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Xhs  t r a c  t 

Throughout t h e  worl?. t o p o g r a p h i c  maps are cnmpiled by manually o p e r a t e d  
s t e r e o p l o t t e r s  t h a t  r e c r e a t e  +,he geometry of two wide-angle o v e r l a p p i n g  
s t e r e o  frame photographs.  Cont inuous imaging systems such  as s t r i p  
cameras, e l e c t r o - o p t i c a l  s c a m e r s ,  o r  l i n e a r  arrays of d e t e c t o r s  (push 
brooms) c a n  a l sc  create s t e r e o  coverage f r 3 m  which, in t h e o r y ,  topography 
can be compiled. However, t h e  F n s t a b i l i L y  of an a i r c r a f t  i n  t h e  a t n o s p h e r e  
makes t h i s  approach i m p r a c t i c a l .  The ben ign  environment  of space  permits 
a s a t e l l i t e  t o  o r b i t  t h e  Ea t h  v i t h  very h i g h  s t a b i l i t y  IS l ong  as 
no l o c a l  p e r t u r b i i g  f o r c e s  are  involved.  S o l i d - s t a t e  l i n e a r - a r r a y  : :Trsors 
have no moving parts and create no p e r t u r b i n g  f o r c e  on t n e  s a t e l l i t e .  
D i g i t a l  d a t a  f rcm h i g h l y  s t a b i l i z e d  s t e r e o  l i n e a r  a r r a y s  are  auenab le  
t o  s i m p l i f i e c  p r o c e s s i n g  t o  produce both plariimetric imagery and e l e v a t i o n  
d a t a .  A sa te l l i t e ,  cal led Xapsat, i n c l u d i n g  t h i s  concep t  h a s  been 
proposed t o  accomplish automated mappiqg i n  n e a r  real  t ice.  Inage  
mps as l a r g e  as L:50,000 scale w i t h  c o n t o u r s  as close as  2 0 3  i n t e r v a l  
nay be produced from Y a p s a t  da t a .  

Background 

Tha geometry of s t e r e o  napping photographs,  whether  t a k e n  from a i r c r 3 f t  
o r  s a t e l f : - t e ,  i s  v e l 1  known and documented. Transforming such Fhotographs 
i n t o  topograph ic  maps i s  a r e l a t i v e l y  slow and e x p e n s i v e  p r o c e s s  t h a t  
f o r  many cr’.tical s t e p s  d e f i e s  automation.  Compared t o  a n  a i r c r a f t ,  a 
s a t e l l i t e  o i f e r s  t h e  unique aGTantages of nuch g r e a t e r  s t a b i l i t y  and 
u i i i f o m  v e l o c i t y .  

U t i l i z i n g  t h e s e  advan tages ,  a s e n s i n g  system i n  space can now prov lde  
imagery of  napping q u a l i t y ,  even chough a c o c t i n u o u s  e l e c t r o - o p t i c a l  
imaging system i s  used ; [S tead  of  a mapping cameri v i t h  i t s  i z h e r e n t  
h i d h  geomet r i c  f i d e l i t y .  The n e x t  yene2ration of space  s e c s o r s  xi11 
i n c h i d e  s o l i d - s t a t e  l i n e a r  a r r a y s  ( f i g .  1) t h a t  i n v o l v e  no moving 
parts. Sy continuous imaging w i t h  ve ry  h i g h  g e o d e c r i c  f i d e l i t y  :hey 
v i 1 1  perzdt, a t  least  i n  par t ,  t h e  automated ma?ping of ?he Earth 
from space i n  t h r e e  a3 w e l l  as t v c  dimensions.  
between :onvent ional  ana c o n t i n u o u s  s t e r e o  rcethods is i l l u s t r a t e d  
by f i s t -  2 .  

The f u n d m e n t a l  a i f f e r e n c e  

* .i?;roved f o r  p u b l i c a t i o n  by Zireccar ,  L.S.G.S. 



A t  least  f o u r  papers  have been p u b l i s h e d  t h a t  re la te  d1rcc:ly t o  a u t o u a t e d  
three-dimensional  mapping. 
ma,surements c o u l d  be made w i t h  a s t e r e o s c o p i c  c o n t i n u o u s s t r i p  camera. 
The geometry of such  a s t r i p  camera and s t e r e o  l i r a a r  arrays is  basiLally 
t h e  same. In 1962, Elms ( 2 )  e l a b o r a t e d  on t h e  s t r i p  camera concept  
and  i n d i c a t e d  i t s  advaa tages  o v e r  frame cameras as a p o s s i b l e  component 
of a n  automa:ed u p p i n g  system. I n  1972, Helava and Chapel le  ( 3 )  d e s c r i b e d  
t h e  developmeat of i n s t n x r m n r a t l o n  by whtch a c o n v e n t i o q a l  stereomode?. 
c a n  b e  scanned u s i n g  the e p i p o l a r - p l a n e *  p r i n c i p l e ,  and t h u s  reducing  
image c o r r e i a t l o n  from a two-dimensional t o  a b s s i c a l k  cne-diacnsfenal 
task. 

In 1952, Kacz (1) showed how h e i g h t  

' i n  -1975 Scar;lio and- E f & ~ ~ ~ ~ " i G ) " d e s c r i b c d  tlie automated s te rko-mapper  
AS-11B-X which u t i l i z e s  t h e  ep ipolar -scan  concept  and one-dimensional 
d i g i t a l  image c o r r e l a t i o n  d e s c r i b e d  by Helava and Chapel le .  Thus t h e  
concept  of reducing  photogranmotr ic  d a t a  s t e r o  c o r r e l a t i o n  - ron -0 

t o  one d i a e n s i o n  i s  w e l l  e s t a b l i s h e d .  The c i t e d  l i t e r a t u r e ,  however 
does not  d e s c r i b e  t h e  p o s s i b i l i c y  of imaging t h e  E a r t h  d i r e c t l y  i n  
s t e r e o s c o p i c  d i g i t a l  form s u i t a b l e  f o r  oae-dimensional processi.ig. 

Beginning in 1977 a s e r i o u s  e f f o r t  t o  d e f i n e  a s t e r e o  s a t e l l i t e  C r  

S c e r e o s a t  ( 5 )  w a p  vnder taken  by NASA. The St2:eosat concept  ca l l s  f o r  
l i n e a r - a r r a y  sensa..s, l o o k i n g  f o r e ,  v e r t i c a l  and a f t ,  but  its p r i n c i p a l  
o b j e c t i v e  is t o  provide  a s t e r e o s c o p i c  view of t h e  E a r t h  r a t h e r  than  
t o  map i t  in automated sode. There ... 2 other ways of o b t a i n i n g  stereo 
imagery w i t h  l i n e a r  a r r a y s .  
l e f t  or r i g h t  of t h e  t r a c k  and t h u s  a c h i e v e s  s t e r e o  by combining imasery 
from nearby p a s s e s  02 t h e  t n e  s a t e l l i t e .  NASA's M u l t i s p e c t r a l  L i n c a r  
Array (&"ax) concept  ( 7 ) ,  as so f a r  d*flned,  c a l l s  fo, fo re  and a f t  
looks through t h e  same se t  of o p t i c s  by use  of a r o t a t i n g  mirror. 
However, n e i t h e r  t h e  SPOT nor NASA's ?ILA approach are c o n s i d e r e d  
optimum f o r  s t e r e o  mapping of t h e  EaLth, as n e i t h e r  is  designed t o  
a c q u i r e  data in cont inuous  for:. 

The French SPOT ( 6 )  sa t e l l i t e  can look 

Hansat Geometric Concent 

Linear  a r r a y s  r e p r e s e n t  a r e l a t i v e l y  new remote sensing concept. Five 
papers  or. t h i s  c u b j e c t  were p r e s e n t e d  a t  t h e  ASP/ACSM a a n u a l  convent ion  
d u r i n g  U t c h  1978 (8 ,9 ,LO, l l , i2 ) .  These papers  c o n c e n t r a t e d  on d e c e c t o r  

---- 
*An e p i p a l a r  p lane  is d e f i n e d  by two a i r  a r  s p a c e  exposure  (Imaging) 

s t a t i o n s  acd  one ? o i l &  on the  graund. 



rechaology and c5e a p p l i c a t i o n  of : inear  array s e n s o r s  i n  a vertical 
imaging mode. 
i n  s:ereo nod,, .!:though h i s  e r i o r  a n a l y s i s  € o r  such  a system i s  based o n  
measurements made i ron  images rather t h a n  computat ions based on t h e  d i g i t a . 1  
data, 

Xq'sh (13) rece:-tiy j e s c r i b e d  t h e  geometry of l i n e a r  a r r a y s  

3y combining. --he technolog?  of l i n e a r  a r r a y s ,  Lhe concept  of ep ipolar -  
p lane  scanqing,  and  t h e  e x p e r l . n c e  ga ined  from ' a n d s a t  and o t h e r  space  
s e a s i n g  s y s t e m ,  Ziapsat vas d e i i n e d  (141, and i t s  proposed parameters  are 
l i s ted  i n  Table  1. The ! b p s a t  concept  was t h e  work of several i n d i v i d u a l s ,  
b u t  perhaps t h e  s i n g l e  P o s t  i w o r t a t  c o n t r i b u t i o n  was t h a t  of Donald L i g h t  
( v e r b a l  cornmnicz'ion), then  of t h e  i lefense !!apping Agency, ;rho f i r s t  
sugges ted  t h a t  epipolar piaoes, as d e s c r i b e d  by Helav-a ( 3 )  and used i n  t h e  
AS-113-X p l o t t e r ,  cou1.1 he achieve:! d i r e c r l y  from space  and t L t  tooographi r  
data might t h a n  be e x t r a c t e d  i n  real t h e .  There are s e v e r a l  f e a s i b l e  
c o n f i g u r a t i o n s  by which lir?ear a r r a y  s e n s o r s  can  c o n t i n u o u s l y  a c q u i r e  s t e r e o  
da ta .  I t  vias decided tnat t h e  syccen  mst p e n i t  s e l e c t i o n  from the t h r e e  
s ? e c c r a l  Dands, p r a v l i e  fc: two jase-co-heigh: r a i i o s  of 3.5 znd l . 2  and 
be compatible  w i t h  t h e  e ; i p d , .  concepz. F i g u r e  3 i l l u s t r a t e s  t h e  
c o n f i g u r a t i o n  selected t o  wxnnxplistt t h e  s t e r e o s c o p i c  as w e l l  as nonoscopic  
func t ions .  

Acquiring s t e r e o  d a t a  of tcte E a r t h  i n  e p i p o l a r  f o r a  d i r e c t l y  from space is  
t h e  i u n d a a e n t a l  geome:ric concegt  of Y a F s a t .  
shown i n  F igure  A japlies that f ivs .  points--the observed ground p o i n t  i?, 
t h e  t%o axposure s t a t i o n s  S and S . and t h e  two image d e t e c t o r s  f and a --lie 
i n  a s i n g l ;  plane.  1 -  c h i s  e p i p o l a r  c o n d i t i o n  is  a a i n t a i n e d  as t h e  sato, l l i re  
naves a long  i t s  o r b i t .  every p o i n t  P observed by d e t e c t o r  F i n  t h e  forward 
l o o k i a g  a r r a y  i d i l l  a l so  be observed subsequent ly  by d e t e c c o r  a i n  t h e  af: 
1ciokir.g i r r a y -  Thus i.mage c o r r e l a t i o n  can Se o h t a i n e d  bv aatzhinc,  
t h e  d a t a  s t ream fro5 de;lr:cJr f w i c h  t h a t  f r m  a --a one-dimensional 
c o r r e i a t i o n  scheze.  This  t i c s c r i p t i o n  a p p i i e s  e q u a l l y  t o  t h e  u s e  
of t h e  v e r t i c a l  iz i th  e i c h e r  t h e  f o r e - o r  a f t - l o o k i n g  a r r a y  but  i n v o l v e s  
a weaker (C.5) base-co-ixight r s - i o  than  t h e  d e s c r i b e d  us5 of t h e  f o r e  
and a f -  a r r a y s  (base-to-heigh.t racio of 1.0). I n  p r a c t i c e  the d a t a  s t reams 
f r o e  3orc than one d e t e c t o r  u a y  be involved  : ince t h e r e  w i l l  nona:. ly be some 
o f f s e t  i n  che ?at?. of a g iven  p a i r  of  d e t e c t o r s .  Xorecver under c e r t a i n  
condi:t,3ns, c o r ; e ? a ~ i o n  may Se inpnprJ-ie' by a l i z i i t s d  expansion of 
che c o r r e l a t i o n  fi lnccion to t x o  ainens'oi.;. 

The e p i F 3 1 s r  c o n d l t i m s  
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Because each d e t e c t o r  a r r a y  Is looking a t  a d i f f e r e n t  po r t ion  of t h e  
Ea r th  a t  any given tiw, Ear th  r o t a t i o n  complicates the  $pipolar  
condi t ion.  AB s h o w  In f l g u r e  5, this complicat ion can be overcome 
by c o n t r o l l i n g  the  spacec ra f t  ac t l t udc .  This d e s c r i p t i o n  is obviously 
s impl i f i ed ;  r u r t h e r  c o a p l i t a t i o a s  involve such f a c t o r s  as the  e l l i p s o i d a l  
shape of t he  Earth, v a r i a t i o n s  I n  t h e  o r b i t ,  spacec ra f t  s t a b i t i t y ,  
and even very l a r g e  e l e v a t i o n  d i f fe rences .  The spacec ra f t  posi:ion anc 
a t t i t u d e - m u s t  be precisely determined by s u c k  systems as the Global 
Pos i t ion ing  Svqtctm (CPS o r  NAVSTAB) and f requent  s te l lar  referencing.  
Sate1l:t-a a t t i - u d e  c o n t r o l  Involves  gyros and i n e r t i a l  wheels, and, 
when a sa te l l i t e  i s  f r e e  of pe r tu rb ing  f o r c e s  c r e a t e d  by moving ( ac tua ted )  
p a r t s ,  a t t i t u d e  can be a a i n t a i s g d  f o r  reesonable  periods t o  t he  arc-second. 

'Of course, '  t he  sens ing  system &t r e i a i n  p r e c i s e  geometric r e l a t ionsh i ;  
t o  t he  a t t i t u d e  c o n t r o l  system. Defining t h e  c o r r e c t  sa te l l i t e  a t t i t s d e  
and the  rates i n  yaw, p i t ch ,  and r o i l  t o  maintain the  ep ipo la r  condition 
.equi res  p rec i se  ma themr ica l  ana lvs i s .  T-co independent ana:vses, m e  
by Bowell of ITEX (15) and t h e  o the r  by Snyder (16) of 5.S. 
Geological  Survey, c o n f i n  \la?sat's geometric f e a s i b i i i t y ,  and a 
U.S. paten t  has been allowed on t h e  concept. T a b l e  2 i n d i c a t e s  t h e  
n a x l m m  dev ia t ions  fxom t h e  ep ipo la r  condi t ion  caused by t he  varicxrr, 
expected error sources.  
uh i sn  covers t h e  day l igh t  po r t ion  to which imagery is b a s i t a l l y  Limi ted .  
A t t i t ude  rate e r r o r s  vn>uld be cons iderable  i f  o z l y  cor rec t ed  once every 
50 minutes but ,  as t h e  t a b h  i n d i c a t e s ,  1S-minute i n t e r v a l s  based on 
s t z l l a r  re ference  reduce the e r r o r s  to a reasonable  amount. Ten-minutc 
*cellar re ferenc ing  us ing  s tsr  sensors as descr ibed by Junkins  e t  a i . ,  
( 1 7 1 ,  is cons lde re i  reasonable. Computer programs have been deveioped 
t h a t  r e s u l t  in the  ep ipo la r  plane condi t ion  being maintained 3s Long as  
adec7:ate positional and a t t i t u d e  r e fe rence  d a t a  a re  a v a i l a b l e  and proprlrlv 
ut i l ! te4.  Figure 6 i l l u s t r a t e s  the  s i m p l i c i t y  of e l eva t ion  de ts imlna t lon  
i n  an ep ipo la r  plane which is t h e  key element of Xapsst. 

This  table is based on a ha l f  o r 5 i t  <5tJ nlnucss)  

Obviously, t h e  !lapsat concept c a ~  be e f f e c t i v e l y  implemented only i f  
s t r i n g e n t  s p e c i f i c a t i o n s  regarding G r b i t ,  s t a b i l i t y ,  re fe rence ,  and senscir 
s!stems a' - m c t .  
t o  date, and each is considered t o  be wi th in  t h e  s ta te  of t he  a r t .  

T a b l e  3 l i s t s  the  Xapsat geotcetric requirements as defined 

Napping Accuracy 

By seetiag the  geometric requirements i nd ica t ed  and achieving stereo 
c o r r e l a t i o n ,  t h e  r e s u l t i n g  ms;. accuracy is compatible with s c a l e s  as  large 
as 1:50,000 and contaurs  as ,lase as 20 rn i n t e r v a l  based o n  U.S. Na'tional 
Yap Accuracy Standards.  Raference 15 covers  t h i s  a n a l y s i s  i n  some detai l . .  
Such accu rac i e s  r e s u l t  from t h e  ind ica t ed  deometric requirements and t h e  
fol lowing f a c t o r s :  
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Linear o x a y  detectors are p o s i t i o n e d  w i t h  sub-rnlcroa accuracy.  

O p t i c a l  d i s t o r t i o n  effects: when accounted  f a r  by c a i i b r a t i o n ,  
are n e g l i g i b l e .  

.o . Atmospheric r e f r a c t i o n ,  because  o€ t h e  s t e e p  loc?k a n g l e s ,  i s  of 
a very low o r d e r  and IQ reasonably  w e l l  known; a i r - t o - w a t e r  
r e f r a c t i o n  is also kn>wn where underwater  d e p t h  d e t e r m i n a t i o n  
is involved.. 

o Relative t iming ,  which is r e f e r e n c e d  t o  data a c q u i s i t i o n ,  is 
a c c u r a t e  t o  w i t h i n  t h e  microsecond. 

o D i g i t a l  s t e r e o  c o r r e l a t i o n ; .  where uniquely  achieved ,  p r o v f d e s  
ti;ree -dimensional - root+ean-square  (rms) p o s i t i o n a l  accuracy  
t o  wi th in  half t h e  p i x e l  dinension. 

These c o n s i d e r a t i o n s  r e s u l t  i n  r e l a t i v e  p o s i t i o n a l  e r r o r s  f o r  d e f i n e d  
p o i n t s  of only 6 t o  7m (rms) both  h o r i z o n t a l l y  and v e r t i c a l l y .  
v e r t i c a l  accuracy  r e q u i r e s  t h e  1.0 base-to-height r a t i o .  Such accuracy  i s  
adequate  f o r  t h e  mapping i n d i c a t e d  but  a s s u n e s  tha: c o n t r o l  is a v a i l a > l e  
f o r  r e f e r e n c e  t o  t h e  Earth's f i g u r e .  
a u t h o r  (191, c o n t r o l  p o i n t s  of 1,OUO b s p a c i n g  a l o e g  on o r b i t a l  p a t h  w i l l  
be adequate  f o r  such a purpose. Where 30 c o n t r o l  exis ts  t h e  a b s o l u t c  a c c u r a c y  
of the r e s u l t a n t  maps, w i t h  r e s p e c t  to t h e  E a r t h ' s  f i g u r e ,  may be l r ?  rus 
error by 50 t o  100 a a l t h o u g h  t h e i r  i n t e r n a l  ( r e l a t i v e )  accuracy  remains 
a t  t h e  6 t o  7 m rms level. 

This 

As i n d i c a t e d  by ITEK (15) and t h e  

S t e r e o c o r r e l a t i o n  

The d e t e r m i n c t i o n  of e l e v a t i o n s  from s t e r e o  d a t a  r e q u i r e s  t h e  
c o r r e l a t i o n  of t h e  spectral -esponse from t h e  sane poln;: 3r group of p o i n t s  
as recorded  from two d i f f e r e n t  p o s i t i o n s .  I n  the aer ia l  photography c a s e  
these two p o s i t i o n s  are t h e  camera s t a t i o n s ,  whereas w i t h  l i n e a r  arravs i n  
space t h e  tvo r e c o r d i a g  p o s i t i o n s  a r e  c o n s t a n t l y  moving w i t h  t h e  s a t e l l i t e .  
I n  t h e  photography case, c o r r e l a t i o n  i s  achieved  bv o t i e r t i n g  t h e  two 
photographs t o  model t h e  a c q u i s i t i o n  geometry. Once t h i s  i s  done, c o r r e l a t i c n  
can  be achieved bv t h e  human o p e r a t o r ,  or t h e  image s tereomodel  ?an De scanred  
a n i  c o r r e l a t e d  by automate; comparison of t h e  s i g n a l  p a t t e r n s  f r o m  the two 
photographs.  
G i d i t a l  data i n  e p i p o l a r  p lanes  from t h e  model. pn t h e o r y ,  e p i p o l a r  d a t a .  
should  be c o r r e l a t e d  much f a s t e r  t h a n  cha t  from a system t h a t  must 
s e a r c h  in two dimensions t o  e s t a b l i s h  c o r r e l a t i o n .  I n  p r a c t i z e ,  t h e  automated 
correlation or' d i g i t a l  d a t -  has been only p a r t i a l l y  s u c c e s s f u l ;  and, a s  Yahonev 
(18) h a s  r e c c n t l y  p o i n t e d  o u t ,  c o r r e l a t i o n  by e i t h e r  m n u a 1  "r automated svstems 
i s  s t i l l  a slaur and c o s t l y  process .  To dace,  no  one h a s  a c q u i r e d  o r l q i n a l  s e n s o r  
d a t a  in e p i p o l a r  t o m .  

X system such as the AS-11B-X ( 3 , 4 )  g e n e r a t e s  cne-dimensional 

.s, nc one can t ea i lp  say haw well such d a t a  can be 

ORIGINAL PACE IS 
3' OF POOR QUALITY 



automat ica l ly  c o r r e l a t e d ,  u n t i l  a s a t e l l i t e  such as Haosat is flown. 
Simulat ion using d i g i t i z e d  aerial  photographs o r  lhear-array s te reo-sens ing  
of a terrain model are r e l evan t  experiments worth conducting. RDwever, they 
will provide only p a x t i a l  answers, s i n c e  the  degree af c o r r e l a t i o n  will depend 
on t h e  area involved. The c h a r a c t e r i s t i c s  of t he  E a r t h ' s  su r f ace ,  coupled 
wi th  r e l a t e d  cond l t i ans ,  such as t h e  atmosphere and Sun a n j l e s ,  are h ighly  
va r i ed ;  which me'ins t h a t  t he  degree of c o r r e l a t i o n  Vi11 a l s o  be highly  var ied.  
This problem does noc imply t h a t  t h e  ?lapsat concept has  not been va l ida ted .  
Having s t e r e o  data organized i n  lfnear d i g i t a l  form is of obvious advantage 
t o  create the  three-diuznsional model of t h e  E a r t h ' s  surface.  Xanv areas 
wi l l  c o r r e l a t e  i n  o n e - d i ~ e n s i o n a l  made, o t h e r s  will r e q u i r e  t w o d i n e n s i o n a l  
t reatment ,  and s t i l l  o t h e r  areas may mt  c o r r e l a t e  a t  a l l .  By properly 
de f in ing  t h e  s a t e l l i t e  parameters and da ta  processing,  t h e  c o r r e l a t i o n  
fuact lat  cam.ba.optimtzd and.'ra-ised ue lL  a h v e  that abcaicuble- from . 

wide-angle photography systems. For example, d i g i c a l  da t a  can t e a d f l v  be 
modulated t o  enhance c o n t r a s t  o r  edges t h a t  rcake up the  pa t r e rns  on whic5 
c o r r e l a t i o d  dapends. Photsgraphy can a l s o  3e nodulated,  but i c  fs f.?r Tore 
d i f f i c u l t  (and less e f f e c t i v e )  chan d i g i t a l - d a t a  modulation, as f i 1 . m  lacks 
t he  dynamic ranga and s e n s i L i v i t y  of s o l i d - s t a t e  de t ec to r s .  
acqu i r e  data in a n  optimum f o r a  f o r  automated c o r r e l a t i o n ,  vhich will expedi te  
t h e  precise d e t e d n a t i o n  of e l eva t ions  and c r e a t e  d i g i t a l  e l e v a t i o n  data 
that are becomlng a b a s ~ c  t c o l  f c r  many d i s c i p l i n e s .  

!lapsat will 

Acquis i t ion  !loJes and Products 

As previously descr ibed  i . 4 ) ,  ?lapsat is designed t o  be operated :n a 
v ide  v a r i e t y  of nodes. These i ac lude  v a r i a t i o n  i n  rcFo1ution (1S-n e l e n e n t s  
an up),  s p e c t r a l  bands, swath width,  and s t e r e o  modes. Such f l e x i b i l i t y  
pe&:s optimum data a c q u i s i t i o n  without exceeding a s p e c i f i e d  data- 
t ransmiss ion  rate that is now def ined  a t  48 megabits per second (>!b.'s>. 

The E a r t h ' s  su r f ace  is highly  var ied ,  and d a t a  product requirements 
are l ikewise  highly var ied.  BY varying the  a c q u i s i t i o n  modes and, i n  turn ,  
producing a v a r i e t y  of products ,  t h e  da t a  management problem beconer 
complicated as compared t o  e x i s t i n g  systems such as Landsat which produces 
only two  bas i c  types of data .  Houever, so lv ing  t h i s  Jara management problem 
is a small price t o  pay f o r  a system t h a t  can meet a wide v a r i e t y  of 
requirements LCsr remotely sensed da ta  of t h e  Earth. Ocly f o u r  Qrimary 
products  are ex-pecced from N a p s a t  as follows: 

Ca) R a r d a t a  d i g i t a l  tapes from vhich quick-lbok inages can be 
d isp layed  i n  near  real  time. 

(b) Processed d i g i t a l  image tapes c a l i b r a t e d  both r a d i o a e t r r z a l l y  
and deometr ica l ly  t o  a de f i r ed  n a p  projec t ion .  
cwo-dimensional (p l an ime t r i c )  but desc r ibe  :he EartF's radiance 
(br ightness!  i n  mu l t i spec t r a l  ~ J C I  A S  is now Jccomplished by 
Landsat !lul t i spect  r a l  Scanner tapes. 

Such da ta  w i l l  be 
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( c )  Processed d i g i t a l  tapes, aga in  c a l i b r a t e d  both r ad iomet r i ca l ly  
and geometr ica l ly ,  but  uhich now desc r ibe  the  E a r t h ' s  su r f ace  
i n  t h r e e  dimensions ( topographica l ly)  w i t h  an  a s s c c i a t e d  radiance 
value. Such tapes  are, i n  e f f e c t ,  digital e l e v a t i o n  d a t a  sets  of 
the E a r t h ' s  surface.. 

(d)  Standardized images, boch black-and-white and i n  c o l o r ,  which 
inc lude  geometric c o r r e c t i o n s  and rad iometr ic  enhancements. Such 
co r rec t ions  and eshancements vlLl be of recognized genera l  va lue  
and of a type  that can be p e r f o r w d  without undue de lay  or 
excess ive -cos t .  The images w o d d  also be of s tandard ized  scale. 

Era# these f e w  be ic  pFoductSw a.utda Y a t A e t g  of derivat ives  eaa be ma& w&iok 
inc lude  the  f ollowing: 

(a> Black-and-white ard nulcicf; ior image naps and mosaics 3t scsles 
as l a r g e  as i:5O,OOC, o r  even 1:25J0L7@ ( l : 2 4 , 0 1 3 )  where n a p  acc!ir3cv 
s tandards  are not  required.  

(b)  Thematic d i sp l ays  and maps involving such s u b j e c c s  as land cover 
and Land use  c l a s s i f i c a t i o q .  

(c?  ?laps which dep lc t  t h e  E a r t h ' s  topography bv such means as contours  
(as c l o s e  a s  20-01 i n t e r v a l ) ,  SloPdsJ e l e v a t i o n  zones, shaded r e l i e f ,  
and perspec t ive  d isp lay .  

Ccnclusion 

Napsat w i l l  not meet a l l  anticipated remote sens ing  requirements,  
and 1i will In  no way repiace tnose a i r - p h o t o  surve:is r equ i r e J  t o  meet 
napping requirements f o r  scales larger chart 1:50,000 and contour i n t e r v a l s  
of less than 20 m. What i t  w i l l  do, i s  provide a p rec i se  three-dimensional 
multispectral mcdel of che  Earth a t  reasonable resolutiC;t  and i n  digital 
form. ?!OPI?OVC~, t he  s a t e l l i t e  w i l l  record tb.e c'lanzing responses of t h e  
E a r t h ' s  s u r f a c e  as long as it  is i n  opera t ion .  

Y a p s a t  can be b u i l t  today a t  what Is considered L -  be a reasonable 
c o s t  (15) as i t  is based on a v a i l a b l a  componer,ts and technolog?.  \!oreover, 
i t  i s  designed f o r  s i m p l i f i e d  opera t ion  and da:a processing. Assuming t h a t  
a- opera t iona l  Earth-senslng system v i 1 1  be flown, s u r e l y  \lapsat is a 
deserving candida te  f o r  such a job. 

ORIGINAL PAGE IS 
OF POOR QUALITY 

4 . A +  



Hapsat Parameters 

o Orbit-Same as Landsat 1, 2 and 3 (919 km alt ' .  

o hnsor--Linear Array-Three o p t i c s  looking 23O forward, vertical 
and 230 aft. Three spectral bands: 

blue greea 0.67 - 0.57 urn 
red 0.57 - 0.70 urn 
near IR 0.76 - 1.04 um 

0 Svath--180 km or p o r t i o n  thereof. 

o Resolution-Variable-ilDavn to 10 a element. 

o Transmission-S (or XI band, compatible w i t n  'Landsat receivers 
5ut with rates UQ t o  48 Xb,'s. 

o Processing-One dimensional, including s t e r e o .  

Table 1 



U 
E 
(00 

f 
cr) 

0 
“I? 
0- N O  

wvc? 
(v. 

s 
0 

C 
L. 

c 
3 a .. 

(L 

0 
n 
t 
i, 
Y 

Q 
.r 

E 
h O  

O m  
. .  

-r 
c .. 

rc 
0 

Y 
ul 

3 c 
(0 

3 
nJ 
21 

.. 
rc 
0 
v) 
L 
0 
L 
L 
01 

.. 
C 
0 
.L 

4 

t c 
0 
U 

c 

Y 

Z E  cn 
L 
0 
L 
L 
Q) 

00 
00 
00 
-a 
. -  
c. 

aJ 
Y 
e 
L 

U O L n  

b b  
cc C 

0 0 
3 
1 
& 

Y 
Y 

.r 

U 

9 
E 
c 

- 
Y 
m 
> a 
w 
.- 

a 

4 a 
0 
0 0 0 

. i j b  QnsGlNAL PAGE IS 
OF POOR QUALITY 



Hapset Geometric Requ1remr.t. -9 

o Posi t ional  Determination of Satellite-10 t o  20 & i n  
all mree axes. 

o . P o i n t i n g  Accuracy-Uithin- 2 /  0.1 of vertical. 

- 1/ rms (kj - 21 very high probabi l i ty  (3s) 

Table 3 
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Fore 

Mapsat Epipcjlar Acquisition Geometry 
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