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INTRODUCTION 

T h i s  paper  summarizes some of t h e  work d u r i n g  1971  a t  t h e  Willow Run 
L a b o r a t o r i e s  t h a t  h a s  been d i r e c t e d  toward f o u r  i n f o r m a t i o n  e x t r a c t i o n  
problems: (1) s i g n a t u r e  e x t e n s i o n  f o r  improved r e c o g n i t i o n  p r o c e s s i n g  
over  l a r g e  a r e a s ,  (2)  t h e  c h o i c e  of d e n s i t y  f u n c t i o n s  f o r  r e c o g n i t i o n  
d e c i s i o n  r u l e s ,  (3)  channe l  s e l e c t i o n  f o r  c o s t  r e d u c t i o n ,  and (4) r a d i a -  
t i o n  b a l a n c e  mapping f o r  i n t e r p r e t a t i o n  of wide-spectrum s c a n n e r  d a t a .  
The d e t a i l s  of t h e s e  s t u d i e s  are r e p o r t e d  i n  Refe rences  1 and 2 .  

S i g n a t u r e  e x t e n s i o n  a n d - c o s t  r e d u c t i o n  a r e  problems t h a t  must b e  
s o l v e d  i f  t h e  promise  of l a r g e - a r e a  s u r v e y s  of E a r t h  r e s o u r c e s  and man's 
impact  on h i s  environment a r e  t o  b e  r e a l i z e d .  The t e c h n i q u e s  p r e s e n t l y  
i n  u s e  a r e  l i m i t e d  i n  t h e i r  a b i l i t y  t o  p r o v i d e  r e c o g n i t i o n  and o t h e r  i n f o r -  
mat ion e x t r a c t i o n  w i t h  s u f f i c i e n t  a c c u r a c y ,  t i m e l i n e s s ,  and c o s t  e f f e c t i v e -  
n e s s  t o  make o p e r a t i o n a l  u s e s  a  p r a c t i c a l  r e a l i t y .  These t e c h n i q u e s  shou ld  
b e  improved and r e f i n e d  f o r  u s e  on d a t a  from b o t h  a i r c r a f t  and s p a c e c r a f t .  

A two-pronged approach i s  be ing  fo l lowed  i n  t h e  development of t ech-  
n i q u e s  t o  overcome t h e  d e g r a d a t i o n  of r e c o g n i t i o n  accuracy  t h a t  o c c u r s  
because  s y s t e m a t i c  v a r i a t i o n s  i n  s c a n n e r ' d a t a  cause  t h e  s i g n a t u r e s  o b t a i n e d  
from t r a i n i n g  a r e a s  t o  b e  d i f f e r e n t  from d a t a  c o l l e c t e d  f a r t h e r  i n  t ime  
and /or  s p a c e  from t h e  t r a i n i n g  a r e a s .  The f i r s t  i s  a  t h e o r e t i c a l  approach 
t o  examine t h e  s o u r c e s  of v a r i a t i o n  i n  scanner  d a t a  and g a i n  i n s i g h t  f o r  
improved t echn iques  by t h e  s i m u l a t i o n  of scanner  r a d i a n c e  s i g n a l s .  The 
second i s  a  more e m p i r i c a l  approach f o r  t h e  development of p r e p r o c e s s i n g  - 
t e c h n i q u e s  t o  remove s y s t e m a t i c  e f f e c t s  from scanner  d a t a  s o  t h a t  l a r g e  
a r e a s  can  be surveyed a c c u r a t e l y  w i t h  a  minimum of g round- t ru th  i n f o r m a t i o n .  

P r e p r o c e s s i n g  h a s  been under  development a t  Michigan a s  one method f o r  
removing s y s t e m a t i c  e f f e c t s  from scanner  d a t a  b e f o r e  r e c o g n i t i o n  p r o c e s s i n g  
( F i g .  1 ) .  During l a s t  y e a r ' s  meet ing,  M r .  L e g a u l t  d i s c u s s e d  some of t h e  
methods t h a t  we have e x p l o r e d  [ 3 ] .  These i n c l u d e  t h e  t r a n s f o r m a t i o n  of 
d a t a  (such a s  by r a t i o i n g  s i g n a l s ) ,  t h e  u s e  of d a t a  from a  sky s e n s o r  on 



t h e  a i r c r a f t ,  and t h e  u s e  of in - scene  r e f e r e n c e  a r e a s  t o  develop c o r r e c t i o n s  
f o r  s i g n a t u r e  e x t e n s i o n .  A t  Michigan,  p r e p r o c e s s i n g  was used d u r i n g  1971 
i n  t h e  p r o c e s s i n g  and a n a l y s i s  of Corn B l i g h t  d a t a  141 and i n  d a t a  p rocess -  
i n g  t a s k s  f o r  v a r i o u s  u s e r s  [ 5 ] .  I n  t h i s  p a p e r ,  a  g e n e r a l i z e d  p r e p r o c e s s i n g  
t e c h n i q u e  t h a t  h a s  been developed and t e s t e d  d u r i n g  1971 i s  d i s c u s s e d  [ 1 , 6 ] .  

M u l t i s p e c t r a l  r e c o g n i t i o n  d e c i s i o n  r u l e s  u s e  l i k e l i h o o d  f u n c t i o n s  of 
t h e  v a r i o u s  m a t e r i a l  c l a s s e s .  Our second a r e a  was an  i n v e s t i g a t i o n  i n t o  
t h e  s u i t a b i l i t y  of t h e  normal (Gaussian)  l i k e l i h o o d  f u n c t i o n s  f o r  t h e s e  de- 
c i s i o n  r u l e s  a s  opposed t o  e m p i r i c a l  l i k e l i h o o d  funct i 'ons .  

I n  t h e  t h i r d  problem a r e a ,  c o s t  r e d u c t i o n ,  we improved our  p rocedures  
f o r  s e l e c t i n g  a  s u b s e t  of channe l s  o r  f e a t u r e s  f o r  u s e  i n  t h e  r e c o g n i t i o n  
p r o c e s s o r .  Our d i g i t a l  channe l  s e l e c t i o n  p rocedures  u s e  a  c r i t e r i o n  t h a t  
can b e  fo rmula ted  a s  a n  a v e r a g e  p r o b a b i l i t y  of m i s c l a s s i f i c a t i o n ,  a  q u a n t i t y  
w i t h  d i r e c t  p h y s i c a l  i n t e r p r e t a t i o n .  Our most e x a c t  p rocedure  is  t ime  con- 
suming and t h i s  n e g a t e s  some of t h e  c o s t  advan tage  ga ined  by reduc ing  t h e  
number of p r o c e s s i n g  c h a n n e l s .  However, w e  have r e c e n t l y  developed a much 
f a s t e r  method by making u s e  of a  l i n e a r  approx imat ion  i n  our  c a l c u l a t i o n s .  

I n  t h e  f o u r t h  a r e a ,  we endeavor t o  u s e  t h e  f u l l  spectrum of s c a n n e r s  
f o r  i n t e r p r e t a t i o n  a s p e c t s  of m u l t i s p e c t r a l  remote s e n s i n g .  Energy budge t s  
are of i n t e r e s t  i n  many s t u d i e s  of n a t u r a l  and a g r i c u l t u r a l  a r e a s ,  and they  
a l s o  a r e  be ing  used i n c r e a s i n g l y  i n  u rban  s t u d i e s .  S i n c e  n e t  r a d i a t i o n  i s  
t h e  most i m p o r t a n t  component of a n  energy budget  and t h e  s c a n n e r  measures 
t h e  a p p a r e n t  ou tgo ing  r a d i a t i o n ,  p rocedures  f o r  producing maps of t h e  ou t -  
going r a d i a t i o n ,  and t h e  n e t  r a d i a t i o n  o r  r a d i a t i o n  b a l a n c e  were developed 
and a p p l i e d .  

EXAMINATION OF SYSTEMATIC VARIATIONS BY SIMULATION 

F i g u r e  2 l i s t s  some s o u r c e s  of v a r i a t i o n  i n  m u l t i s p e c t r a l  s c a n n e r  s i g -  
n a l s  t h a t  a r e  a s s o c i a t e d  w i t h  c o n d i t i o n s  of measurement (such a s  a tmospher ic  
haze  and t h e  p o s i t i o n  of t h e  sun)  and paramete rs  of measurement ( such  a s  
t h e  s c a n  geometry and t h e  s e n s o r  c h a r a c t e r i s t i c s ) .  Although n o t  l i s t e d ,  
t h e r e  a l s o  a r e  v a r i a t i o n s  a s s o c i a t e d  w i t h  t h e  c h a r a c t e r i s t i c s  of t h e  s u r f a c e  
m a t e r i a l s  be ing  observed ,  such  a s  inhomogene i t i e s  and b i d i r e c t i o n a l  r e f l e c -  
t a n c e  c h a r a c t e r i s t i c s .  While b o t h  s y s t e m a t i c  and random v a r i a t i o n s  a r e  
l i s t e d ,  t h e  s y s t e m a t i c  v a r i a t i o n s  are t h e  ones t h a t  most s e r i o u s l y  reduce  
t h e  r e c o g n i t i o n  accuracy  away from t h e  t r a i n i n g  a r e a s .  

L a s t  y e a r ,  a  t h e o r e t i c a l  r a d i a t i v e  t r a n s f e r  model was developed a t  
Michigan t o  s i m u l a t e  m u l t i s p e c t r a l  s c a n n e r  s i g n a l s  [ 7 ] .  T h i s  model charac-  
t e r i z e s  t h e  s p a t i a l  and s p e c t r a l  d i s t r i b u t i o n  of r a d i a t i o n  i n  E a r t h ' s  atmo- 
s p h e r e  a s  a  f u n c t i o n  of s e v e r a l  pa ramete rs  and c o n d i t i o n s  of measurement. 
During t h e  p a s t  y e a r ,  t h e  model was improved, ex tended ,  and used t o  simu- 
l a t e  scanner  r a d i a n c e  s i g n a l s  and o t h e r  r a d i o m e t r i c  q u a n t i t i e s  and t h e i r  
s y s t e m a t i c  v a r i a t i o n s  under  a  wide v a r i e t y  of c o n d i t i o n s  [ 1 , 8 ]  . 



One of t h e  major  improvements made i n  t h e  model was t h e  i n c o r p o r a t i o n  
of t i m e  a s  an independent  pa ramete r  which a l l o w s  u s  t o  s i m u l a t e  temporal  
v a r i a t i o n s  t h a t  would be  p r e s e n t  i n  a r e a  su rvey  d a t a .  Another i s  t h e  u s e  
of e x a c t  s c a t t e r i n g  phase  f u n c t i o n s  i n  our  c a l c u l a t i o n  p rocedure  which h a s  
i n c r e a s e d  t h e  accuracy  t o  t h e  p o i n t  where our  c a l c u l a t i o n s  a g r e e  w e l l  w i t h  
measurements of sky r a d i a n c e  and w i t h  t h e o r e t i c a l l y  e x a c t  c a l c u l a t i o n s  based 
on Chandrasekhar ' s  t h e o r y .  

The n e x t  n i n e  f i g u r e s  p r e s e n t  g raphs  t h a t  a r e  r e p r e s e n t a t i v e  of t h e  
mode l ' s  ouput  and i l l u s t r a t e  t h e  s o u r c e s  of s y s t e m a t i c  v a r i a t i o n  i n  scanner  
d a t a .  F i g u r e  3 shows t h e  dependence of t r a n s m i t t a n c e  on s c a n  a n g l e  f o r  
f o u r  d i f f e r e n t  v i s u a l  r a n g e s .  V=2 Ian cor responds  t o  a dense  haze  and V=23 km 
r e p r e s e n t s  a  normal c l e a r  day ( b o r d e r i n g  on a  l i g h t  h a z e ) .  The a i r b o r n e  
s c a n n e r s  g e n e r a l l y  c o l l e c t  d a t a  a t  s c a n  a n g l e s  of +45" o r  s m a l l e r ,  and i t  
i s  c l e a r  t h a t  t h e  p a t h  t r a n s m i t t a n c e  f o r  t h e s e  a n g l e s  v a r i e s  s u b s t a n t i a l l y .  
The t r a n s m i t t a n c e  and a l l  o t h e r  q u a n t i t i e s  depend on t h e  a l t i t u d e  of t h e  
o b s e r v e r ,  and t h e  d a t a  i n  t h i s  f i g u r e  a r e  f o r  a n  a l t i t u d e  of 3 km. While 
a l l  of t h e  d a t a  p r e s e n t e d  h e r e i n  a r e  foq  a i r c r a f t  a l t i t u d e s ,  t h e  model a l s o  
can be  used t o  s i m u l a t e  d a t a  c o l l e c t e d  from s p a c e c r a f t .  

I r r a d i a n c e  is  a n o t h e r  q u a n t i t y  of i n t e r e s t .  F i g u r e  4 shows t h e  spec t rum 
of t h e  i r r a d i a n c e  t h a t  would b e  d e t e c t e d  by a  sky  s e n s o r  on an  a i r c r a f t  f l y -  
i n g  a t  a n  a l t i t u d e  of 1 km. Note t h e  i n c r e a s e  i n  l e v e l s  f o r  t h e  hazy condi-  
t i o n ,  t h a t  i s ,  f o r  s h o r t  v i s u a l  r a n g e s .  I n f o r m a t i o n  of t h i s  s o r t  i s  of 
v a l u e  i n  u s i n g  t h e  sky s e n s o r  s i g n a l s  f o r  s i g n a t u r e  e x t e n s i o n .  

Next c o n s i d e r  t h e  downlooking s c a n n e r .  Not a l l  t h e  r a d i a t i o n  t h a t  
r e a c h e s  t h e  s c a n n e r  o r i g i n a t e s  a t  t h e  s u r f a c e  e lement  b e i n g  viewed. There  
i s  a q u a n t i t y  c a l l e d  p a t h  r a d i a n c e ,  which i s  e x t r a n e o u s  r a d i a t i o n  t h a t  i s  
s c a t t e r e d  i n t o  t h e  f i e l d  of v iew by t h e  atmosphere.  

F i g u r e  5 shows t h a t  p a t h  r a d i a n c e  depends s t r o n g l y  on v i s u a l  r a n g e  and 
wavelength .  The wavelength  dependence i s  much d i f f e r e n t  t h a n  t h a t  f o r  t h e  
i r r a d i a n c e  shown i n  F i g u r e  4 .  The r e a s o n  f o r  t h i s  d i f f e r e n c e  is  t h a t  p a t h  
r a d i a n c e  depends on t h e  r e f l e c t a n c e  spectrum of t h e  m a t e r i a l  be ing  viewed. 
I n  t h i s  i n s t a n c e ,  t h e  spectrum i s  t h a t  of g r e e n  v e g e t a t i o n .  

P a t h  r a d i a n c e  a l s o  depends on t h e  n a d i r  s c a n  a n g l e  and t h e  l o c a t i o n  of 
t h e  sun .  F i g u r e  6 shows t h e  scan-angle  dependence of p a t h  r a d i a n c e  f o r  
t h r e e  d i f f e r e n t  s u n  p o s i t i o n s  on a  v e r y  hazy day.  The s c a n  p l a n e  i n c l u d e s  
t h e  s u n ,  and one  r e a d i l y  can s e e  t h e  c h a r a c t e r i s t i c  peak i n  b a c k s c a t t e r e d  
r a d i a n c e  a t  t h e  a n t i s o l a r  a n g l e .  When t h e  s c a n  p l a n e  does  n o t  i n c l u d e  t h e  
s u n ,  t h e  p a t h  r a d i a n c e  i s  a much more symmetric f u n c t i o n  of s c a n  a n g l e .  
F i g u r e  7 shows how p a t h  r a d i a n c e  would v a r y  th roughout  one day i f  t h e  a i r -  
c r a f t  were  f l y i n g  E a s t  o r  West a t  an  a l t i t u d e  of 1 km on a  medium hazy day.  
The s c a n  is  i n  t h e  North-South p l a n e .  Note t h e  i n c r e a s e  and d e c r e a s e  of t h e  
r a d i a n c e  a t  any g i v e n  s c a n  a n g l e  a s  t h e  t ime  changes throughout  t h e  day .  
Also n o t e  t h e  i n c r e a s e  i n  p a t h  r a d i a n c e  a t  noon when t h e  sun  moves i n t o  t h e  
s c a n  p l a n e .  T h i s  t y p e  of i n f o r m a t i o n  i s  u s e f u l  f o r  p l a n n i n g  f l i g h t  l i n e s .  



A scanner  measures  t h e  t o t a l  r a d i a n c e  from t h e  view d i r e c t i o n ;  t h u s ,  
t h e  a tmospher ic  e f f e c t s  of p a t h  r a d i a n c e  and t r a n s m i t t a n c e  a r e  b o t h  p r e s e n t  
i n  i t s  s i g n a l s .  F i g u r e  8 s i m u l a t e s  t h e  t o t a l  r a d i a n c e  t h a t  would b e  r e c e i v e d  
by t h e  s c a n e r  from a  d i f f u s e l y  r e f l e c t i n g  s u r f a c e  w i t h  t h e  r e f l e c t a n c e  
spectrum of g r e e n  v e g e t a t i o n .  A comparison of F i g u r e s  7 and 8 shows t h a t  
t h e  p a t h  r a d i a n c e  i s  a  s u b s t a n t i a l  component of t h e  t o t a l  r e c e i v e d  r a d i a n c e .  
Both f i g u r e s  show t h e  l a r g e  and s y s t e m a t i c  changes i n  s i g n a l  l e v e l  t h a t  a r e  
a s s o c i a t e d  w i t h  t ime of day ,  t h a t  i s ,  w i t h  sun  p o s i t i o n ,  

Now, l e t  u s  examine t h e  s c a n  a n g l e  dependence more c l o s e l y .  F i g u r e  9 
p r e s e n t s  a  comparison between e x p e r i m e n t a l  measurements of sky r a d i a n c e  and 
c a l c u l a t e d  v a l u e s  f o r  t h r e e  d i f f e r e n t  s u r f a c e  a l b e d o s ,  Note t h e  e x c e l l e n t  
agreement between t h e  shapes  of t h e  e x p e r i m e n t a l  and t h e  c a l c u l a t e d  c u r v e s  
of sky r a d i a n c e .  W e  a l s o  compared t o t a l  r a d i a n c e  c a l c u l a t e d  w i t h  t h e  model 
and t o t a l  r a d i a n c e  measured by our  s c a n n e r  f o r  s e v e r a l  f i e l d s  of soybeans .  
The d a t a  a r e  p r e s e n t e d  i n  F i g u r e  10.  One immediate ly  n o t e s  t h e  d i f f e r e n c e  
i n  a n g u l a r  response .  We b e l i e v e  t h a t  much of t h i s  d i f f e r e n c e  i s  due t o  t h e  
s u r f a c e  r e f l e c t a n c e  c h a r a c t e r i s t i c s .  The s i m u l a t i o n  model assumed a  p e r -  
f e c t l y  d i f f u s e ,  o r  Lambert ian ,  s u r f a c e ,  whereas r e s u l t s  p r e s e n t e d  i n  t h i s  
volume on r e f l e c t a n c e  modeling of corn  [ 9 ]  and r e s u l t s  of o t h e r  i n v e s t i g a -  
t o r s  show t h a t  a g r i c u l t u r a l  c r o p s ,  l i k e  soybeans ,  do have d e f i n i t e  b i d i r e c -  
t i o n a l  r e f l e c t a n c e  c h a r a c t e r i s t i c s .  W e  a r e  p r e s e n t l y  modifying our  model 
t o  i n c l u d e  such r e f l e c t a n c e s .  

To complete  t h i s  p a r t  of t h e  d i s c u s s i o n ,  two graphs  t h a t  d e p i c t  i n t e r -  
dependencies  of r a d i a t i o n  q u a n t i t i e s  a s  f u n c t i o n s  of t ime of day a r e  pre-  
s e n t e d .  F i g u r e  11 p r e s e n t s  t h e  r a t i o  of t h e  t o t a l  downward i r r a d i a n c e  a t  
an  a l t i t u d e  of 5 km t o  t h e  t o t a l  i r r a d i a n c e  a t  t h e  E a r t h ' s  s u r f a c e ,  We s e e  
t h a t  t h e  i r r a d i a n c e  a t  t h e  a i r c r a f t  i s  s l i g h t l y  g r e a t e r  t h a n  on t h e  ground,  
and becomes more s o  w i t h  an  i n c r e a s e  i n  haze  below t h e  a i r c r a f t .  There  i s  
r e l a t i v e l y  l i t t l e  change i n  t h e  r a t i o  f o r  two hours  e i t h e r  s i d e  of s o l a r  
noon when c o n d i t i o n s  a r e  c l e a r  (V=23 km), b u t  t h e  t ime  dependence f o r  t h a t  
i n t e r v a l  i n c r e a s e s  f o r  s h o r t e r  v i s u a l  r a n g e s .  I n ' a l l  c a s e s ,  t h e r e  i s  s t r o n g  
t i m e  dependence d u r i n g  e a r l y  morning and l a t e  a f t e r n o o n  h o u r s .  T h i s  t y p e  
of i n f o r m a t i o n  can  b e  h e l p f u l  i n  u s i n g  sky s e n s o r  s i g n a l s  f o r  s i g n a t u r e  
e x t e n s i o n .  

The second in te rdependence ,  p r e s e n t e d  i n  F i g u r e  1 2 ,  i s  t h e  r a t i o  of 
p a t h  r a d i a n c e  t o  t o t a l  r a d i a n c e .  These c u r v e s  c l e a r l y  show t h a t  p a t h  r a d i -  
ance i s  a  l a r g e  f r a c t i o n  of t h e  t o t a l  r a d i a n c e ,  e s p e c i a l l y  f o r  v e r y  hazy 
c o n d i t i o n s .  T h e ' i m p o r t a n t  p o i n t  of F i g u r e  12 i s  t h a t ,  f o r  r e a s o n a b l y  c l e a r  
d a y s ,  t h e  r a t i o  of p a t h  r a d i a n c e  t o  t o t a l  r a d i a n c e  i s  e s s e n t i a l l y  c o n s t a n t  
f o r  s e v e r a l  h o u r s  a t  mid-day f o r  a  g i v e n  a tmospher ic  c o n d i t i o n  and a f i x e d  
s u r f a c e  a lbedo .  T h i s  f a c t  shou,ld b e  of v a l u e  i n  t h e  development of tech-  
n i q u e s  t o  remove a tmospher ic  e f f e c t s  from d a t a .  It i s  worth  n o t i n g  t h a t  
t h e  d i f f e r e n c e  between a tmospher ic  e f f e c t s  a t  an  a l t i t u d e  of 5 km and a t  
low a l t i t u d e  i s  g r e a t e r  t h a n  between 5 km and space  a l t i t u d e s .  



TECHNIQUES FOR OVERCOMING SYSTEMATIC VARIATIONS 

The s imple  p h y s i c a l  model t h a t  h a s  been used i n  our  a n a l y s i s  i s  a s  
f o l l o w s :  

where L i s  t h e  r a d i a n c e  s i g n a l ,  
i d e n o t e s  t h e  c l a s s  of ground cover  b e i n g  scanned,  
j  deno tes  t h e  s p e c t r a l  channe l ,  
0 i s  a  v e c t o r  t h a t  d e s c r i b e s  t h e  pa ramete rs  and c o n d i t i o n s  of t h e  

measurement, 
' i s  t h e  b i d i r e c t i o n a l  r e f l e c t a n c e  of t h e  s u r f a c e  ( f o r  a  d i f f u s e  

' i j  
s u r f a c e ,  P i j  ' - - P i j  17 ,  where p i s  t h e  d i f f u s e  o r  d i r e c t i o n a l  

i j 
r e f l e c t a n c e )  , 

E .  i s  t h e  i r r a d i a n c e  i n  channe l  j ,  
J 

T.  i s  t h e  cor responding  a tmospher ic  t r a n s m i t t a n c e ,  
J 

L  i s  t h e  p a t h  r a d i a n c e  . i n  channe l  j ,  and 
p j  

L i s  t h e  n o i s e - e q u i v a l e n t  r a d i a n c e  i n  channe l  j .  
n  j  

Equa t ion  (1) h a s  e x a c t  p h y s i c a l  meaning on ly  when t h e  r e f l e c t a n c e  of t h e  
s u r f a c e  i s  d i f f u s e  and ,  consequen t ly ,  h a s  no a n g u l a r  dependence.  However, 
f o r  p r e p r o c e s s i n g ,  one can d e f i n e  a  g e n e r a l i z a t i o n  i n  which a n g u l a r  depen- 
dence i s  a l lowed .  

A s  can  be  s e e n  i n  Equa t ion  ( I ) ,  t h e  atmosphere c o n t r i b u t e s  b o t h  an  
a d d i t i v e  term,  L  , t h e  p a t h  r a d i a n c e ,  and a  m u l t i p l i c a t i v e  t e r m ,  T ,- t h e  
t r a n s m i t t a n c e .  From t h i s ,  we conclude t h a t ,  i n  g e n e r a l ,  a p r e p r o c e s s i n g  
t r a n s f o r m a t i o n  shou ld  i n c l u d e  b o t h  a d d i t i v e  and m u l t i p l i c a t i v e  c o r r e c t i o n  
f u n c t i o n s .  Our g e n e r a l  p r e p r o c e s s i n g  t r a n s f o r m a t i o n ,  c a l l e d  t h e  U-V t r a n s -  
f o r m a t i o n ,  meets  t h i s  r equ i rement .  

The o p e r a t i n g  p r i n c i p l e  of t h i s  t r a n s f o r m a t i o n  i s  one of a d j u s t i n g  a 
s i g n a l ,  L(0) t o  L(9 ) ,  t h e  v a l u e  i t  would have had ,  had i t  been measured 

0 under  a  r e f e r e n c e  s e t  of c o n d i t i o n s  r e p r e s e n t e d  by i3 . That  i s ,  
0 

where L(O ) i s  t h e  r a d i a n c e  a t  r e f e r e n c e  c o n d i t i o n ,  
0 

0 i s  a  v e c t o r  q u a n t i t y  t h a t  d e n o t e s  c o n d i t i o n s  and paramete rs  
of measurement, and 

U(8) and V(8) a r e  c o r r e c t i o n  f u n c t i o n s  t h a t  a r e  independen t  of t h e  
m a t e r i a l  c l a s s e s .  



C l e a r l y ,  V(0) is  t h e  a d d i t i v e  c o r r e c t i o n  f u n c t i o n  and U(0) is t h e  m u l t i -  
p l i c a t i v e  one.  

There  are s e v e r a l  s y s t e m a t i c  o r  d e t e r m i n i s t i c  e f f e c t s  f o r  which t h e  
t echn ique  p o t e n t i a l l y  can c o r r e c t ;  t h e s e  i n c l u d e  s c a n  a n g l e  e f f e c t s ,  i l l u -  
m i n a t i o n  changes a long  t h e  f l i g h t  l i n e ,  c loud  shadows, a l t i t u d e  e f f e c t s ,  
and day-to-day changes i n  c o n d i t i o n s .  We w i l l  d i s c u s s  and show examples 
of c o r r e c t i o n s  o n l y  f o r  s c a n  a n g l e  e f f e c t s  and a l t i t u d e  e f f e c t s .  

The c o r r e c t i o n  f u n c t i o n s ,  U(.8) and !!(€I), can be determined e i t h e r  from 
t h e  d a t a  o r  from model c a l c u l a t i o n s .  The s i m p l e s t  e m p i r i c a l  p rocedure  f o r  
s c a n  a n g l e  c o r r e c t i o n  i s  t o  s e l e c t  two r e l a t i v e l y  uniform f i e l d s  of d i f f e r -  
e n t  r e f l e c t a n c e  t h a t  ex tend  over  a  common r a n g e  of s c a n  a n g l e s .  The s o l u -  
t i o n  of s imul taneous  e q u a t i o n s  y i e l d s  t h e  U and V f u n c t i o n s ,  More g e n e r a l  
ways have been developed and a p p l i e d .  

We determined a n g l e  c o r r e c t i o n  f u n c t i o n  f o r  a  d a t a  set c o l l e c t e d  under  
hazy c o n d i t i o n s  ( a t  a  v i s u a l  r a n g e  of %6 km).  F i g u r e  1 3  p r e s e n t s  p l o t s  of 
average  s i g n a l  v s .  s c a n  a n g l e  f o r  s i x  soybean f i e l d s  b e f o r e  a n g l e  - c o r r e c t i o n  
was a p p l i e d .  The d a t a  cover  a  s c a n  a n g l e  i n t e r v a l  roughly + 2 5 O  from n a d i r .  
Even though t h e  o r d i n a t e  s c a l e  a c c e n t u a t e s  d i f f e r e n c e s ,  a s u b s t a n t i a l  s c a n  
a n g l e  e f f e c t  i s  e v i d e n t  i n  a l l  f i e l d s .  These w i t h i n - f i e l d  a n g l e  v a r i a t i o n s  
mask t h e  be tween- f ie ld  d i f f e r e n c e s  p r e s e n t  i n  t h i s  d a t a  s e t .  F i g u r e  14 shows 
t h e  same s i x  f i e l d s  a f t e r  U-V a n g l e  c o r r e c t i o n s  were a p p l i e d .  The w i t h i n -  
f i e l d  a n g l e  v a r i a t i o n s  have now been reduced t o  t h e  p o i n t  where t h e  between- 
f i e l d  d i f f e r e n c e s  dominate t h e  d a t a  s e t .  

An i n d i r e c t  method f o r  t e s t i n g  t h e  a b , i l i t y  of p r e p r o c e s s i n g  t e c h n i q u e s  
t o  remove s y s t e m a t i c  v a r i a t i o n s  i s  t o  perform r e c o g n i t i o n  on d a t a  s e t s  w i t h  
and w i t h o u t  p r e p r o c e s s i n g .  D i f f e r e n c e s  between f i e l d s  used f o r  t r a i n i n g  and 
t h o s e  i n  o t h e r  p a r t s  of t h e  d a t a  s e t ,  however, can mask o r  obscure  t h e  im- 
provements produced by t h e  t echn iques  i n  such  a  t e s t .  

F i g u r e  1 5  p r e s e n t s  a  comparison of r e c o g n i t i o n  e r r o r s  f o r  d i f f e r e n t  
t r e a t m e n t s  of t h e  d a t a  s e t s  where,  l i k e  g o l f ,  t h e  s m a l l e r  numbers s i g n i f y  
b e t t e r  performance.  The l e f t -hand  t h r e e  d a t a  columns a r e  f o r  d a t a  c o l l e c t e d  
a t  a n  a l t i t u d e  of 1 ,000 f t  and p rocessed  w i t h  t r a i n i n g  a r e a s  s e l e c t e d  from 
w i t h i n  t h a t  d a t a  se t .  The f i r s t  column g i v e s  r e c o g n i t i o n  e r r o r s  w i t h o u t  
d a t a  smoothing and w i t h o u t  p r e p r o c e s s i n g .  The f a c t  t h a t  48% of t h e  f i e l d s  
had l e s s  t h a n  h a l f  t h e i r  e lements  i d e n t i f i e d  c o r r e c t l y  i s  a  f e a t u r e  of t h e  
d a t a  s e t  and the .way  i n  which t h e  t r a i n i n g  a r e a s  were s e l e c t e d .  Only 14% 
of t h e  f i e l d s  were i n c o r r e c t l y  c l a s s i f i e d  when t h e  m a j o r i t y  d e c i s i o n  w a s  
a s s i g n e d  t o  t h e  f i e l d .  A s  shown i n  t h e  second column, a  smoothing t o  reduce  
sys tem n o i s e  and element-to-element v a r i a t i o n  d i d  n o t  a p p r e c i a b l y  a f f e c t  t h e  
r e c o g n i t i o n  performance h e r e ,  a l t h o u g h  i t  h a s  been u s e f u l  i n  o t h e r  i n s t a n c e s .  
Then, when we examine column 3 ,  we s e e  t h a t  t h e  a p p l i c a t i o n  of t h e  U-V pre-  
p r o c e s s i n g  t r a n s f o r m a t i o n  produced a s u b s t a n t i a l  r e d u c t i o i i n  c l a s s i f i c a t i o n  
e r r o r s  accord ing  t o  b o t h  c r i t e r i a .  



The two columns on t h e  r i g h t  of F i g u r e  15 r e p r e s e n t  d a t a  c o l l e c t e d  a t  
an  a l t i t u d e  of 5,000 f t .  The f i r s t  of t h e  two used t r a i n i n g  a r e a s  from t h e  
5 ,000- f t  d a t a  and no p r e p r o c e s s i n g ,  The second used t h e  U-V p r e p r o c e s s i n g  
t r a n s f o r m a t i o n  i n  two ways, one t o  remove s c a n  a n g l e  e f f e c t s  and one t o  ex- 
t end  t r a i n i n g  s i g n a t u r e s  from 1 ,000  f t  t o  5 ,000 f t .  The r e c o g n i t i o n  e r r o r s  
r e s u l t i n g  from u s e  of 1 , 0 0 0 - f t  s i g n a t u r e s  a r e  comparable w i t h  t h o s e  f o r  
5 ,000- f t  s i g n a t u r e s .  Although t h e  comparison would be  l e s s  f a v o r a b l e  had 
t h e  5 ,000- f t  d a t a  been p r e p r o c e s s e d ,  t h e  s i g n a t u r e  e x t e n s i o n  d e m o n s t r a t i o n  
is  s t i l l  encourag ing .  

SUITABILITY OF THE NORMAL LIKELIHOOD FUNCTION 
FOR RECOGNITION DECISION RULES 

Like l ihood  f u n c t i o n s  a r e  used i n  c l a s s i f i c a t i o n  d e c i s i o n  ( i . e . ,  
r e c o g n i t i o n )  p r o c e s s e s  on m u l t i s p e c t r a l  scanner  d a t a .  These f u n c t i o n s  a r e  
u s u a l l y  r e p r e s e n t e d  by m u l t i v a r i a t e  normal (Gaussian)  d e n s i t y  f u n c t i o n s ,  
whose s t a t i s t i c a l  pa ramete rs  a r e  determined f o r  t h e  v a r i o u s  d e c i s i o n  
c l a s s e s  from s u b s e t s  of t h e  d a t a .  L a s t  y e a r ,  we t e s t e d  t h e  n o r m a l i t y  of 
i n d i v i d u a l  s u b s e t s  of d a t a  cor responding  t o  s i n g l e  f i e l d s ,  and a l l  were 
found t o  b e  non-normal a t  t h e  1% l e v e l  of s i g n i f i c a n c e  u s i n g  a  s t a n d a r d  
ch i - square  goodness of f i t  test [ 7 ] .  During t h e  y e a r  j u s t  ended,  we 
compared two maximum l i k e l i h o o d  d e c i s i o n  r u l e s  on t h e  b a s i s  of p a i r e d  
r e c e i v e r  o p e r a t i n g  c h a r a c t e r i s t i c  (ROC) c u r v e s ,  one member of each  p a i r  
r e p r e s e n t i n g  a  m u l t i v a r i a t e  normal d e c i s i o n  r u l e  and t h e  o t h e r  a  r u l e  
based on an e m p i r i c a l  d e n s i t y  f u n c t i o n .  For each  d a t a  s e t ,  an  a l t e r n a t i v e  
h y p o t h e s i s  was assumed, and t h e  Type I v s .  Type I1 e r r o r s  ( p r o b a b i l i t y  of 
m i s s  v s .  f a l s e  a la rm)  were p l o t t e d  f o r  d i f f e r e n t  d e c i s i o n  l e v e l s  f o r  each 
d e c i s i o n  r u l e ;  s e e  F i g u r e  16 f o r  a  t y p i c a l  p a i r  of ROC c u r v e s .  From such  
c u r v e s  a  d i r e c t  comparison can be  made between t h e  two l i k e l i h o o d  f u n c t i o n  
d e c i s i o n  r u l e s .  

The c h o i c e  of a n  a l t e r n a t i v e  h y p o t h e s i s  i s  a n  i m p o r t a n t  c o n s i d e r a t i o n .  
I f  we c o n s i d e r  t h e  d a t a  t o  be  p o i n t s  i n  a  hyperspace ,  of which each coor-  
d i n a t e  cor responds  t o  a  t r ans formed  s p e c t r a l  c h a n n e l ,  t h e n  t h e  q u e s t i o n  
becomes one o f :  where i n  t h e  hyperspace  s h a l l  we l o c a t e  t h e  a l t e r n a t i v e  
h y p o t h e s i s ?  The l o c a t i o n  and shape  of t h e  a l t e r n a t i v e  d i s t r i b u t i o n  can b e  
expected t o  a f f e c t  t h e  d e c i s i o n  e r r o r s .  A d i s t r i b u t i o n  was chosen t h a t  
was un i fo rmly  l o c a t e d  i n  t h e  hyperspace  and cor responds  t o  t h e  u s e  of many 
d i f f e r e n t  s e p a r a t e  d i s t r i b u t i o n s  l o c a t e d  un i fo rmly  i n  t h e  hyperspace .  Thus, 
t h e  r e s u l t s  correspond t o  an  a v e r a g e  of t h e  performance t h a t  would b e  ob- 
t a i n e d  u s i n g  a  l a r g e  number of s e p a r a t e  d i s t r i b u t i o n s .  T h i s  c h o i c e  of an  
a l t e r n a t i v e  d i s t r i b u t i o n  has  t h e  a d d i t i o n a l  advan tage  of making i t  p o s s i b l e  
f o r  one t o  t e s t  each  d a t a  s e t  i n d i v i d u a l l y .  

The Type I e r r o r s  were  found by s e l e c t i n g  a  d e c i s i o n  l e v e l  and count-  
i n g  t h e  p e r c e n t a g e  of p o i n t s  t h a t  were r e j e c t e d  by u s i n g  f i r s t  one ,  t h e n  



t h e  o t h e r ,  d e c i s i b n  r u l e .  The Type I1 e r r o r s  were found by d i r e c t  c a l c u l a -  
t i o n .  Data  p o i n t s  f o r  t h e  a l t e r n a t i v e  were  assumed t o  b e  l o c a t e d  un i fo rmly  
th roughout  a  hyper - rec tangu la r  p a r a l l e l e p i p e d ,  t h e  dimensions  of which were 
s e t  s o  t h a t  0.9995 of t h e  volume of t h e  Gaussian d i s t r i b u t i o n s  would be 
i n c l u d e d  . 

A s  a  r e s u l t  of our  t e s t s ,  w e  have dec ided  t h a t  t h e  u s e  of t h e  normal 
l i k e l i h o o d  f u n c t i o n  f o r  i n d i v i d u a l  f i e l d s  i s  j u s t i f i e d  f o r  r e c o g n i t i o n  pro- 
c e s s i n g  of m u l t i s p e c t r a l  scanner  d a t a .  T h i s  f u n c t i o n  i s  much q u i c k e r  t o  
g e n e r a t e  and u s e  t h a n  t h e  h i s togram f u n c t i o n .  Also ,  t h e  improvement i n  
performance t h a t  would r e s u l t  from u s i n g  a h i s togram l i k e l i h o o d  f u n c t i o n  
and a l l  of t h e  channe l s  i s  n o t  b e l i e v e d  t o  b e  s i g n i f i c a n t .  More promising 
approaches ,  we b e l i e v e ,  a r e  (1) t o  p r e p r o c e s s  t h e  d a t a  t o  compensate f o r  
scan  a n g l e  and s i m i l a r  s y s t e m a t i c  e f f e c t s  a n d / o r  (2) t o  compensate by chang- 
i n g  t h e  d e c i s i o n  r u l e  p a r a m e t e r s .  By u s i n g  t h e  f i r s t  approach,  we would 
e x p e c t  t h e  t ransformed d a t a  t o  have d i s t r i b u t i o n s  t h a t  a r e  more n e a r l y  nor-  
mal and a t  t h e  same t i m e ,  have reduced v a r i a n c e s .  

CHANNEL SELECTION 

D i g i t a l  r e c o g n i t i o n  p r o c e s s i n g  c o s t s  a r e  p r o p o r t i o n a l  t o  t h e  s q u a r e  
of t h e  number of channe l s  used f o r  q u a d r a t i c  d e c i s i o n  r u l e s  s o  a  r e d u c t i o n  
i n  t h e  number of channe l s  reduces  c o s t s .  Analog and h y b r i d  sys tems can 
m a i n t a i n  a  h i g h  th roughput  r a t e  f o r  any number of c h a n n e l s ,  b u t  t h e i r  f l e x i -  
b i l i t y  and c a p a c i t y  f o r  d i f f e r e n t  m a t e r i a l  c l a s s e s  are reduced when many 
i n f o r m a t i o n  channe l s  a r e  used f o r  r e c o g n i t i o n .  

. . 

The p r i n c i p a l  f e a t u r e s  of our  channe l  s e l e c t i o n  p rocedure  a r e  l i s t e d  
i n  F i g u r e  1 7 .  F i r s t ,  we have chosen t h e  ~ a ~ e s i a n  c r i t e r i o n ,  average  
expected l o s s .  It can be  fo rmula ted  a s  a n  average  p r o b a b i l i t y  of m i s c l a s s i -  
f i c a t i o n  and h a s  a  d i r e c t  p h y s i c a l  i n t e r p r e t a t i o n .  

. - 

T O  make t h e  c a l c u l a t i o n  of t h i s  c r i t e r i o n  p r a c t i c a l ,  we have had t o  
make a  number of assumptions  which a r e  s t r a i g h t f o r w a r d  and have been ana lyzed  
and v e r i f i e d .  F i r s t ,  we assume normal (Gaussian)  s t a t i s t i c s .  Second, we 
u s e  a  p a i r w i s e  method of c a l c u l a t i o n ,  and t h i r d ,  we u s e  a s t e p w i s e  p rocedure  
t h a t  s u c c e s s i v e l y  adds  t h e  one channe l  which g i v e s  t h e  lowes t  average  prob- 
a b i l i t y  of m i s c l a s s i f i c a t i o n  when used w i t h  t h o s e  a l r e a d y  s e l e c t e d .  

R e c e n t l y ,  w e  developed a  much f a s t e r  p rocedure  t h a t  assumes a l i n e a r  
approx imat ion  t o  t h e  q u a d r a t i c  d e c i s i o n  s u r f a c e  which r e s u l t s  i n  a  much 
s i m p l e r  c a l c u l a t i o n  of t h e  p r o b a b i l i t y  of m i s c l a s s i f i c a t i o n .  The new 
l i n e a r  method i s  50 t imes  f a s t e r  t h a n  t h e  q u a d r a t i c  method, and i t s  u s e  
r e s u l t s  i n  s u b s t a n t i a l  s a v i n g s  w h i l e  r e t a i n i n g  t h e  i n t e r p r e t a t i o n  f e a t u r e  
of t h e  o l d e r  method. F i g u r e  1 8  p r e s e n t s  a  comparison of r e s u l t s  o b t a i n e d  
w i t h  t h e  two procedures  f o r  a  d a t a  set w i t h  n i n e  s i g n a t u r e s  and t e n  d a t a  
c h a n n e l s .  Note f i r s t  t h e  d i f f e r e n c e  i n  t ime  - one hour  f o r  t h e  q u a d r a t i c  



method and on ly  70 seconds  f o r  t h e  l i n e a r  method. Next, we s e e  t h a t  t h e  
o r d e r i n g  of t h e  channe l s  i s  t h e  same i n  b o t h  c a s e s  f o r  t h e  f i r s t  s i x  
channe l s .  F i n a l l y ,  we see t h a t  t h e  average  p r o b a b i l i t i e s  of m i s c l a s s -  
i f i c a t i o n  computed by t h e  l i n e a r  method a r e  i n  v e r y  good agreement w i t h  
t h o s e  of t h e  o t h e r  method. 

RADIATION BALANCE MAPPING 

Our f i n a l  s t u d y  r e s u l t s  from t h e  f a c t  t h a t  synchronous r e f l e c t i v e  
and the rmal  d a t a  have become a v a i l a b l e .  We now can e x p l o r e  an i n t e r p r e -  
t i v e  use  of scanner  d a t a  i n  a n a l y z i n g  t h e  energy budge t s  of v e g e t a t i o n  and 
o t h e r  s u r f a c e  m a t e r i a l s ,  b o t h  man-made and n a t u r a l .  An energy budget i s  
s imply a  s t a t e m e n t  of t h e  f a c t  t h a t  m a t e r i a l s  main ta ined  b a l a n c e  i n  t h e  
exchange of energy w i t h  t h e i r  environment.  A s  shown i n  F i g u r e  1 9 ,  t h e r e  
i s  a n e t  amount o f  r a d i a n t  energy absorbed by an o b j e c t ,  l i k e  a  p l a n t ,  
from i t s  sur roundings .  T h i s  energy i s  p a r t i t i o n e d  i n t o  s e v e r a l  components. 
The f i r s t  component i s  used i n  e v a p o r a t i n g  w a t e r  such a s  i n  t r a n s p i r a t i o n .  
Other  components h e a t  t h e  a i r  around t h e  p l a n t  and s o i i  o r  r e p r e s e n t  energy 
conducted away from them. F i n a l l y ,  t h e r e  i s  a  n e t  energy convers ion  
component which u s u a l l y  i s  s m a l l  by comparison. From t h i s  p a r t i t i o n i n g  
of n e t  absorbed r a d i a n t  energy ,  i t  i s  c l e a r  why n e t  r a d i a t i o n  i s  of i n t e r e s t  
f o r  i r r i g a t i o n  and w a t e r  s t r e s s  s t u d i e s .  

The i n s t a n t a n e o u s  n e t  r a t e  a t  which r a d i a n t  energy i s  absorbed by a  
s u r f a c e  a l s o  i s  made up of s e v e r a l  components a s  shown i n  F i g u r e  20. A 
f r a c t i o n ,  p, of t h e  shor t -wavelength  i r r a d i a n c e ,  E  , i s  r e f l e c t e d  l e a v i n g  
a  n e t  amount absorbed e q u a l  t o  ( 1  - p)ES. Next, t E e r e  i s  a  s u b s t a n t i a l  
amount of the rmal  r a d i a t i o n  from t h e  atmosphere and sur roundings  t h a t  i s  
absorbed.  F i n a l l y ,  t h e  s u r f a c e  i t s e l f  emi t s  the rmal  r a d i a t i o n .  

A m u l t i s p e c t r a l  s c a n n e r  measures t h e  ou tgo ing  r a d i a n c e  of a  s u r f a c e ,  i n  
many channe l s ,  through t h e  atmosphere.  F i g u r e  21  i s  a  map of t h e  apparen t  
ou tgo ing  r a d i a t i o n  o r  e x i t a n c e  from an a g r i c u l t u r a l  a r e a .  It was produced 
by weigh t ing  and summing t h e  c o n t r i b u t i o n s  from t h e  v a r i o u s  s c a n n e r  channe l s .  
The a tmospher ic  e f f e c t s  (pa th  r a d i a n c e  and t r a n s m i t t a n c e )  must be  removed 
t o  o b t a i n  t h e  a c t u a l  e x i t a n c e  of each s u r f a c e  w i t h  t h e  assumed s p a t i a l  d i s -  
t r i b u t i o n  of e x i t a n c e .  The small d a r k  s p o t s  i n  t h e  lower l e f t  hand c o r n e r  
a r e  young t r e e s  i n  an o r c h a r d .  The dark  c i r c u l a r  a r e a  above them i s  wet 
b a r e  s o i l ,  surrounded by d r y  b a r e  s o i l .  Less  r a d i a t i o n  i s  l e a v i n g  t h e  wet 
s o i l  because  i t  i s  d a r k e r  and because  t h e  energy used t o  e v a p o r a t e  t h e  w a t e r  
keeps  i t s  t empera tu re  lower .  A t  t h e  r i g h t  of t h e  map, we have two corn  
f i e l d s ;  t h e  lower  one i s  d a r k e r ;  i t  was more mature ,  r e f l e c t e d  l e s s  near-IR 
r a d i a t i o n ,  and had more e v a p o t r a n s p i r a t i o n  t h a n  t h e  upper f i e l d .  

Upon e s t i m a t i n g  t h e  incoming power d e n s i t y  a t  b o t h  s h o r t  and l o n g  wave- 
l e n g t h s ,  a  map of  n e t  r a d i a t i o n  o r  r a d i a t i o n  b a l a n c e  can be produced and 



would appear  a s  shown i n  F i g u r e  2 2 .  Here,  t h e  r e l a t i v e  t o n e s  a r e  r e v e r s e d  
from t h o s e  of t k e  p r e v i o u s  s l i d e .  The wet s o i l  and v e g e t a t i o n  which have 
t h e  h i g h e s t  n e t  r a d i a t i o n  v a l u e s  a r e  h e r e  d i s p l a y e d  i n  l i g h t  t o n e s .  

CONCLUDING REMARKS 

Four a s p e c t s  of t e c h n i q u e s  f o r  e x t r a c t i n g  u s e f u l  i n f o r m a t i o n  from m u l t i -  
s p e c t r a l  scanner  d a t a  a r e  d i s c u s s e d  above.  Our major emphasis i s  on t h e  - 
problems t h a t  have h e l d  back t h e  u s e  of scanner  d a t a  f o r  l a r g e - a r e a  s u r v e y s ,  
f o r  i n s t a n c e ,  problems of e x t e n d i n g  r e c o g n i t i o n  performance away from a r e a s  
used t o  t r a i n  t h e  r e c o g n i t i o n  computers ,  

Sources  of s y s t e m a t i c  v a r i a t i o n  have been examined by u s e  of a  s imula-  
t i o n  model and some v a l u a b l e  i n s i g h t s  have been g a i n e d .  These i n s i g h t s ,  
through techn iques  based on t h e  model c a l c u l a t i o n s ,  w i l l  be  a p p l i e d  t o  r e a l  
scanner  d a t a  d u r i n g  t h e  coming y e a r .  The model i s  a p p l i c a b l e  t o  b o t h  a i r -  
c r a f t  and s p a c e  d a t a .  

P r e p r o c e s s i n g  i s  one method f o r  removing t h e s e  s y s t e m a t i c  e f f e c t s  s o  a s  
t o  improve r e c o g n i t i o n  performance.  We have developed a  g e n e r a l  t e c h n i q u e  
and demonstra ted i t s  a b i l i t y  t o  reduce  s c a n  a n g l e  v a r i a t i o n s  and t o  extend 
s i g n a t u r e s  from one a l t i t u d e  t o  a n o t h e r .  We a l s o  have s t u d i e d  t h e  e x t e n s i o n  
of t h e  t echn ique  t o  two dimensions  and must now develop i t  t o  remove s y s t e m a t i c  
v a r i a t i o n s  t h a t  occur  a l o n g  t h e  d i r e c t i o n  of f l i g h t  a s  t h e  sun  changes p o s i t i o n  
and a tmospher ic  c o n d i t i o n s  change.  T h i s  i s  an  impor tan t  problem f o r  a r e a  
su rvey  o p e r a t i o n s .  

While p r e p r o c e s s i n g  i s  an  e f f i c i e n t  method f o r  removing s y s t e m a t i c  v a r i a -  
t i o n s ,  i t  t r a n s f o r m s  a l l  s i g n a l s  i n  e x a c t l y  t h e  same way r e g a r d l e s s  of t h e i r  
m a t e r i a l  c l a s s .  More f l e x i b i l i t y  i n  p r o c e s s i n g ,  such a s  t h e  u s e  of. a d a p t i v e  
t e c h n i q u e s ,  would b e  p o s s i b l e  i f  t h e  d e c i s i o n  r u l e  pa ramete rs  were changed i n  
a d d i t i o n  t o  changing t h e  d a t a .  

A s t u d y  of t h e  u s e f u l n e s s  of e m p i r i c a l  d e n s i t y  f u n c t i o n s  a s  opposed t o  
t h e  normal (Gaussian) d e n s i t y  f u n c t i o n  f o r  r e c o g n i t i o n  p r o c e s s i n g  l e d  t o  t h e  
c o n c l u s i o n  t h a t  t h e  normal assumption f o r  i n d i v i d u a l  f i e l d s  i s  j u s t i f i e d  f o r  
p r o c e s s i n g  m u l t i s p e c t r a l  scanner  d a t a ,  

We have developed a  r a p i d  method f o r  choosing s u b s e t s  of i n f o r m a t i o n  
channe l s  t o  u s e  f o r  p r o c e s s i n g .  While t h u s  f a r  i t  h a s  been a p p l i e d  c n l y  f o r  
s e l e c t i n g  among scanner  c h a n n e l s ,  i t  can be  used t o  s e l e c t  among o t h e r  f e a t u r e s  
e x t r a c t e d  from t h e s e  o r i g i n a l  d a t a  c h a n n e l s .  The t h e o r y  developed d u r i n g  t h i s  
e f f o r t  shou ld  a l s o  be  a p p l i c a b l e  t o  o t h e r  a r e a s  of p r o c e s s i n g .  



F i n a l l y ,  i n  t h e  a r e a  of i n t e r p r e t i v e  t e c h n i q u e s ,  we have developed 
p rocedures  f o r  producing r a d i a t i o n  b a l a n c e  maps from t h e  wide spectrum 
covered by t h e  new m u l t i s p e c t r a l  s c a n n e r s .  T h i s  t y p e  of map and v a r i a n t s  
of i t  should prove u s e f u l  i n  a g r i c u l t u r e ,  meteoro logy ,  hydrology,  geography, 
and o t h e r  d i s c i p l i n e s  i n  which energy budget r e l a t i o n s h i p s  a r e  of i n t e r e s t .  

REFERENCES 

1. M a l i l a ,  W.A., R . B .  Crane,  & R.E. Turner ,  " In format ion  E x t r a c t i o n  
Techniques",  Willow Run L a b o r a t o r i e s ,  I n s t i t u t e  of Sc ience  & Tech. , 
U n i v e r s i t y  of Mich., Ann Arbor,  Mich., Repor t  No. 31650-74-T, i n  
p u b l i c a t i o n .  

2. M a l i l a ,  W.A. ,  R . B .  Crane, & W .  Richardson,  " ~ i s c r i m i n a t i o n  Techniques 
Employing Both R e f l e c t i v e  and Thermal M u l t i s p e c t r a l  S igna l s1 ' ,  Willow 
Run L a b o r a t o r i e s ,  I n s t i t u t e  of Sc ience  & Tech.,  U n i v e r s i t y  of Mich., 
Ann Arbor,  Mich., Report  No. 31650-75-T, t o  b e  p u b l i s h e d .  

3. Legau l t ,  R . R . ,  " ~ u m a r y  of Michigan M u l t i s p e c t r a l  I n v e s t i g a t i o n s  program", 
S e c t i o n  37, T h i r d  Annual Ear th  Resources Program Review, Volume 11, 
Dec. 1-3, 1970, NASA/MSC, Houston, Texas.  

4. Nalepka, R.F., J . P .  Morgenstern ,  & W.L. Brown, " ~ e t a i l e d  I n t e r p r e t a t i o n  
and Ana lys i s  of S e l e c t e d  Corn B l i g h t  Watch Data Se t s1 ' ,  4 t h  Annual E a r t h  
Resources  Program Review, NASAIMSC, Houston, Texas, 17  January  1972. 

5. Thornson, F . J . ,  "User O r i e n t e d  M u l t i s p e c t r a l  Data  P r o c e s s i n g  a t  The 
U n i v e r s i t y  of Michigan", Four th  Annual Ear th  Resources  Program Review, 
NASAIMSC, Houston, Texas ,  1 7  January  19 72. 

6 .  Crane, R . B . ,  "Preprocess ing  Techniques t o  Reduce Atmospheric and Sensor  
V a r i a b i l i t y  i n  M u l t i s p e c t r a l  Scanner Data", Proceedings  of Seventh 
I n t e r n a t i o n a l  Symposium on Remote Sensing of Environment, Ann Arbor,  
Michigan, June  1971, pp. 1345-1356. 

7 .  M a l i l a ,  W.A. ,  R. B .  C r a n e ,  C .A .  Omarzu, & R.E. Turner ,  " S t u d i e s  of S p e c t r a l  
~ i s c r i m i n a t i o n " ,  Willow Run L a b o r a t o r i e s ,  I n s t i t u t e  of Sc ience  & 
Tech. ,  U n i v e r s i t y  of Michigan,  Ann Arbor,  Mich. ,  Repor t  NO.  31650-22-T, 
May 1971. 

8. Turner ,  R.E., W.A. M a l i l a ,  & R.F. Nalepka, '!importance of  Atmospheric 
S c a t t e r i n g  i n  Remote Sensing,  o r  Every th ing  you 've  Always Wanted t o  
Know About Atmospheric S c a t t e r i n g  But Been A f r a i d  t o  ~ s k " ,  P roceed ings  of 
Seventh I n t e r n a t i o n a l  Symposium on Remote Sensing of Enviornment. 
Ann Arbor,  Mich., June  1971, pp. 1651-1698. 

9 .  S u i t s ,  G . H . ,  G .  S a f i r ,  & A. E l l i n g b o e ,  " p r e d i c t i o n  of D i r e c t i o n a l  
R e f l e c t a n c e  of a  Corn F i e l d  Under S t r e s s 1 ' ,  Four th  Annual E a r t h  Resources  
Program Review, NASA/MSC, Houston, Texas,  17 January  1972. 



~
 

M
u

lt
ic

h
an

n
el

 
S

ca
n

n
er

 S
ce

n
e 

n 
S

ig
n

al
s 

m
 V

ar
ia

b
le

s 

,:
 

" 
r
-
-
-
I
 -
-
-
-
-
.
,
 , 

M
ag

n
et

ic
 
~
 

I 
T

ap
e.

 
, 

R
ec

D
l'd

e
r 

_, 

P
re

­
p

ro
c
e
ss

o
r 

I 
\ 

I 

R
ec

o
g

n
it

io
n

 
P

ro
c
e
ss

o
r 

R
ec

og
ni

ti
o

n
 M

ap
 

F
IG

U
R

E
 1

. 
M

U
L

T
IS

P
E

C
T

R
A

L
 R

E
M

O
T

E
 S

E
N

S
IN

G
 A

N
D

 P
R

O
C

E
S

S
IN

G
 S

Y
S

T
E

M
 

f\
) 

\0
 

I I-
' 

f\
) 



C
 L

A
SS

 
S

Y
S

T
E

M
A

T
IC

 
R

A
N

D
O

M
 

A
tm

o
sp

h
er

e 
P

at
h

 l
en

gt
h 

In
h

o
m

o
g

en
ei

ti
es

 
G

eo
m

et
ry

 
C

lo
u

d
s 

S
un

 P
o

si
ti

o
n

 
T

im
e,

 D
at

e 
L

o
ca

ti
o

n
 

S
ca

n
 G

eo
m

et
ry

 
N

ad
ir

 a
n

g
le

 
A

ng
le

 e
rr

o
rs

 
A

zi
m

ut
h 

w
 .r

.t
. 

su
n

 
T

e
rr

a
in

 p
ro

fi
le

 
A

lt
it

ud
e 

S
en

so
r 

A
p

er
tu

re
 e

ff
ec

ts
 

S
y

st
em

 n
o

is
e 

G
ai

n
 c

h
an

g
es

 

F
IG

U
R

E
 2

. 
S

O
U

R
C

E
S

 O
F

 V
A

R
IA

T
IO

N
S

 I
N

 M
U

L
T

IS
P

E
C

 - 
T

R
A

L
 S

C
A

N
N

E
R

 S
IG

N
A

L
S

 



FIGURE 3 . .  DEPENDENCE OF TRANSMITTANCE ON 
NADIR SCAN ANGLE FOR VARIOUS VISUAL RANGES 
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FIGURE 8. DEPENDENCE O F  TOTAL RADIANCE ON 
TIME AND SCAN ANGLE. Southeastern Michigan, 1 

September  197 1 



*Note  that surface a lbedo  during measurements was not 
specified quantitatively, but from description of a r e a  
we bel ieve it  to be  approximately 0 .2 .  

Sun 
ZENITH S C A N  ANGLE (Degrees) 

FIGURE 9 .  DEPENDENCE O F  SKY RADIANCE ON 
ZENITH ANGLE IN SOLAR PLANE FOR CLEAR SKY 
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FIGURE 22 .  EXAMPLE RADIATION BALANCE M A P  




