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ABSTRACT 

Computer v i s i o n systems based on general pur ­
pose computers o f t en need e f f i c i e n t t e x t u r e des­
c r i p t i o n a lgo r i t hms . One common method is to c a l ­
cu la te two-d imensional d i s c r e t e Four ie r t ransforms 
over windowed regions of the l i g h t i n t e n s i t y ma­
t r i x . Al though these methods descr ibed in the 
l i t e r a t u r e are based on the f a s t Four ie r t ransform 
a l g o r i t h m , the computation t ime i s s t i l l too high 
to permit the d e s c r i p t i o n of t e x t u r e f o r as many 
windows as are needed f o r good segmentat ion. When 
a set of t ransforms over a window at every p o s i t i o n 
of the ma t r i x is needed, an e f f i c i e n t method can be 
used. I t saves i n fo rma t ion computed f o r previous 
windows and uses i t to reduce the e f f o r t expended 
on the cur ren t window. For a window N x N and an 
image mat r i x M x M, the t ime complexi ty is reduced 

from 0(N2M2logN) to 0(N2M2). This complexi ty can­
not be beaten by any n o n p a r a l l e l a l g o r i t h m . 

I. INTRODUCTION 

One of the more e lus i ve problems in machine 
v i s i o n i s the c h a r a c t e r i z a t i o n o f v i s u a l t e x t u r e 
and the use of t e x t u r e as a perceptua l cue 
(Bajcsy 1973A). Texture has a l t e r n a t i v e l y been 
def ined in terms o f i m p r e s s i o n i s t i c q u a l i t i e s , sur­
face m i c r o s t r u c t u r e , and s t a t i s t i c a l p rope r t i es o f 
sur face f u n c t i o n s . A c lass of methods f o r mea­

s u r i n g t e x t u r e uses the two-dimensional Four ie r 
t rans form computed over l o c a l windows of a d i g i t a l 
p i c t u r e (Bajcsy 1973B) fo l lowed by some other p ro ­
cess ing. Although some of these methods have been 
shown reasonable and use fu l f o r segmentation i n t o 
regions according to t e x t u r e , the la rge amount o f 
computation invo lved in t rans fo rming the windows 
has i n h i b i t e d these methods' use. Here i t is 
shown how the e f f o r t requ i red to t ransform a l l the 
l o c a l windows of a p i c t u r e can be reduced by a 
s i g n i f i c a n t f a c t o r . By t ak i ng advantage of t h i s 
technique one can a f f o r d to compute a t ex tu re 
desc r i p t o r f o r each p i x e l r a t h e r than only each 
block of a p a r t i t i o n ; thus one can achieve f i n e J y -
resolved segmentations on the basis of t e x t u r e 
( f o r a r e l a t e d study see P a v l i d i s 6 Tanimoto 1975). 

I I . UPDATING A DISCRETE FOURIER TRANSFORM 

Ha lbers te in (1966) showed how one could per ­
form a use fu l updat ing process on a d i s c r e t e 
Four ie r t ransform in l i n e a r t ime ( ins tead o f N log 
N t ime to recompute from s c r a t c h ) . The problem is 
s ta ted as f o l l o w s . Let f0, f1., . , f i . ,. . . be an 

A symmetr ica l ly s i m i l a r equat ion can be used to i n ­
crement p ins tead of q. I t should be noted tha t 
the summation in the above expression is a d i s ­
c re te Four ie r t rans fo rm of the d i f f e rence vector-
between the " incoming" and "ou tgo ing " columns and 
need only be computed once f o r the e n t i r e window's 
update. The cost of t h a t N l og N opera t ion is 
smal l in comparison w i t h the N2 m u l t i p l i c a t i o n s 
needed to " s h i f t the bas is v e c t o r s " . Thus 0(N2) 
operat ions are r equ i red to update the t ransform 
of a window moved one row or column. 

An a lgo r i t hm f o r computing the two-dimen­
s i ona l DFT on a l l NxN windows of an MxM p i c t u r e 
has been devised using the technique descr ibed here 
(Tanimoto 1977). Assuming N is much smal ler than 
M, the a lgo r i t hm requ i res 0(K2M2) complex m u l t i ­
p l i c a t i o n s , saving a f a c t o r of log, N. 
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