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I n t r o d u c t i o n 

My purpose is to p r e s e n t a new t e c h n i q u e f o r com
p u t e r d e s c r i p t i o n o f t e x t u r e d s u r f a c e s . A l t h o u g h I 
use ou tdoo r scenes , i n v o l v i n g g r a s s , w a t e r , f o r e s t , 
and the l i k e a s a s t a r t i n g p o i n t o f I n t u i t i o n , t e x 
t u r e d s u r f a c e s g e n e r a l l y appear i n a lmos t eve ry s o r t 
o f scene a n d , t h e r e f o r e , I w i l l a l s o show some e x 
amples o f i s o l a t e d and a r t i f i c i a l t e x t u r e s . 

T h i s s tudy i s m o t i v a t e d by a wide range o f p rac-
t i c a l a p p l i c a t i o n s . The a g r i c u l t u r a l su rvey and ana
l y s i s o f e a r t h r e s o u r c e s b y means o f s a t e l l i t e p i c 
t u r e s i s one such example . The s o c i a l b e n e f i t s o f 
c o m p u t e r - c o n t r o l l e d ca rs u s i n g computer v i s i o n , a s 
d e s c r i b e d b y John McCar thy , i s a n o t h e r . I n d u s t r i a l 
r o b o t s w i l l soon a c q u i r e v i s i o n , t o o . T e x t u r e s y n 
t h e s i s , t o w h i c h I f e e l our t e c h n i q u e s a re a l s o a p 
p l i c a b l e , i s u s e f u l i n compu te r -a i ded d e s i g n and com
p u t e r - a i d e d a r t . I n t e r p r e t a t i o n o f s cann ing e l e c t r o n -
m ic roscope p i c t u r e s , e . g . , f o r m e t a l l u r g y , may a l s o b e 
o f I n t e r e s t . 

A p r i m a r y p rob lem in t e x t u r e is how we p e r c e i v e 
a t e x t u r e d s u r f a c e as a u n i f o r m s t r u c t u r e in a n o n -
t r i v i a l way. I n t u i t i v e l y s p e a k i n g , t h e r e a re many 
l e v e l s o n w h i c h one can p e r c e i v e t e x t u r e . I n one s i t 
u a t i o n we may l o o k a t t he p a t t e r n c r e a t e d on a w a l l 
and c a l l t h a t a " t e x t u r e . " I n ano the r s i t u a t i o n w e 
may have a c l o s e r l o o k at t he same w a l l f r om the same 
d i s t a n c e , b u t i n t h i s case see t e x t u r e o f t he i n d i 
v i d u a l b r i c k s and i g n o r e t he t e x t u r e g i v e n b y t he 
o v e r a l l a r c h i t e c t u r a l s t r u c t u r e o f the b r i c k s . We 
want t o c h a r a c t e r i z e t e x t u r e s i n terms o f a compact 
s ymbo l i c r e p r e s e n t a t i o n . 

We f o l l o w a s t r u c t u r a l d e s c r i p t i o n o f t e x t u r e d 
r e g i o n s i n terms o f t e x t u r e e lements and t h e i r s p a t i a l 
r e l a t i o n s h i p s . I n t u r n , t e x t u r e d r e g i o n s can a l s o b e 
t e x t u r e e lements i n a l a r g e r s t r u c t u r e , e t c . 

T e x t u r e e lements cannot b e d e t e r m i n e d i n i s o 
l a t i o n . They a re r e c o g n i z e d t h r o u g h t h e i r s i m i l a r i t y 
r e l a t i o n s h i p s , a l t h o u g h the measure o f a s i m i l a r i t y 
may v a r y c o n s i d e r a b l y . For example , in a t e x t u r e o f 
pebb les t h e s i z e s i m i l a r i t y may be i m p o r t a n t even 
though the s i z e s v a r y s i g n i f i c a n t l y . S t i l l , t h e r e i s 
u n i f o r m i t y w i t h i n a f a c t o r o f 1 0 o r s o . S i m i l a r i t i e s 
o f o t h e r p r o p e r t i e s such as c o n t r a s t , shape and s p a 
t i a l d i s t r i b u t i o n s may a l s o b e o n l y a p p r o x i m a t e . 
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T e x t u r e D e s c r i p t i o n s 

The p rob lem o f t e x t u r e r e c o g n i t i o n has been no ted 
a l r e a d y in e a r l y computer v i s i o n r e s e a r c h . ' ' ' ' 

The b e s t r e v i e w paper about t he c u r r e n t s t a t e o f 
t e x t u r e e x t r a c t i o n t e c h n o l o g y i s t h a t o f Hawk ins . Ac
c o r d i n g t o h i m , t h e r e a re f o u r t ypes o f approaches t h a t 
have been t a k e n toward t e x t u r e c l a s s i f i c a t i o n : 
(1 ) s p a t i a l f r equency c o n t e n t ; (2 ) g ray l e v e l c o n t e n t ; 
(3) l o c a l shape c o n t e n t ; and (4) h i g h e r o r d e r measures . 
A l l o f these approaches a re p a t t e r n c l a s s i f i c a t i o n 
t e c h n i q u e s . These t e c h n i q u e s are n o t s a t i s f a c t o r y f o r 
a d e s c r i p t i o n o f r e a l t e x t u r e s f o r t he f o l l o w i n g r e a 
sons : 
(1) p a t t e r n c l a s s i f i c a t i o n t echn iques have c o n c e n t r a t e d 
on l i n e a r d e c i s i o n p rocedu res and domain independen t 
f o r m u l a t i o n s . I n t h i s method the p r i n c i p l e o f c o n t i n 
u i t y based o n l o c a l s i m i l a r i t y r e l a t i o n s h i p s o f some 
f e a t u r e s i s m i s s i n g ; however , i n r e a l scenes t h i s f a c t 
is v e r y i m p o r t a n t . Take , as an example , a g rassy 
f i e l d . U s u a l l y , g rass appears a s a l i n e a r y h o r i z o n t a l 
t e x t u r e , e . g . , h o r i z o n t a l p a r a l l e l l i n e s . However, 
when the w ind b l o w s , some of the g rass s t a l k s change 
d i r e c t i o n away f rom the h o r i z o n t a l l i n e s . A l t h o u g h 
t h i s change o f d i r e c t i o n a l i t y i s c o n t i n u o u s and thus 
d e t e c t a b l e , p a t t e r n r e c o g n i t i o n methods wou ld miss i t . 
(2) i n p a t t e r n r e c o g n i t i o n app roaches , c o n t e x t appears 
as a s e t o f n u m e r i c a l c o e f f i c i e n t s i n a l i n e a r f u n c 
t i o n and i n t he c h o i c e o f f e a t u r e s . B e t t e r models e x 
i s t , i n terms o f c o n t e x t dependent d e c i s i o n t r e e s , 
w h i c h p r o v i d e a f l e x i b l e d e s c r i p t i o n o f t he o b j e c t i n 
t he scene . The d e s c r i p t i o n is n o t a s i m p l e name of a 
c l a s s t o w h i c h the o b j e c t b e l o n g s , b u t r a t h e r a d e s 
c r i p t i o n o f the o b j e c t ' s p a r t s , a t t r i b u t e s , and r e l a 
t i o n s h i p s ■ 

I n f a c t , s t r u c t u r a l d e s c r i p t i o n o f a t e x t u r e i s 
the main theme in our w o r k . I n o t h e r w o r d s , our work 
i n v o l v e s the d e s c r i p t i o n o f t e x t u r e e lements ( t h e i r 
shape , s i z e , o r i e n t a t i o n , e t c . ) and r e l a t i o n a l f e a 
t u r e s ( s p a t i a l o r g a n i z a t i o n , t e x t u r e g r a d i e n t , and the 
l i ke ) . 

I n p r a c t i c a l i m p l e m e n t a t i o n s w e can d e s c r i b e o n l y 
s i m p l e r e l a t i o n s h i p s i n s p a t i a l o r g a n i z a t i o n among the 
e l e m e n t s , e . g . , l i n e a r , b i l i n e a r , p e r i o d i c , r e g u l a r 
b u t a p e r i o d i c , s ymmet r i c . L i k e w i s e , shape d e s c r i p t o r s 
o f the e lements must be r e l a t i v e l y s i m p l e ( s t r a i g h t 
l i n e s , d o t s , b l o b - l i k e ) . One may q u e s t i o n t he e f f e c 
t i v e n e s s o f s i m p l e r e l a t i o n s h i p s and t h e i r d e s c r i p t o r s ; 
i t i s r e a s o n a b l e t o t h i n k t h a t a more complex d e s 
c r i p t i o n o f t e x t u r e e lements and t h e i r r e l a t i o n s h i p s 
i s necessary f o r adequate d e s c r i p t i o n o f t e x t u r e s . 
However, the p s y c h o l o g i c a l expe r imen ts i n d i c a t e t h a t 
human d i f f e r e n t i a t i o n o f t e x t u r e s depends h e a v i l y on a 
few s i m p l e d e s c r i p t o r s , such as c o n t r a s t and d i r e c t i o n 
a l i t y , and i g n o r e s even c u r v a t u r e I n making t e x t u r e 
g r o u p i n g s . A l t h o u g h we cannot e s t i m a t e the computa
t i o n a l c o m p l e x i t y o f d e s c r i p t o r s , w e have a n i n t u i t i v e 
f e e l i n g t h a t i n terms o f t i m e o r I n terms o f complex
i t y o f w i r i n g f o r p a r a l l e l s y s t e m s , s i m p l e d e s c r i p t o r s , 
such a a d i r e c t i o n a l i t y , a re c l e a r l y p r e f e r r e d . 

P rocedures f o r T e x t u r e D e s c r i p t o r s 

Bas ica l l y , there are two domains from which one 
can d e r i v e t e x t u r e d e s c r i p t o r s : t h e s p a t i a l and t h e 
F o u r i e r doma in . Y e t , some f e a t u r e s a r e more v i s i b l e 



in one domain than in the other . For example, the l o 
ca l p roper t ies , Buch as the shape of a texture element, 
are grumbled in the Fourier domain whi le they are pre
served in the Bpat ia l domain; a s imi la r s i t ua t i on ex-
i g t s in the Bpat ia l s h i f t among elements. On the other 
hand, the g lobal organizat ion of texture elements is 
expressed more succ inc t ly in the Fourier domain than 
in the spa t i a l domain. We sha l l describe below the 
procedures of feature ex t rac t ion in each respective 
domain. 

Texture descr iptors derived in the spa t i a l domain 

Since descr iptors re fe r to proper t ies of objects 
( texture elements) represented in the image space, i t 
i s na tu ra l to look fo r operators act ing d i r e c t l y in 
the spa t i a l domain. Several low leve l operators have 
to be combined i n to a procedure to obta in the desired 
texture desc r ip t i on . A skeleton of such a process u-
sua l ly consists o f : procedures i s o l a t i n g the image 
elements, geometric descr ip t ion of image elements, and 
c lus te r ing of elements based on proximi ty and t h e i r 
spa t i a l organizat ion. A set of simple descr iptors 
has been suggested and implemented by Rosenfeld and 
Thurston. They use, in p a r a l l e l , several l oca l aver
aging operators appl ied in d i f f e r e n t d i rec t ions and on 
various sizes of windows. Though t h i s method f inds 
some texture boundaries, the operators are too t r i v i a l 
fo r handling a wide class of rea l tex tures . Besides, 
they do not provide any descr ip t ion of a tex tu re , ra-
ther they only detect the texture d i f fe rences. 

Tn the process of i s o l a t i n g the image elements 
the most important features are the fo l lowing topo lo
g i ca l p roper t i es : connec t i v i t y , c o n t i n u i t y , and prox
i m i t y . These p rope r t i es , appl ied to br ightness or 
co lo r , are used in a l l region f inders . Here, the a l 
gorithm is based on grouping a l l adjacent points w i th 
s im i la r br ightness and/or co lo r . D iscont inu i ty is the 
basic property to be used in edge and l i ne operators.-3 ,6 

Current edge and l i n e operators are designed for de
tec t i ng d i s con t i nu i t i e s between two large homogeneous 
regions and they do not operate s a t i s f a c t o r i l y on 
small regions. The textured elements that one f inds 
in outdoor scenes are too small in size and too large 
in number to be processed use fu l l y by any of the above 
operators. 

A f te r completing the i s o l a t i n g of image elements 
- f i gu res , we s h a l l describe them. We select those 
descr iptors which enable c l u s t e r i n g , i . e . based on 
p rox im i t y , those which w i l l f i nd the nearby elements. 
In passing, I want to emphasize that color and b r igh t -
ness are among the most important descr iptors in na t 
u r a l scenes. Image elements cannot be taken separ
a te ly from t h e i r background. In f a c t , the common 
background of the elements is a strong clue for t h e i r 
c l us te r i ng . The re la t i onsh ip between the background 
and color is expressed in terms of cont ras t , and, 
there fo re , It can be used as another descr ip tor . 

Since the shape of a two or three-dimensional ob
j e c t in a general s i t ua t i on could be extremely compl i
cated, we cannot hope and, in f a c t , we do not want to 
describe i t in d e t a i l . Instead, complex shapes are 
decomposed i n to simpler ones which are hopefu l ly eas
i e r to descr ibe; the size of the tex ture elements must 
also be s i m p l i f i e d to correspond w i t h the shapeB. A 
t y p i c a l example is a t ree which may be decomposed in to 
i t s t runk and crown, the t runk being geometr ical ly l i n 
ear, the crown being b l o b - l i k e . In shape analysis of 
outdoor scenes, we f i n d d i r e c t i o n a l i t y among the most 
use fu l features. 

F i n a l l y , we describe the s p a t i a l organizat ion of 
tex ture elements. This amounts to the descr ip t ion of 

a new s t ruc tu re formed by the tex ture elements. Here, 
the main problem is to recognize the whole as composed 
of texture elements. For example, the dots could form 
a s t ra igh t l i ne or a random dot pa t te rn ; s t ra igh t l i nes 
w i th the same d i rec t i on form p a r a l l e l l i n e s , e tc . 

L i m i t a t i o _ o f Spat ia l Domain Procedures Despite 
the importance of descr iptors derived in the s p a t i a l 
domain, we sha l l not use them in t h i s work for the f o l 
lowing reason. Current ly ava i lab le edge f inders and 
region f inders are t a i l o red fo r large homogeneous re 
gions. In natura l scenes, textured areas are composed 
of small texture elements. Even to the extent that the 
boundaries of s m a l l regions are determined, the data 
st ructures require unreasonably large memory, since the 
boundary descr ipt ions are no longer economical. The 
next steps - descr ip t ion of elements and c lus te r ing e l 
ements of s im i la r d i r e c t i o n , s ize , co lo r , or br ightness 
- seem p r o h i b i t i v e l y time consuming and d i f f i c u l t fo r 
grass, pebbles, sand, e tc . 

Texture descr iptors derived in the Fourier domain 

Why do we Suggest to use the Fourier domain rather 
than the Bpat ia l domain? An e f fec t i ve texture operator 
must have cer ta in v i r t u e s . It should describe the spa
t i a l d i s t r i b u t i o n of texture elements, and i t should 
characterize the shape and the size of the texture 
elements. 

From the elementary propert ies of the Fourier op
e ra to r , i t fo l lows that any rea l per iodic funct ion has 
a symmetric Fourier image wi th respect to the o r i g i n . 
An equal ly well-known but somewhat more i n te res t i ng 
fact is that the power spectrum is invar iant w i th r e 
spect to t r ans la t i on In the spa t i a l domain, but not 
w i th respect to r o t a t i o n . A t r i v i a l consiquence of 
th i s property is that the d i r e c t i o n a l i t y of a pat tern 
In the p ic ture is preserved in the power spectrum, but 
the phase of the transform is not . 

I f a funct ion is per iod ic , p a r t i a l l y pe r iod ic , o f 
almost pe r iod ic , then I t s Fourier transform provides a 
more concise representat ion of the image, and the r e 
l a t i o n a l feature derived from the Fourier image forms 
a good descr ip t ion of per iodic or almost per iodic pat -
perns. For example, take an image of a texture com
posed of several p a r a l l e l l i n e s . I t s power spectrum 
w i l l have only one l i n e . In add i t i on , the power spec
trum w i l l contain the informat ion about the width of 
the l i ne and the number of l i nes occurr ing in the 
image. 

The fac t that d i r e c t i o n a l i t y is preserved in the 
power spectrum allows us to i n f e r some gross Bhape 
proper t ies . He are able to d is t ingu iah d i r e c t i o n a l 
and non-direct io-"*1 rormonents of tex ture . For t h i s 
reason, i t is useful to transform the power spectrum 
from a car tes ian coordinate system <r,<p>. Then in each 
d i rec t i on , one can regard P(r,m) as a one-dimensional 
funct ion P f f l(r) . S im i l a r l y , fo r each frequency r, P (qi> 
is a one-dimensional func t ion . In add i t i on , i f we I n 
tegrate along d i rec t i on {p, we obtain 

IT 

P(r) * 2 Z P ( r ) , 
<P -0 * 

and s i m i l a r l y , i n teg ra t ion along radius produces 
W/2 

P(») - I P,((p) . 
r -1 

where W is the window s i ze . 

Thus, the descr ip t ion of the texture depends in 
t h i s method on the form of the pa i r of funct ions 
<P(r ) , P(o,)>. 

573 



The taxonomy of textures that we can describe by 
using the proper t ies of funct ions P ( r ) , P(cp) is d i s 
played in Flowchart 1. 

Examples of Texture Descr ipt ions 
Usinp Fourier Techniques 

An example of a monodirect ional texture is the 
tex ture of wood, shown in F ig . 1. In t h i s f i g u r e , the 
upper l e f t p i c tu re shows the o r i g i n a l tex ture d iv ided 
in to four windows to show more than one sample of the 
same tex tu re . The p ic tu re in the upper r i g h t corner 
is the resynthesized tex tu re , produced according to 
the desc r ip t i on . As one can see from these p ic tu res , 
the descr ip t ion is monodirect ional texture and, the re 
fo re , in the resynthesized vers ion , the non-d i rec t i on 
al components are f i l t e r e d out . The p ic tu re in the 
lower l e f t corner shows the power spectrum of the o r i 
g ina l tex tu re . 

An example of b i d i r e c t i o n a l texture is a piece of 
canvas displayed In F ig . 2 . In th iB f i g u r e , j u s t l i k e 
in the previous one, the upper l e f t p i c tu re Bhows the 
o r i g i n a l texture div ided i n to four windows. The p i c 
ture in the upper r i g h t corner is the power spectrum 
of the o r i g i n a l t ex tu re . The p ic tu res in the lower 
part of the f i gu re are separated and resynthesized to 
two monodirectional tex tu res , produced according to 
t h e i r desc r ip t i on . An example of a noisy (pepper and 
s a l t ) and b l o b - l i k e tex ture are shown in Figures 3 
(the sand) and 4 (the b l o b ) , respec t ive ly . 
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The tex ture names are on the top of each p i c tu re 
d isp lay ing the corresponding funct ion P((p) and P ( r ) . 
The ac tua l samples of tex ture - wood, canvas, c i r c l e , 
and Band - are in Figures 1, 2, 3, and 4. 

In F i g . 5 we d isp lay a sample of grass. The upper 
l e f t window in F i g . 5 is the o r i g i n a l sample; the upper 
r i g h t window is i t s corresponding power spectrum; the 
lower l e f t window is the power spectrum a f te r a h igh 
pass f i l t e r ; and the lower r i g h t window is the resyn
thesized o r i g i n a l p ic tu re a f t e r the high pass f i l t e r . 

This example is presented to demonstrate the ne
cess i ty f o r separat ing the slow changes from the r e a l 
tex ture pa t te rn . The ra t i ona le fo r t h i s is that most 
of the objects ( texture elements) tend to have the same 
r e f l e c t i v e l y and the l i g h t i n g var ies smoothly. Thus 
shading in the Fourier domain generates a low frequency 
component. 

Functions P(<p) and P(r ) of textures grass, wood, 
and canvas are displayed in F igs . 6a, 7, and Sa, r e 
spec t i ve ly . To consider the main d i r e c t i o n a l i t y and, 
thus , to be able to determine I and v, we d isp lay the 
f i l t e r e d a l t e r n a t i v e in F i g . 6b fo r grass, F i g . 8b and 
8c fo r canvas ( fo r one d i r e c t i o n a l i t y ) . The tab le of 
t h e i r corresponding parameters is Table 1. 

Comments: F i r s t o f a l l , no t i ce that grass is described 
as b i d i r e c t i o n a l , contrary to what would be expected. 
The reason is that even a f t e r h igh pass f i l t e r i n g , 
there i s s t i l l s i g n i f i c a n t slow change l e f t , (wave-
length - 16) which forms the second peak. One needs to 
know more about the scene ( i t a i l l u m i n a t i o n , c o n t i n u i 
t y , context) in order to remove t h i s k ind of slow 
change. I t Is impossible wi thout f u r the r knowledge e-





bout the area to handle t h i s s i t u a t i o n appropr ia te ly , 
because the same component (wavelength - 16) , which in 
the case of grass is undesirable, is in the case of 
the canvas tex ture an essent ia l part of i t s descr ip 
t i o n . 

Function P(r ) in the cases of grass and wood 
shows s i m i l a r i t i e s , which suggests that both of these 
textures have some noisy i r r e g u l a r backgrounds. On 
the other hand the canvas tex ture displays s i g n i f i c a n t 
peaks in low frequency and decreasing power in higher 
frequencies. 

For more de ta i led analys is of P ( r ) , one has to 
separate the d i f f e r e n t d i r e c t i o n a l i t i e s . This is what 
we have fol lowed up In Figures 6b, 8b and 8c. 

The l as t two examples of tex ture of blobs and 
Band demonstrate the d i f ferences between nond i rec t ion-
al tex turea. In F i g . 9 and 10 are funct ions P(tr) and 
P(r ) of samples of tex ture recorded in F ig . 4 and F ig . 
3, respec t i ve ly . Table 2 contains t h e i r corresponding 
parameters. 

The P({p) is a f l a t func t ion In both textures as 
is expected. P(r ) in the case of blobs has one s i g n i 
f i can t peak; whereas, in the case of sand, P(r ) is ap
proximately f l a t . 

f o r w indow ing e f f e c t s ) , w h i l e a d e s c r e t e t r a n s f o r m has 
d i s t i n g u i s h e d axes a l o n g t h e c o o r d i n a t e a x i s and t h e 
d i a g o n a l s . Thus, a d i r e c t i o n a l image has a c o n t i n u o u s 
F o u r i e r t r a n s f o r m i n a v e r y n a r r o w band t r a n s f o r m o n l y 
f o r d i r e c t i o n s a l o n g t h e p r e f e r r e d a x i s . There i s a 
c o r r e s p o n d i n g d i f f i c u l t y i n d e f i n i n g f a n f i l t e r s w h i c h 
we have n o t succeeded in s o l v i n g . 

One s h o u l d make a n o t e of a f a i r l y i m p o r t a n t 
though e l emen ta r y m a t h e m a t i c a l f a c t : name ly , t h a t t h e 
F o u r i e r t r a n s f o r m does n o t p r e s e r v e f u n c t i o n a l r e 
s t r i c t i o n . More s p e c i f i c a l l y , i f g ( x , y ) / W denotes t h e 
r e s t r i c i t o n o f t h e image f u n c t i o n g ( x , y ) t o a window W 
(so t h a t g ( x , y ) i s t r u n c a t e d o u t s i d e W), t h e n 

F[g(x,y) |W] - F [g ( x , y ) ] |w 

i s t r u e f o r e v e r y W o n l y when g ( x , y ) I s p e r i o d i c w i t h 
p e r i o d e q u a l to t h e s i 2 e o f W. Thus a F o u r i e r image of 
a t r u n c a t e d f u n c t i o n , t r u n c a t e d o u t s i d e a window, w i l l 
i n g e n e r a l depend a l s o o n the p a r t o f t h e f u n c t i o n 
g ( x , y ) whose domain is o u t s i d e W. What t h i s means 
p r a c t i c a l l y i s t h a t c e r t a i n t e x t u r e e lements c o u l d b e 
s p l i t i n h a l f by w i n d o w i n g , a n d , as a consequence, an 
improper i n t e r p r e t a t i o n wou ld b e d e r i v e d . T h i s p r o b l e m 
can be p a r t l y compensated f o r by o v e r l a p p i n g w i n d o w i n g . 

C o n c l u s i o n 

I n t h i s paper w e have p r e s e n t e d p rocedu res f o r d e 
s c r i b i n g t e x t u r e d s u r f a c e s b y o p e r a t i n g i n t h e F o u r i e r 
domain o f t he image. A l t h o u g h the d i r e c t i o n a l i t y i n 
t he F o u r i e r domain has a l r e a d y been r e c o g n i z e d , i t 
has n o t been used i n t e x t u r e d e s c r i p t i o n s . The n o v e l t y 
o f t h i s method i s t h a t i t r e c o g n i z e s some g ross shape 
f e a t u r e s ( r a o n o d i r e c t i o n a l , b i d i r e c t i o n a l , n o n d i r e c -
t i o n a l , e t c . ) o f t e x t u r e s i n t h e F o u r i e r domain . I n 
a d d i t i o n t o t he f r equency p r o p e r t i e s , w e a re a l s o a b l e 
to make some e s t i m a t e s about t he s i z e o f t e x t u r e e l e 
men ts . The d e s c r i p t i o n s a r e s y m b o l i c . They a re a s s o 
c i a t e d w i t h a l i s t o f pa ramete rs ( w i t h c o r r e s p o n d i n g 
n u m e r i c a l v a l u e s ) t h a t a re used a t a h i g h e r l e v e l i n 
t h e h y p o t h e s i s - v e r i f i c a t i o n p r o c e s s . The d a t a s t r u c 
t u r e o f t e x t u r e d e s c r i p t o r s i s f l e x i b l e and i s expec ted 
t o change d u r i n g t h e h y p o t h e s i s - v e r i f i c a t i o n a c t i v i t y . 
We a re aware o f s e v e r a l weaknesses i n h e r e n t in t h i s 
method. Fo r i n s t a n c e , human p e r c e p t i o n t ends t o d i s 
count smooth changes I n s h a d i n g ; y e t t he F o u r i e r t r a n s 
fo rm r e f l e c t s n o t o n l y t he edges b u t a l s o t h e s low 
changes. We a re accustomed to r e g a r d i n g images in 
te rms o f homogeneous r e g i o n s w i t h sharp boundar ies and 
t o d e s c r i b i n g e lements b y b r i g h t n e s s and c o l o r c o n t r a s t 
and o u t l i n e shape. I n t h e F o u r i e r domain , these become 
j umb led In a way t h a t i s o n l y a p p r o x i m a t e l y r e s o l v e d by 
our h e u r i s t i c s ; t h u s , t h e y a re n o t a lways u s e f u l l y 
d e s c r i b e d . 

I n a d d i t i o n , t he t e x t u r e e lements ( t h e i r shape) 
and t h e i r o r g a n i z a t i o n a re a l s o j umb led t o g e t h e r i n t he 
F o u r i e r doma in . For i n s t a n c e , d o t s and s m a l l segments 
o f l i n e s o r g a n i z e d i n p a r a l l e l - l i n e d f a s h i o n w i l l b e 
d e s c r i b e d e q u a l l y a s m o n o d i r e c t l o n a l t e x t u r e a n d , 
t h e r e f o r e , n o t i n f u l l d e t a i l . For more d e t a i l , one 
has t o a p p l y t he s p a t i a l , l o c a l o p e r a t o r s . 

T o sum i t u p , t h e r e a r e s e v e r a l p o s s i b l e t e x t u r e 
o p e r a t o r s , such a s s t a t i s t i c a l and F o u r i e r o p e r a t o r s , 
i n t e r v a l a n a l y s i s , and o t h e r s . Some o p e r a t o r s a re b e t 
t e r t h a n o t h e r s . Thus , t he F o u r i e r o p e r a t o r s a r e v e r y 
e f f i c i e n t f o r l i n e a r p e r o d i c t e x t u r e s a s w e l l a s f o r 
l i n e a r r e g u l a r b u t n o t p e r i o d i c t e x t u r e s . Take g rassy 
f i e l d s , waves i n t he w a t e r , e t c . They a r e a l s o u s e f u l 
f o r random d o t p a t t e r n s a s l o n g a s t h e q u e s t i o n i s o n l y 
t h e r e c o g n i t i o n o f random o r g a n i z a t i o n v e r s u s r e g u l a r 
o r g a n i z a t i o n (Example t h e sand t e x t u r e ) . However, 
F o u r i e r o p e r a t o r w i l l f a i l t o r e c o g n i z e t h e d i f f e r e n c e s 
i n more d e t a i l e d shapes o f t e x t u r e e l e m e n t s . For e x 
amp le , i t w i l l n o t d i s t i n g u i s h t e x t u r e made o f " c a p i t a l 
A" and t r i a n g l e s (A) o f t h e same s i z e and o r g a n i z a t i o n . 
Here more l o c a l o p e r a t o r s a re n e c e s s a r y . So t h e s p a 
t i a l t e c h n i q u e , b e i n g more l o c a l and t h e r e f o r e more a c 
c u r a t e i n some sense , can complement t he F o u r i e r t e c h 
n i q u e . Which o p e r a t o r i s used where shou ld b e d e t e r 
mined by h i g h e r l e v e l p rog ram. 
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