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ABSTRACT 

A g e n e r a l purpose sys tem f o r a 

computer s i m u l a t i o n o f p a t t e r n r e c o g n i 

t i o n a l g o r i t h m s i s p roposed t h a t c o n 

s i s t s o f a u n i v e r s a l scanner f o r o p t i 

c a l images i n p u t t o t h e compu te r , a 

d i s p l a y f o r v i s u a l o u t p u t , and s o f t 

w a r e . A c h a r a c t e r i s t i c f e a t u r e o f t h e 

sys tem i s a b l o k s t r u c t u r e o f t h e h a r d 

ware and s o f t w a r e . The system a l l o w s 

c a r r y i n g ou t most o f t h e d a t a p r o c e s s i n g 

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

o f r e c o g n i z i n g t h e o p t i c a l images o f 

o b j e c t s o f v a r i o u s p h y s i c a l n a t u r e s . 

1 . P r e s e n t - d a y p a t t e r n r e c o g n i t i o n 

i s d e v e l o p i n g s e v e r a l t r e n d s , one b e i n g 

d i f f e r e n t f r o m a n o t h e r i n t h e mathema

t i c a l f o r m a l i s m o f f o r m u l a t i n g and s o l v 

i n g t h e r e c o g n i t i o n p r o b l e m s . I n p a r t i 

c u l a r one can p o i n t ou t among t h e t r e n d s 

a s t a t i s t i c a l l e a r n i n g and r e c o g n i t i o n 

t h e o r y , a t h e o r y o f i t e r a t i v e l e a r n i n g 

p r o c e d u r e s f o r l i n e a r o r p i e c e w i s e - l i n e 

a r p a t t e r n s e p a r a t i o n , a s t r u c t u r a l ( o r 

l i n g u i s t i c ) approach t o p a t t e r n d e s c r i p 

t i o n and s o f o r t h . Anyone o f them has 

demons t ra ted s i g n i f i c a n t ach ievements 

i n s o l v i n g i n d i v i d u a l p rob lems o r p a r 

t i c u l a r c l a s s e s o f t h e p r o b l e m s . N e v e r 

t h e l e s s , t h e g e n e r a l l e v e l o f p a t t e r n 

r e c o g n i t i o n has n o t y e t been s u f f i c i e n 

t l y h i g h t o w a r r a n t assuming t h e s o l v 

a b i l i t y o f most a p p l i e d p r o b l e m s . The 

p r a c t i c a l s i g n i f i c a n c e o f t h e known 

a l g o r i t h m s i s o f t e n vague due t o com

p a r a t i v e l y s m a l l a t t e n t i o n s p a r e d f o r 

t h e i r i n v e s t i g a t i o n . I n p r a c t i c e w e 

m o s t l y e n c o u n t e r a s i t u a t i o n when i t i s 

necessary t o combine d i f f e r e n t p r o c e s s 

i n g and r e c o g n i t i o n methods f o r a p p r o 

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

p r o b l e m . The comb in ing mode is mors 

f r e q u e n t l y s e l e c t e d o n a " h e u r i s t i c " 

base r a t h e r t h a n as a r e s u l t o f a 

s t r i c t f o r m a l d e d u c t i o n . S o t h e t a s k o f 

c r e a t i n g deve loped means f o r e x p e r i m e n 

t a l i n v e s t i g a t i o n , c o m b i n a t i o n , and 

per fo rmance a n a l y s i s o f t h e v a r i o u s 

p a t t e r n r e c o g n i t i o n a l g o r i t h m s a c q u i r e s 

even g r e a t e r i m p o r t a n c e . 

The m a i n way o f i n v e s t i g a t i n g t h e 

a l g o r i t h m s i s a d i g i t a l s i m u l a t i o n , i . e 

t h e s i m u l a t i o n by means o f a g e n e r a l -

- pu rpose d i g i t a l computer equ ipped w i t h 

necessa ry I /O d e v i c e s and a s o f t w a r e . 

L e t u s enumerate t h e p r i n c i p a l ( i n o u r 

o p i n i o n ) p o i n t s t o b e used f o r compar

i n g and choos ing t h e s i m u l a t i o n mode: 

ONE SYSTEM FOR SIMULATION OF PATTERN 

RECOGNITION ALGORITHMB 
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( 1 ) E x p e n d i t u r e s o f t i m e , m a t e r i 

a l , and man-power re source a f o r d e s i g n 

i n g and c o n s t r u c t i n g t h e s i m u l a t i o n s y 

s tem; 

( 2 ) E x p e n d i t u r e s f o r mak ing c h a n 

ges i n and a d d i t i o n s t o t h e s i m u l a t e d 

a l g o r i t h m s i n t h e p rocess o f i n v e s t i g a 

t i o n s 

( 3 ) P o s s i b i l i t i e s o f s i m u l a t i n g 

t h e d i s t i n c t c l a s s e s o f t h e a l g o r i t h m s ; 

( 4 ) P o s s i b i l i t i e s o f compar ing 

t h e pe r fo rmance o f t h e d i f f e r e n t a l g o 

r i t h m s u s i n g t h e same r e a l m a t e r i a l t o 

be r e c o g n i z e d ; 

( 5 ) P o s s i b i l i t i e s o f w o r k i n g out 

t h e w e l l - f o u n d e d t e c h n i c a l r e q u i r e m e n t s 

f o r t h e r e c o g n i z i n g d e v i c e s t h a t s h o u l d 

r e a l i z e t h e s e l e c t e d a l g o r i t h m . 

▲11 t h e i n d i c e s b e i n g t a k e n o n 

t h e w h o l e , t h e advantages o f t h e d i g i t a l 

s i m u l a t i o n become o b v i o u s i n compar i son 

w i t h t h e compet ing i n v e s t i g a t i o n methods 

( e . g . w i t h t h e d i r e c t m o d e l l i n g o f t h e 

r e c o g n i z i n g d e v i c e ) . T o meet t h e s e 

q u i r e m e n t s t h e i d e a l s i m u l a t i o n sys tem 

s h o u l d possess t h e f o l l o w i n g f e a t u r e s : 

( 1 ) U n i v e r s a l i t y ( i . e . a n a b i l i t y 

t o r e a l i z e any a r b i t r a r y p a t h o f p i c 

t u r e s c a n n i n g w i t h a v a r i a b l e r e s o l u t i o n 

power a c r o s s t h e s c a n n i n g f i e l d ) ; 

( 2 ) P o s s i b i l i t y o f p i c t u r e i n s e r 

t i o n f r o m d i f f e r e n t c a r r i e r s ( p a p e r , 

f i l m , r e a l - w o r l d s c e n e s ) ; 

( 3 ) E f f e c t i v e means f o r e x p e r i m e n 

t e r - system i n t e r a c t i o n t h a t a l l o w i n 

t e r f e r i n g w i t h t h e f u n c t i o n i n g o f t h e 

s i m u l a t e d a l g o r i t h m , making a l t e r a t i o n s 

and amendments on t h e base o f t h e a n a 

l y s i s o f i n t e r m e d i a t e r e s u l t s and o b 

t a i n i n g a v i s u a l r e p r e s e n t a t i o n o f t h e 

s e r e s u l t s i n a conven ien t f o r m ( e . g . , 

g r a p h i c a l ) ; 

( 4 ) Deve loped s o f t w a r e w h i c h a l 

l ows s i m u l a t i n g t h e i n v e s t i g a t e d p i c 

t u r e p r o c e s s i n g and r e c o g n i t i o n methods 

by means o f t h e computer. 

Completeness and f l e x i b i l i t y o f 

t h e s o f t w a r e s t r u c t u r e are t h e p r i n c i 

p a l f a c t o r s i n e s t i m a t i o n o f t h e e x t e n t 

t o w h i c h t h e p a r t i c u l a r s i m u l a t i o n s y s 

tem c o u l d meet t h e f o r m u l a t e d r e q u i r e 

ments. 

I t s h o u l d b e n o t e d a t once t h a t 

we have in m ind a system b e i n g des igned 

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

g o r i t h m s and i n v e s t i g a t i n g t h e i r p e r 

f o rmance . These systems have been a l 

most f o r su re f o u n d cumbersome and o f 

l i t t l e e f f i c i e n c y a s t h e a p p l i e d means 

f o r s o l v i n g a p r a c t i c a l r e c o g n i t i o n 

p r o b l e m . E x p e r i e n c e o f a d a p t i n g a s i m i 

l a r system t o i n t r o d u c e t e c h n i c a l d raw

i n g s i n t o t h e computer has p r o v i d e d a 

c l e a r example ; t o work ou t t h e necessa 

r y and s u f f i c i e n t l y e f f e c t i v e s o f t w a r e 

f o r s o l v i n g t h i s p r o b l e m t u r n e d ou t t o 
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b e i n c r e d i b l y d i f f i c u l t ( 1 ) . A n i n t e n 

t i o n t o b u i l d u p a s p e c i a l - p u r p o s e s o f t 

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

s o l v e t h e r e c o g n i t i o n p rob lems w i t h i n 

t h e bounds of a f i x e d method(2 ) seems 

a l s o no t t o b e j u s t i f i e d enough. 

The c o n s t r u c t i o n o f " g e n e r a l - p u r 

pose" s o f t w a r e i n c l u d i n g u n i f i e d s u b r o 

u t i n e s f o r t h e i n p u t , o u t p u t , p r o c e s s 

i n g , and r e c o g n i t i o n o f a p i c t o r i a l i n 

f o r m a t i o n s h a l l answer t h e s p e c i f i c 

c h a r a c t e r o f t h e s i m u l a t i o n sys tem t o 

c o n s i d e r a b l y g r e a t e r e x t e n t . The p r i n 

c i p a l f e a t u r e o f such s o f t w a r e s h o u l d 

b e i t s " m u l t i l e v e l " s t r u c t u r e , t h e c u r 

r e n t i n p u t , o u t p u t , and p r e p o o e s s i n g 

p r o c e d u r e s b e i n g c o n c e n t r a t e d o n t h e 

l o w e r l e v e l s , and t h e more r a m i f i e d and 

c o m p l i c a t e d p i c t u r e p r o c e s s i n g and r e 

c o g n i t i o n a l g o r i t h m s p l a c e d o n t h e h i g h 

e r o n e s . The s u b r o u t i n e s f r o m t h e l o w e r 

l e v e l s a re used as components o f t h e 

h i g h e r - l e v e l s u b r o u t i n e s . T h i s " m u l t i 

l e v e l " s t r u c t u r e a l l o w s b u i l d i n g and 

m o d i f y i n g v a r i o u s a l g o r i t h m s b y s i m p l y 

j o i n i n g t h e s e p a r a t e b l o c k s - s u b r o u t i n e s 

and c o - o r d i n a t i n g v a l u e s o f t h e i r p a r a 

me te r s . Such a s t r u c t u r e a l s o p e r m i t s 

e x t e n d i n g e a s i l y t h e p o t e n t i a l i t i e s o f 

t h e sys tem by add ing t h e c o r r e s p o n d i n g 

p r o c e d u r e s t o each o f t h e l e v e l s . 

A n a n a l y s i s o f t h e known t r e n d s 

b o t h i n p a t t e r n r e c o g n i t i o n t h e o r y and 
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i n t h e d e s i g n o f t h e r e c o g n i z i n g d e v i 

ces shows t h a t t h e a im o f c r e a t i n g t h e 

" g e n e r a l - p u r p o s e " s o f t w a r e i s q u i t e 

p r a c t i c a b l e . I n s p i t e o f a l l t h e p e c u 

l i a r i t i e s o f d i f f e r e n t approaches i t 

seems t o b e p o s s i b l e t o r e v e a l i n them 

a c o n s i d e r a b l e number o f common or u n i 

f o r m p r o c e s s i n g and r e c o g n i t i o n p r o c e 

d u r e s . The l a t t e r c o u l d se rve as a base 

f o r t h e " s t a n d a r d " b l o c k s o f t h e s o f t 

w a r e . 

F o r examp le , a v a s t v a r i e t y o f 

t h e r e c o g n i t i o n p rob lems s o l u t i o n s 

c o u l d be e a s i l y shown(3 ,4 ) as reduced 

t o t h e same l i n e a r s e p a r a t i o n i n a m u l 

t i d i m e n s i o n a l f e a t u r e s p a c e . One p o l e 

o f t h e such p rob lems i s j o i n e d t o s t a 

t i s t i c a l r e c o g n i t i o n t h e o r y , t h e o t h e r 

one i s a s s o c i a t e d w i t h l e a r n i n g schemes 

l i k e t h e R o s e n b l a t t p e r c e p t r o n . The 

d i s t i n c t i o n s be tween t h e compet ing 

t r e n d s w h i c h a re r e p r e s e n t e d b y t h e s e 

a l g o r i t h m s become apparen t i n t h e mode 

o f choos ing t h e c o e f f i c i e n t s f o r t h e 

l i n e a r d i s c r i m i n a n t f u n c t i o n s . There 

a re s e v e r a l such modes: f r o m the d i r e c t 

s t a t i s t i c a l e s t i m a t i o n o f t h e unknown 

v a l u e s t o t h e s e q u e n t i a l c o r r e c t i o n s 

b e l o n g i n g t o a f a m i l y o f r e l a x a t i o n o p 

t i m i z i n g p rocesses f o r t h e f u n c t i o n s o f 

many v a r i a b l e s . Any o f them c o u l d c o n 

s t i t u t e t h e i n d i v i d u a l b l o c k o n t h e c o r 

r e s p o n d i n g s o f t w a r e l e v e l . 
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The l i k e l i n e a r B e p a r a t i o n ( " m a s k -

- m a t c h i n g " ) p l a y s f i r s t f i d d l e a l s o i n 

a number o f modern o p t i c a l r e a d i n g d e 

v i c e s ( 5 ) . The c o e f f i c i e n t s e t s f o r m h e 

r e s o - c a l l e d " t emp la tes ' * o r "masks" d e 

f i n i n g t h e r e c o g n i z e d c l a s s e s o f a l p h a -

n u m e r i c a l c h a r a c t e r s . F o r m a t c h i n g , t h e 

c h a r a c t e r s h o u l d b e p l a c e d i n a c e r t a i n 

p o s i t i o n w i t h r e s p e c t t o t h e t e m p l a t e . 

T h i s o p e r a t i o n i s c a l l e d " c h a r a c t e r p o 

s i t i o n i n g " . ] One c o u l d d i s t i n g u i s h b e t 

ween s e v e r a l p o s i t i o n i n g methods, f o r 

example , b y s h i f t i n g t h e c h a r a c t e r u n 

t i l i t s b o r d e r b l a c k p o i n t s ( " e d g e s ) 

r e a c h t h e g i v e n l i m i t s , o r i t s " c e n t e r 

o f g r a v i t y " reaches t h e g i v e n p o i n t , o r 

b y f i n d i n g t h e p o s i t i o n o f t h e b e s t ma

t c h i n g , e t c . These p r o c e d u r e s c o u l d b e 

i n t u r n c o n s i d e r e d a s t h e b l o c k s o f t h e 

sys tem s o f t w a r e . Hav ing combined t h e 

s i m i l a r b l o c k s one can s i m u l a t e t h e 

most p a r t o f t h e r e c o g n i t i o n methods 

l a i d a t t h e f o u n d a t i o n o f t h e s e r e a d i n g 

d e v i c e s . Such a d e t a i l e d a n a l y s i s i s 

o b v i o u s l y p o s s i b l e f o r any known t r e n d 

i n p a t t e r n r e c o g n i t i o n . 

The s t a t e d p r i n c i p l e o f t h e s o f t 

ware c o n s t r u c t i o n w i l l c l o s e u p i n t he 

end w i t h t h e p r o b l e m o f d e v e l o p i n g s p e 

c i a l - p u r p o s e languages f o r s i m u l a t i n g 

t h e p a t t e r n r e c o g n i t i o n a l g o r i t h m s . 

2 . The p roposed g e n e r a l - p u r p o s e 

system f o r t h e computer s i m u l a t i o n o f 

t h e p a t t e r n r e c o g n i t i o n and p i c t u r e 

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

f o l l o w i n g p a r t s : 

(1 ) L o c a l c o n t r o l u n i t f o r i n t e r 

c o n n e c t i n g t h e computer and I /O u n i t s ; 

( 2 ) Scanner f o r i n s e r t i n g p i c t o 

r i a l i n f o r m a t i o n f r o m f i l m o r paper c a 

r r i e r s ; 

( 3 ) CRT d i s p l a y f o r m u l t i - s h a d e 

o u t p u t o f t h e p i c t o r i a l i n f o r m a t i o n ; 

(4 ) System s o f t w a r e s u b d i v i d e d 

i n t o t h r e e l e v e l s : 

( a ) i n p u t - o u t p u t p r o c e d u r e s ; 

( b ) b a s i c p i c t u r e p r e p r o c e s 

s i n g ; 

( c ) c e r t a i n r e c o g n i t i o n a l g o 

r i t h m s 

The hardware has been des igned as sepa

r a t e u n i t s ( F i g . 1 ) . The l o c a l c o n t r o l 

u n i t r e c e i v e s f r o m t h e computer c o n t r o l 

s i g n a l s and c o - o r d i n a t e s codes o f t h e 

p i c t u r e p o i n t t o b e scanned, f o rms c o n 

t r o l s i g n a l s f o r t h e scanner and d i s 

p l a y , encodes and t r a n s m i t s t o t h e com

p u t e r g rayness v a l u e s o f t h e scanned 

p o i n t s and p roduces s i g n a l s a l l o w i n g 

t h e r e c e p t i o n and t r a n s m i s s i o n o f t h e 

i n f o r m a t i o n o b t a i n e d . The scanner i s 

d i v i d e d i n t o two i s o l a t e d u n i t s : f o r 

paper c a r r i e r p r o c e s s i n g and f o r f i l m 

c a r r i e r p r o c e s s i n g . The scanner has 
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t h e f o l l o w i n g f e a t u r e s s 

— f i e l d o f v i s i o n o f t h e p a p e r 

p r o c e s s i n g u n i t (measu r i ng a r e f l e c t 

ance in a scanned p o i n t ) : 10 x 10 and 

40 x 40 mm2; 

— f i e l d o f v i s i o n o f t h e f i l m 

p r o c e s s i n g u n i t ( m e a s u r i n g a t r a n s p a 

r e n c y in t h e scanned p o i n t ) : 16 x 22 

mm2; 

— maximai s c a n n i n g r a s t e r } 1024 x 

1024 p o i n t s ; 

— max imal r e s o l u t i o n power i n t h e 

c e n t e r o f t h e f i e l d o f v i s i o n s u p t o 

40 l i n e s p e r mm; 

c o n t r o l l e d v a r i a t i o n o f t h e 

s o l u t i o n power i n t h e scanned p o i n t : 

up to 32 t i m e s ; 

— d i s c e r n i b l e v a l u e s o f t h e measu-

r e d g rayness i n t h e scanned p o i n t : 3 2 ; 

— max ima l p r o c e s s i n g t i m e f o r one 

scanned p o i n t ( a comp le te c y c l e u n t i l 

r e a d i n e s s f o r t h e n e x t p o i n t p r o c e s s 

i n g ) : 180 m i c r o s e c ; 

— maximal t i m e f o r s e t t i n g t h e 

new v a l u e o f t h e r e s o l u t i o n power : 

1 m i l l i s e c . 

The m a g n e t i c - c o n t r o l l e d GBTs have been 

used i n t h e scanner u n i t s a s sou rces 

o f t h e s c a n n i n g l i g h t s p o t . The s e t t i n g 

o f t h e r e s o l u t i o n power has been c a r r i 

ed ou t by chang ing t h e spo t d i a m e t e r 

on t h e CRT s c r e e n . The spo t d i a m e t e r 

by t h e computer as a p a r t o f t h e s i m u 

l a t i o n s y s t e m , t h e c o r r e s p o n d i n g 5 - b i t 

g rayness code b e i n g i n s e r t e d d i r e c t l y 

i n t o t h e computer co re memory. 

I n s p i t e o f t h e s m a l l f i e l d o f 

v i s i o n , t h e pape r p r o c e s s i n g u n i t can 

scan s u f f i c i e n t l y l a r g e p i c t u r e s : u p 
2 

to 210 x 300 mm2 . For t h i s pu rpose t h e 

u n i t has been equ ipped w i t h a s p e c i a l 

movable c a r r i a g e w h i c h t h e p i c t u r e i s 

f i x e d o n , s h i f t s o f t h e c a r r i a g e b e i n g 

c o n t r o l l e d b y t h e compu te r . A s h i f t i n g 

r a t e ( s i m u l t a n e o u s l y i n b o t h d i r e c t i 

ons) i s about 2 5 mm/sec. A n a c c u r a c y 

o f t h e c a r r i a g e s e t t i n g i n a g i v e n p o 

s i t i o n i s n o t worse t h a n 0 . 1 mm. The 

computer has a l s o c o n t r o l l e d d i s p l a c e 

ments o f t h e f i l m f r a m e s , t h e r a t e o f 

d i sp l acemen t b e i n g about 1 f rame p e r 

sec and t h e accu racy o f t h e f rame s e t 

t i n g — about 0 .02 mm. A b l o c k d iag ram 

o f t h e scanner u n i t s and c o n n e c t i o n s 

w i t h t h e l o c a l c o n t r o l u n i t i s g i v e n 

i n F i g . 2 . The d i s p l a y u n i t has been 

equ ipped w i t h t h e CEP h a v i n g t h e s c r e -

en w o r k i n g a rea abou t 200 x 200 mm2 

V i s u a l l y d i s c e r n i b l e g r a d a t i o n s o f t h e 

p o i n t b r i g h t n e s s a r e about 12 t o 14 . 

The sys tem s o f t w a r e possesses a 

b l o c k s t r u c t u r e a l l o w i n g a n o p e r a t i v e 

i n t e r f e r e n c e w i t h t h e d e s i g n o f t h e 

s i m u l a t e d a l g o r i t h m s . The f i r s t - l e v e l 

and p o s i t i o n o n t h e s c r e e n a r e g i v e n s o f t w a r e i n c l u d e s : 
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— s u b r o u t i n e f o r t h e s p e c i a l m o d i 

f y i n g o f t h e computer s u p e r v i s o r w h i c h 

ensures t h e sys tem f u n c t i o n i n g o n t h e 

a n i n i t i a l p i c t u r e and t h e p i c t u r e o b 

t a i n e d a s a r e s u l t o f t h e q u a n t i z a t i o n 

whole ; 

s u b r o u t i n e s f o r s e t t i n g t h e n e c e 

s s a r y w o r k i n g r a t e s and c o n t r o l l i n g t h e 

sys tem u n i t s ; 

— s u b r o u t i n e f o r i n s e r t i n g parame

t e r v a l u e s i n t o t h e f i r s t - l e v e l b a t c h e s 

i n t h e p r o c e s s o f sys tem f u n c t i o n i n g b y 

means o f t h e computer c o n t r o l b o a r d ; 

— s u b r o u t i n e s f o r f o r m i n g s c a n n i n g 

r a s t e r s w i t h a r b i t r a r y pa rame te r s and 

s e a r c h i n g f o r t h e s e p a r a t e images o n t h e 

s c a n n i n g f i e l d ; 

— s u b r o u t i n e s f o r compress ing and 

decompress ing t h e d i g i t a l i n f o r m a t i o n 

o b t a i n e d b y s c a n n i n g d u r i n g i t s i n s e r 

t i o n i n t o t h e computer memory and p r o 

c e s s i n g ; 

— s u b r o u t i n e s f o r g e o m e t r i c a l t r a n s 

f o r m a t i o n s ( t r a n s l a t i o n , r o t a t i o n , s c a l 

i n g ) o f t h e I /O p i c t u r e s , and s o f o r t h . 

The s e c o n d - l e v e l s o f t w a r e accomp

l i s h e s t h e b a s i c p i c t u r e p r e p r o c e s s i n g s 

— q u a n t i z a t i o n , i . e . a changeover 

f r o m 3 2 - g r a d a t i o n g rayness s c a l e t o any 

l e s s e r number o f g r a d a t i o n s : 

( a ) t h e q u a n t i z a t i o n w i t h a r b i t 

r a r y g i v e n bounds o f t h e new g r a d a t i o n s ; 

( b ) t h e a d a p t i v e q u a n t i z a t i o n 

where t h e bounds a r e v a r i a b l e and chosen 

t o m i n i m i z e a c e r t a i n " d i s t a n c e " between 

( 6 ) 

d i s c r e t i z a t i o n , i . e . a change

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

used f o r t h e p i c t u r e r e p r e s e n t a t i o n t o 

t h e new r a s t e r r e p r e s e n t a t i o n w i t h any 

l e s s e r number o f t h e p o i n t s : 

(a ) t h e d i s c r e t i z a t i o n w i t h a r 

b i t r a r y g i v e n bounds o f t h e new r a s t e r 

c e l l s ; 

( b ) t h e i t e r a t i v e d i s c r e t i z a t i o n 

where t h e bounds a re v a r i a b l e and chosen 

to p r o v i d e a l o c a l minimum o f a c e r t a i n 

" d i s t a n c e " between a n i n i t i a l p i c t u r e 

and t h e p i c t u r e o b t a i n e d as a r e s u l t o f 

t h e d i s c r e t i z a t i o n ; 

( c ) t h e s i m i l a r i t e r a t i v e d i s 

c r e t i z a t i o n p r o v i d i n g t h e l o c a l minimum 

o f t h e " d i s t a n c e * between a g i v e n p r o 

t o t y p e and a p i c t u r e a f t e r t h e d i s c r e 

t i z a t i o n ; 

— d i g i t a l f i l t e r i n g w i t h a n a r b i 

t r a r y r e c t a n g u l a r f i l t e r . B y a s s i g n i n g 

t h e d e f i n i t e w e i g h t s t o t h e f i l t e r p o 

i n t s one c o u l d r e a l i z e a number o f t h e 

known p r o c e d u r e s o f i s o t r o p i c and a n i 

s o t r o p i c f i l t e r i n g , f o r example , a " c o 

n t o u r l i n e e x t r a c t i o n " o n t h e b l a c k -

w h i t e p i c t u r e s . 

Fu r the rmore t h e s e c o n d - l e v e l s o f t w a r e 

cove rs g e o m e t r i c a l t r a n s f o r m a t i o n s o f 

t h e p i c t u r e s g i v e n a s n u m e r i c a l a r r a y s , 
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compu ta t i ons of a 2D a u t o c o r r e l a t i o n 

f u n c t i o n and 2 D moments f o r t hese p i c 

t u r e s and so o n . 

The u p - t o - d a t e t h i r d - l e v e l s o f t 

ware i s l e s s d e v e l o p e d . I t c o n t a i n s v a 

r i o u s m o d i f i c a t i o n s o f t h e c h a r a c t e r 

r e c o g n i t i o n a l g o r i t h m s based o n t h e c o 

r r e l a t i o n method, c o r r e l a t i o n a l g o r i t h m s 

f o r i d e n t i f i c a t i o n o f t h e c o r r e s p o n d i n g 

p o i n t s o n s t e r e o p h o t o g r a p h s , a l g o r i t h m s 

f o r such i d e n t i f i c a t i o n u s i n g t h e d i 

r e c t e d s e a r c h t h r o u g h p o s s i b l e geomet

r i c a l t r a n s f o r m a t i o n s o f t h e c o r r e s p o n 

d i n g p a r t s o n t h e s t e r e o p h o t o s , e t c . 

I n p r e c e d i n g y e a r s t h e f i r s t v e r 

s i o n o f t h e sys tem d e s c r i b e d ( 7 ) was 

used to i n v e s t i g a t e a number o f r e c o g 

n i t i o n p r o b l e m s , e . g . , f o r a c o m p a r a t i 

v e per fo rmance a n a l y s i s o f t h e c o r r e l a 

t i o n and s i m i l a r c h a r a c t e r r e c o g n i t i o n 

methods ( 8 , 9 , 1 0 ) , a n e x a m i n a t i o n o f 

s t a t i s t i c a l models o f t y p e d c h a r a c t e r s 

( 9 , 1 0 ) , r e s e a r c h e s i n d i f f e r e n t h a n d 

p r i n t r e c o g n i t i o n p rocedu res ( 1 1 ) , and 

t h e l i k e . 

Now t h e d e s c r i b e d sys tem i s s e r 

v i n g a s a n e x p e r i m e n t a l t o o l f o r r e s e 

a r c h i n a u t o m a t i c s t e r e o p h o t o g r a m m e t r y , 

c u r s i v e s c r i p t r e c o g n i t i o n i n t h e p r o 

cess o f w r i t i n g , e t c . 

I n t h e f u t u r e t h e sys tem i s i n 

t e n d e d t o b e supp lemented w i t h s e v e r a l 

— i n t r o d u c t i o n o f p i c t u r e s f r o m 

b r o a d f i l m c a r r i e r s ( w i t h a w i d t h u p 

t o 500 mm); 

— TV i n p u t o f r e a l - w o r l d scenes ; 

— b u f f e r memory (8 to 16K) to e x 

pand t h e sys tem p o t e n t i a l i t i e s and i m 

p rove t h e i n t e r c o n n e c t i o n w i t h t h e com

p u t e r ; 

e x p a n s i o n o f t h e s o f t w a r e m a i n 

l y t owards t h e a n a l y s i s o f r e a l - w o r l d 

scenes and t h e r e c o g n i t i o n o f 3D o b j 

e c t s . 
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L o c a l C o n t r o l U n i t 

and D i s p l a y U n i t 

F i g . 1 Hardware o f t h e Sys tem f o r S i m u l a t i o n o f P a t t e r n R a c o g n l t i a n 
A l g o r i t h m s 
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F i g . 2 A B l o c k Diagram o f t h e Scanner U n i t s and Connec t i ons w i t h 
t h e L o c a l C o n t r o l U n i t 

i 
i l l 

l o c a l c o n t r o l u n i t , 1 1 
f i l m p r o c e s s i n g u n i t 

paper p r o c e s s i n g u n i t , 

A — v o l t a g e - t o - d i g i t a l c o n v e r t e r , B c o n t r o l l o g i c . 

C,E — c o - o r d i n a t e r e g i s t e r s , D — 

c o n v e r t e r , F — f o c u s r e g i s t e r , G 

d i g i t a l - t o - v o l t a g e 

— p a p e r - t r a n s p o r t i n g 

mechanism, H f i l m - t r a n s p o r t i n g mechanism 

The f i g u r e s 1 , 2 , 3 , 4 , 5 mark t he c o n n e c t i o n s to be 

commuted when s w i t c h i n g on t h e c o r r e s p o n d i n g u n i t 


