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String Representation of Handwritten Katakana Characters

Hiroshi KinumaTsu, Yoshihiko Hamamorto, Taiho Kanaoka, Shingo Tomrra
and Toshihiko Okapa

Abstract

In syntactical pattern recognition, a pattern must be represented by a sentence (or string) in a language.

So string representation of a input pattern is important pre-processing for syntactical pattern recognition.
In this paper, we propose a mecthod of string representation for handwritten katakana characters. Each

character is a continuous line pattern on a 20 x 20 mesh.

pattern is chain-coded cell by cell.
position relative to that of the current one.

Starting from its upper right corner, each input

Namely, each successive cell is coded as A, B, C or D according to its
After three consecutive cells have been coded one of four primi-

tives a, b, ¢ and d, by using four concatenation relations x, -, *,: and the parentheses ( ), the concatenation

of branches, which is a string representation, completes.

our method is discussed.
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Table I  Assignment primitives
(x is not defined)

u; J (ui) u; J (u) Ui | S uy) ; U ()
444 | 4 448 a | 44C | a4 M”“Zhb"’v'"h R
ABA a | ABB b ABC b “ ABD x
AcA a | ACB b acc ¢ | ACD d
ADA a . ADB x ADC d ‘ ADD d
B44 a BAB b BAC b BAD a
BBA b | BBB b BBC b BBD | b
BCA b . BCB b BCC c . BCD ¢
BDA d - BDB x BDC d . BDD d
A4 a | (4B b CAC ¢ CAD d
CBA b CBB b CBC ¢ CBD x
cca ¢ | CCB c cce ¢ (€@ ¢
CDA d ~ CDB x cDC ¢ CDD d
DAA | a DAB a DAC d DAD d
DBA x ' DBB x DBC x DBD x
pca 4 | DCB ¢ DCC ¢ . DD 4
DDA d \ DDB | x DDC d | DDD | d

;&5 &2_ B, T&b ‘E" y Umi-1Gm =AB 7}: l; f(‘fm~1(7m)

=BL9B. WoT, i FANY LI L XD S 5

AMY) I OESE n=3r BXU3r+1 0L EEr d il

T, n=3r+2 D, E2Fr+1 Th5s. lu;|=3D& %
D% wieK* iTxtd 3 f(u) (2 Tablel DL S ITED
Tn5.

3.3. BWORIIMOEERRERDT FRL—9 &
X pUTE

FY T 0 TERGE T LB TIR, Adoea — v
BX B) DEII FY 1747 &L HREAEBLUES
TEDTLBICAZ ~RILDUHSFRINE LTEDXA
TWHwa., 2 MYV 73D RIS E L S %
gL, 793574 7XD%5580R5%er <L —4
k- THliETAC LItk & hd, AT,
BoarRsHOEEMEERTOOELT, (), X,
+, ok, ONUT AL o5 BEOA <L — 4
FHWB., UF, Q=1{( ), %, +, x,:},Z=PU
QElL, MY Y7 8,8y, S(SieZ*(1<ig]),
122) OMBERZEY (S, Sy, ) TR,

3.3.1. FRL -4 ()

X, +, *BEU BESFRIIMOILBEBER YRS
ARV—=2THBH, ( )E ($idiSeds 4iS) i
Ster DEIIC Siva & diy BB HBRRICH B2 HHF
FEIRET AL -2 TH5B, T4hbb,(S514:5:4,
o diS) disiSie i BR Y 7 81d18eds - 4,8 E S
B4 25BRICHEZLETERLTNS, HL,
4,€Q (1=i<i+1).

332 FARL—-HX

S1 &S DI L ¥ SHFig.61 0k 5 2 MiRiIcH

SISg* or Sl —}-Sp_*

S2 Ss.
V > \*

(5) S{;: Sl ‘+’S2><S4
X S;‘: S‘(;

Sy 8 X S5

Fig. 6 Concatenation relations of branches.

L%
[Si, Se]=8:%xS,
R

333 FRL—4+
S1 & S: 2 Fig.62 0k %xBRIch Yy, Lhbb=x
YT S it QOidgEhs L i,

[Sls Sz] :SH‘Sz;
LB L, BELSKDFMICH - THMD =X b
D T EERTIENS Si+S w8+ S,) TH5.
3.34 ARL—4x

S1 &S 45 Fig. 63 0k 2 MBMRICH 3 & &
5152* s SQEP*

[S1, S.] ={
Si4+S%, S OPIC QDTG EN B & %

EL, APV U7 S ODREMODZY) 1574 7DIEA

HIT RS T SR e 34y



206 (206)

LS, OBALHO 7Y 317 4 70OBEN—HL TS
ZEEXRT.
335 FRL—F:
Fig. 64 DES5 A FY ¥ 7 S L S BMENTN S
L&

[S1,S:1=5: 5,

EL,S: S OAMIKMEL TS LEEDT.
Example (1) Fig. 65 O T

[S1, S .-y Se] =3Ss: Si+S; xS xSs: S5

(2) Fig. 6.6 ofTIZ
[Sl, Sz, cay Ss]:S1+53X33+S4XS5*

4, V32— aviERBIUBRS

3BT R R MY I E AT Y i —
S avEffhot. A4 v 7usFaid Fig. 7 WOR
Lz7 0 —F v — MTRE- THRITENS, ¥YIab—
v g vik$* Fig. 8 & Table 2 it/RL T 3. Fig. 8
i, MsMEI he FRE FERAXTEC A B C D,
SOREFHUMTIdDE, XSICTHER ) V7T
fLLIzn 2D f %R LTS, ¥/, Table 2 i
BATOKREXLFDA MY Y7Ll ERL T 5.

KB 1 EAEE - SRSER - FHEE -

Fig. 7.

I FE 8

Flow-chart

YIIRNY 7
DS

Table 2 Example of string representation for handwritten katakana characters.

i string representation l | string representation
1 b dddxba -+ bxaad 6 h b+ ddxbaxddbba
2 4 aa-+axbbb 7 E S b+ (axb+ddxcxd)xa
3 17 b+ ddbxddbaaa 8 4 ddaaxbaaa
4 T a+dxbb -+ ddxdd 9 VA b+ axdd -+ baxdd
5 * b+ dxaabbbxd 10 =] dddxbbaddd
11 ba b+ (d+dxbxb)xbbbxd 16 A dda -+ axc+ aaxab 4
12 v baaa: d: d 17 F a- axb-+dxbxdd
13 -3 dddxba + aaxcc 18 V4 baaa: b: b
14 + b+ dxbbdddxdd 19 5 dddd: dd- ddxaa
15 Vi bbaaa: b 20 k bb -+ bbxc
21 + bb -+ ddxbbxdd 26 ~ beb: bbb
22 = ddddd: dd 27 E b+ bbcdddxdd
23 2 ddxba -} cxaxc 28 7 dddxbaaa
24 3 b+ ddxdda + daxbbxc 29 ~ aaxcce
25 J baaa 30 B b: bb--ddxbbbxdd: a
31 - ddddxba + cxc 36 ¥ bb+ axbbxdadb -
32 N cc: b:cc 37 a2 dxbb -+ adxcd
33 A aaabddd--cxb 38 3 dddxbb -+ dddxbbddd
34 A aa - cxaxc
35 kS ad—+ ddxb -+ dxbeddxdd
39 5 dddd: ddddxbaa 44 7 dddaxbaaa
40 )} bbba: bb 45 M2 baaa: ¢
41 v bbbbaa: bbb
42 v bbbbaa
43 o ddddbbedddabb ,

Vol. 32 No. 1 (1981)
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:xx*x**xx**xx*x**xxx*x
X

X X
X B X
X c X
X B RD ¥
* S A X
X DA S X
X 0oR B X
X B X
X S ADD X
X SBC X
X DDA C X
X DODA C x
x A B X
X B X
X c X
X X
* X
X X
X X
FXREERRRER KRR KR KK

b+(axb+ddxcxd)xa

****I****************:

(207) 207
RRRKEERERRRRRRAR KL
X X
X X
X X
X X
* ¥
X DoooD0S X
X A c X
* B B X
X A ] X
X A A X
* B B X
* A A £
X A X
X A X
¥ ] *
¥ ] X
¥ al2] X
4 A *
* ¥
¥ X
FXRXKEXLKERIORKRR KKK KK

ddaaxbaaa

f********x***********:

;xxxxx*x*xxxx*1*****x: x*t************#******
X X X x
X 4 X x
X X X x
X DDDs X X B X
¥ DOODDDODA [ x X ] X
X B X X A X
X B X ] X
* A X X DA X
X B B X X 8 X
X 8 A X X DA C X
¥ CAa X X A B X
* DS X X  Da B X
X A X X B X
* B8 X X 8 X
X B X x 8 *
X A X X 8 X
¥ ] X ¥ B ¥
X O0A X ¥ B *
X X X X
KEEXREEIRKRERKXKKEXKK KK HERERRKKELRKEKRKEK KKK
ddddxba+bxaad aa+axbbb
:xtt*xtx*xx*xxxatxtxt: :**t&*tﬁ**t**t*i*#*t*;
X x X -
* X 3 ¥
X X X B *
X DB x X B %
x D& x X A ¥
X DODDS X X s %
X A 8 X ¥ 00DOODDS CDODO ¥
X 8 X » B c x
X 8 X X B B X
X B X X A 8 ¥
X B X X 8 A X
X B X X A B ba
X S X X A B X
X DDODA CODOODOD * * A A X
X  0Da X X B B X
X X b A x
X X x A X
X X 3 X
X X X X
KREKRREKEXKEXRRERKKKKRK KKEKEAKKERKKKAKKRAKK KKK

a+dxbb+ddxdd b+ddxbaxddbba

KRKKKKKEXEEEEXKKKEKKKE f*********#*x********z
; * ¢

* ;
X X ¥ *
X * ¥ B X
: P S
¥
; WWM% x * DA C *
¥ B A * ¥ ¢ X
* ] B X X ] X
X A CD 4 ¥ [ *
¥ A co A b 4 ¥ S X
X S0 S * SBC *
¥ c X ¥ ACC *
* ] ¥ x A B CD *
% ] X ¥ A B o *
¥ B X ¥ ] B X
x ) % £ B *
X A b3 x B *
X R X ¥ B ¥
X b 4 ¥ ] X
X X * ¥
KERRKKEERKRKRKEKERRKRAKK FXRELELELREERRKRKRRE Y
dda+axc+aaxabs b+axc+axbbxcd

* *®

¥ ¥ x X
X ¥ ¥ *
X B X ¥ B B X
* B X ¥ E B *
X A * * B s X
¥ S ADDD ADDOD X ¥ S 0sBCOD X
* AcC sD X ¥  DDDDARDSDR € X
x B c X ¥ A B *
X A A X ¥ B A X
X B ¥ X B B X
X B8 * ¥ B *
X A * ¥ B X
X A ¥ * B X
¥ A * 4 ] X
X 2] ¥ * B X
X ¥ * A *
¥ X * A *
¥ X * X
% X ¥ ¥
peectosesisieeacisses sy f2sdesteseestrisde sty

b+axdd+baxdd b+ (d+dxbxb)xbbbxd

XEKEKKEKKEKERREEKEKRKEK BRSO KK
* * x

¥ X 3

¥ * * ¥
X X ¥ X
* X ¥ B X
X ¥ b3 e x
* X ¥ B X
¥ DB B x X B B X
X B X £ B A X
¥ R X X c B X
X A X * A X
X DB R X X A X
* A X X A X
X A X X A x
* ] X x A X
¥ A X £ 4 A X
¥ ] X b 4 A X
X A X ) 4 DA X
X A X * A *
X A X * *
X * * X
pisieedec et essis st st pe b sa st ebans st stvey

baaa:d:d bbaaa:b

Fig. 8 Character patterns and their string representations.
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