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Rendering Intricately-Shaped Objects Using View-Dependent Microfacets
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Fig.1 Comparison of the images rendered using mi-

crofacets. Left: Fixed facets. Right: View-
dependent microfacets.
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Fig.2 Determination of optimal sampling width.
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Fig.3 A microfacet is a slice which intersects the
voxel and is perpendicular to the viewing
direction.
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Fig. 4 Left:
Range image from the same viewpoint. Right:
Clipped result of the range image.

One of the color images. Center:
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Fig.5 The holes in a range image can be removed by
applying a morphological filter. Left: Original
range image. Right: Filtered range image.
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combiners 0 00
Fig.6 Register combiners setup for texture clipping
by sub-stituting alpha value.

ooo0o0oOoooooooOoooOooooooooo
ooooooooooOooooooooooooo
O nVidia0OOO GeForce30 DO ODOOODOOOO
000oo00ooODoOo OpenGLOOODOOOODOODO
00000000000 DO00000000 Texture
shader (GL_NV_texture_shader) 00 00O Register
combiners (GL_NV_register_combiners) 00000
pooooood
gooooOoOoUoooooooUoUoOooooooo
o0oo0o0oO0ooUoooooOoOoOoOoOoOooooooo
0000000000 O0DO0O0OO0OOOO0OODOO
02400000000000000C0000O0OO
ooooOoO0ooOoOoooooOooUooooooooo
oo oboboooooo
goooboOOo1l1bob0bo0ooOobOoboboobooooo
00oooooooooooooooood Cree O
RGBOOOOOOODODOOOODODODOOOODODOOO d
00000000000 ORGBzOOOOODODOO
o000 1o0oooooooooooooooooo
o0oo0o0oO0oooooooOoOooooooooooo
00 D D0O0O0O0O0O0OTexture shader O Pass through
00 (GL_PASS_THROUGH.NV) DO OO OOO0OOODO
gooooooobobboboooooooobooo
poooooobobobbbboooooooobooo
00 « 000000 d000000 10 «ODOOO
00 DpOOOODOODO (2)LOO0DLOOODODOO
000000000000 O0ODO 10000000
00000000 o00OU0O0DOUOOOUOOO Cres
ooooOoOoOoOoOoOoUoOoOoooooooooooo
OJ0000 6 0000 Register combiners 0 0 0O
ooooooooooooooOooU (2)uoooo
poood %DDDDDDDDDDDDD aOO
poooooooo
2.400000000000000DO0ODOODOOO



goooooobooooooobooOoOobOOoOoOobOOoOoOooOoOooooboOoo

0000000o0o0ooo0o0ooo0on0 20000
03000000000 RGBzOOOOOOODOO
000000 0ORegister combiners 0000000
00ddoooooooooooD o0Qooooo
poobooooboobooboo

3. DO0oOoobOoboboooboobo

3.1 J0000O00OoOoOoooo
00o0o0o0o0ooOooO0ooooOooooooo
o0o0ooo0ooo0ooo0ooo0oooooooooo
oo0ooo0oooooo0ooo0oooooooooo
oo0ooo0oooooo0ooo0oooooooooo
0000000o0o0o0ooO0oooooooooooo
pobooboboobobooboooobooboon
0 0 O Image-Based Rendering 0 00000000
OQooooooooooooo
gooobooobobooboobobobobob
0o0o0ooo0oooooo0ooo0oooooooooo
0o0o0ooo0oooooo0ooo0oooooooooo
00o000O0o0o0o0ooooooooooooooog
0o0o0ooo0oooooo0ooo0oooooooooo
0o0o0ooo0oooooo0ooo0oooooooooo
poboobobobooboobooooboobon
gd2.3000000000DD0ObODOODOOb
poboooboobooboobboobobbon
poobooooa
0O7000000000000000 f,O0f00
00000 o 000000000000 00000
o0o0ooo0ooo0ooo0ooo0oooooooooo
oo0ooo0ooooooooooooooooooo

07 ODO00O0O0OOOOOOODOOOOOODOOOOOO
gooooooooo
Fig.7 Visual discontinuity observed when a single
camera image is projected onto two separate
microfacets.
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Fig.8 Comparison of visual discontinuities observed
when two divergent camera images are pro-
jected onto two microfacets.
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Fig.9 Level-of-detail control of microfacet genera-
tion.
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Fig. 10 Experimental results:

(Left) Voxelized geometry, (Center) View-

dependent microfacets, (Right) Final result.
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Fig.11 The image rendered at a location between original camera positions.
(Left) An image which is not used for rendering. (Center) The image

synthesized by texture-mapped surface rendering at the position of the

image on left. (Right) The image synthesized by microfacet billboarding,

which successfully reproduced intricately shaped needles of the plant.
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Table 1 Rendering performance.

Size of volume | 325 | 645 [ 1285 | 256°
# facets 2460 | 11207 | 50560 | 208289
FPS >30 | >30 | 26.3 8.1

oooooooooooooooooooooooon
ooooooooooooOOoOOOoboboO 10000
ooooooooooooooooooboooooon
ood
gl1oooooooooboooooobooooo
toboooobooboobooboooboooobooboo
00000000000 10°00000 30000
oooooooooob1sooooooooooon
toboooobooboobouoboooboooobooboo
oooooboooooooooooobooooooon
oooooboooooooooooobooooooon
ooooobooooooooooooooooooon
oooooboooooooooooobooooooon
tobodoboooboooboobooooboooooo
toboooobooboobouoboooboooobooboo
toboooobooboobouoboooboooobooboo
vobooooboobooboooaon

5. O 0O O

gbboobooboooooboobooobooboa
tobooooboobooboobooboooobooboo

1448

oooooobobobooooooboboboood
o0oo0o0o0oOoUooooooOoOoOoOoooooooo
o0oo0o0o0oO0ooOooooooUoooooooooo
o0oo0o0oO0ooUoooooOoooOooooooooo
ooooooooo
goooOoOoOoUooooooOoOoUoOooooooo
poooooobobbobuoooooobobobbooda
poooooobobbobuoooooobobobbooda
0o0o0O0o0oooOooO0OD (2)oooooooooo
gd %DDDDDDDDDDDDDDDDDDDD
O00000oooooooOooooooooooo
O000oo0o0o00ooOO0UooOoooooooooooog
double imaging 0 000000000 0OOOO0OO
O00000ooooOoooOooooooooooo
00000o0oooooooooooooo
gooooobbobooooooobobboboooda
dooboobobboooooobobbbooouoo
dooboobobboooooobobbbooouoo
dooboobobboooooobobbbooouoo
O00000ooooOoooOooooooooooo
O0000o0ooooOoOoOoOooooooooooo
O0000o0ooooOoOoOoOooooooooooo
O00ooooooooooo
goooooboboooooooobboboboooda
dooboobobboooooobobbbooouoo
goobobobobooooooobobbbooouoo



goooooobooooooobooOoOobOOoOoOobOOoOoOooOoOooooboOoo

goboooooooooooobooooooobood
gbooboooobooooobooooooobooon
gboobooboooboobooboobodoboobooooon
goooboobooooooboobobboboooooon
ood

ub tbooboooobocoboobooboobod
oooooooOoooOooooooooo JSToo
gooooooooooo

a a

[1] C. Buehler, M. Bosse, L. McMillan, S.J. Gortler, and
M.F. Cohen. “Unstructured lumigraph rendering,”
Proc. SIGGRAPH 01, pp.425-432, 2001.

[2] J.-X. Chai, X. Tong, S.-C. Chan, and H.-Y.
Shum, “Plenoptic sampling,” Proc. SIGGRAPH ’00,
pp-307-318, 2000.

[3] P.E. Debevec, C.J. Taylor, and J. Malik, “Model-
ing and rendering architecture from photographs: A
hybrid geometry- and image-based approach,” Proc.
SIGGRAPH '96, pp.11-20, 1996.

[4] A. Laurentini, “The visual hull concept for
silhouette-based image understanding,” IEEE Trans.
Pettern Anal. Mach. Intell., vol.16, no.2, pp.150-162,
1994.

[5] W. Matusik, C. Buehler, R. Raskar, S.J. Gortler, and
L. McMillan, “Image-based visual hulls,” Proc. SIG-
GRAPH 00, pp.369-374, 2000.

[6] W. Matusik, H. Pfister, A. Ngan, P. Beardsley, R.
Ziegler, and L. McMillan, “Image-based 3d photog-
raphy using opacity hulls,” Proc. SIGGRAPH ’02,
pp.427-437, 2002.

[7] L. McMillan and G. Bishop, “Plenoptic modeling: An
image-based rendering system,” Proc. SIGGRAPH
’95, pp.39-46, 1995.

[8] P. Neugebauer, “Geometrical cloning of 3d objects
via simultaneous registration of multiple range im-
ages,” Proc. Int. Conf. on Shape Modeling and Ap-
plication, pp.130-139, 1997.

[9] Y.Y.P. Debevec and G. Borshukov, “Efficient view-
dependent image-based rendering with projective
texture mapping,” Proc. 9th Eurographics workshop
on Rendering, pp.105-116, 1998.

[10] G. Taubin, “A signal processing approach to fair
surface design,” Proc. SIGGRAPH ’95, pp.351-358,
1995.

[11] M.D. Wheeler, Y. Sato, and K. Ikeuchi, “Consensus
surfaces for modeling 3d objects from multiple range
images,” Proc. ICCV ’98, pp.917-924, 1998.

000 14090 240000150 20 1900000

ooooo oogoo

1999 000000O0OOOO200100
goobooooooboooooooboooo
goooooooooOoO0o0oooooooboo
goooooooooooobooooooo
Oo000000O00IEEEDACM O0O0OO

oo 0o oogoo

1998 DO OOOOOOOO200000
goobooooooboooooooboooo
goobooooooboooooooboooo
gooooooooooooocooooo
go0oo0oo0o0ooooooooo

oo 0o ooogao

1994 0000000O0O00O0O200000
il gooooooooooooocooooo
- oooooooooooooosoooo
goboccooooooooono

]

oo 0o obooo

1973 0000000001978 0000
goooooooooooooMITOOO
pgoobooooooceMudoooooo

oo0d1e96 0000000000 OO0OO

. goooooooooooooooooo
. gooooooooooobooocooooo
gooobOoooobooooooooboOooooooIcev-900
CVPR-910AIJ-920000000000-970IEEE R&A O -

98000 VROOO-00000000000000000000
OSADIEEE (Fellow) 0000

oo 0o obooo

1975 000000000000000
ooooooooooooooooooo
0oo000o0oO0o0oooOoooooo
ooooooooooooooooooon
ooooooo0000000001998
00oo00o0oO0oo0O0o0o0oooooooo
go0o0oO0ooO0oo0o0ooooOooooa

1449



