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The f e a t u r e  e x t r a c t i o n  

ON FEATURE EXTRACTION* 

panel met dur ing  two s e s s i o n s  t o  d e f i n e  r e s e a r c h  needs 
i n  t h i s  s u b j e c t  area f o r  e a r t h  resource obse rva t ion  systems. 
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3.3.1 S t a t e  o f  Knowledge 

Thare a r e  t h r e e  i s s u e s  i n  t h e  subpixe l  f e a t u r e  e s t ima t ion  problem: 1)  t h e  
i d e n t i f i c a t i o n  o f  image models which adequate ly  d e s c r i b e  t h e  d a t a  and t h e  sen- 
sor  it is us ing ,  2) t h e  c o n s t r u c t i o n  o f  l o c a l  f ea t ? r r e  models based on those  
image models, and 3 )  t h e  important  problem o f  t r y i n g  t o  unde r s t and  these e f -  
f e c t s  o f  preprocesing on t h e  e n t i r e  process .  We i d e n t i f i e d  two c l a s s e s  o f  i m -  
age models f o r  subp ixe l  f e a t u r e  e s t ima t ion  which we thought  were worthwhile 
pursuing.  We d o n ' t  want t o  g i v e  t h e  impression we thought  t h a t  t h o s e  were t h e  
only  t w o ,  but  i n  terms of  both what we heard from Bob Hara l ick  and t h e  experi- 
ence o f  t h e  people  on t h e  pane l ,  we f i r s t  d i s t i n g u i s h e d  techniques  based on 
s u r f a c e  f i t t i n g  which have underlying assumptions about c o n t i n u i t y  and de fe r -  
e n t i a b i l i t y  o f  t h e  i n t e n s i t y  s u r f a c e ;  t h e s e  people  tend t9 do t h e i r  a n a l y s i s  
on a pixel-by-pixel b a s i s ,  without  any d i r e c t  concern f o r  t h e  o v e r a l l  o rgani -  
z a t i o n  o f  f e a t u r e s  o f  edges and lines t o  form long s t r a i g h t  l i n e s  w i t h  smooth 
cu rves  i n  t h e  p i c t u r e .  This was opposed t o  what might be c a l l e d  s t r u c t u r a l  
models , which e s s e n t i a l l y  accommodate geometr ica l  models which d e s c r i b e  t h e  
shape,  s i z e ,  and arrangement o f  p i eces  i n  a p i c t u r e ,  and s t a t i s t i c a l  models,  
which t e l l  you about t h e  ways i n  which they a r e  co lo red .  These second types  
have been d i s t i n g u i s h e d  from s u r f a c e  f i t t i n g  models i n  terms of  computat ions 
by t h e  f a c t  t h a t  t h e  f e a t u r e  d e t e c t i o n  is done more on t h e  b a s i s  of  ana lyz ing  
l o c a l  neighborhoods t o  t ake  advantage o f  t h e  informat ion  i n  t he  geometr ic  mo- 
d e l .  For example, assume t h a t  a p i c t u r e  is piecewise c o n s t a n t  upon t h e  edges 
between piecewise c o n s t a n t  r e g i o n s  t o  b e t t e r  than a p i r e l .  That d o e s n ' t  pre- 
c lude  c a n b i n a t i o n s  o f  t h e s e  approaches or o t h e r s ,  b u t  we c e r t a i n l y  t h i n k  i t ' s  
important  t h a t  people  pay s e r i o u s  a t t e n t i o n  t o  t h i s  problem o f  being very spe- 
c i f i c  about e x a c t l y  what models t hey  a r e  using t o  d e s c r i b e  t h e  images and ex- 
a c t l y  what t h e  l o c a l  f e a t u r e  models a r e  t h a t  they a r e  u s i n g  to  e s t i m a t e  t h e  
l o c a t i o n  o f  these l o c a l  f e a t u r e s .  

Another t o p i c  which we f e l t  d e s e r v e s  some a t t e n t i o n  h e r e ,  is i n t e g r a t i o n  o f  
t hese  f e a t u r e s  i n t o  high-level  d e s c r i p t i o n s  o f  con ten t  i n  t he  image. ,Some ex- 
amples, i n  ca se  people  a r e n ' t  s u r e  what we were t a l k i n g  about ,  i n c l u d e  l i n e ,  
cu rve ,  and i n t e r s e c t i o n  d e t e c t i o n ,  shape d e t e c t i o n  f o r  s p e c i f i c  c l a s s e s  o f  
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shape t h a t  might be impor t sn t ,  d e r i v i n g  informat ion  about  t h e  topology o f  
a r e a s  i n  t h e  p i c t u r e ,  and more g e n e r a l l y ,  segmentat ion t echn iques  based upon 
c o n s t r u c t i o n  o f  l o c a l  f e a t u r e s .  It is impor tan t  t o  n o t e  t h a t  t h e  a n a l y s i s  o f  
t h e  e f f e c t  o f  p rep rocess ing  on t h e s e  l o c a l  f e a t u r e  e s t i m a t i o n  t e shn iques  is 
going t o  vary from s e n s o r  t o  senso r .  

The development o f  ground c o n t r o l  p o i n t  l ib rar ies  f o r  automated s e l e c t i o n  pre-  
sents two concerns.  One is t h e  o r g a n i z a t i o n  of  t h e s e  CCP l i b r a r i e s  f o r  rcct i -  
f i c a t i o n  pr3blerns. i .e. t h e  problems o f  au tomat i ca l ly  s e l e c t i n g  by complltc* 
t h e  s p e c i f i c  CCP'.s f o r  p a r t i c u l a r  r e g i s t r a t i o n  t a sks .  O f  concern a r e  t h e  
types  o f  t h i n g s  t h a t  have t o  be conta ined  i n  t h e  d e s c r i p t i o n  o f  any one o f  
t h e s e  p a t t e r n s ,  because re  were looking  f o r  more gene ra l  r e p r e s e n t a t i o n s  t h a t  
you can f i n d  i n  p i c t u r e s  b e s i d e s  j u s t  a range of s p e c t r a l  inFcrmation say  de- 
r i v e d  from a p a r t i c u l a r  s enso r  i n  a p a r t i c u l a r  time t o  r e p r e s e n t  t h a t  p a t t e r n  
f o r  matching f o r  a l l  o t h e r  times. Second is t h e  importance o f  i n t e g r a t i n g  
ground c o n t r o l  p a t t e r n s  i n  a d a t a  base  management system, so t h a t  you can i n -  
t e r f a c e  t o  a l a r g e  number o f  s enso r  image t y p e s  w i t h  an au tomat ic  s e l e c t i o n  
system. 

In  terms o f  problems o f  o p e r a t i o n a l  and exper imenta l  v a l i d a t i o n ,  t h e  issues 
i n c l u d e  choosing a p p r o p r i a t e  s imula ted  and real-image and a n c i l l a r y  d a t a ,  arxi 
being a b l e  t o  e s t a b l i s h  v a l i d a t i o n  c r i t e r i a ,  t o  compare d i f f e r e n t  techniques .  

3.3.2 Recommended Research Tasks 

We s p e n t  much o f  ou r  time t r y i n g  t o  e s t a b l i s h  a s e t  o f  p r i o r i t i e s  i n  each one 
of  these a r e a s .  F igQres  1 and 2 summarize our  conclus ions .  I n  t h e  l o c a l  fea-  
t u re  d e t e c t i o n  a r e a  we f e l t  t h a t  p r i o r i t i e s  should l i e  wi th  t h e  c o n s t r u c t i o n ,  
des ign ,  and development o f  image and f e a t u r e  moflels. A second p r i o r i t y  ought  
t o  be t h e  a c t u a l  da t a - se t  s e l e c t i o n  and t h e  des ign  o f  o p e r a t i o n a l  v a l i d a t i o n  
techniques .  A t h i r d  should be i n v e s t i g a t i o n  o f  these f e a t w e  i n t e g r a t i o n  mech- 
anisms aga in ;  t h a t  i s ,  comp~ite more s t r u c t u r a l  d e s c r i p t i o n  o f  image p a t t e r n s  * 
and pu t  t o g e t h e r  t h e  resul ts  o f  these l c c a l  ana lyses .  Then f o u r t h ,  t h e  e f -  
fects  o f  preprocess ing  on f e a t u r e  d e t e c t i o n  should  be cons idered .  

The o t h e r  major t o p i c  was ground c o n t r o l  p o i n t  l i b r a r y  p r i o r i t i e s .  Here, we 
f e l t  t h a t  t h e  f i r s t  t h i n g  t h a t  needs t o  be looked a t  i s  what t h e  c o n t e n t  would 
be of s u c h  a l i b r a r y .  Would i t  be  an e x t e n d e d  ve r s ion  of wha t ' s  planned t o  be 
made a v a i l a b l e  now, i n  terms o f  inc lud ing  s t anda rd  types  o f  c h i p s  you have 
now, o r  t h i n g s  l i k e  cha in  codes  o f  shapes ,  in format ion  about  texture and spec- 
t r a l  con ten t?  A second e f f o r t  should be c r e a t i n g  an au tomat ic  s e l e c t i o n  s y s -  
tem f o r  a s i n g l e  senso r  (based around a d a t a  base management sys tem,  f e s s i h i l -  
i t y  s tudy  i n  t h a t  a r e a ? .  A t h i r d  p o s s i b i l i t v  is dynamic ground c o n t r o l  pa t -  
tern l i b r a r i e s ;  t h e  i d e a  here be ing  t h a t  as you use c h i p s  ove r  and over  aga in ,  
you begin t o  c o l l e c t  in format ion  abaut  no t  on ly  t h e  r e l i a b i l i t y  o f  p a r t i c u l a r  
Faints f o r  r e c t i f i c a t i o n ,  b u t  a l s o  informat ion  on t h e  what p a t t e r n s  would be  
de r ived  from map informat ion  only .  T ~ I J S ,  when you s t a r t  looking  a t  d i f f e r e n t  
t ypes  o f  s e n s o r s ,  and t r y  t o  use these p a t t e r n s  t o  r e c t i f y ,  you can c o l l e c t  
in format ion  about  t h e  a c t u a l  s p e c t r a l  p r o p e r t i e s  on t h e  ground f o r  t h a t  t ype  
of s enso r .  Furthermore,  you can i n t e g r a t e  t h a t  i n t o  t h e  d e f i n i t i o n  o f  t h a t  
c h i p  and use i t  f o r  subsequent  s e l e c t i o n t Q .  Then a f o u r t h  p r i o r i t y ,  a much 
longer  range t a s k ,  is  t o  look a t  t h e  f e a s i b j l i t y  of  mul t i s enso r  systems t h a t  
have a much l a r g e r  d a t a  base.  Here we have t o  r e a l l y  f a c e  up  t o  t h e  problem 
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of whether o r  not  you  r e a l l y  can e f f e c t i v e l y  c o n s t r u c t  p a t t e r n s  which  can be 
,.sed a c r o s s  senso r s .  

I n  F igure  3 we t r i e d  t o  show cour se  approximations t o  times t h a t  should be a l -  
l oca t ed  t o  t h e s e  t a s k s  and their  o rde r ing  i n  time; i.e., which one can over-  
l a p ,  and which n e c e s s a r i l y  proceed o t h e r s  f o r  l o g i c a l  or c o s t  reasons .  
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