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A Fast Rendering Method for a Scene
with Participating Media of Anisotropic Scattering Property

YUSUKE TOKUYOSHI* and MINORU MARUYAMA'

This paper presents an efficient technique for global illumination rendering of a scene with
participating media. The rendering handling participating media is performed by ray march-
ing method, which requires sampling along each view direction. The step size of the ray
marching must be taken short to generate a high quality image and thus leads to very long
computational time. One possible method to improve the computational cost is to exploit
importance sampling. In this paper, we propose a method to determine the step size based
on the importance sampling technique. For efficient sampling, the probability density func-
tion which is “close” to the radiance distribution is required. In our method, 3D space is
divided into a set of uniform grids. The radiance distribution is approximated using the grid
structure. To deal with the participating media which has anisotropic scattering property, we
use spherical harmonics to represent directional dependence of radiance distribution. Using
this grid-based representation, fast calculation of good approximation of desirable probability
density is made possible. Using this probability, high quality image can be rendered with
fewer number of sampling compared to the conventional methods.

Nov. 2005

1. 0000

ooooooooooooooooooooooo
goooboooooooooooooboobooooooo
gooobooooboooooooobooboboooooo
goooobooooooooooooooooooon
goooooooooboboooooooood

goboobooooooooooobocooooooo
gooobooooooooooobocoooooooo
0000000?.000000000000000
gooobobooooooooooooooooooon

t0o0oobooooooooo
Department of Information Engineering, Shinshu Uni-

versity

2795

oooooboooobooooooobobooooooon
gooooooooooooobooooooooboan
0000000000000000000000%0
oobooooooooboooooooboboooono
gooooboooooooooboooooooo
ooooooooooooooboooooooooon
goooboboooooooooooboooogooooon
goooooooooooooobooooooooo
gdoobooooooooooooboooooooo
oooboooooooo
goboboooooooooooooooooooo
oooobooooooooooobooooonoooo
goooobooooooooobooooooooo
gooobobooooooooooboooooooo



2796 goooooooo

00000000000000000% 000000
000000000000 DOOimportance sampling[
0Oo0o00®000000000000000000
goooobooooOoOoooooboooogoooooo
ooo

0000ooo0o0oooooooooooooo
0000o0oooooooooooooooooooo
gooooooooooooooooboooooooo
goooobooooooooooobooooooooo
gooooboooooooboobooooboooooo
gooobobooooOooopboooooooobooboDbo
goooobooooOoOooooooooOoooooo
gooobooOooooooooooooobooobooo
goooboooooooooooooooooooo
gooobooOooooooooooooobooobooo
0000o0oooooooooooooooooooo
J00ooooooooooooooooooooo
gooobooooooboobooooooboooooobo
goooboooooooobooooooobooooo
goooobooooooooooooooooooo
gooobobooooOooopooboooooooobo
goooobooooOoOooooooooOoooooo
gooooOoOoOoDoODODOOOOOO0O00oOoOgOogo
goooboooo0oOoOoooooooooooooo
goooboooooOoOoOoouoobooooooooo
0000o0oooooooooooooooooooo
Joo0o00ooooooooooooooooooo
goooooooooooooobobooooooboobo
goooobooooooooooooooooooo
gooobooooboOooOooooooooooooobo
goooboooooooboooboboOoboogoooobo
gooobooboooboooOooooobooooooobo
goooboooo0oooooobooOoooooooo
ogo

2. 00OobOOoOooOoobOooboo

goooooooooooooobooooooooo
gooobobooooooooooooooooooon
00000000 000ooooooooD 1Hooooo
goboooboocoooooooooon

21 O0OO0OO0OO0OOOO0OO

goooooooooooocooobooobooobo
gooobobooooooooooooooooooo
00 zUOO 4 00000000 L(xe,&) OODO
ooooooo

Nov. 2005

01 DO0o0oDOoooo
Fig.1 Ray marching.
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Fig.2 Grid traverse.
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Fig.3 Histogram acquisition.
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Fig.4 Comparison of images by direct rendering from the
voxel representation (left) and through importance
sampling (right).
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0000000000000 0000000000 oo'o.
goboboooboooboboboobobooooobooo
goboboooboooboboboobobooooobooo
oo0o0000o0Ooooooooooooooooo 1) Jensen, H.-W.: Realistic image synthesis using
D0D000000000000000000000 photon mapping, A K Peters (2001).
2) Jensen, H'W. and Christen P.H.: Efficient sim-
gooDoOoo0ooboooooooobooooooo . . . . .
ulation of light transport in scenes with partic-
00 00000000000 The Stanford 3D ipating media using photon maps, Proc. SIG-
Scanning Repository 00 000000000000

o o o o



Vol. 46 No. 11 ooooooooooboooooooooooboooooo 2803

GRAPH’98, pp.311-320 (1998).

3) Dutre, P., Bekaert, P. and Bala, K.: Advanced
global illumination, A K Peters (2003).

4) Shirley, P.: Realistic Ray Tracing, pp.71-76, A
K Peters (2000).

5) 0000000000000 0Opp.52-89, 00
0 (1984).

6) Kajiya, J.T. and Von Herzen, B.P.: Ray Trac-
ing Volume Densities, Proc. SIGGRAPH’8/,
pp.165-174 (1984).

7) Kautz, J., Sloan, P. and Snyder J.: Fast, Arbi-
trary BRDF Shading for Low-Frequency Light-
ing Using Spherical Harmonics, Furographics
Rendering Workshop’2002, pp.291-296 (2002).

8) Sloan, P., Kautz, J. and Snyder, J.: Precom-
puted Radiance Transfer for Real-time Render-
ing for Dynamic, Low-Frequency Lighting En-
viroments, ACM Trans. Graphics, Vol.21, No.3,
pp-527-536 (2002).

9) Blasi, P., Saec, B.L. and Schlick, C.: A Ren-
dering Algorithm for Discrete Volume Density
Objects, Proc. Eurographics’93, Vol.12, No.3,
pp-201-210 (1993).

10) The Stanford 3D Scanning Repository.
http://graphics.stanford.edu/data/3Dscanrep/

g U

Al 0000000
oooooooooobobbbObOO0O00000oooo

fl,m:/Li(cﬁ)Ylfm(cﬁ)d& (23)
0 (4)00
D GETE
Q5 t
(24)

gooooooooooooooobobo
cD' cD' :Zwkpk wp (25)

000%0P(@,-©) 00000000000 w, O
00000D000D000000000

wp = 2FF1 / () Py () du (26)

2
00000000000 000000000000
ooooooo®o

k
N 47

Py(&p - @) = Tl Yie,i (@) Yri(&p)  (27)

i=—k

goboooboooooooooocoooooooo
oooooooo

oo

p(Gp - &) :Zw;ZYm )Yii(@p) (28)

i=—k
ooao w;DDDDDDDDDDDD
1
wy, = 27r/ p(u) Pr(u)du (29)
1
0 (28)00 (2400000000000
N e} ’
W AP (dp)
fun= [ o330 A
p=0 k=0 i=—k
XY, i(D) Yy s (&) Y1 (5) did
NN ARG,
o g¢ dV
p=0 k=0 i=—k

=0 i=—k
XY ( )5k: l(sz m

/ N -
_w AP(Dp) v
- U AWy @) 60)

p=0

(00160 110 8000)
(00170 9 02000)

oo oo

00 1400000000000
goooooo we00OoOO0OO
gooooooooooooooo
gobooooooooooooo
gooogoooad

0ood oooooog
oos7roboooooooboog
ooooooooooooooooo
goboooboooooooo 2o

L joobooooooooooobooo
- goooooooooooosoo
oobOoooOoobOoooobooooooOomonn
oooooooooooooooboboobbooooo
IEEEOO000




