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Abstract 

A system is proposed which analyzes various 
textures s t a t i s t i c a l l y or s t r u c t u r a l l y , depending 
on the nature of the tex tures . The system f i r s t 
describes a texture g loba l l y by both gray leve l 
f i r s t order s t a t i s t i c s and edge s t a t i s t i c s to 
roughly c l ass i f y i t . Next, the system extracts 
homogeneous gray leve l regions to t r y to describe 
the texture s t r u c t u r a l l y . However, if too many 
regions are extracted or if regions cannot be 
eas i ly ex t rac ted, t h i s indicates the existence of 
micro- tex tures. In such a case, the system extract 
regions based on l oca l gray leve l f i r s t order 
s t a t i s t i c s and loca l edge s t a t i s t i c s . Then f igure 
regions are d ist inguished from ground regions and 
are decomposed in to atomic texture elements of 
simple shape. The system then describes the 
s t ruc ture of the atomic texture elements. I f there 
are l o c a l l y ordered texture elements, they are 
grouped in to subpatterns and the i r s t ruc ture are 
described. This process resu l ts in a h ie ra rch ica l 
descr ip t ion of the tex tu re . 

I In t roduct ion 

Texture car r ies usefu l informat ion w i th which 
a v i s i on system may d iscr iminate objects and 
i d e n t i f y them. Thus It Is necessary to describe 
textures compactly, fo r example, for scene 
ana lys is , analysis of a e r i a l photographs, or 
diagnosis of medical images. Texture has been 
studied on at least two l eve l s : s t a t i s t i c a l and 
s t r uc tu ra l [ 1 ] , On the s t a t i s t i c a l l e v e l , a 
texture is defined by a set of s t a t i s t i c s extracted 
from a large ensemble of l oca l p ic ture p roper t ies . 
On the s t r u c t u r a l l e v e l , a texture is considered to 
be defined by elements which occur repeatedly 
according to placement r u l es . Roughly speaking, 
s t a t i s t i c a l methods are su i tab le fo r micro-textures 
and s t r uc tu ra l methods are su i tab le for 
macro-textures. There are at least four types of 
textures from the view of ana lys is . The model 
texture patterns are shown in F i g . 1 . Pattern A has 
many small texture elements in the image. So it 
can be described by g lobal s t a t i s t i c s without 
regard to the texture elements. Pattern B also has 
many small texture elements but they form loca l 
c l us te r s . I t is reasonable to regard c lustered 
texture elements as regions and to describe the 
s t ruc ture of those regions. Pattern C has 
comparatively large texture elements; i t i s 
reasonab le to d e s c r i b e the s t ruc tu re o f the f e x t u r e 

e l e m e n t s . P a t t e r n D a l s o has l a r g e t e x t u r e 
e lements bu t they c o n s t i t u t e s u b p a t t e r n s . I t i s 
reasonab le t o group such l o c a l l y o rde red t e x t u r e 
e lements and d e s c r i b e the s t r u c t u r e o f the 
s u b p a t t e r n s . I n t h i s pape r , a system i s proposed 
wh ich ana lyzes t e x t u r e s s t a t i s t i c a l l y o r 
s t r u c t u r a l l y depending o n t h e i r n a t u r e s . 
H i e r a r c h i c a l d e s c r i p t i o n s o f t e x t u r e s can be 
produced by the sys tem. 

II Overview of Analysis 

An overview of the f low of processing is shown 
in F ig .2 . 
(1) Measurement of Global S t a t i s t i c s 

The system f i r s t describes every input texture 
g loba l ly to roughly c l ass i f y i t . I t measures 
global gray leve l f i r s t order s t a t i s t i c s and global 
edge s t a t i s t i c s . They are adequate to describe 
textures l i k e pat tern A in F i g . l . 
(2) Region Extract ion Based on Gray Levels 

The system extracts homogeneous gray l eve l 
regions to t r y to describe a texture s t r u c t u r a l l y . 
However, if too many regions are extracted or if 
regions cannot be eas i ly ex t rac ted, t h i s indicates 
the existence of micro-textures l i k e patterns A and 
B in F i g . l . 
(3) Region Extract ion Based on Local S t a t i s t i c s 

If the system recognizes the existence of 
micro- textures, i t examines i f the micro-textures 
cons t i tu te regions l i k e pat tern B in F i g . l . The 
system extracts such regions based on loca l gray 
l eve l f i r s t 'order s t a t i s t i c s and l oca l edge 
s t a t i s t i c s . I f there is no d i f f e ren t region l i k e 
pat tern A in F i g . l , i t stops analyzing a texture 
s t r u c t u r a l l y . 
(A) Select ion of Figure and Ground 

If there is more than one class of regions 
(which have been c l a s s i f i e d based on gray leve ls or 
l oca l s t a t i s t i c s ) , the system dist inguishes ground 
regions from f igure regions to examine only the 
s t ruc ture of f igure regions. 
(5) Region Decomposition Based on Shape 

7 2 8 



If the shapes of the f igure regions are 
complex, the system decomposes them Into regions of 
simpler shapes. The decomposed regions are atomic 
texture elements. 
(6) S t ruc tu ra l Descr ipt ion of Texture Elements 

The system f i r s t c l a s s i f i e s the atomic texture 
elements based on the shape, and next based on .the 
placement, and l a s t l y computes the d i s t r i b u t i o n s of 
shape and placement of each class of texture 
elements. 
(7) Grouping of Texture Elements 

I f there are l o c a l l y ordered texture elements 
l i k e pat tern D in F i g . l , they are grouped In to 
subpatterns. The system produces a s t r uc tu ra l 
descr ip t ion of the subpatterns In the same way as 
I t d id fo r the atomic texture elements. 

I l l Measurement o f Global S t a t i s t i c s 

A number of s t a t i s t i c a l methods have been 
suggested for texture descr ip t ion [ 2 ] . Gray l eve l 
f i r s t order s t a t i s t i c s and edge s t a t i s t i c s are used 
in t h i s research. Edge s t a t i s t i c s produce not only 
the same kinds of features as gray leve l 
co-occurrence matrices [ 3 ] , which are most 
popular ly used second order s t a t i s t i c s and 
evaluated bet te r than some other s t a t i s t i c s [ 4 , 5 ] , 
but also produce more s t ruc tu ra l features. 

A. Gray Level F i r s t Order S t a t i s t i c s 

The system normalizes an input image w i th 
respect to gray scale changes so that the mean is 
32 and the standard deviat ion is 8 and then 
computes skewness (the t h i r d order moment) and 
entropy for a gray leve l histogram. Skewness is a 
measure of the symmetry of a histogram and entropy 
becomes low when dense c lusters appear in a 
histogram. 

B. Edge S t a t i s t i c s 

An edge element has the descr iptors of the 
edge value and the edge d i r e c t i o n . The system uses 
edge elements whose edge values are l oca l l y maximal 
and greater than a threshold. I t f i r s t c l ass i f i e s 
edge elements by recurs ively thresholding the 
descr iptor histograms [6] and computes the next 
s t a t i s t i c s fo r each class of edge elements. 
(1) Density of Edge Elements 

The density of edge elements is the number of 
edge elements per un i t area and is a measure of 
texture coarseness [ 7 ] . The higher the edge 
dens i ty , the f i ne r the tex ture . If the edge 
density is very h igh , the system can estimate the 
existence of micro-textures in an image without 
d i r e c t l y counting the number of texture elements in 
step 2 in F i g . 2 . 
(2) F i r s t Order S t a t i s t i c s of Edge Values 

The mean of edge values is a measure of 
contrast and the entropy of edge values is a 
measure of gray l eve l randomness. 
(3) F i r s t Order S t a t i s t i c s of Edge Di rect ion 

The d i r e c t i o n a l i t y of a texture can be 
detected from an edge d i rec t i on histogram [ 8 ] . The 
system computes a histogram of edge d i rec t i on 
measured modulo π so that the d i s t r i bu t i ons between 
π and 2Π are the same as those between 0 and π. It 
f i r s t computes the entropy of the histogram to 
measure the edge d i r ec t i on randomness. Next, if 
there are 2N (N>1) c lus ters in the histogram, the 
system recognizes the existence of N d i rec t ions and 
computes the mean and the standard deviat ion of 
each c lus te r between 0 and π. If there is only one 
c lus ter in the histogram, however, i t represents no 
d i r e c t i o n a l i t y in the tex tu re . 
(A) Second Order S t a t i s t i c s of Edge Di rect ion 

More s t r uc tu ra l features can be extracted from 
the second order s t a t i s t i c s of edge d i rec t ions 
( 8 , 9 ] . The co-occurrence p robab i l i t y of two edge 
elements w i th the same edge d i rec t i on separated by 
a distance k along the edge d i rec t ion (edge 
elements e0 and e1 In Fig.3) represents a l i n e a r i t y 
( k - l i n e a r i t y ) of a tex ture . The co-occurrence 
p robab i l i t y of two edge elements wi th the same edge 
d i rec t i on separated by a distance k along the 
d i rec t i on perpendicular to the edge d i rec t i on (edge 
elements e0 and e2 in Fig.3) represents the 
p e r i o d i c i t y of a tex tu re . The co-occurrence 
p robab i l i t y of two edge elements wi th the opposite 
edge d i r ec t i on separated by a distance k along the 
d i r ec t i on perpendicular to the edge d i rec t i on (edge 
elements e0 and e3 in Fig.3) represents the size of 
texture elements. The system, however, measures 
only the k - l i n e a r l t y (k-5) since i t measures 
pe r i od i c i t y and the size of texture elements more 
precisely In the l a te r s t ruc tu ra l analysis of step 
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6 In F i g . 2 . 

IV Region Extract ion Baaed on Gray Laval 

The system ext racts homogeneous gray leve l 
regions to t r y to describe a texture s t r u c t u r a l l y . 
There are two basic methods for region ex t rac t i on : 
the thresholding method and the merging method. In 
the thresholding method, the gray l eve l histogram 
of an image is computed. If there are some 
c lus ters in the histogram, the image is segmented 
i n to regions so that the gray leve ls in a region 
belong to one of the c lus ters . The thresholding 
method, however, is too g loba l ; even though there 
are v i sua l l y d i s t i n c t i v e regions in an image, i t is 
usual that no d i s t i n c t i v e ! c l u s t e r appears in the 
gray l eve l histogram because of the b lu r r y e f fec ts . 
In the merging method, on the other hand, adjacent 
points in an image are merged in to regions based on 
the gray l eve l s i m i l a r i t y . The merging method, 
however, is too l oca l to evaluate the l i m i t of the 
gray l eve l s i m i l a r i t y . 

This paper proposes a merging-and-
thresholding method which combines the two methods 
to o f f se ts the defects of each; the merging method 
is repeated u n t i l d i s t i n c t i v e c lus ters appear in 
the gray leve l histogram and then the thresholding 
method is appl ied. The procedure of ex t rac t ing 
regions from an input image 1(0) is as fo l lows. 

1) Set k - 1 . 
2) Generate an image I ( k ) by merging adjacent 

points whose gray l eve l d i f ferences are less than k 
i n to regions and averaging the gray leve ls in the 
regions. 

3) Compute the gray l e v e l histogram H(k) of the 
image I ( k ) . 
A) Test whether d i s t i n c t i v e c lus ters ex is t in the 

histogram H(k). If so, go to step 5 ) , or else set 
k-k+1 and go to step 2 ) . 

5) Threshold 1(0) by the gray leve ls between the 
c lus ters in the. histogram H(k) in order to ext ract 
regions. 

For example , t h e g ray l e v e l h i s t o g r a m H ( l ) o f 
an image i n F i g . 4 ( a ) i s shown i n F i g . 4 ( b ) . No 
sepa rab le c l u s t e r e x i s t s i n i t . Merg ing by k=5 
makes two sepa rab le c l u s t e r s appear i n t he 
h i s t o g r a m H(S) as shown in F i g . 4 ( c ) . As a r e s u l t , 
t he image a re segmented i n t o r e g i o n s by 
t h r e s h o l d i n g a s shown i n F i g . 4 ( d ) . 

V Region E x t r a c t i o n Baaed on L o c a l S t a t i s t i c s 

I f t oo many r e g i o n s a re e x t r a c t e d o r r e g i o n s 

a re e x t r a c t e d by too l a r g e a k v a l u e , the system 
r e c o g n i z e s the e x i s t e n c e o f m i c r o - t e x t u r e s i n a n 
image* In such a c a s e , i t e x t r a c t s r e g i o n s based 
o n the l o c a l g ray l e v e l f i r s t o r d e r s t a t i s t i c s and 
the l o c a l edge s t a t i s t i c s * F i r s t , i t computes t he 
mean g ray l e v e l And the d e n s i t y o f each c l a s s o f 
edge e lements (wh ich have been c l a s s i f i e d in 
s e c t i o n I I I . B ) i n the ne ighborhood o f every p o i n t * 
N e x t , i t e x t r a c t r e g i o n s based o n the l o c a l 
s t a t i s t i c s computed [ 1 0 ] , For example , edge 
e lements o f an image in F i g * 5 ( a ) a re shown in 
F i g . 5 ( b ) . I n t h i s c a s e , the edge e lements a re 
c l a s s i f i e d i n t o two c l a s s e s b y t h r e s h o l d i n g the 
edge d i r e c t i o n h i s t o g r a m as shown i n F i g . 5 ( c ) . 
Then the system computes the l o c a l d e n s i t y a t eve ry 
p o i n t f o r each c l a s s o f edge e lements and i t 
e x t r a c t s r e g i o n s o f h i g h edge d e n s i t y as shown in 
F i g . 5 ( d ) . L a s t l y , i t e x t a r c t s r e g i o n s i n F i g . 5 ( e ) 
b y super impos ing r e g i o n s e x t r a c t e d s e p a r a t e l y i n 
F i g . 5 ( d ) and by merg ing s m a l l o v e r l a p p i n g r e g i o n s 
t o n e i g h b o r i n g l a r g e r e g i o n s . I f the system cannot 
e x t r a c t such d i f f e r e n t r e g i o n s , however , i t s tops 
a n a l y z i n g a t e x t u r e s t r u c t u r a l l y . 

V I S e l e c t i o n o f F i g u r e and Ground 

I f t h e r e i s more t han one c l a s s o f r e g i o n s 
(wh ich have been c l a s s i f i e d based on gray l e v e l s o r 
l o c a l s t a t i s t i c s ) , one o f them can be regarded as 
the ground o f an image. I f an obse rve r has 
knowledge about the o b j e c t s in t h e image, he can 
r e c o g n i z e t h e r e g i o n s c o r r e s p o n d i n g t o the o b j e c t s 
as a f i g u r e . On the o t h e r hand , i f he knows 
n o t h i n g about t he o b j e c t s , he cannot d e t e r m i n e 
wh ich r e g i o n s co r respond t o t h e f i g u r e o f t h e 
image. P s y c h o l o g i c a l l y , however , r e g u l a r r e g i o n s 
a re ap t t o be the f i g u r e o f t h e image. I n t h e 
l e a r n i n g phase of our sys tem, a use r can 
a r b i t r a r i l y s e l e c t a ground r e g i o n c l a s s * 
O t h e r w i s e , the system ranks r e g i o n c l a s s e s 
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according to the r egu la r i t i e s of the shape and the 
placement which can be measured in step 6 in F i g . 2 . 
For example, selected f igu re regions of the Images 
in F ig.6 are shown in F ig .7 . 

F i g . 5 (a) He r r i ngbone weave [ 1 3 ] . (b) Edge 
e lements o f ( a ) , ( c ) C l a s s i f i e d edge 
e lements o f (b) . (d) Region e x t r a c t i o n 
based on edge d e n s i t i e s , (e) Boundar ies 
o f r e g i o n s e x t r a c t e d by supe r impos ing 
r e g i o n s o f ( d ) . 

VII Region Decomposition Based on Shape 

If the shape of a f igure region is complex, 
the region is decomposed in to regions of simpler 
shapes according to Gestalt psychology. For 
example, the region in Fig.8(a) is decomposed i n t o 
three branching regions, the region in Fig.8(b) is 
decomposed i n to two l i n k i n g regions, the region in 
F ig .8(c) is decomposed in to two overlapping 
regions, and the region In Fig.8(d) is decomposed 
i n to two crossing regions. In our system, the 
shape complexity of a region is evaluated by the 
connect iv i ty-preserv ing skeleton (11 ] . For 
example, the skeletons of the f igure regions in 
Fig.7 are shown in f i g . 9 . Each point on the 
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r e p r e s e n t s t h a t no s u b p a t t e r n e x i s t s . For example , 
t e x t u r e e lements i n F i g . 1 0 ( b ) and F i g . 1 1 a re 
grouped i n t o one group r e s p e c t i v e l y . 

X Conc lus ion 

A system is proposed here wh ich ana lyzes 
t e x t u r e s t a t i s t i c a l l y o r s t r u c t u r a l l y depending o n 
the n a t u r e o f t e x t u r e s . The system f i r s t 
d e s c r i b e s a t e x t u r e g l o b a l l y b y g ray l e v e l f i r s t 
o r d e r s t a t i s t i c s and edge s t a t i s t i c s t o r o u g h l y 
c l a s s i f y i t . N e x t , i t produces a h i e r a r c h i c a l 
s t r u c t u r a l d e s c r i p t i o n i f p o s s i b l e . The t e x t u r e i s 
d e s c r i b e d a t the top l e v e l by subpa t t e rns a r ranged 
a c c o r d i n g t o placement r u l e s . Each s u b p a t t e r n i s 
a l s o d e s c r i b e d by s u b p a t t e r n s a t a lower l e v e l i n 
the same way, and so o n . At the bo t tom l e v e l , each 
s u b p a t t e r n i s d e s c r i b e d b y a tomic t e x t u r e e l emen ts . 
Atomic t e x t u r e e lements a re l o c a l l y homogeneous 
r e g i o n s o f s i m p l e shape. The shape d e s c r i p t o r s o f 
an a tomic t e x t u r e e lement or a s u b p a t t e r n a re the 
s i z e , the a r e a , the d i r e c t i o n o f the major a x i s and 
the r a t i o o f the minor a x i s t o the major a x i s . The 
p lacement r u l e s measured a re r e l a t i v e p o s i t i o n 
v e c t o r s between t e x t u r e e lements o r s u b p a t t e r n s . 
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