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Robust and Fast Calculation of Conformal Spherical Parameterization

TAKASHI KANATt

Spherical parameterization is one of geometry processing techniques which maps a mesh
to a sphere, and is expected to the use in the various applications of computer graphics,
CAD/CAM and so on. In this paper, we propose a robust and fast computation method for
high quality conformal spherical parameterization. Our approach is based on using multi-
resolution representation of a mesh. We utilize such a hierarchical mesh structure to the
computation of parameterization. We demonstrate through several experiments that our ap-
proach is faster than the previous approaches and enables robust and stable computation of

spherical parameterization.

1. 0odoano

000Do0oooooobooooooooooo
0000ooooo0oooooooooooooDoon
goooooooooooooooboobooooo
goooooboooboobooboboobbooo
goooboooooobooooboooooooooobo
O000OO0oOO000oDoCoOoOoO0obOoOoOoOood digital
geometry processing0 00000000 0OOO0O0O
goooobooooOooooooooooooooo
godboooOOooOOoooooooooooooooo
0000o00ooooooooooooooooog

0000000 parameterizatton0 0000000
00o0o0opooooooooooooooogo
goooboooooooboobooobooooooo
glooooooooooooooooboooooo
goooobooooOoOoooooooooooooo
gooboooooooooooboobooOooooooo
goooooooboooobobooooOoOooooooo
godo0o0ooOOdbO0oobOOooooooooooo

fO0000000DO0O0OO
Faculty of Environmental Information, Keio University

649

O 00 spherical parameterization00 000 0000
Joooo0o0o0ooooooooOoooooooon
0o0ooooooooooon

00000ooU0oooooooooooogo
0000oooooooOoC0oOoOOoOddd conformal
spherical pammeterization[ﬁ)DDDDDDDDDD
O0o00O0o0o0odooooooooooooooog
000000000 1000000000000 con-
formity0 00000000000 OCOOODOOCOOO
0000000000000000029900100
Joooooooooooooooooooooon
0000oooooDpDooooogoooooooo
0000oo0oooooooooooooooooo
Jooooooooooooooooooooooo
goooooopoooooooOoUooooooooo
0010 1000000pooooooooooo 2
00oUoopDooUooooooooooouoooog
0000000000000 000000OOd flippingO
000000000Gud00O0O00000000®00
000000000 00ooooooooooooog
000000000000OO0o0oooooood
0000000000000 000ooooooog
oooO



650 goooooooo

01 00o0oooooO0oOooooOooOoOooooobooooobooo
ODAlexa 0D0Y DO0D0O00O000O000OO0D00
opoooo

Fig.1 Texture mapping examples using spherical param-

eterization. Left: spherical embedding by Alexa’s
method, Right: spherical embedding by conformal
mapping.
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Fig.2 Faces are flipped (flipping) on spherical

parameterizaton.
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Fig.3 Edge collapse and vertex split.
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Fig.4 Procedure for computing parameters in a vertex
split operation.

goooooobobbboobooboo400bD0O0D

gooboobooooloobgo o0 20000 vO

v 0000000000000 v»wOOOOODOOO

Oo0o0obo0oboOoboO «»00boboo

gooobooooboobooboobooboboooo

gooobooboobooboo

4.2 OJO0OO0OOOOOOOODOOOO

gbooboooooobobobooboobooboog

goobooooooboobboobooboobobooo

goboboooboobobooboboboobooobo

gobobooooboobooooboooboobobogoon

goooboboboboboog

00000Oo0000b0O0O00O TutteODO

goooboobo 20b00b00b00bDOn

00 Tutte O OO

(1) OO0 Tutte 00000 Eo(v) 000000

(2) 000000 2'(v) ==z(v)+cdz(v) OO0
goooooooooo

(3) D0O0D0D0OODOO0ODODOOO0ODOO0 TutteO O
000 E(v) 00000|E(w)— Eo(v)| 000
goboogoooobooogooooo

(4) FEo(v) « E()0z(v) — z'(v) 000 (2)0
ood

goooooo

(1) OO0 Tutte 00000 Fo(v) 000000

(2) 000000 ¢'(v)=y)+cdylv) 000
goooooooooo

(3) D0O0D0DO0OODOO0ODODOO0OO0ODOO0 TutteOO
000 F(y) 00000 |F() - Fo(v)| 00O
gobobogoooobooogoooo

(1) Fo(w) — F0)y() — y'(v) 000 (2)0
ood

00000 E()DF(v) 000000000000
ooo

BEw) =Y [le(w) - =) (10)

uer



Vol. 46 No. 2

OK NG
05 0000000000000
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Table 1 Statistics with various iteration coefficients in Gu, et al.’s approach 8)
for triceratops mesh.
coeffs. embed. time (sec.) num. iter. conf. energy F
ct Ce tutte conf. total tutte conf.
(1) | 5.0x1072 | 5.0x 1073 x - - - - - -
(2) | 3.0x1072 | 3.0x107% x 19.1 - - 6,302 - -
(3) 3.0 x 1072 2.0 x 1074 o 19.0 129.9 148.9 6,302 11,146 25.99
4) 2.0 x 1072 2.0 x 1074 o 23.1 121.3 144.4 7,669 10,559 26.08
(5) | 1.0x1072 | 1.0x 1074 o 40.8 | 155.1 | 195.9 | 13,443 | 13,490 26.48
(6) 5.0 x 1073 1.0 x 1074 X 73.6 161.1 234.7 24,332 14,004 26.59
(7) | 1.0x107% | 1.0x 107* x 235.4 | 171.7 407.1 77,385 | 15,054 28.04
(8) 1.0 x 1074 1.0 x 107% X 1034.6 314.0 1348.6 320,058 27,431 40.47
9) 1.0 x 1074 1.0 x 1072 X 961.1 403.1 1364.2 320,058 35,607 45.35
0 2 triceratops 0000000000000 OOO0O0O0DOODOOOOOOOOOOOOOO
Table 2 Statistics of hierarchical conformal spherical parameterizations for triceratops mesh.
coeffs hier. init. optim. embed. total time | conf. energy F
ct Ce (sec.)
(a) | 20x1072 | 2.0 x 1074 no prog. orig. o 372.1 27.50
() | 20x1072 | 2.0 x 1074 yes prog. orig. o 177.2 25.60
(¢) | 20x1072 | 2.0 x 10™* no prog. pri. o 176.0 25.95
(d) 1.0 1.0 yes prog. pri. o 57.3 25.59
03 Armadillo00000000 Alexa 0000 Alexad)0Gu 0000 0 Gu, et
al.0) 00000 Hier. Conf.0000D00
Table 3 Statistics of Alexa’s approach (Alexa)l)7 Gu, et al.’s approach (Gu, et
al.)s) and our approach (Hier. Conf.) for Armadillo mesh.
type ct Ce hier. init. optim. embed. time (sec.) conf. energy
(1) Alexa - - no orig. orig. x 1,389.0 -
(2) Gu et al. 2.0x 107! | 1.0x 1073 no orig. orig. o 5,518.7 25.96
(3) Gu et al. 1.0x 107 | 1.0x 1073 no orig. orig. x 8,385.3 28.60
(4) Hier. Conf. | 1.0 x 107! | 1.0 x 1073 no prog. orig. o 20,370.5 28.00
(5) Hier. Conf. | 1.0 x 107! | 1.0 x 1072 | yes | prog. orig. o 3,861.1 25.53
(6) Hier. Conf. | 1.0x 107" | 1.0 x 1073 no prog. pa. o 2,065.0 26.08
(7)  Hier. Conf. 1.0 1.0 yes prog. pa- o 830.1 25.17

06 00000000 DOODOOO¢triceratopsd 000 2,832
00 ArmadilloD 000 172,9740

Fig.6 Meshes used in our experiments. Left:
atops (vertices: 2,832), Right: Armadillo (vertices:
172,974).
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Fig.7 Results of our approach to various meshes, Top: A mesh. Bottom: Its sperical embedding.
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04 070000000000000D00D00D00O0O00ODO0ODOODO0O0OO ¢¢=1.00c.,=1.0000
Table 4 Comparisons of computation time for meshes in Fig. 7. We set ¢; = 1.0,

ce = 1.0 for all examples.
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