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DELINEATION OF SOIL BOUNDARIES USING 
IMAGE ENHANCEMENT AND SPECTRAL SIGNATURE 
CLASS I F I  CATION OF LANDSAT DATA 

M, L, IMHOFF, G, W, PETERSEN 
Pennsylvania S t a t e  Un ive r s i t y  

J, Rm IRONS 
NASA/Goddard Space F l i g h t  Center  

The concept  of u s ing  s a t e l l i t e  d a t a  
f o r  s o i l s  i n v e n t o r i e s  began wi th  t h e  
advent  of t h e  f i r s t  ERTS launch i n  1972. 

Landsat  d a t a  can be u s e f u l  i n  a f i e l d  
survey,  i f  it s a t i s f i e s  one o r  both of 
two requirements:  t h e  products  must 
improve t h e  accuracy of  t h e  survey and/or 
it must e x p e d i t e  t h e  survey. These g o a l s  
can  be achieved by c r e a t i n g  products  t h a t  
enhance and d e l i n e a t e  s o i l  s u r f a c e  f e a t u r e s  
t h a t  would n o t  n e c e s s a r i l y  i d e n t i f y  
s p e c i f i c  s o i l  t ypes  b u t  r a t h e r  provide  a 
s p a t i a l  boundary t h a t  a f i e l d  s c i e n t i s t  
could  observe  and eva lua t e .  

A 250,000 a c r e  t r a c t  of semiar id  
rangeland i n  e a s t  c e n t r a l  Utah was 
s e l e c t e d  a s  t h e  s tudy  area .  A June  13 ,  
1977 Landsat  scene  was chosen f o r  a n a l y s i s .  
The c o l o r  composite combined wi th  such 
a n c i l l a r y  d a t a  a s  geologic  maps and topo- 
g raph ic  quadrangles  a ided  i n  p a r t i t i o n i n g  
t h e  s tudy  s i t e  i n t o  a r e a s  of physiographic 
homogeneity. 

A p r i n c i p l e  components t r ans fo rma t ion  
was performed on t h e  d a t a  and a uniform 
c o n t r a s t  s t r e t c h  was app l i ed  t o  t h e  
una l t e r ed  s p e c t r a l  bands and t h e  t r a n s -  
formed axes .  The c o n t r a s t  s t r e t c h  
i nc reased  t h e  dynamic t o n a l  range of  t h e  
d a t a ,  and c r e a t e d  a s  many a s  32 d i f f e r e n t  
t o n a l  c l a s s e s .  Various c o l o r  combinations 
and a number of d e n s i t y  s l i c e s  were 
eva lua ted  f o r  t h e i r  i n t e r p r e t a b i l i t y .  

A s p e c t r a l  s i g n a t u r e  c l a s s i f i c a t i o n  
of t h e  June  scene  was developed us ing  both 
superv ised  and unsupervised c l a s s i f i c a t i o n  
a lgor i thms.  A canon ica l  a n a l y s i s  was t hen  
performed on t h e  themat ic  maps t o  improve 
c l a s s  s e p a r a b i l i t y  f o r  image enhancement. 

The more promising image products  were 
geome t r i ca l l y  c o r r e c t e d ,  s ca l ed  t o  1:24,000, 
and merged wi th  d a t a  d i g i t i z e d  from a 
p a r t i a l l y  completed s o i l s  map. 
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The r e s u l t i n g  map allowed comparisons 
between s o i l  l i n e s  drawn by a f i e l d  s o i l  
mapper and t h e  c l a s s e s  de f ined  by compute1 
a n a l y s i s .  

Both t h e  enhanced images and t h e  
s p e c t r a l  c l a s s i f i c a t i o n  maps a ided  i n  t h e  
d e l i n e a t i o n  of s o i l  boundaries .  Enhanced 
images a r e  inexpensive t o  gene ra t e  and, 
a s  no s u b j e c t i v e  c l a s s  groupings a r e  made, 
have t h e  added q u a l i t y  of o b j e c t i v i t y .  
The s p e c t r a l  c l a s s i f i c a t i o n  maps de f ined  
s u r f a c e  c h a r a c t e r i s t i c s  t h a t  could be 
used t o  h e l p  s e p a r a t e  s o i l  u n i t s .  A c o s t  
a n a l y s i s  f o r  t h e  i n d i v i d u a l  products  and 
an  indepth  f i e l d  eva lua t ion  i s  being 
completed. 
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