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Handwriting movement analysis by synthesis of synergic primitives

LIU Min, WANG Guo-Li
(School of Information Science and Technology, Sun Yat-sen University, Guangzhou 510006, China)

Abstract; A novel methodology of handwriting analysis was explored in relation to the biological motor control hy-
pothesis and the data analysis by a synthetic approach. In particular, the main concern was the issue of handwriting
data analysis with movement primitives, in which the analysis by a synthetic approach was presented to build a data
understanding paradigm that respects the synergic hypothesis of the biological motor control. The proposed synthetic
analysis approach was comprised of two alternately iterative optimization algorithms; the non-negative matrix factori-
zation paradigm was applied for primitive decompositions while the correlative maximization principle was employed
for estimating activation time of synergic primitive. The experimental studies for stroke segmentation obtained by the
synthesis of synergic primitives validate the proposed method by showing that the superposed connection mode of
neighboring strokes can be recognized from handwriting data.

Keywords ; handwriting movement; movement primitives; synthetic analysis; non-negative matrix factorization ; bio-

logical motor control; correlative maximization principle
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Fig.1 Data represent model for handwriting movement

SATM M2 LT AHENAE:

BRi&1 m(t) B EE supp(m(t) ) BH w, (¢ -
;) W& supp(w; (2 -7,)) , H

supp(m(t)) =U supp(w;(t - 7,)).

LEHgsS () BEREBER (1) =
¢; 8(t) B}, BMERE BT tMEEETT w, (1) AR B =
R, MRV 1 0] DAL N I 4 R AR T
EF Bzt gt 2y, PMERTTE UER B R
KA BIEE {7 REEENEYEIHEE
2 S EI R 1 B LAE B S B Y 4
R BT EERE {7 FRERTENSE L, EAR
s ARG, X BRI EE 1 THiEs
BB AR XE . I, B 1 e 2 A F TR



ESH

X 8% - FEENIMEET SR E - 407 -

B2 BTSN {7, BRI T, B E B
YERTT{w, (¢) } FIVRBIIEEE ().

B3 DAYPMEZIT {w, () | R IR
e} KIBIET AbTHEEERE { 7.}

ARSORMF | B EARB R  RARE RN
HEEAAR Bk 2 A7 ERSRAF LR , 2E 1T )
BB | SR R, A - RERNL R
o, RIRE 2 SR ABFR TR L _E— S IR 3 FSR AR
RAEBE I {7} B A THE, RIS 3 HSRABIRTT
LA BEAE (1R 2 B9Z5 RAE N MERTT {w, () | 7R
TR e, } AT, b BT AR 1 B se B iR A0SR
fd AR AER Y, FIRFRE 2 TR 3 BSRAETT 5
HOASRRNE 1 KK8, BRI EBZMTAE. &
BHg MR FEF 2 o RE ISR ) B,
B35 S8 B BMERE ORI S 40 e 7 A LA R R SR AR
e, PR ESR AR R 1 BOXE R R, B — R At
IESLBRIR A 2 FRE 3 SR A7 1.

2 FEHR

N EFTRTIR, MR AR 1 B REBRARF TR T
R 2 AR 3 F)SR AT vk , B BMESETT 0 i A
BE RIS EAE T 7k, X R AT ' A THE R
7. B SRS UMEESTA R SR BT R AR 4
T I TR B A 3 SR e
2.1 FEEIHMEETHSE

B FER B AR B T 558 S B B R R B
Fim(t;) ,j=1,2, T} ACUAER (1) K (3) B9
#Hal bR FERIERR IE T @, HEm AR
BRI E T MR T B OMER T B . 8
Mo, a0 P g T 5 s s AR M

M = col{m(t,) ,m(t,),--- ,m(t;)}. (4)
KA colivy, vy, o vt R EFF v, | #£5HE
BEIFER. S5 2, M K5 5 AT 5iEshe
557 A IBIEEAR m (1) , XS i MIMEZETTw, (2).
RE SCBTE AR -
W, = col{w,(¢,),w;(8;) -, w;(t)f. (5)
W=[W W, - W] (6)
AR, LR BE ) r, By ¢, P 1<
L<l,<T,l<i<i'<N FEE3.
Wi@‘ri = 001{&:;;:,0,”’,'(’5) a"'awi(tr-zi) f.(7)

I

K0, 2 TxTHE,H
6, =col{p,:--,0,e -

L

1eT—7i%' (8)

A0 HLBHFIHE e, RRNAE EANTEN
1 HARAEH THSImE. Za5K(6) ~(8) 153

WH, = W,0,. (9)
K H, REE i NETERER SRR, € SR
H =10:-000 01" (10)

K02 TxT HE 83 (1).(4).(5) . (7)#
(9) , BIEHEFIMERERRIEA:

M = WH. (11)
:—&EF':H: 2?=1CiHi-

F#® 4 KO)GEH T FEEIIBEWEEL
Hramikak, Kb AMESWERE H 242 H
BOERE] 7, B, B AE R E T H M5 20R.

2, 2 MR LIRS AU T4
TR R B 4 ) A

B4 X FEARERE M LRGSR E
{Hi% aﬁfﬁ Wﬂlé = [21 22 21v:|T ’fﬁ?%‘

(W,e) = arg n;lzl]( W,e) =:
IM-WY " cH, |2,
(W], 20,¢, 20,Vi,j,k (12)
A A r=w(4"4)* =( T, a5) "N Frobenius
TEEL, [A ] RAAERE A (kD) T E.

EES TR HENTFERIRESEM,
— BB R 4 AR W, HER(5) F(6) ITE#E 4R
BUKF 5@ shE TR IE B BT (w. (1) .

g6 HE 4 B0k B AR T DL EAE A AR /MK
AT (1) BEHNNFEHEN - RERE
BEEIFEEINIMEETEHARFEEINE X #
MY BR BN B R AR A, R4 A
ER AR, AHER A A H 12 s E R T R

AR, FIRE 4 EiEE 5LEMARGIER
AT AR PR, B BR R J(W,e) X
F(W,c) M. BRI LUEE J(W,c) 403
KT WH e Bk, BRI 4 WK g B R4 38
B2 MORARE D TR SHERRER
BRI BT )R 4 BB BRI R L.

SARTE J(W,e) KT Wl c EE, 153

(9_.]__ T T
oW 2(MH WHH ) ,

g_cf = - 2u(M'WO, - H'W'W8,).

ISR A [0 R 4 b g By 3 26 AR P AR L
[W]kl «— [W]kl + 5kz|:MfIT - WFIFIT]kz, (13)
& ¢ + nu(MWO, - HW'We, ). (14)



- 408 - B ORE R & ¥ R

®5%

K8, n BERFEETF. B THRIEFERLAR
BE R, FEN LR E I BENSHERNY
W, ERPKETHERERPT—MERNWTFE &
A, EEEBEAEEREKE T, B (13),
(14) Bt R 1 o ek o U =X, SR AR
N B AE R 2RISR, A, 2 BIEE 5,71 0, A
(WAA'],” ™ ~ w(AWWe,)
M=N(13) . (14) TRAEF R AL T Fetat K
[MH'],
LR
R R tr(MTW@,i)
G (ATWWe,)
A FRFER 4 B RS T EWMBL W
il ¢ ByBERE b, 5 — B H 8 AT LAE S RH
—% ¢ WAETHETE W B, AR (16) i e,
FEMEERE F R (15) BH W, Xt E—#fAR
J(W,¢) Bl , & TCH BAR 4k, SR & R AR, B
RS BER B LR
2.2 HiEEESEAEIT
BAR(D R FE,w, (¢ - 7)) XNEB m () 1
TR T X 6] supp (w; (¢ —7,)). -HFZ,w, (¢ -
7.) 5 m(¢)7E supp(w, (¢t —7,)) LHKIEHAE T
VCRC. B, ¥ W0, R EER, 5 M
HEATUCHL , A T BeRf € H supp(w, (¢ —7,) ) BRE

61‘1:

A

[W]kz‘_[w (15)

(16)

TERE 7. 22T BREAE K EE 3 BRI
RLAT AL R .
BRES ST i, 70 HEIENE 7, 515
7, = arg rfréi)r%V,-(T) = |M-¢W0, |
Y, B X
Y; = {1 supp(w,(t —¢)) C supp(m(2)) 4.
(17)

ST A7) A H T RS R IT AR 7
BB RS B, Y re Y, K
S =0 1P = 3w % (18)
RHWIE V,(r) TS0 N
Vi(r) = 3, [m(t) —ew(5-7) ] =
d, -2¢cr, (7).
Ao
do= Y [lIm) 1" +d 1w 1],
r(r) = zl_’zlm"f(t,.)w,.(t,.-f). (19)
BElE, R (19) 558 r WAL EHERLA

A (18) . Huk, LAY r ()7 Y, BH
AR R I AR SR AR )R 5, Bp
T, = arg rTnan)_(r,-(T) = zl_TzlmT(tj)w,-(tj - 7).

HEMMTLIE R
7, = arg may)_ctr(MTW,.@T),

E#ES r.(r)WLUBR MM W.0,H—FhFE{
PEEE R, B BB iR B A T R R — R T
ADL 1 B R A HE U B SR

SE RSO Y B/ AL, R B /N SO
FEAR XFFELRT, BT EEARE, HPE
R ERRABREFEREHNERRI 8
MAXFFEasfl, FEEE L ERRATE
FHiashati B A EERZNEM BN, 5
B HEERAOE I AT LU T4 Bhia shaf 24 il oR
BBy R, EF B RAF T ERAMET
BB S TR A ) A s s Y Teik AR AR AR 4R I
HBHEREK. AT Vs st 2EmpLHE,
Y OMEZ TR DT 5 3a s i B/ MA AL, TP LR
BHRRAPEBES E RN G R HE B
ERIFERT RN L, BT UMERE TS B
Py E 507k R BN I E R AR
UFE¥E p’ EE Y256, BiIEF 583
VERITCIRBUT IERIA R, SKR AR I 2 Frs.

PEFR . SCERIEAN

B2 8y MEETSLERHE

Fig.2 Diagram of siroke segmentation for letter ‘p’
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Fig.3 Handwriting movement data of character ‘p’
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