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INTRODUCTION 

T h i s  paper d i s c u s s e s  t h e  r e s u l t s  of t h e  second y e a r  of a  coord ina ted  
program of a p p l i c a t i o n  of proven and promising m u l t i s p e c t r a l  d a t a  proc- 
e s s i n g  t e c h n i q u e s  t o  p r a c t i c a l  problems posed by NASA c e n t e r ,  government 
agency, and u n i v e r s i t y  i n v e s t i g a t o r s .  The two g o a l s  of t h i s  program a r e  
t o  a s s e s s  t h e  f e a s i b i l i t y  of s o l v i n g  p r a c t i c a l  problems w i t h  a v a i l a b l e  
p r o c e s s i n g  t e c h n i q u e s ,  and t o  i d e n t i f y  a r e a s  where more t e c h n i q u e  deve l -  
opment i s  r e q u i r e d .  For t h e  p a s t  two y e a r s ,  t h i s  program a t  t h e  U n i v e r s i t y  
of Michigan h a s  been funded by NASA th rough  t h e  Manned S p a c e c r a f t  Center  a t  
Houston. 

During t h e  p a s t  f i v e  y e a r s  of working w i t h  i n v e s t i g a t o r s  on p r a c t i c a l  
problems, a  number of p r o c e s s i n g  t e c h n i q u e s  have been found u s e f u l .  These 
t e c h n i q u e s ,  summarized i n  F i g u r e  1 and 2 ,  have been c a l l e d  Type I and Type 
I1 t e c h n i q u e s .  The Type I t e c h n i q u e s  a r e  s imple r  p r o c e s s i n g  t e c h n i q u e s  
u s u a l l y  a p p l i e d  t o  s i n g l e  o r  few channe l s  of d a t a .  They i n c l u d e  imagery, 
c o n t o u r i n g  and q u a n t i z a t i o n ,  f a l s e  c o l o r  f i l m s ,  d u p l i c a t e  ana log  t a p e s ,  
d i g i t i z e d  d a t a  t a p e s ,  and canvas  c a l i b r a t i o n  p a n e l  r e f l e c t a n c e  measurements 
The Type I1 p r o c e s s i n g  t e c h n i q u e s  a r e  more s o p h i s t i c a t e d  t e c h n i q u e s  a p p l i e d  
t o  t h e  m u l t i s p e c t r a l  d a t a  s e t .  They i n c l u d e  s i g n a t u r e  e x t r a c t i o n ,  optimum 
channel  d e t e r m i n a t i o n ,  l i k e l i h o o d  r a t i o  p rocessor  performance p r e d i c t i o n  
(by computing 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 ) ,  o b j e c t  r e f l e c t a n c e  o r  
r a d i a n c e  d e t e r m i n a t i o n ,  p r e p r o c e s s i n g  a n a l y s i s ,  ana log  and d i g i t a l  im- 
p lementa t ions  of t h e  l i k e l i h o o d  r a t i o  c l a s s i f i c a t i o n  map, and r a t i o  maps. 

T h i s  paper d i s c u s s e s  s e v e r a l  t e c h n i c a l  accomplishments of t h i s  y e a r ' s  
d a t a  p r o c e s s i n g .  Two new p r o c e s s i n g  t e c h n i q u e s  (parameter  mapping and r a t i o  
mapping) were developed i n  r e s p o n s e  t o  u s e r  r e q u e s t s .  Under t h i s  c o n t r a c t  
we a l s o  p rocessed  h a l f  of t h e  m u l t i s p e c t r a l  d a t a  c o l l e c t e d  f o r  t h e  Corn 
B l i g h t  Watch Experiment.  Remaining s e c t i o n s  of t h i s  paper w i l l  d i s c u s s  
t e c h n i c a l  h i g h l i g h t s ,  t h e  scope  of t h i s  y e a r ' s  e f f o r t ,  a n d . a  l i s t  of coop- 
e r a t i n g  a g e n c i e s ,  NASA c e n t e r s ,  and u n i v e r s i t y  pe rsonne l .  It w i l l  conc lude  
w i t h  sugges ted  a r e a s  of f u r t h e r  i n v e s t i g a t i o n .  
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TECHNICAL HIGHLIGHTS 

The d a t a  p r o c e s s i n g  e f f o r t  was h i g h l i g h t e d  by two k i n d s  of t e c h n i c a l  
achievements  . F i r s t ,  two new p r o c e s s i n g  t e c h n i q u e s  (pa ramete r  mapping and 
r a t i o  mapping) were  developed t o  s o l v e  s p e c i f i c  i n v e s t i g a t o r - p o s e d  problems. 
Second, our  p a r t i c i p a t i o n  i n  t h e  Corn B l i g h t  Watch exper iment  gave  u s  t h e  
o p p o r t u n i t y  t o  e v a l u a t e  t h e  c a p a b i l i t i e s  of e x i s t i n g  m u l t i s p e c t r a l  d a t a  
p r o c e s s i n g  t echnques  a p p l i e d  t o  semi -opera t iona l  i n v e s t i g a t i o n .  

While t h e  pa ramete r  mapping and r a t i o  mapping t e c h n i q u e s  were developed 
t o  s o l v e  s p e c i f i c  problems, w e  f e e l  t h a t  t h e y  have g e n e r a l  a p p l i c a b i l i t y ,  
and t h u s  w a r r a n t  f a i r l y  comple te  d i s c u s s i o n  h e r e .  Because of t h e  scope  of 
t h e  Corn B l i g h t  Watch e f f o r t ,  i t  i s  d i s c u s s e d  i n  t h e  n e x t  s e c t i o n .  

PARAMETER MAPPING 

Parameter  mapping, c l o s e l y  r e l a t e d  t o  L ike l ihood  r a t i o  p a t t e r n  r e c -  
o g n i t i o n ,  was implemented o n  SPARC t o  t e s t  a  h y p o t h e s i s  o f f e r e d  by A.E. 
Coker of  USGS-Tampa. He was a t t e m p t i n g  t o  a s s e s s  p o l l u t i o n  o f  ground w a t e r  
i n  c e n t r a l  F l o r i d a  o c c u r r i n g  when f l u o r i d e  r i c h ,  h i g h  pH, e f f l u e n t s  fr3m 
phospha te  p r o c e s s i n g  ponds s e e p  th rough  d i k e s  and mix w i t h  t h e  ground w a t e r  
supp ly .  Large  seepages  of  e f f l u e n t s  from d iked  ponds can be  d e t e c t e d  
b e c a u s e  t h e  su r round ing  v e g e t a t i o n  i s  k i l l e d  and a  w h i t e  s a l t  c r u s t  a p p e a r s  
on t h e  s o i l  s u r f a c e .  The p r o b l a n  i s  t o  d e t e c t  s m a l l  seepages  of t h e  dan- 
g e r o u s  and t o x i c  e f f l u e n t  when c o n c e n t r a t i o n s  a r e  n o t  l a r g e  enough t o  k i l l  
v e g e t a t i o n .  

Coker hypo thes ized  t h a t  t h e  r e f l e c t a n c e  s p e c t r a  of t h e  p l a n t s  a f f e c t e d  
w i t h  f l u o r i d e  would be  m o d i f i e d ,  and t h a t  t h e  amount of  t h i s  m o d i f i c a t i o n  
was p o s s i b l y  p r o p o r t i o n a l  t o  t h e  amount of  f l u o r i d e  p o l l u t i o n .  To t e s t  
t h i s  h y p t h e s i s  we proposed a  two s t e p  p r o c e s s .  F i r s t ,  u s i n g  c o n v e n t i o n a l  
l i k e l i h o o d  r a t i o  t e c h n i q u e s ,  a l l  a r e a s  of  a  g i v e n  v e g e t a t i o n  type ,  a f f e c t e d  
o r  n o t ,  a r e  r e c o g n i z e d .  Second, u s i n g  a  s i g n a t u r e  from a  known normal a r e a  
of v e g e t a t i o n ,  t h e  d i s t a n c e  between t h e  s i g n a t u r e  of e a c h  s c e n e  p o i n t  pre-  
v i o u s l y  recogn ized  and t h i s  "normal" s i g n a t u r e  is  computed. The d i s t a n c e  
i s  d i s p l a y e d  on b l a c k  and w h i t e  f i l m  a s  a  c o n t i n u o u s  t o n e  d i s p l a y  w i t h  f i l m  
d e n s i t y  p r o p o r t i o n a l  t o  d i s t a n c e .  Only p o i n t s  r ecogn ized  as v e g e t a t i o n  a r e  
p r i n t e d  on t h e  f i l m  a s  v a r i o u s  shades  of g r a y .  I n  t h i s  c a s e ,  t h e  pa ramete r  
which i s  be ing  mapped is t h e  f l u o r i d e  c o n t e n t  of  t h e  p l a n t s .  I t  i s  b e i n g  
mapped t h r o u g h  t h e  efbfect t h a t  t h i s  f l u o r i d e  c o n t e n t  h a s  on t h e  v e g e t a t i o n  
r e f l e c t a n c e  s i g n a t u r e .  T h i s  i s  i l l u s t r a t e d  i n  F i g u r e  3 ,  where a two dimen- 
s i o n a l ,  c o l o r - s p a c e  p l o t  of  t h e  s i g n a t u r e s ,  d e c i s i o n  b o u n d a r i e s ,  and d i s -  
t a n c e  i s  shown. 

The implementa t ion  of t h i s  t e c h n i q u e  on t h e  SPARC is shown i n  F i g u r e  



4 .  The l i k e l i h o o d  r a t i o ,  formed from t h e  p r o b a b i l i t y  d e n s i t y  f u n c t i o n s  of 
t h e  t o t a l  v e g e t a t i o n  s i g n a t u r e  and background s i g n a t u r e s ,  i s  t h r e s h o l d e d  t o  
form a  c o n v e n t i o n a l  r e c o g n i t i o n  s i g n a l .  T h i s  i s  used t o  g a t e  t h e  s i g n a l  
from c i r c u i t r y  computing t h e  s t a t i s t i c a l  d i s t a n c e  from t h e  normal vege ta -  
t i o n  s i g n a t u r e  t o  t h e  s i g n a t u r e  of t h e  p o i n t  be ing  p rocessed .  T h i s  proce- 
d u r e  i s  r e p e a t e d  f o r  every  p o i n t  on t h e  s c a n  l i n e ,  and p r o c e s s i n g  proceeds  
a t  a  r e a l  t ime  r a t e .  

Although t h e  parameter  mapping was developed f o r  a s s e s s i n g  t h e  f l u o r i d e  
c o n t e n t  of v e g e t a t i o n ,  w e  f e e l  t h a t  t h e  t e c h n i q u e  h a s  g e n e r a l  a p p l i c a b i l i t y  
i n  c a s e s  where s t r e s s e s  s u b t l y  a l t e r  t h e  r e f l e c t a n c e  spectrum of v e g e t a t i o n .  
One such example i s  c o r n  b l i g h t ,  where t h e  s t r e s s ,  a l t h o u g h  n o t  sys temic ,  
s t i l l  m o d i f i e s  t h e  r e f l e c t a n c e  of t h e  c o r n  th rough  changes i n  p l a n t  geometry 
and i n  l e a f  s p e c t r a .  Another example i s  t h e  change i n  r e f l e c t a n c e  s p e c t r a  
of t r e e s  c o r r e l a t e d  w i t h  copper and molybdenum c o n t e n t  of t h e  s o i l  r e p o r t e d  
by Canney (1 ) .  

Compared w i t h  l i k e l i h o o d  r a t i o  mapping t e c h n i q u e s ,  where a  t r a i n i n g  
s e t  f o r  each d e g r e e  of s t r e s s  must be  found, t h e  parameter  mapping o f f e r s  
a  r e d u c t i o n  of t r a i n i n g  s e t  r e q u i r e m e n t s .  Only a  t r a i n i n g  s e t  f o r  t h e  
c l a s s  a s  a  whole and f o r  t h e  "normal" c o n d i t i o n  must b e  found. The o u t p u t  
i s  n o t  a r e c o g n i t i o n  map because  no d e c i s i o n  a s  t o  t h e  d e g r e e  of s t r e s s  i s  
made by t h e  computer. We a r e  anx ious  t o  a p p l y  t h i s  p r o c e s s i n g  t e c h n i q u e  
t o  o t h e r  s t r e s s  c o n d i t i o n s  t o  t e s t  i t s  e f f e c t i v e n e s s .  

RATIO MAPPING 

R a t i o  mapping i s  a  t e c h n i q u e  developed i n  r e s p o n s e  t o  an  a p p l i c a t i o n  
proposed by Rober t  Vincent  of t h e  U n i v e r s i t y  of Michigan ( 2 ) .  For t h i s  
t e c h n i q u e ,  t h e  r a t i o  of two s u i t a b l y  c a l i b r a t e d  c h a n n e l s  i s  p r i n t e d  on 
e i t h e r  70mm f i l m  o r  on computer paper i n  t h e  form of a  graymap. 

Vincent found,  a£  t e r  a n a l y s i s  of l a b o r a t o r y  and f i e l d  s p e c t r a  c o l l e c t -  
ed by R . J .P .  Lyon, t h a t  a  r a t i o  of r a d i a n c e s  i n  two narrow wayelength  
i n t e r v a l s  i n  t h e  8-14pm window could be  c o r r e l a t e d  w i t h  t h e  s i l i c a  c o n t e n t  
of r o c k s .  The b a s i s  f o r  t h i s  c o n c l u s i o n  was t h a t  a l l  s i l i c a  c o n t a i n i n g  
m i n e r a l s  d i s p l a y  d e c r e a s e s  i n  e m i s s i v i t y  i n  r e s t s t r a h l e n  bands i n  t h e  8-10um 
r e g i o n ,  and t h e  p o s i t i o n  of t h e s e  bands s h i f t s  t o  l o n g e r  wavelengths  w i t h  
d e c r e a s e  i n  s i l i c a  c o n t e n t  ( s e e  Vincent  and Thomson ( 3 )  ). R a t i o s  of r a -  
d i a n c e  l o c a t e  t h e  p o s i t i o n  of t h e  r e s t s t r a h l e n  band because  t h e  e m i s s i v i t y  
d i r e c t l y  a f f e c t s  t h e  observed e m i t t e d  r a d i a t i o n .  

To t e s t  t h i s  t e c h n i q u e ,  we developed b o t h  d i g i t a l  and ana log  r a t i o  map 
c a p a b i l i t i e s .  The ana log  r a t i o  maps, shown i n  F i g u r e  5, a r e  produced by 
d i v i d i n g  t h e  two s i g n a l s . i n  ar. ana log  d i v i d e r  which i s  p a r t  of t h e  SPARC 
p r e p r o c e s s o r .  The r e s u l t a n t  r a t i o  i s  p r i n t e d  on 70mm f i l m .  



The d i g i t a l  implementat ion of t h e  r a t i o  map i s  s l i g h t l y  more soph is -  
t i c a t e d  t h a n  t h e  SPARC implementat ion and o f f e r s  t h e  advan tage  of e a s i l y  
o b t a i n e d  q u a n t i t a t i v e  o u t p u t  a t  t h e  d i s a d v a n t a g e  of s l i g h t l y  c o a r s e r  and 
p h y s i c a l l y  l a r g e r  d i s p l a y .  The CDC-1604 d i g i t a l  computer program RAITEM 
was developed t o  c a l i b r a t e  two channel  the rmal  i n f r a r e d  d a t a  from t h e  
Honeywell l a y e r e d  d e t e c t o r  (f lown i n  Michigan 's  M-5 scanner  sys tem) ,  form 
t h e  r a t i o  of t h e  two c h a n n e l s 1  d a t a ,  and c o r r e c t  t h e  r a t i o  f o r  e f f e c t s  of 
v a r y i n g  o b j e c t  t empera tu re .  The c o r r e c t i o n  i s  done by o b t a i n i n g  a  r a -  
d i o m e t r i c  e s t i m a t e  of t empera tu re  i n  a  t h i r d  thermal  band, t h e n  u s i n g  a  
t a b l e  lookup procedure  t o  d e t e r m i n e  t h e  c o r r e c t i o n  f a c t o r .  

Although t h e  r a t i o  map t e c h n i q u e  was developed i n  r e s p o n s e  t o  a  geology 
problem, t h e  concept  of r a t i o  maps may be  g e n e r a l l y  u s e f u l  f o r  o t h e r  t y p e s  
o f  i n v e s t i g a t i o n s .  For example Pearcy ( 4 )  h a s  proposed a  b l u e  - g r e e n  r a t i o  
t o  d e l i n e a t e  wa te r  masses  i n  t h e  P a c i f i c  Ocean o f f  Oregon; Vincent h a s  
proposed a  g r e e n - i n f r a r e d  r a t i o  t o  i n d i c a t e  t h e  p r e s e n c e  of f e r r o u s  and 
f e r r i c  i r o n  i n  rocks .  There  a r e  i n d i c a t i o n s  t h a t  r a t i o  maps may be  u s e f u l  
i n  d e l i n e a t i n g  p l a n t  s t r e s s .  

R a t i o  maps a r e  n o t  r e c o g n i t i o n  maps. No d e c i s i o n s  a r e  made by t h e  
computer b e f o r e  t h e  r e s u l t s  a r e  p r i n t e d .  The o u t p u t  of r a t i o  p r o c e s s i n g  
a p p l i e d  t o  v i s i b l e  d a t a  is  r e l a t i v e l y  i n s e n s i t i v e  t o  changing i l l u m i n a t i o n  
c o n d i t i o n s - - t h i s  i s  t h e  b a s i s  of t h e  r a t i o  p r e p r o c e s s i n g  t e c h n i q u e s .  R a t i o  
t e c h n i q u e s  have y i e l d e d  impor tan t  i n f o r m a t i o n  f o r  g e o l o g i c a l  i n v e s t i g a t i o n s ,  
and we l o o k  forward t o  app ly ing  them t o  o t h e r  t y p e s  of i n v e s t i g a t i o n s .  

FURTHER DEVELOPMENTS I N  SIMULATION OF OTHER SENSORS 

The s i m u l a t i o n  of o t h e r  s e n s o r s  i s  a n  impor tan t  p a r t  of m u l t i s p e c t r a l  
p r o c e s s i n g  o p e r a t i o n s .  F r e q u e n t l y ,  i n v e s t i g a t o r s  want t o  e v a l u a t e  how much 
b e t t e r  t h e  m u l t i s p e c t r a l  d a t a  and p r o c e s s i n g  perforrris a j o b  t h a n  a  more 
c o n v e n t i o n a l  pho tograph ic  s e n s o r  and human p r o c e s s o r .  The q u e s t i o n  u s u a l l y  
ar ises--what  i f  t h e  photography were p rocessed  i n  t h e  same way a s  t h e  scanner  
d a t a .  To h e l p  answer t h i s  q u e s t i o n  we have developed s p e c t r a l  s i m u l a t i o n s  
of pho tograph ic  and o t h e r ,  s e n s o r s .  

Many i n v e s t i g a t o r s  have been i n t e r e s t e d  i n  de te rmin ing  whether problems 
can b e  s o l v e d  u s i n g  ERTS d a t a .  L a s t  y e a r  we s imula ted  t h e  s p e c t r a l  r e s p o n s e  
of ERTS-MSS c h a n n e l s  ( s e e  F i g u r e s  6 and 7 where s imula ted  r e s p o n s e s  a r e  
shown as dashed l i n e s  and assumed ERTS-MSS r e s p o n s e s  a r e  shown a s  s o l i d  
l i n e s ) .  T h i s  y e a r  we a l s o  s imula ted  t h e  s p a t i a l  r e s p o n s e  of t h e  ERTS system. 
T h i s  was accomplished by smoothing t h e  scanner  d a t a  t o  a c h i e v e  80m r e s o l u t i o n  
e lement  s i z e .  T h i s  smoothing was accomplished by averag ing  over  p o i n t s  aad 
s c a n  l i n e s  of t h e  o r i g i n a l  scanner  d a t a .  

F i g u r e  8 shows two d i g i t a l  graymaps of a 2 x 8 m i l e  p o r t i o n  of Biscayne 
Bay d a t a  f o r  which ERTS s p e c t r a l  and s p a t i a l  s i m u l a t i o n s  were performed. 



The bottom map i n  F i g u r e  8 i s  of s p e c t r a l l y  s imula ted  ERTS-MSS channe l  3c0.7- 
0.8pm) a t  the o r i g i n a l  scanner  d a t a  r e s o l u t i o n  of 10m. Prominent l a n d  
f e a t u r e s  of s o u t h e r n  Biscayne  Bay a r e  i d e n t i f i e d .  The t o p  map i n  F i g u r e  8 
is  a s i m u l a t i o n  of t h e  ERTS-MSS 80m. s p a t i a l  r e s o l u t i o n  u s i n g  t h e  same d a t a  
set. The impor tan t  l a n d  f e a t u r e s  can s t i l l  b e  i d e n t i f i e d .  T h i s  s u g g e s t s  
t h a t  a t  l e a s t ,  f e a t u r e s  of t h e  s i z e  of Mangrove P o i n t ,  Turkey P o i n t ,  and 
Arsen icker  Key w i l l  be d e l i n e a t e d  on t h e  ERTS d a t a .  

No a i r c r a f t  s e n s o r  can  a d e q u a t e l y  s i m u l a t e  t h e  100 x  100 m i  f i e l d  of 
v iew of the ERTS s e n s o r .  The d a t a  shown i n  F i g u r e  8  comprise  abou t  0.16% 
of t h e  d a t a  i n  a n  e n t i r e  ERTS frame. Eyen a  s i n g l e  RB-57 photograph 
cover ing  1 8  x 1 8  m i l e s  c o v e r s  less t h a n  4% of t h e  a r e a  of a n  ERTS frame. 
It i s  c l e a r  t h a t  some of t h e  problems being a t t a c k e d  w i t h  a i r c r a f t  d a t a  w i l l  
n o t  b e  f e a s i b l e  from ERTS because  of t h e  lower s p a t i a l  r e s o l u t i o n .  By 
s i m u l a t i n g  t h i s  lower r e s o l u t i o n ,  some e s t i m a t e  of t h e  f e a s i b i l i t y  may be  
o b t a i n e d  b e f o r e  g e t t i n g  ERTS d a t a .  F u r t h e r ,  by s i m u l a t i n g  s p a t i a l  res- 
o l u t i o n s  i n t e r m e d i a t e  between ERTS and s c a n n e r ,  w e  c a n  a s s e s s  t h e  u t i l i t y  of 
Var ious  l e v e l s  of r e s o l u t i o n  f o r  s o l v i n g  problems. 

CORN BLIGHT WATCH PARTICIPATION 

I n  e a r l y  May, we were asked t o  a s s i s t  t h e  Labora to ry  f o r  A p p l i c a t i o n s  
of Ranote Sensing (LARS) i n  p r o c e s s i n g  m u l t i s p e c t r a l  d a t a  c o l l e c t e d  a s  p a r t  
of t h e  Corn B l i g h t  Watch Experiment.  Data  were c o l l e c t e d  e v e r y  two weeks 
oyer  t h i r t y  segments of t h e  i n t e n s i v e  s t u d y  a r e a  i n  w e s t e r n  I n d i a n a .  We 
were  asked t o  p r o c e s s  h a l f  of t h i s  d a t a ,  d e l i n e a t e  l e v e l s  of c o r n  b l i g h t  
s e v e r i t y ,  and r e p o r t  r e s u l t s  t o  LARS w i t h i n  two weeks a f t e r  having r e c e i v e d  
t h e  d a t a .  T h i s  e f f o r t  commenced i n  e a r l y  J u l y  and con t inued  th rough  t h e  
midd le  of October ,  and some o r i g i n a l l y  scheduled p r o c e s s i n g  f o r  i n v e s t i g a -  
t o r s  had t o  b e  d e f e r r e d .  

A t  t h e  o u t s e t ,  we r e a l i z e d  t h a t  t h e  p r o c e s s i n g  of t h e  d a t a  would have 
t o  keep pace  w i t h  t h e  c o l l e c t i o n .  Both LARS and we e s t i m a t e d  t h a t  one  
segment pe r  day was a  s u i t a b l e  d a t a  p r o c e s s i n g  r a t e  f o r  e a c h  f a c i l i t y .  The 
a i r c r a f t  program was t h u s  s c a l e d  t o  c o l l e c t  t h i r t y  segments '  d a t a  every  two 
weeks. 

To meet t h e  g o a l  of p r o c e s s i n g  one segment ' s  d a t a  each day,  we o rgan ized  
a  team of f o u r  s u p e r v i s o r s  and six SPARC o p e r a t o r s .  S u p e r v i s o r s  s e l e c t e d  
c o r n  and background t r a i n i n g  s e t s  from a v a i l a b l e  biweekly ground i n f o r m a t i o n ,  
c o l o r  I R  f i l m  c o l l e c t e d  by t h e  C-47, and p r e v i o u s  p r o c e s s i n g  e x p e r i e n c e  w i t h  
t h e  segment. The SPARC and preprocessor  were s e t u p  i n  t h e  8 t a r g e t ,  6 
channe l  c o n f i g u r a t i o n .  LARS s e l e c t e d  s e p a r a t e  sets of six c h a n n e l s  f o r  
n o r t h e r n ,  c e n t r a l ,  and s o u t h e r n  I n d i a n a  segments from a n  a n a l y s i s  of t h e  
p r e v i o u s  m i s s i o n ' s  d a t a .  



Loops of d a t a  were prepared by t h e  SPARC o p e r a t o r s .  These o p e r a t o r s  
t h e n  s e t u p  t h e  SPARC, implemented p r e p r o c e s s i n g  where r e q u i r e d ,  and t r a i n e d  
SPARC. D e s p i t e  c a r e f u l  p lann ing  of t h e  a i r c r a f t  d a t a  c o l l e c t i o n  program t o  
minimize t h e  v a r i a t i o n s  of observed r a d i a n c e  w i t h  scan  a n g l e ,  t h o s e  e f f e c t s  
were prominent enough t o  r e q u i r e  p r e p r o c e s s i n g  c o r r e c t i o n  i n  abou t  80% of t h e  
d a t a .  These d a t a  were c o l l e c t e d  a t  abou t  5000 f t .  above t e r r a i n  under  
v i s i b i l i t y  c o n d i t i o n s  g r e a t e r  t h a n  6 m i l e s .  Because t h e s e  a r e  q u i t e  r e a -  
s o n a b l e  c o n d i t i o n s  under  which t o  c o l l e c t  d a t a  i n  o p e r a t i o n a l  programs, we 
conc lude  t h a t  p r e p r o c e s s i n g  (or  o t h e r  account ing  f o r  angle-dependent v a r -  
i a t i o n s  of observed r a d i a n c e )  must be  cons idered  i n  t h e  d e s i g n  of p r o c e s s o r s  
f o r  o p e r a t i o n a l  a p p l i c a t i o n s .  

Recogni t ion  maps of each c o r n  b l i g h t  c l a s s  were produced and a r e a  c o u n t s  
were accumulated o f  each b l i g h t  l e v e l  d e t e c t e d  by SPARC. The a r e a  c o u n t s  
were r e p o r t e d  t o  LARS on s t a n d a r d  forms. Also,  s u p e r v i s o r s  ana lysed  each  
r e c o g n i t i o n  map, e s t i m a t i n g  t h e  f r a c t i o n  of each c o r n  f i e l d  d e t e c t e d  a s  each 
b l i g h t  l e v e l .  Th i s  i n f o r m a t i o n  was r e p o r t e d  t o  LARS every  two weeks,. 

Some t y p i c a l  Corn B l i g h t  Watch SPARC maps a r e  shown i n  F i g u r e s  9  and 
10 .  I n  F i g u r e  9 ,  SPARC r e s u l t s  from segment 212, Miss ion 43M (8/17/71) a r e  
c o l o r  coded t o  p o r t r a y  c o r n  of b l i g h t  l e v e l s  0-3 ( l i g h t )  i n  g reen ,  c o r n  of 
b l i g h t  l e v e l s  4 and 5 (heavy) i n  r e d ,  and o t h e r  a r e a s  a s  whi te .  F i e l d s  i n  
t h i s  f i g u r e  a r e  e i t h e r  predominant ly  g r e e n  o r  r e d ,  w i t h  v e r y  few f i e l d s  w i t h  
a s i z a b l e  m i x t u r e  of g r e e n  and r e d ,  i n d i c a t i n g  t h a t  t h e r e  i s  a  s m a l l  r a n g e  
of b l i g h t  l e v e l s  w i t h i n  any one f i e l d ,  and t h a t  d i f f e r e n t  f i e l d s  a r e  a f f e c t -  
ed q u i t e  d i f f e r e n t l y  by s o u t h e r n  c o r n  l e a f  b l i g h t  (SCLB), depending on  
cytoplasm t y p e  and l o c a t i o n .  

One s o u r c e  of c o n f u s i o n  i n  t h e  d a t a  a n a l y s i s  i s  i l l u s t r a t e d  by F i g u r e  10.  
I n  t h i s  f i g u r e  a  p o r t i o n  of a  c o r n  r e c o g n i t i o n  map f o r  segment 2 1 1  i s  pres -  
e n t e d ,  a long  w i t h  c o l o r  I R  photography. There  a r e  s e v e r a l  roughly  c i r c u l a r  
a r e a s  of no r e c o g n i t i o n  w i t h i n  c o r n  f i e l d  boundar ies  t h a t  were i d e n t i f i e d  a s  
weedy p a t c h e s  o r  a r e a s  of low c o r n  growth from examinat ion of t h e  c o l o r  I R  
photo .  The p r o c e s s o r  f a i l e d  t o  d e t e c t  c o r n  i n  t h e s e  a r e a s  because  t h e r e  
was l i t t l e  o r  no corn .  I f  one i s  i n t e r e s t e d  i n  e s t i m a t i n g  t h e  a c r e a g e  
p l a n t e d  i n  c o r n  by remote  s e n s i n g  means, some account  w i l l  have t o  be  made 
of a r e a s  w i t h i n  c o r n  f i e l d s  which do n o t  c o n t a i n  corn.  Per  f i e l d  c l a s -  
s i f i c a t i o n  i s  one p o s s i b l e  s o l u t i o n  t o  t h i s  problem. 

QUANTITATIVE ASPECTS 

Shown i n  F i g u r e  11 i s  a  l i s t  of i n v e s t i g a t o r s  we' have c o l l a b o r a t e d  w i t h  
t h i s  y e a r ,  t h e i r  a f f i l i a t i o n ,  and t h e  g e n e r a l  n a t u r e  of t h e  problems inves -  
t i g a t e d .  The l i s t  i s  q u i t e  v a r i e d  and i n d i c a t e s  t h e  general .  i n t e r e s t  i n  
m u l t i s p e c t r a l  d a t a  c o l l e c t i o n  and p r o c e s s i n g  w i t h i n  t h e  u s e r  community. 
Shown i n  F i g u r e s  1 2  and 1 3  a r e  t h e  numbers of each of t h e  Type I and Type 
I1 p r o c e s s i n g  j o b s  performed. A c o n s i d e r a b l e  amount of b o t h  d i g i t a l  and 



SPARC a n a l y s i s  work was accomplished.  A g r e a t  m a j o r i t y  of t h e  102 SPARC 
j o b s  completed las t  y e a r  were f o r  t h e  c o r n  b l i g h t  watch exper iment ,  b u t  
SPARC maps were a l s o  p repared  f o r  o t h e r  i n v e s t i g a t o r s .  

CONCLUSIONS 

The f i r s t  semi -opera t iona l  test of m u l t i s p e c t r a l  d a t a  c o l l e c t i o n  and 
p r o c e s s i n g  t e c h n i q u e s  was conducted t h i s  year--Corn B l i g h t  Watch Experiment.  
From t h i s  v a l u a b l e  e x p e r i e n c e ,  as w e l l  a s  work w i t h  o t h e r  i n v e s t i g a t o r s ,  we 
draw some c o n c l u s i o n s  and make recommendations f o r  t h e  c o u r s e  of f u t u r e  
r e s e a r c h .  

We have demonstra ted t h a t  m u l t i s p e c t r a l  d a t a  p r o c e s s i n g  can  s o l v e  a 
number of impor tan t  and r e l e v a n t  problems under  r e s t r i c t e d  d a t a  c o l l e c t i o n  
c o n d i t i o n s  and w i t h  few c o n s t r a i n t s  on p r o c e s s i n g  time. Because t h e  inves-  
t i g a t i o n s  t o  d a t e  have been p r i m a r i l y  f e a s i b i l i t y  s t u d i e s ,  no agency i s  
c u r r e n t l y  making u s e  of p rocessed  m u l t i s p e c t r a l  d a t a  i n  d e c i s i o n  making. 
To make t h i s  u s e  f e a s i b l e ,  w e  w i l l  have t o  expand proven t e c h n i q u e s  t o  
l a r g e r  d a t a  s e t s ,  p r o c e s s  t h e s e  d a t a  s e t s  more e f f i c i e n t l y ,  and i d e n t i f y  
and p r o v i d e  t h e  i n f o r m a t i o n  t h a t  d e c i s i o n  makers want. We have p r e v i o u s l y  
no ted  t h a t  t h e  s i g n a t u r e  e x t e n s i o n  problem is  c r u c i a l  t o  t h e  e x t e n s i o n  t o  
l a r g e r  d a t a  sets. A t  t h e  U n i v e r s i t y  of Michigan,  we have o b t a i n e d  some 
encouraging r e s u l t s  i n  t h i s  a r e a  ( r e p o r t e d  i n  t h i s  symposium by Nalepka) ,  
and work h e r e  shou ld  c o n t i n u e  t o  b e  v i g o r o u s l y  pursued.  Two o t h e r  a r e a s  
shou ld  a l s o  b e  considered--processor  e f f i c i e n c y  and c o s t  and post-proc- 
e s s i n g  i n £  o rmat ion  e x t r a c t i o n .  

Our Corn B l i g h t  Watch e x p e r i e n c e  h a s  t a u g h t  u s  t h a t  t h e  a i r c r a f t  i s  
a b l e  t o  g a t h e r  h i g h  q u a l i t y  d a t a  much f a s t e r  t h a n  c u r r e n t ,  r e s e a r c h  o r i e n t e d  
p r o c e s s o r s  a r e  a b l e  t o  d i g e s t  i t .  The C-47, f l y i n g  f o u r  d a y s  pe r  month, 
g e n e r a t e d  enough h i g h  q u a l i t y  d a t a  t o  keep b o t h  LARS and Michigan proc- 
e s s o r s  busy f o r  t h e  whole month. I f  t h e  p o t e n t i a l  of t h e  a i r c r a f t  and 
s p a c e c r a f t  s e n s o r s  a r e  t o  be  r e a l i z e d ,  f a s t e r  more e f f i c i e n t  p r o c e s s o r s  
w i l l  have t o  b e  b u i l t .  We s e e  t h e  h y b r i d  computer a s  such a  system. By 
d e s i g n i n g  and c o n s t r u c t i n g  such a n  improved throughput  system, r e s u l t s  can 
be  g e n e r a t e d  f a s t e r  more cheap ly .  T h i s  w i l l  b e n e f i t  b o t h  o p e r a t i o n a l  
programs and f e a s i b i l i t y  s t u d i e s .  

The g e n e r a t i o n  of p rocessed  r e s u l t s  more cheap ly  and f a s t e r  w i l l  n o t  
a l o n e  i n s u r e  t h e i r  a c c e p t a n c e  by p o t e n t i a l  d e c i s i o n  making u s e r s .  We need 
t o  c o n s i d e r  t h e  p o s t  p r o c e s s i n g  i n f o r m a t i o n  e x t r a c t i o n .  An impor tan t  s t a r t  
h a s  been made i n  t h i s  a r e a  w i t h  t h e  e x t r a c t i o n  of pond a c r e a g e  and perim- 
e t e r  s t a t i s t i c s  f o r  w i l d l i f e  managers s e t t i n g  duck h u n t i n g  limits i n  North 
Dakota. More of t h i s  e f f o r t  must b e  under taken .  One p a r t  of t h i s  a r e a  
which needs  a t t e n t i o n  i s  mensura t ion .  For some i n v e s t i g a t o r s ,  t h e  d e s i r e d  
f i n a l  o u t p u t  i s  a  map. Because of d i s t o r t i o n s  i n t r o d u c e d  i n  t h e  scanning 
p r o c e s s  and because  of a i r c r a f t  p l a t f o r m  i n s t a b i l i t i e s ,  maps of t h e  r e q u i r e d  



f i d e l i t y  have been d i f f i c u l t ,  i f  n o t  imposs ib le ,  t o  g e n e r a t e .  F u r t h e r ,  
some i n v e s t i g a t o r s  d e s i r e  a c c u r a t e  a c r e a g e  measurements of c r o p s  o r  o t h e r  
ground m a t e r i a l s .  T h i s  problem i s  l i n k e d  w i t h  t h e  problem of scanner  
c a r t o g r a p h y  because  t h e  same k i n d s  of d i s t o r t i o n s  must be  accounted f o r .  
It i s  c l e a r  t h a t  some u n i f i e d  approach t o  s e n s o r  p l a t f o r m  and p r o c e s s o r  
d e s i g n  is r e q u i r e d  t o  s o l v e  t h i s  problem most e f f i c i e n t l y .  

C o l l e c t i o n  of d a t a  from ERTS and Skylab s e n s o r s  w i l l  impose new 
demands upon e x i s t i n g  p rocess ing  f a c i l i t i e s ,  f o r  d a t a  q u a n t i t i e s  w i l l  be 
s i z a b l y  l a r g e r .  We f a c e  t h e  ERTS d a t a  w i t h  a  number of p rocess ing  t e c h n i q u e  
proven u s e f u l  f o r  p r o c e s s i n g  a i r c r a f t  d a t a .  It i s  c l e a r  t h a t  many of t h e s e  
p r o c e s s i n g  t e c h n i q u e s  w i l l  be  u s e f u l  f o r  ERTS d a t a ,  b u t  t h a t  o t h e r  proc- 
e s s i n g  t e c h n i q u e s  may be r e q u i r e d  t o  o p t i m a l l y  e x p l o i t  t h e  un ique  char-  
a c t e r i s t i c s  of t h i s  d a t a .  Some of t h e s e  t e c h n i q u e s  a r e  now under devel-  
opment a t  Michigan,  and w i l l  b e  d i s c u s s e d  i n  o t h e r  papers  i n  t h i s  s e c t i o n .  
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I n v e s t i g a t o r  A£ f  i l i a t i o n  Area Problem 

Frank Canney USGS-Denver C a t h e a r t  Mtn., 
Maine 

A.E. Coker USGS-Tampa C e n t r a l  
F l o r i d a  

Richard D r i s c o l l  USDA-Ft. C o l l i n s ,  Manitou 
Colorado N a t ' l  F o r e s t  

M i l t o n  K o l i p i n s k i  USGS-Miami Biscayne Bay, 
F l o r i d a  

Rober t  Johnson USDA-Bemidj i, Chippewa 
Minnesota N a t ' l  F o r e s t  

Minnesota 

Harvey Nelson BSFW-Jarnestown, North Dakota 
North Dakota 

Will iam Pearcy  Oregon S t a t e  
U n i v e r s i t y  

Oregon 
Coast  

Robert  Vincent  U n i v e r s i t y  of P i s g a h  C r a t e r ,  
Michigan C a l i f o r n i a  

D e l i n e a t e  copper 
and molybdenum 
s t r e s s e d  t r e e s .  

D e l i n e a t e  Veg- 
e t a t i v e  i n d i c a t o r s  
of f l u o r i d e  p o l l u -  
t i o n  of ground 
w a t e r .  

Map f o r e s t ,  range- 
l a n d ,  and wet land 
s i t e s  

Study a b i l i t y  of 
s p e c t r a l l y  and 
s p a t i a l l y  s imula ted  
ERTS d a t a  t o  map 
underwater  p l a n t  
cornmunit i e s .  

Map f o r e s t  s p e c i e s  
and ponds i n  
Chippewa Nat ' 1 
F o r e s t .  

Map pond wate r  
d i s t r i b u t i o n  and 
surround i n g  veg- 
e t a t i o n  i n d i c a t i v e  
of waterfowl  
p r o d u c t i v i t y .  

D e l i n e a t e  ocean  
w a t e r  t y p e s  by 
measurements of 
water  s p e c t r a l  
r a d i a n c e .  

D e l i n e a t e  exposed 
r o c k  t y p e s  u s i n g  
the rmal  r a t i o  - 
r e s t s t r a h l e n  
t echn ique .  

F i g u r e  11 



I n v e s t i g a t o r  

Kenneth Watson 

Craig  Wiegand 

A£ f i l i a t i o n  Area Problem 

USGS-Denver M i l l  Creek, Map exposed sed- 
Oklahoma imentary  r o c k s  u s i n g  

v i s i b l e  d a t a ,  p r o v i d e  
r o c k  r e f l e c t a n c e  
s t a t i s t i c s ,  and pro- 
v i d e  t empera tu re  
s t a t i s t i c s  f o r  cor-  
r e l a t i o n  w i t h  the rmal  
model. 

USDA-Weslaco Weslaco, Map s o i l  and veg- 
Texas e t a t i o n  u s i n g  

s p e c t r o m e t e r ,  nea r  
i n £  r a r e d ,  and sim- 
u l a t e d  pho tograph ic  
d a t a .  

F i g u r e  11. - Concluded. 
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