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S u m m a r y 

An op t i ca l c h a r a c t e r reader capable of 
read ing handwr i t t en n u m e r i c a l cha rac te r s has 
been developed and appl ied to m a i l au tomat ion . 

The recogn i t i on of cha rac te r s is p e r f o r m e d 
by e x t r a c t i n g g e o m e t r i c a l fea tu res out o f h o r i z o n 
t a l l y d i v i ded zones together w i th t h e i r m u t u a l 
connect ive r e l a t i o n . The topo log ica l s t r uc tu re 
of c h a r a c t e r s t rokes is ana lyzed by a sequent ia l 
mach ine w i th an input s t r i ng of s t roke segments 
comb ined w i t h i n f o r m a t i o n on the connect ive r e 
l a t i on . 

The ex t rac ted fea tu res a re sequent ia l ly 
ma tched w i th s tandard re fe rences . A new d e c i 
s ion me thod ca l led dec is ion graph ma tch ing i s 
f u l l y u t i l i z e d . The dec is ion graph cons is ts of a 
set of dec is ion t r a n s i t i o n d i a g r a m s to be c o m 
pared w i t h the s t r i n g of ex t rac ted fea tu res and a 
penal ty count system to detect the op t imum m a t c h . 

H igh f l e x i b i l i t y against u n l i m i t e d v a r i a b i l i t y 
of handwr i t t en cha rac te r shapes is ach ieved by 
means of a s to red log ic system using r e w r i t a b l e 
magne t i c co re m e m o r y . 

1. I n t roduc t i on 

Pos ta l code number r e a d e r - s o r t e r s have 
been developed by Tokyo Shibaura E l e c t r i c C o m 
pany, L t d . , under con t rac t w i t h the M i n i s t r y of 
Pos ta l Serv i ces of Japan (F ig . 1). The mach ine 
so r t s l e t t e r s by recogn iz ing th ree d ig i t h a n d w r i t 
ten pos ta l code numbers in the p r e p r i n t e d en t r y 
boxes on the envelope. The to ta l sys tem of the 
p ro to type mode l was desc r i bed in a p rev ious 
pape r 1 . The present paper r e p o r t s the r e c o g n i 
t i on log ic used in the la test m o d e l . 

The m a j o r d i f f i cu l t y o f recogn iz ing hand
w r i t t e n c h a r a c t e r s i s a lmos t u n l i m i t e d v a r i a b i l i t y 
of c h a r a c t e r shapes, s izes, skew etc. , wh ich 
v a r y m a i n l y w i t h i nd i v idua l w r i t e r s . The posta l 
se rv i ce is na t ion -w ide and open to the publ ic so 
that c o n t r o l ove r c h a r a c t e r shapes o r w r i t i n g i n 
s t r umen ts i s p r a c t i c a l l y i m p o s s i b l e . Consequent
l y , the mach ine has to read a t remendous amount 
o f c h a r a c t e r va r i a t i ons . To cope w i t h th i6 d i f f i 

cu l t y , ha rdware i m p l e m e n t a t i o n has as m u c h i m 
por tance as l og i ca l des ign of the recogn i t i on l og i c . 

2 . Fea tu re e x t r a c t i o n by d i v i s i o n and 
recomb ina t i on of s t roke segments 

2-1 App roach to the fea ture detec t ion 

Fea tu re de tec t ion is a technique whereby a 
t w o - d i m e n s i o n a l pa t t e rn can be reduced in to a 
set o f comb ina t i ona l o r l og i ca l p a r a m e t e r s c o m 
p r i z i n g i t s g e o m e t r i c a l shape. Many c o n t r i b u 
t ions have been made , among wh ich the F I D A C 
(Led ley et a l . )2 is one of the m o s t e labora te s y s 
tems detec t ing g e o m e t r i c a l fea tu res us ing a c o m 
puter p r o g r a m . Ano the r Ledley-3 a r t i c l e i s a lso 
concerned w i t h the l i n g u i s t i c d e s c r i p t i o n o f t w o -
d imens iona l p i c t u r e s . G r e a n i a s ^ p resented a 
s t roke t r a c i n g technique by means of a CRT scan
ne r showing a p r a c t i c a l and economica l app l i ca 
t ion to the op t i ca l c h a r a c t e r reader . 

The method d e s c r i b e d h e r e a f t e r is a lso a 
t r i a l to t r a n s f o r m a t w o - d i m e n s i o n a l s t roke pat 
t e r n to a s t r i n g of de f in i te symbo ls in s t r i c t l y a 
mechan i ca l way, none the less hav ing a great f l e x 
i b i l i t y to m a t c h c h a r a c t e r v a r i a t i o n s . A s i m i l a r 
me thod is found in the c l a s s i c a l a r t i c l e s of 
G r i m s d a l e " ' 7 us ing an e l ec t r on i c compu te r , but 
the f o l l ow ing me thod i s m o r e s i m p l i f i e d and m a 
chine o r i en ted . 

2-2 Scanning and p r e p r o c e s s i n g 

Th ree pos ta l code number en t ry boxes (6. 5 
mm x 9 m m ) w i t h two add i t i ona l sma l l ones are 
p r i n t e d in red near the u p p e r - r i g h t c o r n e r o f 
posta l ca rds or envelopes. The code numbers 
a re expected to be w r i t t e n w i th in these en t r y boxes 
in b lack or b lue. Th ree d i g i t s a re recognized by 
the mach ine . F i g u r e 2 shows the s i m p l i f i e d b lock 
d i a g r a m of the recogn i t i on log ic . Two v id i con 
c a m e r a s , one of them equipped w i t h a red op t i ca l 
f i l t e r , a re used to scan n u m e r a l s . The v ideo 
s ignal of both c a m e r a s is sampled at i n t e r v a l s of 
0. 2 m m , quant ized in to b i n a r y leve l and fed to the 
segmenta t ion c i r c u i t . Then the v ideo image is 
segmented in to i nd i v idua l n u m e r a l s and to red in 
a magne t i c co re m e m o r y . 
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The s to red p a t t e r n is th inned in to a ske le ton 
by r e m o v i n g boundary b i t s o f wide s t rokes . The 
th inn ing me thod i s s i m i l a r t o U n g e r ' s 5 , except 
that a rec tangu la r 3 x 4 b i t b i n a r y comb ina t i on i s 
used to d e t e r m i n e whether or not to remove a 
boundary b i t . Then the scale of the pa t t e rn is 
rough ly n o r m a l i z e d by ha lv ing i t i f i t s h o r i z o n t a l 
height exceeds 40 b i t s . The pa t te rn is thus r e 
p resen ted on the 36 by 40 b i t g r i d . 

2-3 Stroke segment de tec t ion 

As a p r i m a r y stage in de tec t ing the geo
m e t r i c a l f ea tu res o f c h a r a c t e r shapes, s t roke 
segments a r e ex t r ac ted out of a pa t te rn by scan 
n ing the whole pa t t e rn f i e l d w i t h a 3 x 3 b i t sub-
m a t r i x . 

D i r e c t i o n o f the s t roke segment is d e t e r 
m i n e d a c c o r d i n g to the b i n a r y con f i gu ra t i on of a 
3 x 3 b i t p a r t i a l pa t t e rn i n the m a t r i x . The p o s 
s ib le 512 (2^) p a r t i a l pa t t e rns a re c l a s s i f i e d in to 
one of seven s t roke segment d i r e c t i o n s , i nc lud ing 
"b l ank ( B L A N K ) " , " v e r t i c a l ( V E R T ) " , e t c . , a s i s 
l i s t e d s y m b o l i c a l l y in F i g . 3 . F i g u r e 4 shows e x 
amp les o f b i t comb ina t i on wh ich a re c l a s s i f i e d as 
" i n c r e m e n t a l l y s lanted ( I N C ) " . M o s t s t roke edge 
i r r e g u l a r i t i e s a re de le ted by th is c l a s s i f i c a t i o n . 

The 3 x 3 s u b m a t r i x ove r l app ing l y scans the 
p a t t e r n e v e r y b i t h o r i z o n t a l l y f r o m le f t t o r i gh t 
and eve ry second b i t v e r t i c a l l y f r o m top to bo t tom 
(see F i g . 5). The ove r lapped scanning e x t r a c t s 
r a t h e r redundant i n f o r m a t i o n f r o m a p a t t e r n , but 
i t m o d e r a t e s the ef fect of the loss of i n f o r m a t i o n 
wh ich o the rw ise occu rs at the boundar ies of the 
f i e l d p a r t i t i o n . 

The c l a s s i f i c a t i o n of the s t roke segment 
d i r e c t i o n s i s p a r t l y in f luenced by t h i s scaning 
mode . Since the pa t t e rn is scanned eve ry b i t h o r 
i z o n t a l l y , no d i s t i n c t i o n i s necessa ry between le f t 
and r i gh t v e r t i c a l l i nes wh i le h igh and low h o r i 
zon ta l l i n e s a re both d i s t i ngu i shed . The s t roke 
segment i nd ica ted by " X " in F i g . 3 is such that i t 
does not have su f f i c ien t i n f o r m a t i o n to decide the 
d i r e c t i o n , o r has m o r e than one d i r e c t i o n w i t h i n 
a pa t t e rn . Such undecided d i r e c t i o n s can be i n 
t e rpo l a ted by ad jacent s t roke segments . 

2 -4 H o r i z o n t a l fea tu re de tec t ion by ana l ys i s o f 
v e r t i c a l connect ive r e l a t i on . 

The next stage of the fea tu re de tec t ion p r o 
cedure is to combine a s t r i n g of s t roke segments 
and d e t e r m i n e a h o r i z o n t a l f ea tu re , w h i c h r e p r e 
sents a p a r t i a l f i g u r e of a c h a r a c t e r in a h o r i z o n 
t a l zone ( F i g . 6). F i g u r e 8 is an example o f c o m 
pu te r s i m u l a t i o n o f the fea tu re de tec t ion p rocess . 

The p a t t e r n on the le f t r ep resen ts a th inned and 
n o r m a l i z e d p a t t e r n ; the m i d d l e rep resen ts s t roke 
segments ; and the r i gh t side shows a s t r i n g of 
e x t r a c t e d fea tu res . The 4 0 - b i t height pa t t e rn f i e l d 
i s scanned by the s u b m a t r i x e v e r y two b i t s v e r t i 
c a l l y , so that the re a re 20 h o r i z o n t a l zones f r o m 
wh i ch the fea tu res a re e x t r a c t e d . The fea tu re i s 
d e t e r m i n e d by a sequent ia l log ic w i t h an input 
s t r i n g o f s t roke segment d i r e c t i o n s . 

The m a i n p r o b l e m of reduc ing a t w o - d i m e n 
s iona l p a t t e r n in to a comb ina t i ona l or l i n g u i s t i c 
s t r i n g o f symbo ls is not to d e s t r o y t w o - d i m e n s i o n 
a l r e l a t i onsh ip i nvo l ved in the pa t t e rn . Since the 
e x t r a c t i o n o f f ea tu res is ach ieved by h o r i z o n t a l l y 
scanning the s t roke segments , h o r i z o n t a l r e l a t i o n 
can be ex t rac ted wi thout a l oss . But the m u t u a l 
r e l a t i onsh ip between two v e r t i c a l l y adjacent s t roke 
segments is los t by the h o r i z o n t a l zone d i v i s i o n , 
even i f they a re out of the same cont inuous v e r t i 
ca l s t roke . 

In o r d e r to rep resen t a connect ive r e l a t i o n 
of s t roke segments , a " t a g " b i t is a f f i xed to e v e r y 
segment. The tag b i t i nd ica tes whether th is s t roke 
segment connects to the ones in the upper h o r i 
zonta l zone. F o r the " b l a n k " segment , th is b i t 
s i m p l y s ign i f i es the ex is tence of a s t roke in the 
upper adjacent 3 x 3 subma t r i x . The tag b i t i s 
i nd ica ted in F i g s . 7 and 8 w i t h an a s t e r i s k . Thus , 
an input b i n a r y p a t t e r n is conver ted to a r ec tangu 
l a r a r r a y o f s t roke segment d i r e c t i o n s a c c o m p a 
n ied w i t h tags as is i l l u s t r a t e d in F i g . 8 . 

The h o r i z o n t a l sequence of these compound 
s t roke segments has i n f o r m a t i o n on both the geo
m e t r i c a l shapes of s t rokes w i t h i n a h o r i z o n t a l 
zone and t h e i r connect ive r e l a t i o n to the upper 
s t rokes . The s t r i n g is suppl ied to a sequent ia l 
log ic and c l a s s i f i e d to one of the fea tu res l i s t e d 
i n F i g . 6. 

Since topo log i ca l p r o p e r t i e s a re found among 
the r e l a t i v e and sequent ia l r e l a t i o n o f s t rokes , 
sequent ia l ana l ys i s o f the connect ive i n f o r m a t i o n 
(tag) p lays a fundamenta l r o l e . F o r examp le , a 
j o i n t of two separate s t rokes is detected by a 
s t r i n g sequent ia l l y o r d e r e d as " tagged segments , 
non- tagged segments , and tagged s e g m e n t s " . 
Such a sequence s ign i f i es a h o r i z o n t a l s t roke w i t h 
bo th the r i gh t and le f t ends connected to the two 
separate s t rokes in the upper zone. F i g u r e 7 
shows examp les of such sequences. Those a re 
c l a s s i f i e d as " C U P " in F i g . 6 . S i m i l a r l y , a 
b r a n c h i n g of a s t roke is detec ted by a sequence of 
" tagged segments , b lanks w i t h tags , and tagged 
segments . " These a re c l a s s i f i e d as " P A I " in 
Fig. 6. 
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The connect ive tags are a lso u t i l i zed to de 
tect a re l a t i ve l oca t ion of a s t roke at the upper 
zone 's s t rokes . Such i n f o r m a t i o n i s espec ia l l y 
use fu l to d i s t i ngu i sh some types o f " 3 " and " 5 " , 
whose d i f f e rence depends only upon whether the 
v e r t i c a l s t roke connects to the r igh t or le f t o f the 
upper h o r i z o n t a l ba r . Roughly speaking, a se
quent ia l s t r u c t u r e of tagged and non- tagged s t roke 
segments d e t e r m i n e s an i n t e r - zone c h a r a c t e r i s t i c 
of h o r i z o n t a l fea tu res and that of s t roke segment 
d i r e c t i o n s ( V E R T , INC , etc. ) t r aces an i n t r a - z o n e 
c h a r a c t e r i s t i c , i . e. , upward or downward slope 
of s t roke segments w i t h i n a ho r i zon ta l zone. 

H o r i z o n t a l fea tu res a re c l ass i f i ed in to 19 
ca tego r ies (F i g . 6) each of wh ich is m o d i f i e d by 
th ree k inds o f connect ion rep resen t i ng i n f o r m a 
t i o n , " l e f t " , m i d d l e " o r " r i g h t " . These m o d i f i e r s 
a r e ind ica ted b y suf f ices " -JL" , " - M " , o r " - R " i f 
necessary . The p r i m a r y purpose o f th is i n f o r 
m a t i o n is to rep resen t a re la t i ve l oca t ion of the 
fea tu re to the upper one. Thus , V R T - L f o l l ow ing 
P A L - M rep resen ts a v e r t i c a l s t roke connect ing 
to the le f t pa r t of a pa i r of s t rokes in the upper 
h o r i z o n t a l zone, whereas a V R T - R fo l l ow ing PAL. -
M rep resen ts a s t roke connect ing the r igh t par t . 
T h e r e f o r e , 57 d i s t i nc t ho r i zon ta l fea tu res a re 
ava i lab le f o r desc r i b i ng a p a r t i a l pa t t e rn . The 
whole pa t te rn is t r a n s f o r m e d to a s t r i ng of h o r i 
zonta l f ea tu res of length 20 (F ig . 8). 

Topo log i ca l s t r u c t u r e s are usua l ly desc r i bed 
in t e r m o f node, b ranch and connect ion m a t r i x in 
the comb ina t iona l topology or g raph theory . In 
the above me thod , s t rokes and t h e i r connect ive 
r e l a t i on a re not separate ly t r ea ted , but expressed 
as a who le . A l though a single h o r i z o n t a l fea ture 
may not posess comple te i n f o r m a t i o n on the topo
l o g i c a l s t r uc tu re of s t rokes , any two successive 
fea tu res comple te i t . 

Compared w i t h the convent iona l graph theo
r e t i c a l d e s c r i p t i o n o f f ea tu res , the present method 
is reasonable f o r the recogn i t i on log ic o f hand
w r i t t e n c h a r a c t e r s i n that : f i r s t , h igh ly f l ex ib le 
log ic to detect the feature is r ea l i zed by a se 
quent ia l mach ine w i th s to red t r a n s i t i o n tab le , 
secondly, recogn i t i on o f c h a r a c t e r s i s eas i l y p e r 
f o r m e d by the sequent ia l ma tch ing of the detected 
fea tu res as w i l l be desc r i bed in the f o l l ow ing 
sect ion. 

3. Recogn i t ion by sequent ia l dec i s ion g raph 

The s t r i n g of h o r i z o n t a l fea tu res has a great 
dea l o f v a r i a b i l i t y r e f l e c t i n g v a r i a t i o n s o f shapes, 
s izes , skew, etc. , of handwr i t t en n u m e r a l s . The 
object of the dec is ion log ic is to iden t i f y these 
v a r i a t i o n s as one of ten n u m e r a l s . 

I n the a r t i c l e s by G r i m s d a l e 6 » 7 , G r e a n i a s 4 

o r Saka i 8 , ex t rac ted fea tu res a r e comb ina t i ona l l y 
matched w i t h a s tandard l i s t o f f ea tu res . In the 
present me thod , the fea tu res a re ma tched se
quent ia l l y . The h o r i z o n t a l zones a re o r d e r e d 
f r o m the top to the bo t t om , hence the sequence of 
the fea tu res ex t rac ted f r o m them a r e a r r a n g e d in 
the same o r d e r . 

I t m u s t be noted that the sequent ia l o r d e r of 
fea tures i s not much af fected by c h a r a c t e r v a r i a 
t ions. F o r examp le , the c h a r a c t e r " 8 " has two 
loops v e r t i c a l l y connected to each o ther . D i v i ded 
into h o r i z o n t a l zones, i t i s t r a n s f o r m e d in to one 
o f the sequences l i ke C A P - M , P A I - M , ( P A L - M ) , 
C U P - M , C A P - M , P A I - M , ( P A L - M ) , C U P - M . 
The number o f P A L - M ' s ( P a r a l l e l l i nes) m a y be 
d i f f e ren t f o r each i nd i v i dua l c h a r a c t e r , but the 
sequent ia l o r d e r i s not a l t e r e d . In o r d e r to i d e n 
t i f y a l l these s t r i ngs as the same, sequent ia l log ic 
is the mos t su i tab le . 

The v e r t i c a l s ize and loca t ion of c h a r a c t e r s 
has no essen t ia l in f luence upon the recogn i t ion i f 
a sequent ia l log ic is used. And the feature e x t r a c 
t ion log ic compensates f o r the ho r i zon ta l dev ia t ion 
of c h a r a c t e r s . T h e r e f o r e , t h e log ic is independent 
o f c h a r a c t e r d i sp lacemen t in bo th d i r e c t i o n s , de 
spite the f i xed mode of scanning and p a r t i t i o n of 
the c h a r a c t e r f i e l d . 

I f one fea tu re s t r i n g co r responds to a s ingle 
n u m e r a l , a sequent ia l mach ine whose output is 
one of the ten n u m e r a l s w i l l make a su f f i c ien t r e 
a l i za t i on of a dec i s i on log ic . In p r a c t i c e , how
ever , i t is a lmos t i m p o s s i b l e to des ign such a 
log ic because of an eno rmous amount of input 
s t r i n g v a r i a t i o n s to be deal t w i t h . 

Th i s d i f f i c u l t y is ove rcome by means of a 
comb ina t ion o f o n e - t o - m a n y recogn i t i on log ic 
w i t h an i n d i r e c t output sys tem. 

The recogn i t i on i6 made by u t i l i z i n g a set 
of sequent ia l d i a g r a m s . F i g u r e 9 is an example 
of a t r a n s i t i o n d i a g r a m of the sequent ia l r e c o g n i 
t i o n log ic wh ich i den t i f i es one of the v a r i a t i o n s of 
the n u m e r a l " 8 " . Each d i a g r a m iden t i f i es only 
one c h a r a c t e r v a r i a t i o n . F o r eve ry c h a r a c t e r , 
seve ra l t r a n s i t i o n d i a g r a m s a re p rov i ded , each 
of wh ich i den t i f i es a subclass of the c h a r a c t e r 
v a r i a t i o n s . T h i s is a lso the case in the p i ece -
wise l i n e a r dec i s i on o f pa t te rn ma tch ing method . 

The input sequence is compared w i th eve ry 
d i a g r a m . I n F i g . 9 , c i r c l e d numbers ind icate 
i n t e r n a l s ta tes ; a r r o w s ind icate the d i r e c t i o n s o f 
t r a n s i t i o n ; and the accompany ing symbols speci fy 
input fea tu res mee t i ng the t r a n s i t i o n cond i t ion . 
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The c o m p a r i s o n w i t h the t r a n s i t i o n d i a g r a m s ta r t s 
f r o m the e n t r y state ( "0" in F i g . 9 ) and t r a n s i t s 
step by step to the next i n t e r n a l state c o r r e s p o n d 
ing to the input s y m b o l . The des t ina t ion of the 
t r a n s i t i o n is d e t e r m i n e d by the input f ea tu re . 
The f i n a l dec i s i on o f r ecogn i t i on i s not d i r e c t l y 
p e r f o r m e d by the output of the l og i c , no r by the 
a r r i v a l to a c e r t a i n f i n a l state. Ins tead , a penal ty 
count sys tem is emp loyed . A pena l ty is assessed 
to that d i a g r a m e v e r y t i m e when a fea ture i m p r o p 
er to that d i a g r a m appears in f o l l o w i n g up that 
t r a n s i t i o n d i a g r a m . In F i g . 9 , the symbo l i n 
pa ren thes is ind ica tes such i m p r o p e r inputs ( " o t h 
e r s " m e a n o ther f ea tu res than a re spec i f ied) . 
The to ta l n u m b e r of pena l ty r ep resen ts a degree 
of m i s m a t c h i n g of the input sequence w i t h that 
d i a g r a m . 

A f t e r c o m p a r i s o n w i t h a l l d i a g r a m s , the 
m i n i m u m value o f the penal ty i s detected f o r 
e v e r y en t r y . I f the m i n i m u m d e t e r m i n e s a unique 
n u m e r a l , i t i s se lected as an answer , o the rw ise 
the recogn i t i on i s r e j ec ted . Bu t , i f the m i n i m u m 
value equals or exceeds two , the answer is a lso 
re j ec ted . T h e r e f o r e , i f the penal ty count reaches 
two , f u r t h e r t r a n s i t i o n m a y b e t e r m i n a t e d i n o r d e r 
to save recogn i t i on t i m e . 

The me thod d e s c r i b e d above i s cons ide red 
as an ex tens ion of a dec i s ion t r e e 9 . In the case 
o f the dec i s i on t r e e , the t r a n s i t i o n is a lso sequen
t i a l l y executed. One of the p r o b l e m s of the t r e e 
dec i s i on log ic is that the n u m b e r o f nodes ( d e c i 
s ion point8) i n c r e a s e s exponen t ia l l y when the steps 
o f sequent ia l dec i s ions i nc rease . Ano the r p r o b 
l e m , c l ose l y r e l a ted to the one above, is that the 
i n i t i a l o r e a r l y stage dec i s ions have too s t rong 
in f luence upon d e t e r m i n i n g the t r e e s t r u c t u r e o f 
the l og i c . Once the dec i s i on takes a w r o n g b r a n c h , 
i t cou ld s t r ay in to c o m p l e t e l y i r r e l e v a n t b ranches . 
To r e s t o r e the e r r oneous dec i s i on , a g rea t many 
nodes f o l l o w i n g that dec i s i on would be necessary . 

The dec i s i on g raph is a set of sequent ia l 
t r a n s i t i o n d i a g r a m s cons ide red as dec i s i on l og i c . 
T h i s is an ex tens ion o f the t r ee in the sense that 
i t conta ins loops w i t h i n i t . I n o the r w o r d s , the re 
a re m o r e than one path wh ich a r r i v e s a t the same 
node. T h i s m e a n s that , even i f the dec i s i on takes 
an e r roneous b r a n c h , i t i s poss ib le to be r e c o v e r e d 
a f t e r w a r d s . Because o f t h i s s t r u c t u r e , the defects 
of the dec i s i on t r e e a re m o d e r a t e d , and a g rea t 
dea l o f v a r i a t i o n s o f f ea tu re sequences a r e i d e n t i 
f i ed by a r a t h e r s imp le d i a g r a m in a compac t and 
e c o n o m i c a l way. 

The des ign o f r ecogn i t i on d i a g r a m s i s v e r y 
i m p o r t a n t in o r d e r to a t t a i n a h igh t o l e rance 
aga ins t c h a r a c t e r v a r i a t i o n s . The p resen t s y s 
t ema t i c des ign technique cannot be app l ied to t h i s 

p r o b l e m , since the n u m b e r o f input sequences is 
too l a r g e to be dea l t w i t h . T h e r e f o r e , the des ign 
i s c a r r i e d out by an i n tu i t i ve c u t - a n d - t r y me thod 
us ing compu te r s i m u l a t i o n . In des ign ing a se-
quent ia l l o g i c , ass ignmen t o f i n t e r n a l states is 
the m a i n p r o b l e m . In case o f i n t u i t i v e des ign , i t 
i s des i r ab l e f o r i n t e r n a l states to have some i n 
t u i t i ve mean ings wh ich a re eas i l y unders tood by 
a des igner . T h i s is e s p e c i a l l y i m p o r t a n t in not 
caus ing any t r o u b l e or con fus ion when a m o d i f i c a 
t i o n is to be made a f t e r the des ign is comp le ted . 

The sequence of h o r i z o n t a l f ea tu res can be 
n a t u r a l l y d i v ided in to seve ra l subsequences, each 
of wh ich rep resen ts a p a r t i a l shape of the c h a r a c 
te r . The n u m e r a l " 8 " g ives a good examp le , 
where the sequence is d i v ided in to two subse
quences r ep resen t i ng upper and l o w e r loops . 
Each subsequence can be separa te ly i den t i f i ed and 
then m u t u a l l y r ecomb ined . Hence the i n t e r n a l 
states can a l so be separa te ly ass igned a c c o r d i n g 
to these subsequences. Such an i n tu i t i ve d e c o m 
pos i t i on and r e c o m b i n a t i o n me thod f a c i l i t a t e d the 
des ign o f the sequent ia l t r a n s i t i o n d i a g r a m s . 

4. I np lemen ta t i on 

E m p h a s i s is put on the ha rdwa re f e a s i b i l i t y 
and f l e x i b i l i t y o f the recogn i t i on log ic d u r i n g the 
sys tem des ign . The recogn i t i on log ic is apt to 
become comp l i ca ted and l a r g e in s ize , s ince the 
v a r i a t i o n o f handwr i t t en c h a r a c t e r s i s v e r y l a r g e . 
Bes ides , the log ic m u s t be capable of easy r e v i 
s ion to m a t c h the t r u e d i s t r i b u t i o n o f c h a r a c t e r 
v a r i a t i o n s . Even i f the log ic i s i n i t i a l l y des igned 
us ing a great n u m b e r of c h a r a c t e r samp les , the 
whole set of c h a r a c t e r s to be read is m u c h g r e a t e r , 
and f u r t h e r i m p r o v e m e n t i s inev i tab le a f t e r the 
mach ine is made up. 

A so lu t ion to those p r o b l e m s is a s to red 
log ic sys tem. Since the recogn i t i on log ic i s c o m 
posed o f sequent ia l m a c h i n e s , t h i s i s r e a l i z e d by 
s to red t r a n s i t i o n tab les and tab le i n t e r p r e t i n g c i r 
cu i t s . The tab les a re s to red in a 36 b i t , 8K w o r d 
magne t i c co re m e m o r y w i t h a cyc le t i m e of 1. 5 u.s. 
I f the log ic has to be r e v i s e d , i t i s eas i l y a c c o m 
p l i shed by changing the contents of the m e m o r y . 
The tab les a re supp l ied by a c o m p u t e r p r e p a r e d 
p e r f o r a t e d paper tape t h rough a paper tape reade r . 
By t h i s , the c o m p u t e r s i m u l a t i o n i s d i r e c t l y l i n k e d 
to the ac tua l read ing m a c h i n e . 

The r e q u i r e d r ecogn i t i on speed f o r the m a i l 
s o r t e r is a l i t t l e m o r e than 18 c h a r a c t e r s pe r 
second (6 l e t t e r s a second) so that a h igh speed 
co re m e m o r y i s su f f i c ien t f o r t h i s purpose . 
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5. Conc lus ion 

The recogn i t i on log ic f o r handwr i t t en n u 
m e r a l s has been designed in o r d e r to ove rcome 
the a lmos t u n l i m i t e d poss ib le v a r i a b i l i t y o f hand
w r i t t e n c h a r a c t e r va r i a t i ons . The log ic cons is ts 
o f g e o m e t r i c a l fea ture detec t ion and fea ture m a t c h 
ing w i t h re fe rences . Bo th a re p e r f o r m e d by a 
sequent ia l l og ic w i t h s to red t r a n s i t i o n tab le . The 
ha rdwa re i m p l e m e n t a t i o n technique of the s to red 
log ic sys tem us ing r e w r i t a b l e core m e m o r y e n 
hanced sys tem f l e x i b i l i t y and shor tened the t u r n 
a round t i m e f o r i m p r o v e m e n t s . 

The recogn i t ion log ic is app l ied to the hand
w r i t t e n pos ta l code number r e a d e r - s o r t e r . Th ree 
m o d e l s have been ins ta l l ed in Tokyo and Osaka 
C e n t r a l Post Of f ices and constant ly f i e l d tes ted to 
achieve h igh p e r f o r m a n c e leve ls . 
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