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The p r a c t i c a l  u t i l i t y  o f  m u l t i s p e c t r a l  s c a n n e r  d a t a  i s  o f t e n  r e s t r i c -  
t e d  by t h e  l i m i t e d  s p a t i a l  r e s o l u t i o n  of t h e  s e n s o r  g a t h e r i n g  t h e  d a t a .  
R e s t r i c t i o n s  of t h i s  s o r t  w i l l  e x i s t  i n  t h e  d a t a  t o  b e  g a t h e r e d  by t h e  
m u l t i s p e c t r a l  s c a n n e r s  i n  t h e  ERTS-A and SKYLAB s a t e l l i t e s .  These 
s c a n n e r s  w i l l  view t h e  ground w i t h  an  i n s t a n t a n e o u s  f i e l d  of view (IFOV) 
cover ing  a ground p a t c h  about  300 f e e t  on a  s i d e .  The r a d i a t i o n  d e t e c t e d  
when s c a n n i n g  p o r t i o n s  of a  scene  c o n t a i n i n g  o b j e c t s  s m a l l e r  t h a n  t h i s  s i z e  
w i l l  b e  composed of a  m i x t u r e  of r a d i a t i o n  from a l l  o b j e c t s  w i t h i n  t h e  IFOV. 
S i m i l a r l y ,  when t h e  f i e l d  o f  view o v e r l a p s  t h e  boundary between two l a r g e r  
o b j e c t s ,  t h e  r a d i a t i o n  d e t e c t e d  w i l l  b e  a  m i x t u r e  from t h e  two o b j e c t s .  
The s i g n a l s  g e n e r a t e d  by t h e  s e n s o r  i n  b o t h  of t h e s e  c a s e s  w i l l  n o t  b e  
r e p r e s e n t a t i v e  of any one o b j e c t .  

The e f f e c t  o f  v iewing more t h a n  a  s i n g l e  o b j e c t  c l a s s  i s  i l l u s t r a t e d  
i n  F i g u r e s  1 and 2.  I n  F i g u r e  1 t h e  r e f l e c t a n c e  s p e c t r a  a r e  d e p i c t e d  f o r  
corn  and b a r e  s o i l  a s  t h e y  would appear  i n d i v i d u a l l y .  I f  t h e  s e n s o r  w a s  
t o  s i m u l t a n e o u s l y  view b o t h  c o r n  and b a r e  s o i l  t h e  e f f e c t i v e  r e f l e c t a n c e  
spectrum would b e  q u i t e  d i f f e r e n t .  Th i s  is shown i n  F i g u r e  2 f o r  t h e  
combinat ions  20% corn  - 80% b a r e  s o i l  and 50% corn  - 50% b a r e  s o i l .  These 
s p e c t r a  a r e  s imply weighted combinat ions  of t h e  p u r e  s p e c t r a  of F i g u r e  1. 

The u s e  of s t a n d a r d  m u l t i s p e c t r a l  r e c o g n i t i o n  p r o c e s s i n g  t e c h n i q u e s  
on d a t a  p o i n t s  which r e s u l t  from viewing two o r  more o b j e c t s  w i l l  l i k e l y  
r e s u l t  i n  t h e  improper c l a s s i f i c a ? i o n  of t h o s e  d a t a  p o i n t s .  Given a  

* The work r e p o r t e d  i n  t h i s  paper  w a s  suppor ted  by NASA under  Cont rac t  
NAS9-9784. 



s u f f i c i e n t  number o f  improper c l a s s i f i c a t i o n s  of t h i s  s o r t  t h e  r e s u l t s  of 
such e f f o r t s  a s  might be  a p p l i e d  i n  c rop  ac reage  d e t e r m i n a t i o n ,  f o r  example, 
would b e  g r e a t l y  i n  e r r o r .  

It might be u s e f u l ,  a t  t h i s  p o i n t ,  t o  p r o v i d e  some i d e a  of t h e  s e r i o u s -  
n e s s  of t h i s  e f f e c t .  F i g u r e  3 i l l u s t r a t e s  t h e  e f f e c t  o f  sampling and 
r e c o n s t r u c t i n g  a scene  u s i n g  a  s e n s o r  whose r e s o l u t i o n  i s  approximately  
t h e  s i z e  of t h e  s t r u c t u r e  i n  t h e  scene .  For  i l l u s t r a t i v e  purposes  t h e  
s c e n e  i s  composed of b l a c k  and w h i t e  s q u a r e s  a r r a n g e d  a s  on a  checkerboard.  
Obviously i f  t h e  r e s o l u t i o n  of t h e  s e n s o r  was s i g n i f i c a n t l y  s m a l l e r  t h a n  
t h e  dimensions  of t h e  s q u a r e ,  t h e  s c e n e  cou ld  b e  r e c o n s t r u c t e d  w i t h  v e r y  
good f i d e l i t y .  However, t h i s  w i l l  g e n e r a l l y  n o t  be  t h e  c a s e  f o r  e i t h e r  
t h e  ERTS o r  SKYLAB m u l t i s p e c t r a l  s e n s o r s .  

I n  F i g u r e  3 w e  c o n s i d e r  two s i t u a t i o n s .  One i n  which t h e  r e s o l u t i o n  
i s  one h a l f  t h a t  of t h e  s q u a r e s  and a n o t h e r  i n  which t h e  r e s o l u t i o n  
e x a c t l y  e q u a l s  t h e  s q u a r e  s i z e .  Now, i t  i s  p o s s i b l e  f o r  b o t h  t h e s e  
s i t u a t i o n s  t o  p e r f e c t l y  r e c o n s t r u c t  t h e  scene .  The p r o b a b i l i t y  o f  t h i s  
o c c u r r i n g ,  however, is  v e r y  s l i m  s i n c e  t h e  samples must be  t a k e n  o n l y  a t  
t h o s e  t imes  d u r i n g  which t h e  s e n s o r  is  viewing p o r t i o n s  of a l l  of  e i t h e r  
t h e  b l a c k  o r  t h e  w h i t e  square .  It i s  much more l i k e l y  t h a t  i n  an a t t empt  
t o  sample t h e  e n t i r e  scene ,  t h a t  i s  l e a v e  no v o i d s  between samples i n  
e i t h e r  d i r e c t i o n ,  many samples would b e  e x t r a c t e d  when t h e  s e n s o r  was 
viewing some p o r t i o n  of each o f  two o r  more a d j a c e n t  s q u a r e s .  I n  t h i s  
c a s e  t h e  s c e n e  could  n o t  a c c u r a t e l y  be  r e c o n s t r u c t e d .  

I n  t h e  lower p o r t i o n  of F i g u r e  3,  we d e p i c t  t h e  r e c o n s t r u c t i o n  of t h e  
scene  f o r  t h e  r e s o l u t i o n  b e i n g  one h a l f  t h e  s q u a r e  s i z e  ( lower  l e f t )  and 
e q u a l  t o  t h e  s q u a r e  s i z e  ( lower  r i g h t ) .  Here we c o n s i d e r  t h e  w o r s t  
s i t u a t i o n  t h a t  may e x i s t  s i n c e  we can have no a s s u r a n c e  beforehand t h a t  
t h i s  w i l l  n o t  i n  f a c t  be  t h e  c a s e  f o r  an a r b i t r a r y  s c e n e  f o r  which t h e  
sampling scheme h a s  n o t  been s p e c i f i c a l l y  des igned.  For t h e  r e s o l u t i o n  
of one h a l f  t h e  s q u a r e  s i z e ,  t h e  samples which f a l l  t o t a l l y  w i t h i n  each 
s q u a r e  f a l l  p r e c i s e l y  i n  t h e  c e n t e r  of t h e  s q u a r e s .  A l l  o t h e r  samples,  
t h e r e f o r e ,  a r e  e x t r a c t e d  when h a l f  t h e  s e n s o r  f i e l d  o f  view covers  w h i t e  
s q u a r e s  and t h e  o t h e r  h a l f  covers  b l a c k  s q u a r e s .  The s e n s o r  s i g n a l s  
genera ted  i n  t h i s  s i t u a t i o n  a r e  n o t  c h a r a c t e r i s t i c  of e i t h e r  of t h e  o b j e c t s  
i n  t h e  scene.  I n  t h i s  c a s e  t h e  use  of s t a n d a r d  au tomat ic  p r o c e s s i n g  
t e c h n i q u e s  f o r  c l a s s i f i c a t i o n  and d e t e r m i n a t i o n  o f  t h e  ground a r e a  covered 
by each of t h e  two o b j e c t s  i n  t h e  scene ,  would r e s u l t  i n  s i g n i f i c a n t  e r r o r s .  
I n  t h i s  p a r t i c u l a r  c a s e  50% of t h e  s c e n e  a r e a  would be  improper ly  c l a s -  
s i f i e d .  For t h e  s i t u a t i o n  where t h e  r e s o l u t i o n  equa led  t h e  s q u a r e  s i z e  
t h e  e r r o r  would be  100% s i n c e  n o t  a  s i n g l e  sample would b e  c l a s s i f i e d  
c o r r e c t l y .  



We have c a r r i e d  o u t  some c a l c u l a t i o n s  t o  g e t  a  f e e l i n g  f o r  how 
s e r i o u s  t h i s  problem may b e  f o r  spaceborne s e n s o r s  v iewing an i n s t a n t a n e o u s  
ground pa tch  300 f e e t  on a  s i d e .  The r e s u l t s  of the .  c a l c u l a t i o n s  a r e  p l o t -  
t e d  i n  F i g u r e  4 which i l l u s t r a t e s  t h e  e f f e c t  of f i e l d  a r e a  and shape  on 
t h e  m u l t i s p e c t r a l  t r a i n i n g  and c l a s s i f i c a t i o n  o p e r a t i o n s .  J u s t  a s  b e f o r e  
we c o n s i d e r  f i e l d s  which a r e  s q u a r e  i n  shape,  however i n  a d d i t i o n ,  w e  a l s o  
c o n s i d e r  r e c t a n g u l a r  f i e l d s .  The dimensions of b o t h  s q u a r e  and r e c t a n g u l a r  
f i e l d s  a r e  i n t e g r a l  m u l t i p l e s  of 300 f e e t  and a l l  sampled a r e a s  which occur  
a t  f i e l d  boundar ies  a r e  assumed t o  f a l l  one h a l f  ( a t  t h e  c o r n e r s  t h i s  is  
t h r e e  q u a r t e r s )  o u t s i d e  t h e  f i e l d .  For t h e  r e c t a n g u l a r  f i e l d s  t h e  s m a l l  
dimension i s  l i m i t e d  t o  600 f e e t .  Square f i e l d s  and r e c t a n g u l a r  f i e l d s  of 
t h i s  s o r t  d e f i n e  t h e  l i m i t i n g  c o n d i t i o n s  ( b e s t  and w o r s t )  f o r  r e g u l a r l y  
shaped a r e a s .  

Two p a i r s  of curves  a r e  p l o t t e d  i n  F i g u r e  4. The curves  d e p i c t e d  a s  
dashed l i n e s  r e l a t e  t h e  number o f  a c r e s  i n  a  f i e l d  t o  t h e  number of 305 
by 300 f o o t  e lements  t o t a l l y  w i t h i n  t h e  f i e l d .  Th i s  r e l a t i o n s h i p  i s  
s i g n i f i c a n t  when c o n s i d e r i n g  t h e  requ i rements  f o r  t r a i n i n g  a  r e c o g n i t i o n  
computer. The number of samples g e n e r a l l y  cons idered  n e c e s s a r y  f o r  an  
adequa te  d e t e r m i n a t i o n  of t h e  s t a t i s t i c s  d e f i n i n g  a  m u l t i s p e c t r a l  s igna-  
t u r e  i s  t e n  t imes  t h e  number o f  s p e c t r a l  channe l s  b e i n g  u t i l i z e d .  I f  
t h e  f o u r  ERTS channe l s  were c o n s i d e r e d ,  a  minimum of 40 r e p r e s e n t a t i v e  
samples would be  r e q u i r e d .  To a s s u r e  t h i s  number of samples i n  a  s i n g l e  
f i e l d  would r e q u i r e  a  s q u a r e  f i e l d  of a t  l e a s t  110 a c r e s  and a  2 x  n  
e lement  r e c t a n g u l a r  f i e l d  o f  170 a c r e s  o r  s o .  

I f ,  however, t r a i n i n g  of t h e  computer had a l r e a d y  been accomplished,  
i t  would be  d e s i r a b l e  t o  know what e r r o r s  might b e  expec ted  i n  automat i -  
c a l l y  d e t e r m i n i n g  t h e  a r e a  covered by a  s e l e c t e d  s e t  of o b j e c t  c l a s s e s .  
Th i s  i n f o r m a t i o n  i s  a l s o  p l o t t e d  i n  F i g u r e  4 .  The c u r v e s  d e p i c t e d  a s  
s o l i d  l i n e s  r e l a t e  t h e  number of 300 by 300 f o o t  e lements  i n  t h e  f i e l d  
t o  t h e  p e r c e n t a g e  of t h e  f i e l d  a r e a  which i s  seen  i n  combinat ion w i t h  
p o r t i o n s  of a d j o i n i n g  f i e l d s .  It  i s  t h i s  a r e a  which would p robab ly  b e  
c l a s s i f i e d  i n c o r r e c t l y  and produce t h e  e r r o r s  i n  a r e a  computed. For  t h e  
110 a c r e  s q u a r e  f i e l d  d e s c r i b e d  b e f o r e ,  40 e lements  were t o t a l l y  w i t h i n  
t h e  f i e l d  and a 25% e r r o r  i n  t h e  d e t e r m i n a t i o n  of t h e  a r e a  of t h a t  f i e l d  
could  b e  expec ted .  A 51% e r r o r  i n  t h e  a r e a  of t h e  170 a c r e  r e c t a n g u l a r  
f i e l d  cou ld  b e  expec ted .  

Not on ly  a r e  t h e s e  e r r o r s  of s i g n i f i c a n t  s i z e ,  b u t  i f  one i s  consi -  
d e r i n g  c a r r y i n g  o u t  a g r i c u l t u r a l  s u r v e y s ,  t h e  f i e l d  s i z e s  c o n s i d e r e d  
above a r e  somewhat l a r g e r  t h a n  i s  t y p i c a l  i n  many a g r i c u l t u r a l  a r e a s .  
A s  shown i n  F i g u r e  4 l a r g e r  e r r o r s  would r e s u l t  f o r  s m a l l e r  f i e l d s .  



I n  o r d e r  t o  r educe  t h e  r e s t r i c t i o n s  on t h e  u t i l i t y  o f  r emote ly  sensed  
m u l t i s p e c t r a l  d a t a ,  p e r s o n n e l  of  t h e  Willow Run L a b o r a t o r i e s  have  been 
conduc t ing  t h e o r e t i c a l  s t u d i e s  t o  deve lop  s p e c i a l  p r o c e s s i n g  and informa- 
t i o n  e x t r a c t i o n  t e c h n i q u e s  which w i l l  e n a b l e  t h e  a c c u r a t e  and t i m e l y  
e s t i m a t i o n  o f  t h e  p r o p o r t i o n s  o f  o b j e c t s  and m a t e r i a l s  a p p e a r i n g  w i t h i n  
t h e  IFOV o f  a  remote m u l t i s p e c t r a l  s e n s i n g  d e v i c e .  

It i s  t h e  f a c t  t h a t  t h e  r a d i a t i o n  emanating from each s c e n e  e lement  
i s  d e t e c t e d  s i m u l t a n e o u s l y  i n  s e v e r a l  s p e c t r a l  bands which o f f e r s  t h e  
p o s s i b i l i t y  f o r  c l a s s i f y i n g  and e s t i m a t i n g  t h e  p r o p o r t i o n s  o f  s p a t i a l l y  
unreso lved  o b j e c t s .  The model t h a t  we have used t o  d e s c r i b e  t h e  s i g n a t u r e  
g e n e r a t e d  i n  v iewing a  m i x t u r e  o f  o b j e c t s  i s  a s  f o l l o w s :  

where t h e  s i g n a t u r e  o f  Type i m a t e r i a l  is  a  Gauss ian d i s t r i b u t i o n  w i t h  
mean A and c o v a r i a n c e  m a t r i x  M and t h e  p r o p o r t i o n  of Type i m a t e r i a l  i s  

i 
X .  

i 
i 

A s  l o n g  a s  t h e  r a d i a t i o n  s p e c t r a  g e n e r a t e d  by o b j e c t s  w i t h i n  t h e  I F O V  
a r e  l i n e a r l y  independen t ,  i . e . ,  a  unique r a d i a t i o n  spect rum r e s u l t s  f o r  
each  combinat ion of  o b j e c t s ,  a  s a t i s f a c t o r y  s o l u t i o n  w i l l  u s u a l l y  b e  
p o s s i b l e .  T h i s  r equ i rement  i s  somewhat more l i m i t i n g  t h a n  t h a t  imposed 
f o r  s t a n d a r d  r e c o g n i t i o n  p r o c e s s i n g .  I n  F i g u r e  5 we i l l u s t r a t e  two 
s e p a r a t e  p l o t s  o f  t h e  means and d i s t r i b u t i o n  c o n t o u r s  ( s i g n a t u r e s )  of  
t h r e e  o b j e c t s  as- s e e n  i n  two s p e c t r a l  bands .  I n  each  c a s e  t h e  s i g n a t u r e s  
of  t h e  t h r e e  o b j e c t s  a r e  s u f f i c i e n t l y  s e p a r a t e  s o  t h a t  i f  any one o f  them 
was viewed i n  i t s  p u r e  s t a t e  i t  cou ld  e a s i l y  and p r o p e r l y  b e  c l a s s i f i e d .  
For  t h e  c a s e  d e p i c t e d  i n  t h e  upper  p o r t i o n  o f  t h e  f i g u r e ,  combinat ions  o f  
t h e  t h r e e  o b j e c t s  would produce p o i n t s  g e n e r a l l y  f a l l i n g  w i t h i n  t h e  
t r i a n g l e  and u s i n g  t h e  s p e c i a l l y  developed t e c h n i q u e s  t h e  p r o p o r t i o n s  of  
t h e s e  o b j e c t s  cou ld  b e  determined.  The lower  p o r t i o n  o f  t h e  f i g u r e ,  how- 
e v e r ,  d e p i c t s  a  s i t u a t i o n  where t h e  pure  s i g n a t u r e  f o r  o b j e c t  A e x h i b i t s  
c h a r a c t e r i s t i c s  v e r y  s i m i l a r  t o  a  combinat ion o f  t h e  o t h e r  two o b j e c t s .  
I n  t h i s  c a s e  t h e  p r o p o r t i o n s  of  a  m i x t u r e  o f  t h e s e  o b j e c t s  cou ld  n o t  b e  
a c c u r a t e l y  de te rmined .  Although a l l  p o s s i b l e  s e t s  of  o b j e c t s  and m a t e r i a l s  
of  i n t e r e s t  may n o t  meet t h e  requ i rements  f o r  l i n e a r  independence,  i t  i s  
b e l i e v e d  t h a t  t h e  requ i rements  a r e  met o f t e n  enough t o  make t h e  s o l u t i o n s  
now b e i n g  i n v e s t i g a t e d  p o t e n t i a l l y  v e r y  u s e f u l .  

During t h e  l a s t  y e a r  o u r  p r imary  e f f o r t s  have been d i r e c t e d  towards  
s e a r c h i n g  f o r  computa t iona l  a l g o r i t h m s  which could  b o t h  e f f i c i e n t l y  and 
a c c u r a t e l y  e s t i m a t e  t h e  p r o p o r t i o n s  of  m i x t u r e s  of  o b j e c t s .  Three  
p o t e n t i a l l y  u s e f u l  a l g o r i t h m s  were  l o c a t e d ,  implemented v i a  d i g i t a l  



computer programs, and t e s t e d .  I n  o r d e r  t o  p r o v i d e  t h e  c o n t r o l  n e c e s s a r y  
f o r  t h e  p r o p e r  t e s t i n g  o f  t h e s e  a l g o r i t h m s  a l l  t e s t s  were c a r r i e d  o u t  
u s i n g  a r t i f i c i a l l y  g e n e r a t e d  m i x t u r e s .  I n  some c a s e s  t h e  p u r e  s i g n a t u r e s  
used t o  g e n e r a t e  t h e  a r t i f i c i a l  m i x t u r e s  were e x t r a c t e d  from d a t a  g a t h e r e d  
by The U n i v e r s i t y  of Michigan m u l t i s p e c t r a l  s c a n n e r  w h i l e  i n  o t h e r  s i t u a -  
t i o n s  t o t a l l y  a r t i f i c i a l  s i g n a t u r e  s e t s  were c o n s t r u c t e d .  

The l a t t e r  was t h e  c a s e  when t e s t s  were run  t o  compare t h e  p r o c e s s i n g  
t ime  of t h e  t h r e e  computa t iona l  methods a s  a  f u n c t i o n  o f  t h e  number of 
s i g n a t u r e s  employed. Here t h e  pure  s i g n a t u r e s  were  a r r a n g e d  t o  form a  
symmetric s e t  e x h i b i t i n g  i d e n t i t y  c o v a r i a n c e  m a t r i c e s  and s e p a r a t e d  from 
each o t h e r  by a  u n i t  d i s t a n c e .  Two sets of  100 d a t a  p o i n t s  were  g e n e r a t e d .  
One set was d i s t r i b u t e d  normal ly  about t h e  c e n t r o i d  o f  t h e  s i g n a t u r e s  ( t h e  
e q u a l  p r o p o r t i o n  s i t u a t i o n )  w h i l e  t h e  o t h e r  s e t  was s i m i l a r l y  d i s t r i b u t e d  
about  one of t h e  s i g n a t u r e  means. 

I n  F i g u r e  6  we s e e  t h a t  t h e  computat ion t i m e  i s  a  f u n c t i o n  of t h e  
l o c a t i o n  o f  t h e  d a t a  p o i n t s  w i t h  r e s p e c t  t o  t h e  p u r e  s i g n a t u r e s  f o r  a l l  
t h r e e  methods cons idered .  For two of t h e  t h r e e  methods ( t h e  F and t h e  C 
methods) t h e  computat ion t ime  r e q u i r e d  f o r  d a t a  p o i n t s  a t  o r  n e a r  t h e  
c e n t r o i d  exceeds  t h a t  f o r  p o i n t s  a t  o r  n e a r  t h e  v e r t e x .  The o p p o s i t e  i s  
t r u e  f o r  t h e  T  method. These d i f f e r e n c e s  a r e  a  r e s u l t  of d i f f e r e n c e s  i n  
t h e  manner i n  which p r o p o r t i o n s  a r e  e s t i m a t e d  i n  each method. 

It  i s  c l e a r  t h a t  a s  t h e  number o f  s i g n a t u r e s  i n c r e a s e s  t h e  computa- 
t i o n  t i m e  a l s o  i n c r e a s e s .  The b e s t  o v e r a l l  method seems t o  b e  t h e  C 
method. However, f o r  s m a l l  numbers of s i g n a t u r e s  and d a t a  p o i n t s  n e a r  
t h e  c e n t r o i d  t h e  T  method would do j u s t  a s  w e l l .  A s  i l l u s t r a t e d  i n  
F i g u r e  6 ,  t h e  computat ion of p r o p o r t i o n s  f o r  each  d a t a  p o i n t  i s  a  
r e l a t i v e l y  t ime  consuming t a s k .  The t ime  r e q u i r e d  i s  approx imate ly  an  
o r d e r  o f  magnitude g r e a t e r  t h a n  s t a n d a r d  p r o c e s s i n g  and f o u r  o r d e r s  o f  
magnitude g r e a t e r  t h a n  d a t a  c o l l e c t i o n .  Some r e d u c t i o n s  i n  p r o c e s s i n g  
t ime  could  b e  ach ieved  by u t i l i z i n g  l a r g e r  and more up t o  d a t e  computer 
f a c i l i t i e s  b u t  s t i l l  t h e  t i m e  r e q u i r e d  would b e  s i g n i f i c a n t .  

I n  many a p p l i c a t i o n s ,  p r o p o r t i o n s  f o r  each d a t a  p o i n t  may n o t  b e  
r e q u i r e d .  For  t h e s e  c a s e s  a r e d u c t i o n  i n  computat ion t ime  can b e  ach ieved  
by a v e r a g i n g  many d a t a  p o i n t s  and t h e n  c a r r y i n g  o u t  a  s i n g l e  computat ion 
of t h e  p r o p o r t i o n s  of t h e  o b j e c t s  a p p e a r i n g  i n  t h e  e n t i r e  r e g i o n  which 
was averaged.  T h i s  approach i s  n o t  on ly  much f a s t e r  b u t  i t  a l s o  p r o v i d e s  
t h e  p o s s i b i l i t y  f o r  improved accuracy .  Improved accuracy  might  r e s u l t  
s i n c e  a v e r a g i n g  would reduce  t h e  e f f e c t  of t h e  v a r i a b i l i t y  of s e n s o r  
s i g n a l s  due t o  t h e  n a t u r a l  v a r i a t i o n  of t h e  r a d i a t i o n  r e c e i v e d  from any 
o b j e c t  c l a s s  i n  t h e  scene .  I n  a d d i t i o n ,  t h e  e f f e c t s  o f  random n o i s e  
would b e  reduced.  



I n  o r d e r  t o  t e s t  t h e  a v e r a g i n g  approach,  s i g n a t u r e s  f o r  b a r e  s o i l ,  
weeds, a l f a l f a ,  and b a r l e y  were  e x t r a c t e d  from m u l t i s p e c t r a l  s c a n n e r  d a t a  
g a t h e r e d  by The U n i v e r s i t y  of  Michigan.  A t o t a l  o f  400 d a t a  p o i n t s  were  
g e n e r a t e d  w i t h  each set of 100 b e i n g  normal ly  d i s t r i b u t e d  about  t h e  mean 
of  a r t i f i c i a l  m i x t u r e s  i n d i c a t e d  i n  columns 2-5 of Tab le  I. These 400 
d a t a  p o i n t s  were averaged and an e s t i m a t e  o f  t h e  p r o p o r t i o n s  f o r  t h e  
s i n g l e  average  d a t a  p o i n t  was computed. The r e s u l t s  of t h e  computat ion 
a r e  g i v e n  i n  column 7 .  Upon comparison w i t h  t h e  average  of t h e  s p e c i f i e d  
p r o p o r t i o n s  shown i n  column 6 i t  i s  obv ious  t h a t  t h e  e s t i m a t e d  p r o p o r t i o n s  
a r e  q u i t e  a c c u r a t e ,  e x h i b i t i n g  a  maximum e r r o r  o f  1 .5%.  

We a r e  now p r e p a r i n g  t o  a p p l y  t h e s e  p r o p o r t i o n  e s t i m a t i o n  t e c h n i q u e s  
t o  r e a l  d a t a  t o  i d e n t i f y  any unforeseen  problems which may a r i s e  i n  
o p e r a t i n g  on r e a l  d a t a  s e t s ,  t o  r e f i n e  o r  modify t h e  approach t o  overcome 
t h e s e  problems, and t o  p r o v i d e  a  more r e a l i s t i c  demons t ra t ion  o f  t h e  
p o t e n t i a l  of  t h e s e  t e c h n i q u e s .  



TABLE I. TEST OF AVERAGING APPROACH TO ESTIMATE 
PROPORTIONS 

(Artificial Mixtures) 

ERROR 

0 009 

0 005 

0 015 

0 011 

AVE SPECIFIED 
PROPORTIONS 

400 PTS 

0 225 

0 325 

0 225 

0 225 

SPECIFIED 
PROPORTIONS 

100 PTS 

0 20 

(1 35 

0 30 

0 15 

ESTIMATED 
PROPORTIONS 

0 234 

0 320 

0 210 

0 236 

SPECIFIED 
PROPORTIONS 

100 PTS 

0 10 

'I 50 - 
0 0 
--a. 

0 20 

r 

MATERIAL 

BARE SOIL 

WEF DS --- 

SPECIFIED 
PROPORTIONS 

100 PTS 

0 25 

u 25 -- -- 

SPECIFIED 
PROPORTIONS 

100 PTS 

0 35  

0 20 

ALF\LFA 1 . 2 5  

BARLEY I 0 25 

0 15 

0 30 







Checkerboard Scene 

Reconstructed Scene Reconstructed Scene 
Optical Resolution Equals Optical Resolution Equals 

One Half Checkerboard Checkerboard Cell  Size 
Cell  Size (Worst Case)  (Worst Case)  

FIGURE 3 .  EFFECT O F  SAMPLING AND RECONSTRUCT- 
ING A SCENE WITH OPTICAL RESOLUTION APPROACH- 

ING THE SCENE STRUCTURE SIZE 
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(a) Signature Simplex with Unit Contour 
Ellipsoids 

(b) Nearly Degenerate Signature Configuration 

FIGURE 5. GEOMETRIC CONFIGURATION FOR THREE SIGNATURES 
AND TWO CHANNELS 
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