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Summary 

A s y s t e m has been cons t ruc ted by w h i c h 
we can des ign recogn i t i on log ics by t r i a l & e r r o r , 
exchanging i n f o r m a t i o n w i t h a compute r . 

I f the ex t rac ted features f i t the exper ience 
of a man as regards his recogn i t i on of 
c h a r a c t e r s the sys tem is use fu l , because i t 
d isp lays the i n t u i t i ve i n f o r m a t i o n cor respond ing 
to demand, p e r m i t s us to rev i se the log ics o n 
l i n e , and evaluates the log ics i m m e d i a t e l y . 

The s y s t e m consists of a N E A C 2200/200 
d ig i t a l computer and a g raph i c CRT d isp lay . 
The s y s t e m p r o g r a m ca l led CADOCR is 
acompan ied w i t h a recogn i t ion p r o g r a m of scheme 
a r b i t r a r i l y chosen. 

In o r d e r to tes t the v a l i d i t y of th is s y s t e m , 
the sequent ia l l og ics fo r recogn iz ing handpr in ted 
n u m e r a l s w e r e des igned. 

1 . In t roduc t ion 

Va r i ous studies have been c a r r i e d out on 
the o p t i m u m method of des ign ing the recogn i t i on 
l og i c i n pa t te rn recogn i t i on . Most w o r k s w e r e 
p e r f o r m e d on the methods of d e r i v i n g the 
o p t i m u m d i s c r i m i n a n t funct ion (most ly l i n e a r ) 
s t a t i s t i c a l l y f r o m comp i la t i on of the sets of the 
features of the c h a r a c t e r s . *» 2, 3, 4, 5 T h e 

cha rac te r recogn i t i on s y s t e m of th is type is 
founded on the assumpt ion of the s t a t i s t i c a l 
independency of cha rac te r fea tu res . Thus the 
method can be u t i l i z e d in the recogn i t i on of a 
l i m i t e d font . However , i t i s not very e f fec t i ve in 
the recogn i t i on o f hand -p r i n ted charac te rs w h i c h 
g rea t l y va r y in s t y le and s i ze . 

Many w o r k e r s postu la ted that in the 
recogn i t i on o f the hand -p r i n ted c h a r a c t e r s , i t i s 
advantageous to ex t rac t the detectab le features 
w h i c h f i t the i n tu i t i on of a p e r s o n , such as 
t e r m i n a l s , end po in t s , c u r v a t u r e s , in f lec t ions o f 
the s t r o k e s , and use t h e i r r e l a t i v e pos i t ions and 

ft 7 ft 
connect ion re la t ions fo r r ecogn i t i on . ' ' 

In such a s y s t e m the method of ex t rac t i on 

of the ef fect ive features necessary f o r the 
recogn i t ion is i m p o r t a n t . However , the 
de r i va t i on of the sequent ia l l og i c to obta in the 
sequent ia l re la t ions and the method of c o n s t r u c t 
ing the dec is ion t r e e a r e m o r e i m p o r t a n t . 

I f the ex t rac ted features a r e g e o m e t r i c a l 
we sha l l be ab le to cons t ruc t the sequent ia l l og i c 
by a r rang ing the fea tures sequent ia l l y in 
accordance w i t h our concept on the features of 
the c h a r a c t e r s . By means of the l o g i c , 
sa t i s fac to ry resu l t s w i l l not be obta ined f r o m the 
beginning. I t is necessary to repeat t r i a l s and 
e r r o r s concern ing design and recogn i t i on . In 
hand -p r i n ted c h a r a c t e r s , i t i s not su f f i c ien t to 
p r e p a r e only one sequent ia l l og i c fo r one class of 
c h a r a c t e r s . Many m o r e , an ave rage of t en , a t 
least a r e r e q u i r e d . 

In o r d e r to recogn ize even only the n u m e r -
a l s , m o r e than a hundred sequent ia l l og ics a r e 
r e q u i r e d . To lossen the a l l owab le degree o f 
de fo rma t i on in the cha rac te rs inc reases the 
number o f sequent ia l l o g i c s . An enormous 
amount o f l abo r w i l l be r e q u i r e d to p roduce the 
sequent ia l l o g i c s . 

So fa r no e f fec t ive method has been deve lop
ed for the recogn i t i on log ic that takes sequence 
in to cons ide ra t i on . 

in o r d e r to des ign the sequent ia l log ic 
e f fec t i ve l y , we developed the CADOCR s y s t e m 
wh i ch makes the d i sp lay of d i v e r s e recogn i t ion 
states poss ib le a c c o r d i n g to our demands, a l lows 
commun ica t i on between the des igner and 
compute r , and p e r m i t s the rev i s i on of the 
sequent ia l l og ics eas i l y . 

2. CADOCR Sys tem 

In the design of th is s y s t e m , the fo l low ing 
i t ems w e r e taken into cons ide ra t ion . 
(1) In o r d e r to des ign a sequent ia l log ic by 
t r i a l - a n d - e r r o r , t h e r e should be va r ious data to 
r e v i s e the sequent ia l l og i c . 

M a c r o s c o p i c rev iews such as confusion 
m a t r i x a r e the most su i tab le to know the resu l t s 
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o f o v e r a l l r e c o g n i t i o n . But the rev iews a r e not 
su i tab le f o r de tec t ing the de fec t i ve sequen t ia l 
l og i c . I f m o r e de ta i l ed i n f o r m a t i o n to mod i f y the 
sequent ia l l o g i c is r e q u i r e d to be known, the 
i n f o r m a t i o n mus t be d e r i v e d eas i l y f r o m the 
m a c r o s c o p i c r ev i ew . 
I f a m o d i f i c a t i o n of the de fec t i ve log ics is 
n e c e s s a r y , the response to the m o d i f i c a t i o n must 
be r e tu rned i m m e d i a t e l y in a v i s u a l f r o m . 
(2) In o r d e r to l e t the concept of con f i gu ra t i on 
r e f l e c t on the des ign of sequent ia l l o g i c , the 
i n t u i t i v e i n f o r m a t i o n such as the sequent ia l l o g i c 
w i t h the codes suggest ive of fea tures and the bi t 
pa t t e rn o f c h a r a c t e r f i g u r e and i ts co r respond ing 
f ea tu re s t r i n g a r e needed. 
(3) I t i s d e s i r a b l e to have the t i m e f r o m our 
demand to compu te r rep ly made s h o r t . The 
t u r n - a round t i m e should be so sho r t as to be 
ag reeab le to the des igne r . 
(4) The p r e p a r a t i o n of h a r d copies w i l l be 
developed when we have demand to r e c o r d 
i m p o r t a n t i n f o r m a t i o n fo r f u tu re r e f e r e n c e . 
(5) The s y s t e m is to be made independent of 
r ecogn i t i on method . The s y s t e m should be used 
by m e r e l y rep lac ing the recogn i t i on p r o g r a m . 

The s y s t e m is shown in F i g . 1 , The input 
cha rac te r is f i r s t scanned by a scanner and then 
ana lyzed in to fea tu re a r r a y be means of f ea tu re 
ex t r ac t i ng p r o g r a m . The bi t p a t t e r n o f input 
cha rac te r and f ea tu re a r r a y a r e named I P T . The 
I P T ' s a r e co l l ec ted and s t o red on magne t i c tape 
as IPT f i l e . 

The I P T f i le is one of the o r i g i n a l data of 
th is s y s t e m . F o r o ther o r i g i n a l data the 
sequent ia l l o g i c (SRL) f i l e cons is t ing o f S R L ' s , 
p r e p a r e d by use and f i e l d in magne t i c tape , is 
used. 

The g raph i c CRT d isp lay and the l i ne 
p r i n t e r a r e connected to the cen t ra l p r o c e s s i n g 
un i t , N E A C 2200/200 d i g i t a l c o m p u t e r . 9 The 
p r o g r a m consis ts o f a s y s t e m p r o g r a m ca l led 
CADOCR and a recogn i t i on p r o g r a m connected to 
i t . 

The b lock d i a g r a m of th is s y s t e m is shown 
in F i g . 2 . T h e r e a r e s i x func t ion keys used in 
th is s y s t e m , A D D key to add c h a r a c t e r s , P E A L 
key to rep lace c h a r a c t e r s , INS key to i n s e r t 
c h a r a c t e r s , P T N key f o r bi t p a t t e r n d i sp lay , 
ASGN key to ass ign l i gh t but tons, and E X E Q key 
to c a r r y out the p r o g r a m connected to the l i gh t 
but ton. 

When the ASGN key i s p r e s s e d , the l i g h t 
button is ass igned by a l i gh t pen. Then the 
E X E Q key i s p r e s s e d , and the p r o g r a m 

co r respond ing to the name of the l i gh t button is 
c a r r i e d out . 

Seven l i gh t buttons have been p r o v i d e d . 
DE5P : D isp lays the recogn i t i on r esu l t . 
L N P R : The i n f o r m a t i o n d i sp layed on the 

CRT i s p r i n t e d i n the l i n e p r i n t e r . 
PARA D isp lay the succeeding de ta i l 

i n f o r m a t i o n co r respond ing to the 
p a r a m e t e r such as index of co lumn 
or row o f the m a t r i x . 

STOR : Stores the l o g i c a l f o r m u l a s of 
sequent ia l l o g i c d i sp layed on the 
CRT in to the core m e m o r y o f cen t ra l 
p r o c e s s i n g un i t . 

RECG : Recognizes the I P T by means of the 
sequent ia l l o g i c d i sp layed on the 
C R T . 

UPDT : Updates the S R L f i l e by means of the 
sequent ia l l o g i c d i sp layed on the 
CRT. 

C A L L : Ca l ls the confus ion m a t r i x . 
Numerous operat ions can be p e r f o r m e d by the 
use of func t ion keys , l i gh t but tons, l i gh t pen and 
cha rac te r keyboa rd . 

3. Sys tem Func t ions 

Sequent ia l d isp lay o f recogn i t i on i n f o r m a t i o n 

In o r d e r to f i nd the p a r t of a sequent ia l 
l og i c w h i c h needs r e v i s i o n , the evo lu t ion f r o m 
o v e r a l l r ecogn i t i on s tate to de ta i l s ta te must be 
observed on the CRT . 

The d e s i r e d p a r a m e t e r , input cha rac te r 
c l ass , sequent ia l l og i c c l a s s , input c h a r a c t e r 
n u m b e r o f the m a t r i x or the tab le on the C R T , 
a re ass igned by means of the l i gh t pen. 
E f f e c t i v e de ta i l i n f o r m a t i o n co r respond ing to the 
p a r a m e t e r a r e p resen ted . 

F o r examp le , take f i ve c lasses , " 0 " , " 1 " , 
" 2 " , " 3 " and " 4 " . W e s h a l l exp la in what k i nd o f 
recogn i t i on state co r respond ing to the ass igned 
p a r a m e t e r w i l l be d i sp layed . 

Review o f confus ion M a t r i x By ass ign ing 
the l i gh t button PARA and p r e s s i n g the E X E Q key, 
the Confus ion M a t r i x shown in F i g . 3 is d i sp layed . 
I n the co lumn a t the le f t end, the " 0 " , " 1 " , " 2 " , 
" 3 " and "4" i nd i ca te the input c h a r a c t e r c l asses , 
and i n the row a t the upper end, the " 0 " , " 1 " , 
" 2 " , " 3 " and " 4 " i nd i ca te the sequent ia l l og i c 
c l asses , v i z , the c lass names . C ind ica tes 
c o r r e c t , E subs t i t u t i on e r r o r , W wander . (Th is 
means c o r r e c t and i n c o r r e c t r ecogn i t i on ) , R 
r e j e c t , and T t o t a l . 
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In th is examp le , out of the to ta l 100 input 
cha rac te rs belonging to Class " 2 " , 91 charac te rs 
a r e d i sp layed as being recogn ized c o r r e c t l y 
acco rd ing to the sequent ia l log ics in the Class 
" 2 " , w h i l e f i ve and two charac te rs a r e 
recogn ized i n c o r r e c t l y acco rd ing to the 
sequent ia l l og ics in Classes "0 " and " 3 " , 
r e s p e c t i v e l y . 

T h e r e is one input charac te r w h i c h is 
recogn ized as c o r r e c t by the sequent ia l l og ics in 
Class 2, but recogn ized i n c o r r e c t l y by the 
sequent ia l l og ics in a l l the other c lasses . T h e r e 
is a l so one input cha rac te r d isp layed as re jec ted 
by a l l o f the sequent ia l l o g i c s . 

Review of SRL 's in a class When sequen
t i a l l og i c c lass in F i g . 3 (Confusion M a t r i x ) i s 
des ignated , the numbers of input charac te rs 
judged by the va r i ous SRL 's in the designated 
class a r e d i sp layed in a m a t r i x f o r m . 

F i g . 4 shows the m a t r i x d isp layed when the 
Class " 0 " sequent ia l log ics in F i g . 3 (Confusion 
M a t r i x ) was des ignated. It can be seen that 
sequent ia l l og i c 0 -2 (second sequent ia l l og i c in 
Class " 0 " ) h a s recogn ized two o f the Class " 0 " 
input cha rac te rs c o r r e c t l y , but recogn ized four 
o f the Class " 2 " input charac te rs i n c o r r e c t l y . 

In th is way , we f ind wh i ch sequent ia l l og i c 
shou ld be r e v i s e d . 

Review of I P T ' s in a class W hen the input 
cha rac te r c lass in F i g . 3 or F i g . 4 is des ignated, 
the sequent ia l log ics recogn iz ing the input 
cha rac te rs o f the designated class a r e d isp layed 
in a m a t r i x f o r m . 

F i g . 5 shows the m a t r i x d isp layed when the 
input cha rac te r c lass " 2 " in F i g . 3 (Confusion 
M a t r i x ) was des ignated. 

F o r examp le , the codes ind ica te that the 
input cha rac te r 2-003 ( T h i r d input cha rac te r in 
c lass "2 " ) m a r k e d w i t h l e t t e r W is shown as 
being i n c o r r e c t l y recogn ized by the sequent ia l 
l og i c 0 -2 and c o r r e c t l y recogn ized by the 
sequent ia l l og i c 2 -2 . Th is shows the reason why 
the va lue of W in F i g . 3 (Confusion M a t r i x ) was 
one. 

The m a t r i x ind ica ted the de ta i l i n f o r m a t i o n 
re l a t i ng to the input cha rac te r Class w h i c h cannot 
be found only by look ing at F i g . 3 (Confusion 
M a t r i x ) and F i g . 4 . 

Review of S R L When the sequent ia l l og i c 
in F i g . 4 or F i g . 5 on the CRT is se lec ted by the 

l i gh t pen , the l o g i c a l f o r m u l a o f the sequent ia l 
l og i c and the fea tu re a r r a y of the input 
c h a r a c t e r s , w h i c h can be recogn ized c o r r e c t l y or 
i n c o r r e c t l y by the designated sequent ia l l o g i c , 
a re d isp layed w i t h codes suggest ive of the shapes 
of input cha rac te r f ea tu res . In F i g . 6 a r e shown 
the fea tu re a r r a y s (1) of the input cha rac te r s 
0-006 wh i ch the sequent ia l l og ic 0-2 in F i g . 4 or 
F i g . 5 recogn ized c o r r e c t l y , and (2) of the input 
cha rac te rs 2-003, 2-009, 2-010, and 2-0 1 6 w h i c h 
the same sequent ia l l og i c recogn ized i n c o r r e c t l y . 

F r o m the tab le , we can de te rm ined how to 
rev i se the sequent ia l l og i cs . 

Review of IPT : When the input cha rac te r 
number in F i g . 5 is des ignated, the fea ture a r r a y 
of the des ignated input cha rac te r and the l og i ca l 
f o rmu las o f sequent ia l l og i c w h i c h recognizes the 
input cha rac te r c o r r e c t l y o r i n c o r r e c t l y , a r e 
d isp layed . Among the sequent ia l log ics w h i c h 
re jec t the cha rac te r , the sequent ia l log ics fo r 
l e t t e rs of the same class as that of the input 
cha rac te r a r e a l s o d isp layed w i t h the codes, and 
the places in the l o g i c a l f o r m u l a wh i ch caused 
the re j ec t i on a r e po in ted out by b l i nk ing l i g h t s . 

F i g . 7 gives the tab le d isp layed on a CRT 
when the input cha rac te r 2-010 in F i g . 5 is 
des ignated. Since input cha rac te r 2-010 is 
recogn ized i n c o r r e c t l y by sequent ia l l og i c 0 -2 , 
the l o g i c a l f o r m u l a fo r the sequent ia l l og i c 0-2 is 
d i sp layed . Since the input c h a r a c t e r 2-010 is 
a l so re j ec ted by sequent ia l log ics 2 - 1 , 2 -2 , and 
2-3 , the causes fo r the r e j ec t i on a r e ind ica ted by 
b l i nk ing when the l o g i c a l f o r m u l a s o f these 
sequent ia l l og ics a r e d i sp layed . 

Th is serves as an a id to d e t e r m i n e how to 
rev i se the sequent ia l log ics to have the re jec ted 
input c h a r a c t e r recogn ized c o r r e c t l y . 

Rev is ion of Sequent ia l Log i c 

Sequent ia l l og ics a r e r ev i sed by means of 
the funct ion keys of add i t i on , rep lacement and 
i n s e r t i o n o f c h a r a c t e r s , when the l og i ca l f o rmu las 
of the sequent ia l l og ics a re d isp layed in F i g . 6. 

V e r i f i c a t i o n o f Sequent ia l Log ic Rev is ion 

A f t e r r e v i s i n g the sequent ia l l og i c , i t i s 
essent ia l to see i f the recogn i t ion ab i l i t y has 
i m p r o v e d . F o r th is purpose the STOR and RECG 
l igh t buttons a r e used. 

When the STOR l i gh t button is ass igned , the 
r e v i s e d l o g i c a l f o r m u l a o f the sequent ia l l og i c in 
the CRT buf fe r m e m o r y is t r a n s f e r r e d in to the 
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c e n t r a l p r o c e s s i n g un i t . When the RECG l i gh t 
button i s ass i gned , the input c h a r a c t e r r e c o g 
n i zed by the sequent ia l l o g i c p r i o r to recogn ized 
once m o r e by the r e v i s e d sequent ia l l o g i c , and 
the r e s u l t i s d i sp layed on the CRT in the same 
manner as F i g . 6. In th is checkup, the input 
c h a r a c t e r n u m b e r w i t h the recogn i t i on resu l t s 
d i f f e r i n g f r o m those p r i o r t o r e v i s i o n , a r e 
d i sp layed by b l i n k i n g . 

Updat ing Sequent ia l L o g i c F i l e 

When i t i s v e r i f i e d that the recogn i t i on 
capab i l i t y o f the r e v i s e d sequent ia l l o g i c i s 
s u p e r i o r to that be fo re r e v i s i o n , the sequent ia l 
l og i c f i l e can be updated w i t h the r e v i s e d 
sequent ia l l og ic by ass ign ing the U P D T l igh t 
but ton. 

Recogn i t ion by Updated Sequent ia l L o g i c F i l e 

A f t e r updat ing the sequent ia l l o g i c f i l e , i f 
n e c e s s a r y , a l l o f the input cha rac te rs a r e 
recogn ized once m o r e by the updated sequent ia l 
l og i c f i l e , and we can obta in the percen tage of the 
c o r r e c t r ecogn i t i on of the input cha rac te r s by 
ass ign ing the C A L L l i gh t but ton. 

H a r d Copy O r d e r 

When we want a h a r d copy of the i n f o r m a t i o n 
on the C R T , we can have i t p r i n t e d by the l i n e 
p r i n t e r by ass ign ing the l i gh t button L N P R . 

B i t Pa t t e rn D isp lay 

T h e r e a r e t w o methods o f o r d e r i n g the 
d isp lay of b i t p a t t e r n in a f o r m of input c h a r a c t e r . 
The f i r s t method i s to p r e s s the P T N key and 
ass ign the input c h a r a c t e r n u m b e r to be d i sp layed 
on the CRT by means of the keyboard . The second 
method is to des ignate the input cha rac te r 
numbers to be d isp layed on the C R T , w h i l e the 
F i g . 6 is being d i sp layed . The d i g i t i z e d p a t t e r n 
of the des ignated input cha rac te r and the fea tu re 
a r r a y a r e d i sp layed on the C R T . 

Th is d i sp lay may g ive means to r e v i s i n g 
the de fec t i ve l o g i c m o r e i n t u i t i v e l y than fea tu re 
a r r a y . I t may a lso p reven t the adopt ion o f 
i ne f f ec t i ve fea tu res r e s u l t i n g f r o m the poor 
p r i n t i n g qua l i t y i n t o the sequent ia l l o g i c . 

4 . Tes t ing 

Tests w e r e made o f the e f fec t iveness o f the 
s y s t e m used in the des ign o f h a n d - p r i n t e d 

cha rac te r recogn i t i on l og i c . 

The cha rac te r samples used w e r e 500 
n u m e r a l s , each w r i t t e n f e r r l y w i t h penc i l i ns i de 
a f r a m e 8 mm x 6 mm l a r g e (0. 3 2 " x 0. 24" ) . 
F r o m these input c h a r a c t e r s , the g e o m e t r i c a l 
fea tures such as s t r o k e end po in t , c u r v a t u r e s 
and i n f l e c t i o n s , and t h e i r connect ion re la t i ons 
w e r e ex t rac ted sequent ia l l y f r o m the bo t tom end 
of the c h a r a c t e r , and the fea tu re a r r a y was made 
as shown in F i g . 8. 

In F i g . 8 each fea tu re is shown w i t h a code. 
Th is comb ina t ion o f l e t t e r s and symbo ls to 
rep resen t the fea tures enables us to conceive the 
shape of the fea tu re eas i l y . The bi t p a t t e r n of 
the input c h a r a c t e r and the fea tu re a r r a y obtained 
f r o m the bi t p a t t e r n a r e shown in F i g . 9 . 

The sequent ia l l og i c can be expressed by 
the t r a n s i t i o n d i a g r a m shown in F i g . 10, F i g . 11 
shows the confus ion m a t r i x concern ing the 
500 input cha rac te rs in th is i nves t i ga t i on . 

5. Conc lus ion 

F r o m expe r imen t on the cons t ruc t i on o f 
sequent ia l l og i c u t i l i z i n g th is s y s t e m , i t was 
found that the l a b o r needed to se lec t the 
necessa ry data f r o m a m u l t i t u d e of i n f o r m a t i o n 
was g r e a t l y reduced and that the r e v i s i o n of 
sequent ia l l og ic owing to the cha rac te r ed i t ing 
func t ion is c a r r i e d out e f f i c i en t l y . The s y s t e m 
was v e r y e f fec t i ve in d e t e r m i n i n g how to 
cons t ruc t a sequent ia l l o g i c , and combine two 
sequent ia l l o g i c s , s ince we can make use of 
man 's h igh ly developed concept o f p a t t e r n s . 

In the expe r imen t , magne t i c tape was used 
as an ex te rna l m e m o r y . We w e r e not sa t i s f i ed 
w i t h the t u r n - a r o u n d t i m e . Howeve r , we be l ieve 
that the p r o b l e m can be so lved by us ing a l a r g e 
capaci ty r andom access m e m o r y such as a 
magnet i c d i sk , ins tead o f magne t i c tape . 
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