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Abstract

This paper describes two subjects regarding the on-line recognition of hand writing characters.
Firstly, the necessary bandwidth to transmit a hand writing process is studied. It conclues
that a hand writing process can be transmitted through 320 bits/sec or less, and it means that
seven or eight input terminals of hand writing can be transmitted simultaneouly with a tele-
phone line of 2,400 Baud.

Secondly, an algorithm of the on-line recognition of hand writing Japanese KATAKANA
characters is developed mainly based on the extraction of numbers, types and certain charac-
teristics of strokes. Informations on time sequence and relative position among strokes are
considered if necessary.

The recognition experiments indicate 95% correct recognition is achieved without any pre-
instruction or restriction on the way of writing, and a further improvement of the result,
almost 100%, is possible with several instructions which do not force any essential restrictions

on the way of free hand writing. A recognition time is estimated less than 50 m sec a character

March 1972

with a mini-computer HITAC-10.
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(2) DHETRATIEGE SEER & O—RTHL
Ry FUIEEDIEGEIONDD, ANINEET
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(1) ER/HBROXH,

(m) BEROHM,
() BHAhER/EA iR DX H,
(=) ROEEH R E DS 5,

(3) A¥ 54 vHFRTRARMEMES:E hFERY
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X 2.2 examples of “corner”
“corner”=a stational part of pen-
point motion
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M2 1R L “R” OREMED X, Y, T, AT
%% 2.1 IORY.
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ABFAEFE s fc b EDR~R7 bR 2.3 ITRT.
chhobhd IRy bvOFEERST 10 Hz
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(s T DF K THMIICIERIRY - < D LI ES)
2F 0D, ZOBEERRBEOITHIEGORE
HERAERE LI, CHREREXOEA,SHN
BB RS BFIETHS. CHERRT 272HIKK

% 2.1 (X, Y, T, 47) of the pen-point motion
near the corner of character “R”

fN “ X Y T(msec) .AT(msec)
l
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217 16 39 1047 60 ) «“corner” of “R”
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2.3 Frequency spectrum of X, Y com-
ponent of strokes of “R”

Dk HNERBE L. ¥T, WRORAAKEET — 4%
1kHz O¥ v 7Y v 77 —giclix L, che DAE
MLT X, Y TH/uis8%8, BRARKICEL
< X-Y CRT LicERT 3. 20K, AUWHBOHEME
AREREEZ TIXFOZT 50THERA~. B 2.4
RZz01PTH S, chickh 8~12Hz FTENMA
WHAETTFTHOEEXE 2 VKBV TH%E
KU Edbhrd, CORRPSEHDOKE IO
VEAEBDES TEL LXOFHEXFIRAICLE
AL L EEERD B EDHTE S,

E-JL

(1) F 1 Y& NVEE

(2) %v7) v/ RER—20H:z

(3) 1 wFDKAE X—1linchx1linch

(4) A ¥ 258HE—0.01inch

(5) < up/down—1FE b
WAIC, 13513 100100 # » ¥ 2 TREINBL

(a) original (b) cut off freq. (c) cut off freq.
pattern 12 Hz 8.5Hz

2.4 Examples of regenerated pattern “R”
by high frequency cut off
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&Iy, 1 S5OEEIR X, Y #hEhTEy T
BEINBZC LIRS, chit<vD up/down %537
T1Ey PEMAT, 170EREEhER8E y b
THERT 3. 1VMEIC 20 % P2 EET 5 HEHR
HE3DOoKR, 1WEYD OAEHBRSXFZ,
8Ky Fx2x20=320 ¥, F/Fb
&2 3.
FUXFEEBMUAERF » Vi€ & - T 100x100
Ay VaDHEBFy g2 v (0, 1) a2 V) REBBL
TEXT 354, 1XFLDOLEEBZ 48 (13X
FEEOICET 3 PR EAEE) LRELTE
#,
100X 100/4=2500 ¥ ., +/#

L1733, DF b 2400 HF—DF—2EKRERNNTA
Y34 Y EATRTHERKI TCOSELEENTREER
3. 138, HREEA O F 0.01 inch/mesh & L7258,
EBRRICE 5T 0.04 inch/mesh 3 THL LTHX LD
PEZRBNT EDbot:. ZOBRAKIMOREERE
UELTREEIR G+1)=6Fy PTHETXZ. L
»L X, Y BEOHEEETY 3 LELAERLS X
b~ OERY - gk, BEROLEREZOHM,
HFROL X3 EDREFHE L OE/RELZMHT 25
BENBL300, XY BEOSMREETSICE DL
SUhbESHBOBEICE - THBREERS LTEE
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2ZDFEXROT, RY VI NVEOBEHEDEN F%
-k, WRKOHATR re~soticgeitlTlL
TR OREREMEERT A L TE 3,

3. FREHREIXFOF/SA2H
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bE—2 2l L, CHOR, JEFE, HERAERS
RIS EZRNTRHRINETIE S, BOICATEANWSH
IOV TEREELTHL.

E®1 2bpn-2

XEEFHET 2 BRCB O CRAMEEICES X
NTXFEEEHDTH S, KICESHERARN 2
T TICHDON SRS

EH 2 EXXbn—-2

NEAERT 25 ZICHERR ba—7

T3 LA

NFEFEET BBV TELADER~Y b
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BARERICENTER b —~7 LOHKEDS

E¥4 BERbo-2

ERA VO~ TZDOUMKREEZSLLENR b
-7

EHS MEXbD-2

ERA M-I TEDRPICREA S DR b —7
EX®E TSP

KAKBOTRYSLNZ 1 KOS, Btz bo—
IR—D2D AV I HOTETNS
AREXFICOWTRALICERR bo—s % %
31 ICRYT. BHOKIREIAHNFT—42,52 0

% 3.1 Fundamental strokes of KATAKANA

characters
stroke pattern
Avt — //’
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R ¢ S
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; NN
(=4
@
£ Pl =7 77
2 s o
S Y o
2 |22 e N
S %
L VA PO

— 7 ESWEMHL, ThBERAZ o —2DNTHhT
HEDERETILICIEE, XX ba—r~ADH
O U7 icI@A R FENEZ SN 305, bhbh
12X b2 ~2 D gross features & 52 232 &Itk 5
TTERKIBBicchEZ TR S5k 51c L,
ERA+o—70D5b, Bz bo—y 3EXLD
EEXRODDOEESDOINITIERIZE 3.1 © A~
DOWINTHE2DERZZEMTES. FHAX
P =7 RBREACBNT2RD LT AV MZAETE
NERRICUTHBETECENTES. 22 THIR
PERELERRDDOTH 3.

(1) ANXFELSHHEINIR b o— 2 htlifhR
FO—7 THELEESRA IO —I THEINETHN
3z &,

(2) BfMixbo—2b30WREAXe—20D%
TAY L DHEERNRBC L,
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RAND Tablet TRREAEHKEMEDOEHFREZERE
HHELT up/down O 1y FTHILTX 3, £C
TXFZANLTN &5 T up/down DIEHEH S
ik Aatre—I¥EELLAD, 2t~
EMHT 22 &8 TE 3. oM I N2 to—
IPERA =7 DNTNTHEDDOREIIRDE
BRICRE > TITIR S,

(1) H.-¥wE&Xbo—-s 035

Bz ta—2 pEAR b o—7 pOHBIILITFD
SHBABRBEMCHTHNR .

(a) RbeE—20EXick 245

Zbo~7 85 ORE (v vEO¥K) % L,
XFLRDR v~ B(1XFOY Y P v EADKRE)
2 L 93 oLk,

L,gax L, (a=0.25) (1)
BoIHMRA b~ THBE95, LizaxL, @
EERKREHEY, (b)DHEICE LA,

(b) RbtE~20D X BXUY ROOE(LEF
Bz ba—270 X B, ¥ BEEEK 3.1 0k
DICHBIZENLL, FHTCBRED S HEBB/NEED

X,y
d

e

}/{I‘)

t
B 3.1 X(z), Y(¢) of sigle stroke; stroke “\|”

Xy

. *k"\

/ Yit)
[o

t
X 3.2 X(t), Y(¢) of complex stroke; stroke “7”
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73, —F, AR Me—7 TR 8.2 0&SiC
2RO AV FORAR (RA) KBLT X 53
Wi Y BiEEE LS FNWAR b o—2 EERH
KBEHEET 2 DESLEERTHRETRE S, U
Ao —70BXHRDBEIVEERDOHO “BR” I
XZHBENL TR0, BERDEBEXRDYO
F—s% AxL; (=0.15) FRBR OB ICDONT
LOHEETIES.

(c) EsR98HLICH ) 28 S DHE

B 3.3 IRT &SI B lAR b a—2"
T3 (b)) OFETRELWVEREZEZCEMNTEN

XY

t

B 3.3 X(¢), Y(¢) of distorted complex stroke ;
stroke “I”

V. TTIRBAN K S IS EOESOBERIZR b
o—7 FORETEL D6, KEEEEZHNSLTE
WEDEUVWHBIZFRSCLENTE S, EEEEL
ZRE%E AT, &YV 7 VEDOKHXESL AT, Z0
BAflE%E ATne &T3&
ATz 4T (2)

BoEAR b~ L5, 4T, 133 (3) KK
5.

_ Te—Ts—ATnx
4T I~n~7*7“‘/7°)l/;§\ﬁlxﬁ (3)

(Ts, Te 3R bu—27 DA,
R DR EER)
p 13 5~8 BEBIIICAHTHEYTH .
(2) EERbD~-IONE
ELLEDINKLT RTOESR ru—21F (a),
(b), (¢) OHHEICX - THRITTHETH B0, &K
BINIEITRBELUNEREB LI ENTEXIRNE
EMdB LIRS 4 OXFE VP EHDEE
b “” EBBZREMIR I~ L A2 D XL
n—7, HZAte—70LL 0 IKHETEZMICL -
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[X 3.4 Examples of ambiguous characters
TRES. COXHINBHIVEVERo—2 3 F B
JU H Ato—2Za6h, WTFhdR (2) MK
MLRBHWHDTHS, TOXSMR bao—23—5H
Mzxra—~7 (D) KCANTEE, ROXbo—~sk
EBRBET D 2 b a—27 20 TOAMEICHEY L
B X(4)0D g, r ZHALBKRHEHT S, T
BHHH 3.5 T,

g=1AM|—|SM|/8 (6=3)
r=Xu—Xa (4)

S(Xs.Ys)

AlXp Y0

MiXy, V) E(Xe,Ye)

X 3.5 Quantative estimation of “curvature”
of a cursive stroke

T\

X 3.6 An example of misjudged stroke

T 3.6 DEHIERbu—~213(b) ODFETHE
AR —2(G) L1735, LhLhiZARHEMR b
D= THEIREBDOMEH LI LEZLLZONRYT
b5, CITEISEAR ba—27 LyRlxn 3
Ata—73—-FOREBRKETZORLEULE~S
N, bLEAR ba—sRER (5) KAbRTE
WHTHMR to—7 & UTOREEFTED

(3) RbA—%Ya-FDBE

Bifix to—7 /2 v BXUOEAR PO ~7 &
7 AV P OEMFAWAER 3.7, 3.8 WRT. B
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tan 6, ---é-

tanB,=-§
S tangy =%

X 3.7 Allowable domain for each
single stroke

L4 tan 6 =3
tan 6,= —é—
50'70 tan By=-%
/, " 3
J
E
6 K
6, X
63
L
M

X 3.8 Allowable domain for each
complex stroke

Abo—7 LHEINIEDICDONTIIEBES kA
E%$35~7 b v SE B 8.7 O & DERICIIN B
PEENL, HARA PO —7 LHUEINIZODOTRD
DDL A Y+ DRESEC HRE - TBHS SC,
CE ROV THEDEDHR 3.8 D EDEFHICIIN 5 5
ZHENK (5) LE->THEHAR Mo —2 28T 2,
F=((K or J)pM) or (D and
¢=20 and 7>0)
G=JpL (5)
H=(MPp(K or J)) or (D and
g=0 and r<0)
PRETD (FE1LE72 V) OkicHED &
2 AV MR EEEDT)
YUb~7cR2 ba—2a— FRREDRANIL7a—
F v~ &K 3.9 TR
(4) BR - -FEBRORE
FIREXFICREA (v) BLUEBL (o) 2K
BAsHs, COLXINSOBED B NIEBELE
SRR LD IC DN TXFEE LTORBATHAIL

w;

“

(yi
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stroke length ves

WHy, chELTECHNTZICIE (Ag test — \
. N LiSdoxlc? singie stroke L —AB.CD
TR>BH) EHELBMENKRETHS, — code decision B
¥, XBERNV—-TEEERLORBEEL no
THIHT BT ENTES. READI maximum / minimum - k
XFD bTREERDOHDIE [F, *] of X(t),Y(t)exist between \ ves — | iz'gz‘egecsi:gne F.G.H
DAFE2FTH3. UEDT EEHEL, both end? points unsuitable
X 3.10 iR T BB ANEL — Ve - F
test of
ot CCZTHEEEZDRBNM—T DR no stroke curvature :E‘
FHETHEBZTNRBROEBDTH B, \ yes yes
(5) W=7k ATnan® 4T single stroke
TR 3.11 ILRTEH KA ba—7 A4 o code decision no A.B,C
H5L, HAROBEE P(X, V) (=1, o
2.3, 4,5) 953, R Xin—Xi, Yin— X 3.9 Flow chart of stroke classification
Y: (=1, 2, 3, 4) ZFEL,
Xin—X>0 1356 dXi=1
Tumber of
Xin—Xi<0 135 dX:=0 (6) strokes Vo
Yinn—Y:>0 735 dY:=1
Yia—Y:Z0 125 dYi=0 L
oop ..
> E . HE2 2 — = R
EZRHT2E Y PD2 :@'ﬂ:rj. loop test |not loop,, .,
D.'=dXidY|' (l=1, 2, 3, 4) ———= * "detect
(7)
2D, FLTICROHFSEDNI VIE — Y i
¥, test N0 \detect
H,=D;HD;n (i=1,2,3)
(8) WP e
(A R~ S EREHET 55 to0p test |t Lop e
L5 3) L
T
D, Loop
175,18
3 7, N
Hs=2 Hi (9) R L
ZRH5. 25 LTRKDI Hs ZALR (10)
KLY V=T DEBERET 5. 3.10 Flow chart to detect “+” and “o "
Y Py (Xs.Y))
5 5275
Atx.1) Binary Code | Hamming
Distance
D, 0 0
P
0.3 Py(Xa,Y) 1
2X4,% D, 1 0
1
Dj 11
Py (Xa,Yy) 1
Dy 0 1
HS 3
X

X 3.1 A

method of loop detection
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Hs=3 Dt x; V—7TEHEHE Y Y
Hs=2 0t %; B(Xy,Y) R(Xg,Yr) ;
| PrPs| =V (X1— Xs)?+ Y1— Y5)2<4 AlX,Y) ‘
- B(X,.Y,)
1 oN—TEE (10) T~
ZhPADE & v—THEAEET
4. SCEHERDV -V y,
FIR&XF (B - FEBAERL) ZX b0
—IBCE->THRETEEE 41 DL ST X X
3. XFOALR—7%E, TTIBNES X 4.1 Check of the relative position of the first stroke
CANBRBTESICHNT 2 LB TE 2 to the second one in the discrimination of “7”
5, TNERAVWTRAIDZ 524 Y ¥ IS &7 from “#”
ARFERCHEHTH S, VIOBA7 7 X2 DHIF4 ~/
ThD, TOHI>BLHERKOODR2EXFENSNREHD (ga
T 2T FEb5. 12/
%
# 4.1 Classification of KATAKANA characters § ‘(j
by the number of strokes sz.-o@—{ .&i "“K I
S /el
23 KATAKANA characters N
E no.of 1st. ) ___( 2nd 2nd
2 éfgkﬁv*'(;f( ) )R
t |72~V \ T T
v lalnlo|a|z2|e|v]|r]z o A P
2 [ a2 e (B (e (e
R I N3 LA A H
LI B IR O M CO M A : N B
E— e —— - ' /Z/ e/
14 x | & ‘ + r 2 b4 4 F ._"/—
3 Fl3]= } a|lw | 3 — "yes” transient
__} L -—-—= "no” transient
4 | % ' * ‘ ‘ 1 [ 4.2 Examples of Decision Tree for
*» (&), (#), (F) indicate to be written with 2 strokes KATAKANA characters _z
SEBANCE UTRWERIE, (1) Rba—7 Decision Tree T&H 5. T®D Tree 35, AMHBEZ -
¥ (2) Rbte—2a—FOJEF (F75bbEH), NEEABEELEBTHS LEEOIHM LIov—
(3) Aru—~7HONEME, ThHhs KEHOR NEZDETIODANTED, BR, BEOEHICH
REXFIIERPEN—E LTS, 2EOLULOEIRF TEHBREEDTZLOBELEL T -7, Deci-
BHONEEDHNLD0BEDI, BELALEDOXFER sion Tree DFZK 4.2 ITRT.
A=~ BEEFRLTTELLEBNT R EMBTE
BH, R PE—2REXUR b -2 3~ FFBEAL 5. RHXRMEERORE
T, Ate—J7HONERFRE TEAHENEEEITS W7 ar 5 i3 HITAC-10 DT &> 7 5ETH
BNsDdH3. (TEH), (TLYERER), (£ 2500 25y 7, 1XFORBICETHHMIB 1emx
EY), (L) MENLTHS. XTI (TEH) lem BEOXFET 50msec F5THB (F—2RDA
DBA, B1A L o—7DPL1 I/ AV FEF2R L A0 R CRBICEEMN 2T EBRIXXFEDOXR
v — 7 ORERFER<S. VEOHARBNLLITR & XICIRBAMRIC 15 msec/XF, &1LBA, VKD -~
Tk AB & AR OREAEREKT 5 ETh -

»3.
NFHEOHBEILNENDOLFLERTH7DHD

up/doun DEEDF + & Y ¥ &/ 4 XL EEBET S
B, WolkAT—2E2RDAALIEZDS, /4 XREE
LThOBEMBEZ LTS, ZORMEORERHSIC
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% 5.1 Analysis of causes of errors

examples
causes of errors
input | output
number of strokes 4 -
(unexpected way of writing)
length of strokes 7 7
(too short to detect) 2 7
mis-classification of stroke 1 ”
o~ +
the dictionary does not contain their stroke 4 y
sequence (unexpected sequence of writing)
stroke distortion Y v
P R
mis-judge for relative position of strokes R A
(critical stroke relation) a EX
EY a

FOLXIIKETS).
8ADE 52 FLOBDOHERET, LEDKE L,
BXHICE - FRAEESARVTHALI LTS
+ v AR 576 £ T,
iE #5471 E  95%
2 D 17 ¥ 3%
YyI =7 b 12 F 29%
DORFREER,
W\YDOERAREZDOERESE 5.1 KR,
INODS bHBELEIRTNEIRESNZHDHD
BB, “RPZUR”, “ar2fa” OXHIC—H/ANCE
Lol REDONIENEADHE. CNOIBEE,
HBNRXELTODIVYFFRAPEZERLTRLDT
EHoTHLIPHETEOTHBY, chiETra)
ZATHRESCRBTOICOHEMETH B, COXHIN
XER, BLBCRETRDONACHEEEL M
TIONBEHEZTIONBEARSIBETHS. 5
PUDEESZVRTFHABEELSCERIOBE
THhhIENIEREBHH LB ST,

6. & ¥ U
AV 54 Y FEHEENFRBOFRUDICHRENF

Y54V FHIFREXFAR 153

PR T A oy '~

OEHBAERS, HHIOERES A1 TEHE5%, EXR
%52 T 100% IAVEBHB TS, ZOFERX
FONBEOTH, K& ICBBEKRLTVSHEERR b
— 2 ApsEd BKic Tablet @ EKEAREINI: XY
BEREERCE > TOB W), XFEOEEIKHNT EHF
BRI, TRCOFHERTNT 7 Ny FPORX
FRETORBICOHIRT 5T LNBTX 3.
ERFEIELEHPHORN DO, XFOFES

BEOBRAEEET S ESICAESERRII20E
MEBUTTHECEBRERTE 2. ZHEFIALT
BEOREEAEXFAN Y AT LAERERCENTE S,
%7z HITAC-10 BEO/NEHEK T 6 20 KD
ARLESFERNICAERTS S L bRERS N
BRICBCATHRBOECHENRR, IR, B
TAMRICHEEET 5.
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