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ABSTRACT 
This  paper presents a new segmentation 

procedure for textured images, us ing  
morphological p a r t i t i o n  f i l t e r s .  These 
f i l t e r s  are characater ized by a c o n t r o l l a b l e  
s e l e c t i v i t y  of a c t i o n  w i t h  respect to  bo th  
d i r e c t i v i t y  and s p a t i a l  frequency. They are 
thus able t o  homogenize regions whose 
s t r u c t u r e  corresponds t o  t h e i r  charac te r i s -  
t i c s ,  w h i l e  leav ing others untouched. 
Automatic adjustment of t h e i r  s t r u c t u r i n g  
element i s  obta ined through computation o f  the 
image covariograms, dur ing  the var ious stages 
o f  the procedure. Th is  segmentation procedure 
appears t o  perform we l l  i n  cases o f  h i g h l y  
s t r u c t u r e d  tex tu res .  

1. INTRODUCTION 
A d i f f i c u l t  problem i n  image segmenta- 

t i o n  concerns the de tec t ion  of tex tu red  
regions which d i f f e r e n t i a t e  themselves from 
t h e i r  surroundings. I n  f a c t ,  a subs tan t ia l  
number o f  computer v i s i o n  tasks deal w i t h  
tex tu red  images, and t h e i r  performance 
c r u c i a l l y  depends on the success o f  the 
segmentation procedure at  hand. 

Mathematical morphology, f i r s t  introduced 
by G.  Matheron [9] and J. Serra 1111, i n  the 
context  of petrography, seems t o  be a we l l  
s u i t e d  image ana lys is  too l  for  textured image 
segmentation. 

I n  order t o  devise a segmentation 
procedure based on morphological operators ,  
two issues must be addressed: 
( 1 )  the d e f i n i t i o n  of a c lass  o f  operators  

which, p r o v i d i n g  appropr ia te parameter 
adjustments, would act s e l e c t i v e l y  on a 
reg ion con ta in ing  a p a r t i c u l a r  tex tu re  
and amp l i f y  i t s  "con t ras t "  r e l a t i v e  to  
neighbouring reg ions.  

( 2 )  the d e f i n i t i o n  o f  a procedure a l l o w i n g  
the automatic,  context-dependent a d j u s t -  
ment o f  these operators  c h a r a c t e r i s t i c s .  

Recently in t roduced by G. Matheron 191 
and J. Serra [ I 2 1  i n  the context of b i n a r y  
images, the new c l a s s  of p a r t i t i o n  f i l t e r s  
seems p a r t i c u l a r l y  s u i t e d  to  meet the f i r s t  
requirement. Their a c t i o n  can be r e g i o n a l l y  
s e l e c t i v e  through an appropr ia te choice of 
t h e i r  s t r u c t u r i n g  element. Moreover, i f  the 
s t r u c t u r i n g  element i s  connected, i t  tends t o  
u n i f y  regions whose s t r u c t u r e  corresponds t o  
i t s  c h a r a c t e r i s t i c s .  However, i n  order t o  
apply  these f i l t e r s  t o  the segmentation o f  
tex tu red  images, t h e i r  d e f i n i t i o n  t o  the 

domain of g r e y - l e v e l  images must be extended 
and t h e i r  dual f i l t e r s  must be introduced. 

Th is  a r t i c l e  presents a segmentation 
procedure based on the i t e r a t i v e  a p p l i c a t i o n  
o f  p a r t i t i o n  f i l t e r s  whose s t r u c t u r i n g  
elements are au tomat i ca l l y  ad justed at  each 
s tep  o f  the process. Th is  procedure has been 
success fu l l y  app l ied  to  the segmentation of 
images composed o f  na tu ra l  textures.  

2. MORPHOLOGICAL PARTITION FILTERS 
The bas ic  concepts of mathematical 

morphology w i l l  not  be reviewed here; a 
complete p resen ta t ion  of the domain can be 
found i n  the works o f  J. Serra [ l o ]  and G. 
Matheron [ E l .  The reader might a lso  re fe r  t o  
in t roduc t ions  by J. Serra [ l l ] .  S. Sternberg 
[ 1 4 ] ,  and R. Hara l i ck  [ 4 ] .  

P a r t i t i o n  f i l t e r s  consis t  o f  a combina- 
t i o n  of two types of operators ,  ( 1 ) :  a marking 
operator whose purpose i s  t o  p a r t i t i o n  the 
image d e f i n i t i o n  space, and ( 2 ) :  a se r ies  of 
morphological operators  which are independent 
o f  the marking operator .  The a p p l i c a t i o n  o f  
the marking operator has the e f f e c t  of 
a tomiz ing the image i n t o  i t s  connected p a r t i -  
c l e s ,  according t o  an appropr ia te d e f i n i t i o n  
o f  c o n n e c t i v i t y  ( a r c  c o n n e c t i v i t y  i s  used 
here,  s ince i t  i s  we l l  s u i t e d  t o  current  image 
a n a l y s i s  a p p l i c a t i o n s ) .  Once the image has 
been s p l i t  up, a f i l t e r  i s  used t o  regroup the 
p a r t i c l e s  which, owing t o  t h e i r  shapes and 
s p a t i a l  d i s t r i b u t i o n s ,  are i n c l i n e d  t o  merge. 
The essen t ia l  fea tu re  o f  such f i l t e r s  i s  t h e i r  
a b i l i t y  t o  detect  and uni formize regions which 
e x h i b i t  some degree o f  t e x t u r a l  homogeneity 
w h i l e  prevent ing i n t e r a c t i o n  between d i f f e r e n t  
reg ions.  

C e r t a i n  not ions such as a lgebra ic  
opening, .connected c l o s i n g  and maximal c l o s i n g  
must be introduced p r i o r  t o  the d e f i n i t i o n  of 
p a r t i t i o n  f i l t e r s .  These operators a re  
de f ined  and i l l u s t r a t e d  i n  the f o l l o w i n g  
paragraphs, dea l ing  f i r s t  w i t h  the case of 
b i n a r y  images and genera l i z ing  them to  
g rey -sca le  images. 

2 .1 Connected c l o s i n g  operator :  A c l o s i n g  
operator h i s  connected (o r  preserves connec- 
t i v i t y )  i f  the transform of every connected 
element i s  a connected element and the 
transform of the empty set i s  the empty s e t .  
Let P(E) represent the set o f  a l l  p a r t s  of E 
(image d e f i n i t i o n  space), and C the c lass  of 
the connected subsets of P ( E ) ,  C being 
e n t i r e l y  determined by E and the type of 
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c o n n e c t i v i t y .  A c l o s i n g  i s  connected i t  i t  
v e r i f i e s  the p red ica te :  

F igure  l ( a )  i l l u s t r a t e s  the ac t ion  of a  
connected c l o s i n g ,  the c losure  of any 
connected component be ing a connected 
component. I n  cons t ras t ,  F igure  l ( b )  shows 
the a c t i o n  o f  a  non-connected c los ing ,  the 
c losure  o f  C being composed of the 
non-connected set [C1,C2]. 

2.2 Connected a lgebra ic  opening: The 
i n t r o d u c t i o n  o f  p a r t i t i o n  f i l t e r s  requi res the 
d e f i n i t i o n  o f  a  t ransformat ion which a l lows 
i n d i v i d u a l  s e l e c t i o n  o f  each element Ci of a  
connected c l a s s  C. This  t ransformat ion,  
c a l l e d  the connected a lgebra ic  opening and 
denoted 7 ( x ) ,  i s  de f ined  as fo l lows :  

VX E P(E) T ~ ( X )  = 
{ U C i ;  Ci E C and x E Ci C X} ( 2 )  

I 

Consequently, y x ( X )  i s  non-empty i f  and 
o n l y  i f  element x  belongs t o  X .  and designates 
the re fo re  the connected component o f  X 
con ta in ing  x. F igure  2 shows var ious 
a p p l i c a t i o n s  o f  t h i s  d e f i n i t i o n .  

2.3 Non-generic c l o s i n g :  I n  order to  
f a c i l i t a t e  the cons t ruc t ion  of connected 
c los ings  (express ion ( 1 ) )  i t  i s  convenient to  
consider f i r s t  the c l a s s  o f  non-generic 
c los ings  g. This  type o f  c l o s i n g  operator 
v e r i f i e s  the p red ica te :  

vx E P ( E )  and Vx E g (X)  X n 7,Ig(X)I + 4 ( 3 )  

I t  should be noted that  every non-generic 
c l o s i n g  g i s  connected. w h i l e  the inverse i s  
not necessar i l y  t rue .  S p e c i f i c a l l y ,  F igure 
l ( a )  i l l u s t r a t e s  a connected c l o s i n g  which 
does generate new p a r t i c l e s ,  not present 
i n i t i a l l y .  

Given two a r b i t r a r y  c l o s i n g  operators f  
and f l ,  f l  i s  a  minor ing element of f  i f  i t  
v e r i f i e s .  

One can show t h a t ,  among the c lass  of 
non-generic c los ings ,  there i s  a  greater 
minor ing element go o f  f ,  expressed as: 

Expression ( 5 )  suggests a p r a t i c a l  way o f  
determin ing the a c t i o n  o f  a  connected c los ing .  
s t a r t i n g  from an a r b i t r a r y  c l o s i n g  f .  F igure 
3 ( a )  shows an example o f  a  c l o s i n g  c r e a t i n g  
new connected components. The a p p l i c a t i o n  o f  
express ion ( 5 )  de f ines  then a non-generic 
c l o s i n g  whose a c t i o n  i s  i l l u s t r a t e d  i n  F igure 
3 ( b ) .  

2.4 P a r t i t i o n  c los ings  opera to r :  Once go 
has been de f ined ,  i t  i s  then poss ib le  t o  
d e f i n e  the c l a s s  a0 o f  connected c los ings  h 
inc luded i n  go and c o i n c i d i n g  w i t h  go over C: 

a0 = { h ;  VX E P(E)  h (X)  C go(X) 
and VCi E C h ( C i )  = g,(Ci)} ( 6 )  

The operator vo de f ined  as: 

where I  designates the i d e n t i t y  operator ,  i s  
then app l ied  on the c los ings  of 8,. 

I t  has been shown [ 1 2 ]  that i s  s tab le  
w i t h  respect t o  vo i . e .  that every a p p l i c a t i o n  
v o ( h )  i s  a  connected c l o s i n g .  F i n a l l y ,  i f  one 
considers the subset o f  cons is t ing  o f  
c los ings  h which remain invar ian t  under 
t ransformat ion vo: 

i t  may be shown that  every element of a', i s  a  
non-generic c l o s i n g .  

The r o l e  p layed by the var ious operators 
introduced up t o  t h i s  p o i n t  may be expla ined 
i n  the f o l l o w i n g  way. Given an a r b i t r a r y  
c l o s i n g  f ,  expression ( 5 )  de f ines ,  among a l l  
o f  the minor ing elements o f  f ,  the most a c t i v e  
non-generic c l o s i n g  go. I n  addi t  ion, 
expression ( 6 )  def ines the set a0 o f  a l l  
connected c los ings  which, on the one hand, act 
i n  an i d e n t i c a l  manner on each of the 
connected elements of C taken i n d i v i d u a l l y  
and. on the other hand, are less a c t i v e  than 
go when app l ied  g l o b a l l y  t o  the image. 

Expression ( 7 )  associates t o  each c l o s i n g  h o f  
ao a new c l o s i n g  operator vo (h )  whose a c t i o n  
on X can be described as fo l lows :  on each 
region of X whose transform i s  a connected 
component, vo (h )  ac ts  i n  the form of the most 
a c t i v e  non-generic c l o s i n g  go. I n  other 
words, operator I  fl ~ ~ [ h ]  i so la tes  
w i t h i n  the domain E of the image, the elements 
des t ined  to  be merged by the a c t i o n  of h. 
Thus, apply ing go to  t h i s  group of elements, 
r e s u l t s  i n  t h e i r  merging i n t o  a maximal 
connected component. I n  t h i s  manner, 
t ransformat ion vo (h )  makes i t  poss ib le ,  f i r s t  
o f  a l l ,  t o  i s o l a t e  i n  the image domain the 
reg ions whose content has a tendency t o  become 
uni form,  and then to  apply a maximal merging 
t o  each region i n d i v i d u a l l y ,  thereby avoid ing 
i n t e r a c t i o n  between d i f f e r e n t  regions. 
F i n a l l y ,  expression ( 8 )  def ines a subset 
o f  connected c los ings  h whose a c t i o n  i s  
equiva lent  t o  that of the p rev ious ly  described 
operators .  Due t o  t h e i r  c h a r a c t e r i s t i c s ,  
elements of a', are c a l l e d  p a r t i t i o n  c los ings .  
F i g u r e  4 shows an example o f  the a p p l i c a t i o n  
o f  t h i s  type of operator .  

I n  order to  e x p l o i t  these r e s u l t s ,  these 
p a r t i t i o n  c los ings  must be e x p l i c i t l y  
formulated. I n  p a r t i c u l a r ,  the f o l l o w i n g  
theorem, s ta ted  and demonstrated by G. 
Matheron 191, expresses the la rges t ,  i . e .  the 
most a c t i v e  o f  these c los ings .  associated w i t h  
a p a r t i c u l a r  non-generic c l o s i n g  go 

Theorem: Given the c lass corresponding t o  
go (expression ( 8 ) )  i t s  maximal element, i . e .  
most a c t i v e ,  h~ can be expressed as: 

where Tx represent,  for  each x the largest  
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i nc reas ing  and idempotent operator which i s  a  
m inor ing  element of y x [ g o ]  and v e r i f i e s :  

A d e f i n i t i o n  equiva lent  t o  expression (10)  i s  
g iven by :  

V X  E P ( E )  and VY E P(E)  
such that X n Tx(X)  c Y C X 

F igure  5 i l l u s t r a t e s  the a c t i o n  of an 
operator v e r i f y i n g  (10)  or ( 1 1 ) .  I t  may be 
noted that  every opening or c l o s i n g  operator 
s a t i s f i e s  these cond i t i ons .  

The expression of the maximal c l o s i n g  
de f ined  i n  (14)  may be obtained by the 
i t e r a t i v e  process: 

Since the d e f i n i t i o n  space E i s  ~ n ~ t e  
and each v o ( n ) [ g o ]  i s  included i n  v o ( n - l l ~ g ~ ] ,  
the decreasing sequence ( 1 2 ) ,  reaches for a  
f i n i t e  integer N, a l i m i t  0 such tha t :  

Operator 0 the re fo re  belongs t o  the set 
4 ' o ,  and i t  has been shown 1121 that 7,[0] i s  
the largest  minor ing element v e r i f y i n g  ( 1 3 ) .  

As a r e s u l t ,  the fo l l ow ing  expression 
a l lows  the i t e r a t i v e  generat ion o f  h ~ :  

I n  t h i s  expression, Lim[ ]  designa es the 
sequent ia l  I  imi t  o f  i t e r a t i o n s  of ~ , ( ~ l [ g ~ ] .  

Expressions ( 5 )  and (14)  def ine 
a lgor i thms necessary to  operate a connected 
c l o s i n g  and a maximal p a r t i t i o n  c los ing  
associated w i t h  an a r b i t r a r y  c l o s i n g  f .  I t  
should be noted that expression (14) 
genera l l y  converges i n  a few i t e r a t i o n s  which 
makes the corresponding operators  p a r t i c u l a r l y  
i n t e r e s t i n g .  F igures 6 ( a )  and 6 ( b )  compare 
the a c t i o n  of h~ and go. As appears on these 
f i g u r e s  the p r i n c i p a l  e f f e c t  o f  h~ i s  t o  avoid 
i n t e r a c t i o n s  between the connected components 
created by go. wi thout  break ing these 
components. 

The dual operators  associated w i t h  7,, go 
and h~ can be e a s i l y  de f ined ,  a s s u m i ~ g  the 
f o l l o w i n g  d e f i n i t i o n  of the dual T of a  
t ransformat ion T: 

The operators  introduced up t o  now 
concerned b i n a r y  images o n l y .  I n  order t o  use 
these concepts i n  image segmentation, they 
must now be extended to  grey-scale images. Any 
m u l t i l e v e l  func t ion  z ( x )  i s  equiva lent  the 
decreasing fami l y  o f  h o r i z o n t a l  sect ions X t  
de f ined  by: 

Conversely z ( x )  may be expressed i n  terms o f  
the X t ' s  

P a r t i t i o n  f i l t e r s  are e a s i l y  general ized 
t o  grey-scale images by rep lac ing  b inary  
components X by hor i zon ta l  sect ions X t  and set 
operat ions of i n t e r s e c t i o n  and union by 
minimum and maximum operat ions respec t i ve ly .  

3. DESCRIPTION OF SEGMENTATION PROCEWRE 
Since p a r t i t i o n  f i l t e r s ,  de f ined  by 

expression (14)  a re  based on a c l o s i n g  
operator f ,  t h e i r  merging and segmentation 
e f f e c t  w i l l  be d i r e c t l y  in f luenced by the 
choice o f  the s t r u c t u r i n g  element associated 
w i t h  f .  

We consider here tex tu red  images i n  which 
each tex tu re  cons is ts  of a  small set of 
p r i m i t i v e  elements s p a t i a l l y  arranged 
according t o  p a r t i c u l a r  o rgan iza t ion  r u l e s .  
Segmentation of an image involves the 
de tec t ion  o f  abrupt changes, e i t h e r  i n  the 
shapes o f  the p r i m i t i v e  elements or i n  the 
r u l e s  of s p a t i a l  o rgan iza t ion ,  o r  i n  bo th .  The 
c h a r a c t e r i s t i c s  of the s t r u c t u r i n g  element of 
the bas ic  c l o s i n g  operator f should therefore 
be c a r e f u l l y  se lected.  Moreover, i n  order to  
use p a r t i t i o n  f i l t e r s  i n  n o n - t r i v i a l  
s i t u a t i o n s ,  i t  i s  essen t ia l  that an automatic 
adjustment procedure be devised for a d j u s t i n g  
the parameters of the s t r u c t u r i n g  element, i n  
terms of shape. o r i e n t a t i o n  and s i z e .  Once a 
s t r u c t u r i n g  element has been p roper l y  chosen, 
the segmentation procedure cons is ts  of an 
appropr ia te sequencing of a p p l i c a t i o n s  of the 
t ransformat ions de f ined  i n  the prev ious 
sect ion.  

3.1 Type o f  s t r u c t u r i n g  element: The bas ic  
c l o s i n g  f  considered here cons is ts  of the 
i n t e r s e c t i o n  o f  two c los ings  whose s t r u c t u r i n g  
elements are s t r a i g h t - l i n e  segments. 

3.2 Automatic eva lua t ion  o f  s t r u c t u r i n g  
element parameters: The covariogram I l l ]  i s  an 
appropr ia te too l  for  t h i s  task s ince i t  
accounts for the d ispers ion  of tex tu re  
p r i m i t i v e s .  The p o s i t i o n s  of successive 
maxima o f  the covariogram prov ide an est imate 
o f  the minimal s p a t i a l  p e r i o d i c i t y  of 
p r i m i t i v e s  o r i e n t a t i o n s  i n  the image. 

I n  the case of grey-scale images, a  
covariogram i s  es tab l i shed  for each hor i zon ta l  
sec t ion ,  which has f i r s t  been pre-processed by 
a combination of i s o t r o p i c  openings and 
c los ings .  This  pre-process ing prevents 
n o n - s i g n i f i c a n t  peaks from appearing i n  the 
covariograms and thus ease the de tec t ion  of 
important s t r u c t u r e s .  

3.2.1 O r i e n t a t i o n s  o f  the s t r u c t u r i n g  
elements: The o r i e n t a t i o n  corresponding t o  
the shor test  d i s tance  between successive 
maxima i n  the covariograms i s  taken as one of 
the two o r i e n t a t i o n s  d e f i n i n g  the s t r u c t u r i n g  
elements. Th is  o r i e n t a t i o n  dl corresponds t o  
the most f i n e l y  tex tu red  region.  The second 
o r i e n t a t i o n  d2 i s  chosen i n  a s i m i l a r  manner 
w h i l e  imposing the c o n s t r a i n t :  
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7r/3 (modr) for an hexagonal g r i d  
ang le (d l .d2 )<  (18)  

r / 4  (moda) for a  square g r i d  I 
Th is  cons t ra in t  r e s u l t s  from the fact  

that  v a r i a t i o n s  i n  the o r i e n t a t i o n  associated, 
w i t h  the placement of s i m i l a r  p r i m i t i v e s ,  
u s u a l l y  remain w i t h i n  the l i m i t s  ind ica ted  i n  
expression ( 1 8 ) .  

3.2.2 Lengths o f  the  s t r u c t u r i n g  e leaents:  
The length o f  each l i near  s t r u c t u r i n g  element 
i s  set equal t o  the shor test  d is tance between 
maxima i n  the corresponding covariogram. As 
ind ica ted  p rev ious ly ,  t h i s  d is tance u s u a l l y  
corresponds t o  the minimal r e p e t i t i o n  r a t e  of 
p r i m i t i v e s  i n  t h i s  o r i e n t a t i o n .  

3.4 Segmentation procedure: I n  order t o  
d i f f e r e n t i a t e  between two textured regions 
charac te r i zed  by d i f f e r e n t  s p a t i a l  
f requencies, i t  i s  necessary t o  apply, f i r s t  a  
p a r t i t i o n  c l o s i n g  whose c h a r a c t e r i s t i c s  
correspond t o  the s t r u c t u r e  of the f i r s t  
reg ion  and whose a c t i o n  leave the second 
reg ion  unchanged, fo l lowed by a  p a r t i t i o n  
opening whose c h a r a c t e r i s t i c s  match the 
s t r u c t u r e s  o f  the second region. I n  the case 
o f  images c o n s i s t i n g  of two d i f f e r e n t  
tex tu res ,  the complete segmentation procedure 
can be summarized as fo l lows :  
Phase 1: Pre-process ing 

I n  order t o  rub out i n s i g n i f i c a n t  
d e t a i l s ,  each h o r i z o n t a l  sec t ion  o f  the image 
i s  t rea ted  by an i s o t r o p i c  opening fo l lowed by 
an i s o t r o p i c  c l o s i n g .  
Phase 2: A p p l i c a t i o n  o f  p a r t i t i o n  f i l t e r s  

A p a r t i  t i o n  c l o s i n g  and i t s  dual 
p a r t i t i o n  opening a re  successively app l ied  t o  
the image. Th is  opera t ion  involves computing 
the c h a r a c t e r i s t i c s  ( o r i e n t a t i o n s  and lengths)  
o f  the s t r u c t u r i n g  elements, as expla ined 
p r e v i o u s l y .  
Phase 3 :  Homogenization of regions 

The image r e s u l t i n g  from the a p p l i c a t i o n  
o f  the p a r t i t i o n  f i l t e r s  (phase 2 )  conta ins 
reg ions of increased honogeneity, as compared 
w i t h  the o r i g i n a l  image. This homogeneity 
however i s  far from t o t a l ,  due to  the fact  
tha t  na tu ra l  tex tu res  usua l l y  present a  f a i r  
amount of v a r i a t i o n s  i n  p r i m i t i v e  shape as 
w e l l  as s p a t i a l  d i s t r i b u t i o n .  I t  i s  the re fo re  
e s s e n t i a l  t o  e l i m i n a t e  remaining a r t e f a c t s  and 
r e f i n e  the homogenization of the regions. 
Simple i s o t r o p i c  c l o s i n g  and opening opera- 
t i o n s  a re  genera l l y  capable of s t renghtening 
the b imoda l i t y  of the r e s u l t i n g  images. 
Phase 4: P a r t i t i o n  of the image 

The g r e y - l e v e l  histogram o f  the image 
r e s u l t i n g  from phase 3 i s  establ ished.  This  
histogram being s t r o n g l y  bimodal, a  threshold 
i s  e a s i l y  found, which a l lows the p a r t i t i o n  of 
the image. 

4. RESULTS AND DISCUSSION 
Th is  segmentation technique has been 

tes ted  on images made up of na tu ra l  textures 
taken from the Brodatz album (171. Textures 
p resen t ing  a  h igh  degree of s p a t i a l  s t r u c t u r e  
were se lected,  because o f  t h e i r  preponderance 
i n  i n d u s t r i a l  scenes. Hexagonal g r i d  
d i g i t i z a t i o n  was adopted, owing t o  i t s  
advantages i n  terms o f  isot ropy and number o f  

p r i n c i p a l  o r i e n t a t i o n s .  A l l  textures were 
histogram-equal ized i n  order to  e l i m i n a t e  
e f f e c t s  of f i r s t  order s t a t i s t i c a l  behavior.  

F igure 7  presents three textured images. 
on which the procedure has been appl ied.  The 
f i r s t  image conta ins one type of p r i m i t i v e  
element on ly ,  d i s t r i b u t e d  according t o  two 
d i f f e r e n t  s p a t i a l  arrangements. The second 
and t h i r d  images are composed of two na tu ra l  
textures having d i f f e r e n t  p r i m i t i v e s  and 
s p a t i a l  organizat ions.  Figures 8. and 9  
present the r e s u l t s  of Phases 2, and 4 
respec t i ve ly  for each of the three images 
se lected.  F igure 8  a l lows us to  observe the 
a c t i o n  of p a r t i t i o n  f i l t e r s .  One can n o t i c e  on 
example 1  tha t ,  under the ac t ion  o f  the 
maximal p a r t i t i o n  c l o s i n g ,  the s t r u c t u r e  o f  
one of the regions remains unchanged whereas 
the second region has a  tendency t o  become 
uni form.  Conversely. the maximal p a r t i t i o n  
opening (F igure 8 ( b ) ,  example I ) ,  app l ied  on 
the r e s u l t  of the maximal c los ing ,  acts  mainly 
on the other reg ion,  thus enhancing the 
segmentation e f f e c t .  Example 2  demonstrates 
tha t  the maximal p a r t i t i o n  c l o s i n g  ac ts  on the 
most f i n e l y  textured region, wh i le  a t  the same 
t ime leav ing the second tex tu re  untouched, and 
f u r t h e r ,  that the maximal p a r t i t i o n  opening 
tends to  homogenize the macro-textured region.  
Example 3  i s  a  case where the maximal c l o s i n g  
and the maximal opening act on the same region 
wi thout  in t roducing s i g n i f i c a n t  changes i n t o  
the s p a t i a l  o rgan iza t ion  of the second. F igure  
9  i l l u s t r a t e s  the f i n a l  segmentation r e s u l t s .  
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F i g u r e  l ( a )  - Connected c l o s i n g  ope ra to r  F i g u r e  2 - Connected a l g e b r a i c  open ing 
ope ra to r  

F i g u r e  l ( b )  - Non-connected c l o s i n g  ope ra to r  
( i n t e r s e c t i o n  o f  two c l o s i n g  by  
l i n e a r  segments a t  + 6 0 ° )  

F i g u r e  4 - P a r t i t i o n  c l o s i n g  ope ra to r  
( a )  o r i g i n a l  image 
( b )  e f f e c t  o f  non -gene r i c  c l o s i n g  ope ra to r  

( s t r u c t u r i n g  element = u n i o n  o f  element o f  
F i g u r e l ( b )  and h o r i z o n t a l  l i n e a r  segment) 

( c )  e f f e c t  o f  assoc ia ted  p a r t i t i o n  c l o s i n g  

F i g u r e  3 ( a )  - Gener ic  c l o s i n g  ope ra to r  

F i g u r e  3 ( b )  - Non-gener ic  c l o s i n g  o p e r a t o l  

F i g u r e  5 - Operator T v e r i f y i n g  exp ress ions  
( 1 0 )  and (11) 

F i g u r e  6 
b  

( a )  a c t i o n  o f  go 
( b )  a c t i o n  o f  h ~  
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F i g u r e  7  - O r i g i n a l  images 

F i g u r e  9  - F i n a l  segmentat ion r e s u l t s  

F i g u r e  8 - E f f e c t  o f  p a r t i t i o n  f i l t e r s  
( a )  maximal c l o s i n g  
( b )  maximal open ing a p p l i e d  on 
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