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ABSTRACT 

A g r l c u l t u r a t  c rop  i d e n t i f i c a t i o n  and acreage determination a n a l y s i s  
o f  LANDSAT d i g i t a l  da ta  was per fo rme f o r  two s tudy  areas. A m u l t i s p e c t r a l  v image p rocess ing  and a n a l y s i s  system was u t i l i z e d  t o  pe r f o rm  t h e  man- 
machine i n t e r a c t i v e  a n a l y s i s .  The developed techn iques  y i e l d e d  c r o p  
acreage es t ima te  r e s u l t s  w i t h  accuracy g r e a t e r  than  90% and as h i g h  as 
99s. These r e s u l t s  a r e  encouraging ev idence of a g r i c u l t u r a l  i n v e n t o r y  
c a p a b i l i t i e s  o f  machine processed LANDSAT d i g i t a l  da ta .  

INTRODUCTION 

There i s  i n c r e a s i n g  i n t e r e s t  i n  b o t h  t h e  s c i e n t i f i c  and p o l i t i c a l  
arenas as t o  t h e  f e a s i b i l i t y  o f  employ ing s a t e l l i t e  da ta  f o r  su rvey ing  
w o r l d  a g r i c u l t u r e .  To be e f f e c t i v e ,  s a t e l l i t e  sensors must p r o v i d e  a 
r e p e t i t i v e  s y n o p t i c  v iew o f  a g r i c u l t u r a l  areas, y e t  m a i n t a i n  t h e  c a p a b i l -  
i t i e s  o f  accu ra te  c r o p  i d e n t i f i c a t i o n  and area de te rm ina t i on .  E f f e c t i v e  
a g r i c u l t u r a l  survey a n a l y s i s  o f  these remote ly  sensed da ta  w i l l  p robab l y  
r e q u i r e  an i n t e r a c t i v e  approach combining man's i n s i g h t s  and t h e  machine 's  
"number-crunchingu c a p a b i l i t i z s .  

The a b i l i t y  t o  e x t r a c t  a g r i c u l t u r a l  i n v e n t o r y  parameters f rom LANDSAT 
d i g i t a l  da ta  v i a  an i n t e r a c t i v e  p rocess ing  system was i n v e s t i g a t e d  i n  
t h i s  study. Two areas were s e l e c t e d  f o r  a n a l y s i s :  W i l l i a m s  County, 
No r th  Dakota and M e l f o r t ,  Saskatchewan. LANOSAT imagery and d e t a i l e d  
ground t r u t h  f o r  a  3 x 13km ( 2  x  8 m i l e  p o r t i o n  o f  each area were p r o v i d e d  
by t h e  U.  S. Department o f  A g r i c u l t u r e  IUSDA). 

I n  t h i s  s tudy,  a  man-machine i n t e r a c t i v e  p rocess ing  system per formed 
t h e  a n a l y s i s  o f  LANDSAT d i g i t a l  data.  S p e c i f i c a l l y ,  t h e  system, under t h e  
guidance o f  an a n a l y s t ,  per formed m u l t i s p e c t r a l  a g r i c u l t u r a l  c r o p  i d e n t i f i -  
c a t i o n  and s p a t i a l  area d e t e r m i n a t i o n  w i t h i n  t h e  s tudy  areas. The r e s u l t s  
achieved from i n t e r a c t i v e  a n a l y s i s  were t hen  compared t o  d e t a i l e d  ground 
t r u t h .  

The r e s u l t s  a r e  encouraging and i l l u s t r a t e  t h e  a g r i c u l t u r a l  i n v e n t o r y  
c a p a b i l i t i e s  o f  u s i n g  i n t e r a c t i v e  p rocess ing  t o  ana lyze  LANDSAT da ta .  The 
f i n d i n g s  i c d i c a t e  t h e  p o t e n t i a l  u t i l i t y  o f  t h i s  approach t o  c a r r y  o u t  l a r g e  
area a g r i c u i t u r a l  surveys. 

BACKGROUND 

LANDSAT d i g i t a l  da ta  o f  W i l l i ams  County, N o r t h  Dakota f rom 3 u l y  11, 
19733 and of M e l f o r t ,  Saskatchewan from August 1, 19733 were f u r n i s h e d  by 
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t h e  USDA. Accom an i n g  t h e  d i g i t a l  d a t a  were d e t a i l e d  g round  t r u t h  c r o p  
maps o f  a  3 x 16  e m  f 2 x 1 0  m i l e )  a rea  w i t h i n  each scene, C l o u d  c o v e r  
obscu red  a p o r t i o n  o f  t h i s  s e l e c t e d  a r e a  on  t h e  W i l l i a m s  Coun ty  LANDSAT 
da ta ,  t o r c i n g  t h e  s t u d y  a r e a  t o  be reduced  t o  3 x 13km ( 2  x 8 m i l e s ) .  To 
p r o v i d e  c o n s i s t e n t  r e s u l t s ,  t h e  M e l f o r t  s t u d y  a r e a  was a l s o  l i m i t e d  t o  
3 x 13km. 

A g r i c u l t u r a l  p r a c t i c e s  i n  b o t h  W i l l i a m s  County  and M e l f o r t  a r e  s i m i l a r .  
B o t h  a reas  a r e  i n f l u e n c e d  b y  s e v e r e  w i n t e r s  and d r y  summers. As a  r e s u l t ,  
s p r i n g  wheat i s  p l a n t e d  r a t h e r  t h a n  w i n t e r  wheat, and t h e  p r a c t i c e  of  
"summer f a l l o w "  i s  commonly employed. A summer f a l l o w  f i e l d  l i e s  i d l e  
d u r i n g  t h e  g r o w i n g  season, and i s  p e r i o d i c a l l y  t i l l e d  t o  c o n t r c l  weeds and 
keep t h e  s o i l  s u r f a c e  l o o s e .  T h i s  p r a c t i c e  r e d u c e s  m o i s t u r e  l o s s  b y  s o i l  
s u r f a c e  e v a p o r a t i o n  and weed e v a p o t r a n s p i r a t i o n  w h i l e  a l l o w i n g  e f f e c t i v e  
ca tchment  of  t h e  i n f r e q u e n t  r a i n s .  T h i s  f a l l o w  ground,  v iewed  f r o m  LANOSAT, 
i s  i n  h i g h  c o n t r a s t  w i t h  s u r r o u n d i n g  v e g e t a t i o n .  

USDA g round  t r u t h  f o r  W i l l i a m s  County  i d e n t i f i e d  99% o f  t h e  c r o p s  
w i t h i n  t h e  s t u d y  a r e a  as  s p r i n g  wheat, b a r l e y ,  o a t s ,  sod, g r a s s ,  and 
f a l l o w .  Based on  f i n d i n g s  by E r b  ( R e f .  I ) ,  i t  was suspec ted  t h a t  wheat, 
b a r l e y  and o a t s  wou ld  be d i f f i c u l t  t o  c l a s s i f y  s e p a r a t e l y  w i t h  LANDSAT 
d a t a  due t o  c l o s e  a n d / o r  o v e r l a p p i n g  s p e c t r a l  responses .  I t  was a l s o  
suspec ted  t h a t  sod and g r a s s  c a t e g o r i e s ,  c o n s i s t i n g  o f  p o o r  t o  f a i r  q u a l i t y  
permanent p a s t u r e s  and hay h a r v e s t i n g  a reas ,  may a l s o  have s i m i l a r  s p e c t r a l  
responses.  Consequee t l y ,  t h e  c r o p s  w i t h i n  t h e  s t u d y  a r e a  were a n a l y z e d  i n  
t h r e e  c l a s s e s :  s m a l l  g r a i n s  ( s p r i n g  wheat, b a r l e y ,  o a t s ) ;  sod ( sod ,  g r a s s ) ;  
and summer f a l l o w .  

The m a j o r  c r o p  c l a s s e s  i n  t h e  M e l f o r t  s t u d y  a r e a  were s p r i n g  wheat, 
b a r l e y ,  r a p e  and summer f a l l o w .  Aga in ,  a  c o m p o s i t e  s m a l l  g r a i n  c a t e g o r y  
(wheat,  b a r l e y )  was d e f i n e d  f o r  a n a l y s i s .  The r e m a i n i n g  c r o p  a r e a  was 
c l a s s i f i e d  a s  e i t h a r  r a p e  o r  f a l l o w .  

The ave rage  f i e l d  s i z e  i n  t h e  W i l l i a m s  County  s t u d y  a r e a  was s m a l l e r  
t h a n  i n  M e l f o r t .  W i l l i a m s  Coun ty  f i e l d  s i z e s  ranged  f r o m  0.4 t o  97 
h e c t a r e s  ( 1  t o  240 a c r e s ) ,  w i t h  an ave rage  o f  1 0  h e c t a r e s  ( 2 5  a c r e s ) .  
M e l f o r t ,  Saskatchewan f i e l d  s i z e s  r a c g e d  f r o m  4  t o  130 h e c t a r e s  ( 1 0  t o  320 
a c r e s ) ,  w i t h  an ave rage  s i z e  o f  22 h e c t a r e s  ( 5 5  a c r e s ) .  I n  b o t h  s t u d y  
a reas ,  f i e l d  shapes v a r i e d  f r o m  s m a l l  na r row f i e l d s  t o  i r r e g u l a r  p l o t s  t o  
l a r g e  s y m m e t r i c a l  f i e l d s .  

These a r e a s  have s i m i l a r i t i e s  and d i f f e r e n c e s  t h a t  a l l o w  f11r an 
e f f e c t i v e  compar i son  o f  r e s u l t s ,  and p r e s e n t  an i n t e r e s t i n g  c h a l l e n g e  f o r  
u s i n g  i n t e r a c t i v e  machine p r o c e s s i n g  t o  a n a l y z e  LARDSAT d a t a .  

A P P R O A C H  

I n  o r d e r  t o  e f f e c t i v e l y  u t i l i z e  t h e  v a s t  amount o f  d a t a  b e i n g  
g e n e r a t e d  by  LANDSAT and o t h e r  remote  s e n s i n g  sys tems,  s p e c i a l  pu rpose  
e l e c t r o n i c  d a t a  p r o c e s s i n g  systems have been deve loped .  One such system, 
an i n t e r a c t i v e  m u l t i s p e c t r a l  image p r o c e s s i n g  and a n a l y s i s  system, was used 
i n  t h i s  s t u d y ,  The b a s i c  f u q c t i o n  o f  t h e  sys tem i s  t o  e x t r a c t  t h e m a t i c  
i n f o r m a t i o n  f r o m  m u l t i c h a n n e l  d i g i t a l  image d a t a .  T h i s  i s  accomp l i shed  v i a  
s t a t i s t i c a l  measurement o f  t h e  r a d i o m e t r i c  p r o p e r t i e s  o f  t h e  m u l t i c h a n n e l  
d a t a  as  g u i d e d  b y  an o p e r a t o r ' s  i n t e r a c t i v e  commands. I n t e r a c t i v e  
c a p a b i l i t y  t o  m o d i f y  computer  p a r a m e t e r s  and d e c i s i o n s  i s  a lways  a v a i l a b l e ;  
changes a r e  q u i c k l y  made and e v a l u a t e d .  I n  f a c t ,  i n  a l m o s t  a l l  modes o f  
o p e r a t i o n  t h e  sys tem responds  t o  man a t  l e a s t  as q u i c k l y  as he can d e c i d e  
what  t o  do n e x t .  The advantage of  an i : i t e r a c t i v e  sys tem i s  t h a t  i t  makes 
t h e  most  e f f i c i e n t  use o f  b o t h  man and mach ine.  The p a t t e r n  r e c o g n i t i o n  



c a p a b i l i t i e s  and s u b j e c t i v e  j udgmen t  o f  t h e  man a r e  c o u p l e d  t o  t h e  "number- 
c r u n c h i n g "  c a p a b i l i t i e s  of t h e  mach ine.  

The sys tem has f o u r  v i d e o  c h a n n e l s ,  each  o f  w h i c h  i s  c a p a b l e  o f  
s t o r i n g  e i g h t - b i t  v i d e o  image d a t a ,  p l u s  e i g h t  theme s t o r a g e  c h a n n e l s .  The 
sys tem uses  a t e l e v i s i o n  c o m p a t i b l e  f o r m a t  o f  512 x 512 p i c t u r e  e l e m e n t s  
( p i x e l s )  t o  p u t  s t o r a g e  r e q u i r e m e n t s  a t  1 0  m i l l i o n  b i t s .  F o r  t h i s ,  a  s o l i d -  
s t a t e  memory ( o r  r o t a t i n g  d i s c  o p t i o n )  i s  used as  a r e f r e s h  and s t o r a g e  
d e v i c e .  LANDSAT d i g i t a l  d a t a  can  be e n t e r e d  d i r e c t l y  f r o m  compu te r  com- 
p a t i b l e  t a p e s  i n t o  t h e  r e f r e s h  memory. 

I n  t h i s  a g r i c u l t u r a l  s t u d y ,  t h e  methods o f  i n t e r a c t i v e  a n a l y s l s  
u t i l i z e d  a  v a r i e t y  o f  mach ine  f u n c t i o n s :  

1  LANDSAT d i g i t a l  d a t a  f o r  t h e  W i l l i a m s  Coun ty  s t u d y  a r e a  were i n p u t  
a t  a  m a g n i f i c a t i o n  o f  2X. A t  t h i s  s c a l e  each  LANDSAT p i x e l  
( 5 6  x 79m) i s  r e p r e s e n t e d  b y  a  2  x  2  p i x e l  a r r a y  o n  t h e  i n t e r a c t i v e  
d i s p l a y .  The scene was e n l a r g e d  t o  f a c i l i t a t e  v i s u a l  e x a m i n a t i o n  
o f  t h e  s t u d y  a r e a .  The e n t i r e  s c r e e n  d i s p l a y  was 15 x  15km 
( F i g u r e  1) and t h e  s t u d y  a r e a  was 3 x  13km ( F i g u r e  2 ) .  

2. The 3 x  13km s t u d y  a r e a  was d e l i n e a t e d  on t h e  c o l o r  m o n i t o r  w i t h  
a  p o l y g o n  c u r s o r  ( a n y  u s e r - d e f i n e d  p o l y g o n  a r e a  whose p o s i t i o n  i s  
r e c o g n i z e d  by t h e  sys tem d u r i n g  subsequen t  o p e r a t i o n s )  so t h a t  
n u m e r i c a l  a n a l y s i s  r e s u l t s  c o u l d  be e x t r a c t e d  f o r  o n l y  t h e  3  x  13km 
s t u d y  a r e a .  

3. W i t h i n  t h e  s t u d y  a rea ,  s m a l l  u n i f o r m  p o r t i o n s  o f  s e l e c t e d  f i e l d s  
were  d e s i g n a t e d  as  t e s t  and t r a i n i n g  s i t e s .  F o r  example,  p o r t i o n s  
o f  f i v e  known f a l l o w  f i e l d s ,  w h i c h  were  w e l l  d i s t r i b u t e d  t h r o u g h o u t  
t h e  s t u d y  a rea .  were  i n c o r p o r a t e d  i n t o  a  t r a i n i n g  s i t e  s e t .  P o r -  
t i o n s  o f  f i v e  o t h e r  known f a l l o w  f i e l d s  were s e l e c t e d  t o  f o r m  t h e  
t e s t  s i t e  s e t .  These t r a i n i n g  and t e s t  s e t s  f o r  a l l  t h r e e  c r o p  
c a t e g o r i e s  a r e  i l l u s t r a t e d  i n  F i g u r e s  3  and 4. Each s e t  o f  f i e l d s  
r e p r e s e n t s  a p p r o x i m a t e l y  2.5% o f  t h e  t o t a l  s t u d y  a r e a .  

4. A f i r s t  c u t  s p e c t r a l  s i g n a t u r e  i n c l u d i n g  a l l  f o u r  m u l t i s p e c t r a l  
scanner  ( M S S )  bands was o b t a i n e d  f o r  each o f  t h e  t h r e e  c r o p  c l a s s e s  
f r o m  t h e  d e f i n e d  t r a i n i n g  f i e l d  s e t s .  I n  t r a i n i n g ,  m u l t i s p e c t r a l  
b r i g h t n e s s  d a t a  ( g r a y  l e v e l s )  w i t h i n  t h e  t r a i n i n g  a r e a  a r e  a u t o -  
m a t i c a l l y  measured, and t h e i r  uppe r  and l o w e r  s p e c t r a l  l i m i t s  a r e  
used t o  d e f i n e  a  s i n g l e  s p e c t r a l  c e l l .  T h i s  s p e c t r a l  c e l l  i s  t h e  
f i r s t  c u t  s i g n a t u r e  o f  t h e  c r o p s  w i t h i n  t h e  t r a i n i n g  s e t .  A l l  
s c r e e n  p i x e l s  t h a t  l i e  between t h e  bounds o f  t h i s  s i g n a t u r e  a r e  
t h e n  i d e n t i f i e d  o r  a l a r m e d  on t h e  c o l o r  m o n i t o r  image d i s p l a y .  

5. The n e x t  s t e p  was t o  d e t e r m i n e  i f  each f i r s t  c u t  c r o p  s i g n a t u r e  
t r u l y  a la rmed  o n l y  i t s  own c r o p  c a t e g o r y .  T h i s  a c c u r a c y  o f  
i d e n t i f i c a t i o n  was d e t e r m i n e d  by a n a l y z i n g  t h e  p i x e l s  a la rmed  
w i t h i n  each t e s t  f i e l d  s e t .  

The e r r o r s  o f  i d e n t i f i c a t i o n  were p r e s e n t e d  as e r r o r s  o f  o m i s s i o n  
and commiss ion .  Fo r  example,  f a l l o w  o m i s s i o n  and commiss ion  e r r o r s  
w o u l d  be d e f i n e d  as f o l l o w s :  

Number o f  o i x e l s  i d e n t i f i e d  as  f a l l o w  
O m i s s i o n  E r r o r  = 1  - w i t h i n  t h e ' f a l l o w  t e s t  f i e l d  s e t  
( f o r  f a l l o w )  T o t a l  number o f  ~ i x e l s  d e f i n e d  as t h e  f a l l o w  

t e s t  f i e l d  s e t  

% C o r r e c t  C l a s s i f i c a t i o n  = ( 1  - O m i s s i o n  E r r o r )  x  100  
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Number o f  p i x e l s  i d e n t i f l e d  as f a l l o w  
Commission E r r o r  = w i t h i n  t h e  g r 8 i n s  and sod t e s t  f i e l d  s e t s  
( f o r  f a l l o w )  T o t a l  number o f  p i x e l s  d e f i n e d  as t h e  

f a l l o w  t e s t  f i e l d  s e t  

X Commission E r r o r  = Commission E r r o r  x  100 

Omfssion and commission e r r o r s  o f  t hese  f i r s t  c u t  s i g n a t u r e s  were 
t h u s  de te rmined  f o r  each c r o p  ca tegory :  sma l l  g r a i n s ,  f a l l o w  and 
sod. 

6. F i r s t  c u t  s i g n a t u r e s  were o b t a i n e d  and t e s t e d  a t  t h r e e  g r a y  l e v e l  
r e s o l u t i o n s  as s e l e c t e d  on t h e  machine, 128 l e v e l s ,  64 l c v e l s  and 
32 l e v e l s .  

F i r s t  c u t  s i g n a t u r e s  i n c l u d e  a l l  s p e c t r a l  va l ues  between de f i ned  
g r a y  l e v e l  l i m i t s  o f  each t r a i n i n g  s e t .  F u r t h e r  r e f i n e m e n t  o f  
t h i s  s i g n a t u r e  was a t t emp ted  a u t o m a t i c a l l y  t h rough  a  m u l t i c e l l  
s i g n a t u r e  techn ique .  Tha t  i s ,  t h e  a l l  i n c l u s i v e  f i r s t  c u t  s i gna -  
t u r e s  (1  a rge  spec t ra1  c e l l  s )  were r e c o n s t r u c t e d  t o  i n c l u d e  o n l y  
t h e  i n d i v i d u a l  p i x e l  g r a y  l e v e l  va l ues  con ta i ned  w i t h i n  t h e  
t r a i n i n g  area.  The r e s u l t s  o f  t h i s  au toma t i c  r e f i n e m e n t  t echn ique  
were n o t  encourag ing;  t h e r e f o r e ,  a  manual i n t e r a c t i v e  r e f i n e m e n t  
t echn ique  was at tempted.  

8. The a n a l y s i s  o b j e c t i v e  was t o  o b t a i n  s p e c t r a l  c r o p  s i g n a t u r e s  w i t h  
c h a r a c t e r i s t i c a l l y  l o w  om iss i on  and commission e r r o r s .  The f i r s t  
c u t  s i g n a t u r e s  were t h u s  man ipu la ted  manua l l y  t o  o b t a i n  t h e  l o w e s t  
e r r o r s  p o s s i b l e .  T h i s  i n t e r a c t i v e  procedure,  c a l l e d  h i s t og ram 
t r imming ,  a l l o w s  t h e  machine o p e r a t o r  t o  a d j u s t  t h e  s p e c t r a l  range 
( l a r g e  c e l l  g ray  l e v e l  1  i m i  t s )  o f  any one o r  a l l  o f  t h e  LANDSAT 
s p e c t r a l  bands t h a t  compr ise  t h e  f o u r  channel  s i g n a t u r e .  I n i t i a l  
t r imm ing  was made on a  q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  machine- 
d i s p l a y e d  h is tograms i n  terms o f  va r i ance ,  skew, e t c .  The new 
a la rm c r e a t e d  by t h e  a d j u s t e d  s i g n a t u r e  was t h e n  q u a n t i t a t i v e l y  
t e s t e d  t h rough  omiss ion  and commission e r r o r  de te rm ina t i ons .  

9. S i g n a t u r e  r e f i n e m e n t  t h rough  h i s t og ram t r imming  was repea ted  u n t i l  
" b e s t  r e s u l t s "  were ob ta i ned .  I n  t h i s  s tudy,  b e s t  r e s u l t s  were 
d e f i n e d  as a  t ime  e f f i c i e n t  a n a l y s i s  t echn ique  t h a t  produced a 
s i g n a t u r e  which m in im ized  b o t h  omiss ion  and commission e r r o r s  when 
cons ide red  s i m u l t a n ~ o u s l y .  Tha t  i s ,  some s l i g h t  t r a d e - o f f  between 
accuracy and speed o f  a n a l y s i s  was a l lowed.  

10. The b e s t  s i g n a t u r e  f o r  each c r o p  c l a s s  alarmed o r  mapped c e r t a i n  
p o r t i o n s  o f  t h e  3  x  13km s tudy  area. The bes t  r e s u l t  c l a s s i f i c a -  
t i o n  theme maps f o r  W i l l i a m s  County a r e  shown i n  F i g u r e s  5 and 6.  
The exac t  number o f  p i x e l s  alarmed i n  each c rop  c l a s s  were con- 
v e r t e d  t o  ac res  f o r  c r o p  a rea  comparisons w i t h  known ground t r u t h  
acreage. 

11. Throughout t h e  s tudy,  MSS bands 5 and 7 appeared most s e n s i t i v e  i n  
d i f f e r e n t i a t i n g  between c r o p  c l asses .  The re fo re ,  c l a s s i f i c a t i o n  
u s i n g  o n l y  these  two bands o f  da ta  was a l s o  a t tempted.  The reduc-  
t i o n  i n  t h e  number o f  s p e c t r a l  bands t o  be ana lyzed  n o t  o n l y  speeds 
a n a l y s i s ,  b u t  a l s o  r e q u i r e s  l e s s  memory i n  t h e  automated da ta  
p rocess ing  system. These t i m e  and space sav ings  c o u l d  f a c i l i t a t e  
s imul  taneous mu1 t i  tempora l  and mu1 t i  s p e c t r a l  a n a l y s i s .  

12. The techn iques  and parameters  t h a t  produced t h e  b e s t  r e s u l t s  f o r  
W i l l i a m s  County were t hen  a p p l i e d  t o  o b t a i n  s i g n a t u r e s  f o r  t h e  



M e l f o r t ,  Saskatchewan s t u d y  area.  Repeat tng t h e  developed 
c l a s s i f f c a t f o n  t echn iques  o n  t h e  M e l f o r t  s t u d y  a rea  p r o v i d e d  a  
check o f  c l a s s t f t c a t t o n  and a rea  accu rac tes  found  i n  W i l l i a m s  
County. I t  a l s o  p r o v i d e d  a  measure o f  t h e  t i m e  r e q u i r e d  t o  p r o -  
duce r e s u l t s  r a t h e r  t h a n  t o  i n v e s t i g a t e  techn iques .  The M e l f o r t  
s t u d y  a rea  t s  shown i n  F i g u r e  7, and t h e  b e s t  r e s u l t s  c l a s s i f i c a -  
t i o n  a r e  shown as  F t g u r e  8. 

RESULTS 

The r e s u l t s  o f  i n t e r a c t i v e  a n a l y s t s  o f  b o t h  s t u d y  a reas  were 
encourag ing,  The developed t echn iques  y i e l d e d  acreage a c c u r a c i e s  g r e a t e r  
t han  90% f o r  each c r o p  c a t e g o r y  i n  b o t h  t h e  W i l l t a m s  County and M e l f o r t  
s t u d y  areas.  

W i l l i a m s  County, N o r t h  Dakota 

I n i t i a l  t r a i n i n g  and t e s t  s t a t i s t i c s  were t h e  d e c i s i o n  c r i t e r i a  f o r  
d e t e r m i n i n g  t h e  number o f  s p e c t r a l  g r a y  l e v e l s  (32, 64 o r  128 l e v e l s )  
t h a t  c o u l d  be used most e f f e c t i v e l y  on t h e  i n t e r a c t i v e  system. A g r a y  l e v e l  
r e s o l u t i o n  o f  32 l e v e l s  was n o t  s p e c i f i c  enough t o  adequa te ly  d i f f e r e n t i a t e  
between v e g e t a t i v e  c l asses .  Though i n i t i a l  t e s t  f i e l d  p e r c e n t  c o r r e c t  
c l a s s i f i c a t i o n  was e x c e l l e n t ,  t h e  commission e r r o r s  were a l s o  q u i t e  h igh .  
A r e s o l u t i o n  o f  128 l e v e l s  i n t r o d u c e d  t o o  many g r a y  l e v e l s ,  wh ich  tended t o  
be t o o  r e s t r l c t i v e  and t hus  decreased t h e  pe rcen t  c o r r e c t  c l a s s i f i c a t i o n  
w i t h i n  some o f  t h e  t e s t  f i e l d s .  A lso,  v i s u a l  exam ina t i on  o f  t h e  h is tograms 
was d i f f i c u l t  a t  128 l e v e l s .  A t  a  64 g r a y  l e v e l  r eso !u t i on ,  i n i t i a l  t r a i n -  
i n g  and t e s t i n g  y i e l d e d  t h e  most e q u i t a b l e  t r a d e - o f f  between p e r c e n t  c o r r e c t  
c l a s s i f i c a t i o n ,  commission e r r o r ,  and ease o f  i n t e r a c t i v e  m a n i p u l a t i o n .  

The p r i m a r y  c r i t e r i a  i n  s e l e c t i n g  t h e  most e f f e c t i v e  c l a s s i f i c a t i o n  
mode was u s e r - i n t e r a c t i o n - e f f j c i e n c y  coup led  w i t h  accu ra te  c l a s s i f i c a t i o n  
r e s u l t s .  A f i r s t  c u t  s i g n a t u r e  ( s i n g l e  l a r g e  c e l l  c l a s s i f i s a t i o n )  was 
accep ted  as  t h e  mode capab le  o f  p r o v i d i n g  t h e  most  r a p i d  response t o  i n t e r -  
a c t i v e  commands. I n  a d d i t i o n ,  da ta  n p e r a t i o n s  and s t a t i s t i c a l  r e s u l t s  
were more r e a d i l y  performed, e f f e c i i  v e l y  d i s p l a y e d  and e f f i c i e n t l y  
i n t e r p r e t e d  i n  t h e  s i n g l e  c e l l  mode. 

Crop c l a s s i f i c a t i o n ,  based on t h e  f i r s t  c u t  s i g n a t u r e s  o f  t h e  t r a i n i n g  
f i e l d s ,  i n i t i a l l y  y i e l d e d  h i g h  t e s t  f i e l d  c l a s s i f t c a t i o n  accu rac i es ,  b u t  
a l s o  y i e l d e d  h i g h  commission e r r o r s .  Manual re f inement  o f  t h e  s i g n a t u r e s ,  
u s i n g  h i s t og ram t r imming,  was then  accompl ished. F i n a l  i n t e r a c t i v e  r e s u l t s  
o f  t r a i n i n g  and t e s t i n g  a r e  r ep resen ted  i n  t h e  f i r s t  f o u r  columns o f  
Tab le  I. For t h e  t h r e e  c a t e g o r i e s  ( sma l l  g r a i n s ,  f a l l o w  and sod)  t h e  
average pe rcen t  c o r r e c t  c l a s s i f i c a t i o n  o f  t e s t  f i e l d s  was 93.3% w i t h  an 
average commission e r r o r  o f  3.6%. 

Some t e s t s  were per formed t o  de te rmine  i f  b a r l e y  o r  o a t s  c o u l d  be 
a c c u r a t e l y  d i s t i n g u i s h e d  f r om whe j t ,  o r  i f  a  g rass  c o u l d  be de te rmined  
s p e c t r a l l y  e x c l u s i v e  o f  sod. The s i m i l a r i t y  o f  t h e  s p e c t r a l  responses 
w i t h i n  these  c a t e g o r i e s ,  however, made more d e t a i l e d  s t r a t i f i c a t i o n  
i m p r a c t i c a l .  There fo re ,  a l l  c l a s s i f i c a t i o n  and acreage d e t e r m i n a t i o n s  were 
made u s i n g  t h e  sma l l  g r a i n s ,  sod o r  f a l l o w  c a t e g o r i e s .  

The r e f i n e d  s i g n a t u r e s  were then  a p p l i e d  t o  i n d i v i d u a l  c r o p  acreages 
ove r  t h e  e n t i r e  3  x  13km area.  The ndmber o f  LANDSAT p i x e l s  c l a s s i f i e d  i n  
each ca tego ry  was conve r t ed  t o  hec ta res  ( 1  LANDSAT p i x e l  = 0.45 h e c t a r e s )  
and t hen  compared t o  USDA ground t r u t h .  The b e s t  r e s u l t s  show acreage 
accu rac i es  o f  99.32, 98.2% and 91.7% f o r  smal l  g r a i n s ,  f a l l o w  and sod, 
r e s p e c t i v e l y  (see  Tab le  I). U n c l a s s i f i e d  p l x e l s  amounted t o  4.5% o f  t h e  



s tudy  a rea  o r  181 hec ta res  (447 ac res ) .  Ove r l ap  o r  c o n f l i c t  p i x e l s  ( p i x e l s  
c l a s s i f i e d  as two c rops )  amounted t o  1.8% o f  t h e  s t u d y  area.  Most o f  t h e  
c o n f l i c t  was between t h e  v e g e t a t i v e  c l a s s e s  o f  sma l l  g r a i n s  and sod. 
F a l l o w  f i e l d s  were o f  h i g h  enough c o n t r a s t  w i t h  vege ta ted  a reas  t o  m i n i m i z e  
c o n f l i c t  p i x e l s ,  

S i m i l a r  r e s u l t s  were ach ieved  when e i t h e r  two (MSS bands 5 and 7 )  o r  
f o u r  LANDSAT s p e c t r a l  bands were used f o r  c l a s s i f i c a t i o n .  T h i s  r e s u l t  
suppo r t s  t h e  f i n d i n g s  o f  LANDSAT-1 i n v e s t i g a t o r s  Landgrebe (Ref. 2) and 
Wiegand (Ref.  3)  and o t h e r s  who have i n d i c a t e d  t h a t  MSS bands 5 and 7  a l o n e  
a r e  s u f f i c i e n t  f o r  most  a g r i c u l t u r a l  a p p l i c a t i o n s .  Band 5 (0.6 - 0.7um) I s  
i n  a  s p e c t r a l  r e g i o n  t h a t  i s  s e l e c t i v e l y  absorbed by  c h l o r o p h y l l ,  A lmost  
a l l  energy  i n  t h e  s p e c t r a l  r e g i o n  o f  band 7 (0.8 - 1  ,lum) i s  r e f l e c t e d  b y  
vege ta t i on .  These two bands a r e  t h e r e f o r e  q u i t e  s e n s i t i v e  t o  changes i n  
v e g e t a t i o n  and v e g e t a t i o n  cover ,  and l i t t l e  i f  any advantage i s  ga ined  b y  
u s i n g  a l l  f o u r  bands. Band 4  may a c t u a l l y  i n t r o d u c e  an obscu r i ng  e f f e c t  due 
t o  t h e  l aw  c o n t r a s t  c h a r a c t e r i s t i c  o f  t h i s  s p e c t r a l  range  t h a t  r e s u l t s  f r o m  
atmospher ic  s c a t t e r i n g .  The i m p o r t a n t  advantage o f  u t i l i z i n g  o n l y  bands 5 
and 7  i s  i n  t h e  r e d u c t i o n  o f  i n t e r a c t i v e  m a n i p u l a t i o n s  and t h e  number o f  
d i g i t a l  o p e r a t i o n s  used t h roughou t  t h e  c l a s s i f i c a t i o n  procedure.  

I n  summary, t h e  techn iques  and a ramete rs  t h a t  were found  t o  produce 
t h e  b e s t  r e s u l t s  were: 64 g r a y  l e v e l  r e s o l u t i o n ;  and MSS bands 5 and 7. 
w i t h  manual h i s t og ram t r imming  o f  t h e  f i r s t  c u t  s i gna tu re .  The ach ieved  
acreage accu rac i es  f o r  t h e  3  x  13km s tudy  area a l l  exceeded 90%. The 
jeve loped  techn iques  p r e s e n t  an e f f i c i e n t ,  a c c s r a t e  way o f  e x t r a c t i n g  c r o p  
~ n f o r m a t i o n  f rom LANDSAT d a t a  u s i n g  i n t e r a c t i v e  p rocess ing  c a p a b i l i t i e s .  

M e l f o r t ,  Saskatchewan 

To p r o v i d e  a  check o f  t h e  procedures developed f o r  W i l l i a m s  County, 
s i m i l a r  c l a s s i f i c a t i o n  techn iques  were a p p l i e d  t o  t h e  M e l f o r t ,  Saskatchewan 
s tudy  area. The M e l f o r t  scene was expec ted  t o  p r o v i d e  a  r e l i a b l e  t e s t  o f  
t h e  techn iques  s i n c e  i t  c o n t a i n e d  l a r g e r  f i e l d s  w i t h  some d i f f e r e n t  c rops ;  
t h e  c r o p s  were f a r t h e r  r n t o  t h e  g row ing  season; and t h e  area i s  565km 
n o r t h  of W i l l i a m s  County, N o r t h  Dakota. 

I n t e r a c t i v e  c l a s s i f i c a t i o n  y i e l d e d  c r o p  acreage accu rac i es  o f  98.9%. 
96.0% and 98.9% f o r  sma l l  g r a i n s ,  f a l l o w  and rape,  r e s p e c t i v e l y  (see 
Table 11).  The u n c l a s s i f i e d  area was 11.8% o r  498 h e c t a r e s  (1231 ac res )  
o f  t h e  t o t a l  4229 hec ta res  (10,460 ac res )  w i t h i n  t h e  po lygon  c u r s o r  d e f i n i n g  
t h e  3 x  13km s t u d y  area.  The u n c l a s s i f i e d  areas were p r i m a r i l y  composed 
o f  roads, spaces between f i e l d s  and o t h e r  nonhomogeneous areas.  The o v e r l a p  
p i x e l s  r ep resen ted  4.7% o r  199 h e c t a r e s  (492 a c r e s )  o f  t h e  s t u d y  area. The 
m a j o r i t y  o f  o v e r l a p  o r  c o n f l i c t  e x i s t e d  between t h e  sma l l  g r a i n  and rape  
c lasses .  The ground t r u t h  i n d i c a t e s  t h a t  a few o f  t h e  r ape  f i e l d s  c o n t a i n e d  
p o r t i o n s  o f  w i l d  o a t s  and weeds. The s p e c t r a l  v a r i a t i o n s  w i t h i f i  t hese  
f i e l d s  i n f l u e n c e d  b o t h  c r o p  i d e n t i f i c a t i o n  and c r o p  acreage resu l t : .  
S i m i l a r  t o  t h e  W i l l i a m s  County s i t e ,  t h e  f a l l o w  c a t e g o r y  c o n f l i c t e d  l e s s  
than  t h e  v e g e t a t i v e  c l asses .  

D u r i n g  t h e  t r a i n i n g  and c l a s s i f i c a t i o n  o f  t h e  sma l l  g r a i n  c r o p  c a t e g o r y  
w i t h i n  t h e  M e l f o r t  s t udy  area, u n s a t i s f a c t o r y  r e s u l t s  were o b t a i n e d  when 
64 g ray  l e v e l  r e s o l u t i o n  was used. Consequent ly,  t h e  system parameters  were 
changed back t o  a  128 g r a y  l e v e l  r e s o l u t i o n .  The spec t ra1  p r o p e r t i e s  o f  
smal l  g r a i n s  and rape  were so n e a r l y  t h e  same t h a t  t h e  d i f f e r e n c e  of o n l y  
one g r a y  l e v e l  on t h e  128 l e v e l  s c a l e  made a  s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  
commission e r t -? rs .  T h i s  p o i n t s  o u t  t h e  need t o  e x e r c i s e  c a u t i o n  when 
g e n e r a l i z i n g  f rom the  p r e v i o u s  r e s u l t s  o b t a i n e d  w i t h  o n l y  64 g r a y  l e v e l  
r e s o l u t i o n .  I t  a l s o  demonst ra tes t h e  advantages o f  t h e  man-machine i n t e r -  
a c t i v e  approach, which a l l o w s  p e r i o d i c  human I n t e r v e n t i o n  i n  t h e  automated 



c l a s s i f i c a t i o n .  The f q n a l  r e s u l t s  f o r  t h e  sma l l  g r a i n  c a t e g o r y  i n  t h e  
M e l f o r t  s t u d y  area shown tn  Tab le  I f  a r e  f o r  a g r a y  l e v e l  r e s o l u t ? o n  o f  128. 
A l l  o t h e r  f i g u r e s  i n  both Tab le  I and Tab le  I 1  a r e  f o r  a  64 g r a y  l e v e l  
r e s o l u t i o n .  

CONCLUSIONS 

Man-machine i n t e r a c t i v e  p rocess ing  was used t o  per form a g r i c u l t u r a l  
c r o p  i d e n t i f i c a t i o n  and acreage d e t e r m i n a t i o n  a n a l y s i s  o f  LANDSAT d i g i t a l  
da ta  f o r  two 3 x 13km s tudy  areas: W i l l i a m s  County, N o r t h  Dakota and 
M e l f o r t ,  Saskatchewan. Crop acreage a c c u r a c i e s  as  h i g h  as 99% were ach ieved  
by a p p l y i n g  t h e  techn iques  developed i n  t h e  s tudy.  These t echn iques  
i n v o l v e d  a n a l y s i s  o f  LANDSAT d i g i t a l  da ta  MSS bands 5 and 1 ,  a t  64 g r a y  
l e v e l  r e s o l u t i o n  ( i n  some cases 128 l e v e l  r e s o l u t i o n ) ,  u s i n g  f i r s t  c u t  
s i g n a t u r e s  r e f i n e d  t h rough  h i s t o g r a m  trimming. 

The c r o p  i d e n t i f i c a t i o n  and acreage a c c u r a c i e s  o b t a i n e d  were s t m i l a r  
i n  b o t h  s t udy  areas. These techn iques  may n o t  be success fu l  i n  a l l  areas, 
b u t  r e s u l t s  f o r  t hese  p a r t i c u l a r  s t u d y  a reas  p r o v i d e  encourag ing ev idence 
o f  t h e  u t i l i t y  o f  a  man-machine i n t e r a c t i v e  p rocess ing  system f o r  a g r i c u l -  
t u r a l  i n v e n t o r i e s .  U n f o r t u n a t e l y ,  imp lemen ta t i on  o f  t hese  techn iques  t o  a  
l a r g e r  area i n v e n t o r y  was beyond t h e  scope o f  t h i s  p i l o t  p r o j e c t .  

These r e s u l t s  were o b t a i n e d  u s i n g  o n l y  m u l t i s p e c t r a l  a n a l y s i s .  Many 
i n v e s t i g a t o r s ,  b o t h  a t  General  E l e c t r i c  and elsewhere, concur  t h a t  t h e  
accuracy  o f  an a g r i c u l t u r a l  su rvey  w i l l  improve by combintng m u l t i s p e c t r a l  
and m u l t i t e m p o r a l  i n p u t  da ta .  Crop ca lenda r  parameters  c o u l d  p r o v i d e  t h e  
i n p u t s  necessary  t o  d i f f e r e n t i a t e  between c rops  w f t h  s i m i l a r  s p e c t r a l  
c h a r a c t e r i s t i c s ,  such as wheat and b a r l e y .  

To summarize, t h e  r e s u l t s  i l l u s t r a t e  t h e  c a p a b i l i t y  t o  r a p i d l y  e x t r a c t  
a c c u r a t e  a g r i c u l t u r a l  su rvey  i n f o r m a t i o n  f r om LANDSAT d i g i t a l  d a t a  v i a  an 
i n t e r a c t i v e  da ta  p rocess ing  system. Man-machine i n t e r a c t i v e  d a t a  p rocess ing  
systems p r o v l d e  r a p i d  and a c c u r a t e  c r o p  c l a s s i f i c a t i o n  t h rough  t h e  u t i l i z a -  
t i o n  of t h e  most e f f i c i e n t  a n a l y s i s  c a p a b i l i t i e s  o f  b o t h  man and machine. 
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TABLE I. WILLIAMS COUNTY, NORTH DAKOTA TEST FIELD 

AND STUDY AREA RESULTS 

TABLE 11. MELFORT, SASKATCHEWAN TEST FIELD AND 

STUDY AREA RESULTS 

CROP 
CATEGORY 

SMALL 
, GRAINS 

FALLOW 

SOD 

TEST FIELD ANALYSES 

CROP 
CATEGORY 

SMALL 
, GRAINS 

FALLOW 

RAPE 

t 

3 X 13KM STUDY AREA 

3 X 13KM STUDY AREA 

COMPUTER 
CLASSIFIED 

AREA I N  
HECTARES 
( A C R E S )  

1567 
(3871 1 

1406 
(3475) 

97 5 
(2409) 

OMISSION 

COMPUTER 
CLASSIFIED 

AREA I N  
HECTARES 
(ACRES) 

1656 
14094) 

1632 
(4033) 

644 
( 1  592) 

TEST FIELD ANALYSES 

COMMISSION 
, 

PIXEL 
NO, 

CORRECT 

21 2 

188 

196 

GROUND 
TRUTH 

AREA I N  
HECTARES 
(ACRES) 

1578 
(3899)  

1432 
(3538)  

1064 
(2628) 

PIXEL 
NO. 

INCORRECT 

8 

9 

6 

% 
CORRECT 

99.5 

87.0 

93.3 

GROUND 
TRUTH 

AREA I N  
HECTARES 
(ACRES) 

1675 
(41 40) 

1696 
(41 90) 

652 
(1  61 0) 

O M 1  SSION 

% 
CORRECTLY 
CLASSIFIED 

99.3 , 

98.2 

91 .7 

% 

3.8 

4.2 

2.9 

% 
CORRECTLY 
CLASSIFIED 

98.9 . 

96.0 

98.9 

PIXEL 
NO. 

CORRECT 

189 

21 7 

21  6 

COMMISSION 

% 
CORRECT 

-- 

87.5 

100.0 

99.5 

PIXEL 
NO. 

INCORRECT 

6 

5 

6 

% 
ERROR 

2.8 

2.3 

2.8 










