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Igea Beethoven

(a) Original (67K face) (b) Original (80K face)

(c) Distance-map (260 x 130) (d) Distance-map (280 x 140)

(e) Reconstruction (64K face) (f) Reconstruction (76K face)

0210: 00000000000 OOOOODOOOOO0 (1/2)0

Models are courtesy of Cyberware Inc. (Igea), and Viewpoint Inc. (Beethoven).
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Stanford bunny Happy buddha
(a) Original (24K face) (b) Original (293K face)

(c) Distance-map (80 x 160) (d) Distance-map (540 x 270)

(e) Reconstruction (25K face) (f) Reconstruction (260K face)

0 211: 0000000000000000O0000OO00O0 (2/2)0

Models are courtesy of Stanford University (Stanford bunny, Happy buddha).
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(a) Original mode (b) Geometry image of (c) Reconstruction from
Mannequin-Head 3 time iterations (256x256) 32x32 geometry image

O 3.9: Mannequin head 0000000000000 O0OOOOOOOOOOOOOOOODOOOOOOO
OU000O0O0()0O000O00U0O() 0000000000000 0O00O0 256x25600000000000
(c)0D0D0O0UD00O0OO0OD 32x320000000000000000D0ODO

(a) Original model (b) Geometry image of () Reconstruction from
Beethoven 3 timeiterations (128x128) 32x32 geometry image

0 3.10: Beethoven O0O0O0O0O0OD0ODOOOOOO0OOO0O0OO0O0O0O0O0O0OODOOCOOOOOODOODODOODOOO
O00(() 000000000 ((M)U00O0D0000000000000 256x25600000000000 (c)
oobooooboboo 2x32000000000000000000

Models are courtesy of Washington University (Mannequin head) and Viewpoint Inc. (Beethoven).
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0 31:300000000000 Metro” [Cignoniet al. 1998] 000000000 0OUOOOOOOOO
gooooooooooooooooooobooooOoooobOooooOooOobOooooOoboOoDbboOoOoDoo

0 00: similar triangles sampling, 0 O 0 : Reast Mean Square error[]

Mannequin head

Geometry image size

Method 32 x 32 64 x 64 128 x 128 256 x 256
Normal 0.005109 0.002518 0.001536 0.001136
Hierarchical same 0.002465 0.001171 0.000482
Beethoven
Geometry image size
Method 32 x 32 64 x 64 128 x 128 256 x 256
Normal 0.048876 0.025215 0.015591 0.012998
Hierarchical same 0.027519 0.01424 0.010859
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(a) Reconstruction from (b) Reconstruction from (¢) Reconstruction from
64x64 geometry image 128x128 geometry image  256x256 geometry image

Reconstructions of the conventional method

(d) Reconstruction from (e) Reconstruction from (f) Reconstruction from
64x64 geometry image 128x128 geometry image  256x256 geometry image

Reconstructions of the proposed method

0311: 0000000000000000000000000000(a)(d)000 64x640000000(b)(e)
000 128x 1280000000 (c)(f)000 256 %256 000000
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(a) Reconstruction from (b) Reconstruction from (c) Reconstruction from
64x64 geometry image 128x128 geometry image  256x256 geometry image

Reconstructions of the conventional method

(d) Reconstruction from (e) Reconstruction from (f) Reconstruction from
64x64 geometry image 128x128 geometry image  256x256 geometry image

Reconstructions of the proposed method

0312 0000000000000000000000000000(a)(d)000 64x640000000(b)(e)
000 128x 1280000000 (c)(f)000 256 %256 000000
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(a) Reconstruction from (b) Reconstruction from (c) Reconstruction from
64x64 geometry image 128x128 geometry image  256x256 geometry image

Reconstructions of the conventional method

(d) Reconstruction from (e) Reconstruction from (f) Reconstruction from
64x64 geometry image 128x128 geometry image  256x256 geometry image

Reconstructions of the proposed method

03.13: 0000000000000000000000000000(a)(d)000 64x640000000(b)(e)
000 128x 1280000000 (c)(f)000 256 %256 000000
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(d) Reconstruction from (e) Reconstruction from (f) Reconstruction from
64x64 geometry image 128x128 geometry image  256x256 geometry image

Reconstructions of the proposed method

0314 0000000000000000000000000000(a)(d)000 64x640000000(b)(e)
000 128x 1280000000 (c)(f)000 256 %256 000000



38 U3l Obuobobouoooobobooobooobboobboobboan

3.5 UJoooon

gboboooobooooooooooooooooooobobooboooobobonbo
gobobobobobobobobobobobobobobobobobobobobo
gboooooogobobooobooboboooogoboobobbobooooboboboooon
gbobobobobobobobobobobobobobobobobobobobo
gbobobobobobobobobobobobOobobOobOobobobobobo
gbobogobooooobooboboobooooobobobooboooooon



39

[ 40]

Jobobobooddddoobot
/ANRNR NN EEN

4.1 0000

ubboobooobuoobuoobooobobboobooobooboooboboaboo
gboobooboooboobobooboobobooboospbooobobooDbOon
gboboooooboboboosboboboooooboobobobooobobooboon
00 [Pito 1996, Winkelbach et al. 20030 0 0 0000000000000 0OOOOOO0O
gbooobooooobosbboboooboobobooboobobooboboobon
gobooobobobobuoobbobboobobooobuoobbooboobobobboan
ocGcUibOOoooboooboOoooOobobOoOooboOobooOobooOooboOooDboboOoooD
goboooobooobboobboobboonboo
gbboobuoobbooboobboooobbooboooboobooboonon
ooboob ccGcOOoOoooooooboot zooooo"oooOooboDoOoooooboooo
goboboooobobobooooboboooonl oborooboobobooobobooooobood
000000000DO0O0OD ODO’DO0ODOObOCOOO0ODOOT bozobooo”
00000 00 000 etal. 20060 0000Z0000000O00O0O0O0OO0O0O0OOO
gobooboooboooobboobboobboobbooboboooboooobooon
obobobouozbooooooobooboboooooboboobobobobooooo
goboboboboboboboboobobobobobobobob zobobooo
gogboogooboobbooboboobboobbooboboobobooboboobobon
goboobooobooooboooonon



40 040 0OOO0OOOOODOOOOOO0ObOOZObDOOO

4.2 7200000000

20000000000 CGUOOO0ODODO0ODDODOUODODOUODDODOODODODODOODODOD
goboogoobobooooboobboooboooboooboobbuoobboobDbon
goboooooobooboobbooboobbooboooboobobooboobobon
gobooooobooooboboogooooobooooooboobooooboo zoobogooo
oobo0ozoobooooooboo

obooooobo Zoo0goobobobobobuobobobobobboboobobo
gobobooobboooboboonoboo

4.2.1 000000

041 (z12z4) 0 200000 0000000000000 OOOOOOOOOOOOO
000zZ0000000000000000000000000000000000000
000000000000 000000DO0O0OPolygon Scan Conversion 0100000000
00000000000 [CcGooooooooo o

C _/scanning
line

@ ey )

‘\ ul‘ ,,4",,/ »7/ [ NP S
" screen

oy

041 Z00000000000D0C000DOO0OOODOOODOOOODOOOOOODOOOOOODDOOO
oooooooobogoo

000000000000 0Db0Db00O0

(z1) 00000000000 OOOOOODOOOOOOOOOOOOD

(z2) DODOO0OOOCCOOOOOOOO0OO0OU0O0OOO0O0000O0DO0OOO0O0O00O00 ug,ug
000000000000 000000™0

“l0000000000000000000Z0000000000000000000000000000000000
goooooooooooooooooOoOoooooobooboOoOoOooooOObObOOoOobOOoOoOOObOOO0OobOOoOOO0O0O
gooooooooooooooboobooooooo



42, 72700000000 41

(z3) 000000000000 wOOOOODOOOOODODODODODOO p;O000000O0OO
gboboooobobobooboboboouoobUtw,wboboooDOooOoO
0000 wOOOODODODOO0ODDOO AsgpOD0O0OO0OOCOOODOOOODOOO
000000 A,pO0O0D00ODOOOOODOCOO

(z4) 0000000 (2223) 00 00000000OCOCOODOODOOOOOOOO

goboobooobooooboooobon

gbooboboooobooboobooobobooboobobooboobooooobooaoo
gbobooooooooouoobooboooooo zooooboboboboobooooo
gbboboooboboboobooboobobbobobobooboobooboobobo
goood

(z3-a) 00 U0O0O0OO0OOOOOOOUDOOOO0OODOOOOUDOOOOODUOOOOOODO
gboboboooooobobobooboboooobobobobooon

0000000000000 0DOO0O000OCOODO0OCO0O0OO0DOODODOO0 (z3)000
gboooboboooboboboobobooboz2s2b0b0ooooboooOobobobn
gbooogod

4.2.2 O0000O0ODOOOODOOOOOOOOD

0000003D000oobgbooboboobobobooobobobooDbo
000000000000000™0

() OOo0oOoOoO0O00UoOOoO000oOO0O00ODOO00DOODOOODOODOOOOOO
ggooobooooooboooboooobobooooboboooooboboooooboobo
gobooboooobbooobobboooobobbooobboooboboooooDoo
gopboogooboooboboobbuoobobooobooooog

(2) 0000000D00000000O000000000000000000000 Asp
0000000 p=[ry20000000u=[tan " (z/z),y) 0000000000
0000000000000 p;0000000000000000000000000
0000000 A,p00000000000000000000000000000
00000200000000000000000000000000000

gogbboobooobboobbuoobboobobooooboo

20000000 0000000000 3D000000000000000000000000NDOONNDNOOONONonoon
goooooooooooooooooOoboboOoOoooooooOooOoOooboOoo




42 040 0OOO0OOOOODOOOOOO0ObOOZObDOOO

4.3 0O0OZOODODOO

4.3.1 0OD0OOO0OO0O0OD0OO=z10O

0000000000000000000000000000000000000 420
000000000000000000000000000000000000000000
0000000 ()00000 (b)00000000000000 (0000000000
00000000000000° 0000"0(M)0000000000000000000
00000 0000 "0000000000000000000

(6.y) = (tan™"(2/z), y) (4.1)

gbogboboboboboboboboboboboboobobobOobobOobobon
000000000000 000 (41) 000000000000 oOoDOo0oDOooooOOo

042 00000000000O00DOO0O0O0OOOOOOO (a)ODOOOO0 (byoooo

4311 000000000000

gboboobobobooboboboboooboo spooooooooooooooon
gbobgoboooo3gooooboobobobooooooon

N . L
S < 7% -d -X,-Z

043 000000000000 O00DOO00OO0O0O0O0

04300000000000000 V;0000000N,, 000000000000 730

000000 y0OODOODOODO0OO0Oy 000000000 D000000000000000000000 (w4, 24),
1€41,2,3} 0000000 V;=(z;,2;) 0000000000000 2,200 N, 0ODODOOOOO



43. 00 zZzO0O0ODOO 43

gbobogoboooooobobo

(z1.a) 0000300000000 00000O0O0O0UOOOUOOOOOOOY9OOOO
OOoooooooooonD Vv,-Ng,,>0000000

(z1.b) 00000300000000000000000000009°00000000
00000000 V;-N,,<0000000O

00000000oo000o (1) 00000000000 ODOOUOOOUOOOOODOOOD

(z1.b2) O0OO0O0O0OO0O0UO0OUOO0 z,2000000000000000O0O0O0DOOODOOO
oobooob 40000000000

gbobooooobobobobooboobobobo

(z1.c) DO0U00OOO0OOOOOOUOOOUOOOOOOOOOOOOOUOOOUODOOOOODOOOO
gbooboboboooobobobobod

4.3.2 0O0O0O0OO0

ob4310000000000000DOO0DODODOOODODODOOOOOO0OO0
gogoo* coobor"obgooo44000000000D0O0OD0O0OO0ODODODOO
goboooobuoobboobboobbobboobboobbooboooobooobood
gogboboobboabbooobooooboog

gbboobuogbuodaboobboboboobooooobobooooobooboo
gobooobooobobouoobbobboobboobooboobooboobooboboboon
00000000000 0000000™0

0000000044 () 00000000000O0O0O0O0O0OOOOOOOOO0O0O0O
gobooooboobooobooboboobboobooboooboboobooboooobood
goboboobbooobooobooobobo1oboobboobobooo 230000
gbooboooob 23000boooboboobobnooboooboboooboooobobn
goboodyooboboobbooboobooboooboobboobooooobooon
goboobooobboobo1l1oonbo 2, 30bo00bobooboooboooboboobooonon
goboobooobbooobboobbooooboobboooboooboboooboobo

000044 (b) 000000000000 0O0O0OODOOOO044 (200000000
gboooooboobooooboboooooboboonD ,200000D0000 3,4,50

*00 43.110000000000000000000000000000000000OOO00O0O0000000000
gooooooooooooooooooboboOoooooooooon




44 040 0OOO0OOOOODOOOOOO0ObOOZObDOOO

415 poundary

boundary )

backward 3/ /Nx
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(a) On a surface (b) Patches
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labeling
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21
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o . o )
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(a) u, ©) u,
Case of the flat screen Case of the cylindrical screen
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4.4 00O
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0000000000000 0000000DO Triangle Tessellated [document | 0000 0O
000000000000 4100000000000000 (a)0 Happy buddha 0000
0000000000000 0000000000D000000000000(b) O Horse
000000000000 [Yanetal. 2005)0000000000000000000C0OO
00000000000000000O0
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000000000003000000000 Mallerd [Méller and Trumbore 1997 0 0O O
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Igea Beethoven

(a) Original (67K face) (b) Original (80K face)

(c) Distance-map (260 x 130) (d) Distance-map (280 x 140)

Processing-time 0.125 s Processing-time 0.141 s

(e) Reconstruction (64K face) (f) Reconstruction (76K face)

049 0000000000000O00OOOOOOO (1/2)0

Models are courtesy of Cyberware Inc. (Igea), and Viewpoint Inc. (Beethoven).
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Happy buddha Horse
(a) Original (293K face) (b) Original (158K face)

(c) Distance-map (540 x 270) (d) Distance-map (400 x 200)
Processing-time 0.656 s Processing-time 0.266 s

with segmentation +1.469 s

(e) Reconstruction (260K face) (f) Reconstruction (70K face)

0 4.10: DO00O0O0O0OO0OO0O0OUOOUOOOOODD (2/2)0(d0ODO0O0OO0DOUOO0OOOUOOOOOO
ooooog

Models are courtesy of Stanford University (Stanford bunny, Happy buddha).
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—— Z-buffering
——  Z-buffering (using 3D intersection test )
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5.1 0O0O0OO
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5.1.1 0000

3DO0O0O0D0O0O0D0OO0O0DOO0OO0O0D0OD0D0D0oO0DO0oOoDOooODoO0oDooooooOoon
[Vranic and Saupe 2002, Elad et al. 2000, Novotni and Klein 2001, Osada et al. 2001] O O
gooboobooooobooooodoooboooooooooooooooooon
gooooboooobdoooboooooboooonooooooooooooooo
0000000000000 00000000 [Johnson 1997, Johnson and Hebert 1999,
Chenetal. 2003|0000 000000O00DOO0DOO0DOODO0OOOOODOOOOOOODO
[Johnson 1997, Johnson and Hebert 1999] 0 Spin images” 00000000000 3D
goodooobooooooooooboobooooooooooooooooga
goooooooooooooooooooooooooooooobooooooo
goodoooboooooboooooouoooooooooooooooooooo
0000000000000 000O[Chenet al. 2003]0 3DO00O0OOOO0OOO0OO
ogoood2000000000000000O00000000000000D00O0O00O000O
goooooobooooboooboboooooboooooooooooooooboooao
oo uoooooooao
godoouooboooooooooooooouoooooooooooo1ooon 20
goodoooboooooooooooboooobooooooooooobooooao
ooo0doooboooooooooooboooobooooooouooooooooo
oooooooobooooooooooob oo oo oooooooooa
oo0o0doooooooooooooooobooooooboooooooooooooa
00000 [Shirai et al. 2006a]0]
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5.2 UJUOO0OODODOOO
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ooooooo



58 Us0 3bOobooooooon
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gbobobooboboboboboboboboboboboooooobobobonbo
gbobobobobobobobobobobobobobbobobobooboboobo
g204000000000000000000O0ODOODOO

00000000000 0000D000000O00 [Keand Sukthankar 2004,
Fanetal. 2005 D00 0OOO0OOOO0O 10000 200000000000000000
gbooobooboboobobooboob0o20b0b0o0ob0ob0bobbo0obOon
gboooooooboboboboboboboboboboboboboboboDo
gboobogoobooooon

goobooooobooDo
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O0000000(x 0000000000 DO0000OOODODOO0OMOOOOODOO
0000000 (000000000000 0ODO0O00C0DO0D00ODO000OD00OO0O PCA:
Principal Components Analysis) 0000000 (d) 0000 0O 0O Loading matrix0 0 0O O
gbooboooobooDg

—) )| PCA | emp e :
-1 ooo---O
fod ?I L] O] 2304x 2304
B =TT .- Loading matrix
'i:.l‘r-. ] 1% 2304 nx2304
48x 48 data vector Data matrix
Image
@ (b) (© (d)

053 000000000000 0U0O0UO(O00UDOUOUOOODUDDODODUOUOOMUODOOUOO(e)
000000 (d) 00000 Loading matrix(

O0o0o000o0oooOoCocoOo0OooOooDoOCocOoOo0 A2000000000D0CDO
goboodgbooobuoobbobooobooboboooboobooboboobooon
00000()Uobo0O0000ooo00DU0oOoOo0oOOoOOOoUUbOOOOOoOOobO
goboooboobbuodobbooboobbodoboooooobooooooobbod
00000000O00000ooOoDO00OO0O000DoOODOOoODOoOOODOOOB)UOoOO
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5.3.2 UU0O0OOOOOOO0ODLOOOO

gbboobuoobbooboobuooboobbobooobbooboooboboaono
ooooooooooOooboooo0oUobDOo kOboobboobboOooboooboboOoo 10
oD s0O00D000DO0ODOO0ODOO0ODOOOOOOOObOOObOOOS4b00DOOD
O000000000(x0O0000C0DO (bh)DODODOO0ODOOO0D0D0OODOO0oDO0OooODOOOO
00 (c)D00OD00O000OC0DOO0O00OC0DOD0O00OODODODOOOOODODODOOOOOOD
gobooboooboboooboobooo

important mm—— pick up
000 -0 S0l 12304 000 ek
20ax 2304 gog)--o Data vector o Principal
Loading matrix 2304xk Loading matrix components
@ (b) © (d)

054 00000000000000000()00000(Mb)O000000000()00000000000
(00000000000

5.3.3 UUO0OOLOLOOOOOobbOoOOOd

00000000000000000000000000000000"' 0000000
googooboooobooobbooobobooobboooboooboooobbooooon
gbobobobobobobobobobobobobobobooboboobooboobo
Oo0oOoooo0ooooDoooO0oooobD A22000000000000000D0000O
09%%0000000000000000OO0

0D000D000 16200000 0 Animal Kingdom™”00DOOODOO0DOO0O0DO000O0O
gbobobobobobossibboobobobobooooooooooboogn
000000 %% I000000000046000000000000000O0O00O0O0O
000046000000000000000023040020%0000000000000
0000000000 20%0000000000000

123040 0000000000000000000000023040000000000000000
*2Models ” Animal kingdom” are available for purchase from ”3D CAFE”: url:www.3dcafe.com/
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54 0O0OOO

3D0 D00 16200 Animal kingdom™0 0000000000000 0 56000000
gobooooboooboooboooboooobooobooooboooboooboooon
0000000000 [Chenet al. 2003]0 0000000000

5.4.1 0O0OO0OO0DOOO
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5.4.2 0U0OO0OO0DOOO

gsldbgboopooobobobonoooboboboboooboboooboobobon
gooooobooooboooboooobooosboooboboooooboboooDgoD
gboboboboboboboboboboobobobobobobobobobobo
gbobooboooooboboboooobobobobooooobobon
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*3Models ” Animal kingdom” are available for purchase from ”3D CAFE”: url:www.3dcafe.com/
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Os56:000000000000003DO0O0O0O0000O0OO0O0OOODOOOOOOOOOOOOOOOOO
goobooooboooboooooa

Models ” Animal kingdom” are available for purchase from 73D CAFE”: url:www.3dcafe.com/
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Ex.1 (P (P2)

(P3

057 0000 (1/2000003000000000000000000000DOO0ODODOODOODODOO
0000000000000 0000D0000D0000D0UOO [Chenetal. 2003000000000

oood
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(PD) (P2) (P3)

Ex.10

(X

058 0000 (2/20000030000000000000000LOO0DD0ODOODOLUOUDUDOODO
000000000000 0000D00U00D0000000O00On [Chenetal 2003000000000
oood
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0 5.1: 000 [Chenet al. 2003]J000000OO

Numberof vertices | Conventional method (sec) | Our method (sec)
911 7.50 0.007
1501 5.78 0.008
2001 8.28 0.009
2580 7.65 0.009
3001 11.88 0.012
3539 7.49 0.013
3999 8.91 0.013
4504 6.88 0.015
4992 9.06 0.016
5422 8.13 0.017
5869 11.56 0.020
6431 8.38 0.021
6997 8.44 0.021

Average
3520 8.14 0.015
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(a) Reconstruction from the 54 x 54 geometry image. 3K vertices.

(b) Reconstruction from the 108 x 108 geometry image. 11K vertices.

(c¢) Reconstruction from the 216 x 216 geometry image. 46K vertices.
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00 (b)0(2) 000 20000000000000(c)0()0000000000000000
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(a) 2D mesh density uniformization

(c) With the curvature consideration.
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(a) Original (b) Conventional > (c) Our method U4
Mannequin head (3K vertex) and the reconstructed models (3K vertex)

from 40 x 40 geometry maps.

(a) Original (b) Conventional U° (c) Our method U®
Triceratops head (4K vertex) and the reconstructed models (4K vertex)
from 64 x 64 geometry maps.

0 6.11: 000 [Yoshizawa et al. 2004] 0 0000000000000 00000000000000000
0000000 (1/2)0()000000000()00000000000()000000000000000

Models are courtesy of Washington University (Mannequin head) and Viewpoint Inc. (Triceratops).
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(a) Original (b) Conventional U” (c) Our method ¢1?

Horse head (10K vertex) and the reconstructed models (10K vertex) from

100 x 100 geometry maps.

(a) Original (b) Conventional > (c) Our method U?

Gargoyle (21K vertex) and the reconstructed models (21K vertex) from
146 x 146 geometry maps.

0 6.12: 000 [Yoshizawa et al. 2004] 0 00000000000 00000000000000000000
0000000 (2/2)0(x)000000000() 00000000000()000000000000000

Models are courtesy of Cyberware (Horse) and Microsoft Inc. (Gargoyle).
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