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A Method of Combining Two Arbitrary Triangular Meshes
Homeomorphic to a Disk

TAKASHI KANAIL+ HIROMASA SUZUKIH and FUMIHIKO KIMURA*t

This paper proposes a new method of combining two triangular meshes which are generally
used in the Comuputer Graphics area. The operation of combining meshes are frequently
used for the three-dimensional (3D) morphing. In the previous research, there is a problem
that geometric properties of meshes are limited. Our method are based on expanding each of
two meshes to a polygon into a unit circle in R? using harmonic mapping. While the mesh we
can treat is limited to a topological disk, but not depend on the geometric property. We show
that this characteristic can be merit for the 3D morphing. We also show that our algorithm
for combining is numerically robust, and is fast especially for the case that the number of
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faces are large.
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Fig.1 An overview of our combining method.
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Fig.2 Boundary map g.
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Kig = (liky "+ liky” = i)/ Ai iy (2)

F iy + ks = 15 /A -
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4 I) V4 ]‘EE%E, Ai,j,k1y' .. &i]E}E\ Vi, Vg, Uk e F T%
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(3) mElsh/ H, W Dy P LEHE, BIU
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procedure Ly VEINTREHT T Y X A
(AT HLHZ oy, Wi Ty VHORE ) {
H DFRTHOLY YDT 5 v YT NOTUSED % 72T B;
el — H! DEHOIY Y,
f? — ! DD LETE;
WBEICERL TV ATy UV ST 1T vy o,
FNLDITY VDT T v USED k72T h;
while ( ' H2ETHWV ) {
et — ST OEFEDTy T,
f2ARMBT ALYy V% S22 T vy
while ( §2 228 TH ) {
e? — 8% DKENT vV,
if ( REHE (e, e?) = TRUE ) {
REERD, WO v I DOF@[) A MM 5;
2 —e? kKL £2 ORI B ifi;
FPOREOI YYD b & Mot S IS v v a
}
82 2Ky,
}
St BR T,
el ORMIZERL TVAI Yy YD) b, NOTUSED
DITITHeoTVBELy Y% ST Iy,
BML ey Y D75y 7 USED %72 Ch;

3 Ty VMOREHET VT ) XL
Fig.3 An edge-edge interseciton algorithm 5.
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OOEAICERT 2Ly V2 e b iz~ )
D) DR (4.3 ), (4) 251 F° OTEEDEEE
OB (4.58) TLEREDRAAAY 20757
BEICET A EHRSBONS.

T, FEEHRT AT ZLZBWCHIEL -0,
REHEDT VT Y XL (H4) THE. ZOTNT
) XA,

CASEl1l 220y JEBIIHETy Y

CASE2 —HDIyIHFBRI Y, b H)—FHFhA
vy

CASE3 2200y VL IIERT VY

D 3 DOBFAIT T TREHEE 4T, TRUE (KEL

Tw3), FALSE (BFEL TwiW) O omE

% 8T,
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Boolean XEHE (v el, v v e? ) {
vl el DA vl — et DRI
v? — e? DI, v2 — e DRI
switch (el e?) {
case & bICHEHL Y V:/* CASEL */
if ( ERHE (e, 'Uf ) = ERHE (et vf ))
return FALSE;
if (ERHE (2, 0! ) = EMHE (2,0l ))
return FALSE;
return TRUE;
case —HHFBRTy Y, WHFHBLy Y | /¥ CASE2 */
if (2 20y VHFMIGTHAN % $#D) return TRUE;
else {
e el,e? O BRIy DK,
Vs, Ve — BRLYTOEKN;
if (EBHE (e, ve ) = EMHE (e, ve ) )
return FALSE;
return TRUE;

case & bICHEHR LYV /* CASES */
return FALSE;

M4 2°o0Ty VOFEHET VT XL
Fig.4 A judgement algorithm of intersection between two
edges.
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Boundary Edge
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‘ \e1 e H'\ oA
(a) (b)
5 BRIyIELARTY VORENE. (a) MIETHLN & D

B, (b) Bl wgs
Fig.5 Judgements of intersection between a boundary
edge and an internal edge: (a) The case which edges
have common CVs. (b) The case which edges don’t
have common CVs.
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ThHb., Ly VHROTES vs, ve DEEL ZNEN
(€s,Ys), (Te,ve), HETHTEN vy DEEREE (me,yt)
L¥5L,
(e —2s) (Yt — Ys) — (Tt — Ts)(Ye — ¥s) > 0,
(6)
Dk % TRUE, %9 Thi\& XI2iX FALSE %387
CASE2 &, 515D L), (a) 22
DLy VHEBEBOFICTERER2>HE, (b) FHlkw
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e WHLyYIlBTEEEANY—
Fig.6 A sort operation of intersection points in
an internal edge.
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4.2 ANV ~h ETy T DRE
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ERICEEY, Ty VoRRaEHRT AT Y XA (M3)
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RECEEL TBL. FTy VIIBII BR[O Y — |
FAT) L &L, 200K EE ) LOEERY KX, [
CHEEHORHAEZHCEL, LVIBELTTRTOK
BIZOWTHZIE SV, CORERBAV - %
AVWTERTAZENTES.

BRIy VOBEER, ROV — MILERZVWDHO

5. BRECHLEEDIL, H OTEEZ o, H?
DEE 2L, HTLDFNFROESEIH S
PLBHV—FEXNTVELDOET A, FTHAOEE



Vol. 40 No. 11

Boundary edge

7 BRIy IJICBILELEDOV -}
Fig.7 A sort operation of vertices in boundary edges.
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THT 5.

X7 %I > TEEMICHBAT S, 22T, fi,
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& vl ¢k v OAEEIFE DI fleharhs, |

vl OBEEE fi THY, v}, vi, BT v VI
i, BT 120D Eo o' EETHEILICED. 2O
JHAIL, o DBEHE fi 0Ty IR (v])
CENTES.
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He OTELIE, HY, H? OHERY, REEHRT VT
VXM I RO EDOEREN B, T2, HE D
IyPid, V- ERLREE B TCHE I HE,
H2 DLy ISR EINS.

RD2ODBPHNHFTTEZ DI L TRDEI LD T
X5 HCOEHEDNI L, HY, H? OTHE»LAERS

Mg AR R EEO=AF A v ¥ 2 MOABE 4111

AN
Intersection Point
B8 RECBIBLYIHFAIN
Fig.8 An edge cycle of an intersection point.

FE9 H® OHEDAEMN
Fig.9 Creation of the faces of H°.
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ZBWT, REFRE-BETEOREDTI LY D
IoTVH A NVEARDTy VL BRENBI LN
w5,

FERICIE, REFSKTE L LR, 4001y Th
LaBLyIH A7 NVOERE DEEL THEL. 2L
T HE DIy VDPEFENIZBEET, FlE, HC OTES
BREOLy VA 7 VOBRIIL TER STy
TRAHAL TWIFE I,

2RL, MEARLEOBEOTy VA 7 MIEID
BETIERE > TwRW, ThbsoEAMDS O Y
SHAINVEREF TS, HE OEDERIZIZLE
VDT, RO B LB R,

4.4 SRIEDHAHR Ay 1 DEDER

HEDERELYY, FREBEOFOL Y I A2
s, HEOEEUTO LI ICERTES (H9)
Y, HLEEPLHELTHEANDTDLIOZ Y IO
ILD1DIHEL. FLTEDOLYTIDH H)—HDHE
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HICES, HEOFTDYDIL y V¥ 4 7 VE N
2280, 1280y ViDL, ZORERER
L, BCHERLAESCLE YDV EZAT, B
PHRTAEATA I VEERT S, EREN HC
DT, ZABKELLZVEDH L2DT, KK,
ZOXIREIOWTEZARTEEIT.

4.5 BHRAY I 1DER

BEHEDAR Ay V2 HE EBARAY Vo FC DU
STHEIRLTH BN, HEFARAY I 20H
B O S RN L OBEMEY KO LLEN DD,
ZOREEMEE, F, FROFNERE LD 1 ISR
L7228y ofEz#o. DTT, Sl LT F i
BT BEEEE R B, RO L X EEMEI
o H2 (F?) DLERSNITEED F* CHIET 5

JEREAE
o H', H2 Dy VMOREN S ERSNITHED

FUoxtind 2 AR E
Thb. IhHOEIIELEEDE LEREN S KD 5.
v DEERE f = {U},,v};,’u},} L, FOEEE
% (,8,7), a+B+y=1&T5E, v iZROK
TEtESNh S ¢

vi=av? +ﬂv?3+fyvf,. (7

4.6 SHROEHORESTENE

UED 5 00RT v 7 %BL T, BORLAY V2
o DOAREDIAR Ay v A DL, 8T S TS
DOBEDO - OOHMETEIZ, REERTVIT )X L0
HD20DLy VOREHEL, TVIT Y XLDKRH)
D e DIFRITHT HUEH 2 A RODLNED 2D
ThHb. ZOHL, MELROIEREDAA A YV 2
DY S THEOEEIPIPDIAEDNBEDOFTH
A, FLC, ZOMBIIHL TEIBEEREELESE
BEEY AW,

ERIRAER, MEBEORHZICHVAEEEZ TN
TEROBEEIRESCLIHET, FREOBELHT
HETHIDOTH D, WEHECLERBEREIIE
FHECAVERK (6) DATHE05, R (6) ICH
BERAY Va2 H OTBEOFEOREM v 2 BHLL
THEELIT). BREECHV2REEORAESE L
EThUL, 20 x 2L + 2L x 2L < 8L DT O BT
HEINGWETOERBELRFEITRLIT I, ZThidv
PERCEMHAOFIZNEF->TWELI L EEZ 5 L,
BHRIETH B,

L EHRE, Ty VOREIIBVWTRIL (—F0

T oDMEEREILOE 64 ¥y FHETERIETATHE. Th
X, BEDOT -2 AF— a v Tt long BUCHYST 5.
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Ty YR I —HDLy VORI H BTEED D>
TWABEZ VD)) PRI o2k 23T 5 FERE
BT L720OFET, BRI S iz b X\ EEEYE
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Fig.10 A result of combining two face models (Moser, Kanai). (a) Original meshes
and eight CVs. (b) Combined meshes. (¢} Embedding meshes. (d) A com-
bined embedding mesh.
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Fig.11 A result of combining two car models (Golf, Porsche). (a) Original

meshes and ten CVs. (b) Combined meshes.
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Fig.12 Face morphing using a combined mesh.
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F1 PEIBTS Ay Y 2 OEFEKL RN
Table 1 Number of mesh elements and calclation times in
two examples.

Moser | Kanai | Golf | Porsche
#v(F) 523 | 384 |2,974| 1,955
#e(F) 1,514 | 1,101 | 8,771 | 5,719
#1(F) 992 | 718 |5,798| 3,765
Hv—fet#1(F) 1 1 1 1
#CV 8 10
#V(F°) 3,612 15,174
#e(FC) 10,738 45,249
#1(F°) 7,127 30,076
#v—Fet#E (FO) 1 1
#time(F — H) (Sec.) | 0.15 | 0.10 | 1.48 [ 1.17
#time(H — H) (Sec.) 0.60 3.23
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