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Toward a Model for Handwriting Recognition

Writing and speaking plav the most important

Makoto Yasunara

roles in human communications. These two

forms of verbal behavior have appreciable similarities as well as differences. Although their physical

appearances are different

articulation of appropriate gestures,

and although different sets of muscles are used in the execution or

the problems they present in the higher levels of language

processing seem to be the same, that is, at some level of the language processing in the brain,

both must relate to the same grammatical structure of the language in question, Thus, in such a

level, a process to produce or to recognize messages in handwriting is thought to have a counter-

part in speech.

In this paper, an active model for handwriting analysis and recognition is suggested, which

corresponds to the so-called analysis by synthesis method (abbreviated to A-b-S) in speech re-

search, and wide range discussions on the model of human handwriting process are presented from

both theoretical and experimental view points,
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Fig. 11 (a) An original handwritten numeral.
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N S ree

80 ms/div
Fig. 11 (b) Synthesized pattern. Approximation
error £=0.61x107%
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() by Van der Gon's model

@ by refined model

Fig. 12 Comparison of the synthesized pattern by
the Van der Gon's model with that by the
proposed refined model. Approximation
errors are 1,84x10% (Van der Gon’s mo-
del), and 0.61x107? (refined model) respec-
tively.

Fy(2)

BO ms/div
Fig. 13 Comparison of forcing functions with
muscular force functions,
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Fig. 14 Space coordinate system,

el #1875 (dorsal abduction)-fE Y% (volar adduc-
tion) (2’ BO T D DEE) L UREHEE (ulnar
abduction)-EE{lF 85 (radial adduction) (2’ BD %
HHOEE) O2BYOFHHNTETH 5. ENE
(pronation)-[E#4}&5 (supination) (¥’ EiDFd D D
BlE) BRESIVEFEFOEMC L » Tfihh
B, TCTIHEELRVCEIETS.

a. o EoFbboEEES (Fig 15 (a))
EIEETIEL, 2 8 bORKEHN G 64=85" 7
LEKEHANER 6,~—85° ¥TTHLH. ZOHEE
wBET ARG, TS HEANECT R
Fh4afip 5 (Table 1).

b. 2z S0%HHomEEES) (Fig. 15 (b))

Z oEoomEEEIEL, o e L oRKEHNER
p=27° b, BARMNERS Qu=—27"XTTHY,

.
radialis™

—-ulnalris

Fig. 15 (b) Rotary movement around z'-axis.
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Moments of muscular forces [
Muscles | Remarks
Tgi Hyi |
z-components z-components I
*Dorsal Abduction I
M,. extensor digitorum communis M,z cos P (— Mz, cos ¢ cos &) | 2, 2120
M,. extensor carpi ulnaris Moszs cos b ;>0
M,. extensor ce;.rpi radialis longus Mz cos @ 23>0
M,. extensor carpi radialis brevis Mz, cos 2>0
*Volar Adduction
M. flexor digitorum superhcialis M;zs cos ¢ (— Mz cos P cos 0) | x5>0, z5<0
M. flexor digitorum profundus | Mgzgcos @ (— Mgz cos b cos ) 26>0, 24<0
M. flexor carpi ulnaris M;z; cos @ I 2;<0
M;. flexor carpi radialis | Mazgcos @ (— Mz cos ¢ cos 0) | zs<0, 25<0
*Radial Adduction ‘ 1
M. extensor carpi radialis longus 1 — Msz;cos ¢ cos O | z3<0
M,. extensor carpi radialis brevis | — Mz, cos @ cos 8 || z4<0
M. abductor pollicis longus (Mazg cos @) — Myzq cos ¢ cos @ . 25<0, 23<0
*Ulnar Abduction
M,. extensor carpi ulnaris I — Mzycospcos ' 20
M;. flexor carpi ulnaris ' — Mz, cos ¢ cos 8 | 20

2, 2 (i=1~9) XA BHAOTRUMESOEERS RAliER) 27T

Table 1 Muscles and their moments.

Ext. carpi

Ext dig. cc:m.T Josal
rad. brev.

Ext. carpi
rad. long.

Ext. carpi ul.

radial

Abd. poll. long.

Flexor
carpi rad.

Flexor
dig. prof.
Flexor volar

dig. super.

Fig. 16 Moment of muscular forces at a hand joint
(after E. Weber).

S 5T A BRSO L O, BARET3ME,

REsisc 25 % (Table 1).

Fig. 16 i1, Table 1 {0REhi-AHAHA (9D
ﬁﬁﬁﬂﬁﬁﬁﬁkwﬁm?%tbﬁ.%h%h®ﬁ
PA T ) L B A o hoFEMcET 5
[ElEaER (A7) BRTETHS. hir BEEHR
i B FR N OBRIC L HEEEEOKE S
EREERLTWD.

6.3 MHEFEFILOERIE

FRFHEHAO 1 HcEESh, £OR0EhIT

Vol. 4, Na 4 (1974)

Fig. 17 Body system and rotation angles.
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Fig. 17 mBHHAe X 512, 5 (D,8) 2HWT
w.=0
w.=d cosﬁ}

EERLTZENTES, ETAT, usn X OE

- ThHz BhAMEEEEED z, z #$ic BT 2 a0

THD. TR~ B0 ng, n, IKBHLTIZY

BEOGHAFLELTVWIH, FAFILOBRIZL S

EEEERD =, 2 B4y (N1, nz) A% Table 1 D2,

FIFNTFEIRTWS, L, Chbi kDB ITE

LT, K02 8% HETAHZ Lt » TR W#EL

LTwW5,

{1) #FEISEH (retinaculum : By HFicELS
O - BHORBRAYFEOLIATEELTE
ETHEAE L) Ao ili- THFEL, &
#plcwbob#EL L (Fig. 18 (a)).

(2) FHO y-z FEsc@rhOL L EHRE
FLos#ELS (Fig. 18 (b)).

JEDLE SIELEBEELL T, s 43;

(12)

9
fz= grxz,
- (13)

9
Ne= D My
i=

fixed by retinaculum

Fig. 18(a) Moment of rotation around z-axis.

: ?

-

»
Mecospcosd

force from~
retinaculum

Fig. 18(b) Moment of rotation around z-axis.
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Fig. 19 The simulated hand movement (M, ECRB
Contracts individually).
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Fig. 20 (X, ABIOFEZ chain ®F L ~Litiss
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descriptions| TEMPORARY

at one level| STORE
COMPARA- 9r;".fi_€'SCFip[jn_r,5 -
10% the upper level
| A-b-§ loop |

Fig. 20 Block diagram of an analysis-by-synthesis
procedure,
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Correction of a Spectral Image Formed by a
Plane—Grating Monochromator by Means of Optical
Transfer Functions

Katuyuki KOZIMA and Hitoshi KANAMORI'

Department of Electrical Engineering, Kyoto Technical University,
Matsugasaki, Sakyo—ku, Kyoto 606
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Fig. 1. The side-view of a monochromator.
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I

E1R AFTEREImPERL LASERTOR 2 FAOMESE (BRBFT)

HaXx, 7#

g |(m)

IHNFS 0.3 0.5 1.0 1.5 2.0 5.0
10keV 1.547 1.366 1.0 0.732 0.536 0.083
40keV 1.021 1.015 1.0 0.985 0971 0.888
80keV 1.015 1.011 1.0 0.990 0,980 0920

100keV 1.014 1.010 1.0 0,990 0.981 0925

1MeV 1.006 1.00 4 1.0 0.996 0.992 0.968
10MeV 1.00 2 1.001 1.0 0,999 0997 0.989
I #HgEr~z brvXB (BEEXEE, M7 4+%—AZ 1.0mm,D.C,)
e (m)O.B 0.5 1.0 1.5 2.0 5.0

EEE
40kVp 1.05 3 1.0 38 1.0 0.96 4 0,930 0.75 3
60kVp 1.04 4 1.031 1.0 0,970 0.941 0.790
80kVp 1.039 1.0 2 8 1.0 0.973 0.946 0.808

100kVp 1.037 1.026 1.0 0,975 0.950 0.819

150kVp 1.033 1.02 3 1.0 0.978 0.956 0.89 4
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