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This paper contains an a l g o r i t h m 
and a computer programm f o r a n a t u r a l 
from the human p o i n t of view s p l i t t i n g 
i n t o s e c t i o n s of a two -dimensional p i c ­
t u r e * Contemplating a p i c t u r e , a human 
being draws i n h i s i m a g i n a t i o n borders, 
s o r t i n g out s e c t i o n s , which he supposes 
t o b e homogeneous f o r the time being, i n 
s p i t e o f t h e i r posessing a n i n t e r n a l 
s t r u c t u r e Some times such borders are 
drawn f o l l o w i n g some q u a l i t i e s of an 
object,which h e expects t o f i n d i n the 
p i c t u r e , f o r example, when completing a 
p a r t l y detected image. I n other cases 
the borders are drawn by a n a l y s i n g the 
c h a r a c t e r i s t i c s o f the p i c t u r e i t s e l f . 
The s e c t i o n s , being separated i n the l a ­
t t e r case are u s u a l l y known by the name 
of t e x t u r e s . An example of a p i c t u r e , 
c o n t a i n i n g t h r e e t e x t u r e s , is shown on 
P i g . I . 

say not t a x i n g i n t o c o n s i d e r a t i o n the 
i n t e r n a l s t r u c t u r e o f separated area.But 
the p o s s i b i l i t y o f d i s r e g a r d i n g the i n t e r ­
n a l s t r u c t u r e i s t o b e considered only 
as the aim or the r e s u l t of t e x t u r a l ana­
l y s i s , but not a s a procedure o f i t . The 
i l l u s i o n o f d i s r e g a r d i n g i n t e r n a l s t r u c ­
t u r e i n the process o f p e r c e p t i o n d e r i ­
ves probably from the f a c t t h a t the 
amount of i n f o r m a t i o n about the i n t e r n a l 
s t r u c t u r e necessary f o r s p l i t t i n g the 
p i c t u r e i n t o s ections i s much l e s s e r than 
the whole amount of in f o r m a t i o n c o n t a i n ­
e d i n the p i c t u r e . 

The most important problem in t h i s 
case i s the e s t a b l i s h i n g o f bondaries, 
i n shich the c h a r a c t e r i s t i c s o f s i m i l a r 
fragments can change, e.g t h e e s t a b l i s ­
h i n g of the system of t h r e aholds. 

For s o l v i n g t h i s problem, i n the 
present paper the phenomenon of "sepa­
r a t i o n i n t o groups" i s used. The e f f e c e n -
cy of u s i n g t h i s phenomenon i n s o l v i n g 
t h e problems of r e c o g n i t i o n was analy­
sed in M.M.Bongard's book ( I ) and the 
phenomenon i t s e l f was a p p l i e d by M.M.Ma-
ksimov f o r a l e a r n i n g programm of recog­
n i z i n g p i c t u r e s ( 2 ) . The f a c t t h a t the 
human being does r e a l l y use t h e pheno­
menon of " s e p a r a t i o n i n t o groups" was 
shown i n p s y c h o l o g i c a l experiments ( 3 ) , 

For e s t a b l i s h i n g the t h r e s h o l d 
values, histogramms of elementary f r a g ­
ment's d i s t r i b u t i o n according t o the 
values o f c e r t a i n c h a r a c t e r i s t i c s were 
drawn. Among the c h a r a c t e r i s t i c s only 
those, the histogramms of which have a 
d i s t i n c t s e p a r a t i o n o f columns i n t o 
groups were chosen. Examples of separab­
le and non - separable histogramms are 
shown on F i g . 2 

The main procedure of the appro­
ach a p p l i e d i n the present paper i m p l i ­
es t h e measutement of a c e r t a i n charac­
t e r i s t i c on each elemantery f r a g m e n t , i n 
which the basic p i c t u r e was i n i t i a l l y 
broken and then c o n b i n i n g the fragments 
posessing s i m i l a r c h a r a c t e r i s t i c s i n t o 
one area. The n e c e s s i t y of a n a l y s i n g 
each s i n g l e fragment s e p a r a t e l y i n t h a t 
case, seems t o c o n t r a d i c t the i n t u i t i v e 
c onception of t e x t u r e s and the main aim 
o f the t e x t u r a l a n a l y s i s , t h a t i s t o 

Thus the threshold values separating 
each groupare fixed. 

We presume that there does not ex­
i s t a way of measurement of elementary 
fragment's characteristic or distinguis­
hing the fragments themselves equally 
suitable for sorting out a l l kinds of 
textures. But a criteria of suitability 
of a certain characteristic or a certain 
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way o f measurement does e x i s t . S o I t i s 
n e c e s s a r y t o t r y a l l t h e ways o f s p l i t ­
t i n g i n t o f r a g merits and measurement o f 
c h a r a c t e r i s t i c s , n a t u r a l l y a c c o r d i n g 
t o t h e o r d e r i n which t h e i r c o m p l i c a t i o n 
i s i n c r e a s i n g . 

Prom t h i s f o l l o w s t h a t t h e t e x t u -
r a l a n a l y s i s i s a p r o t r a c t e d p r o c e s s , 
which t a k e s p l a c e s i m u l t a n e o u s l y w i t h 
Che p r o c e s of r e c o g n i t i o n , i n d e p e n d e n t ­
l y , o r i n c o n n e c t i o n w i t h i t . 

The t e x t u r e s , which f o r t h e i r se­
p a r a t i o n demand a l i t t l e amount o f c a l ­
c u l a t i o n a r e d i s c e r n e d e a r l i e r , whe­
r e a s more c o m p l i c a t e d - l a t e r . For example, 
i n t h e s e p a r a t i n g t e x t u r a l a r e a s w i t h 
d i f f e r e n t b r i g h t n e s s o n l y a m i n i m a l 
i n i t i a l i n f o r m a t i o n i s r e q u i r e d . S o t h i s 
p r o c e d u r e c e r t a i n l l y can precede t h e 
p r o c e s s o f r e c o g n i t i o n a s a whole ( i t 
i s p o s s i b l e t h a t such a n a n a l y s i s i s 
conducted i n t h e l e v e l o f g a n g l i o n 
c e l l s o f r e t i n e p e r i p h e r y , w h i c h have 
l a r g e r e c e p t i v e f i e l d s . One can presume 
t h a t a f t e r a v e r a g i n g b y such f i e l d s , 
a p a t t e r n w i t h a s m a l l number of e x t r e ­
me can appear, which may be used f o r 
t h e f i n a l s e p a r a t i o n ) . O n t h e o t h e r hand, 
f o r d i s c e r n i n g two a r e a s which have the 
same medium b r i g h t n e s s , t h e same s t a t i s ­
t i c s o f t h e f i r s t and t h e second o r d e r 
b u t w h i c h c o n s i s t o f d i f f e r e n t f o r m s : 
e.g. t h e f i r s t o f t r i a n g u l a r forms t h e 
second of square f o r m s , many stages of 
r e c o g n i t i o n a r e n e c e s s a r y , namely i d e n ­
t i f i c a t i o n o f t r i a n g u l a r and square 
forms* a n a l y s i s o f t h e i r r e s p e c t i v e po­
s i t i o n e . t . c . 

The g e n e r a l s t r u c t u r e o f 
a l g o r i t h m 

F i g . 3 r e p r e s e n t s i n the most ge­
n e r a l f o r m t h e s u c c e s s i o n o f o p e r a t i o n s 
used i n s o l v i n g t h e t e x t u r a l a n a l y s i s 
problems. 

continuous areas, posessing an almost 
i d e n t i c a l brightness or colour. The 
allowed f l u c t u a t u i n s of brightness or 
colour inside a single f i e l d depend on 
the number of used gradations and are 
considered as constants of algorithm, 
determining i t s discerning capacity. 
I n case when only two gradations of b r i g ­
htness are used, and t h i s c a r r i e d out by 
the programme based on the proposed a l ­
gorithm, one may confine in discerning 
only connected areas. 

Some other ways of i n i t i a l separa­
t i o n which imply more complicated pro-
ceding of p i c t u r e may prove to be neces­
sary too. P a r t i c u l a r l y , the program can 
f u l f i l l the separating of l i n e s between 
the knots. 

Phe elementary fragments obtained 
as a r e s u l t of analysis are numbered in 
a c e r t a i n order. The numeration is used 
f o r connecting the values of characteris­
t i c w i t h the fragments f o r which they 
are obtained, but the f i n a l separation 
of areas does not depend on the numera­
t i o n . 

The second stage of the analysis 
is the measurement of fragments! to each 
fragment is applied the same measure op#y 
r a t o r (the same measurement procedure) . 
From the l o g i c of the approach follows 
t h a t there are no measurement equally 
suitable f o r a l l cases. I n a l l cases w e 
use the same c r i t e r i of s u i t a b i l i t y : 
the c r i t e r i a of separation i n t o groups. 
So a successive examination of operators 
is necessary, which is conducted in the 
order of increasing complication of ope­
r a t o r s . A c t u a l l y only simple operators 
were used in the program: measurement 
of the area, of the abscess and ordinate 
of the centre of g r a v i t y , of the length 
of greater and smaller h a l f - a x i s , and of 
the angle of h o r i z o n t a l i n c l i n a t i o n of 
greater axis. As the number of operators 
used was rather small, so a l l the opera­
tors were used and the a p p l i c a b i l i t y 
of every one was examined. 

Che ways of g e t t i n g more complica­
ted c h a r a c t e r i s t i c s can be obtained, f o r 
example, from V.V.Maksimov* s program 
( 2 ) . 

As a r e s u l t of using one operator 
to the multitude of fragments one of se­
v e r a l multitudes of numbers, one-to-one 
connected w i t h the multitude of operator 
are formed. The multitude of characte­
r i s t i c s are arranged according to the 
increase of fragment's numbers f o r r e ­
cording on the computer's memory. 
Thus a l i n e of c h a r a c t e r i s t i c s is cons­
t i t u t e d . 

x) Some operators can be unsuitable f o r 
c e r t a i n fragments such fragments receive 
as the value of c h a r a c t e r i s t i c s the 
number IOCO which is greater than any 
measured value of c h a r a c t e r i s t i c . A l l 
such fragments are sorted out in a se­
parate area. 

644 



E v e r y l i n e o f a c h a r a c t e r i s t i c s 
m a t r i x i s t r e a t e d b y t h e o p e r a t o r o f 
' ' s e p a r a t i n g i n t o groups" T h i s o p e r a t o r 
d e s i g n s a histogramm o f f r a g m e n t s d i s t ­
r i b u t i o n a c c o r d i n g t o t h e v a l u e s o f t h e 
examined c h a r a c t e r i s t i c s and d e c i d e s 
whether i t can b e s p l i t t i n c o a s m a l l 
number of compact groups. For t h i a i m a 
f o l l o w i n g a l g o r i t h m i s used. F i r s t o f 
a l l a system o f t h r e s h o l d i s f o r m u l a t e d 
b y f i x i n g them i n the p o i n t s where t h e 
histogramm takes t h e z e r o v a l u e ( o r has 
a l o c a l minimum). Phis p r o c e d u r e e p l i t t s 
t h e histogramm i n t o a number of groups 
o f t n e z e r o l e v e l , l i v e r y group t h e n i s 
e s t i m a t e d by two parameters: namely the 
volume ( t n e r e L a t i v e number o f comprised 
f r a g m e n t s ) and compactness. The compact­
ness i s e s t i m a t e d b y comparxiufc, the g r o ­
up's w i d t h ( t h e s t a n d a r d d e v i a t i o n ) 
w i t h the d i s t a n c e between t h e c e n t e r s o f 
a d j o i n i n g , groups* The s m a l l e s t and t h e 
l e a s t compact group i s f u s e d w i t h one o f 
the a d j o i n i n g groups b y c r o s s i n g out t h e 
c o r r e s p o n d i n g t h r e s h o l d . T h e o p e r a t i o n i s 
r e p e a t e d u n t i l l the s m a l l e s t o f the r e ­
mained groups w i l l surpass a c e r t a i n 
v a l u e ( i n the program 1/8 of the amount 
of f r a g m e n t s ) , and t h e l e a s t campact one 
w i l l be s u f f i c i e n t l y compact ( i t s s t a n ­
d a r d d e v i a t i o n w i l l b e l e s s than h a l f o f 
t h e d i s t a n c e towards i t s n e a r e s t n e i g h ­
b o u r ) . The c r i t e r i a o f s i z e and compact­
ness a r e t h e c o n s t a n t s o f t h e a l g o r i t h m . 
I f a s a r e s u l t more t h a n one group r e ­
main, t h e c h a r a c t e r i s t i c i s e s t i m a t e d a s 
such which i e s u i t a b l e f o r s p l i t t i n g i n ­
t o groups, and the o b t a i n e d system o f 
t h r e s h o l d s i s used f o r f u r t h e r p r o c e d i n g 
and s o r t i n g out t h e f r a g m e n t s . I n o t h e r 
cases t h e c h a r a c t e r i s t i c i s r e j e c t e d . 

The s o r t i n g o f f r a g m e n t s i s con­
d u c t e d by means of c o m p a r i i n g t h e v a l u e s 
o f c h a r a c t e r i c t i c s o f t h e examined f r a g ­
ment w i t h t h e t h r e s h o l d f i x i n g t h e g r o ­
ups. A s t h e r e s u l t o f s o r t i n g t h e m u l t i ­
t u d e o f f r a g m e n t s i s d e v i d e d i n t o seve­
r a l s u b m u l t i t u d e s , t h e number o f each i s 
e q u a l t o the number o f g r o u p s . Only i f 
t h e m u l t i t u d e o f s o r t e d o u t f r a g m e n t s i s 
s o l i d e.g n o t c o n t a i n i n g t h e fragment 
f r o m o t h e r groups, i t c o n s t i t u d e s a 
t e x t u r a l a r e a . The e x a m i n a t i o n by compac­
t n e s s c r i t e r i a was n o t conducted b y us, 
b u t i t c o u l d be done w i t h o u t and d i f ­
f i c u l t y . 

I f a s a r e s u l t o f s e p a r a t i n g p r o ­
cedure more one s e p a r a t i n g c h a r a c t e r i s ­
t i c i s f o u n d , i t becomes p o s s i b l e t o f o r m 
s e v e r a l v a r i a n t s o f s p l i t t i n g . I n t h a t 
case, b e s i d e i n i t i a l d e v i s i n n s t h e i r 
l o c a l f u n c t i o n s a r e p o s s i b l e . 

The second source o f a d d i t i o n a l 
d i v i s i o n s i s t h e s p l i t t i n g o f t h e sepa­
r a t e d a r e a . For t h i s purpose the s o r t e d 
o u t m u l t i t u d e o f f r a g m e n t s i s b r o u g h t 
a g a i n t o t h e e n t r y o f t h e program ( t h e 
c h a r a c t e r i s t i c s i n t h a t case a r e n o t 
e v a l u a t e d a g a i n , b u t a r e t a k e n f r o m t h e 
p r e v i o u s m a t e r i a l ) . 

The p o s s i b i l i t y o f o b t a i n i n g d i f ­
f e r e n t Kinds o f p a r t i t i o n s seems t o be 
a g r e a t advantage o f t h e model, a s i t 
p e r m i t s t o chose i n t h e process o f t h e 
a n a l y s i s t h e most adeguete p a r t i t i o n f o r 
each g i v e n problem. 

The d i s c r i b e d model was worked o u t 
as a program f o r t h e ICL-470 computer. 
The main p a r t of t h e program was w r i t t e n 
i n FORTRAN. The i n p u t r a s t r o f t h e model 
i s 80x80 u n i t s . The t i m e o f p r o c e e d i n g 
o f one p i c t u r e i n c l u d i n g t h e f o r m i n g o f 
a l l v a r i a n t s o f p a r t i t i o n i s about 3 m i ­
n u t e s , b u t i t g r e a l y depends o n t h e 
q u a l i t i e s o f t h e p i c t u r e ( e s p e c i a l l y b y 
t h e amount o f f r a g m e n t s ) . Most o f t h e 
t i m e i s used f o r t h e procedure o f s p l i t ­
t i n g t h e p i c t u r e i n t o i n i t i a l f r a g m e n t s . 

Fig.4 shows an example of computer 
s e p a r a t i o n . 

I t i s o b v i o u s t h a t t h e computer 
draws n a t u r a l d i v i s i o n s f r o m t h e human 
p o i n t o f v i e w . I t i s u n c e r t a i n y e t a s t o 
w h i c h degree t h e proposed a l g o r i t h m i s 
a n u n i v e r s a l one, and how much i t i s 
c l o s e t o t h e manner o f p r o c e e d i n g o f p i c ­
t u r e by t h e human v i s i o n . T h i s can o n l y 
b e p r o v e d b y f u r t h e r e x p e r i m e n t s w i t h 
t h e program. 

SUMMARY 

A model o f human p r o c e e d i n g o f v i ­
s i o n d a t a f o r t h e t a s k s o f s p l i t t i n g the 
p i c t u r e i n t o a r e a s o f t h e same t e x t u r e s 
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i s proposed, 
The model i s based on the f o l i o -

wine principles: 
I.The textucal areas are formed by j o i ­
ning small, i n a sense Homogeneous fr a g * 
ments of the picture. 
2. The characteristics used f o r compari-
ing the fragments are selected seoarate-
ly f o r each problem (each picture;, 
3* In order to examine the adequacy of 
the characteristics and to chose the 
thresholds the c r i t e r i a of '*separating 
i n t o groups** is used. 

An algorithm was elaborated and 
a computer program was w r i t t e n in 
FOftPRlN. 

Further experiments must show: 
1. In what extent the proposed model 
r e f l e c t s the process of the human 
vision? 
2. In what extent the proposed algo­
rithm is applicable to real situations 
and real problems? 

646 


