FIT2014 (% 13 EIRHBEEM 74— L)

L-016
Fr T4 FEEX WFENRAT— R REA W7o 538G 72K
The Complex Authentication System using online handwriting and password
BERE&T R#EF?
Shun Sugahara Jun Rokui

L TS, VITARBEY T AT T, Key BHAT 7, 7

L Lol ?X&EMX%yf WEAT v 7, T - WHNAT v 7
T A YA CRAIATRI R A W oS A A R |2 Ve JEHBT 5. INERT v T, BREE— P
U7 ABIED—FETH Y, % OFFFEHRE D B 2 [1][8]. &@%@%%W%#é.m@ﬁxTy7f,W%x%y7

TEHRIETIL DP ~ v F o7& VDB~V ko B @B WO A — ) o B %AT 5. Key B A
A7 ETNEMCDLFELNPRES N TN D, 2, 5o 7T, HEAT v 7 THEATS Key 2ERT 5. 7
AFEEZHCTHARD AT A—ZEZRETDHETAN S22 )0 72T 7 CHEEEROTIBT 57 7 A8 %
HERNBDT 52 ERMESN T[T, RO TEE BHT L. FiRY 5 AZOEHEITH R, HENCREES
AL ZETHORCT Y7L — &S Z LRI, Hoa—Fh i L @RS E 7 722 ) 2 7 &7
AN A KRICWERT 2 FaRlECcH 5. YRRk L= O ® L OBEE 2 AV 5. B TS

A% T =L, NAARA M7 ABEEOFMIED 12 \cHffcE Ly 7 A HIBICERT 5. 77 A2 B
THY, KANEEH(FRR false reject rate) & LASZAF(FAR 25 o 7T, B2 — 705 IUE L@ E B S 4 v
false accept rate) D Pl R &7 ARAEGE LM AT AE B2 A EEHT 5. HEARAT v 7 CILERGEE - BE:
IR LR R e B ST 7L — h &g+ 2% TR A A ERR T S . SRIEORRICE I A SRR D
BUCEHT 2 HEPE IR L, ZHET M X - T ET WHE N L LIBogE Q)R
5. RANEGRREMAZARKIHKBERICED, KRAES

FaWATHRHICEMEERERET D L MASZARRBEI K = {(ay, by), ", (a;, b))}
U, A ASEZHDT 5 AICHIE A L < RET S & A (=1 N) 1)
IR RS 5.

AIFETIE Y TAZ Y > 7 LERLFOFREEEE LT (a;, b)VE Key B AT » 7 CIERL L7z Key & EZEEFHRO

RAEFIEEAREL, o OMBEOMRIEZIIND. =EF I TAR TV OMBEDETH Y, aild Key, blds 7
BT, NATU— FRAEORICERR FREALIRE LRFEH ARGV ThD. B - BEAT v TR EEAT v
W5, FANCARRES RO 2—F N OINE L2 EEERE,  TERLEEZHENL, 2 —FRER O —FRIELZITH.
FHRMIZY T ALY v TWBEIT, GREEEAT D RHIAG Z—PRERRFCIE, EAEAT v S TERR LT & = —3 ID
2PN LIE LT EEEROFTE Y 7 A2 2 AW5. & 2R 5. o— PRI T, RIAFICH L EH L
KT, BRARMEHOT 7 L— N EHEFEL AV LB ISNTEA L, RIEEIT

THERT 2%, BEEITORII—ADIZYDa—HFhb%

< OIEFENFREIET 5 LER D DN, HEETIRREE [ ms | mmam o] ooasmm |—
SHOEEEFEREZANTI FAZ Y T HITHZET, 2 | Be H -5
DA RIS 5. £, NAT— FRIO L 5 ICELF Key S H:

TG RRAERFICAE N 5 F T, MAZARLAANELEROM

52 R D e % 7 7. .
= ” M1 BIELRTLOBER

2. & —
REALF A 21 INERT YT

R TFEOWER £ 117 \

ZIK/XTA Téuqu?{f%W$27/7 HU@}EZ Ztiﬁ%'fb‘i AndrOId 577\1/‘/ &51%&%@7709 b“—‘\/

3 R FEELUEEHRONELITo 2. 7Y U
TR IR AT LA AT LR SR - H s ETELRROY 7Y YT EAT 57— 5 E AT
AT LTI Department of Mathematics and Computer
Science Interdisciplinary Faculty Science and Engineering
Shimane University
1 63 Copyright © 2014 by

e The Institute of Electronics, Information and Communication Engineers and
’é:__l’ 4 ﬁj\-ﬁ:ﬂ- Information Processing Society of Japan All rights reserved.



FIT2014 (%

13 EFHBEFARM I+ —F L)

X, = (time,x,y,p)(t =1,--,T) 2

Z I, time XY 7Y v T BRGEREDS D OFRBIEZI T B
0, Xy IICEELE, plXEEEHRTHD. Ez, 7Y
ML Sms ICEE L., T v r—2 L0, 3
FFAVERZ VB R — # i L2, R — & 2X(3)
b

Y, = (X, vx, vy, v)(t = 1,-,T) (3)

vx, vyld XY B m~0BEhEE TH Y, K@4),6)%H
WTHRET 5.

_ (x¢ — x¢-1)
Ve = (time, — time;_1) @
vy, = Ve = Ye-1) (5)

time; — time;_4
t t

v IR @) AW THEET 5.

vy = /vxt2 + vy? (6)

2.2 AiTALIE

SCFUNEAE TR L2 R — 2 izt LT, Ao —1
VMR ELT S . R4 — 1 U ZBETIE, B ST OHMEE
ERRRE VTR BEE S 2 I L, SR ST O &% il
H9 %, EEERICBT S XY MEEORK/, RAEEZ T
WENX mins Xmaser Ymin Yimax & LTZREwidth & heighti3=X
(N8 & ANTKRD 5.

width = Xpax — Xmin @)
height = Ypay — Yinin ®

24— v R TIE width & height &2 VT EEE O
T A RIPERMG/MLEREAT 5. E D%, width & height @
PN ERSE OB L R D L, BHAIHZTLAT U M
BRIV CATREMENR 5. £ 2T, width & height Dkt
R L o TR/ NMLEEO PIEEZEFE T 5. RICEHE O

X R Z X, Y AR EZ Y, SR OREE O KIEZ H,

MIEDORKEE W & L7ZRED R 7 — Y v 7O FIE %
R

width,height % i\ CHiERfikt aspect 23R 5. aspect 1K
Q) ZEHNTRD D.

E4M

width

height ©)

aspect =

aspect > 1 ORF, ZHatk D XY 133(10),(11) % AV Tk
5.

XxW

"= 10

X width (10)

W—YXH (11
" width

aspect <1 D, gD XY 13 (12),(13)% AV Tk
H5.

XxXW

X' =
height (12)
Y XH

Y'=
height (13)

2.3 AL

WROF T A YA VIETIER S — ) v T Z 1T
S TEEFRICR LT, FRNCEREE LTRRET — & & g
17D, £, BEFETITEEBRLTIBT S 7 24
DEIMMCEEERE 7 5 A X OBELERE AT .
R7 MAERO B TEICIE—2 Uy FEE#EEZ AV D T
B~ T ) CARHE WS FERH DR, T T7A4
YA CRRAETITHEEF RIS PLORSHRRD S,
N7 MVEBEEZ RO TR AT 2. AT
DynamicTimeWarping[8] Z AN TX 7 kL DL E % 5 H
9% . DynamicTimeWarping (I bhlief G2 DI R8T — X 1
LU, BIRIEEICEOCCHEHUESRHT S TETHY,
ﬁfgéﬁéﬂﬁﬁﬁﬂ?“*ﬁ HEINTE DS, AT Y

A URFECB O THBEHEICAV bR TN S.
%:_,4%@f\7}wbé, A={a,,a,,ap}, B=
{by, by, -, by}, A, BOERIEED, ~7 bABO2—2 ) v

FEEBE A dist & L=, D(4,B) 13142 W TR 5.

D(AB) =3 D(i,j—1) +dist(a; b)) (14)
D(i - 1,j) + dist(ay, b))
F70, BAWCRARDEMT —F %a, bk L, Fi%7—

B OEFOEEE C & LR, dist(ag, b)) 1T (15) & A
TR D,

1 64 Copyright © 2014 by
The Institute of Electronics, Information and Communication Engineers and

Information Processing Society of Japan All rights reserved.



FIT2014 (%

13 EFHBEFARM I+ —F L)

dist(ai, bl) = \/zk (ai,k - bi'k)Z (15)
eC

2495”2 UY

KU AT LT, FREICFANCNE L RRESED
2P L HEEFREEINENT T AXY ‘/7‘%?%\
7 T ABIZELY MVERMT S, GEGE « BRERREIZ
TR BRI L, RSN TSRS L?L_EIL‘T*‘/?’E
MWT, PiBZ 92228+ 5. RWIFETIEZ T A4 Y
V7 FiEE LT Kmeans++HE[3]Z V5. K-means++{& 1
MBI 7 Z A2 U T REE LR fibiud K-means
EOYETHY, Wahls 524 o 72 LT, HHE
DTN SR B 5. K-means J51T, WIHEE T2 % A1C
WET D280, 772X IERNUIBIEICEELZ T
5 RN 508, K-means++¥i‘: I 7 T A B E SR
WETDHET, PIHEIZ L D2RENDRNRERH L. 7
725ﬁ%M&L\77%5)/5%%@N7%w?%?
Fx,(n=1,-- MELT —F%&c(i=1,,K)& LIZFFD
K-means++{£D 7 L 3 ) X A ZIRIZRT .

FIH1k Step
1.7 A2 VIR BROEEFROPNSLELGT VX
1 RERETD.

2.7 pux,(n=1,-,M)IZx L, D(x)%=itET 5.
D(x)IEK(16) % AW CTH T 5.

D(x,) = min dist(x,,c;) (16)
13

3 D)IEHR L, &TORT MIZBWTHERQ(x,) &K
D5, el)EXANEHWTERD 5.

D (xn)*

f(=1D(xi)2 an

(P(xn) =

ARD T RO )ITUE, Bl ZHERANITIRET 5.

Si=kk=1,,K)ZBNT2015 4 %40 iKY,
6.7 Mlx,(n=1,, ML, IR 7 A% &8N
T5. PR AL, Eibg@i=1, K3, &b
BUEDEWY T A2 2RI 5. FLEUE X DynamicTime
Warping # Hi\» %

E4M

# v 3K L Step
1T Mxp,(n=1,,MYDFTEZ 7 A Hc(i=1,,K)
EFRAWCELT—ZOEFHEITH.

2EFHLIEELT X L0EXT NVOFE S 7 AX %
WHT 5., R s 7 A4, BEigi=1,-, KL, &
HLHEBEDOEWY T A H % DynamicTimeWarping % T
HIRT 5.

BHWHHE TINE Y T AZDETENRRL IRoTe bV T A
ZYTEETL, BENRHDLHEMRD IR UL ZITS .

7T AZDEH
EEHWIC T 57 7 A X OFME, FRTEL O
T52 5 AZCKIE LT, RTOELT—Z kL, H
PEEAZEMT 2. B LEREORN, RbEELTNS
ELTF— B EFRI TAL LTS,

2.5 Key B

KUY AT LTHERRAEEAT O BRI, EREEROFIEY 7 A
2L Key #EE5T 5. Key z[ b Z & T, RAHESEL
I TICMAZ ARO DN FFCE 5. Key It A
ARERDOSEDLHINE LD, TFARR—RD/R
U— ROERIZ, RAREOEENRTIIWART A—F &5
E?é%%#%é.%_fxyx%Afﬁ,mﬁﬁ THERD
ENF=FHE Key & LCHEAT 5.
2.5.1 FIEDHA

KT AT LCHERAEEAT O BRI
PRAEDORRICH WD, TR %ﬂvwz7%?w%%w
THEEFRLVBINZITY. Bhela 7 ET VTEFR
LT HFARRITHEL 2B RASTE Y, XTI
[6lICFIAT D bEZ < STV D
252 AWBREE

B~ L3 78T NMICE 2 HRHET — 2 I3UUE - AL
AT THA LIZEEER®R» O 2175 . EEERD
ST 2 R8T — 213 XY R L 0 B L= XY Sl
MZENENOESEROBEARE L LTz,
253BATIITETIL

i~/ a 72T ValT 5 IREEIE, 8 IRy
L, SHEME L. IREEOHEIT LeftToRight & L7z, %
nN<ena7Ees VA= (ABTD/NT A—XDON, KRIEE
Bt oOEA 2 (18), HAMEOES Z(19), WIHLK
HefE R DES % (20)ITRT.

, ERTHENRRAT— R

A={a;;} (18)

Copyright © 2014 by

The Institute of Electronics, Information and Communication Engineers and

Information Processing Society of Japan All rights reserved.



FIT2014 (%

13 EFHBEFARM I+ —F L)

(19)
(20)

B = (hi(x)}

T = {m;}

MR EBHERE L ITRh~ a7 2T BN T, REE i
POIREE JICBEB T 2METHL. MIMELITRE i1

BT x ZHATHETHD. PIHRERSRIT | 23491
RETHLEERTHD.

AL TIEBR ATRE 72 e R 517 — &% X I LT, X &
EBRSAERT AT —8L LT, HO#EbeX,) 2 1E

HOAMOWMEREERH LT 2. ERMMMICBIT 508 %o,
Rz pd Lo iEsRbq (X)) 2 QLI T
b (K,) = o (21)
= e 20?2
et V2no

Fiz, BT IXFEREMEIC X EET — % ORERYIIE# %

525 XBETIV, Y BEET —F ORERFIEHRE M- 5

Y ET L, AEFRORERIIERE 52 H5BEHAET v

D3ODEFNEAERLT 5.

254 FETILDOEE
Ehvw:7%?w@W%%%@Eﬁﬁﬁ NI A=K
DB Viterbi 2 q%ﬂ%b\é ET NI 2 DT —
Zzxt L, Viterbi 528 & F VO TIREEE IOESEHH 42 XL

L, E#SMOSHEFEHERHTT 5. REBlox LTy

T5T7—H&x(i=1,-,N)& L7zWE, FE¥p & oike?idX

(22),:(23) L 2 5.
L N
u= Nin (22)
i=1
L N
o? = NZ('XI: — u)? (23)

Fio, T NVOMBIRERELG =1,
L.

,K)1E3(24),(25)

(24)
(25)

m; = 1.0
n;=00,i=2,--,K
2.5.5 FEDHAAGE
Rih~nra7ET7 VAL, B ATRE R KRS %2

X ={x1, %5, -, xp} & LT, ADY X & )7 2% fk=13:(26)
ZHWTRD D,
T
P(X|4) =m l_[ be(xr)att+1 (26)
t=1

E4M

FRREICHE L2 TOET ML, R(26)%
BOLMEROBL RAIET A EHEIBRET S, ERBIC X%
DO AEATORBICIE, X #hET L, Y #EeT L, BEAE
TNENENOEBIERO B 3 EEE L, S8k%E &
5.

2.6 2 un..\n " Eﬁﬁj‘:’“

RFEEAT O BEL, R L7 @B mICR L, Stk
Ko THBLI=FREE Y T AKX Y 7 Step KL WEH L7FT
BY T AR EMAEDED. N EOEEFRICKH L, R
RRZHWD T —Z DoRT 2 —2 X QRIIRT.

= (chara;, clustery)(i =1,--,N) (27)
chara; 13 | HTEOBEEFRICHTHERLFETHY,
cluster;,IX i ZHOEEFTRICH T DRI ZJAXTHBH.

L= PREFITIE, ZOXRT MLT =R ERRT D, o—

FRGERHCITHT L UE L7 N [HOEEFHICH L, Y&
KDB. Y DT A —HFXEIRT.

= (chara;, cluster;)(i=1,---,N)  (28)

WIZ, BT —% X OFficharay; L BFET —X Y OF
Ficharay; k3 %. (i=1,-,N)IZBWT, charay;
charay ; D, uunﬁi*‘b"%é‘FxfibnwE%rf&Tfé b/
2, BERT —F XDOPFTER Y 7 A X clustery; & BatT —4% Y
D@7 7 A Zclustery 8+ 5. (i=1,-,NicBWN
<, HEHERBEBRD. EBHR
HH L7 AOFFBLLTOR, B> —V 228§
5.

3. HRELEER

BRI E T DRETIEOFMERZTo7. A T4
U A URRREY AT AOFHBERIL, AT —FZ =2
BEANL VBRI LIZANES EBEELZANT, A%
AR ERNEGELZFMT 5. RBEFETIIATENR %
AW A T A YA VRBIEE AR — FRGEEEA LT
BIAE AT L ThH DA, ERIETHEAENZERICELHE
PEDOBGERRETH 5. F 2 TR TIIEREIE 2R
EURGEER 1T o7z, EBRT— XX 6 HD2—F L%
FEENTEEERE AT, 772XV ITHT—#,
TANHET =%, BEHAT X IIFNENEE LRV iESE
FERARINLZ, FRIZETO—H8 T0) 5 M9)
T@T?E7ﬁ%%££btloﬁ@@£%ﬁ%lty}
&L, WEEICHW D FREE E RO AN FEER, STk
ﬂﬁ%%,1*#&»7/§Au@ﬁbtloﬁ®@%ﬁ

clustery; # clustery; % i 723

=

AX AR

Copyright © 2014 by

The Institute of Electronics, Information and Communication Engineers and

Information Processing Society of Japan All rights reserved.



FIT2014 (%5 13 EFEHRBMFREM I+ —F L)

E 45

WE 1 'y bEL, BEARCHVW D TREZE F RO N ER % 100
1T-o7-. ZE \\
3.1 FEEE O HER - N\
=
R R O S R D T A KR % \ —
1 WEBE»LT I ETHT [0) b [9) OEER#H 30 \\\ T
BRI 100 [T OUEL, ZOHHEEH LA . N
WESIEs T ALY L ST =4 b LTENER T0 0 - B
vy b, BRAF—2LLTZRER 1 EY b, 7 Y Lesen
A MAF—4 L LTENEN 29 v My LI
2. UIAXMF—HBMNT, ERFHEICIS T A B3 V5R2%3DEHOEERE
Hiz 200 SICEILSES T ALY L T RIFD, % 100
NENELT — 5 & IFR LT A
3. BEAT— 2ok L, FRICHE L mLT — 4 & 70 \
FAWCHTR Y 7 A% &8 L. % o \
4 FURY T RS LEREROTREARL, =—9H 2 \\ L
S e LRI L T, N < e ™
5. FAMIF—XEHOT, IROWELE 0 15 6 10 S
ICRRE L, ZRERANEGR L MAZAEERD o DU ; T !
7. ZRDOFEFH
6. &TO—PITH LAMEGE L MAZALERD _
. B4 2525H4OBEORERKE
SRS B ORI 1A AR &R NG R % 7
KERTITY T A S E I ADHREE AT A—H L L .
CRMEER L MATARE L SEHH, WERA o N
TR LK GRS 555 A — 2 B RET S o \
3
LA, Z0%, MAEAK L ANEEROTY £ ¢ o
AR BIELS 725 /%5 A — 2 23l L7-. - \ v
[ 2~ 6 R E RO SR R . [ 2~ 5 20 ~_ ..
27 T AL KA 2005 BICELSEIREOMAZ AR L " - o
FKNEGEOBERTHY, [ 6,103 AOFFA%, I, N
IRDHE
05 A BOBIRRE R Ao
100 K5 V35X 2%50BOMKREK
90
80 \ 60 T
70 \ 50
s 60 \\
= 40
ﬂ' ig \ - e FRR % —
30 \\ ”,’ - — AR ﬁﬂ’ a—
20 20 4
10 \ -~ —s
0 - ':‘x; ; 10 1
0 1 2 3 4 5
IROHEH " ) 2 3 a s
ZADMHFEH
2 VSR 2DEORERE
6 IRDHFFHLFMEDERZRE

Copyright © 2014 by
The Institute of Electronics, Information and Communication Engineers and
Information Processing Society of Japan All rights reserved.



FIT2014 (% 13 EIRHBEEM 74— L)

7T ALK 2~51ZBWT, I AOHFEEEENSE5
ZET, RNEGENBLTLZ EDRHERTE D, £z,
7T ALEE 2 TIEI ADHRE 2 OFf, AZAFELAR
MNERROFHEN 6.11% L RV R BIKLS 25, 75 A
HH 3 TS ADFRE 3 OFF, A AR ERAES
TONFEED 554% Tl bk ooz, 77 A4¥ 4T
13 ADOHRE 3 OWF, MASZAEERANETREDOFY
B2 7.01% Tl bk 72 oz, 7 T AZH 5 TIEIAD
TR 4 OFF, A AELRAER RO L ET
6.93% & 7o W I bK< Ao 7n. EBRAE R O EHMEIT
6.39% & 72 5.

FHEE A EWRE & LT, AAERERFG NI ERE
ZHND. KNEGRNEHOVERNE LT, PAEKO2—
POEEFEREANCTY TAZY T EITHTE, 7T
A B DERAEICE 0 Y T ORI 2= OFER N &
Zzoind. ZOMEOFRKELT, YT NI TFRE
VT OEANREZLND., YT NI TAZY TR
3527 52 OMBEZRWSZ LT, 7T XEBOME
B2 RAFRFIC WD Z N TE, 7 T AX OEERAHTIC

FOETHONa—FLELB#T 22 KD L
EZBND,
3.2 X7 25 O STl RER

EEE® 0] 25 19) T rB8AET L, X #ET
N, Y BET IV, ZERIEOEREER 1IRT. SR
BEX, BATT L, XY WETAOHERERICRIL, £
Bikr W HFCTFRAHEINT 2WANETH D, EERITE
U < B sk 7 U3 & SR BI BSC T 0T A N T — &2 D%
THEIoTHfEE T2

X?ﬁ%ﬁ%ﬁ%i?@“ﬁ@%%ﬁ’ ARNEERE
HHT BRI, "R T — NREEZEBIT 5732 U — ROFRR
ﬁuiémﬁ~@%$¢tbfﬁ%#5.

R1 XFHAROHA R

Rl ABEETT | XWET | Y #ET | ZERE
JL(%) (%) (%) (%)
0 16 84 90 99
1 95 43 0 98
2 92 17 0 94
3 91 75 8 97
4 96 19 59 95
5 98 10 3 98
6 100 83 100 100
7 55 23 87 90
8 99 73 18 99
9 98 13 76 98

ERERI Y, SHPEZRWEZES, o) 1) I5)
(6] 181 195 IF#BI=RN 8NAEiBz, 21 3] T4

E4M

7] 1% 98%IZ B R o 7=, KR 7] 13 0% 3T D%
RUNHET, thoFcst LIEFITEROWERIRE 2o
(7] OFBIFERE R D &, AREET HIEF IO
RERoTWD., AEEFALTIE 1) LHEBHT L7 —
AN ATz, T4) OFBBEERTITAEET VTR
BIZE Y 96.00% & 72> TW D23, X HIE T /L OB N
19%C, YHEIETLOIRLELY, BENZRHEEN
95.00% & HEET N DAHDFHFE LY KE L FR-TND
ERHETED., BEEST VOB R EECT S L
fo] 13 7] ##AFTHIcHlz>T, ZHPRIEIC K
THBIENRKE A EL TSR, MJ%%%#%%Q,
ZEPE T 2 LIRS E LT D.

3.3 FERELEROFTHRER

SRR S RE D FTAM SR O FIE 2RI R T
FREFROMEER TIX, BEAOT—2BLOT 2
NAF— X OFHEE T X BB, FEER AT -

TR T ORI 1L TR E KR & RARIC AR AR R
EAZAR, RAELR L MAZAROELEIK
RHNT A—=EERANE. X 7,8 ICTREELREO LR
WERT. W77 TAZEE 20D 5 I L SE Tk
DOARNEGRL I AOHRBROBBRTHD. FRETR
DRBRTIE, MAZAER 0% SZEL Loz, X
8 I ADFEL, FHE, 7 7 AXEOBMRRERT.

FRR(%)

ZAMHFEH

M7 75R5%2DFEOEERE

£
=}
] -3
3

0 1 2 3 4 5

ZADFEH
X8 IRDFFHLFMEDRERR
1 68 Copyright © 2014 by

The Institute of Electronics, Information and Communication Engineers and
Information Processing Society of Japan All rights reserved.



FIT2014 (%

13 EFEREEEREM 74+ —F L)

*@lﬁﬁ@%%kﬂ%’:zwﬁﬁﬁ%ﬁméﬁé
WCARNERRBEAT 5 LR TE S, £,
x@ﬁ@ﬁ%%%éﬁf%@kxﬂ¢10%m ZEHEhL

3

A

ol Filo, /27 7 AL, FHbES KR &
RHIADHERIT 5 ThoTo, MAZARDOEEIME R

MRLNIRMNoT2 R, — I AOHFAREEREKIZT S
LAHMEMEAE L 225 LIXE A RVS, EBRSIETEEL
Te RO I A& e R OFHME & L7zke, AANHE
?%ﬁo%%\@kﬁﬂ$i0%k&oto: R
$ USRS ICBI 2 =7 —2% 32%x#H &bt D
k\$Aﬁ§¢iawW¢@@\ﬂﬁﬁiomw¢ﬁ
%o

4. F&ED

AHFIETIE, HEEHROI T AZ TV L ERTHEEE
B UTERE AR ERE L7, BB LG RII R ES
BOa—FNOHRM L ICEBEEFEREA T TRAZ ) 7
IT9%, 2—YVEHOT T L— FEERET, BFE2—
P LBRNT 2 EEFRNVETTR/HFERDH L. 2—F
RREH OBGIEH E LTRE 7 7 2 2 @ a W TER L
T-HEHWDHET, BEAT —F N R EE RS R
Llpodn.

Tz, ERTELE I TAZ TV EAAEDEDET,
fll N3z AR & AR ASEA R OAE K BIER T b 2 IIE O e & 4
ol WEEEBRTIE, 6 A0 bFEMEICENE 100 BT
Oﬁﬁbtﬁ%ﬁﬁé%wfiﬁéﬁot FEhr 1 T

GBRFECRIT B8 A T — R L2 IR &2 48E L 7 KBk
%ﬁw,77%&&&:%@%@&%A7X—&&L1m

AZARERANELREZFM U, £, EBr 3 TlE7 v
H AR U T E R WA OV THEERRRE Y AT A OFH
ATo7z.

ASHOBEE LT, Rife—F 28NS zEor 27
LOFMERZAT O LERHD.

SE

[1] B4 2h,05 1 ER PR B AR 7 DWT IR 237/ K
Oy & ISR AL E A T A U EARET BT ER
P A, JAfE - 557 J87-A(6), 805-815, 2004-06-01.

[2] #57 Ho, T8E E— Ak B A H BUERREE vz
HMM IZES S EFRAK” . B IEHEEFSWmIGE. DI, &
e VAT A, - HRAAEE J79-D-2(12), 2184-2190, 1996-12-25

[3] David Arthur, "k-means++" The advantages of careful seeding", Proc.
of the eighteenth annual ACM-SIAM symposium on Discrete
algorithm, 1027-1035, 2007

[4]1 B WL T—2~A =0 I nH0r 722 Y 7 FiEQ) "
P TAZN T EfEoTHRE DY  NLIEEE25E 18(1), 59-65,
2003-01-01

E4M

[5] #A7 PE—,=HF BBL"6. NA A A N U J AFEFEEITIC I T DK
FERFOBE M FEZZETE LA A RN 7 R ctélli)\
WAL AT 4" E LT 40(11), 1099-1103, 1999-11-15S

TR 95 R N, TP i, T LRI L SR, BRI A

TARE—=7 HMM &N oA 2 T A il & Sk (s
Bk, AU a—2 ey a ) B EREE TR GE DA,
fr%a*é& « VAT A, -3 F — LR )88-D-11(9), 1836-1846, 2005-
09-01

[7] Anil K. Jain, Friederike D. Griess, Scott D. Connell, "On-line
signature verification" Department of Computer Science and
Engineering, Michigan State University, 3115 Engineering Building,
East Lansing, M148824, USA, 2002.

[8] AT & A PRAGIAA B, :L—ﬁ'it Fusion &7 /L% /=

T4 /%‘%wuuﬁ(/‘y /uuuﬁ]ﬁ) [EHOBIE PR GE.

D, {&## - A7 A J90-D(2), 450-459, 2007-02-01

[6

—

[9] 54 2 5F T0,"DP < v F o ZIEOFREIC L D A AFE
BDOFT T A VREE" B EHRE TS GE DI, H# -

VAT A, N-EHALEE J81-D-2(10), 2259-2266, 1998-10-25

[10] TH BPEEHRA~DO HMM B L Z OmsHEC T35 —
B EAAHHBE SR BARUTTE#E . PRMU, /% — 385 -
AT ¢ T EfR 98(489), 79-86, 1998-12-17

Copyright © 2014 by

The Institute of Electronics, Information and Communication Engineers and

Information Processing Society of Japan All rights reserved.



