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Abs t r ac t :  
A new o b j e c t  e x t r a c t i o n  nlgor thm i s  sugges t ed  

ill t h i s  paper ,  which i s  basrd  on the  f e a t u r r  
d i f f e r e n c e  between the  o b j e c t  s u r f a c e  and the  
t r x t u r e  hatkground;  In e s sence .  t he  a lgo r i th l a  i s  
the  e x t e n s i o n  of t hose  a l g o r i t h m s  which 
e x t r a c t  o b j e c t s  by ana lyz ing  the  gray 
d i s t r i b u t i o n  of t he  image. The new a l g o r i t h m  not  
only  can e x t r a c t  t he  o b j e c t s  i n  t he  t e x t u r e  
background wi th  d i f f e r e n t  g ray  d i s t r i b u t i o n s  but  
a l s o  wi th  the  same gray d i s t r i b u t i o n .  I f  t he  
background i s  n o n - s t a t i o n a r y  ( made up of s e v e r a l  
k inds  of t e x t u r e s ) ,  our a l g o r i t h m  i s  s t i l l  
e f f e r t  ive. 

As o a p p l i c a t i o n ,  we usrd  our  a l g o r i t h m  t o  do 
o b j e c t  r e c o g n i t i o n  i n  t he  t e x t u r e d  background. For 
d i f f e r e n t  n a t u r a l  t e x t u r e d  backgrounds and t e n  
polyhedron o b j e c t s ,  t he  c l a s s i f i c a t i o n  r a t e  i s  
about 98%. 

1. l n t r o d u r t i o n  

Computer v i s i o n  has  a t t r a r t s  more and more 
a t  t e n t  ion in  r e c e n t  y e a r s ,  The i d e n t i f i c a t i o n  and 
unde r s t and ing  of 2-D and 3-0 o b j e c t s  r an  be made 
p r e c i s e l y .  The precision has  met t he  needs  of 
p r a r t i r a l  a p p l i r a t i o n s ;  But most p r e s e n t  v i s i o n  
methods r an  on ly  d e a l  w i th  the  inages  w i t h  e i t h e r  
wh i t e  o r  d a r k  background. Unfo r tuna te ly ,  many 
n a t u r a l  p i c t u r e s  such a s  remote sense  images and 
SAR images have complex t e x t u r e  backgrounds. 
These images can n o t  be p rocessed  d i r e c t l y  by 
p regen t  v i s i o n  methods. So i t  i s  n e c e s s a r y  to  
s e p a r a t e  o b j e c t s  from t e x t u r e  backgrounds, and ge t  
t he  o b j e c t  images wi thou t  any t e x t u r e  
backgrounds. Then v i s i o n  methods can be used t o  
r ecogn ize  o r  i n t e r p r e t  t h e  images. 

There  a r e  two k i n d s  of o b j e r t  e x t r a r t i o n  
a lgo r i thms .  The f i r s t  k ind  i s  based on the  
assumption t h a t  t he  ave rage  gray l e v e l  of o b j e c t  
s u r f a c e  i s  d i f f e r e n t  from t h a t  of t he  
ba rkg round[ l : ,  So a  p rope r  t h re sho ld  r a n  be 
s e l e c t e d  i n  t he  gray h i s tog ram and he used t o  
s e p a r a t e  t he  o b j e c t  r e g i o n  from the  hackground 
r eg ion .  T h i s  kind of a l g o r i t h m  i s  u s u a l l y  ea sy  to  
implement [ I ] ,  but has  Limited a p p l i r a l i o n s .  The 
second kind i s  based 011 the  modeling of t he  
t e x t u r e  background. The p r i n c i p l e  i s  t h a t  t he  
o b j e c t  r eg ion  and the  background r e g i o n  have 
d i f f e r e n t  s t o c h a s t i c  models.  These a l g o r i t h m  a r e  
more gene ra l ,  but more complex than the  f i r s t  
k ind.  The expe r imen ta l  r e s u l t s  i n  '2: show t h a t  
t he  a l g o r i t h m s  a r e  u s u a l l y  more e f f e c t i v e ,  

In  f a c t ,  i f  t h e r e  a r e  not  ally t e x t u r e s  on t h e  
o b j e c t  s u r f a c e ,  the  s t r u c t u r a l  f e a t u r e  of t he  

o b j e c t  s u r f a c e  i s  q u i t e  d i f f e r e n t  from tha t  of t h e  
t e x t u r e  background ' 2 : .  In g e n e r a l ,  t he  g r a y  
v a r i a t i o n  of t he  o b j e c t  s u r f a c e  i s  murh s lower  
compared w i t h  t h a t  of the  t e x t u r e s .  So i f  we 
c o n s i d e r  t he  o b j e c t  s u r f a c e  a s  a  k ind of 
t e x t u r e ,  i t  must be a  ve ry  c o a r s e  t e x t u r e .  I t  i s  
r e a s o n a b l e  t o  adopt  t he  c o a r s e n e s s  and 
d i r e c t i o n a l i t y  a s  t he  f e a t u r e s  t o  s e p a r a t e  t he  
o b j e c t  r e g i o n  from the  background r eg ion .  

In t h i s  pape r ,  a  new o b j e c t  e x t r a c t i o n  
a l g o r i t h m  i s  proposed based on t h i s  idea .  

2 .  Tex tu re  F e a t u r e  : D i r e c t i o n  Measure 

There  a r e  many t e x t u r e  f e a t u r e  e x t r a c t i o n  
methods[6j .  The most u s e f u l  t e x t u r e  f e a t u r e  i s  t he  
second-order  s t a t i s t i c a l  f e a t u r e .  A new second- 
o r d e r  s t a t i s t i c a l  f e a t u r e  i s  proposed i n  [7: ,  
which i s  c a l l e d  d i r e c t i o n  measure ( D Y ) .  There  a r e  
many k i n d s  of DMs such a s  f i r s t - o r d e r ,  second- 
o r d e r ,  and h igh -o rde r  DM. The h igh -o rde r  DM has  a  
ve ry  h i g h  c l a s s i f i c a t i o n  r a t e  f o r  many k i n d s  of 
n a t u r a l  t e x t u r e s c i t s  c l a s s i f i c a t i o n  r a t e  i s  even 
h i g h e r  t han  Laws's ene rgy  measure :6, ) (7,. So we 
adopted DM a s  t he  t e x t u r e  f e a t u r e  i n  our  
a lgo r i thm.  

The f i r s t - o r d e r  DM i s  t he  s i m p l e s t  of a l l  
DMs. I t  r a n  i n d i c a t e  c o a r s e n e s s  and d i r e c t i o n a l i t y  
of t e x t u r e s  a c c u r a t e l y .  I t s  e x p r e s s i o n  can be 
found i n  [ I ] .  I t  c o n t a i n s  8 f e a t u r e s .  The 
c o a r s e n e s s  i s  determined by t h e  mean o r  median of 
t h e  8 f e a t u r e s .  The d i r e c t i o n a l i t y  of i s  
de t e rmined  by the  v a r i a n c e  of t he  8 f e a t u r e s .  So 
i n  our  a l g o r i t h m  t h e s e  two s imple  f e a t u r e s  a r e  
adopted:  mean o r  median of DY ( M D Y ) ,  and v a r i a n c e  
of DM (VDM; . 

Where i d ( i ) ,  i = 1 , 2 ,  .... 8 ) i s  f i r s t - o r d e r  DM. 
The s m a l l e r  t he  MDM, the  c o a r s e r  t he  t e x t u r e  

i s .  I f  t he  t e x t u r e  has  a  l a r g e  VDY, t hen  i t  must 
have a  s t r o n g  d i r e c t i o n a l i t y .  

3 ,  The Algor i thm For Object  E x t r a c t i o n  

In t h i s  pape r ,  t he  o b j e c t s  a r e  assumed t o  
have no t e x t u r e s  on t h e i r  s u r f a r e s .  I f  t he  o b j e c t  
s u r f a c e  i s  cons ide red  a s  a  t e x t u r e ,  i t  w i l l  be a  
ve ry  r o a r s e  t e x t u r e .  The c o a r s e n e s s  f e a t u r e  i s  a  
s u i t a b l e  f e a t u r e  t o  d i s t i n g u i s h  the  o h j e c t  from 
the  t e x t u r e .  So, MDY i s  chosen a s  t he  t e x t u r e  
f e a t u r e  i n  our  a lgo r i thm.  Another advantage of 
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choosing MDM i s  t h a t  MDM i s  ea sy  t o  c a l c u l a t r .  
I f  a  MXM window moves c o n t i n u o u s l y  on an KXN 

image i n  t he  row d i r e c t i o n ,  t hen  the  image i s  
covered wi th  ove r l app ing  windows. I f  t he  
o v e r l a p p i n g  a r e a  i s  chosen a s  aaxiaum WtY-I). 
each p i x e l  i n  t he  image co r re sponds  t o  one MXH 
window; The MDM i s  d e r i v e d  on each of t he  windows. 
Let  t h e  MDM be t h e  new g ray  l e v e l  of t h e  p i x e l  
c e n t e r e d  on the  co r re spond ing  window, then the  
o r i g i n a l  image i s  changed t o  a  new image which i s  
d e f i n e d  h e r e  a s  " f e a t u r e  image". 

S i n c e  the  g ray  v a r i a t i o n  of t he  o b j e c t  
s u r f a c e  i s  q u i t e  slow, i t s  MDM must be very smal l  
compared wi th  t h a t  of t he  t e x t u r e  background ( i f  
t he  background i s  made up of t h e  same t e x t u r e .  t h e  
MDH i s  a lmos t  equa l  everywhere).  So t h e r e  a r e  two 
r e g i o n s  i n  t he  f e a t u r e  image, one i s  t he  d a r k e r  
r e g i o n  co r re spond ing  t o  t he  o b j e c t  region,  and the  
o t h e r  i s  t h e  b r i g h t e r  r e g i o n  co r re spond ing  t o  t h e  
background. The g ray  l e v e l  h i s tog ram of t he  
f e a t u r e  image must have a  bottom " v a l l e y "  between 
two "peaks". By choosing a  p rope r  t h r e s h o l d  i n  the  
v a l l e y ,  t he  f e a t u r e  image i s  changed i n t o  a  2- 
v a l u e  image. The o b j e c t  r e g i o n  i s  s e t  t o  1, and 
t h e  background r e g i o n  i s  s e t  t o  0. The o b j e c t  can 
be e x t r a c t e d  by m u l t i p l y i n g  the  2-value f e a t u r e  
image wi th  the  o r i g i n a l  image. 

F i g . l a  i s  an image made up of a  c l o t h  t e x t u r e  
and an  o b j e c t .  The ave rage  g ray  l e v e l  o f  the  
o b j e c t  s u r f a c e  i s  equa l  t o  t h a t  of t he  background 
; So i t  i s  n e a r l y  imposs ib l e  t o  d e t e c t  t h e  

boundary between o b j e c t  and background by the  
c o u o m  edge d e t e c t i o n  a l g o r i t h m .  Fig. l b  i s  t h e  
f e a t u r e  image ob ta ined  wi th  the  6 x 6  window. 
Obviously, t h e  o b j e c t  r eg ion  i s  much d a r k e r  than 
t h e  background r e g i o n  i n  l he  f e a t u r e  image. Fig. l c  
i s  t he  g ray  l eve l  h i s tog ram of F i g . l b ,  and t h e r e  
i s  a  s h a r p  v a l l e y  i n  i t .  The th re sho ld  i s  t he  gray 
v a l u e  a t  bottom o f  t h e  v a l l e y ;  F i g . l d  i s  t he  
e x t r a c t e d  o b j e c t .  

I f  t h e r e  a r e  no t  any edges  o r  c o r n e r - p o i n t s  
i n  t h e  o b j e c t ,  t he  o b j e c t  r e g i o n  does no t  c o n t a i n  
any b r i g h t  s p o t s  o r  l inescwe c a l l  them "gaps") i n  
t he  f e a t u r e  image. The o b j e c t  can  be e x t r a c t e d  
p r e c i s e l y  l i k e  Fig .  l a .  But t h e r e  a r e  a lways some 
edges  and c o r n e r - p o i n t s  on t h e  o b j e c t ,  and the  
gray v a r i a t i o n  on edges  o r  c o r n e r - p o i n t s  a r e  very 
sha rp ;  So t h e  f e a t u r e  image u s u a l l y  r o n t a i n s  
b r i g h t  s p o t s  o r  "gaps" i n  t he  o b j e c t  region.  In 
t h i s  way, t h e  e x t r a c t e d  o b j e c t  i s  no t  t he  same a s  
t he  o r i g i n n l  one. F ig .2  shows an example. The 
wors t  i s  t h a t  t he  e r r o r s  u s u a l l y  occu r  a t  t h e  
edges  o r  c o r n e r - p o i n t s  which c o n t a i n  the  most 
i n f o r m a t i o n  of t he  o b j e c t  and a r e  c r u c i a l  f o r  t he  
accu racy  o f  t he  o b j e c t  r e c o g n i t i o n .  

I n  t he  f e a t u r e  image, t he  wholr o b j e r t  r eg ion  
i s  d a r k  except  f o r  a  few p o i n t s  o r  s h o r t  Lines. To 
e l i m i n a t e  t h e s e  "gaps", a l o c a l  minimum o p e r a t o r  
i s  used. The d e f i n i t i o n  of l o c a l  minimum o p e r a t o r  
i s  a s  fo l lows t  

The g ray  l e v e l  of one p i x e l ( i , j )  i s  s e t  t o  
t he  minimum of t he  g ray  l e v e l s  o f  q p i x e l s  of t he  
window mxm c e n t e r e d  on ( i ,  j  ). 

I n  gene ra l ,  t he  a r e a s  of t he  b r i g h t  s o p t s  o r  
l i n e s  a r e  ve ry  smal l .  When the  l o c a l  minimum 
o p e r a t o r  i s  used, t h e  v a l u e s  of t he  p i x e l s  i n  
t h e s e  s p o t s  o r  l i n e s  a r e  r ep laced  by the  v a l u e s  of 
t he  ne ighbor ing  p i x e l s  i n  t he  d a r k  region.  So the  
o b j e c t  r e g i o n  i n  t he  f e a t u r e  image i s  da rk  
thoroughly,  i f  the  window s i z e  i s  p r o p e r l y  chosen. 

Thr gray c o n t r a s t  of thc  o h j e c t  and background 
r e g i o n  i s  f u r t h e r  enhanced; The h i s tog ram of the  
p rocessed  f e a t u r e  image w i l l  h a w  two narrow 
peaks ,  and the  th re sho ld  i s  easy t o  s e l r c t .  F ig . ?  
shows the  f e a t u r e  image of F ig .2a  a f t e r  a  l o c a l  
minimum o p e r a t o r  i s  a p p l i e d  to  Fig ,  2b. The 
conc lus ion  i s  obvious  and unnecessary  t o  p o i n t  out 
aga in  . 
4.  F u r t h e r  Ana lys i s  of The Algor i thm 

The f e a t u r r  Image i s  d e r i v e d  by ~ a l c u l a t i n g  
the  YDM of each o v e r l a p p i ~ ~ g  window i n  the  
o r i g i n a l  image. Each p i x e l  i n  the  f e a t u r p  image 
co r re sponds  to  one YW w~ndow in  the  o r i g i n a l  
image: Obviously, the  c h o l r e  of the  uindow s i z e  Y 
d i r e c t l y  de t e rmines  the  p r o p e r t i e s  of the  f e a t u r e  
image; The windou should he l a r g e  enough to  o b t a i n  
t h e  adequa te  t e x t u r e  f e a t u r e ;  The window should 
cover  t he  a r e a  which i s  equal  t o  o r  g r e a t e r  t han  
the  pseud-per iod of the  t e x t u r e .  SO, t h r  c o a r s e r  
t he  background, t he  l a r g e r  the  w~ndow s i z e  i s ;  and 
the f i n e r  the  background, t he  s m a l l c r  t he  window 
should he. 

The c o a r s e n r s s  of the  t e x t u r e  background 
de t e rmines  the  window s i z e ,  but t he  window s i z e  
a l s o  a f f e c t s  t he  accu racy  of e x t r a c t i n g  o b j e c t s .  
I f  the  wir~dow i s  a  l a r q e r  one, the  range of 
f e a t u r e  v a r i a t i o n  on the  bou t~da ry  between o b j e c t  
and background becomrs wider ,  i .  r .  t he  gray 
v a r i a t i o n  on the  boundar ies  betwren o b j e r t  and 
background r e g i o n s  i s  more smoothly i n  the  f e a t u r e  
image. So the  2-value f e a t u r e  image has  p o s i t i o n  
e r r o r s  a t  t he  boundary between o b j e c t  and 
ba rkg round( th r  r r r o r  can not  kcr red Y 2 p i x r l s  
g e n e r a l l y ) .  I f  t he  o h j e c t  i s  very  sma l l ,  the  e r r o r  
i s  v e r y  s i g n i f i c a n t .  The o b j e c t  can on ly  b r  
d e t e c t e d  and can no t  be e x t r a c t e d  a c c u r a t e l y .  So 
our a lgo r i thm i s  not  s u i t a b l e  f o r  images wi th  
ve ry  r o a r s e  t e x t u r e  background. In f a c t ,  t h i s  i s  
n o t  on ly  the  l i m i t a t i o n  of our  a l g o r ~ t h m ,  bu t  a l l  
a l g o r i t h m s  based on f e a t u r e  d i s c r i m i n a t i o n  .2..  
The r eason  i s  t h a t  t he  c o a r s e r  t he  t e x t u r e ,  t he  
lower the  r e s o l u t i o n  of t h e  t e x t u r e .  

As a  m a t t e r  of f a c t  , i f  t he  o b j e c t  i s  
s m a l l e r  even than the  p r ~ n i t i v e  of t h r  t c x t u r e  
background, i t  i s  a l s o  d i f f i c u l t  f o r  human eyes  t o  
i d e n t i f y  i t .  

To e l i m i n a t e  t he  b r i g h t  s p o t s  or l i n r s  i n  the  
o b j e c t  r e g i o n  i n  t he  f e a t u r e  image, a  l o c a l  
minimum o p e r a t o r  i s  used t o  p roces s  t he  f e a t u r e  
image. But t he  l o c a l  minimum o p r r a t o r  has  a  
d i sadvan tage ,  i . e .  i t  ex t ends  the  o h j e c t  r eg ion  by 
about  M p i x e l s  i n  row and column d i r e c t i o n s .  Fig .4  
i l l u s t r a t e s  t h i s  phenomenen. Thr r ea son  i s  t h a t  
the  gray v a l u e s  of the  p i x e l s  of t he  background 
n e a r  t h r  o b j e c t  r eg ion  a r e  r r p l a c r d  hy the  gray 
v a l u e s  of t he  p i x e l s  i n  the  o b j e r t  r eg ion  ( d a r k  
r eg ion ) .  

--------------- 
b r i g h t  I _ _ -  1 - -_ Local minimum 
r e g i o n  : d a r k  I i _ _ _ _ _ _  o p e r a t o r  

I r eg ion  I ; 
I \ I  c h a n g e d t o  _ _ -  1 - -  
i '. d a r k  r eg ion  

F ig .4  The e x t e n s i o n  of o b j e c t  r e g i o n  
To overcome t h i s  drawback. a  Local maximum 

o p e r a t o r  i s  used i n  our a lgo r i thm.  The f u n c t i o n  of 
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t11e l o r a l  maximum o p e r a t o r  i s  j u s t  the  i l l ve r se  of 
the  l o c a l  minimum o p e r a t o r ,  i . e .  t he  g ray  v a l u e  of 
t he  c e r ~ t r a l  p i x e l  i n  a  nxn window i s  r e p l a c e d  by 
t he  maximum of  the  g ray  v a l u e s  of p i x e l s  i n  t he  
w i ~ ~ d o w .  

S i n c e  t he  b r igh t .  s p o t s  o r  l i n e s  have been 
e l i m i n a t e d  from the  obje1.t r e g i o r ~  i n  the  f e a t u r e  
image, a  l o c a l  maximum o p e r a t o r  can no t  make the  
d a r k  r e g i o n  become b r i g h t  a g a i n ;  But t he  ave rage  
gray l e v e l  o f  the  background can  be i n c r e a s e d .  
i . e .  the  l o c a l  maximam o p e r a t o r  a t  l e a s t  c an  no t  
d e c r e a s e  t he  gray r o l ~ t r a s t  between o b j e c t  r e g i o n  
and background r e g i o n  i n  t he  f e a t u r e  image. 
Another  impor t an t  f u r ~ c  t i o n  of  t he  l o c a l  maximum 
o p r r a t o r  i s  t h a t  i t  can  reduce  t he  a r e a  of  t he  
d a r k  r eg ion .  T h i s  i s  what we expec t .  I f  t he  window 
s i z r  of a  Local maximum o p e r a t o r  i s  chosen a s  
l a r g e  a s  t h a t  of a  l o c a l  mir~im~rm o p e r a t o r ,  then 
t h r  r s t e n d e d  o b j e c t  r e g i o n  can  be resumed t o  t he  
e s a r t  o b j e c t  r eg ion .  

The window s i z e  of  t he  l o c a l  minimum o p e r a t o r  
i s  dependent  on the  s i z e  of  t he  h r i g h t  s p o t s  o r  
l i n e s (  o r  "gaps") ;  In g e n e r a l ,  the  w id th  of  the  
gaps call n o t  exceed the  w id th  of t he  window on 
which the  t e x t u r e  f e a t u r e  i s  c a l c u l a t e d .  So, t he  
window s i z e  m of l o c a l  minimum o p e r a t o r  s h o u l d  be 
a l i t t l e  l a r g e r  than t he  s i z e  of t h a t  window ( 

m-,-M ). 

Although a  l o r a l  minimum o p e r a t o r  h a s  been 
used,  t h e r e  s t i l l  a r e  some " s p o i l e d "  p o i ~ ~ t s  i n  t he  
hackground r e g i o r ~  when the  f e a t u r e  image i s  
changed t o  a  2--value  image. But t he  a r e a  of t h e s e  
p o i n t s  i s  u s u a l l y  much s m a l l e r  than the  o b j e c t s .  
The l a s t  s t e p  of ou r  a l g o r i t h m  i s  t o  choos r  a  
p rope r  t h r e s h o l d  t o  d e l e t e  t h e s e  sma l l  " s p o i l e d "  
s p o t s .  

Our a l g o r i t h m  emphasizes  t he  d i f f e r e n c e  of 
c o a r s e n e s s  f e a t u r e s  ( a s  w e l l  a s  o t h e r  k i n d s  of 
t e x t u r e  f e a t u r e s  :8: 1 9 )  between the  o b j e c t  
s u r f a c e  and t e x t u r e  bachground;  T h i s  d i f f e r e n c e  i s  
u s u a l l y  much g r e a t e r  than t he  d i f f e r e n c e  between 
the  o t h e r  two image t e x t u r e s ,  e s p e c i a l l y  when the  
c o a r s e n e s s  f e a t u r e s  of  t hose  t e x t u r e s  don ' t  have 
ve ry  l a r g e  d i f f e r e n c e s .  So, i f  t he  background 
c o n s i s t s  of d i f f e r e n t  k i n d s  of t e x t u r e s .  t he  
o h j r c t  r e g i o n  i s  s t i l l  much d a r k e r  t han  t he  
hachg ro~u td  r e g i o n  i n  t he  f e a t u r e  imagr, In o t h e r  
words, ou r  a l g o r i t h m  i s  s t i l l  e f f r c t i v e  f o r  t hose  
Images w i th  complex o r  n o n - s t a t i o n a r y  t e x t u r e  
background. Th i s  i s  d i f f i c u l t  o r  a lmos t  imposs ib l e  
f o r  the  modeling methods : 2 ) ,  because  t h i s  k ind  of 
backgroulid can  no t  be modpled by a  t ime-unvnr ia t i t  
Linear  p r e d i c t i o n  models.  F ig .5a  i s  such k ind  of 
image. I t s  background i s  composed of t h r e e  k i n d s  
of t x t u r e s .  F ig .5b  i s  the  e t t r a c t e d  o b j e c t ;  The 
r e s u l t  p r o v e s  what x e  have d ~ s c u s s e d .  

5. Expe r imen ta l  R e s u l t s  
5.1 Expe r imen ta l  R e s u l t s  of Ob jec t  E x t r a c t i o n  

To f u r t h e r  t e s t  t he  e f f i c i e n c y  of ou r  
a lgo r i t hm,  the  a u t h o r s  have s e l e c t e d  a  number of 
n a t u r a l  and a r t i f i c i a l  images. These images a r e  
a l l  128x128 and have 25b g r a y  l e v e l s .  The ave rage  
gray v a l u e  of  the  o b j e c t  s u r f a c ~  i s  equa l  o r  
a lmost  equa l  t o  t h a t  of  the  background, So t he  
o u t l i n e s  of  the  o b j e c t s  can  not  be d e t e c t e d  by t he  
common edge d e t e c t i o n  a l g o r i t h m s ;  No p r e p r o c e s s i n g  
i s  made on t h e s e  images. 

F ig .6a  i s  a  n a t u r a l  p i c t u r e  which was tnken 

w i t h  a  common camera. F ig .6b  i s  t he  e x t r a c t e d  
o b j e c t .  F ig .  ? a  i s  a  med ica l  c e l l  image. The 
d e t e c t e d  c e l l s  a r e  showed i n  Fig .7b.  

Fig .Ra i s  a n o t h e r  med ica l  c e l l  image, but  i t  
was d e t e r i o r a t e d  by w h i t e  n o i s e ;  The r a t i o  of  
s i g n a l  t o  n o i s e  i s  abou t  5  dB. The r e s u l t  i s  n o t  
v e r y  s a t i s f a c t o r y  i f  ou r  a l g o r i t h m  i s  d i r e c t l y  
a p p l i e d  t o  i t .  To e l i m i n a t e  t he  i n f l u e n c e  of  t he  
added n o i s e ,  a  l o c a l  smoothing o p e r a t o r  i s  used a s  
a p r e p r o c e s s i n g  p rocedure .  F ig .8b  i s  the  f e a t u r e  
image d e r i v e d  from F i g . 8 a  , and F i g . 8 ~  i s  t he  
f i n a l  r e s u l t .  

F ig .9a  i s  an  image which i s  a  l a b e l  w i t h  two 
c h i n e s e  words on i t  under  t he  k n i t t i n g  c l o t h  
t e x t u r e .  F ig .9b i s  the  f e a t u r e  image o b t a i n e d  w i t h  
a  6\6 window. O b v ~ o u s l y .  t h e r e  a r e  v e r y  b r i g h t  
l i n e s  i n  the  o b j e c t  r eg ion .  So t he  Local minimum 
o p e r a t o r  and l o c a l  maximum o p e r a t o r  must be used. 
T h e i r  window s i z e  i s  8x8. F i g . 9 ~  i s  t he  e x t r a c t e d  
l a b e l .  

A l l  t h e s e  expe r imen t s  were done on 128x128 
images. The b i g g s t  p o s i t i o n  e r r o r  obse rved  does  
n o t  exceed 4 p i x e l s ,  and most of p o s i t i o n  e r r o r s  
a r e  l e s s  than 4 p i x e l s .  
5.2 Expe r imen ta l  R e s u l t s  of Ob jec t  R e c o g n i t i o n  

As a  a p p l i c a t i o n  of ou r  a lgo r i t hm,  we used 
i t  t o  d o  o b j e c t  r e c o g n i t i o n  under  t he  complex 
t e x t u r e d  background. I n  o u r  expe r imen t s ,  t he  
o b j e c t s  a r e  a l l  po lyhed ron  o b j e c t s ,  and t he  
backgrounds  a r e  a l l  n a t u r a l  t e x t u r e s .  Of a l l  
p i c t u r e s ,  t he  ave rage  g ray  l e v e l  of  t he  o b j e c t  i s  
t he  same a s  t h a t  of t he  background. 

The 2-D o b j e c t  f e a t u r e s  such a s  p e r i m e t e r ,  
a r e a .  p e r i m e t e r  a r e a  r a t i o  e t c ,  a r e  chosen i n  ou r  
expe r imen t s .  Fo r  t e n  d i f f e r e n t  po lyhed ron  o b j e c t s ,  
t he  c l a s s i f i c a t i o n  r a t e  i s  about  98%. Fo r  t h e  
l i m i t  of  pape r  volume, t h e s e  e x p e r i m e n t a l  p i c t u r e s  
a r e  n o t  l i s t e d  h e r e .  

Conclus ions:  
From the  a n a l y s i s  of  t he  new a l g o r i t h m  an 

the  e x p e r i m e n t a l  r e s u l t s ,  f ou r  c o n c l u s i o n s  can  be 
ob t a ined :  
1 )  The a l g o r i t h m  can  d i s t i n g u i s h  t he  b o u n d a r i e s  
between o b j e c t s  and background e f f e c t i v l y ,  The 
f i n e r  t h e  background, t he  h i g h e r  t h e  r e s o l u t i o n  of  
t he  boundary. Fo r  a l l  expe r imen t s  r e p o r t e d  here ,  
most of  t he  p o s i t i o n e r r o r s  a r e  l e s s  than 4 
p i x e l s .  
2 )  The a l g o r i t h m  can  be adop ted  n o t  o n l y  f o r  the  
images w i t h  s t a t i o n a y  t e x t u r e  background but  a l s o  
f o r  t he  images w i t h  n o n - s t a t i o n a r y  t e x t u r e  
background. 
3 )  A  s i m p l e  smoothing method can  be used a s  t he  
p r e p r o c e s s i n g  f o r  the  a l g o r i t h m  t o  r educe  t he  
i n f l u e n c e  of the  n o i s e .  
4 )  Although our  a l g o r i t h m  i s  based on MDM of  
d i r e c t i o n  measures ,  i t  can  be cornbilled w i t h  o t h e r  
t e x t u r e  f e a t u r e s : R j  :9: t o  form a  new a l g o r i t h m  f o r  
o b j e c t  e x t r a c t i o n .  
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