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A b s t r a c t 

A method i s p r o p o s e d f o r p a r t i t i o n i n g i n p u t 
scenes i n t o r e g i o n s i n w h i c h s e l e c t e d p i c t u r e 
p r o p e r t i e s a r e r e g a r d e d a s u n i f o r m . I n t h i s 
p r o c e d u r e , u s u a l s t a t i s t i c a l methods o f i n ­
s p e c t i n g ave rage g r a y l e v e l s a re n o t u s e d , 
b u t t h e u n i f o r m i t y o f complex p i c t u r e p r o p e r ­
t i e s such as s h a p e s , s i z e s o r a r r angemen ts o f 
s u b p a t t e r n s i n t h e p i c t u r e s i s examined b y a 
s t r u c t u r a l a n a l y s i s . The a n a l y z i n g process 
i s c o n t r o l l e d b y a s u p e r v i s o r w h i c h g i v e s t h e 
o r d e r o f c h a n g i n g t h e d e p t h o f i n t e r e s t i n 
each p i c t u r e p r o p e r t y , and s u c c e s s i v e p a r t i ­
t i o n i n g o f t h e p i c t u r e s i s made t o w a r d a n 
i n t e r p r e t a b l e g o a l p a r t i t i o n . 

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

I n r e c e n t y e a r s , many i n t e r e s t i n g p a p e r s 
on a u t o m a t i c scene a n a l y s i s sys tems have been 
p u b l i s h e d f o r t h e r e c o g n i t i o n o r i d e n t i f i ­
c a t i o n o f t h r e e d i m e n s i o n a l o b j e c t s . Most o f 
t h e i r methods t r a n s f o r m d i g i t i z e d p i c t u r e s 
i n t o l i n e d r a w i n g s , w h i c h a r e t h e n a n a l y z e d 
and matched t o one o f mode ls o f t h e o b j e c t s . 
The i m p o r t a n c e o f the t r a n s f o r m a t i o n is w i d e ­
l y known, because t h e success o f t h e r e c o g n i -
t i o n p r o c e d u r e s h i g h l y depends o n t h e c o r r e c t ­
ness o f t h e l i n e d r a w i n g s . R o b e r t s i s t h e 
f i r s t man who a p p l i e d a l o c a l edge o p e r a t o r 
t o f i n d p o i n t s where a b r u p t change i n g r a y 
l e v e l s seems t o o c c u r e . H e t h e n f i t t e d 
s t r a i g h t l i n e s t o t h e s e p o i n t s , and e x t r a c t e d 
t h e l i n e d r a w i n g s f r o m t h e i n p u t p i c t u r e s . 1 

His t e c h n i q u e has been i m p r o v e d t o f i n d b e t t e r 
edge d e t e c t o r s and l i n e f i n d e r s . 

B r i c e and Fenneman p r o p o s e d a n o t h e r e l e g a n t 
method f o r t h e t r a n s f o r m a t i o n o f g r a y s c a l e 
p i c t u r e s i n t o l i n e d r a w i n g s b y b r e a k i n g t h e 
d i g i t i z e d p i c t u r e s i n t o a t o m i c r e g i o n s o f u n i ­
f o r m g r a y s c a l e , w h i c h a r e j o i n e d i n t o r e g i o n s 
b y a p a i r o f h e u r i s t i c s . 2 The p r o c e d u r e i s 
s u c c e s s f u l t o a c l a s s o f i n p u t p i c t u r e s , and 
each r e g i o n o b t a i n e d b y t h e s e h e u r i s t i c s c o i n ­
c i d e s w i t h t h a t human eyes p e r c e i v e as one 
homogeneous r e g i o n . C o l o r s i n t h e p i c t u r e s 
a r e a l s o i m p o r t a n t f o r v i s u a l p e r c e p t i o n and 
one can u t i l i z e c o l o r i n f o r m a t i o n i n s t e a d o f 
b r i g h t n e s s t o f i n d u n i f o r m c o l o r r e g i o n s . 3 

These a p p r o a c h e s , howeve r , assume t h a t 
each p l a n e o f t h e o b j e c t s and b a c k g r o u n d has 
a l m o s t u n i f o r m b r i g h t n e s s o r c o l o r , and c o n ­
s i d e r a b l e m o d i f i c a t i o n i s n e c e s s a r y i f one 
w i s h e s t o a p p l y t h e p r o c e d u r e s t o o b j e c t s o n 
w h i c h some p a t t e r n s o r t e x t u r e s a r e o b s e r v e d . 
T e x t u r e can b e s t u d i e d o n two l e v e l s : s t a ­
t i s t i c a l and s t r u c t u r a l . 1 4 R o s e n f e l d showed 
t h e a p p l i c a b i l i t y o f t h e s t a t i s t i c a l methods 
t o t e x t u r e d i s c r i m i n a t i o n , and d e f i n e d t h e 
t e x t u r e e d g e , a g e n e r a l i z e d e d g e , as a s e r i e s 
o f p o i n t s where a b r u p t change i n t h e ave rage 
v a l u e s o f l o c a l p i c t u r e p r o p e r t i e s o c c u r e . 5 ' 6 

S e v e r a l t y p e s o f l o c a l edge d e t e c t o r s were 
p r o p o s e d w h i c h compare t h e ave rage g r a y l e v e l s 
i n p a i r s o f n o n o v e r l a p p i n g n e i g h b o u r h o o d s o f 
v a r i o u s s i z e s . 

T h i s paper d e s c r i b e s a g e n e r a l i z e d method 
f o r d i v i d i n g t h e i n p u t scene i n t o r e g i o n s , 
w h i c h a r e u s e f u l t o d e s c r i b e t h e scene i n a 
compact f o r m . I n t h i s p r o c e d u r e , s t a t i s t i c a l 
i n s p e c t i o n s o f t h e n e i g h b o u r h o o d s o f i n d i ­
v i d u a l p o i n t s a r e n o t u s e d , b u t a s t r u c t u r a l 
a n a l y s i s i s a p p l i e d f o r e x a m i n i n g t h e u n i ­
f o r m i t i e s o f complex p i c t u r e p r o p e r t i e s such 
as s i z e s , shapes o r a r r a n g e m e n t s o f sub -
p a t t e r n s . The a n a l y z i n g p r o c e s s i s c o n t r o l l ­
ed by a s u p e r v i s o r w h i c h g i v e s t he o r d e r o f 
c h a n g i n g t h e d e p t h o f i n t e r e s t i n each p i c ­
t u r e p r o p e r t y , and s u c c e s s i v e p a r t i t i o n i n g o f 
t he p i c t u r e i s made t o w a r d a n i n t e r p r e t a b l e 
g o a l p a r t i t i o n . 

Reg ion D e t e c t i o n 

Homogeneous Reg ions 
O b s e r v i n g a scene in w h i c h many o b j e c t s 

a r e c o v e r e d by p a t t e r n s o r t e x t u r e s , a human 
b e i n g can e a s i l y r e c o g n i z e each o b j e c t i f i t 
has a d i f f e r e n t p a t t e r n o r t e x t u r e o n i t f r om 
t h o s e o f a d j a c e n t o n e s . I n o t h e r w o r d s , h u ­
man v i s u a l sys tems pay t h e i r a t t e n t i o n t o 
some p i c t u r e p r o p e r t i e s , and f i n d a r e g i o n 
such t h a t t h e s e p r o p e r t i e s o f t h e s u b r e g i o n s 
o r e l emen ts i n i t a re c o n s i d e r e d t o b e a l m o s t 
u n i f o r m . These s e l e c t e d p i c t u r e p r o p e r t i e s 
and t h e a l l o w a b l e l i m i t s o f t h e i r n o n u n i f o r m -
i t i e s i n a r e g i o n a r e n o t same i n a l l c a s e s . 
Suppose a human b e i n g sees a newspape r . I f 
h e has n o i n t e r e s t i n r e a d i n g i t , h e may r e ­
g a r d i t a s a shee t o f pape r h a v i n g a l m o s t 
same t e x t u r e . Of c o u r s e he can r e c o g n i z e 
each c h a r a c t e r o r d i s c r i m i n a t e d i f f e r e n c e 
between each a t o m i c r e g i o n o f t h e t e x t u r e , 
when h i s i n t e r e s t i n r e a d i n g i s deep enough 
t o dec rease t h e t h r e s h o l d v a l u e f o r d i s c r i m i ­
n a t i n g r e g i o n s . 

I n t h i s p a p e r , a method i s p r o p o s e d f o r 
f i n d i n g r e g i o n s i n t he complex scenes whi c h 
c o n t a i n many objects and backg rounds on 
w h i c h d i f f e r e n t t e x t u r e s o r p a t t e r n s a re 
o b s e r v e d . A s i m p l e example i s shown i n F i g . l 
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which includes a cube and a plane covered by 
two different patterns. We intend to describe 
more complex scenes having much information in 
terms of regions in which some picture pro­
perties are regarded as uniform. S ta t i s t i ­
cal methods for finding the abrupt changes 
in the average gray levels seem to be inade­
quate for our purpose, because these ap­
proaches are not useful to distinguish dif­
ferences between patterns of complex struc­
tures. Thus a structural analysis on homo­
geneities of several picture properties such 
as shapes or sizes of atomic regions in the 
input picture, as well as their relations, 
is used to f ind the regions. 

Picture Properties 
Before descibing the procedures for exam­

ining the uniformity in the region, we must 
c lar i fy what picture properties are used for 
the analysis. In this paper, the atomic re­
gion is defined as a connected set of pic­
ture elements having almost same gray level 
or color. A preprocessor of the system finds 
these atomic regions in the digit ized pic­
ture from a TV camera, and sends to the homo­
geneity analyzer the information of these 
atomic regions characterized by their average 
gray levels and colors, as well as their 
boundaries written in chain coding. There 
are many atomic regions in an input picture, 
therefore an ef f ic ient representation of 
their characteristics is needed in order to 
save memory space and computing time. Sev­
eral picture descriptors of the atomic re­
gion are selected. They are shape, size, 
posit ion, color and average gray level de­
scriptors, although last two are not used 
in the part i t ioning process. Area and per­
imeter of each atomic region are specified 
by the size descriptor, and the position de­
scriptor gives the two dimensional cordinate 
at the center of gravity of the atomic re­
gion. 

Because of the l imitaion in the resolu­
tion of the TV camera, accurate shape of the 
atomic region is not available, and the 
shape descriptor must be selected in such a 
way that it gives coarse information of the 
shape and it is not sensitive to sampling 
noises in the process of d ig i t iz ing picture. 
A set of i j t h order moment M. . seems to sat-
t is fy these conditions. A combination of 
M

20
 Ma?' M2l* M12 and M11 is adopted as the 

shape descriptor, since a series of experi­
ments shows that it is adequate for detect­
ing shape differences of small size domains. 

Another type of picture properties used 
for the analysis is relation between two 
atomic regions or regions. For simpl ici ty, 
only the density descriptors are used for re­
presenting the relation between atomic re­
gions in a group. Let define the distance 
between two atomic regions as the distance 
between their centers of gravity. An atomic 
region A in a given set S has a density de­
scriptor D whose value is the minimum dis­
tance frorn8 A to other atomic regions in S. 

Regions 
Examining the s imi lar i t ies of the pic­

ture properties by comparing the values of 
these descriptors, the system w i l l classify 
the atomic regions into sets S1, S2,..., Sn 

which are candidates for the regions. The re­
gion R covered by m elements in the set S is 
defined as follows. Let denote the maximum 
value of the density descriptors in s by Ls . 
ft is a connected area covered by squares 
whose length of edge is Ls and centers are 
located at centers of gravity of a l l members 
of S ( Fig.2 ). Sometimes there are p l u r a l 
regions whose elements belong to one set s. 

The analyzer also examines a relation be­
tween regions. Fig.3 shows a simple example 
in which there exist two classes of atomic 
regions. Let R1, and R2 be regions covered 
by small dots and large dots.respectively., 
Since common area of fljf\ /? of two regions 
has considerable size, it seems reasonable 
for the analyzer to regard these areas as 

■three regions R1 \ * 2 > R} O ffg and R1 O R2 
instead of two. 

Therefore the system checks whether each 
region has any overlapped part or not, but 
neglect ones whose size is less than a cer­
tain threshold value. 

Structural Analysis 

Structural Analysis 
Fig.4 shows an overall diagram of the 

scene analyzer. Output of a standard v i d i -
con camera is transmitted to an analog to 
d ig i ta l converter which produces one of 
64x64, 128x128 or 256X256 digit ized pic­
tures with 64 gray levels. A preprocessor 
searches in the digi t ized picture for the 
atomic regions. We consider that color 
information is more useful to our purpose, 
however only gray level information is used 
in the experiments. In this paper, an as­
sumption is made that each atomic region 
has a clear outl ine. Thus we put l i t t l e 
emphasis on the process of finding the atomic 
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reg ions , and usual procedures are used f o r de­
t e c t i n g the contours of the connected areas 
in which gray l e v e l of each p o i n t is lower 
than the th reho ld va lue decided by the gray 
l eve l h i s t og ram. 7 F ig .5 shows the r e s u l t f o r 
the input scene of F i g . l which is d i g i t i z e d 
in a 256x256 a r ray . 

A l i s t o f these atomic regions w i t h t h e i r 
boundaries descr ibed in chain coding is sent 
to the homogeneity ana lyze r . The analyzer 
d i v ides the same input scene in d i f f e r e n t 
ways depending on the depth of i n t e r e s t in 
p a r t i c u l a r p i c t u r e p r o p e r t y . Since we in tend 
to apply the d e s c r i p t i o n s of the scene in 
terms of reg ions to automatic r e c o g n i t i o n or 
i d e n t i f i c a t i o n o f o b j e c t s , successive p a r t i ­
t i o n must be made in h e u r i s t i c ways to f i n d 
an i n t e r p r e t a b l e goal p a r t i t i o n whose s t r u c ­
tu re matches one of combined models of the 
o b j e c t s . Therefore the system is prov ided 
f o r a superv isor which rece ive the in forma­
t i o n from the ana lyzer , and then plans the se­
quence of p a r t i t i o n i n g which is sent back to 
the ana lyzer . 

Homogeneity Test 
A d e t a i l e d b lock diagram of the homoge-

e n i t y analyzer i s shown in F i g . 6 . F i r s t o f 
a l l , the p i c t u r e d e s c r i p t o r s are evaluated 
and t h e i r l i s t i s cons t ruc ted . Secondly, 
histograms of values of the d e s c r i p t o r s are 
computed and smal l f l u c t u a t i o n s in them are 
suppressed by a f i l t e r which smoothes the 

F ig .5 Detected atomic regions in 256x256 
D i g i t i z e d P i c t u re o f F i g . l . 

smal l peaks s tanding c lose to each o the r . 
These frequency d i s t r i b u t i o n s are examined 
by the superv isor to se lec t the most p ro ­
mis ing d e s c r i p t o r f o r c l a s s i f y i n g the atomic 
regions i n t o groups. We cons ider t ha t a de­
s c r i p t o r i s promis ing t o i n i t i a l p a r t i t i o n ­
ing i f the atomic regions are d e f i n i t e l y 
c l a s s i f i e d i n t o a few groups by i t . Choos­
ing the d e s c r i p t o r s whose histograms have 
deep v a l l e y s between prominent peaks, the 
superv isor sets th resho lds at the bottoms of 
the v a l l e y s . Since v a l i d i t y o f c l a s s i f y i n g 
the members in the v a l l e y s by th resho ld ing 
is ambiguous, the d e s c r i p t o r having the 
minimum number of such members is se lec ted 
by the supe rv i so r . F ig .7 shows the h i s t o ­
grams of the d e s c r i p t o r s of the input scene 
of F i g . l , and the per imeter term of the s ize 
d e s c r i p t o r i s se lec ted f o r the f i r s t stage 
p a r t i t i o n i n g . 

Next the dens i t y d e s c r i p t o r s of members 
in each group are eva lua ted . If some mem­
bers have the dens i t y d e s c r i p t o r s whose v a l ­
ues are l a r g e r than a predetermined th resh­
o l d v a l u e , they are regarded as i s o l a t e d 
atomic reg ions and are excluded from the 
groups. Thus the f i r s t stage p a r t i t i o n i n g 
has groups S1 S2 ..............sn as candidates 
f o r r eg i ons . As mentioned in the prev ious 
s e c t i o n , the areas covered by these groups 
are dec ided, and then t h e i r c o n n e c t i v i t y 
and over lapp ing are examined to decide re -
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g ions . I f a connected area of reg ion cand i ­
dates has less than f i v e members, the ana­
l yze r does not regard it as a reg ion and re-
g i s t e r s i t s members in a group of i s o l a t e d 
atomic reg ions . Next , a boundary t e s t is 
done to check whether any atomic regions in 
the group of i s o l a t e d elements are loca ted 
between two regions OT surrounded by a re ­
g i o n . They are j o i ned to the reg ion i f 
only one reg ion touches them. However they 
are l e f t i n the i s o l a t e d member's group i f 
two regions touch them, because we cannot 
f i n d any simple methods f o r f i n d i n g which 
reg ion is more adequate f o r merging them. 
F ig .8 shows the r e s u l t s f o r c a s s i f y i n g i n t o 
regions by the s ize d e s c r i p t o r s . The re ­
gions R1 and R2 correspond to the cube and 
the p lane , r e s p e c t i v e l y . Small s i ze atomic 
regions at the boundary of the p i c t u r e are 
not c l a s s i f i e d i n t o reg ion candidates of R 2 
but the boundary t e s t j o i n s them to R2 . 

The regions descr ibed by t h e i r boundaries 
and elements are sent to the superv isor which 
f i t t s s t r a i g h t l i n e s t o the boundaries t o 
get a l i n e drawing. I f any pa r t of the l i n e 
drawing does not match the s t r u c t u r e of the 
models, the superv iso r cons iders the r e s u l t 
o f the p a r t i t i o n is not successfu l and f u r ­
the r p a r t i t i o n i n g is done. There are three 
methods to change the p a r t i t i o n : 1) deeper 
p a r t i t i o n i n g , 2 } mod i f ied p a r t i t i o n i n g a f t e r 
changing th resho ld va lues , 3) new p a r t i t i o n ­
ing by another d e s c r i p t o r . In our e x p e r i ­
ments only deeper p a r t i o n i n g is programmed, 
then the i t e r a t i v e p a r t i t i o n i n g s are t e r m i ­
nated when any matched pa r t of the regions 
to the model s t r u c t u r e s is found or no f u r ­
the r p a r t i t i o n i n g i s p o s s i b l e . S a t i s f a c t o r y 
r e s u l t s are obta ined f o r s imple input scenes, 
however o ther type m o d i f i c a t i o n s are necessa­
ry f o r complex i n p u t s . 

Regions R1 R 2, . . . found by the f i r s t 
stage p a r t i t i o n i n g are processed independent­
l y t o ob ta in deeper p a r t i t i o n R 1 1 R 1 2 
R21 R22,..............The procedures are Same as 
those of the f i r s t s tage. F ig .9 shows the 

F ig .8 P a r t i t i o n e d Resul ts by Size Descr ip to r 

F i g . 9 Histogram of M11 in R1 (Cube). 

h is togram of M11 , in R1 . (cube) in which three 
groups are observed. I t must be noted t ha t 
M of F ig .7 has not any deep v a l l e y . That 
i s , the successive procedures can de tec t 
f i n e r d i f f e r e n c e between members having a 
almost same f e a t u r e , i f the prev ious p a r t i ­
t i o n i s adequate. The r e s u l t s o f p a r t i t i o n ­
ing R1 i n t o three regions R1 1 , R1 2 , R1 3 
which correspond to th ree planes of the cube, 
are shown in F i g . 10. Two smal l t r i a n g l e s 
and a square at the boundary of R1 in F ig .8 
are c l a s s i f i e d i n t o the i s o l a t e d member's 
group and e l i m i n a t e d from the reg ions . The 
histograms of d e s c r i p t o r s in R- have no deep 
va l leys . , and f u r t h e r p a r t i t i o n i n g i s not 
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Fig.17 shows the r e s u l t s of c l a s s i f y i n g the 
atomic regions i n t o two sets S. and S. in 
which severa l i s o l a t e d reg ion candidates 
e x i s t . Examining the boundary t e s t , the 
system merges them i n t o reg ions , and obta ins 
two regions R1 and R2 shown in F i g . 1 7 . 

Discuss ion 

In t h i s paper a method is proposed f o r 
de tec t i ng the regions in which some p i c t u r e 
p r o p e r t i e s are almost u n i f o r m . We use a 
s t r u c t u r a l ana lys is on the p i c t u r e proper­
t i e s ins tead of usual s tochas t i c methods, 
and we f i n d i t is use fu l when the s t r u c t u r e 
of pa t te rns or tex tu res in the p i c t u r e are 
complex. However, an assumption tha t d i s ­
c r i m i n a t i o n of the elementary subpatterns 
or gra ins in the P i c t u r e is easy, is nece­
ssary. A p p l i c a b i l i t y o f the simple th resh ­
o ld ing based on the histogram of b r igh tness 
is shown i f the boundaries of elementary 
gra ins have sharp edges. The h e u r i s t i c s by 
Br ice e t a l . would g ive b e t t e r r e s u l t s when 
average gray l eve l s in atomic regions d i s t r i ­
bute in wide range, and t h i s average gray 
l eve l i n fo rma t i on might be used in the par­
t i t i o n i n g p rocess . * Color i n fo rma t ion seems 
to be more use fu l than gray l eve l in forma­
t i o n . 

The method proposed in t h i s paper would 
be app l i cab le to de tec t i ng i t e r a t i v e s t r u c ­
tures o f a r t i f i c i a l l y cons t ruc ted ob jects 
or recogn iz ing ob jec ts covered by almost r e ­
gu la r subpat te rns . Computing time of the 
p a r t i t i o n i n g is r a t h e r lone because any a t ­
tempt is made to save i t , and we consider 
some programming e f f o r t could decrease i t 
cons ide rab ly . 

Since the job of the superv isor is simple 
one which i t e r a t e s p a r t i t i o n i n g u n i t i l i t 
f i nds matched s t r u c t u r e of regions to the 
models, f u t u r e study is necessary to make 
the superv isor p o w e r f u l , e s p e c i a l l y to f i n d 
b e t t e r h e u r i s t i c s to modify the depth of 
i n t e r e s t i n p a r t i c u l a r p i c t u r e p rope r t y . 
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