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Rendering Intricately-shaped Objects using View-dependent Microfacets
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Fig.1 Comparison of the images rendered using microfacets.

Left: fixed facets. Right: view-dependent microfacets.
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Fig.2 Determination of optimal sampling width.

goboooooooooo.

22 J0O0O0OO0OOOOoOoOO

go,goboooooboooooobbooboooboo
gooooo,boboboooboobbooooobogo
goboooooboooo.booboo,boboobooo
goooooboobooobooo,obbooooobobogo
gboooooooboobbooboboooboogo
goo.0oooobooboooo,boooboobooobooo
000 10,000000000ooooouooog
g, 00boo0ooooooooboo,0coboooobogo
gooooooooboooo,boboooobgo
000.0000b0o0o0ooooooooo 2000
gobooooo,oooboobbobooog.

(l)ooooooOoUooOoUoOooDoOoooOoo.
(2)ooooUoU00oDUoDoOoDUOO0DUODOoDUooDoOoOoO
goboooooooobooboboobooobooon.

goooooboboobobo,0ooboobobuoooo
pgooooobooooobboo,oboboooo
goooooboooo,boboobobobuoooo
gooobbooooobooboobob.oobbooo
gooooboooobbobobboboooboo
oooo, consensus surfade [11] 00000000
goooooag.

goooboobobobooooboobobooobog
LODOODOooooo.

()LOOOOOOOO LxD 0000,

() 00000000000000 LxLxLOOOO
ooooo0O0O0O0O0OOOO0O0.

(i) 000 0000000000000,000000
0000000000000000 ewdDOOOOO
0000 NOOOO.000wOOO0O000,e00
000000000 (21)000.



Jo0dodobodbooooooooooooooooooooooonoog

microfacet.

o7

viewpoint /
\

03 0000000000000 000000000
oo.
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: One of the colorimages. Center: Range image from
the same viewpoint. Right: Clipped result of the range
image.
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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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Fig.7 Visual discontinuity observed when a single cameraimage

is projected onto two separate microfacets.
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Fig.8 Comparison of visual discontinuities observed when two
divergent camera images are projected onto two micro-
facets.

0000000 piqr 00000 0000
sing
cos(¢ + 6)
Ooo0.0000 OO0 0Oooooboooboood
goooooooboboobooooobooooood
godoooo,bbddoooboboooooood
goooooo.
0@Uo,000000000000o000ooon
000,000000 600000000 cos(¢p+6) =1
goo,00é=—p000000.000000O0O
gooooooooboobooooobooooood
Oo00o,000000000000o0oooboooad
gooooboobooooooo.ooog,oood
goooooooobobobooooobooooood
o000, 0d0ooobooooooooboood
oo,00000000dbooobooo,ooooood
goooooooooooboa.
JooOo8ouoOoo,0ooU0DOoDoDOoooooog
0o0o00d0dd 00 cOO0ooooooooo.d
000000 700000,,,00000 sO fa,f O
goooooooboboO pyge 0. 0oooonog
gooooooobobooboooooooobooood
00, 00000000000 0b000 U0 e0O
00,000000 c;pUO000O0OoOOoObOOooOoad
00000000 e=p00

e =

4)

sing
cos(¢ - 6)
goo.oobboobobbooobuoobobooo
oooooo

&= %)

sing B sing
cos(¢ +06)  cos(¢—9)

et — el = |l



00000000 Oooo xx/xx Vol Ixx—X No. xx

09 DOOO0OOODO0OOOOODbDOODO.
Fig.9 Level-of-detail control of microfacet generation.
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Table1 Rendering performance.

Size of volume| 323 | 64° | 128 | 256°
# facets 2460 | 11207 | 50560 | 208289
FPS >30 | >30 26.3 8.1

o,000ooooboo.oobooobobooboobooooboo
oboooooobooobooobooo,bobooo
ogooooobooooooooooo.obo,boo
obooooooboooooboo,bboobooo
oboooooobooobooobooboo,boobooo
gboooooobo,0coobooboobbobooo
gooooo.

O00ooooooooooo 20000,000
oboooooobooobooobooboo,boobooo
oboboooboboooooobooo.ooooooo
000,0000000000 (10)pooooooo
oboobooooo,0o0boobooboobobobooo
ogooobooobooboboboboooooobo.

goo,0oooboooobobooobobooob,oboo
obooooooooooo,oooboboobooo
oboboobooboobooboooo.obooooo
0000 ixixiOODOOooooowoOooo,o
ooooooolooooooao,

le (%wi COSg, W;COSH (12)

0000000000 iooooooooooooo
gbobooooooobo,coobooboobbobooo
obobooobooooboo.boooboooobo,bobo
000o0o00o0on LyeyOooooooooooo
ogooooboooboooo,bbobobbobooo
oooobooooboooog.

0oo0ooo0oooo,0 @Uuoooouo.oo,
ogooooooooobobooooboobo,ecbbbOO
00000o0o0o0ooo0oooooooloboooo
00.090, 00000000000 0Oooooog
oboboobooobooooooobooobo.oooooo
O00o0oO0o0oooooooooo 8oooOoooo.

4, 0000

oooooooooboo,b0cobobooooboboooo
vivibeoo o ooooooo.0oooooooooo
ooo,0o0oo0oooooobo0oooboooobgoo
oboboo,0boooboooboobooboobbobooo
o.00boooo0oooobobobooooboboooobobooo



goobooooboboooooooooobooobobOoobobOooobooboo

O000,Neugebauel 0O O [8]00 000000
gbooooooo,0cbobobooboboo.o

O0000ooUooooooooog, Pentiumlll 1GHz,

000 512MByte,0 00000000 GeForce4d O
0000 64MByted PCOOO.

000000 10000.0opoooooooooo
ooooo,0000000 10°000,00 3600
dooooo.0ooddoooooooooooo
0000 e40x480000.00000D0O0O0O 2.20
Jdo0o0o0ooooooobooooooooooo
64x64x640 0000000000000 0O0OOO
dooo.0o,0000o0boboooooooooon
oo, 00g0oooooo,oobooboooo
Jdooooooooooooooobo.oooooo
Jdo0odoooboboooooooooooooooo
dooooooooobooooog,ooooooo
dooooooooo,0b0o00o00ooooooo
0do0.000000000oo0o,0000 2000
Jdo0odoooboboooooooooooooooo
0O, 0002000000000000000000
d0d.000d000b0o0ooooog,ooboooo
Ol00 @0)00ooouoooooo.0oooo
Jdo0oo0o, 0000000 ooooooooooo
Jdoddooooooooooooobo.obo,0o00no
0o0oo0obOoOoooDbO 10o0o0o000,bo000oo
dooooooooooooooad.

011000000000 ooooooooboooo
dooooooooooooooooo.ooooo
O00oooDooOooD 10°00000 36000,
O00000o0oO0o0oOoo18ooooooooooo
dooooooooooo,bo00oooooooo
dodoooooo.ogo,0o0oooooobooooo
odooooooooboboobbo.ooooooooo,
Jdo0odoooboboooooooooooooooo
Jdo0odoooboboooooooooooooooo
do0,000dfdoboooooobooo.ooo
do,00000000o0o0ooooooooooo
do0o, 000000000 ooooooooooo
oddoobooooooooono.

5. 00ooOooo

goooo,b0coooooooooooobooooo
obooooooooooooooooboo,booo
oboboboobooooooboooboob.oooo

obobooooooboo,oboboobobobooo
ogooooooooooooo,oo,oboboooboboo
ogoooooboooboooboooooboboooboo
ogooooo.
oooooo,0oboooboobobooooboooo
obobooooooboooboo,boboobbobooo
obobooobooobooooooboooboobooobo.o
00000o00000,0 QUuooooouooo
ogo ‘%’DDDDDDDDD,DDDDDDDDDD
ogooooooo,booboboobobooboo,oo
obooobooobooooobboooboooboooon,
doubleimagingd 0O OO O00OOO0OO.00,000
ogoooooboooboobooooobooboooboo
gooo,0o0boooboobooooboo
oo,0oooooboooboooboooobooboooo
obobooooo,0oboboobobooboboobooo
obobooooooboo,oboboobobobooo
oboboobooboooboboooboboobo.ooo
obooooooboooooboboooboooo,oo
ogoooooboooboobooooobooboooboo
o, 0ocoobooobooobobooboboobbooboooo
ogoooooooboooog.
ooooooooooooboo,obobboooo
obobooooooboooboo,boboobbobooo
obobooo,0oboobobooboboobbobooo
o, 0ocoobooboooboobooboobboboooo
ogooo.oo0,0000b000000b0b00o0obOoo
gboooooobooooobo,bobbobooo
ggooooooooobo,0boooboogoooobooob.

O d

Unstructured lumigraph renderingroc. S GGRAPH, pages 425—
432, 2001.

[2] Jin-Xiang Chai, Xin Tong, Shing-Chow Chan, and Heung-Yeung

Shum. Plenoptic sampling. In Kurt Akeley, edit@ggrapph
2000, Computer Graphics Proceedings, Annual Conference Se-
ries, pages 307-318. ACM Pres8CM SIGGRAPH/ Addison
Wesley Longman, 2000.

1] C. Buehler, M. Bosse, L. McMillan, S. Gortler, and M. Cohen.

P. Debevec, Y. Yu, and G. Boshokov. Modeling and rendering
architecture from photographs: A hybrid geometry- and image-
based approach. Proc. SGGRAPH, pages 11-20, 1996.

A. Laurentini. The visual hull concept for silhouette-based image
understandingTrans. PAMI, 16(2):150-162, 1994.

W. Matusik, H. Pfister, P.A. Beardsley, A. Ngan, R. Ziegler, and
L. McMillan. Image-based 3d photography using opacity hulls.
In Proc. SGGRAPH 02, pages 427-437, 2002.

Wojciech Matusik, Chris Buehler, Ramesh Raskar, Steven J.



00000000 Oooo xx/xx Vol Ixx—X No. xx

010 0D0DO0:(00)00D0000D0O00O0000,(OO0)0000000,@O0)00
oag.

Fig.10 Experimental results: (Left) Voxelized geometry, (Center) View-dependent microfacets,
(Right) Final result.
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Fig.11 Theimage 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 ren-
dering 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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