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A Defomation Method for Single String Curve
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A method of mutual transformation between single zigzag curve and single smooth curve is
given by matrix formulation. We propose several simplified generation matrices which trans-
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generation matrix can be represented by power series of an element matrix which shifts the
segment array. Other several transformation matrices with similar structure to the basic gen-
eration matrix are also shown. We show an application of the generation matrix to generate
cursive Chinese characters from semi-cursive style. The generation matrix has the simulated
function of the movement in quick handwriting. Finally, we discuss solving the inverse prob-
lem from the point of view in which one parameter of the generation matrix is optimized by

form a zigzag curve to a smooth curve by adding several segments to own segment.
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Fig. 1 An example of curve deformation in case of n = 2,
m = 2. a: taking in forward segments (eqn. (10)).
b: taking in backward segments (eqn (11)).
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Fig. 2 An example of curve deformation in case of n = 3,
m = 2. a: taking in forward segments (eqn. (10)).
b: taking in backward segments (eqn (11)).
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Fig. 3 An example of smooth curve generation from a
zigzag curve in case of n = 4 taking in forward

segments. a: m = 2. b: m = 3.
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Fig. 4 a: an input of single string curve representing the
semi-cursive style of “L”, b: the example of dic-
tionary cursive style, c: the generated cursive style

(m = 20), d: (m = 40).
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Fig. 5 a: an input of single string curve representing the
semi-cursive style of “F”, b: the example of dic-
tionary cursive style, c: the generated cursive style
(m = 40), d: (m = 100).
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HEP L DO%EF ) OlMBEr S0 Take LT [ <]
DFENZ o> TWE ., ERFEROMEIL, H5BED
L c TIREED S HE~DOEENHIDEDLH L
SELLTREY [ OFEIR->TWA, %%
L ATR, ERFAEOMEIEI»L DELRD, HE
PODOOREMBTH ZFROMBIR LD, b
3ODOMBEOERIZH L FHROERO BHEOH AR
ThHa (LEEEOEY 1), (2). BHOFEDLOD
ATHFRANDEE, HFhh A EAHEE & HE O K
PO TREL, ATICERAMNEILR>TWA, Zh
BEEROBEOHHENTKEVERNTH 5. £HE
he, AT, ATHBEANDSIIHEE L HEOIZITA
BEQELSNR S, TR 3 00ETFTHBAD S
LFROERO BREOHBNTS 5 ( LILEEDIF
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6 a:[M] OITEKO—EEZAS, b HROTEHEED —EE
&, o EBEE (m=20), d: EE#HE (m = 40)

Fig. 6 a: an input of single string curve representing the
semi-cursive style of “f”, b: the example of dic-
tionary cursive style, c: the generated cursive style
(m = 20), d: (m = 40).

SV vl

7 a:[i] offERO—EEIAS, b HROEEEO—FE
&, o EFEH (m =20), d: EREHK (m = 40)

Fig. 7 a: an input of single string curve representing the
semi-cursive style of “{i”, b: the example of dic-
tionary cursive style, c: the generated cursive style
(m = 20), d: (m = 40).

a b c d
B8 a:lM] off#ko—EEEAT, b HAOEEERD—EH
&, ol AEEHE (m=20), d: EEEEK (m = 40)
Fig. 8 a: an input of single string curve representing the
semi-cursive style of “fJ”, b: the example of dic-

tionary cursive style, c: the generated cursive style
(m = 20), d: (m = 40).

# (1), (6)). PlrokBmshc Ly, ERFEIEIH
LFEERELTRETHDEVR D,

e, X7, 8 Tk, F#EOFHED OFEIES O]
DESTHEDNEF L E->THBEYICEINTVS,
SHISTRL T, EABLA-BEHICE Y ASTERaD
D (O] ooeaEY & L7 ( LEREEOHH
4). 6D [ANR] ERTO[SATWR] &, &
HOFHRD TIRIFTFAHCER LS TEIN S, &
REETIE, HIBEOHL c Tk TARLTEAT
VR OBRZRSN DD, HEAOHL d TREHFITH
BOFHE b OMEL SN [R] 1ET L (LitESE
DR (1), (2). 8D [Z& LR Tk, Bt
Hbix TARLITEATVRE] LIIRBITE ZEEN
ghn, —F, ERFRc, dTHEETH D, Hicd
TiE b EP-EESTETWS, M6, M7, M8D

/ p
TN

9 a:lFll OFFERO—-EEEIATN, b BAOEERO—EH
&, ¢! ERENF (m =20), d: EREHF (m = 40)

Fig. 9 a: an input of single string curve representing the
semi-cursive style of “¥J”, b: the example of dic-
tionary cursive style, c: the generated cursive style
(m = 20), d: (m = 40).

THTT

B 10 a:l3l] OfFEEO—EEEAN, b FUOEBEDO—E
FE, o ABEE (m=20), d: EEER (m=35)
Fig..10 a: an input of single string curve representing the
semi-cursive style of “J§”, b: the example of dic-
tionary cursive style, ¢: the generated cursive style
(m = 20), d: (m = 35).

[Z] Tha [W] II=ZF®HETH 2%, FHlozk
b E=FZNENMBOBESRR 225, ZhbD
EZRIEHOBHECHEANTS 5 (LI EEOIFHY
1), 2). EEFHc, d TREE{XFOTRIRE 2 -
THEY, K6 OFBOFHRD OEHEICEYV, YLD
BREIC LY, ERFREBLFERE L TRYTHS
EWnz b,

K9 cit, HROFED IZBWTEEDORIDOMK
ENZHRENTEY, BROEEIIMHEILI2 SN T
Wb, ERFETE mBIKREL L DIHEY, BID
WEASZAZAEL R, ¢, AITRTAL TIAEEDS
G ToTwah, L7AoT, BUERALO midc
DOm EDPLASIm AL, ¢, dEZRLADIZ
(| OBLIHROFERORL FTERTELT L
ERTOTHD. B BETLHEYRERFERT c &
DALBLIVNS WREATH 5. FEEEOE (1),
2)BFHBLVLTH, BRIRXEEIAKL LT
LB ERLPTERVWI LICEETRETH 5.
COBICEELT m 28T, U5 HLERISE
BTE5.

H10 Tk, ADTERaZHL 200 o s
B THAHI L2 ETHET L. [0 OFHA, bD
BHIOBVHE L, METORINEILHBETA
W HEEE TRESATWS, WhiF [1T] 242
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a b c
B 11 a:l#il ofiE#ho—%EHEEAN, b BAOEEEKDO 4

X, o AREE (m=20), d:EREE (m = 35)

Fig. 11 a: an input of single string curve representing the

d

semi-cursive style of “fj”, b: the example of dic-
tionary cursive style, ¢: the generated cursive style
(m = 20), d: (m = 35).

DTRLAILIZE->TEY, ZOMBRILILL (iTh
N5, b TRICEPNDHREL [O] OFOWSTH
D, Zhrd (8] OGS~ THVERTERL
ERTWVE, ZDEINCaDRETOERIZ D TIZHE
HEZASLTHEESNTVWAD, H{ETan
ZIFC B> THIN TV EOTH 5 ( LEEEDOHH
(1), (2), (6)). ki, EBFHcTE [0 DERGL
FOT, #2495 [5] OWMI~LEHE FHORE
2o TR TETVS, BRFHRd T [E]
OEFOERALIZ TR OFED O FNIEVEEHT
ETWVEH,[R] 0FsE, (0] OBl nETE
ThHo. BELHELFEIL, m OENF ck dOED
m CTHERINS.

H11 i, ADWTER a TEFEOEETD 577,
BHBMOPEDIIRD LI ICHBILENT VA, a D
1E»5% 3EFTH, b TIIHEEDS LRI~ T
EFTAN2LZCEVIBEMAEHETRILTVWS. Zh
WBEEOEBL V) L DITHENICL & 2 -k s
%o TVWA., RIC b DEVEED L ROHEEZ~TE
Ehar ok EA~NORCEHD, ad [A] oG T
H5. b DBRBEOIVEEIZ aD [F] OoLBREID
ERRTH L. Thd ol bz, EIEZEOHY
(1), Q)P @LHEIALbDOTHB. —F, EHEFHhc
T, AJTER a OFEIRITB - 28RS 3N TH
Y, aRE1EIGCEIEET,[B] oD, 20K
HERFOBR LI b IZEBETIE S <, BMELR LFEE
DR (1), (2) IKEDSEBBILE ZoTWA, EETF
K d T c DB EALER, aDE1EHEE?2
BB EESVIZ, ad [ B Ot c L hEAT
WHMICERINBIC, ad [B] OGRMOEHGI
c L EREOHtE Lo TWwWA, MEIZaDE1H
EEQENFER OV R o2 ETH Y, HEELIT
EFTETHD. THIRDMD m FRELH L FHhE
5z 5.

E12 Tid, B#AEOFAEDIE, a DANITESRDE

—EHFIMBROERE 3005

132131

®12 a.[#] OFEEKO—EHEEAS, b BROEEKO—E
EE, o EREBE (m =15), d: £EEHE (m = 50)
Fig. 12 a: an input of single string curve representing the
semi-cursive style of “/%”, b: the example of dic-
tionary cursive style, c: the generated cursive style -
(m = 15), d: (m = 50).

MR i o 7o BERE D TS, Biflk S C &3 Mg LT
ThhTwad. ERFHEciE a DERZHEETE LB
EOBRLTHE. S5 m2ARELLZ4ATHE, a
DEEZHETET, T bIIBITERBOEENS
&b dCIHNSLREEICR TV, TREFROTE
RELTHFD Y, EEEZEOHH (1), (2), (B)
HEOSHLFERE L TRYTH S,

B EOBINRT EETRORETERI L, Kk
W EBERFHT, BLXFEL TRALRFREER
HLEPEsnG, 22C, BELSHERT S 750 X
FEEY, LR EROBMHEIToER, A0
FREOTL CORFEIFNTH 52 EFHrDLN
7z, TORERIZ, EREFVOR (4) D [Am] 75, &
BOBED DD BRIZEPNBTH S 9 o4 DITE
HEOHBEE S CHEBAICHYAATVE I LR RL
T3, #DELTW) &, TEERE VI Eo#L
WELL R LB S L FRE WIS 2 il
BABHET 2121, —EEITELLTEROERD
n HOYRIZKATEIPNETHA ) m BOYH%
HYORADIE L NEVIZLETHE. 2F Y, [An] 1
BEEZTHLEDOEHREI(RL TR W) LT
»H5.

4. TFHIEHBOPRE

2 BT —EFH I MBOEBEL, ATyt W,
EEOPLHBR W, NERTHELDTH o/, 2T
B We AT ELTEZ N X, W, 2H#E
TAHYUMBEZEZ A, ZZTHEBI L L TV A USRI
ik, 52 5N7ES 2 AT We OFEE o
ERFEROBFERTHRIELIETELDOTH .
2 BT 7ATHNIEE N S BITFINFAET 2005, /3
5 xA—% n, m HEFBEYHETTELRIES
IZT&5. 20X )56, RONEB WL, Zh
EHODPICEMLIEEE AR W kB LED
NEELL R LMBELTROLND LIRS %
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V., 2V TWOBE, BoNn Wy phid, b0
Wo SE 072 ETELRWEIRBELT W, K
T L EEEDE .

ZOEREIE, ZITREEFTREL Bz, B
LT Wy 3T 2B RV L5, M52
PHEBTRVZDTH S, bL, HHEEAVIHAE,
HEOEEME Y — 25 EFATFIC L WS 2k
MR E AR L C, ZOERERE ATHRED< Yy F
VT ELBMBEICRS. ZOBAE, EREREAD
MR & DA% B & HITERITH My 0%
FGA—=F n, mxRBELTEE LD, BRAHEED
By - R RRTLMEL S,

ZITIE, BELHVWEWILRHHRLETEOT,
FROLIC, BOELZMRIEDLIBRELL 2K
L7-HEr s, Wik 2BMTERSNNE, &2
ICEROTEEMA S 5. £ 2 THRIEDRMEE L TRD
ST HRETS.

(1) AW, 3O —EEIHPETH .

(2) Wit 2 ETHRNATHIEEAS S AR SN2 D
D EFEPOFRE FO.

(3) EFEOBMER W X, A We ISHeSiT S
NBRERTRE B> TORF TSRS R,

UFCREMEOREBEROLI L2 BETOT
137 <, LEROBREMSD T CHRHEME WL IES<H
BERETL. A DB W 2652835 L WEME
Wi BHEET 5100, RATSEEMNEREL BHEILET S
NRWOT, TEBZTHEROFEFIES B L A
EPORADDOI BRI TH 5.

9, 2.3 i [4] \RL 2 FREEHE O £ KT
K17 ZHNT, ALTHBOBEEBRLRAALDL. 20
B, t 2 —t LT NIEIHERICLR S, —t OEEEE
THIELICLVBBRICRYEZ DA LICR S, &
ZBEFDoTVABEIZ W THEZRT. H13 D a
i, BB W, ThHE. FR b, FRallRHLT
t =16 DEFATFI (17) #BHL TEShEBL 2
RET, SThEZITOAT W LRZT. YHE
13256 THA. A, d, eld, ATHL TERE
Nt=-12, t=-16, t =—18 L L CHEEHRE ML
THHERICRLEE DT ERTH L. SOBEELN
FhoTVADT t=—16 O AP HEHFEEL VI
127 27, MBSO H S RVBER, t = —-12 75
AREROBEN HEH (t = —18 OFFT) T TIRD
BHiE %5, ZOBIERITHICTES B E AD
LA, ThEHENOBREFO—BOHETIE,
—t DEFD o & 0IZHEWVWE (22X t=-3) Te
DEICRREEFENTLE D). LA >, Bl

DL
~7

o
1) 0] &

13 a:Wo2uMrSE Lo Lciie s 28BS
W, R LTOE( L o (LHH. bladb t=16
DEFATHIA (17) ZEAL THES R HES 2 i (A5
Hi#R). c:b b t = —12 ICXVBONAHLRE. d:b
Pot=—16 CENEONAEER. elbhb t =18
B UK LY (WASUIL )

Fig. 13 a: A solution of zigzag curve in the inverse prob-
lem of estimating the zigzag curve from a smooth
one. b: A generated smooth curve obtained from
a by applying Eq. (17) in the condition of ¢t = 16.
c: A zigzag curve inverted from b in the condition
of t = —12. d: A zigzag curve inverted from b
in the condition of t = —16. e: A zigzag curve
inverted from b in the condition of ¢ = —18.

BWOMETIRS - HEEICE 5.

0L HIIRBEBEHERM O EKITHIR (17) 2 BHWT
ATTHBOMIERE RALEEE, 1HDONRT A—¥
REETHEZITIVOTHEFIRIGECHS. F
BIZ, 2.2 BiDERERITS [An] OHATFE H VT
MR HET 2B, WA n BESETALE,
1ED785 A—% m (EOBRAEK) ZiEo TRBED
mERVWHT LIRS, L2 LERMETHEE
THELEND A, 20 L) ige, BRREECHETH
FHEELLCTY, ERWAETETHETE 2 kb
HITEIEES DL TT .
EREBATH] [Am] OBFEEEZ D, [An] % [o] D
NREFEFoTCRLAREFIAT 2 L RR0BON 5.

(W1 =Wz ~ (lo] + [a)? + -+ + [a] ™~ 1)W1

(24)

CIT Wy 5260 T, kOLKIeTE0IE W,
Thb. BREMTE KB WO =W, »oHET
5. 1SRRI

wit = ({11 - (D)W, (25)

2EL, Dl =[a+ [+ +]a" TH5. 2
KR

w® = (1] - [D] + [D]*) W2 (26)
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(CEEECH

14 a:[g] OADTER (K 6), bin =233, m =2 TARE
LBl X%, o ATHIRIETHET
Fig. 14 a: An input of semi-cursive style of [{7], b: the

senerated cureve inder o — 22 o — 92 o tha
generatea curéeve unaeér 7 = o0, M = 2, T e

reverse curve obtained by the inverse matrix.

w® = (1~

%k KEPEE

k
wi) = [Z(—[D])j] W (28)
=0

TRDRTEE n DEE [ =0L%5DT[D]" =0
%D, n—1 RKEUTHEDLY LR S.
BRBOFAIEE, BELK (24) KBV, W
P ERAL TEAPSFEAEE WD L LT
FMTE5.
% 0 BLDFRE | [DIWs
% 1 ABORE | —[D)*We
8 2 ABOEE | [DPW,
%k EPOREE  (-1)* D)W,
Bn—1ER08EE: (1) [D]"W2 =0

B on—1 BEPCREFHEEZTo2Z LICEL
V. ZOBKEUBOERIT, BROEMBOFEL
SHROT, BARKBOBRTHREL, BEHTH 2
n—1 KEPMIEL FTREFLETTIIHEIT LW
ZETHDB. EORPPLIBED TNERREEHITTE
n—1 M FCTEHETAHEEN, BBELITHEE
KEL VLS, BRORMTEEE Lo Eh7ET
FEREEIAR R TS,
ROBITHAT A, 1413, M6 D allRmd ]
DANTEEPS, n=33, m=2 DNNFT A—-FT
BLXFEDb 2MED, FN2HFTFEETcn L HICd
EICRBIEEHEIDIHTHS. 15 1F, K 14
DHELXFEbHEZ SN LT, LBEOBERELT
BTRL TV ETH S, did 24 KB, el 26 K,
fit 28 %, gid 30k, hit 32 R CHFFIEIE L L
ThaH. ZOFITIE 24 KEPTHEEZFIHYW-TH
+HTHBZ L ERT

—EE&IMROETLE 3007

eller bl

15 X 14 OHLXF b OFXAEUT X BHTT. d: 24 REB,
el26 K, f:128 K, g:30 K, h:32 RTHITFIFELFL

Fig. 15 The process of iterated inverse calculation starting
from the curve of b in figure 14, d: 24th-order e:

’)R&l\ ordar " ‘)le‘ ordor o Qﬂl—h ardor 'ln ‘J"N-l-.
GUn-Oraclr, 1-Oraer, g ouUtn-oracer, o

h

order equal to the inverse matrix result.

5. & O

ZRTFELICH AN —EE X BB OWT, —
FHEE L L LR, A S 2% RO
FHRICOWTTFIERIC X VREIL 72, RO
MR RRT B BAEFATH R REL 2. 2hig, —
FFIMBOVOLDYFORME L THL W%
ERTAHLDTHS. EBEATHIX, BBOTRFIE L
ABHBCRTNIETSEBEHEZ T 2EFFINRE
FMELTEBHATELILHRL, IHE D EIGER
BEEL 5. F, ERERTTLSRESNS
R BBATHIS R 72,

12DIEHE LT, KEESTERETIOBLE
FOERIIESHTHAI L 2R, ERSNLHEK
i, EHOBRED LEPLRIIEINETH A ) KA
OITEFROEBEE ) F CHRRICH RATREZ L
ZHLMILA 2D, RELERERTHO 1
DI, HEETHLEOERL LI(RLTWwAEZLE
RL 7.

BRI, SRETRY B, 1E0NT A—-5 25K
BT 2B/ EDEFATINC OV TEHERIRD 50 58
L 7.

B HEAZIIBLTITREWZZ IEERK
BB ho L LT, 1EHRE%
BfEL Y ¥ — DL F A EHT 5.
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