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A Scratched-look Expression and a Blurred-look Expression
on Calligraphic Characters Using Renormalization Group

JuNJI MANO,t TSUYOSHI NAKAMURA,T HIROHISA SEKI
and HIDENORI ITOHf

For the purpose to output calligraphic characters by computers, it is very interesting to
add a variety of a scratched look and a blurred look to them according to user’s individ-
ual characteristics. We have reported a system to express scratched-look characters using a
fractal-calculation-method and to express blurred-look characters using a fuzzy-calculation-
method. In this paper we propose a new method for a scratched and blurred expression
of blush characters using a renormalization-group-method. This method can make both a
scratched look and a blurred look in a single process. A brush is modeled by the renormal-
ization group which represents a soaking behavior of ink to the top of the brush. The brush
model makes a scratched look and a blurred look depending on quantity of ink. A model of
permeation of ink from the brush into a paper is also defined. Under these models, we have
made a system to produce scratched-look and blurred-look characters according to a writing
speed with an electronic pen that is an input device. We evaluate fractal dimensions of the
scratched-look characters produced by the method, and compare it with the scratched-looks
by the old method.
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Fig.1 System structure and data flow process.
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Fig.2 Scratched-look expressions by fractal process.
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Table 4 Processing time from recognition to output.
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Fig.11 Changes of a total ink quantity on the lowest
layer.
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Table 2 Hausdorff dimensions.
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Table 3 Hausdorff dimensions.
3 AT No.4 No.5 No.6 No.7 No.8 No.9

H(P) 1.89 1.93 1.92 1.79 1.80 1.87
WAL (H/2) |0.54 068 0.74 3.19 2.82 1.57

F72, K10 ® Nod~9 Tl Y ZHHRICBIT B
HBOBIOR—EHDONT AT VT RICEER S IIRT.

4.3 X7 LALIERERY

(D ZHRFRICEERVATLDLIA IO =Tk
OMFBEER* 2R 4 IR, T 2ICHIT B L
BETRCOBEANERZRCEEIOBIERRE
TORHMTHA.

BB SIS D TR T A0SR B 33
B LX) MBEBESKECENT S, £, REE
B oo DEVICE YICEARTEENER ) LER
BHUCERTA., T4bh, a FREVEEE, BOK
ANOGHRH UL, FIET Y b5 EEENS
W OB TRV, BRI Oy T 5B AN
S ORBRESE. —F, a dVhEWIEEE,

* gzmgEE-Sun SPARCstation 5 (micro SPARCII, 85 MHz,
48 MB), SunOS 4.1.4-JL, GNU C Compiler version
2.7.2.

BHEPRE R 5.
5. &b )

KIETIE, EEFLVARICBITLEEOELELD
ZHBEEHWTERL, EEFFROBRUN I TIR
ICUAERET S VAT A OBRIEL £ DOFHEHICOW
THAR. OV RATF AT, hTREICLAEZE—
WETHERBETE, 2—FIZV AT LT A—FDHRE
RPEFRVOBHIL) 2 TARLIILADEEGORR
LPEFEFEHEIENTES.

RYAT LTI, BEEEICRATRELEET
VOBRTROAL L, ZOR%KITEE S 50HIT
BERTFETHTI AT 72, BB, ERICLLBHEEYE
% OB B EB L UTREE o G AH LIER
8 FEICEIL SRR HFEIC DV TIEASHOME
PRLETH L. T2, SRIIETCTIVOBTSELEIC
LABBOBREICEHHEE RIS I LIk 5RBR
BB EIC2WT, BIORE R S ZBICAN
RFEORE .

HRZIC LA, PTRIZERZITFEDDPIZDOVWTO
EHENLZFHMEXbOTHETH LD, 4HIHICH
RGBT 5 DI NS DOFEORITEITS. £
72, BYAF L TRBEROEE LR 2V, &
ERPFRG IR D LT — I R=ADIRDITH
VENH L.

z £ X M

1) BREL, WTEGE, FWEE, REA, G
B TG I NEHCRBELFEOIPTNER
WZoWT, AR 7Y 1 FA5ICEE, Vol.8, No.3,
PP.558-566 (1996).

2) AR, WTEE, BiEEE, HAEA, #
FETER] . BEBERIIBITILT I I VERW
FTRER, S11H77I4 AT LY VRY



Vol. 38 No. 4 EEHEEKIC

7 AEEER O, pp.T56-757 (1995).

3) HitHIL, BHE £, HoAREA, B #
HEDT 7V 4 MR EA L - BE TR
VAT AIDOWT, BERT7 7Y A&, VolT,
No.2, pp.371-379 (1995).

4) Nakamura, T., Kuroda, T., Itoh, H. and Seki,
H.: Fuzzy-based Writing System for Acquiring
Good Writing Skill of Brush Characters Based
on the Analysis of Writing Speed, 3rd Pacific
Rim International Conference on Artificial In-
telligence, Vol.2, pp.822-827 (1994).

5) Nakamura, T., Kuroda, T., Itoh, H. and Seki,
H.: A Calligraphy System Based on Analyz-
ing User Writing Speed, 9rd International Con-
ference on Fuzzy Logic, Neural Nets and Soft
Computing, pp.189-190 (1994).

6) Nakamura, T., Itoh, H., Seki, H. and Law, T.:
A Writing System for Brush Characters Using
Neural Recognition and Fuzzy Interpretation,
International Joint Conference on Neural Net-
works, Vol.3, pp.2901-2904 (1993).

7) Barnsley, M.: Fractals Everywhere, Academic
Press (1988).

8) Wilson, K.G. and Kogut, J.: Renormalization
Group and e-expansion, Phys. Repts, Vol.12c,
No.2, pp.75-200 (1974).

9) MEHH 772 %N, pp.131-137, PR EE
(1986).

10) &F 7527 % VEMET 7 XTF v, &
5, Vol.J70-D, No.5, pp.964-972 (1987).

183 757 2NAERXROELRT7ILT) X L2

(1) WEEBMCTHANEELEE 2 BFXEIZoET 5.
SEEUZDOWT imﬁﬁﬁﬁékl%.

(2) BHIREI LIRS ZEEAR . 208y
TG LR, BEHSXE O ESHIL,
S, EFE, BEIL 77 V4R YHVTRDS
NP THESICLVRET S, 2o st
ERELTHhTIEERRT 5.

(3) ZEITHNBICT7I5 05 VAEBEZEL, »Th
EEETA. 737 MVME LI, AT RELEIC
T4 ERDERCCHE (22T}, ths
EER) 2P TFICHRREFILVITY XLy 7oy
FLTWL. %8, 27K 12 ISRT X1
{HPi(zi,yi):i=n—1,n,...,m} 2@HIbDE
T5. D, XM P(P; 2% ¢ XM &R,
(a) %jRXBECEERP(e,y) 2&5.

(b) 2ThEZTOy b4 5XE ¢ %BRT 2.
ZZTH i KBRS N BFERIIE ¢ X
BT B TNESIKETS.

BIFshTh - ICLAKE 813

Pn-1 (xn-1.¥yn-1)

Pip (xi1.yi1)

Lj(x, i )
Lm \._____—————"’-A
Pm&mym

X

H12 2ThELo77 ¢ 2%
Fig.12 Affine transformations on scratched lines.

(¢) 7T74YEHR w #HVTE i KEEK
P'(z',y") gL, »¥hlizTay b $5

(d) P'{z,y) €H72ZP(z,y) L L (b), (c) %
#ET (K12 B8).

CORFXNTHWLT 74V E#HR w, (1 = n,n+

1, m) @5 (1) 2y
Lj(z,y) _ L(,y")
L - I; (7)
72720,
L' y') = \/(-73' - zi-1)?2 + (¥ — yi-1)?,
ln-1 =0,

hzvqm—wiﬂ2+@r—%4V,

(@) = Z L + 1 (2,y),

k=n—1

m
Lm= Y L
=n-1

(P84 4 A 1 %)
(P94 2 A 5 B3R

RE A (%448)

1996 £ TR TERZMEEER
VAT LEREE BE, AAFE
LTRSS, BE AR
VAT ADORFFRBARICHEE.

R Bt (#44H)
1%3$%EEI%X¥I%%%

ER IR, 1995 £ K
hﬁim%&k%T.ﬁ&,ﬂki
AR EES, —a -5
Ay bT—2, 7T lfiREcE
o, 77V 1 A48,



814 THERILTE 2 R ERICR

#AR B (E&R)

1979 £ B AF TR T EF
¥, 1981 ERKFER TFRFFAH
BEEEET. FAFE4R L) ZFEE
¥ (k) rpoeRfsERTICEhE. 1985~
- 1989 £ () Frfa v Ea—3#
BRI, 199246 4 A XV BHERIERFET
SRR A 7 AR, T e L. mETE
7T IV, Ty N AR RO, BT
MBS, AILHAEFS, ACM, IEEE Computer
Society &R E.

Apr. 1997

B =A (E£R)

1974 E4HBRERE R LEW
g RRER - BETEIGN T .
THELSHRE. RERREEES
Nt ARE, BEEEBIZRTENE. 1985
£ (8) grifta v ¥ — & 5k
REHERI. 1989 4 L W & HBE LERFERR, Rk
HEEBHR Y X 7 L FHETR, ANLHEBFREFE. Ih
ITIL, BEEERRL -y, BHERBAY
7 — 75818 OS, MEBEN—AVAT Lk EORZE L
BT, BHEREERE, ALAEEYR, RO
el 77 Y A EKEER.




