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INTRODUCTION 

The o b j e c t i v e s  of t h e  p a t t e r n  r e c o g n i t i o n  tasks  a r e  t o  develop 
(a)  a man-machine i n t e r a c t i v e  da ta  process ing system and ( b )  procedures 
t o  determine e f f e c t i v e  f e a t u r e s  as a f u n c t i o n  o f  t i m e  f o r  crops and 
s o i l s .  

Th is  paper r e p o r t s  on the  progress made toward ach iev ing  these 
o b j e c t i v e s .  The s p e c i f i c  p r o j e c t s  done and c u r r e n t l y  i n  progress a r e  
considered necessary t o  a i d  i n  the  s p e c i f i c a t i o n  o f  da ta  process ing and 
c l a s s i f i c a t i o n  techniques.  

To assume t h a t  t h e  da ta  o r  fea tures  a r e  m u l t i v a r i a t e  Gaussian i s  
sometimes u n r e l i a b l e .  Therefore,  i n  computer s i m u l a t i o n  s t u d i e s  when 
pseudo-random number genera tors  a r e  used t o  generate t h e  f e a t u r e  
vec to rs  w i t h  s p e c i f i e d  s t a t i s t i c a l  parameters, a c r i t e r i a  t o  judge t h e  
p r o b a b i l i t y  o f  t h e  da ta  be ing  f rom t h e  s p e c i f i e d  p r o b a b i l  i ty d e n s i t y  
f u n c t i o n  i s  requ i red .  The Kolmogorov-Smirnov t e s t  i s  used t o  determine 
i f  t h e  pseudo-random number genera tor  produced Gaussian data.  

Another problem area i s  t o  determine t h e  advantages and disadvan- 
tages o f  t rans fo rm ing  t h e  measurements. Exper imental  work by Nalepka 
(1) has' shown the  advantage o f  t he  r a t i o  technique.* 

I n  t h i s  paper the  r a t i o  t r a n s f o r m a t i o n  i s  considered.  However, t he  
e f f e c t  o f  n o i s e  i s  i m p l i e d  t o  be a d d i t i v e .  The case o f  mu1 t i p l i c a t i v e  
no ise  shou ld  a l s o  be pursued. 

The s e l e c t i o n  o f  q u a n t i z e r  parameters f o r  a two-c lass r e c o g n i t i o n  
problem under t h e  c r i t e r i a  o f  m i n i m i z i n g  t h e  p r o b a b i l i t y  o f  e r r o r  i s  
a l s o  d iscussed.  

Contextual  da ta  ( 2 )  has been used t o  show decreased p r o b a b i l i t y  
o f  e r r o r  i n  c l a s s i f i c a t i o n  experiments. A s tudy t o  eva lua te  t h e  con- 
d i  t i o n s  necessary t o  p r o v i d e  t h i s  decreased p r o b a b i l  i ty of e r r o r  i s  i n  
progress.  The purpose and method o f  t he  s tudy  i s  d iscussed.  

* I n  t h e  a b s t r a c t  o f  t h i s  paper (Nelson and Serreyn) an i n c o r r e c t  
statement was made by Nelson concerning t h e  work on the  r a t i o  techn ique 
r e p o r t e d  by  Nalepka. I ns tead  o f  t h e  r a t i o  t rans fo rma t ion  always 
y i e l d i n g  poorer  - c l a s s i f i c a t i o n  r e s u l t s  than t h e  o r i g i n a l  da ta  t h e  
c l a s s i f i c a t i o n  r e s u l t s  a r e  always b e t t e r .  , 



The man-machine i n t e r a c t i v e  da ta  p rocess ing  system i s  r e f e r r e d  
t o  a t  t h e  Remote Sensing I n s t i t u t e  as t h e  S igna l  Ana l ys i s  and Dissemi- 
n a t i o n  Equipment, SADE. Th is  system i s  descr ibed  and p lans f o r  i t s  
use i n d i c a t e d .  

The work on t r ans fo rma t i ons  o f  Gaussian v a r i a t e s  ( 3 )  was done by  
John E. Boyd, p r e v i o u s l y  a  graduate s t uden t  i n  t h e  E l e c t r i c a l  Engineer-  
i n g  Department a t  South Dakota S t a t e  U n i v e r s i t y .  

The remainder of t he  r epo r t ed  work was done a t  t h e  Remote Sensing 
I n s t i t u t e  a t  South Dakota S t a t e  U n i v e r s i t y  i n  Brook ings , South Dakota. 
The work was performed under g r a n t  number NGL 42-003-007 which i s  
supported by t h e  O f f i c e  o f  U n i v e r s i t y  A f f a i r s  and t he  Ea r t h  Observat ions 
O f f i c e  o f  NASA. 

MULTIVARIATE GAUSSIAN ASSUMPTION 

A ve r y  common assumption made by  i n v e s t i g a t o r s  i s  t h a t  t h e  
f ea tu res  used t o  r ep resen t  t h e  p a t t e r n  c lasses  a r e  m u l t i v a r i a t e  
Gaussian. To v a l i d a t e  t h e  Gaussian assumption i s  n o t  a  t r i v i a l  task.  
Papoul is  ( 4 )  d iscusses t h e  b i v a r i a t e  Gaussian case. If t h e  j o i n t  
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  i s  b i v a r i a t e  Gaussian i t  i s  a l s o  t r u e  t h a t  
the  marg ina l  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  a r e  a l s o  Gaussian. However, 
i f  t h e  marg ina l  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  a r e  Gaussian t h e  j o i n t  
probabi  1  i ty  d e n s i t y  f u n c t i o n  i s  n o t  necessar i  l y  b i v a r i a t e  Gaussian. 

To s tudy  by computer s i m u l a t i o n  methods t h e  e f f e c t i v e n e s s  o f  
con tex tua l  da ta  r e q u i r e s  t he  use o f  a  pseudo-random number generator .  
The gene ra t i on  o f  Gaussian random v a r i a t e s  can be conven ien t l y  done by  
t h e  use o f  the  IBM subrou t ines  GAUSS and RANDU. RANDU generates a  
un i f o rm  random number between zero  and one by a  power r es i due  method. 
GAUSS r e q u i r e s  twe l ve  u n i f o r m  random numbers t o  generate  one Gaussian 
random v a r i a t e .  The c e n t r a l  l i m i t  theorem i s  used w i t h  t h e  number o f  
u n i f o r m  random numbers s e t  a t  twe l ve  i n s t e a d  o f  approaching i n f i n i t y  
i n  o rde r  t o  make t he  procedure f e a s i b l e .  

Another method o f  gene ra t i ng  Gaussian random v a r i a t e s  i s  known 
as t h e  M u l l e r  method ( 5 ) .  The equat ions which r e l a t e  T, Y,  U and V 
a r e  

The v a l i d i t y  o f  t h e  computer s i m u l a t i o n  s tudy  depends on 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  ( p d f )  o f  t he  da ta  produced by the  random 
number generators .  To t e s t  t he  p d f ' s  t h e  Kolmogorov-Smirnov t e s t  



(K-S t e s t )  ( 6 )  was used on RANDU, GAUSS and t h e  Mu1 l e r  produced pseudo- 
random numbers. The r e s u l t s  o f  t h e  K-S t e s t  as a  f u n c t i o n  o f  t h e  
number o f  samples a r e  p r e s e n t e d  i n  T a b l e  I. 

The r e s u l t s  o f  t h e  K-S t e s t  i n d i c a t e  t h a t  e x c e p t  i n  s e v e r a l  cases 
t h e  pseudo-random numbers have l e s s  t h a n  90 p e r c e n t  chance o f  b e i n g  
f r o m  e i t h e r  u n i f o r m  o r  Gauss ian p d f ' s .  

GAUSS uses t h e  o u t p u t  o f  RANDU and t h e  M u l l e r  method uses t h e -  
o u t p u t  o f  RANDU t w i c e ,  w i t h  d i f f e r e n t  seeds as l i s t e d  i n  T a b l e  I .  The 
means and v a r i a n c e s  f o r  RANDU a r e  v e r y  good e s t i m a t e s  o f  the,  s p e c i f i e d  
p o p u l a t i o n  means and v a r i a n c e s .  The r e s u l t s  o f  t h e  K-S t e s t  i n d i c a t e  
t h a t  b e f o r e  t h e  computer  s i m u l a t i o n  exper imen t  i s  pe r fo rmed  t h e  
pseudo-random number g e n e r a t o r  s h o u l d  be e v a l u a t e d  b y  t h i s  t e s t .  

TRANSFORMATIONS OF GAUSSIAN VARIATES 

I n  t h i s  t w o - c l a s s  p rob lem t h e  f e a t u r e s  s e l e c t e d  a r e  deno ted  X 1  
and X 2 .  Fo r  c l a s s  one t h e s e  f e a t u r e s  a r e  u n c o r r e l a t e d ,  and each i s  
G a u s s i a n l y  d i s t r i b u t e d  w i t h  mean z e r o  and v a r i a n c e  one. For  c l a s s  two 
t h e s e  f e a t u r e s  a r e  c o r r e l a t e d ,  and each i s  G a u s s i a n l y  d i s t r i b u t e d  w i t h  
mean z e r o  and v a r i a n c e  one. T h e r e f o r e  c l a s s  one and two a r e  o v e r l a p p i n g  
b i v a r i a t e  Gaussian 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 .  The c o n t o u r s  o f  
t h e s e  two o v e r l a p p i n g  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  a r e  shown i n  
F i g u r e  1. 

To c l a s s i f y  t h e  d a t a  based on t h e  f e a t u r e s  X 1  and X 2  t h e  Bayes 
c l a s s i f i e r  was d e r i v e d  and t h e  d e c i s i o n  boundar ies  de te rm ined .  F i g u r e  
2 r e p r e s e n t s  t h e  t h r e e  sigma c o n t o u r s  of  t h e  c l a s s  one and two 
b i v a r i a t e  Gaussian 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 .  The d e c i s i o n  bound-.  
a r i e s  a r e  shown as h y p e r b o l a s .  The a l p h a  and b e t a  e r r o r s  a r e  .216 
and .053 r e s p e c t i v e l y  w i t h  a t o t a l  e r r o r  o f  0.1345. 

I t  can be shown ( 4 )  t h a t  Z ,  t h e  r a t i o  o f  two Gaussian v a r i a t e s ,  
X1/X2=Z has an u n i v a r i a t e  Cauchy 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 .  The p d f  
o f  X, and X 2  i s  

f (X,,X2)= 1 exp I -1 ( X L  - 2rXlX7 
27~ ala2JTF2 2 - r 2  ' .  u u ~ u . ~  

+ 11 
0.5: 

. F o r ; c l a s s  one t h e  c o r r e l a t i o ' n  c o e f f i c i e n t  r i s  z e r o  and f o r  c l a s s  two 
i s  .98 . '  



The Cauchy p d f  o f  Z i s  

The c l a s s i f i c a t i o n  process i s  now based on t h e  f e a t u r e  Z wh ich  
i s  t h e  r a t i o  X 1 / X 2 .  The p r o b a b i l i t y  of e r r o r  i s  o f  p r ime  i n t e r e s t .  
The Bayes c l a s s i f i e r  f o r  Cauchy d a t a  was d e r i v e d  and t h e  r e s u l t s  
de te rm ined .  The a l p h a  and b e t a  e r r o r s  a r e  .347 and .130, r e s p e c t i v e l y .  
See F i g u r e  3.  The t o t a l  p r o b a b i l i t y  of e r r o r  i s  .2385. T h e r e f o r e ,  
under  t h e  assumpt ion  o f  t h i s  p rob lem i t  i s  obv ious  t h a t  t a k i n g  t h e  
r a t i o  i s  n o t  u s e f u l  t o  decrease t h e  p r o b a b i l i t y  o f  e r r o r .  I n  f a c t  t h e  
p r o b a b i l i t y  o f  e r r o r  has i n c r e a s e d  10.4 p e r c e n t  f r o m  13.45 p e r c e n t  t o  
23.85 p e r c e n t .  

QUANTIZATION 

The e f f e c t s  o f  u s i n g  q u a n t i z e d  d a t a  on c l a s s i f i c a t i o n  e r r o r  was 
i n v e s t i g a t e d  f o r  a  two-c lass  prob lem i n v o l v i n g  a  s i n g l e  f e a t u r e  o r  
a t t r i b u t e .  The r e s u l t s  o f  t h i s  s t u d y  a r e  summarized h e r e  and g i v e n  
i n  a  T e c h n i c a l  I n t e r i m  R e p o r t  ( 7 ) .  

A  q u a n t i z e r  i s  ' b e s t  d e s c r i b e d  b y  i t s  t r a n s f e r  c h a r a c t e r i s t i c .  The 
t r a n s f e r  c h a r a c t e r i s t i c s  f o r  an even and odd e q u i - i n t e r v a l  q u a n t i z e r  
a r e  shown i n  F i g u r e s  4  and 5  r e s p e c t i v e l y .  The i n p u t  t o  t h e  q u a n t i z e r  
c o n s i s t s  o f  d a t a  whose d i s t r i b u t i o n  i s  assumed t o  be normal .  The 
e f f e c t  o f  t h e  q u a n t i z e r  i s  t o  a s s i g n  a  s p e c i f i c  v a l u e  t o  any o f  t h e  
d a t a  t h a t  f a l l s  i n  a g i v e n  range.  The v a l u e  f o r  r, t h e  q u a n t i z a t i o n  
i n t e r v a l ,  i s  c o n s t a n t  f o r  a  g i v e n  q u a n t i z e r  b u t  v a r i e s  w i t h  t h e  number 
of l e v e l s .  

The o u t p u t  o f  t h e  q u a n t i z e r  c o n s i s t s  o f  NQ v a l u e s  where NQ i s  
t h e  number o f  q u a n t i z e  l e v e l s .  Each o f  t h e s e  NQ v a l u e s  i s  w e i g h t e d  b y  
t h e  a rea  under  t h e  normal  c u r v e  w i t h i n  t h e  i n p u t  range as g i v e n  b y  
t h e  t r a n s f e r  c h a r a c t e r i s t i c .  Fo r  t h e  mu1 t i -sample problem, t h e  p d f  
( 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 )  i s  mu1 t i n o m i a l .  T h i s  i s  due t o  t h e  
f a c t  t h a t  t h e  o u t p u t  c o n s i s t s  o f  NQ l e v e l s .  I f  o n l y  two l e v e l s  a r e  
p r e s e n t ,  t h e n  t h e  sampled d a t a  i s  d i s t r i b u t e d  b i n o m i a l l y .  

F o r  t h e  one sample case,  t h e  p d f  f o r  t h e  d a t a  i s  t h e  o u t p u t  pdf 
o f  t h e  q u a n t i z e r .  The p r o b a b i l i t y  o f  e r r o r  i s  g i v e n  by  



where ql and q2 a r e  p r o b a b i l i t i e s  o f  occu r rence  f o r  each o f  t h e  two 
c l a s s e s .  A t  t h e  o u t p u t  o f  t h e  q u a n t i z e r ,  t h e  p r o b a b i l i t y  o f  e r r o r  i s  
a  summation g i v e n  b y  

N 
+ (q2 /2 )E  [ e r f {  ( u ~ + ~ + s - P ) / & ~  - e r f  ( U ~ + S - V ) / ~ ~ I  . 

k= 1 

f o r  t h e  normal  case.  T h i s  reduces t o  

I n  t h e  ab?[e e q u a t i o n s  s  i s  a  s h i f t  f a c t o r ,  u  i s  t h e  l o c a t i ? ~  o f  
t h e  ( N + l )  i n p u t  l o c a t i o n .  The d e c i s i o n  bou#8ary i s  a t  t h e  N 
impu lse .  The p r o b a b i l i t y  o f  e r r o r  i s  graphed i n  F i g u r e  6 f o r  v a r i o u s  
v a l u e s  o f  N. The e n t i r e  graph f o r  each v a l u e  o f  N i s  n o t  g i v e n .  The 
l o c a t i o n  o f  equa l  p r o b a b i  1  i ty o f  e r r o r  a r e  drawn i n .  The X l o c a t e s  
t h e  minimums. 

To f i n d  t h e  l o c a t i o n  o f  t h e  minimums i n v o l v e s  t a k i n g  t h e  
d e r i v a t i v e  s e t t i n g  t o  z e r o  and s o l v i n g  f o r  t h e  v a r i a b l e  i n  q u e s t i o n ,  
namely r. S o l v i n g  f o r  r y i e l d s  

T h i s  v a l u e  o f  r g i v e s  t h e  minimum p r o b a b i l i t y  o f  error :  I n  f a c t ,  
t h i s  v a l u e  makes t h e  p r o b a b i l i t y  o f  e r r o r  equa l  t o  t h a t  o f  t h e  
c o n t i n u o u s  case. I n  F i g u r e  7 ,  t h e  p r o b a b i l i t y  o f  e r r o r  i s  g raph f o r  
two v a l u e s  o f  r. One case i s  t h e  d e r i v e d  w h i l e  t h e  o t h e r  i n v o l v e s  
an r t h a t  m i n i m i z e s  t h e  mean-square-er ror  between i n p u t  and o u t p u t  
d e r i v e d  b y  Max ( 8 ) .  

As t h e  number o f  samples i n c r e a s e s  b e f o r e  a  d e c i s i o n  i s  made, 
t h e  p r o b a b i l i t y  o f  e r r o r  decreases i n  t h e  c o n t i n u o u s  case.  The same 
i s  t r u e  o f  e r r o r  f o r  t h e  m u l t i - s a m p l e  case i s  shown i n  F i g u r e  8  f o r  
a  two and t h r e e  l e v e l  q u a n t i z e r  as w e l l  as c o n t i n u o u s .  Ones does g e t  
more p r o b a b i l i t y  o f  e r r o r  i n  t h e  q u a n t i z e d  case.  However, t h e  



d i f f e r e n c e s  i n  e r r o r  may b e  a c c e p t a b l e  i f  one i s  concerned w i t h  t h e  
accu racy  o f  t h e  measurement and t h e  c o s t  of o b t a i n i n g  such accuracy .  

CONTEXTUAL DATA 

The d a t a  t h a t  occu rs  a d j a c e n t  t o  t h e  c e l l  o f  t h e  image t o  be 
c l a s s i f i e d  p r o v i d e s  a d d i t i o n a l  i n f o r m a t i o n  t o  be combined w i t h  t h e  
d a t a  o f  t h e  c e l l .  T h i s  a d d i t i o n a l  d a t a  i s  known as t h e  c o n t e x t u a l  
d a t a ,  and t h e  i n f o r m a t i o n  added i s  c o n t e x t u a l  i n f o r m a t i o n .  The 
c o n t e x t u a l  d a t a  i s  added t o  t h e  d e c i s i o n  r u l e  o f  t h e  c l a s s i f i e r  b y  
t h e  f o l l o w i n g  p r o d u c t  o f  sums o f  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  ( 2 ) .  

where 

p ( X k .  1 e k  ) i s  t h e  c o n d i t i o n a l  p d f  o f  t h e  
i i measurement v e c t o r  X k  g i v e n  t h e  

c e l l s  i d e n t i t y ,  e . i 
i 

p(ek  l o k )  i s  t h e  c o n d i t i o n a l  p d f  o f  t h e  
i occur rence  o f  t h e  ek c l a s s  g i v e n  

1 

t h e  kth c e l l  i d e n t i t y ,  and 

k i t s  a r e  t h e  n e a r e s t  ne ighbors  t o  t h e  kth c e l l .  

The comp le te  d e c i s i o n  r u l e  i s  t o  

The terms a r e :  

t h  e k  i s  t h e  k  c l a s s .  

t h  X k  i s  t h e  o p t i c a l  d e n s i t y  measurement o f  t h e  k  c l a s s .  



t h  
a k  i s  t h e  d e c i s i o n  t h a t  t h e  k  c l a s s  i s  p r e s e n t .  

L (ek ,a)  i s  t h e  l o s s  a s s o c i a t e d  w i t h  making a  d e c i s i o n .  

The assumpt ions a r e  t h a t  c o n t e x t u a l  r e l a t i o n s h i p s  between non- 
a d j a c e n t  c e l l s  a r e  n e g l i g i b l e  wh ich  can be s t a t e d  as 

f o r  a l l  i and c e l l s  b  and c  a r e  nonad jacen t .  The appearance x  o f  a 
c l a s s  e i s  a  f u n c t i o n  o n l y  o f  e t ,  and i f  e i s  known n e i t h e r  khe 
n a t u r e  k o r  t h e  appearance o f  any o t h e r  c l a s k  p r o v i d e s  a d d i t i o n a l  
i n f o r m a t i o n  about  X k .  T h i s  can be s t a t e d  as 

For  a  s p e c i a l  case o f  a  tempora l  s i g n a l  on l i n e  scan d a t a  t h i s  
c o n t e x t u a l  r u l e  can be more e a s i l y  i n t e r p r e t e d  and t h e  e f f e c t  o f  t h e  
c o n t e x t u a l  d a t a  i l l u s t r a t e d  i f  a  two-c lass  p rob lem i s  d i scussed .  The 
n e x t  e q u a t i o n  s p e c i f i e s  t h e  ma themat i ca l  o p e r a t i o n s  necessary  t o  make 
a  d e c i s i o n .  

~ ( ~ ~ 1 ~ 1 )  

m p 7  > I(M d e c i d e  e l  

< W\1 d e c i d e  e 2  - 

where 

and 

The n o t a t i o n  pi i s  used f o r  t h e  a  p r i o r i  p robab i  1  i t i e s  p(e i  l e  . )  . 
J 



If c o n t e x t u a l  d a t a  i s  n o t  used t h e  d e c i s i o n  r u l e  reduces t o  

o r  M i s  assumed t o  be u n i t y .  

To d e t e r m i n e  t h e  v a l u e  o f  M o n l y  t h e  measurements i n  t h e  n e a r e s t  
n e i g h b o r  c e l l s  and t h e  a  p r i o r i  p r o b a b i l i t i e s  o f  occu r rence  o f  each 
c l a s s  as r e p r e s e n t e d  b y  p . .  f o r  a l l  i and j a r e  r e q u i r e d .  The measure- 
ment i n  c e l l  k  p r o v i d e s  tAd needed d a t a  t o  e v a l u a t e  t h e  l e f t  hand s i d e  
o f  t h e  d e c i s i o n  r u l e .  S i n c e  t h e  r i g h t  hand s i d e ,  t h e  p r o d u c t  of K 
and M v a r i e s  one can t h i n k  o f  c o n t e x t u a l  d a t a  as p r o v i d i n g  a  d e c i s i o n  
boundary  wh ich  v a r i e s  as a  f u n c t i o n  o f  t h e  measured da ta .  

A  computer  s i m u l a t i o n  i s  n e a r l y  comple ted wh ich  w i l l  p r o v i d e  
a  compar ison o f  t h e  p r o b a b i l i t y  o f  e r r o r  if ( a )  c o n t e x t u a l  d a t a  a r e  
n o t  used and ( b )  c o n t e x t u a l  d a t a  a r e  used, as w e l l  as these  compar isons 
f o r  more t h a n  one measurement p e r  c e l l .  

The s i m i l a r i t y  o f  t h i s  s i m u l a t i o n  t o  d a t a  t o  b e  e x t r a c t e d  f r o m  
imagery  s h o u l d  be no ted .  The c e l l s  co r respond  t o  d a t a  windows whose 
w i d t h  w i l l  v a r y  a c c o r d i n g  t o  f i e l d  s i z e .  The use o f  t h e  n e a r e s t  
n e i g h b o r  c e l l s  can b e  e a s i l y  ex tended t o  be used by  o b t a i n i n g  t h e  d a t a  
f r o m  t h e  p r e c e e d i n g  and succeed ing scan l i n e s  i n  t h e  r e s p e c t i v e  c e l l s .  

The n e c e s s i t y  o f  h a v i n g  l i n e  scan d a t a  and a  p rocedure  t o  e d i t  
t h e  ground t r u t h  d a t a  i n t o  t h e  system so t h a t  i t  can b e  used e f f e c t -  
i v e l y  i s  i m p e r a t i v e .  

To use t h i s  t e c h n i q u e  on imagery ,  r e q u i r e s  knowledge o f  a t  l e a s t  
t h e  s o i l s  t y p e  and/or  c r o p  t y p e  f o r  a l l  f i e l d s  w i t h i n  t h e  t r a i n i n g  s e t .  

On ly  t h e  two c l a s s  case has been d i s c u s s e d ,  b u t  g e n e r a l i z a t i o n  t o  
more c l a s s e s  has been done ( 2 ) .  

SIGNAL ANALYSIS AND DISSEMINATION EQUIPMENT 

INTRODUCTION 

T h i s  s e c t i o n  d i s c u s s e s  t h e  Remote Sens ing I n s t i t u t e ' s  S i g n a l  



A n a l y s i s  and D i s s e m i n a t i o n  Equipment (SADE). 

T h i s  equipment was des igned  as a  s t a t e - o f - t h e - a r t  d a t a  a n a l y s i s  
system f o r  a  medium c o s t  w i t h  h i g h l y  f l e x i b l e  modular  des ign .  The 
maximum r e s o l u t i o n  o f  any i n d i v i d u a l  module i s  n o t  as g r e a t  as may 
be ach ieved  a t  a  h i g h e r  c o s t .  However, t h e  i n t e g r a t i o n  o f  each seg- 
ment w i t h  a  medium h i g h  r e s o l u t i o n  has produced a  sys tem o f  o u t s t a n d i n g  
c a p a b i l i t i e s .  The SADE sys tem i n c l u d e s  t h e  f o l l o w i n g  f e a t u r e s :  

h i g h  r e s o l u t i o n ,  h i g h  qua1 i ty d i g i  t i z a t i o n  o f  b l a c k  and w h i t e  
and c o l o r  f i  l m  t r a n s p a r e n c i e s ,  

35mm, 70mm, 9% i n c h  s i n g l e  f rame o r  r o l l  f i l m s  may be 
accommodated, 

m u l t i p l e  f rames may b e  r e g i s t e r e d  w i t h  r e s p e c t  t o  one a n o t h e r  
c o n v e n i e n t l y  and a c c u r a t e l y ,  

r e g i s t r a t i o n  o f  images can b e  accompl ished o f f - l i n e  w i t h o u t  
i n t e r a c t i o n  w i  t h  t h e  computer ,  

a n a l o g  magne t i c  t a p e  d a t a  can be d i g i t i z e d  f o r  computer  a n a l y s i s  
f r o m  one t o  s i x  channe ls ,  

a  r e f r e s h  memory i s  p r o v i d e d  f o r  t h e  d i s p l a y  o f  p rocessed d a t a  
on t h e  v i d e o  m o n i t o r  and f o r  m u l t i p l e  f rame r e g i s t r a t i o n ,  

r e f r e s h  memory i s  expandab le  f o r  s t o r a g e  o f  h i g h  f rame r e s o l u t i o n  
imaged d a t a  and l a r g e r  d i s p l a y  f o r m a t s ,  

memory f o r m a t  i s  Pax I 1  p i c t u r e  p r o c e s s i n g  language ( 9 )  o r i e n t e d  
f o r  p r o c e s s i n g  w i t h i n  t h e  computer ,  

p rocessed d i g i t a l  d a t a  may b e  c o n v e r t e d  t o  h a r d  copy u s i n g  a  
l i n e  p r i n t e r ,  

c o n t r o l  o f  t h e  s y s t e m ' s  components i n  communicat ion  w i t h  t h e  
computer  i s  p r o v i d e d  v i a  t e l e t y p e  and system c o n t r o l  pane l .  

SYSTEM CONFIGURATION 

The system i s  c o n f i g u r e d  i n  f i v e  m a j o r  u n i t s :  

1. The S p a t i a l  Data  camera, l e v e l  s l i c i n g ,  and c o l o r  d i s p l a y  
m o n i t o r ;  



2. The image d i g i t i z e r  u t i l i z i n g  an image d i s s e c t o r  tube;  

3. The d a t a  c o n t r o l  and c o n v e r s i o n  u n i t  wh ich  c o n t a i n s  e lements 
f o r  h i g h  speed memory, ana log  t a p e  c o n v e r s i o n  and c o n t r o l  
f u n c t i  ons , 

4. The Lockheed 417 seven t r a c k  ana log  tape  r e c o r d e r ,  and 

5. The Daedalus F i l m  P r i n t e r .  

SYSTEM FUNCTIONS 

The SADE system w i l l  p r o v i d e  t h e  f o l l o w i n g  system f u n c t i o n s :  

V i s u a l  ' d i s p l a y  o f  d i g i t i z e d  f i l m  d a t a ,  

D i g i t i z e d  image d a t a  t r a n s m i t t e d  t o  t h e  compu t e r  , 

Analog tape  d a t a  d i g i t i z e d  and t r a n s m i t t e d  t o  t h e  computer ,  

Processed image d a t a  t r a n s m i t t e d  t o  t h e  d i s p l a y  m o n i t o r  t h r o u g h  
t h e  r e f r e s h  memory f o r  v i s u a l  i n t e r p r e t a t i o n ,  

Processed d i g i t a l  d a t a  t o  t h e  Daedalus P r i n t e r  f o r  70mm f i l m  
o u t p u t ,  

R e g i s t r a t i o n  o f  images v i a  t h e  d i g i t i z e r  ' and  d i s p l a y  m o n i t o r ,  and 

System c o n t r o l  . 

MODES OF OPERATION 

The SADE system can be o p e r a t e d  i n  t h e  image d a t a  and ana log  
tape  d a t a  d i g i t i z a t i o n  modes. The image can be d i g i t i z e d  and d i s p l a y e d  
on t h e  c o l o r  m o n i t o r ,  and t h e  d i g i t i z e d  d a t a  t r a n s m i t t e d  t o  t h e  
computer  memory. A second image can be d i g i t i z e d  and th rough  mechan ica l  
m a n i p u l a t i o n  be r e g i s t e r e d  b y  o b s e r v a t i o n  o f  t h e  c o l o r  d i s p l a y  wh ich  
d i s p l a y s  b o t h  t h e  f i r s t  and second images s i m u l t a n e o u s l y  t h r o u g h  use 
o f  t h e  r a s t e r  i n t e r l a c e d  system. A f t e r  r e g i s t r a t i o n  t h e  d i g i t i z e d  
d a t a  wh ich  r e p r e s e n t s  t h e  second image i s  t r a n s m i t t e d  t o  . t he  computer 
memory. L i k e w i s e ,  maps may be made, d i g i t i z e d  and s t o r e d  i n  t h e  
computer memory and t h e  image o v e r l a y e d  on t h e  map on t h e  d i s p l a y .  



The image can b e  q u a n t i z e d  a c c o r d i n g  t o  t h e  o p t i m a l  q u a n t i z e r  
d e r i v e d  i n  t h i s  paper  and t h e  r e s u l t i n g  c o l o r  encoded image d i s p l a y e d  
on t h e  m o n i t o r .  T h i s  i s  one method o f  c l a s s i f y i n g  t h e  image a c c o r d i n g  
t o  o p t i c a l  d e n s i t y  wh ich  has been shown t o  be u s e f u l  b y  Frazee ( 1 0 ) .  

C l a s s i f i c a t i o n  o f  t h e  d a t a  i f  m u l t i p l e  f e a t u r e s  a r e  used w i l l  be  
done b y  K -c lass ,  Bayes o r  c o n t e x t u a l  d a t a  c l a s s i f i e r  a l g o r i t h m s .  The 
c l a s s i f i c a t i o n  r e s u l t s  w i  11 be c o l o r  encoded and d i s p l a y e d  on t h e  
m o n i t o r .  

The d i g i t i z e d  image can a l s o  be t r a n s m i t t e d  t o  t h e  Daedalus p r i n t e r  
f o r  70mm h a r d  copy. 

The ana log  t a p e  d i g i t i z a t i o n  mode o f  o p e r a t i o n  p r o v i d e s  t h e  
c a p a b i l i t y  t o  d i g i t i z e  f r o m  one t o  s i x  channe ls  o f  m u l t i - s p e c t r a l  
d a t a  s t o r e d  on ana log  magne t i c  tape .  The d a t a  can b e  d i s p l a y e d  one 
channel  a t  a  t i m e  on t h e  d i s p l a y .  .The d a t a  can be d i g i t i z e d  6 channe ls  
a t  a  t i m e  and t r a n s m i t t e d  t o  t h e  computer  f o r  s tora ,ge i n  d i g i t a l  fo rm.  
P o s s i b l e  i n p u t s  t o  t h e  ana log  t a p e  c o n v e r s i o n  u n i t  i n c l u d e s  the rma l  
scanner  d a t a ,  m u l t i s p e c t r a l  scanner  d a t a  up t o  6 channe ls  and wea the r  
s a t e l l i t e  image d a t a .  

ANTICIPATED USES OF THE SADE SYSTEM 

The SADE system was des igned  as a  f l e x i b l e  r e s e a r c h  t o o l  f o r  d a t a  
p r o c e s s i n g  and d a t a  c l a s s i f i c a t i o n  wh ich  can be expanded. The SADE 
sys tem can a l s o  be expanded t o  p r o v i d e  i n f o r m a t i o n  d i s s e m i n a t i o n  
c a p a b i l i t i e s .  These i n f o r m a t i o n  d i s s e m i n a t i o n  c a p a b i l i t i e s  i n c l u d e  
t e l e v i s i o n  b roadcas ts  , s p e c i a l  sys tems and o u t p u t  copy.  The dissem- 
i n a t i o n  sys tem chosen w i l l  depend upon t h e  s p e c i f i c  a p p l i c a t i o n  and 
o u t p u t  f o r m  d e s i r e d  b y  t h e  u s e r .  A1 though t h e  SADE system' i s  des igned  
as a  r e s e a r c h  t o o l ,  i t  i s  a l s o  a n t i c i p a t e d  t h a t  a n a l y s i s  c o m p l e t e d '  i n  
t h e  r e s e a r c h  phases w i l l  be  implemented i n  a n . o p e r a t i o n a 1  system f o r  
i n d i v i d u a l  u s e r s .  Thus, a  s t a t e  agency i n t e r e s t e d  i n  s u r f a c e  w a t e r  
c o u l d  use, on an o p e r a t i o n a l  b a s i s ,  i n f o r m a t i o n  f r o m  t h e  ERTS-A 
s a t e 1  1  i t e  i n  t h e i r  d a i  l y  dec i s ion -mak i  ng' p rocesses.  

CONCLUDING REMARKS 

The o b j e c t i v e s  o f  t h e  p a t t e r n  r e c o g n i t i o n  t a s k s  a r e  t o  d e v e l o p  
(a )  a  man-machine i n t e r a c t i v e  d a t a  p r o c e s s i n g  sys tem and ( b )  p rocedures  
t o  d e t e r m i n e  e f f e c t i v e  f e a t u r e s  as a  f u n c t i o n  o f  t i m e  f o r  c rops  and 
s o i l s .  



- ., : r 

The i n i t i a l  o b j e c t i v e  o f  d e v e l o p i n g  an i n t e r a c t i v e  system w i  11 
be a l m o s t  comp le te  a t  t h e  end o f  A p r i l  w i t h  t h e  i n s t a l l a t i o n  o f  SADE 
( S i g n a l  A n a l y s i s  and D i s s e m i n a t i o n  Equ ipment ) .  C l a s s i f i c a t i o n  programs 
a l r e a d y  deve loped such as K CLASS, Bayes and c o n t e x t u a l  d a t a  w i l l  be 
u t i  1  i z e d  w i t h  SADE. Boundary d e t e c t i o n  a1 g o r i  thms wh ich  a r e  b e i n g  
worked on w i l l  a l s o  be u t i l i z e d .  I n  o r d e r  t o  speed up p r o c e s s i n g ,  a  
v a r i a b l e  q u a n t i z e r  w i t h  parameters wh ich  a r e  s p e c i f i e d  by  t h e  o p e r a t o r ,  
has a l s o  been implemented.  

The s t u d y  o f  t r a n s f o r m a t i o n  o f  v a r i a b l e s  ( f e a t u r e s ) ,  e s p e c i a l l y  
t h o s e  e x p e r i m e n t a l  s t u d i e s  wh ich  can be comple ted w i t h  t h e  SADE system, 
w i l l  be  done. The mu1 t i v a r i a t e  Gaussian assumpt ion  w i  11 e i t h e r  be 
j u s t i f i e d  and /o r  nonparamet r i c  t echn iques  w i l l  be a p p l i e d  t o  imagery 
d a t a .  The secondary o b j e c t i v e  o f  d e t e r m i n i n g  e f f e c t i v e  f e a t u r e s  f o r  
c rops  and s o i l s  w i l l  n o t  be ach ieved  u n t i l  t h e  SADE system i s  o p e r a t i o n -  
a l .  
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Figure 1. - Contours o f  two over1 appi ng bivari a t e  Gaussian probat 
dens i ty  functions. 



Figure 2 . -  Two overlapping un iva r i a t e  Cauchy probabi 1 i  ty  dens i ty  
functions . 



Figure 3.-  Decision boundary f o r  Bayes' c l a s s i f i c a t i o n  of two 
b i v a r i a t e  Gaussian d i s t r i b u t i o n s ,  r=0.98. 



- r I r x ( i n p u t )  

F i g u r e  4.- T r a n s f e r  c h a r a c t e r i s t i c  f o r  e q u i i n t e r v a l  q u a n t i z e r  w i t h  
an even number o f  l e v e l s  ( f o u r ) .  

F i g u r e  5. -  T r a n s f e r  c h a r a c t e r i s t i c  f o r  e q u i i n t e r v a l  q u a n t i z e r  w i t h  
an odd number o f  1  eve1 s  ( f i v e )  . 
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Figure 6 . -  Probabi l i ty  of e r r o r  f o r  d i f f e r e n t  decision boundaries fo r  
varying quantizat ion in te rva l  w i t h  a  ten level  quant izer .  



NUMBER OF QUANTIZE LEVELS, NQ 

Figure 7.- Probability of error utilizing Max's interval and the 
derived interval. 
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Figure  8 . -  P r o b a b i l i t y  o f  e r r o r  as a  f u n c t i o n  o f  samples f o r  Max's 
quan t ized  d a t a  and con t inuous  d a t a .  




