  bu t  it w a s  on ly  t r a c k i n g  t h e  clock 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. We placed t w o  competing types  of r e c e i v e r s  i n  a 
C-135 and over f lew t h i s  complex. We recorded t h e i r  i n p u t s  
and then  compared tha 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  as 
determined by t h e  White Sands Missile Range Tracking com- 
p l ex .  

The comparisons t h a t  you see i n  F igu re  17 are comparisons 
between NAVSTAR-indicated aircraft l o c a t i o n  and t h e  loca- 
t i o n  as assessed by t h e  White Sands Missile Range Tracking 
complex. The test s i m u l a t e s  satellite-type geometry from 
about 40 t o  120 seconds on t he  graph. I have three a x i s  of 
d a t a ,  up,  n o r t h  and east .  Again, it is  a 3-D sys tem - 
zero t o  f i f t y  feet .  

To show t h a t  these weren ' t  s i m p l y  p a t h o l o g i c a l  r e s u l t s ,  
here i s i t h e  cumulat ive d i s t r i b u t i o n  as a pe rcen t  of t i m e .  
E r r o r s  w e r e  measured through t h i s  area nav iga t ion  test f o r  
each of t h e  competing r e c e i v e r s  (See F igure  18). Nine ty  
pe rcen t  of t h e  t ime ,  t he  Magnavox r e c e i v e r  on a l l  three 
a x i s  w a s  w i t h i n  about 15 feet and 90 pe rcen t  of t h e  t i m e  
the  H a z e l t i n e  r e c e i v e r  w a s  w i t h i n  about 22 feet. T h i s  is a 
summary of the  test r e s u l t s  which demonstrated performance 
of both cont inuous  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  comparison, bu t  it demonstrated a c c u r a c i e s  
which were better than  a foot per  second. W e  also r a n  a 
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second series of tests which were called our  ILS tests. In  
t h i s  test we were f l y i n g  approaches t o  t h e  runway as shown 
i n  F igu re  19. 

For t h i s  ILS purpose,  ou r  p o s i t i o n  accuracy is better than  
5 feet  (See F igure  20) .  One of t h e  more important  r e s u l t s  
h e r e  is eng inee r ing  feedback t o  t h e  next  gene ra t ion  of 
r e c e i v e r  des ign .  

The major tes t  r e s u l t s  are summarized i n  F igu re  21. The 
Holloman T e s t s  v e r i f i e d  the system error budget through 
a c t u a l  f l i g h t  tests. Both cont inuous  and s e q u e n t i a l  re- 
c e i v e r s  were demonstrated.  The cont inuous  r e c e i v e r  simul- 
t aneous ly  r e c e i v e s  t h e  nav iga t ion  s i g n a l s  from f o u r  satel-  
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  
one a t  a t i m e .  Accuracies  better t h a n  15 feet  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 achieved.  The m o s t  s i g n i f i -  
c a n t  r e s u l t  is t h a t  data is already a v a i l a b l e  t o  feed i n t o  
u s e r  equipment des ign  improvements. 

The first phase of t h i s  program t o  a r r i v e  a t  a Global Posi- 
t i o n i n g  System is a Concept V a l i d a t i o n  Phase (See F igu re  22). 
Its o b j e c t i v e s  are fou r - fo ld :  t o  be c e r t a i n  t h a t  t h e  basic 
concept is sound; t o  make such ad jus tments  i n  tha t  concept 
as necessary t o  get t o  t h e  best des ign ;  t o  p i n  down t h e  
system cos t ,  both f o r  t h e  u s e r  cons ide r ing  l i f e  c y c l e  c o s t ,  
and t h e  c o s t  of overhead;  and, t o  demonstrate t h e  m i l i t a r y  
va lue  i n  selected o p e r a t i o n s  demonstrat ions.  

The method of achiev ing  t h e s e  o b j e c t i v e s  w i l l  a lso evolve  
i n t o  t h e  o p e r a t i o n a l  s y s t e m  (See F igu re  23). T h i s  w i l l  be 
done us ing  prototype o p e r a t i o n a l  s a t e l l i t e s  deployed i n  
o p e r a t i o n a l  o r b i t s  w i t h  f i v e  sa te l l i t es  developed by t h e  
Global P o s i t i o n i n g  System Program O f f i c e .  For t h e  s i x t h  
sa te l l i t e ,  w e ' r e  r e l y i n g  on t h e  Naval Research Laboratory 
t o  put  up a fol low-onexperimental  sa te l l i t e  (NTS-2) which 
would a l s o  have ou r  s i g n a l  s t r u c t u r e  on board.  By t i m e -  
phasing these s i x  s a t e l l i t e s  t o  a r r i v e  over  t h e  test area, 
we  ge t  up t o  t h r e e  hours  of good geometry. T h i s  pe rmi t s  
ve ry  good development tests f o r  t h e  r e c e i v e r s  w e  w i l l  be 
developing.  The Master Cont ro l  S t a t i o n  w i l l  be a p ro to type  
of t h e  Opera t iona l  Master S t a t i o n .  The Monitor S t a t i o n s ,  
which are r e a l l y  no more than  a piece of u s e r  equipment, 
would be prototypes of t h e  o p e r a t i o n a l  s y s t e m  as w e l l .  We 
have a program for  developing u s e r  equipment for  a l l  t h e  
u s e r  classes shown. I t ' s  an  order ly  phased approach t h a t  
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first goes through advanced development models and t h e n  
proceeds i n t o  engineer ing development. 

The o r b i t a l  conf igura t ion  by phases evolves  i n t o  our t o t a l  
capabi l i ty  as shown i n  Figure 24. Phase I has t he  f i v e  
satell i tes t h a t  I ' v e  j u s t  descr ibed ,  w i t h  a s i x t h  one f r o m  
t h e  Naval Research Laboratory. Phase 11, which would begin 
w i t h  a DSARC If  decision, augments these satell i tes out t o  
three satel l i tes  i n  each of three r i n g s .  Fu l ly  ope ra t iona l  
spacing t i m e  phases a r r i v a l  gver t h e  test area, and g i v e s  
u s  a f u l l  ope ra t iona l  test f o r  about e ighteen  months. A t  
t h e  end of tha t  period, which would be about 1981, w e  re- 
p o s i t i o n  these s a t e l l i t e s ,  spacing them uniformly i n  t h e i r  
o r b i t s  g iv ing  us  a w o r l d - w i d e ,  continuous,  l i m i t e d  opera- 
t i o n a l  capab i l i t y .  Tha t  means t h a t  there is  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  ins tan taneous ly .  
A s  a matter of fact ,  e i g h t y  percent of t he  t ime,  t h e  use r  
who knows h i s  a l t i t u d e  can get a complete f i x .  T h i s  is a 
very s i g n i f i c a n t  capabi l i ty ,  and I t h i n k  makes a r e a l  s t e p  
forward i n  t e r m s  of t h e  program legacy. 

I n  Figure 25 is shown t h e  program schedule by calendar year.  
The first evolu t ionary  s t ep  w a s  approved w i t h  DSARC I i n  
December. I t  is a Concept Val ida t ion  Phase, w i t h  t h e  use r  
equipment s p l i t  i n t o  t w o  broad categories: t h e  low-cost 
user  (which is designated as C l a s s  C )  and the more sophis t i -  
cated classes. I n  Phase I the  low-cost r e c e i v e r  w i l l  pro- 
gress i n t o  a prototyping s t a t u s .  The s o p h i s t i c a t e d  user  
w i l l  be lagging s l i g h t l y ,  s t i l l  being i n  t h e  development 
s t a t u s  during Phase I. I n  1978 w e  complete development test 
and eva lua t ion .  The satel l i tes  t o  support  it are t h e  s i x  
t h a t  I ' v e  j u s t  described. The Ground Control Segment moves 
forward as a prototype. Our system 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  using a simulated satel l i te  complex 
we  developed a t  Holloman A i r  Force Base and then proceeding 
on w i t h  periodic 3-D capab i l i t y  as t h e  fou r  satell i tes 
a r r i v e  over our  test  area. 

Phase 11 is t h e  s y s t e m  v a l i d a t i o n  phase. The low-cost 
equipment w i l l  be i n  production so it is a v a i l a b l e  for  t h e  
world-wide l i m i t e d  ope ra t iona 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  classes would be brought forward t o  the  
prototype s t a t u s ,  i . e . ,  j u s t  before product ion;  t h e y  could 
be called preproduct ion models. IOT&E, i n i t i a l  ope ra t iona l  
tests, w i l l  be carried ou t  using those  use r  models. Six 
a d d i t i o n a l  sa te l l i t es  w i l l  g ive  u s  n ine  and allow for  
spares. These would a c t u a l l y  be product ion,  Block-1 
satel l i tes .  
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Three-dimensional t e s t i n g  would occur fo r  about e ighteen  
months, then  the  l i m i t e d  ope ra t iona l  capabi l i ty  would be 
implemented by respacing t h e  satell i tes us ing  t h e  onboard 
p rope l l an t  capabi l i ty .  

A favorable  dec i s ion  a t  DSARC I11 would move ahead w i t h  
f u l l  product ion of t h e  system, achieving i n i t i a l  opera t iona 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 we  would complete our  ope ra t iona l  
test and eva lua t ion .  

In Figure 26 is shown some of t h e  f u t u r e  test work t h a t  
w i l l  be ongoing during Phase I. The demonstration of per- 
formance, through t h e  demonstration of selected ope ra t iona l  
missions,  Naval s u r f a c e  v e s s e l s  are c e r t a i n l y  included. A l l  
along t h e  A i r  Force has 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  get Navy 
user  command p a r t i c i p a t i o n  i n  t h e  design and overseeing t h e  
r e s u l t s  of these i n i t i a l  t e s t s ,  because w e  feel  it is q u i t e  
important.  

T h e r e ' s  an a p p l i c a t i o n  for  r ep lac ing  range ins t rumen ta t ion  
and the accurac i e s  a v a i l a b l e  are equivalent  t o  roughly t h e  
k i n d s  of accu rac i e s  expected f r o m  very s o p h i s t i c a t e d  
ranges.  Furthermore, you ' re  not pinned down t o  a s i n g l e  
geographic area. You could achieve these accurac ies  any- 
where. Then you have t w o  op t ions ,  you could either tele- 
meter back t h a t  posi t ion o r  your could record it  on tape 
for la ter  recovery v i a  some o t h e r  technique. T h a t  appl i -  
cation is c l e a r .  I t  would be premature t o  do it during 
Phase I .  
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