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Beyond Reality, Touching Hearts: The Future of Imaging Media
Susumu YAMAMOTO (Vice President of IIEEJ, NTT)
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Brittle Fracture Shape Generation of Hollow Objects by cGAN

Yuma AOKI', Kohe TOKOI't (Member)

t Graduate School of System Engineering, Wakayama University ,
11 Faculty of System Engineering, Wakayama University
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<Summary> In this paper, we propose a method for generating brittle fracture shapes for hollow objects
using cGAN to quickly generate fracture shapes similar to those from physics-based simulations in real-time
environments, such as video games. The proposed method maps normal information of the target shape
and crack pattern obtained from a physics-based fragmentation simulation onto a parameterized 2D repre-
sentation of the shape, subsequently using these as datasets to train cGAN and generate fragment shapes.
This method extends applicability to three-dimensional hollow objects, whereas previous studies focused
only on planar objects. To evaluate its effectiveness, we conducted experiments using two cGAN algorithms,
pix2pix and MSGAN, and assessed the generated results through visual evaluation of the generation results
and quantitative evaluation using density distribution maps. The results confirmed that both methods could
generate fragment shapes similar to those obtained by physical simulations. In particular, it was confirmed
that the diversity of the generation results was improved with MSGAN. In terms of calculation time, the
proposed method also achieved a significant reduction in processing time compared to physics simulations,
demonstrating its effectiveness as a lightweight alternative.

Keywords: fragmentation simulation, brittle fracture shape, deep learning, cGAN, parameterization
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PolySlerp: BRI BiRA 4R
ol M RTaese B — BETexzs)

T B IERRARF

PolySlerp: Spherical Polygon Linear Interpolation

Masanori NAKAYAMAT (Member), Issei FUJISHIROT (Honorary Member)

t Keio University

(BE5EL) KRiFsCE, n ROvSEHZER R™ QBT MVEEE, EKEBRMZAICESWT, X7 MLEERRREELOD
IEFE T 28 -2 FERERT 5. ZoFTEKER, Bkl S* ! LoBEROTESICH T 2 EOEERDERICHY T
5. PER»P S, 2 ROHAIARY MV TIZIKRHEFREAMIRM (Spherical Linear Interpolation: Slerp) 2354 < FiwvwSh
TERD, 3ARYULEORMART B OMEEENE, BRERAENZRIESEL R GEUNRFELUDLEELRD -
7z RBEFEE, Slerp 2R LMBEONRY MUVERFZEAT L I TIOFREZMBRL, BRI Prz2{Ro
72 £ £IMEFY (PolySlerp) #EHT 5. 51T, TONZ MAEHETEHAWS Z 2T, BRE LD SFICE S R
774 VHRRDERR, KREZMABICEI) 2 B0BEIEROERVAGETH S Z e 2nd. EARMICERE LoiR,
=20y FZEMICBT 2 BEFOMRFEZRENLRS 2 Z e TEoNs. LirL, ZOHNIREK, Bézier fifi
X B-spline Hifiiz SR S TWiz. ZhuE, 275D de Casteljau % de Boor 12103 X4 2 FIFHY A2 A fli e
(Linear Interpolation: Lerp) IZ& o TERTE 2FHZMHHTH D, Lerp % Slerp ITEHRT 2 Z & TEREINDIL
BRBGTHo/lcdDTHS. LrL, AK, HEIIEENGR T — &% 7 4 020 27 UTHE LT 255 0UHET
HhH, HoWwIHKBEBPEETE 3. HlziF, BIROMEFEL UL T—&H7% Lanczos fifEld, sinc B ERE
B e L—MofiFETHL VR E. 2D E, A DHEET S PolySlerp I &k - T, R LToMMEYE
WIETL Y R) PMTRBeVS ZeiE, =2V v REMICBY 28k4 RBFOGSUHETFEEL, £ F 3K L
NERTE 2 2 2ERT 2. LED>TATER, €7V Y, 7=X—Yar, aR7 17X, ZET7— X
2 ETRIRND B TR X TV 2 AT OfiEic B W T, EERFEHZRI-T e pilifran 3.

F—T— R IRESEMR, 275 4 iR, Bézier MR, B-spline iR, VYT

<Summary> In this paper, we introduce a novel method for weighted averaging of unit vectors in R" based
on spherical geometry. Our approach defines a barycentric coordinate system for multiple points on the unit
sphere S™~!. Although Spherical Linear Interpolation (Slerp) has been widely used for interpolating between
two unit vectors, existing methods for handling three or more unit vectors are largely approximate and lack
a rigorous geometric foundation on the sphere. To fill this gap, we present a vector operator that generalizes
Slerp, enabling precise weighted averaging while preserving unit length. Furthermore, we demonstrate that
this operator facilitates the generation of spline curves from discrete point sets on the sphere and establishes
barycentric coordinates for spherical polygons. In general, curves on the sphere can be obtained by extending
existing curve constructions in Euclidean space to the spherical setting. Historically, however, representa-
tive examples have essentially been limited to Bézier curves and B-spline curves. This is because these are
special classes of curves that admit definitions via recursive linear interpolation (Lerp)—as exemplified by
the de Casteljau and de Boor algorithms—so that replacing Lerp with Slerp makes the spherical extension
straightforward. Fundamentally, however, curve construction is a signal processing operation that filters and
smooths a discrete data sequence, and in principle any basis function can be considered. For example, Lanczos
interpolation—commonly used in image interpolation—can be regarded as a type of curve construction whose
basis function is the sinc function. In this context, the fact that our PolySlerp enables weighted averaging
(linear blending) directly on the sphere implies that a wide range of existing signal processing techniques
developed in Euclidean space can be carried over to the spherical domain without modification. Our method,
therefore, proves especially valuable for interpolating unit quaternions, which are expected to be central to a
broad range of applications, including modeling, animation, robotics, and spatial data analysis, where accurate

and robust handling of unit vector data is essential.

Keywords: Slerp, spline curve, Bézier curve, B-spline curve, quaternion
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1. & o

AYP2—RT7=ZR—a vy 3D EFY I DOHHICE
W, MIRDIEEE & A7 E OFIFENIHIAR & U Tl d AR 2D
BELFEO—OTH 5. Bz, ZH LoRERIZIEL—2 Y v
RINBEMEE BT 5720, o0 CIEMZMEZEHT 3 F
R, 7= A= areufRi 4 7R, I5IZET— K@
7Y, BRWEHPE THEEZED TN S.

ek, [MlEnE RT3 Fike LTAHA 7 —ACEERTH]H
ELFHXATERED, Yool ay ZOREREEa X+
DEI R EDREIERHINTE . —F, BAPYTc X
2 AR RBNI R R AT X, HEMRICDENLLZ Z 2
5, ERECTKERAMEESD. LirL, BEMETCEERWV
Je[EHRZ 18 & 2 T 2121, -2V v REMTH S
BRTE S3 _EORMEMEE SR E B L2 703 X LG
ROIRTH 5.

2 FEOHNI AR MVRHAPITEE R T 2 FiEe LT
&, Wbw 2 EREHMEAMR (Spherical Linear Interpolation:
Slerp) Y 8k KI5 TWA. LA L, 3mLL Lo
BT S BICIE, BRIESRA AR EZIEL A KT E %
FEMNESNATED, B AU S X 5 21574
(R7RITVN TARNE YR

A TIE, TOFEZMRT 2720, HLWINEFEF
EERRET S, AFIETIE, Slep ZILRLZMEDORZ T
WEEFZIBAL, HBOBEAMRY M ARMTBOMEY-E
ZERERMZICEI L CIEMICEIETE 2 X513 5. ¥/
FEETFZHWS 22T, K EoRAZd eI LRSS
4 VR OMEFERL, IKEZATFITNT 2 BEOEBERO BRR
EBRDARETH B Z L BRT.

2. BEMRE

Shoemake®) 1&, BRI L TOMIUMETIETH % Slerp %
RBEL. ZOFKIE, 2—2V v FZEMIZBWT 2 RKOH
MRZ PLEXRIZ, N7 MVEEEF L EHEORT
AEERRBICND T E2N7 M EERTZ2HDTHS. X5
12 Slerp 1%, BAIRZ MVORITTITHIFE L RNz, 4 KT
N7 ML e UTRE XN 2 BAPUTTR ORI & #EAREET
HYH, CGrEcREERIEL AN =, K-
AA7 Y a (de Casteljau) ® 73V X LB R
R % Slerp 2B E#1 2 % Z ¥ 1T & - TERTHA Bézier Hifi % E
FL, ¥F— 7L —2THZLNEROMEE L SRR L
THOLPITHE T 2FEDRINTVS.

Shoemake? 13 & 512, Boehm') 237 L 7= With ik -
DEZRATZ7 4 VHiiR%E Slerp THEZEL, 4 A6k 3
HME DB WERE R 75 4 Vit Squad ZIREL. %
7z, FERTHIR B A 2 SR C ORI I CIa 3 %
Exponential Map (Exp Map) OFEZMTEICSHL, b
U FTHNE 2 5283 2 2 © C, EREfhROEREEE
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TP F LTS,

Barr 5 3 &, @ OVITECE @il L oD R & 72
LERMER 7T 4 ViR EIRE Lz, 72720, ARESEICE
DWTH &0 Rl R 2 BERHNCR D 2 0 ED D 2 7280,
ez zh o o A% Slerp TSIV LU X -
THIFRZ R L 72 1 U7 & 0.

Wang & 4 1&, Slerp SKFICIA - 73R TH % DI
XL, 220/~ (biarc) 12X -T2 SEHiET 2 FEE R
L7z, 3K LD 2 R 20N EZ 55 L/ N2 —
DIEED, BRERETE 20, #HO/NT%E CL i
TERT 2 Z Ik > TRVERERZHWKAIRETH 5. /)
Fida—2V v FZEMANDOEH Bézier tifite L TR SN
5703, Mg BIAREEKE FICRD v Tnwa 7o, fifd~xs b
NOEXIRzN.

Kim 5 &, 2—2V v FZRI251F 5 Bézier i, Her-
mite fif, B-spline HifR7z & 2 EKMA RN — NIRRT %
TZL—LU—2%RLTz. 2T Exp Map IZHFLTED,
BRIEAAI2EAN I T3, BEHFE O SRR 2 BRm~
BEBTHMATEZ LVIRELH S, 512, Kim 5 9 1
D7 V=V —=2%IGHL, BREEOFTRTOHELY %
% 2 jHif5e 2 BRI B-spline HHARZHEZ L7z, 4K B-spline fl
FRISHIE R 28 S 7 nds, RIGIRSEEIC X o THIBE R 2 1
EL, HEFZES LS5 TW5. 7277 LtEEET Exp
Map Z{FEH LT3 7, IR L TEKARA 2 7% B
I RIT 5.

Ramamoorthi 5 7 1%, £F2—21 v FZRATEREIZ
M5 =RAT74 AR ENL, Z0%, Bohlx7 b
NEIERHILT % 2 & TR O BIIRIRE R 75 4 > %215
BZFREERRELE. 2L, ZOHETIRFEREMICNRS by
EARIFEEI R WD, BRI ERNCIE LDl & 3w 2
QRN

Dam 5 8 &, NG OEEHHERICHESSEKER T 54 >~
Spring 2R L7, Lo L, Barr & %) OFEL R,
REZBERINCRD 20BN H D, BAEICIE Slerp 1T X 247
NECEURARRR 725, Lo T, iR BRI
"JFohd, AUNRFEIEEEoTWVS.

Eberly?) 1%, Squad % C! IS 2 FEER L2,
1987 4E®D Shoemake?) ¥ [AlkEIC Exp Map IZIfFL T3
728, BREZRMIZHNCEEE TR,

Buss 5 10 1%, BRE oMb EEEC & ¥ 5 < Rt
W% RIEETHR Zeick b, HEOIKEEOPEE (BRHE
IIE) 28R L. ZoOKAEMEFEEICL-T, 27
U v RZER D Bézier ifR-° B-spline iR & AT EHEER
EAJERATEETH 5. £z, Exp Map & W= K
BAEMRIEYEDE L, 4 KITRY FATH % MTe7e T
TR MEBERITTOHENMN R b EAREETH 5.

Ge 5 W%, Kim & 5 12 & 2ER[f B-spline #IFR Ol
AWEREEZD S S, Slerp ICED W H/z7 (JERATHAR)
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PCEIEE F 2 EAT 5 2 T, BRESAERNC Y2 R
< Exp Map 2t LoD, HE~RT ML OMEF2EH
L7z, E512, MaHIMERFET D 2 a7 (4-point
scheme) ZIREANIEIRL, MBIRZAERT 22 81CEoT
BRI B-spline BI#R D R 2 dill#EZ F D 2 FiEZRL T
W3,
3. WERFE

nXILDL—2 ) v REF R IZBT2HAMXRZ Lo i,
(n — 1) ZIToO@ERME S™1 LD s ICIGT 5. AR
XTI, R EOEBESA {sg,81,82,... ) BEALNzE
X, HAZRt €[0,1] 6T T, R EORHN s, 2D
XKD B NS FEIZOWTEHL 3. SN 2 i
X, SR OEHIEICEOWTREL ZENS. Thbb,
fiiE (0 JCEREE) O AHERTH 5 CO il 2 LRAE S 2 KR
My, 1 BRI E ol (722 21E C 2 C2 72 Y)
ZIRAES 2 IR T H 5.

3.1 AR

AR 213, BEET 2 2 mfE o R Z X0 I ERR RS
AFETHY, 2 LTRITWBREIEKT 2. 2ot &,
B X DI CTIRINLE B D AAER L, EHRP iR
MOFETH 270, 2ke LTCO s, 21—
27 ) v RZEETOIEMM (Linear Interpolation: Lerp) (&
X (1) kSRS, BARY b U L THMIE
328, XZIVOREPZELLTLES.

Lerp(vy, ve; t) = (1 —t) v1 + tvs. (1)

3.1.1

b BB TR LT, $32—2V v F2E[T
Lerp %217\, ZORIEFL L THEMNZ MR T HIED
FiFohd., 2 TIHMEEMIZ Gnomonic Lerp (Glerp) &
X, X (2) ko 1cET.

Glerp: Gnomonic Lerp

Lerp(vy, va; t)

Gl b=
erp(vy, va; ) |Lerp(v1, va; t)]|

(2)

ZIT, v, v BRWTNHHRT P THS. ZDOIEH L
TR, BRIoHLLD 5 B 70X (Gnomonic Projection)
DMWY T 2. Lerp IC X 3 MIMAIIFNNTIX—& L1
MNUTEHERCTET 2720, —RAT2 L BRRILRIZAZS.
Lo L, MiRZEREAERE (EFL) 52, Ko
PREIRMICE NS S OD, IR ETREEMEEITR S0
728, AR EERCOMIEMME 3R SR,

3.1.2 Slerp

2ARDENFIANY bV vy, vo BRTAEER, RIRX—=K I
JGUTHIEICNGT T 2 & S EREN/F KD Slerp TH D,
R (3) DEITEFEENS.
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smal—ﬂa)v
sin(f) !

0= arccos(vl . ’1)2),

sin (t 0) v
sin(0) 2 (3)

Slerp(vy, va; t) =

ZIZT, NZ MDD/ VLIEEIZ IRz, »pOoAE D
I U TR ICE LS 2 720, BRI LB % [BlEEE (M4
HWE) BBk D (FAEE) L WO RELH S, £z, K
FHEIEERTTOHEMRZ FUICHEFATRETH b, BrcHi
TGS, N 4) DL RBREREATRINALZ D
2\,

SRWP(q17q2;t)::ql(qflqg)t
::qleXp(th(qflqﬁ)-

72721, T Slerp Z X ANEA L CTIX R 2584 L2355,
BHERICBU 2 HEPHRBIEINEROEETH S, MR L
T, 2 LT COERICL Y 3.

3.2 FHEHFER

FERTERIR 213, BRI Z IERRTE 2 TR & o phifit Tt
&L, Cl Ul bEouift % a3 2 /B FIETH 5. (B
BROERNEZ TR <, EIRRHROERIELEET 5 &
T, KDL RIREEZ N TE 2.

3.2.1 BIRBVHRAZfERE

2—27 Y v RE/TEA L Vs T 2 RO 720012
X, ZHEHREZWRINCHEET 20 TIE4H% L, HIRWAZ Lerp
DEDIRELICK > TERINZDOLH S, ZOHiTEL DN
¥, Lerp % Slerp NEXIZ 22 2T, BFEMIEL <EK
HHARANIEIR T2 2 e N TE S, 2D &S Rilli%E, 22T
EEEC BRI Slerp (RecSlerp) & K XZ 22T 5.

(4)

Bézier curve Bézier fifglk, K- ATV a D713y
AL EoT, BRNZHEMEE L TERTES. LR
X, 4 OO {py, Po, D3, P4} D HREE 15 3 X Bézier
thitic B 2MisA p, 13, X (B) DLSIKEZBNS.

a; = Lerp(ph D2; t)7 az = Lerp(p27 P3; t)a

a3 = Lerp(ps, py; 1),

(5)

b, = Lerp(ai, az; t), by = Lerp(as, as; t),

p, = Lerp(b1, bo; t).

ZO7NTY) XA TREERZERNZHWRINCHRD S, $IEH
MOATHIREENTE 2HDHHENTHE. 2FD, 2O
TN XLHD Lerp % Slerp ICE 12 % Z ¥, BRME
BT 221 H AR 72 ER T Bézier HIARICHEE S 2 & & 23R HE
75 (@1(a). BB, & (5) OFELEEE, =k (6) D 3K
ZIHA L FMTH 3.

p,=(1—1t)°p, +3t(1—1t)°p,

(6)
+3t°(1 — t) py + £° py.
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(a) Bézier

(b) B-spline

(c) Catmull-Rom

1 RecSlerp 1T & % ERiHhiR
Fig.1 Spherical curves by RecSlerp

B-spline curve B-spline #iffi, F - 7—7 (de Boor)
DF7NTY AL E-T, HIRKZEIEHR Y L TERTE
5. 72t 2R, 4 20HIHR {p,, Py, Ps, P4} D OMERSND
3 X B-spline fiffic B3 2 i< p, 1&, X (7) X525
Zbhd.

= Lerp(py, Pa; T)

Lerp D2, P3; 7)5

(

( :
( g),

(ar

(a2

(

py = Lerp( by, by; )

ZZTd, 7LITYXLHD Lerp & Slerp ICEEHZ 3 Z
LT, EREMRMIEIIC BAR72 BRI B-spline HIFRICHRERATHE
ThH3 (K1(b)). kB, ZoitEEREE X (8) 3 X%H
R FHTH 5.

(1= 1) py + (3¢~ 612 + 4) p,

p(t) = é

(8)
+ (=35 432 4+ 3t + 1) py + t3p4]

Catmull-Rom curve Catmull-Rom Biffi¥, $XT®»
Hlf R 2@ D, HOJRMFHRHEE (72 ay I X—X)
KXo TERZHIE LR T WREZ D, NY—2T—LF
*YDO¥7 Iy FARX (Barry and Goldman’s pyramidal
formulation) 12k % ¥, HIRHNZATEMECTERTEZ 2.
& 213, 4 DDA {py, Pay D3, s} D OMRSNDZ 3K
Catmull-Rom #i#fic B I 2 /A p(t) 1, X (9) &5
HEzohs.
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= Lerp pl,pz,t+1),

= Lerp( py, P3; )

(

= Lerp (pg, % ) )
(
(

= Lerp( a1, asg; %), )
= Lerp|( aq, as; %>7
p, = Lerp(bl, bs; t).
ZDT7NITY XLIZBWTSH, Lerp % Slerp ICE X125 Z

T, BRESS2A0IC B A ERE Catmull-Rom iR
T TES (W1(0). &B, ZOILERE R (10)
D 3REER L HHTH 3.

p(t) = 1 [(—t3 + 2t —t) py + (3> — 5t + 2) p,
2 (10)
+ (38 A 1) py + (£~ 1) )

3.2.2 MNEFH (Weighted Average)

WO D, BERINCE 2 S N AEA RS & i
HI 72 B EBIR E DB AAAHBEIC L o TSN L E XD
N3, kbbb, BROEER p, eXIGT 2RO HE
Bouwy, PERBNZE, 22Uy FEETE & (11) O X
SITMEF 2 RDHND.

P=) WP, Y wp=1
n n

D E, BAAINCIIA p, ZTHR E T 2 ZAXOELRE
e LTHIRTZE 2. LaL, Bl EoZAFICFRDED
FEEER 2 ER T 212X, 2—2 Y v FERORIEHEEZ £ D
FEHAVWD DB TERWY. 2T, SXIFEMUND S
WIIHE IR FEDMRER SN T E 12,

(11)

mGlerp: Multiple Gnomonic Lerp 2 ADH i~
PR LT 3 (2) D gnomonic Lerp 23fx b BifdiZz BRifi
MHHEFETD o L D18, BEARDHEARY FUIH LTS,
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FFa—21 v RFZEMT R (11) O & 5 ICHMARNERES %
I, ZORERZDEIKITRIC & D EREASE L CIERLT 3
FEDEZ NS, v 2, BN S (v, ..., on)
e, BA(w,...,wy) BEZ N &, BOEE v, 1 E R
(12) 1L k> TRD BNB.

n
u
vy = —t7 up = wi (t) vg.
el 2

CorE, BAIRMHZHSWHHEZET 62, RFA—X
TN B HHEEN IR BV, ERERMFEA R E
BRTOMITIZIR S0, ZHUZ, WOIRHRHMEI 72 55D RS
LIERTE 5.

(12)

cSlerp: Chained Slerp = (3) ® Slerp I, 2 ROHA
ARZ7 PV U B2 KA fE T H 5. ZhzlE
REGFORZITHA L TEBEDOMEYE 2 ERT 2 /7%
(chained Slerp) & 2 TAD. 7t 21F, 4 ROHEARZ b
N A{vy,ve,v3,v4} & ZEDEA {w,we, w3, ws} BEZHH
o BOEE v 13 X (13) ITkoTKRkDoI S,

uy = Slerp ('vl7 v2; r”fwg) ,

us = Slerp (’11,27 U3} m) ) (13)

. w.
v; = Slerp (u;;, Vy; 7w1+w2-&-4w3+w4) .

LirL, P OREHIEAHRTS % & 512, Slerp biEMA
B & > TN ED-TLES. TiDB, R (14) @
X3 an (EFEKRE) TH5.

. w . ws
Slerp (Slerp ('01, V2] w1+2w2) , U35 7w1+w;+w3)

# Slerp (Slerp (1137 v2; ﬁ) , V13 m)
£oT, HHIEFZZR % L RPN T 5720, IEL
VWEKRTOZ RMEHITIIR 520,

(14)

Exp Map 4 RjtRZ7 by LTOMTTEE, —Do08 Y
LTRAEZEOCIEIERHEBELITZAS. Frig, X (4) 0R
FIE Slerp 2R T 2 &, MEZEMADOER (In) L HE
% (exp) ZHW2 Z 2T, UTFD &S IXZRINEVII 2 ER
TEZIICARDS. ez, 420Mitk {491,495, 95, 9,4}
HLT, R (15) O X5 ICMETFEERLTHS.
4, = q, exp(w1In(q, 'q;) + waIn(g; ' qy) 15)
+ws In(q, ' q3) + waln(q, 'q,)).
ZITq, MEREOWTTHTHS. —H5 2L, JEAHkm
THIRE R, AHRRIECE SR SN TV X51CAR 5.
L L, FEBICE, S5 2450 g, \RFELTRRENPED
278, HLEFTHEMPRMEFEIT LI RV, 2B, £
AriMET 2120, q, ZELE —HREEI0EPRDHS. L
ML, ZAUIELEZEIE T AENCAAIRER DT, [ROBLZE
mGlerp 7% &% AW THENGAMT 2 Z 2 B2 0.
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2025

2 ERMEICBIBZRY MUVINEOBER

Fig.2 Concept of vector addition on a sphere

4. REFE
TaZ, B Lo 2 KEICBE T 2 B2 AR 2 5 %
$ 5T, EEOMKHBEIINS 2 MEFEFEZEH L,
PR bR 2 BRI 5 AT 2 FEZIRE T 5.

4.1 HEEZRORS

AFREOERE R 2E 251X, X7 ML OB
TERTEZ2LVWIHETHS. %7, HES" ! ko2
OfifE (As, Bs) &, =2V v RZHE R I2B1F 5 BN
7PV (A, B,) E LTRENSG. ZITR2DE51L, &
ATENRBIIHLTRE (Ay, By) OEEE5 2, X (16)
DEIICLI=T Yy FEBORZ ML (A, B) 2 LTRS.

A= AwAU>
B = Bme

Ay = || Al
By, = ||B.

DL EDONRY PRI, REEFICE T 2EHAL LTHR
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4.3 IKEEZFOMEAIRE
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72, KL TIEFAHFE B L DFEEDAE K (21) DX S
ICERT 3.
AS X B = CS = (Cw,CU),

(21)
C,=A,xB, C,=A,.

434 K&

[FRRIC, PUTCEASN D —f 7R 2 b VAT OFREISER
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RFHE " B D IRk A 12 FiE % F VT EAIPY TR 2 A2 K
L, ZOHBZITo7 (D, FEROFRMBZVIED, BRHE
HIFRICOWTDAFT LT ) . BAIUTEIE 4 KoeR 2 boL
TH 5D, 3IRTUEMTOBERERE LTHRTE5. 4
WD 0 7= BRR R BV ERE S? 1ICih - TR XE % Z & T,
BATPOCECE b L7z (R14) . T > X L B e kcE il
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Fig.3 Recursive summation
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Fig.4 Visualization of unit quaternions
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(¢) Catmull-Rom
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Fig.5 Quaternion curve by PolySlerp-1 (bottom layer: Slerp)
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5. TR OFRTERSNAMHRORL G2 24
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t: Point Index

(a) Bézier (Order:3)

t: Point Index

(b) B-spline (Order:3)

(c¢) Catmull-Rom

6 BT X B TR 0RE

Fig.6 Errors of quaternion curves by different methods

(a) mGlerp (b) cSlerp

(c) PolySlerp-1 (d) Exp Map
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Fig. 7

B-spline curves by different methods (bottom layer: RecSlerp)
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(a) mGlerp

(b) cSlerp

(c) PolySlerp-1 (d) Exp Map

8 H2FH X B Catmull-Rom HifR (F/& : RecSlerp)
Fig.8 Catmull-Rom curves by different methods (bottom layer: RecSlerp)
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L3RR D, WEEORZHATERSNATVS Z LIl
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5.3 Lanczos ERME#iR

HIRREAEREIC X 3R 7 LI X ADFEER S, 2
RTHRVWEEBEEEH X % Lanczos #iERAE%E AT
TR Z AR L7 (B9) . 2—2 U v FZETOD Lanczos

391

HERE, 3 (23) O X 5 ICERINS.

sinc(z) sinc(f), |z] < a,

Lanczos,(z) = {

0, otherwise.
o (23)
' SlIl(?TL)’ £ 40,
sinc(z) = T
1, z=0.

Lanczos MifRiZ, FIRIAIEMREIC X > TEKTEZ 271
DY ZLDBFIELIZODT, 1ELUWHIERERHE Y U 2T
flizascE v, 22T, SIGGRAPH 2007 128\ CHEAK
BAXF=VIFEERBELERY Y 2IILHE LT, Fv
FIR—=T A= arORHTHHEE LOFHEL UTHHA
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PolySlerp-2

PolySlerp-2

(a) a=2

(b) a=6

PolySlerp-2

(¢) a=10

B9 PolySlerp-2 (/&) ¥ Exp Map (N&) 12 k% Lanczos Hi##
Fig.9 Lanczos curves by PolySlerp-2 (top layer) and Exp Map (bottom layer)
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Fig.10 Errors of Lanczos curves by different methods

ENTWVBHIEIES (Linear Blending), 2% D mGlerp I
Ko THAMEHE AR L, Zhe oFERIHME Lz (K 10) .

3% ¥ PolySlerp IZBWT, izl il i,
FHZ PolySlerp-1 IZBWTDIRENK = ity L THHEL
TWw3. Ziuk, Lanczos BAEH BB TS 5 Z & IR
LTWarEZLND. FixDIRET 2 HIFWMEZ,
R TH % DT, IEZHNX CIIMHEDIE V. FICHRR
A (type-1) IZBWTIE, HEAZ ZHFHBTRET 21812
THADTEHPRKELRD, BENALZERLBVILE R
bhb. FEEE, Lanczos BIODIE a ZKEL T2I13Y,
ZOPRHEFEIZEAD LTWwW3. PolySlerp-2 B LTI, B
R DBIETHE L CEEMEZRET 20T, BUENZTEHE
DE.

AR (K9) 2BV TH, PolySlerp-2 DI S e
TOD NSRS, Exp Map DIE S5 I2¥F 7 RABERD
SEF N

PolySlerp-2 ZFWTH, /NE WY 4 ¥ RUIRD a = 3,4,5
fHEiz BTt oges R s iz (B11). LHLa>6
WCBWTIEERERZRLTED, ZOLT—IdEAALH
HOREICERLTW2EZI5N5.

fEame LT, BUEMNCHR B IELWVWDIX PolySlerp-1 TH %
B, IEEZEEDIRT X5 REMLEAOLER, BUENZE
PIZRIFITLES. 22T, ZOBBERBRELRLD, BiH

392

IZEMED W PolySlerp-2 £\ 5 Fikd, EEMIRZIHER
b5,

54 HEIXLG

FCDMER T B PolySlerp 1%, B—REETI3RL, B
IRV 24 D RS DT, IERTFEL R 2 LEtRa R
FOSENN. nAED D & 7% B HIEIZAIEICN LT, n(n—1)/2
[, O(n?) @ Slerp HANKEL 5. =ABBDHEOR
W Glerp 2 I3HRZ FTHRWD, RHDH 3 Slerp TH,
(n—1) [, O(n) @ Slerp THLe. Exp Map T, PUITE
DB =B E WS DT, Slerp ¥ EEEOHE2 X
b5 O(n) THTL %. WZIT PolySlerp i&, Y7L XA L
HHRD SN2 DHTIEFHEERE NS 2D LKWV, LALR
Mo, HEAKICEERBIREZ O, fdtEax o
FREZNIERERBEZ DRV,

6. %

A TIE, BRE _ LOHEARY FVCEESREZI 2EA
T52rT, -7V y FZEMTH 2R EORIER 2
FHRL7. 612, {EROBIRIFTEMEIC X 2 iR o
EZN e, AHKOKREPUHIEE 2 HAGDES 28Ik D,
BRI L ToOMMENY BREELEER) 2 ERTE2ZL 2
Rl ZHUZ, How 2B R4 s T4 % BRI~ HER
AIRETH 5 Z e R EK L, FEREIZ PolySlerp 12 & o TARX

o
of



The Journal of the Institute of Image Electronics Engineers of Japan Vol.54 No.4 2025

[ 8

PolySlerp-2

(b)a=4
= 11

(c)a=5

PolySlerp-2 12 & % Lanczos Biff DT Z — (Ng : Exp Map)

Fig.11 Error of Lanczos curve by PolySlerp-2 (bottom layer: Exp Map)
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2D Avatar Costume Production Using Photographs
Natsumi SAKAMOTOT, Yuki IGARASHI® Tt (Member)
1 Ochanomizu University, 1fThe University of Tokyo

(BBFEL)Y HE, 7AZ—ZHWEEEEANTOAI 228 —> a VB XEIERTHTIHEHIRTVS. 72
R —IIRBEZERICBV TP EZHEREAFETHD, 7NRX—IZHEEIZREDHIRBFOUV L DOTHB. Aif
72T, BORPEMN R EZH R VWL —F THABERIITNR—IIB R WRERBEEONE X5 XET B R T
LERETE. BEZANEL, A A MANEEBHLTTIANZ —ICHE RS 2 ODFERFEEEL T 2D 7 AKX —FHK
EHWEIR S AT 22 BRT 5. T/, HEERERAOERESIFICL S 2 KT 7 AR —AREIEE S 27 40
FHHSEER AT o /2. T OMER, 2P RELHI LW SMEEFIE L D D TROWIESERR T X b #7272l
ETE 2R, IREY R TF LOEMAEIHERINT.

F—O—F 7 N&— KR, THA, WEXR

<Summary>

fields.

another form of self-expression. In this study, we propose a system that supports users who do not have a

In recent years, avatars have been used for communication in virtual spaces in various

Avatars are a method of self-expression by users in virtual spaces, and costumes for avatars are

drawing ability or specialized knowledge to easily dress their avatars in costumes they want to wear. We
propose a 2D avatar costume creation support system that implements two methods: one is to take a photo
as input and convert it into an illustration style, and the other is to dress the avatar in the illustration style.
We also conducted an evaluation experiment of the costume creation support system for 2D avatars by
creating costumes using image generation. As a result, it was shown that the proposed system can produce
better costumes in a very short time than the conventional method in which the user draws the costume,
and the usefulness of the proposed system was confirmed.

Keywords: avatar, costume, design, production support
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Fig.1 Example of avatar and taking input images
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Fig.2 The mode of the symmetrical selection technique
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Fig.3 The mode of selecting all vertices
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Fig.6 Working screen of proposed method 1
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Fig.9 Working screen of proposed method 2
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Fig.10 Execution results of proposed method 1
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Fig. 11 Execution results of proposed method 2
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Table 1 Content of the survey conducted
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Q5 R T o IR BNIEHZ T W H Hatah
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Table 3 Qualitative comparison between the existing

and proposed interfaces
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Frame-Break: Enhancing the Stereoscopic Effect
of Anamorphosis-Based Naked-Eye 3D Images

Keita TOKUNAGAT, Issei FUJISHIRO' (Honorary Member)
1 Keio University

(BES5FLY HAKDIITFELT A= RE XN THA Y EEEIEH LB A7 24 2ELTWVW5.
ZDOYRT LT, HEHEZFEHRT LI TPV REEEZTWED, A7V 27 POfIBEL 2—-FOHA
MEIZE->TEA TV 27 VCRUMDPRAEL, YERREETIE2 2B LTHEITFoNTWS. KX T,
ZOMBEER RIS 572012, TE, VERRERETHHAHINTWS frame-break ¥ W5 FiE%E, ZOT AT LM
BIAL I BREL, EBCIIARE R T 2R EMALS 5.

F—D—F  BIRARH, EEIHE, 7FELT A —TR, TL—LT LAY

<Summary> Tokunaga et al. proposed a naked-eye stereoscopic imaging system based on a classic design
technique called anamorphosis. The system, however, faces a limitation: depending on the location of viewer’s
viewpoint, portions of the displayed objects may extend beyond the rendering area and become invisible,
thus diminishing the stereoscopic effect. To address this issue, we propose to incorporate into the system the
frame-break effect, a technique recently employed in filmmaking and large-scale public display advertisements.

This paper reports the results of an initial empirical study to evaluate the effectiveness of this proposed

enhancement.

Keywords: naked-eye 3D view, motion parallax, anamorphosis, frame-break effect
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Fig. 6 Calibration pattern on display monitors. Since

the lines look like (a) from an inproper view,

the location of the Cyclopean eye is estimated

by moving the user’s face to a position where the
lines are seen as in (b).
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Fig.7 A snapshot of system with frame-break ef-
fect (margin size = 15)
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Fig.9 Three scenes used in the experiment
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Fig. 10 Ranks in scores when different margin sizes are
applied to each scene
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A Method for Acquiring Interaction Regions of Objects for Object Identification
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F—TO—R KA, A V&S ay, TIF—R VR

<Summary> Affordances are the meanings and values that the environment provides to animals. If the
material, shape, arrangement, etc. of the surfaces constituting an object are related to the meaning and
value provided by the object, then if the elements constituting the object are known, the behavior of an
animal that perceives these elements toward the object can be narrowed down. Conversely, when an animal’s
behavior toward an object is observed, the meaning and value provided by the object can be known, and
information about the shape of the object, which is the basis of the behavior, can also be obtained. If we
have prior knowledge of the shape of the object and the area where the provided meaning and value exist,
we can compare the shape of the object and the area where the provided meaning and value exist to identify
whether the same affordance is a potential object or not, and we consider that object identification will
become possible by accumulating knowledge. This paper describes a method for object identification that
observes human actions toward objects and acquires the objects that are the objects of the actions and the

areas where the provided meanings and values exist.

Keywords: object identification, interaction, affordance

1. IEFLC®IC

AR, G 5 OYIRGEEEA OESIC X D, BREELRY)
%%%#T Y, AR CAIATYS. —f1

Hif5 & OV T, ﬁ@@r Xty b EHAVTE
E%E%Tw% BLERT 5. ZoBE, HEEmATRERYIK
MT—&tyPkaiﬂé%%ﬂé&bt%ﬁ@%%ﬂ@%
N3. 20k, F—Xty MIEINRWYIRICHT B
IS DOWTIE, T ARBEMILNRWEELRDH L. %
LR AR E T T 2121, BWRRT -2ty M 2IERL,

412

FERITDLZRENDD. LrL, 7—XEy bOIERSREEIC
BERRFHE AR b7z, ZOFETIEIRHRATEE
IR OREIIIIRADL D 5.

AN E Bz &, YO X5 2UE» ZHED 5 DE
WMEHICFER LTV 5. g, RizZ2 oWk TH-T
b, ZOVMRDIIREL S, ZD ADHEREBRICESNT
YIHRZHBIL, WA TH20eHiHmT 2B TEL L
Fz25. 2t . J. Gibson BIEIE L7 7+ — X > 2D}
RICEEDSVWTWE., 775 =X RALE, BESEIPNCTRE
THLEERPMED Z & TH Y, MKOHPLIFIR, BlE



The Journal of the Institute of Image Electronics Engineers of Japan Vol.54 No.4 2025

N2 BHRLMEZMBRLTED, ThsZHETZ
T, VRO T 2 ERPMETH 27 7 4 — X A2 HIH
FHI LB EEIATVSY,

Z 2T, VMIRERE T 2 HOFMRIIR, ALES, $efit
TN ERPMEICRART 2 8 IRET 2. Zor %, YR
YR LTl U & DITEN R I - 72358, 2 DTk
DRI T 2 ERPMIEICER T 2 7% 51X, MIEDRMET 25
RAEZE 2 2 e A TE 5. /M43 2 Beffifdix, Wik
EFRRT2ERCERLTVE 205, YOX S Rk
BHDAL YN TEDZEEZD.

AW, EifGD o EREYAZZE#T 2 X 5 RICkFEL
WFEZD, RO T 218y, MR TRHET 2 &k
RAMETEE T 2 BB 5 216 E i, AROXRICE
WIIREAN21TS Z e BENTH 5. ARFETIE, WRERR %
HiE L7z, NOWRICHT 281ED 5 5 P2 8% i,
NEY O, NCYIEROHEEIER, 1 >&25 7> ayn
FHETHHEM (&5 7> a VHEE) RIS 2 FEICD
W3,

2. MEMWRE

FHEOO Ry FTERPaAYPa—& Y a v HFICEIT 3,
77— & AT S5t L T Affordance Detection
% Affordance Grounding 239 3. TN H1%, YEL D K
S R EMHME R T 202 M, FETEXR7THD
Do 5DWEITIE, V7ARA £ TRy b 2HIET 37
DT, ERE» SYIROIRMET 2 ERCfiifE e LT, grasp %
cut, contain 722 L, XR L7220 #HRT 2 Fik
PIREXNTWVS. Chen 5DWEITIE, FOA X5
YarEHENSEEL, FTEYR L — a YEHED SN
RYIDERNDA > X5 7> a VEBEHEGGT 2 FIESRER
ENTVW3. oD, PIADIREES 2 EklifE %
M, FET2 I WEREZYTTWEY, 774—X VX
DEERITHEDNT, VRDTEIREICHE T 2 HREAVWTW S
DY S PEIRETIE RV, A S ORI TR, AR oA
YR Z 7 a YBHNCHED K VIREEEIC B S 2 BREET A3 T
bz, RGB-D A X 12 & Y g LzWUg» 6, YIKOE
WICEH LEEL Y, Aokt 28fEicElH Lz
FEEZHWT, RefT, BRAYOVIRRHZTT > K5
PTbhTwa. MTORRCBVTIE, KBk, KiC
VAT FH 2 A F O REHE & § % FHasik % F W72 d8ik0Th
NTEDH, AOKDDLFERMIN 255, MTOFERE
SEHIRY § 3 &5 BRI B T IR D B, AHIETIEME
BN BT 2 DRV O TR O FEFTRS, MRV O DIRE
KBTI ZHECHL, NeXRYoEszny, Bk FE
T T 2 Z 22k b, 18502 MRYEBOREEUEEH
mans.

413

3. F =
BRI 7 B AR LT D & 5 RATEI R B - 7= 0%

BHIL, Z0OMR20, MRELZLIVKRDORFEL, YEDA
YRIUYa VEBERIGT 5 FiEEBNS.

3.1 BE

LI, W&o NOVHRIIT T 28E2 BT 2. &
MTHRE T2 NOVHAIIKT T 2EMEREE2EIEE L, HER
MINICEES Z b 203 2P 5. RiC, FEZEED
BHlS B2, HRYENEYNDA > 257> a
VHBERGT 5. ZAUTXD, NRY e VIR e
7% 2 WA DILARCH OREUCEE S 2 M Z IS 5 2 e 23T
ERR

3.2 EhEEREE

BURADOBREEIC BN T, ADWIRICEE- 724R8E GEEEIRAE
BHET 27012, Hiam LI N\OZBRHS S, Bfiof
B, AREE, MALEEEREEY LTEHL, SV XA7 4
LA MZEB0HERERWT, BEIKEL Y S 2EHET 5.
ANDLEBEEM X, BlazePose® GHUM®): V3D @ Heavy &
TRACTHERL, FE2EEICBWTHNNICREL 7227
HoRE, B, B, BOBEREET 5. £, E2EEN
ST LI 2T 5720, BECEE, HeiE my
BEMIRZ PLEAOCERMEEEIT . EE K, K
YBONY PAORTAE, REE, BEONY PLOK
FHEE, RUZENSDRY MLOFRE, I 2 R
YLTHEMTS. X7 lak bORIAHEANC)IX, RO
R (1) TRdoNB.

(a-b) 180
0 = arccos

BIE M

s
Kiz 0 ZHWT, BIEOERYID 7 L — 2B 5 A3
FE wo, FANEE ap 202 LT, £7L—2I2B 28O
AME, AIEELZRD 3. £72, 1 ORIICEHL-AES
Op_1, E1ZFORED 7L — L% t,_1, BIEED 7L —AIC
B BHEE 0, TRBEREO7L—L%t, 2L, 71—
LL—b% frlLzeE, BRSICBT 2 OMEE w,
%, XoRX (2) ThHHNB.

_ Ok =0k
tp — th—1
FIRRIC D B t, DANERE oy 1%, RO (3) TKD S

n3.

(2)

Wk

WE — WE—1
ap=——"—Ff (3)
bt —tp—1

/oD 320D MLDSBEHET 2T FLIIHT 5,

YA, AEE, AIEE, §6 oA TTh AL
L, et 12 HOREEIC LD, BEREOFE 21T, HIE



The Journal of the Institute of Image Electronics Engineers of Japan Vol.54 No.4 2025

R1ERREHEDFEEICHWS 7 —&t v b
Table 1 Dataset for sitting state judgment

JRRE A | MEEH | A5
¥ EEIRTE 573 196 | 769
HEEIRRELIAL | 3561 | 1182 | 4743
At 4134 | 1378 | 5512

&’ 2 A EIRFEHIE D FHERAE R

Table 2 Experimental results of sitting state judgment

IRRE Precision | Recall | Fl-score
¥ EEIRTE 0.9126 | 0.8520 | 0.8813
FEREIRRELIAL | 0.9757 | 0.9865 | 0.9811
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] 2 \TEPRIREEHIE OB R OHilifE R E RS, ERRIKEE
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TRAE % B ERRAE LI & BHIE T 2 RS E N 2 2 250 B 73,
Y5 53 Precision 25 0.9 22 TED, HEKEDHEIX
AREL B R 5.
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B 1 ANfEOEEHEE (a)BlazePose GHUM TOH 77,
(b)BlazePose GHUM 3D (Z & b HUf§ U 7 ZERHE A
HHEM U NS & £ 5 % Point Prompt & L
TANIL7BRD SAM2 D)

Fig.1 Results of human-region acquisition: (a) Out-
put from BlazePose GHUM, and (b) Output of
SAM?2 when the points contained in the human
region, calculated from pose keypoints obtained
with BlazePose GHUM 3D, were used as point
prompt

RTHDIebhrd.
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(c) (d)
B 2 W0 & D (a) BEIRREHIE GEEREELSL) , (b) &
FEIRREHIE (BREIRAR) | (o) MMMV A ¥ 257> a
SHEEES, (d) [F < R 27 HifR

Fig.2 Procedure for (a) Judgment of sitting state (non-
sitting), (b) Judgment of sitting state (sitting),
(c) Detection of object and interaction regions,
and (d) Corresponding mask image
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Fig.3 Point cloud colored based on the normal vector
on the inferred object surface extracted based on
the action of sitting

(a) Chair A (b) Chair B (c) Table
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RI 7y a il (Y R) OREE

Fig.4 Point cloud of object region (gray) and interac-
tion region (magenta) extracted based on the ac-
tion of sitting
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<Summary> This paper aims to accelerate computations in physics-based elastic simulations, particularly

in position-based dynamics, by investigating the effectiveness of an efficient mesh reordering method based

on spectral decomposition. The Fiedler vector, which corresponds to the eigenvector associated with the

second smallest eigenvalue of a mesh’s graph Laplacian, is well-known for its ability to group geometrically

close vertices. Reordering methods that utilize the Fiedler vector have demonstrated their effectiveness in

force-based approaches. In this research, we extend this method to position-based dynamics and evaluate its

performance.

Keywords: position based dynamics, spectral decomposition, fiedler vector
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R11RATy STERUBITH D 5 7R (ms)

Table 1 Processing time for each step (ms)

=1 Ry WIRRSEETE dEER H2EHE Al
J == 0.436 25.54 0.240 46.54 184.1
JHR T YR L 0.433 25.15 0.238 48.52 183.4
THRL/PUTHIA 7 > & 2 0.431 27.05 0.237 54.04 198.5
HM74—Fo— 0.434 24.30 0.239 46.58 177.3
TERL/PUTEIR 7 4 — K 5 — 0.432 22.89 0.248 46.53 170.2

T—2 iRy WRBSEETE RN H2EHE &t
) == 0.450 33.51 0.249 4842 226.9
THM T Y & L 0.454 30.50 0.249 48.67 210.7
THA/PUTEIA S > & 2 0.444 33.44 0.250 55.12 231.8
HE 74— FF— 0.441 30.95 0.248 47.79 212.6
TERL/PUTHA 7 4 — K 5 — 0.438 26.92 0.252 46.50 191.7

>—>3 iRy WRRSEETE Ry H2EHE &t
J == 1.439 82.60 0.757 98.02 545.3
R V& A 1.452 83.34 0.752 197.4 648.8
TE A/ PUTHA 7 > & L 1.427 90.13 0.731 219.5 704.5
HR74—F7— 1.399 78.48 0.737 183.8 610.5
THA /PR T 4 — R 95— 1.438 70.79 0.780 202.9 591.8

= 2 HZEHE DM (ms)
Table 2 Breakdown of collision detection (ms)

o1 T BVH 8% PUEK BVH 551 H22HE &l
J == 3.187 43.07 5.389 x 10T 46.46
TR V& L 3.356 44.28 4.684 x 107%  47.84
TE A/ PUHAR Z > & L 3.324 49.49  4.206 x 107*  53.02
HR74—FF7— 2.904 42.44 3.850 x 10™*  45.56
TH /PIHEE 7 4 — F 59— 2.910 41.87 5.435 x 107*  44.99

T=2 THA BVH 58 PUmR BVH 587 @22 & ai
J == 3.240 43.20 5.326 x 102 46.70
HRZ7 V&L 3.393 44.06 5.464 x 1072 47.71
THRL/PUIHIR 2 > & 2 3.418 50.04 5.422 x 1072 53.72
HE 74— FF7— 2.992 42.60 5.256 x 1072 45.86
THRL/PUHIA 7 4 — R 5 — 2.998 42.39 5.753 x 1072 45.67

T—=v3 THA BVH %1 VUEITK BVH 8% #Z2HE &8
J == 2.551 40.50 63.97 193.7
THE T YR A 2.641 41.03 278.9 410.4
THA/PUTHIAR Z > & 2 2.640 46.81 272.8 421.7
JHm74—F5— 2.307 39.30 250.8 376.2
TEAS /PR 7 4 — K5 — 2.295 38.98 273.6  398.0

% 3 #IFIEH O@mELE (%): (a) PBD, (b) iz

Table 3 Speedup ratio of each processing stage (%) :

(a) PBD, (b) Collision handling

iRy WRROEETE T H2EHE St
Sy THR DA 1+0.29 -3.36 +0.49 -4.00 -3.36
THA - PUTHA +0.17 -15.40 +4.92 -13.89 -14.25
S THRD A -2.98 +1.48 -0.36 -1.81 +0.91
TH - PUTER -1.43 -19.49 +0.68 -15.64 -17.30
s vg THR DA -3.66 -5.83 -1.95 -6.86 -5.91
TE AL - PUTHA +0.79 -21.45 +6.68 -7.55 -16.00

(a)
JHA BVH 5% VUK BVH B8 EZ2HE At
se1 THR DA -13.45 -4.15 17.82 477
TEA - PUEIR -12.43 -15.41  429.22 -15.15
oy g HHOA -11.81 -3.32 -3.80 -3.89
THAL + PUEIAR -12.27 -15.27 +6.10 -14.98
sy HROA -12.65 -422  -10.09 -8.35
TEA - PUTHA -13.06 -16.73 +0.31  -5.61

(b)

(a) A7Y =7 b 1HRDET (=2 1)

(b) A7V 2+ 1 IKDKE Off

b

(c) A7 =2+ 3HhDfEizE (27— 3)
1 WHAEX Yy >ayIal—a YOkt

Fig.1 Visualization of tetrahedral mesh simulation

B 2 BRI LZET L
Fig.2 Models used for validation

3R 4 Armadillo &7V % HW = HiEHIMGEE
Table 4 Statistical validation using the Armadillo

model
T2 SEFEATHRIR BUE(R S
JHRZ7 V& L 58.359 ms 0.019
TE A/ PUTHIA Z >~ & 2 64.002 ms 0.215
Hm74—F5— 56.050 ms  0.0927
THRL/PUHIA 7 4 — R 5 — 51.185 ms 2.833

a7 16 ALy FD Intel Core 19-11900, X €V 64GB D
PC ZHW/=. T 1% Armadillo 1%, Stanford
Bunny (2,605 TE& 8,245 PUTHI{A) , Octopus (3,392 THA
/12,048 PUEi{E) , Tentacle Ball (160,096 THAL 373,823
POER) , B &K Moai (37,445 THs, 121,475 PHHEIKR) T
H5. B2i2ix, E»5IEIZ Stanford Bunny, Octopus,

419

Tentacle Ball, Moai Z/RLTW5%. FETFNLIZOWT, JH
RMERD Z Y X LEFE 7 4 — K 7 —HF ORI E
TR OB EEND 2 0%, FoEZIRE LRV Welch @
t HRE TR L 7z,

Armadillo €7 VEHWAERER 4 10RF. HET VX
LYTHME 74— RS —DORITIE p A 1.3x107% 7D, TH
BUERS X L e THR/ AR Y 4+ — K5 —ORTIiE p
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x5 BET V& AWTAERIRGEE

Table 5 Statistical validation using each model

S—=r2 SEHEGRE BYERE pfE

Stanford Bunny ]ZE!,.LT'\/IEIE{ZIW VR 2.122ms  0.0206 0.0207
TEA /PR 7 4 — F 97— 2.042ms  0.0514

Octopus L /PHIEIAR 5 > 2 2 3.474ms  0.0688 0.00215
TER/PUEIR 7 4 — K5 — 3.284 ms  0.0245

Tentacle Ball TERL /PR 7 > X 2 178.56 ms 4.137 0.00377
TER /WA T 4 — F 5 — 167.58 ms 4.453

Moai TERL/PHIEITR 7 > 505 45.165 ms 1.466 0.00091
TERL/PUHR 7 4 — K5 — 40.786 ms 1.144

& 6 51 P FATIR R (ms)

Table 6 Average execution time per constraint (ms)

=2 TER/PUTHR 7 > X o THS/WHER 7 4 — F 7 —
FRAEHRY 2.060 1.698
=T HEAERIY 0.0510 0.0346
ZAFHEAT - BT 0.120 0.090
PU AR 2.654 2.227

&7 HIRIBIRAEHIRRGE

Table 7 Statistical validation by constraint

T—r2 p fE 95 % fEHEIX R
FRAERIRY 2.1x107° [~ 0.431 ms, — 0.293 ms]|
=AY 3.3x107* [~ 0.02179 ms, — 0.01112 ms]
ZAIBER - #FHK 2.9 x 107% [~ 0.04264 ms, - 0.01640 ms]
VY ARl 3.6 x 107* [~ 0.541 ms, — 0.313 ms]|

B 3.6 x 1074 %2572, WFhoD pfED 0.05 LD ix3 D0
WWNE L, FETINCIERICERREDH 5 Z e R E N7,
RS, MDEFMTBVTDH, R5ITRENTWSED

S —R—ZADFHEREZS VX LY T v I FFEe IR L TE
IR ZHECHERBICERTE 5. B, &pfHE, v
R LDITICFEEH L TV 5.

4.3 FIFIBI D14 RESTAE

Armadillo €7V EHWT, B 2HHEHENS I 21—
YavOURBICED XS ICHET 2 FHMEL/z. PBD T
i, BT VOMEMERETEEGIET 572012, BkA RHFHE
A& 3. Z ZTHHES 2880, BES5 T 2THABIIIGLT T
4 ORI R FHHI 2 ER L2, Thbb, LD
i 2 A B BREERIRY, =AFO 3 TEALE DL 3 =M

TSR, BE%ES 2 =MIE0 4 THRDBD 2 #iF ofilty, K&
OQPUEIAD 4 THRABE D 2 I RAREHI T H 5.

MERER 6T, IRTOFHITBNT, 74 —FF—
RS N 2 2 FIED D, &b EBICUIEEITZ 52
HBohs. ThsOERTEEOEDTEINCERDL Y S 2%,
Welch @ t #E % FIWTHREE L 726512 R 7 1I9RT. 3T
DHFNTBNT p HIZIEF TN L, HEHNCIERIC
FITRR DZENDH 2 Z e ARSI T WS, X512, MHHEAH
FNTBIF 2 5% BN, Mol L b U CETRH O
WEWPRDRENI L ERLTED, THS A PUHEIKT 4 —
R 7 —2SPUEAFIFNCN L TRICEITH 5 Z L AR &z

=i

420

£k 8 Armadillo €7 V% HWz PD TOXFFEITHRHE (ms)
Table 8 Average execution time with PD using the Ar-
madillo model (ms)
Zu— VU o — 7 LI
34.986 54.059
33.767 46.325

4.4 Projective Dynamics O FE#H5TE & LEER
Projective Dynamics (PD)'"i%, PBD ® 1 — /L ALH
WA T e — VI 2T 5 FETH D, PBD ZoltEs
ZFETH DD, TTHFRICB O TEFMAR ST T
Whhrolz, £ T, Armadillo EF % HWT, #HZEs —
T AREERER 8 ICE e Dz, TOERNS, n—
HNVENZ BTN 7.7 ms ORERR SN=—FHT, 7
O — VLB CIEA 1.2 ms ORFBEICE EFE o TWB I e H
REN, B—A VBB 2 HEREA B S 2 2 i o 7.
ZOEMAE PBD IZBWTHHEBETH 3. PBD I, ZFm—~
NVISEN FRERERE L PD 2B D, u— bR
Bl e 7%, L7zhoT, ZNFETOERBRFERIZ, PBD 2%
S —HVIRRLOREY, 74— FI—JHFIC X 1R
FiEP T = AN B O TRICE VIR ZRT 2 WS HIA
2, PBD BE FCOMRER LICERLTEBY, 2o, ZOR)
RO RV ECRFE LRV 2 FFEL TV 5.
%72, EgEs— LT, BENZEDO PDIcHI) 5
BT, RO XS BB e OFZEUEICE ¥ 5
Tz, XMHRAYIC, ABEETHEHA L7 PBD 24 75 VU TI3,
BEHECIERE R E SR E Y 72 2 BVH O BB EENT
W3, 207, IEMREZRUEIRE McBWT, BEFiE
DAL R T Z e R TE . 2L, X DILAW
BYIalb—va VEE REMRTBREROA TV =2
I ECIEMEREZIGED KD HND X572 F VU FITBVT,
BETFEDIENTH L I 2R TH-RANRETH 3.

45 ER

451 JTERHIHIRREHE

BN =BT 2 HROGIIEHEE T, K (4) Dt
B Thbh 32,
. C(pla-'-apn)
Ejw;|Vp, C(p1, s pn) I?
i, 1 OOTHADHIFZEHE S 282, HFcBE#ET 2
BOTESZ AL CHEMTbNE Z e 2E®RT 5. T&D
b, 74— RF7—EFTCHOEZ 2 ZickD, BEESTATE
BT —ZEEE L TS S 120, T REMRT— &M
Fry P2 ll#o TV AIREIHEKICRET S, £, ATy
FZTEIZTRTOTERIZOWTREBHNCEH A ThbN 2 729,
EROFERENC D 2EEPKEL, HUOBZICX 28R
HRENVEEZILND.

Ap = WiV, C(p1,..pn). (4)

OB R 1258 DTRG0 7= DX, SEEH L 7-Hilk
HMEHABRATH L ZICkbeEABNS.
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72, = 3TN 21% BB EVIRIE SN0,

X, HFROATIELAE AT 27 FOEEIET KWL
VLR, BRICXDIREREEIRETSZY—2 3

f@ﬁ%% CETEDPRDIREINZEHEDIZ VD EZ LR
5. 47 —2a BT ARTI0EICERELTWE D, &
ot s 2 M EMIEO AR IEF I NIV X, TROEE
iz AR WEaE, W55,

452 EEHUE

BVH OEHNCBNTIHIEZ ORGS0, FHL
7Y 7 v =7 TiE, BVH OEFE (JHSCMER) 220
ZFUAMGECTEELTVWS., EAT v 2, THREED
E%KWUTBVH%E?ﬁT%W,%%ﬁﬁb%& BVH
DARKEGE X, TNRNTOEED/ — FNIIRY B o5 FT2E
W%ﬁ%%h2“ﬂbﬁ?éptfﬁﬁéh,M%?%#
L DEITHEMNEIND., ZOBREREZ D3RG,

74 —=FI7—HFIZLE X v 2Dl O ZFIFE ITHEMED
R<, 20fER, MOBEZDMRI[ONEZONS.

BVH O #EHE, PBD FEIHKIFELRWILHNZTFIETDH
%7-%, BVH 22 T2k 4 2YHES 2 21— 3
YRR, BRI XA RRIISHTRETH 3. K
12, ETLVOEHIHBICHKEL, BVH OFMENKR L
2w ERBEIBRT V=2 a IZBWTIE, ZOFR
MDEOEECHENEEZONS.

5 fEmEBE

RILTE, 74— FF7—RZ MLEEMELY LTy
F— XM OEZ 2 FERMBER—AXA F I 7 RTEAL
72, ZOR, HECHEZEHANOEZ 2477 v 2fE
A3 22T, IWHEEEKTH 15~20% D @b & EmK L 7.
PBR— 2 FERFE OFIE T H 2 THAHFIFIE TRIRMIE S
N 2IMZ, WS I 2L —3 a IAMNSE A EE
RS R W/ BVH OEHNCHREDH 2 Z e 2SS
WZhotz, SHOBEY LT, MBEN—IAFEINOYHE >
Ral—ya rADHEAR, FHEHESRLA L= IR
Y, XovarA 7o vOFBICHET I EXERE
RN DIEANE X2 615, —H T, AFEOFREL LT,
SIROHENY 7 Y 27 DREIHKFT S, MUFHC
WHHCLHE e DHESENZ e BZTF o s, LzhsT,
FERLOBICIE, MIEARIG U iy EE» R b b.

| 2
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Handwriting Forgery Detection by Utilizing Writer Individuality Hidden in
Within-Writer Variation

Ryoh FURUKAWAT, Shinji IWASHITAT, Kiminori TOKIWA™, Kiyonari FUKUET (Member), Kohei CHOT,

tToka University Research and Information Center, T1Forensic Sci. Lab., M.PD

(BoFEL) A, BARICHT 2EHEE B COMBERORILICET 2D TH Y, EMDDH EITEE
THELMEEZTEAT S 2 EICX Y, EOBEIRHIEREDS DD 2 & 2t AGRSCTHAY 2 R AT
b BEH OVLEY L b DEPH O~ T ) EARRECER SN 5 RTHAFNEE 245 2 L IR R H 5.
O NT ) AR ISR S A0 - OEITHNE, EENETHOZERIIN A SE — R LB DTH
DT, BONDMHEEIIEZNEIAAAE L T LOEEEMZ R L7z b D L7 D, Bkt ERTIE, 67 &
FEWEFSLFEHE AT 5LFNDH3E 10 F% 5 RIEST L7 B GRS 3,350 IEA A L7z, T DR,
BEFOYG 2305, 715 1T OE 4~5 ST USRI 1% 99.9%L & 725 Z L dbinoiz.
F—T—F BB, oM, EUMEE, EEENE, EENEE

<Summary> This paper addresses handwriting forgery detection in handwriting analysis in Japan. We present that high
performance for forgery detection can be achieved by utilizing writer individuality existed in within-writer variation. The
forgery detection method used in this paper is characterized by using geometrica dissimilarity defined by Mahalanobis
distance between the mean handwriting of a writer and a handwriting sample. Because variance-covariance matrix used in
calculating the Mahalanobis' distance represents spatial distribution pattern of within-writer variation, the obtained dissimilarity
reflects writer individuality existed in the within-writer variation. The forgery detection experiments are performed on 3,350
traced forgery samples composed of five Kanji characters and five Katakana characters traced by 67 writers with five times.
The experimental results show forgery detection rate of 99.9% or above in the case of using two characters for Kanji and four
or five characters for Katakana.

Keywords: handwriting, forgery detection, handwriting analysis, writer individuality, within-writer variation

1. [FL®IC

KRG, HARTARSN TWAENNEEZISHSEE LT
E L ELTRERANCET 20 THD. ZOnBo%Es
BEREANE, v Ea— AKX 2EHERBOBENOIE, T
FA MRIFOA T T4 L HERREG ORI /HIND V.
Fhenb, [F—3CFITONWTETED 2 DOER (EEH KA
ER L EHIAER) [COWTOEEDRRF GIA/F—A
D) HANB TS, EPE VS FER, FHITFIEE VD
FER O — AFRE R E LTEE RN OV T OMEE
%< OFFFERE L MhRENTEY D, ZHNL~ LD

-
—

422

e SRR R FE T S BT bR < T rTRE e e S
RGBS OARESND LD I12e> TRTWA. 72721, B
SN TR ETHENL, (EAMICETL ST
HARERCh 5.

—7%, PIZXRFFRCIIAEORSE (AFEEEES)
R 5 DO IEO B BT I 570 9 iR S
DI LS rib, N ERABEAN 2 U7 R
RIFBANC DU T b AUBEEBRN k3 D M S 2 & 238
NTWD. LinL, Bl L7z X 5 22%o 2 — AF s Ik
SUOTERRFHBIT DB AT AF, FIAIEITL 248
(BB ek U CIEARE R HESS TldZeun b fatl s,
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L AN, BELH 16) TIXHREIIC OV T TH BN
B HLEEVERL LT HEROEROEENEE (“PHET) I
T OFEE OFEYMEMSE EEEMEE JIEND) BFEELTHD
TENERMEINTERY, ZOEROTEAIC LY mWEET
PHRENEDBND Z EMNRENTND. ZOEHD “PsE”
%, ADXFEELTLRICEETRIZ) DU TAELDE DT
BV, BHHERCBWTHEEORFERNINAE e Em e 72
DD FREER D D, Thbh, O DL ET ITHEET
DEF VA TR U BERREL, R TIE L
W) RE— AERIZESFERINETH DI b b 57, Ef
DFFEHELT < BITTORYIT R U TEOTHE ko
) HHfo TWAHREMRH 5.

AFRILTIE, “@OE” T D EF A TG LicEE
FLRRERIE OSBRI LT EORREOMmIE Bk
HEES) BHBONERLNTT S, FPARRL 21BN T
Rt A & 4 D RUBEERR OISOV TR L2, 3.
W2 BN CHUBEEBR O FEBR Cffi 9~ 2 38 SRS L DR
FhoRL, 4BV CE LI ER ORI E % T = v
U HWERT D, DO ET5ICEWT, BYRERR ok IR
BATRT. BB 612BVT, HLNE o N
DORFHEMEREIR Pz TE & 5.

7ok, HARIZBT 2EPEE /B Cldd & LTHRA#EIC
Ko TELHRFEBANERS N TNDZ EbdHoT, i
BRCHOWT B IEECBE & WS TR ERH S 2 &3 L <
HHNTWDN, FNONFEAE SITZEYNT & ORI
LTWED0, HDHWTET, BHEROEE IR E Ok
PETEIET 2 D & o TR D FARBR S 5 ERAYIC
LSRN TV, —3, £& LTEARADE T
BB ORI BT 22813 ST D, LavL, #iik
RHHMERE LSRR 5 & U T B OB B AR TF T 51
Hh 53, EERIR IS, R EE EREN - B
BOEHET 5 Z L3 s Tunzgn,

T, AHFETIRETE 1S, K0 HENEEN %
FEBAR L L, 15 DAL D R I MERE AN A RIS T
SN DRI, EHREFERCETEOILE L (B L T
b 5 D EE OFEFCEEOHST, SUFORRE) 1200 M
THRE L. ZOTRNEIT ER L2 X 5 A6 24025
WD, 5212, AU CHR LN DEUBER OB RN &
D & D IR ORI L TR O b D70 nE
IR L, SERHAMBLED S HIEREZ T ATEE & 3 5 72012,
AR S VTSI OB B A B BANCEII L7z, 20k
B, BRUZXSICKRLD 415835, #H3i, 2o
BB ORI SV TS 2 L2 41280, iEEe
FBFIT L o THEBERI DA & 72 o 72BN & ORI L
TLB00, HAHWIET, BUREE OEFENEN L OfRE
HRLTLE D b O & o IR BT 2 AT 7255
PEEHLMNTTS.

Thebb, ARHFETIE “WH X7 [TBEL TV HER S

=N
[a[sg =1

423

BTS2 LT, EORE OB HEEEN S DD o)
FHLMNITHZ LD, RO XS e 5
MREDIRR A K > 7o, ARG AR L 7> T D
DIE, ZDEHTH5.

2. RIFEHDINE

EB LB DESE

EPRORBYFO(I7 & LCiE, smulaion & tracing 735% 3
BR17)TIEEL SN TWD A, ZASIFEE R 1)I2B\W T
MELBEL LT TWAE LD ERET LD THS. smulaion
H U< THEEE, HROBARL 72 250 (FARENE L52
LT D) BELSINDMCHHET DGATICEWT, FARSE
W& RN SETT B HEThHD. tradng b L ITEFIE,
JEARZEWRO FIZER SN DA ERCET Th 2 DAL
EREFVEXTLHETHS. AT, 530 1)
STHELBEL IS LITL, —&ICRD H Y 558D
RFHI & LCEEEE, £, TEOELIT2REFE LTE
B0 2 RO A ARE L.

ZIZCHEEZR DD, BETHD. FREMT 2EEC
B  D IO 2 X L3 D EIFER D 2\ RO YR
BREZ LT R T T4 7) ICX DEETIE, KWy
B OB LS S R WD TRV E WV S B b
5. FIT, BESESBEIE T L TR EREICIECT
DEMPEOND Z EEHIFRF LT, TIZEDIVZEARER N
OWTCHFRROIA: LITHRTE LD, XTFOFEMITE A
RUVIRTHEGELTHH ) ZLIC Lz, ERICHEZITHEA LT
HHoToMkIE, BEE 64g/im? O—ik = v — ik (FEi%) <°h
%. ZOMEO 2 E—RAITHREOEREIC RIS EI T
BY, PBHOBERO X D ITTFICH DAL O £ T
ERERT 2 DIFEH LD, RAEROSEROFIREITIEE
WFEICHBETED L WHRPMAEV T Z &N TED. T/
bbb, HHREOWEOEEIC L HBIREN 2G5 TR L L
T, at—ARERWEEE AR L.

—Ji, AROFEAERCEEL T H5FE IOV, JES
FHAL U HETHEA SN TODEFERHD F L— o F—
N— EEM) ZHWTES L. 72770, AZETHWE
AR FIZERT SN A RSB 600dpi, =7k L~LEk
256 B CT T v bRy FRIZR Yy F2HHLTT 4 VXL
b (NT)) T2k, EGHNERE TEE LIz tni=Hiz
ZEBRORNBA THZ D EWVD Z ENbhoTz, HERO AN
& B T, BEBR ORI IZER OSBRI D
NDEMCESR e CEERT 22 812> TERY, TOMHE
DIREE () T8 2 LS BT E LS RV AT
B THD., L, KEOERTIIFR W) Z—
TBROBDERINDDT, AN LIZEHNBATHZD L
WORREIRIZE A EE LN EE X TND.

21
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22 EEBMRT—42ELTUEL-EH

ARFR O 2 RO IR IS U I- 5L, )’
20 X~60 XD FBL 68 N THD. FANT FIRERR & L THE%E
OFEFT TH IR ERIT 23 a—R 7 A x4 405
Bl Barbta—HT7x hTHEEX LT A4 IfkICTY v
7T N LTeb O EPEEREICHER L, Ad A XOMOFEEHE
DOHFICHEE TERLLTCH b o7, ZNESRIEL TS5
ORRICETRINTHET - DE DT - DL R DLFHT-0
5EE O HARNENE S (R 120). Dk s —iaRE
5] B N e RV

W2, oS (FAREHRL LS Obb 1O ARE
B (FAZR L L5) ZFAL LT, FAELEZRS 67 A0
W (B L L5 [Kaidoa e —AiEHAL T 5
|, EEAMEOBEEMREZEH L CSRZNZENEELTHH
ST, ZITE LI 67 NOWERE N E 5T >FEL LT
2 FIHOBUYREYNT, 2.1 THBE A O EF S OEY 55
N5 L EHFLTCOa v —HREER L TOESE, HFR
EPRTEELL U7 0MS DN DT T OBEBEMEEH L CoFE
BTG LI T 5.

IHlL, ZOBREE 67 Ao 1 NIAROEEDOHT
ROEOBIBICHGEL TWE L EbNnD 1A (BHRESEL
X&) ThHY, ZoOSHEEFIIHEGE LCER L2
B\ L oA RERIC 5 [E], B (AREMOETLAZII LD
B OFEE 280 CAFH TR 3KM) 2/ CEERICHER L
Too ZhUE, HERENS & ORLE ORI E TR (2 e —H
WO B GO 2FHHIC L 51BE) L CWDONEMRT 57
DORHEL T B2 0OITE M LTz, JFARSEY L LI FAYES D
1 5 (ARERN) & SREFORNEYM (BREY) %
X 1R £, BIRER T X A BIRENW 2R 2 (TR

PLEXD, WELEEMZELDDLLEROE SIS,
O #eBrE 68 A, 45 H 5mI%EEE L7z HAREN

(AR O B RED (AR

(b)Z M 0 B IREW

1 ARNEBOF (HIRED)
Fig.1 Genuine handwriting samples (natural handwriting)
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(9B 1 AD 1EBRRIFEAZES OJFAZES)
© JFARZEE 2B PRE 67 NOBHEE 3% A 5lal= ' —

RIS U I A
@ JFIAERE 2 bk WL 67 N3 B 5 [HIE Tk
(2T LT A B

@ BUES 67 NP 1 ANEZIES L LT, R 50
P L 7 AR 2R B

3. EAL-ZBZERBAIE
EERRHANDONEDOTRN & RBMERXF

AW CTHER U7- 455 RIRRRBIEIL, #2AR ED (Euclidean
distance) 7£19, K51 MD (Mahaanobis distance) 7519, X
J716) MD % 90 3FEHCH 5. HARM ED I ED %
&b LiEn, EHEOTIICEET AMEE 2 EH Foa—27
Uy REEECET 25 ETHY, APNEREZERLE L&
DFHOEN LEFEFREOFERZ 5 2 D5EkiEE LT L
7o FIOMET L DRUBERR S LTI, £ ORE S
PEREMEL 72513 T CTHB. —F, FHR MD k&R HIH
MD % (F&DTH - WHIR MD ikEFRRET 5) 1, o
“WHE” BXMT D~ T A MEHECERR OMIEE %
WETHHETHY, ARSI TR 3 DR H
PREZALNC L L9 LIER LTV A RERRBETH 5.
TG 3FAD ST EOE T, EYE OFIOMEE O
WFERRIL DT THY, BEOUBOFIUIED LT,
(VRO DT, QMATTERIIEIRAL, (3)FEWIR ORI EE FHHI,

31

(QZMER O 2 v —RIC L 52 BEEN

(0)ZMEH OB GHIC & 2 B E5EW

(C)Z IR DR EEYS

B2 ZMER OB
Fig.2 Forged handwriting examples by the reference writer
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@EZTRFERANE 725, ZORMITSE I 16) IR I T
WBDT, 2 THEEED 405 Trtak 9~ 2 FEERNAE DO FRfiR
SOk BRI RIENAE UV, 2 OB - TIE
W OWEE% Tt 3.2~3.5 IR T

ks, %o RERNIERICE N T, IE LT TH
FERRETE R 2-3 —RT7 A U 4055 i, BT
FIOFRRIZH D [HAETE ] 5 UFEEERL VA LANCS
5L 740z 5TFTOH 10 LFEUHNR LT L Lz
T, BREICERER L TH b o THIOEX H LE
STITEEERLTORNI EREEKRD MY TIE R EE
Kb BTN &) BBRE OB AU E T 5 005
BEEZDZ EEBOEDITRET =20 TH D, T2, FH
REREAMEME R T & WS 0 & IR U, Bk oo#
GENEDLDAREMENRH L TH A D B2 T 2 FEO T
PR LTz, CFHITEN N 5 CFRREH UL, BEOR
SREEBIM T3 2 s AR MERR L B3 2 ST R T DR
D THDHZ L EEEB LD THS.

=N
AREL

32 HHROELE
BN, FIREW ) R E IR A DI ORHER & L5

EPROK T _LICRAE S D, AP TITERSIERE ®
THRA SR 3R TR A U7z, ARhRERIE,
FHZ N ST DIROFBRERE ST H, ZOHbE
H R ERRSNC AN S O RS LTRAT DS
HETHD.

X 30F, B THIE LS Y — (Bikd2) RIoH
ST FHBRE A THB L b0 TH D, BAESEFF
MRS, BES THS, B W, T, B SOV TERZEIL 38
R, 2TH, 2808, 1405, 3B, hE BT 1T, 4, U, =,
A ATOWTEINEIN S 5, 76 4%, 38 4%, 52 4, 38 Th
%. 70k, X CRAYUS A B B LT SAL TV A ERE T,
HEEO@FNIATT Th D BADH: b mBEICHE ST\
720, HENERL FR SN TR OEGIHB LSS
L poTWAZ EIZEESRTW. FlziE, T4 =] o
5 2B DR YER PR LS5 o TV A,

EBHIT, K 3ITIFATE D B & 5 2R O WAL
STWVDEINTHZ DD, FENUV MO EH NEEH)
KRR LCRY, 230 EENEY IO 90%DER* 3%
DOFFINFIEL TND ZEER LTS, [ARRS, &7
D HEEIVIANTYED > TV B IERUE, EFFAENCHR LT
BY, SEOELTETR DN 90%D LR H3Z DI
FHELTVWDZEER LTS, BRI ES AR £
FEEEDRREL, HrOEEOEELT (DHE) 2F
TEENEHDN NS (BELTND) LIRS L&
ENDHZEPEELNEEZLND. K 3ITRTHEAIL D
D 2 ODEFNEE N & EEMEE A B/ LT, FEE

BRI < 72 5B L TRESHI b0 ThS.

425

R 3 AR — 2 RITHA SRR
Fig.3 Feature points generated on standard patterns

4 BEREAY LS (RASERD)
Fig4 Geometric normalization samples (origind handwriting)

33 EAIFMIERL

—HRIEFORE SIIEX TH DD, 2 DOEFEOTH
DOE (FEE) 23280, FHIROEROKE &
A—EICHIZ T MENDH D, Z DNBRA KA
EXO, UFTEITEEL T HREZOLTRAY— (EKE
NRE—=r & 1E) #RITT, BMAEREOT X TOERDFHL
RBEA R Y — o ORISR G AT ST A8 % Jiti .
AL L LIS ROIEK - M/, [BlEs, FITBE1 &3
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KT D~ — NEBOLERT 20T, FIATERFE T
RETHD., Y —2 2 LT, K3 ICEATRLEZa
VEa—Z T3 MR LT, SEIER LA LR
AEPHEE 41277

34 EHEOHEEREETR

R ED BT, £THEHET S 2 2OEYD S H—F 0
FEPRORHEUTRR AT OERR ORI EEN TE DT EAR D
I (o F 7T D L510) BAIFHIERYLEEE FERIC
~Lw— NEHR LT b & ORMERIRFE, bbb, T
DRSSO 2 —2 U FEEREZ BRI OV TRD 5.
WIZZ DRI OV TR BT RSt O~ » T 7%
70D RMS (Root Mean Square) iz H 35 2 SO%EHE D
MhREE L9 5.

X 5(a)l3EA%EN X 2REE O LEPNCEH L5406
ThHY, HFHT S 2 00FMEZERFRRL, FEAEMORHK
REHOOGHT, FHllSN Ao —2 Y v Nk
EREOBITRLTH D, REHESIZ DN TOREBOIRY
DEES (vyF 7% O RMS S Z OEYR O EE
ELTHEESND. ZOMEEE, 2 20%MEEHE L
FOFROENERLTND EEZLND.

R 7 MD VAT, R T2EHEOFER LR T 5%
B CHIEOARSE A2 EZ 2 5. 2 CEENT, H5 13X
FITONWT L EE BT VIR DOEYN S 5858, EW Ik
B SN TWDBEHTICOWT, BH B 722 5 KRS D
VIR A#EZ D ENTE, ZOVERHERETREND
AR 7B 2 FR 3. SRR OS RO, STFRHER O
FIZHAE LCERY, 0 2 RoTEGFm oo - 08T
FNEZDOREREDL Y OEWO “PHE” ZRLTND.

FITC, ZOHHEL - WBATHI RS L E T
BROR ST DR E To2—2 U v FEEEZ IER L L=~
NT ) EAMAEETRD D, 2 ZCa—2 U v Nk,
TEARR ED IEDBA L RBRC, 1EB T 3O Z 1T
B 555 OYHEROEFHEIETHIZ TE 2720 &b Eia
Lo~ I~ — NEHL LT & 2 DRMEREE (v F
THFE) L LTROTE LD THS. KRIZ, EDOEIHIOWN
TR LN FEURR D~ T ) E A D RMS fili%, &
B3 2 2 oOFEMBOMEE (vyF L7k L75.

X 5(b)iZ, A 751 MD 7 COMGER RO+ %2 R L7
BITHY, FAREHRD S EY L SRERO LEBOH 6 2L
FELRFRL, HEO@HNFARER OFLLRHEE, H
OFFMNDE R REDY O WL E” 2RI~ NT /B
AR 30 DEIEHR THDH. 22T, v T/ BRI,
AR GBI TH DA, LIRTED “WH X7 TIE ‘Wb X7
DIEHE(RE 0 DITEDOHIETH D ONEERLTND Z &
5, WHAERR D R0 K 912 0 D TERT LT
728, 30 1A D DL E” L LTERNAERE L&
X, “WBHE” O NTYHFEANIT A L TWDZ & EENT

426

(Q)FEAMH ED 1%
5
Fig.5 Messurement of dissimilarity between two handwritings

(b)}¥ J7 1 MD i
SR O R A

5. EHPOREDOIIL, FERHER & XS 5 5REED
1 EP P ORMEETO—2 Y v RI#EZ R LIZ LD TH
5.

R HE MDIETIE, =T/ BRI CE%E m 0 b 5
SERRFEUR N O B T D EBMEA s Oxtnd D FHEURE TD
HEECH D DT Ryos EFRFLT D) ZFHIT D46 2R
D D0, KARMOENT 15 LW DRI A IRE LTz
UK LT, WM MD BT, #&AlOERRIC SN T

-
—

[Fl—SEE OEMPEEFET D L VO RMERETD. 20
By, R ORHERIZ DN T H B DRHER D8+ 5y

BATHNZ RO D Z LR TE D, £ 2T, TO45HE - HAT
B Al U TR DRSS B EHIRHEUR £ TOW T H O
<7 ) CAREHE Ryes RS, Z 0L EERT 5558 -
HABATING, EAMOEEEROTELFHIREDLY DL D
THY, HER L TWDLEPMERORERED Y Db DT
RODT, BHIER SN DT 2 E IR L 13RSI
IR 5. LaL, ZOEATIFEAMID “WLE” %
E£LTHY, WEHMIITFH SN DWHMO~/T ) AR
B Ryes 1, ZOEZEOZORHESEMIED @b E” \TFE
TOEEEEE KL= bD LD,

WIZ, VRS EES LT 5~ T ) B AR Ryos %
R MD ¥ & RISk TR E, ZoWhmo~ 7 /v
ABE Ryes & DL ZER T 5 FEHRER & T 2 RHER
LD~ FUTERELT D BB, FHESEO~ Y TS
FEFED RMSHEATER 5 2 SOERIOFLEE &3 5.

728, BEOILFATOWTOMEREE, £3CFTOV TR
D B AEE OFATEE CEET D, THUTEARM ED 1&
SR - WHE MD IEOHATHRIEETH 5.

35 ERBEH

% < OEMIHI DWW TR S HEE o HBUFE %
kdn L, —MICE 6 ITRT L7 2 DO5MEIELID.
FEEPE 3 /N S WELSRI O34 1, [B—23812 & D8RO %
KDY O TEHENEDNAE XI5, WITHEEDORKE W
WDLAE, $ie HEH DLW D b O CEEMAT i &
XiEns. EFRERFRITIE, SRR T Lv/hEvi



The Journal of the Institute of Image Electronics Engineers of Japan Vol.54 No.4 2025

2EFN Eollies

EHEESHE

& EREREE

T tHERE
6 FBIBIA &R
Fig.6 Decision boundary and verification error

B2 RTEYSHIFR — A Lo TERSNZ LD EHIEL,
T L0 K& VHERE 2R TEYSTIIBIAIC L > TEL Sz
HOLHET D, AR TITFHAIER T 12, KSiE®  (KS
FNE) 1T X0 AR ITEENEB AN & B AT A
DWAFET HEINCEIND.

X 6123\ C, FNMR (fasenon-machrate) (Z[F— A73%
LD LTHIAD LD TH S L il S nsE 5%
# L, FMR (fasematchrate) (3B AIZ LD ERREINTIZH
DOLTE—ANCED b LR shEIGERT. Zhb
D)% WHJHRRRZE, 1 DO PR RREEE 5 I\ b D%
EHRRRIREREE & L5 ARBFFECIE, JRAREES L3R DRIA
DL LTBBEMA E LA LD 5D THD LT
XHOPPMEE 2%, £ZT, 15 FMR 275 LB\ -l
ELTCEHZSND TNMR (truenon-match rate) & 15l =R
RS LT D, 2L, BRSNS HRESOLET,
TNMR ZBIANIEEHRE LS5 Z LT 5.

4. EREOHER
41  #HERE 67 ADRMEMIZ DT

(1) SEHRONE

PEBEERF O FEBRORNT, ISR L 7 MU B O S
FHER L TR, HERICHT-»> T, EBmE ETcoFmD
B (=2 Uy R 220 % £ UEAR ED
A L, B OJFA & SN JFRARZEY & OFEE 2 3HI L
F7z, 2. THABEHOEFNEEROEE NEBICEE M
BhAFHN L7z, TERREIETTE ) oT s30Tl (74 v
DFH 1F 5 LFIZHDWTOFHUFER (B ICFEIZDOWT D
EEOTIWY) #R7IORT. £, ISR AEE
FE 53 A1 DY) & AEE(R 72 o O IR DFERIBER 23k 11T,

(2 —MEREBIZONT

X 7 2B\ T ERA LBEROERIT, 68 AOHREEEDH
SRR (—ARESREDD) [TOWTOEZNEE 6 & EER
rEoyn (L, £ O TEEN - MEBITN L EKTLT D)
EENEFNEL TS, ZO—fFERESOFEEN - MZEH)
AT DS DD RFEREDIOBBIFE R 2 25 D= DIk
BOERTRLTHD. B1ODFADTEEHD E, FTHEE
FRASEAR T 2 i, EEN - MAE L bSO 50~60%
OMEEZRLTEY, ZXUIES CGRIBER b & i1

427

(8) MBHERTTE ) 50

(b) T7 A=A 53F

7 =2—2 Yy FHEECHHA S A FURSERE & OFFER SR

Fig.7 Distributions of dissmilarity measured by Euclidean distance
between the origina and forgeries

x1 a2—2 Uy FEEECHR ST FAZERR & OFRIER D) &

Table1 Mesn and standard deviation of dissmilarity measured by
Euclidean digtance between the origind and forgeries

[pixel]
R (7 A =)
)| PEEEE | T | S

—fREFENEE) (AREN) | 139 223 82 187

—fREHEZEE) (AREN) | 245 312 139 257

JRAEFR N (8 IR 133 0.95 6.7 0.65

JEA 1 -t R R B 202 | 257 90 160

(= & — )
JFA 1 %&JT%M%MF&J*HEﬁ 147 60 25 165
(BGHR)
JEAR 1 -2 R AR R AR 159 074 68 069
(= & —H#)
JFA 1 %&JT%EH@%%LFHEJ*Hiﬁﬁ 121 047 58 -
(BGHR)
JFA 1 %&I—iﬁﬁ%ﬁﬁmﬁéﬁ 166 084 92 067
(&)
FRBIBER (A% HAREEDR) 187 104
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BEFD56%E /NS o TN D.

X 71281 DIREOFRT, FAREE OFEENEEN AT
b5, FAERES LR BAREWOEENEE 2 X 7 0%
1 CRIEAD &, FARERITEFIZ OV TIE 68 ADOHERE O
HCITERN A (D5 X, BEXLT) TERLLTNDHA,
A B AFICONWTUINEREF TELL TWD Z LBbnd.

(3) BHUKEW (= v —H#IZES) 122\ T

JRARFEL 2R 67 ANOWHRE BHREE) |2 X DHEHNE
B & IR 1B & DFEESARIZ OV TE, K728V TH
L BOOFERNEFN TN 2 B —ARIOES LTG5 &
BERRITEE LB FEOMEE DM ER LTS, b L
BERE AR U CURAER A S LhE, FENIEZED
TR & AR & OB OMEEIX0pixd & 7252 L0k,
RN IE O TR EN TV S ik B REW O E L 2By
A L 0BT, S oBEAR T e S 1T E 0 pixel (2
Aol (FREE) [T 2137 CTh 5.

L ZARFOETREN: 2 E— kI L 5B FEWT, T
HMENE L I RAREOEEME ML VKT DY
Z 7 OREEAEANCALE LTIV 528, — i AREOEEN
EEAG & DRI LT D, Trhebh, FEARZERRITS
W GERIL ) 13V 5 23, BIRER OEHFNETOFEHHE
1 LT 2 LETONE L6 fEHRE, 12 1 O%E 15 512
EORESTHELTWD. £, —REREOEEN -
B /341 O FENED 2 2 EE OFEL L T &, %
FEMEITET OB A 30%REEE, 714 1 OE TO%REE D
KRIZE EFESTBOBABERICERD LML TNA.
S0z B &, a—RIC LD BEEENCIE, —ARERE
BROFE RSB /3 A AN I E B A Y BT L TR Y,
ERATENTITBIANET L2 b D & L TRl M TRE 7o R
DIRVESVE & 72> TS, 7ods, DA TITEFELY b
FVEMA~T T M DEERRE N &0, BiELE -
22 ENoInG.

(@) BN (BERRICEE) 2o\ T

—J7, FEETREN TV DEGHRIC L DB TENNY, FAR
EPRNCEEELL T 220D (K228R), 2 OFARZEN L O
FREREIL 0 pixd (HECR2THAH EOTPHITKLT, 0
pixel £ Tl < FEFOHA 10 pixd Lh b, 5 & BF0E
4 pixd Lh EO—{% A SREMOEZ NEEHTIZOM LT 5.
iU, BEMICL DT EEE L THEFITENEY M
X0, EEHEO L DI CE T, —RAREOEEN
FEREOPSENFELTNWDLZ L EERL TV, JFA
R & OFLEE DS HAREWOEFNEHRETHHDOT
B CIEREARER L I3RIANERL L2 b L3 5 0N
WThs, FURERE OBEEl FHiE) OREAHZD &, JFUR
EHDOEENEHOVSEE 1 &5 LHTOHE 1.3 5
JE, WX HFTOHE 1A GREORE S THEL WD, £
7o, —RXEIREBR O N - BB OV HIE O 7 A A

428

EHFOEFRMEMEL T D L, EEREMETETOLE T0%FREE,
71 5 71F O 80%FREEVE A L TR W BB X v AN
DFDLDIAA L TR,

SWZ D L, BEMRICRE Y EE LB TR 5%
HREOEZNEBRRED DL X" WIET D 2 &b,
H L 0 pixd i & W o 7 FEE LBl S e o oA,
T OEPNINIC X D EFITEH CER SN b DO TR H5
D &9 72T L DG & DVERIES O 2 B —&~— R
FOX D B LHHRECIER SN L EROIRETHDH D
ERTRIBELTND.

7B, O TORENTCBETRIC &L DB TENOFALEY &
DAHERE /34T OFRFERE, FRBER L 0 2 ORERE O/~ S
VMNZ 3 LT D 2 &, BT ED J5 CHFERE 2 51
THRY, ZORBIXIEAERTRTHSL Z &EHoNnD.

42 SREFOBMERHICONT

(1) BREZOEPICHOVT O REHRNE

JRAREER & 2 B 0O B R ] 00 FHIE B Z3AT 12 D\ T
1Z, B 7BV THALFOADRBRNENEa B — ke
FBEMRICEL LB TERERLTREY, KOOSR
RO AL & OFREE MR LTS, DTS Ak
TRLTHB.

() FHEWNONT

a b — ke BEMRICEES LEBEERIC VT, &
{8« FEOOFIRR TR SN TV DIMMESR O NE DL
U < (B IRER ORI MIE L TR Y, BRELEEE
T 67 NOYEERET, b v 77 T AORHE THEE ST
BIENDNS. EEL, by A TERWT SITHERLTY
5. Tihbb, BREEEERS 66 AOWBREOTIZIE, &V
B CEE CELEEVNDLT LTI INTFELTND I &
EERLTNWA.

BB, FADSRTRENTWABRELOBZERICLD
BEERRNL, BREOERTORIN T AREROES
WEBRCIR B ORI TOREN TV B FAFEENEE LY b A
MALE L TND. Thebb, Z2REZFOEERICLHES
EPROEFNEBD AREROZN LD H/NELRo TN A,
— D ARETIEZ O L D A/ SeEE LT TERLEIND
Tl FERTHYRFERREL 2o T D, 2
1 SOFARERZEHERFT D EX L2 LICER LS
EEZBLND. WX, & DHEBERHAOEEDOEIZS
WCOEED, —ICHLNHLEENETHL Y /I n
I RBERISRENBI SN HE, & OER RNPIEYN I
EPTHIAREMEND D Z L EERL TS,

(3) FEEFEHNTONT

BEDEHR TR L THHBRER OBEEPIZONWTT
HBHN, BREZAHGO 3 E— N L DB TER L 0 AR
DIEEPRE L RHMNLE L T D, T72bh, ERC
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B U CRIROVENWSIREER DNEHEITEH Lz i b b 57,
Z DG EOEFMEIIZREET DO a v —ffIC L 585
PRI RIZRNE NS ZEEERLTND. ZOZEND,
& LR DUV TEIT A F L DR W — R OB E A EeE L7~
ET DL, T OREEROSNEIZSIRER OEEEYMT
EDSZOEBICHTRT D5 TH A HEESND. Thbb
—ROPBRE I & D 2 AR L DB RN, — e
12 X B ERE AT 2B EOER TH D LB X bl
5. ZAUTAEBEB OIS YD1 6 WA A E LT\ D
(BIZEETOBA) . BEZ HFITHONTIL, BETO L 525
DEREE T2 < HIfRIRIC /A2 o TV Z ERE W=, B
MRS ORFEERNT o ©—ARIZ X 5B 5ERO M
AELTRY, B Z LIBRESICE > UdEimE I

9% DIFERETIER Y BEL o722 L3S,
BRIEPOREFER
AEEDHAER

=l
[a[s g =1

=N
ARE

5.
5.1

(1) FEEFEOFHHI

AE 4. CIIAR A E 2R D 72018, BUROJEAR & 7> 72
1 E T 7o b BIRARZENR & BUBER & ORI OMEEITER L
7. LanL, —MROERMEE TIL, ik L7258 OFAZEY
BhHZB6N5Z L3, EEBEMEN CCFdH- D
EIRTFET D) LEHRMEY CCFH720 1EW LF
FELRWEELH D) PREMGERE L THELDbh, £0
MOMEENFHII S NS, Lizid-> TR 5. T, EHE
E L LTHE X b DIFEARER OO BIREY & 8 KA
FEPRE LU ThH X BN DARREERR & O OFERE 2 511 L7z,
a2—2 Uy RS BT T BRI, b biE
AR ED{E & R - W51A MD IECRHM L7 - B4 )%
AL 5 ICFEOMER A 2B 8 LB 9 1T, K,
a B — AL BERIC L 5B TENNT, ThThEG LR
TRLTHD. £, BEOEDIC, FAEEDBREWD
EHENEE A H IR T, —i BIREBOERN - BZEE )
TixkFNENRELBET, ILI—RARER»DRE S
NOHAIRRERETRLTHD.

(2) HEARM EDIEIC &L B FHAKE R

AR ED % (X 8) T, FERETRIN TV DS
WROFHEFE AR 7127 LT JEARZENR & OFRIEEE /04 & L
ANTHERO A MOFLEE N K E W~ T L TWDD0 b
M5, ZTIUT, AR OEENEE K 8IZITnEh
TS THD. FUREMOMEE AN 7T 7 ORI
Bll~> 7 N UCGHRAIBER RE) &8 DIHERROEIEG A
L o TVBH I Emb, HiE L~V OB E 2 8E Lz
o B — I K A BUREERE (Ff) ThHIUL, BB AT
A EDIETOR D IELSBBIRINTE 25 0 2 L 3bn Db
BT OBA) . £, BEMRIC L 2BREN (ki) <
HIAIEES RE) 2B A S LIS L Tns Z

429

(8) MHERTTE ) 50

(b) T7 A=A 53F
8 =—7 U v NEEECHI S RARGEE 5 4R & OFERE /50
Fig.8 Distributions of dissimilarity measured by Euclidean distance
between five genuine handwritings of the origina writer and forgeries

MG, HOREIIEMENTH D LML Z L avb
5.

(3) A« A1 MD ¥EIC K 5 3%

9 TIE, FEREMMBZENEN H A MD k&R AR
MD {EDYEER L TWA. i« BIFH MD LT, JRARZE
FNEE) (FRD D5 E?) ITFEAE L TV D EE M % Sk
LTFEENFHI SN D 720100, FA%ES L3RR DHIAN
Rl U T e & SRR D 5 & ORI OMLEEIIR X
725, ZORER, BURESOMEBEE /DAY, BARES LS
TopiliRE 68 ND—fk HIRNEROEZENEE ALY 7T 7
AR OREE N K E < 72 HMNCHEN T-ALEIZ 04 LT 5.
— % BRI OEH AN S, R EFNEE A )
HAEMASKE BENLTOAT 272012, iBIEER %
HENEB AT  ITRRE STV D, 2 S ORUEEERR
OMGEFEATN 7T 7RO AW ~, FRABER 7 Z 7 K
DM~ 7 T 5 L0 D 2ODBERMHE - T, BEHUC
L ABRER T, EOREITHABER OFRNZ A L
TWDHZ LD, FHHEMOEZTIINATHD LITEALIE
LSMHTEZ ) THDH Z ERbnbd.

2B, BIRVERRNI LTI BT MD 0 503 1 7
M MDEL VHEENRKE LS RDOBR—RITHSH. LoL,
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(a) MIBHHETE) 53T

(b) 174 D= 53F
9 w7 U AMREECEH S NI RASERE 5 BB & OFREEE A

Fig.9 Digributions of dissmilarity measured by Mahaanobis distance

between five genuine handwritings of the original writer and forgeries

RSN 5 LIRS 9(b) D 1 & 1 I3\ T, WTA]
MD JEDOFREFES3AR 2375 16 MD S EOREES R L 0, o=
FEMIOFBEE D NS < 2R DMNIALE LT D, 2, X 8(b)
IRENTWD XD ITFAREENEE) (REDHAM) B—Hi
BN OBEZE AT (BADHTR) L /hEn—)T,
i & D YEAIEFREN 22 ST DIEERR Cld % ORikEE
FOWHE (BURER OEHRNER) BRENVZDIZ, f
T & JRARER OLEPF E TO~ T B REEHEAY)N
IR, FERELTRH RO~ NT ) EAEMD 5 U
VYIS RolzlzdThH D, ZOEETHITIE MD ERF
FEMDEL D @B IR EZ LT L BRI RN TH A H
ZEBRTHRINS.

52 fRE{giRHE

(1) Bt o FEERNE &R O R T

ERI SR E LT SCF R T S0 2 T2 Eh 6 b
O, EFLHEAFTTEIT25 L& LT 53FH 1305
NI 203N ENS 7 —2AH %, FRRIZ 5 X

430

—REEEAZER ( TAMEIET'S) 18H00F)

__ 100

= 90

Z g0

Z

70
1}2% 2}2% 3MFE | 4NF | suF
BIZFFE EDiE 96 97 97
B AmMDIE 99.9 99.9 100 100 100
Qv AmMDIE  99.9 100 100 100 100

(a) THPRRLETE ) BT

—REEIRER ( [74 oz BT

£
s
: 1 il ol ol ol
1}2% WFE 3F 4NF sEF
miZHEEDiE 78 88 90 92 93
BFAMMDE . 95 99.2 99.8 99.9 99.9
O 5MMDiE . 96 99.6 99.9 99.9 99.9

(b) 174 =) BHET
10 —fkEARLEO TNMR (#5005
Fig.10 TNMR for natura handwriting (character combinations)

H 2 XFPR O3 L FEFEHATH20EFZENEN 10 77— R, 43
FTEBEATHIOILE r—R, S XXTEERTIHAOR 17
—ATHY, ATy —RERD. TRHTRTDOI—R
IZ2WT, TNMR (Bt ) & ARFBR Tk, JE
HES AT CREOBRBIER LT WE DI, 22Tl
BNCAER Lie 5 CFD 7 —ALSND 1 LF~4 LFED T —A
TIEHELNTZ INMR O 2R3 2 LT 5. 7k, 22T
79 TNMR OflL, TE DT HALTVL 5T 99%4
WOLAEIINIRUUT L HTH 2P0 A L, 99%LL | 100%
FRWOEE I NEELLT 2K HZE 0 #Cic L.

FERERE OFHAIFIE & UL, AR ED %, FrJ7m MD &
FI5 0 MD &0 3FSEA M L7243, F « BI7I MD 234
R CIEET HEHFIECTH Y, AR ED KIXZi L bk
THUEREE LCOBERERFD. T XCOMMFERTIE, #
Bl 68 A — M B IREBROER N - FIZ B340 05 KSFRA
R L 0 S EERBRRIREREE D3 i/ N 72 5 K O IZED BB ilhl5E
Samif Uiz, —MBRERNCH LT, TNMR IXEEMO
FEFR N E L BIANDOERTH D LB XN EIE 2 BT
0T, ZTTIIAIANEER L L850, 2 a2E 10 12777
7ok, KS #BNEEMEH L6, BINIEESE &SRR
BELIXIFEALERUMEE 2D,

(2 —MBEREMORINEZER

B 10 12 B W THEF- OB A, 1AM ED #:TIE 1 30774 T
IXTNMRIZ 0% TH V) 5CFT X TEMINMEH L TH 97%
THDOITHR LT, i B5HE MD ¥E T 1 STF T 99.9%
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Lo TS, BEAFOYE, FEAR ED T 1 307
Y CIE78%CThH Y 5 FT N CEFBINCH A LT 93%TH
WX LT, A BRI MD {ETIL 99.9%0L | & 70 5 Dl
FNENALTE 3T THD. ZHHDORAELERIISE
SCHER 16) THE STV D EERRBIS EE & e~ TRoR0m v M
Lo TS, BEHER 16)DENNT, TARFTEIEET S
FEfi7e £ 23720 10em U5 DR & & D FfE LD FHRAHTIZ 1
LFORELENTZH DT, HHELFITHOWNTTENE NS
OEMRICFEASNTNA. ZHUTH L, AREBRTIELE
B, B10E 2100R L X5 ISR & oRd AR SR
A —EOCTFS L UCHFE L THERLL T bo/e 2 &
WAL QWD RN 5.
(3 M= (AR ED &M HEE)

a v — ik & BEMRIC L 2 BEEOBBRITERIE, Zh
ZTHE 1 LB 12 IR T X 9272072, AR ED LTI
a v —ARIC L 2B EEHCTHIUE, BETFOHE 1 T T
76%, 5 FT 84%DEUdRHERE LN TS, T
Iz 7= - TORMAEE L2 B — RIS L DB EO5E,
D B\ VET IR E MR T LT D (i 5 £<
TETCWR) ZEEMLUZFERTHY, AN ED AT
HoTHHEREFN KT DHIAEZR LY 15%REDIKTT
Mz B TETWA. LavL, EENEEIARIEN - T
FEH LA & OBEEMET LT (X 8(b)), BIAEER
METFT25 (K10(b) B ¥ ATk, a—Hikick 585

O — R (TR AT E 1B H )

100

= 80

= 60

g 40

= 28
1MF | 2MF  3HFE  4NF sHE
Wi EDiE 76 79 82 83 84
BFARIMDIE 997 100 100 100 100
O AEIMDIE 99.6 100 100 100 100

() MEbMREE e ) T

O —FR (TP T 1B

100
= 80
= oM WA MR W m
NFE  NFE | 3HFE  4NFE O sNE
BiZHEEDiE a5 16 11 39 36
BAAEMDE . 93 99 99.7 99.9 99.9
oAEMDE . 92 98 99.4 99.8 99.9

(o) 174 oA BECT
11 = E—AHIC K DB O TNMR (85005

Fig.11 TNMR for tracing forgery by copy paper (character combinations)

FEPTHH-TH, LILFOE X DERED 5% % L
2oTnD (K 1Ub). E5IZ, BEMRICE DEGEW T
BT & D 2 T F D — A THEMN L LTFD & & D 35% &
MR R L TV D (K 12(b)) .

7B, BIREOLRE, BN  ITRE RS &
% EX 10 1ZR LI L D12 TNMR (BIIAIEZSR) o585
FEREII—f00Cm< 725, LanL, AR ED (i CHEE %
FHE B L, 2 e — RIS X B0 & OB EE (K 11(b))
RFHCETAIC L DB TEY (X 12) T, WHNEHT 2
LT A M EE S & TNMR (R HH=R) 23SAfRIZK T L
TW5. T7bbh, AR ED 5T, EHRFERRHIEED
M) A WiRE U RNl 3 D s SR N S g
XEE513E, BHERORTEIMRTLTLES L HEl
W IHREMHERTE D, Jhug, EECCFIZONTE 1
FOMEE ORI ZRD S LXK 80K 9 72 KR LM
A EEMEATIC LV ER LT Gl hEy) &Y
RoT-EBRROSATRY (BELR )OI 7 250, #
BOCFIZDWCOFEE OYEBMERBREER L 0 /hxwv G
BIEER QM) H /K& GEABEROLM) 22k >T
HAEEOIKT /1 Rz @< 72 Th D, £ 572 HEH
ZLLTICH R 5.

B z1E, ®80b)DH ¥ HF 5 LFITONTHE TR
“EAER — L AT (2 ¥ — )7 1L, & 53T
DT OMEEZ BT LR TH 5. D% 130T

EER (TEEEhE 1EHCIE)
100

g 80
60
% 40
20 0 | m m m
1INFE MEFE  3MFE | 4HF  sNFE
BiZEREIEDE 35 27 23 20 18
BSAEIMDIE . 95 99.9 99.9 99.9 100
OyAEMDIE 97 99.9 100 100 100
(a) MEpRRTs ) #HECeT
EEIR (740 I 118
100
= 80
= 60
z 2 I mill
1MF 232% SSZ% 432% 5MHF
BiZAEEDE 35 32 26 23 20
BAAEIMDIE . 90 98 99.3 99.9 99.9
OyAEMDIE 92 98 99.5 99.9 99.9

(b) 7oA v T
12 FEEMRIC X HHBERO TNMR  (%007)

Fig.12 TNMR for tracing forgery by tracing paper (character
combinations)
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5 DOMEE AL, &LFEOREEZKBL, ThEh B2
DOAATAR TR BABIIHM LTV D, Trbb, £30F
FIVEN DR R IME « BRfEIE, CFI LI - T
W5, ZIT, 5 DOBIHEE A OFEIE & FeIME - Bk
EREHEINC L > TED LT HONEHB X TH L
D,
5 OOBRFHELL A OVEEO TN EAEIL, B0 &
IR D 5 LT DWW T OFEE AR DOFEHEIC—ET 5. ®
8ITRLTHD 5 LFITHOWTDOFEENAR D B — 7 (18
F OB ORERITHIE L TWA Z LT D, 5 DD/
AT D 5 SOf/MEZENTEET 5 L, 5 2D5/MED
St & 2 B8, FOEIL 5 D OF/ IMER DR/IME L Pk
L5, MEESMKTHOZIE, 5 UT50 OMEE SO
SEHEM (77 7 TIEAR) ~BET 52 kil b. 5 oD
FAEESARTD 5 SO RIEIZHOWTHEIT L5 E, 55
DEREPORKMEE Y LTS, F/MEDOEE L1
WIZWT 5 SUTF5y DFEE /5415 OB (77 7 CidAail)
~BEIT D Z LT D, R ME - RRIELSN OB 21T U4 fE
B0 U2 (g (hafil) F£72 4R EIZOVWTHRBRICS
T OFBEE AT OVHMEICTSL . LR -> T, BEST
WZOWTCOMEEORMTF TS 2R D &, ZOHE (O3
DE—7FHI) ITEF LIZL Y Ro =8IRS L 70 5.
WIZ, T OFEEE /A OFRZEALDFRAIRE I b 2 D 8
EHRCHED. FIZIER 8b)DH % HF 5 LFITHONTH
TRSNE EARES —FNEEMAT (2 - o
— 7 (EHEMTCH D) 13, MPICRETREN TV D
BB L 0 /NESVHl B ISfiE LT\, 3 72bh,
EESAOE— 7 Z 0 AHAHNERRBERUIIE L T DT
% L ST OFERE S A DA OFBIER L 0 & SICHHENCR
BoTHMLTNZE LTh, 5 SUFOMEE DA CIXH
SEENZ LD EBIESR L AR (=2 ) 2T A EE
(FMR) 138N L, #REEROAMICSTRT 5514 (TNMR)
BT 5 Z Liz7e s, K AUb)Z LA, #BIEER L 0 A
AT BEIE (TNMR) (X, 45 13070 & &P T 45%T

H o7 b DM 5 LFOHE %I L TN D Z Lidbnd.

ZHUCH LT, X 8@ DT 5 LTI OWTR UL H TR
SN “FEAREE —FREEEEE (a—H0" 054,
5 XTOMEENFROE—7 (CFHEMEIZSH D) TRET
TRESNIZRRIBER X0 FANCAIE LT D Z 2D, 5 30T
OFBEENA T E— 27 OEMNHIE T DHBBER L0 &6
RN T 2EE (FMR) 138 L, #RBIBER oA RIC
AT BEIE (TNMR) 23035 = L1272 5. [FERIC 11(b)
R, REER L v AR T AEIE (TNMR) 13,
K A1LTFD L EFHTIO% TH 12 H DN 5 LFDHE 84%
LTV Z ERbnd. S5, K8ITHAaTREN
TV ARG —HHRER R (B O v¥—27 1%, #5 -
71 B A F O — 2 & BIRBIESR L0 ZEANALE LT D0
T, 5 SCFORMCEENC LY, #HBER L0 HACS T B

432

#FE (TNMR) 1343352 L1272 5.

ZDOEDIL, HEBESMOYHE (AOE—2 L) 2
FAIBER L0 /NSO (77 7 TIREMCH D DD, HD
WIEREWDO2y (77 7 TIEARICH 00 1I2k-T
TNMR 252 2283270 5. BREMO X D ICER T2
EH AT OISR L 0 K& FIuEERT 2
LFHEOBIME & HIZ TNMR (XA 3523, FARZES O
WHRL LT DB TER 2 AR ED ik CHIEEZFHI L7z
L, TOWFEHEDRSHERIEER L0 /NS AU ER T 5 3078
DI E & HIZTNMR T T 5. BREOE, FEE R
BB OFE L O REWEISHRAER SR ESND Z &
EHBIEEL L 0 B0 0T, ERTIITROMME &b
IZ TNMR 2335 & 5 BT, TEROEFEAR ED L4 1
A L7235 8 OBEENSA DBRETH S L EZDBNS.

(@) Bt (7 - 518 MD B R

Je BUOFE MD T, 3 BRI - B ONET - 7
Z H o B THEAR] ED 1 X W AREHZE W TNMR - (sl
BitER) NELNTWA. HRZ, FARICEL L TL 2B5H
DA T B BREPNIKTT 5 TNMR (BIAEZR) OF) 5%
R (1 TP 08E) O T CHEEERIITE T 5.
FEEL LT, B2 99.9%LL | & A ekl 45
FEE, 2 E-ARRIC X ABEEN (K 1) 1ZonT,
BETORE 2307, WY T OYE A~5XTFTTHY, BER
IR ABEES (K12) 12T, ETOERE 2 X5, I
B HF DY AL 7o TS, SN O R A48T
IRER G FORIH L TFU ETH D ENRZ N L 25
25 &, ZOE R SR B RN 2 B
(B10) L1ZEAEBRBDRVMEE 2> TND,
FRZBBEMRIC L DB EENT, K 7 IORENTND L H 1T,
FOTFHE BB LI T, FARER OREFNEHLE (S
REH O AIIRARER OEFNET LD I HIT/AIWV) O
EOLove<, B LY Cldz OBl FA%E T
ARWBIANETR L2 0 L3 E THREZ RN &V ) BT
K5 XD @ IR NS N TS EEE, K9l
IRENTWD LI, - A MD IETHEEE 2§42
&, FAREFROEFNET) (DO E) ITFET DEFEMEN
EBRINDTZD, Hx OFENA* B L & EOBEKE R
72 0 BBEEBR I DWW CRHII S LA FREEEDS, AR ORISR
LA ET DREICKRE L FHISN TN D720 Th 5.
X9 CiL, WABEROLMINLET DK E S OFERE CFH
SN THEE BB LIS b ih O PRAESE N E L
EPCTHD LR SN DL OIRIFE A EFEL TN
LETERTE 5.

-
[

6. HHYIC

PERDFEY DO 2 —AFHR (FI) 1THD < 8 RIFRR
ETIE, BARZEPNIR L T SERHRER L~V O EWER
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HEREDIMEREN S DD Z EAHE S TWD. UL, F
FEAMEL T < DRI U CIREERAICHET 72 D Tl e
MEEIREND. &AM, N7 —ERIC S < EEFR
WRNETH Y 22035, EFO “WHE” ([TEIEL TV L HEHR
TEPEZIE 45 R« BOFIH MD #:0%, BIERN T L ThE
WIFEZ R TO B TTREMA H 5. AGRICTIE, A - 1A
MD AR 5 LT & OFREE OB R A+ - T
WLDNEH BT L.

FEE LT 1T, DR & 72 A JRAE S F eI
b, TNE LD OB 2 L FARERO FICETET
DA TENAT, BT CTHZDFERENEZ 22 ) EXTHES
D2FETH D, 72721, HHROEES 2 WITEERH S &
VEBR B 7o — Rl |2 K D EEE I, T ORE MK T
THRNND D, ZHNERET 72010, —fRE72 = 2 — ik
% JFAREPNCER TSR X DIRAEN 2220 £EE LT
Hbhot. TRDb, BHE L0 RE OB A I
LDFELE L Cat—HRIC L 2EGTE2To T bolz. —F,
FBENZOWTIE, FUARZEZ R CHR T & 2RS0T VA
VOB TR SN TV D B OB (FL—
=) BEALTEELToTH b7 .

FepkI G & U CUUE SN T BEBR O BB IOV T, %
BRZBI L TR b AX VLD H DARFEOEFEHR D LA 2 B— K
EHEMRO 2TEOBFEIN A, WEE S L TEON T
RS & i 9~ 2 & T, AR S VT AR oD L A R
L7e. 7ok, BAREEZZTHHEREROBEILI8 A THS.

FEptgr L L7-3054%, TEMRIETTE ) o5 307 17
AUTH| DHEHF5LTFOFH 10T THDH. a8 —Aik
HDVEIBERE M LR DI EREEB O T, Y
B 68 NHFAZE S Z#R< 67 AA Rt 10 U4 5%t L
72 3350 IEATH 5. Z ORFEALL OB R U TR
HERR Z o ©—#kd 2 WILE SR EHH LI BeEneh
TS L7

HH LTSN OMEE ORI EL, Eo ‘95X
\CIET DELAMEEZ TR LW iEskik L L CTOREAR ED
e, “OuE” CEIET 2 EEMEEETERT LA - B
MD {ETH 5. RIFEFRBNE, FEEERBIREEE D Fo s & 7 D351
Bifa ) LT A MY w7 IZRET D KS k% HIRERR
DEZN - FEESAICHEAT 5 2 & T 7.

JRALEE DAY & BRES OEBE R ERABIAIC LY
FErahizb D L ELL#BIT 525G 2ET TNMR (BRE
BRZDWTIIRIAIEZE S, BB O T IR =)
ZRT-. (ks LTOREARM ED I ThH->Th, HRHE
Ay 2 v — R X 5B TEN (T72bbERE L~V O]
ED) THY, XGICFNETFChIvE 80%HIE DR
BPELNE. LL, FUabe—ARIcE 28550 TH
S TH I T DAL 0%FTHHEIAET L, & 5ICTFHIES
L CL 2 HFHIC L 2 EFEPK L CIREF - h X T

=N
[aT=H=§

& BB =3 35% L P L T LE D 2 & &Gl L7e.

433

-
—

LT, A« W1 MD #ECHEE TS &,
a B —HRIC L 2B 5EHCH - T HBEEHIC L DB 5
ThoTh, WEFOBE 2 T & BN IR
RKIL QL &2 otz. I E I T DBE 4~5 30T AT
FUTFEREIC 99.9%LA B & 70D Z L ¥tz ZiUTARE
BRI 2 BIAEER L IZEEDLRVWVERETH D, Thb
B, FIEHELL L T < D2BHEER SR RE CTh-Th,
FROBENNFE S EERFEHBNETH LI LD LT, A
SR L TIT A OEE RFERIBIEREN G 5D &0 ) il
EiE BRI EOEBICKT D L X oMELE b
Z5.

WFZEBIME S I DB 2B 2 5 Z D\ s HIEREI,
BRI AL LI RHFIBIC L 0 B b= b o Tldl,
Jro« X510 MD &% BEREBMCH T 254 LR U L 9 12
T DT, BREZOMBETEMARIEND Z & 2Bk
LTWA. L7z oT, Jr« B MD ik, BmAstgsna
SRR T T S BHIEERF T b > THARL R FIHTTHRETH
v, EFRAEOR EICERT 2 b0 EEZI OGNS,

FTo, ABFIEIZISUT DAEHEE OB E O RERROFE
SAREHA, MR ERE B LT, MR TH o i
YR BT 2 BBk S DA~ 2R R E RN - FERICH B
T HZENTER. FlZE, Q)= e—Hfk~0FES (FHE
FEY OMEERR) i, JRAENEL L T A 0RAES
DEFNEBOFLED 1.6 (5FEE (HEFOHE), 15 Mk
E (B EBFOHE) OMENEFT D, e OFE
PRI, BREBROZERN - MBI OB D 2 2 A5 EE
FOEFRMEEL T 5 &, WrEOEE 30%, 74 1T O%5 710%
REWRT D, QBEFTHRA~OBTTIL, HRTIIRAELD
HARSERR & KB T & A WFREEIHERL L T 5728, EEHTE
B L L3S, JRARTEE OERNEBOFEIHED
L3fEREEE (BEFOWA), LAGRRE (U4 1T 0O%E) O
ERNEFT D, — M AREROERN - BB OFEE
DELGMEZT OEFEE L T2 &, EEEETEEOSE
TO%RREE, B4 1) DA 80%FEEE AT 5.

FRlZ, HHRE “DLE7 BN, HANTRFITNI N
&V D BIGAEARR] ED IBIC L W Bl SN 5E, = O%EN
IEADOEFATEN R TITE 0 - A R S 7 pise
B, ®HDVIAXR NG LEFICLDEE /S LD ENER
P CThH B Z L 2RI RETHD LV I MANE LN
AFa TR BRI EHEEL L T D EUEBRNZ W T DO Z 0
ARZEFIH L TR0, FERIHOBIZITA - BU5E MD
B AAEAR ED LRI 52 8T, ZomRaH 2
AT 52 ENTHETH 5.

7B, A TIFEAMICBN TR LIS 2 RS NET L
FEAERK A HEATRREN & LTOHZ BT D 2 LFRITHON
THEI L., B0 bR RICHOWTIIME LA 7208
ZHUZONTIFASHORE L LTz

-
—>
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The Report of the Ninth Ceremony of Alexander Bain Award

~ CEBERERR

Alexander Bain Award Committee

1. FALE
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6 MIFIZEFHEDIB—ARBMT, boB— AR T4
THMEN, H7ENY, SEHEB AL QBEHSINNE
X, BYEIZEENB - ATAY IA4 VHFE S,
S, AFIRRE LR OB < LIBESINTEY,
Pl &t E 2% < OBME D HIAD DFEIRKE DY a2 52
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