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<Summary> In recent years there have been many studies on animations that take ac-
count of interactions between objects and natural objects such as water. Among others,
some researchers propose deformation methods for ground surfaces when they are in contact
with objects. But these methods cannot represent granular material spattering at an impact
of an object. In this paper, we propose an algorithm which can represent the animation
of granular material spattered by objects. In our proposed method, the ground surface is
deformed by using the distinct element method which calculates the motion of each grain by
collisions and reactions among grains. The deformation of the ground surface and spattering
of granular material are represented by this method. Moreover our method can calculate the
motion of objects taking account of forces excerted on the objects by granular material. In
order to demonstrate the validity of our method, we show a result of calculating spattering

sand when a rigid object falls onto a sand surface.
Key workds: Granular material, Spattering, Animation, Natural phenomena, Distinct

element method
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Fig. 1 HS map (in cross section).
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Fig. 5 Results of dropping a rigid sphere (1).
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— DOO0O0o0oooooobOoooOO0 bEODOO
bDEOOOOOOOOO

— bDOO0OOOOoOooouo beEbOOOCOOOOO
gooooooooooooooboooooo
oooO00 bEOOOOOOOOOOODO
ooooooooo

— HSOOOOOOOODOOOOODOO DEOO
gooooooo

o JO0ODODOOODOOOOOOOOODODOOLODO
gooooooooooooooo

e JO0OOOOOOOOOOOOODOOOOODOO
goooOoboobooooO0oOoboOooOooooa
ooboooo

gobooooboboooooooooooooobooboo
gboooooooooooobOoOoOoboboOoooboog
gobooooooooooooboOoOoboboOooobo
gooboooboobooboooboboOoboOoooooooo
oboooobooooooooo

ogooao

1) B. Benes and R. Forsbach : “Layered data repre-
sentation for visual simulation of terrain erosion”,

SCCG 01, pp. 80-85 (2001).
2) B. Chanclou, A. Luciani, and A. Habibi : “Physi-

cal Models of Loose Soils Dynamically Marked by
a Moving Object”, Computer Animation ’96, pp.
27-35 (1996).

3) J.X. Chen, X. Fu, and E. J. Wegman : “Real-time

simulation of dust behavior generated by a fast



o0 oooooooooobooooboooooboooo

(h) ()0 3500000000

(c) ()0 9000000O0DO0

07 OD00000O0OOOOOOO0O0O0O0O0 08 Bunny 000000000

Fig. 7 Results of throwing a rigid sphere into sand. Fig. 8 Results of dropping a rigid bunny.



traveling vehicle”, ACM Transactions on Model-
ing and Computer Simulation, Vol.9, No.2, pp.81—

104 (1999).
4) P. A. Cundall and O. D. L. Strack : “A discrete

numerical model for granular assemblies”, Geotech-

nique, Vol.29, pp.47-65 (1979).
5) P. Fearing : “Computer modelling of fallen snow”,

ACM Computer Graphics (Proc. SIGGRAPH ’00),

pp.37-46 (2000).
6) J. A. Ferrez :

cient 3D Simulation of Granular Materials”, PhD

“Dynamic Triangulations for Effi-

thesis, Swiss Federal Institute of Technology Lau-

sanne (2001).
7) A. Kunimatsu, T. Watanabe, H. Fujii, T. Saito,

K. Hiwada, T. Takahashi, and H. Ueki : “Fast
simulation and rendering techniques for fluid ob-
jects”, Computer Graphics Forum (Proc. EURO-

GRAPHICS 2001), Vol.20, No.3, pp.57-66 (2001).
8) X. Li and J. M. Moshell : “Modeling soil: Real-

time dynamic models for soil slippage and manip-
ulation”, ACM Computer Graphics (Proc. SIG-

GRAPH ’93), pp. 361-368 August (1993).
9) M. Matsumiya, H. Takemura, and N. Yokoya : “A

virtual clay modeling system for 3d free-form de-
sign using implicit surfaces”, IPSJ Journal, Vol.42,

No.5, pp.1151-1160 (2001).
10) F. K. Musgrave, C. E. Kolb, and R. S. Mice :

“The synthesis and rendering of fractal terrains”,
ACM Computer Graphics (Proc. SIGGRAPH ’89),

pp. 41-50 July (1989).
11) T. Nishita, H. Iwasaki, Y. Dobashi, and E. Naka-

mae : “A modeling and rendering method for
snow by using metaballs”, Computer Graphics Fo-
rum (Proc. EUROGRAPHICS ’97), Vol.16, No.3,

pp-357-364 August (1997).
12) J. F. O’Brien and J. K. Hodgins : “Dynamic sim-

ulation of splashing fluids”, Computer Animation

95, pp.198-205 April (1995).
13) Y. Oda, K. Muraoka, and N. Chiba :

based visual simulation of virtual clay”, IPSJ Jour-

nal, Vol.42, No.5, pp.1142-1150 (2001).
14) K. Onoue and T. Nishita : “A method for mod-

eling and rendering dunes with wind-ripples”, Pa-

cific Graphics, pp.427-428 October (2000).
15) K. Onoue and T. Nishita : “An efficient method

for displaying marks on soft grounds created by
objects”, J. of ITEEJ, Vol.32, No.4, pp.328-335
(2003).

“Particle-

8

0000000 010 010 (2004)

16) K. Onoue and T. Nishita : “Virtual sandbox”,

Pacific Graphics, pp.252-259 October (2003).
17) R. W. Sumner, J. F. O’Brien, and J. K. Hodgins

“Animating sand, mud, and snow”, Computer

Graphics Forum, Vol.18, No.1, pp.3-15 (1999).
18) T. Takahashi, H. Fujii, A. Kunimatsu, K. Hi-

wada, T. Saito, K. Tanaka, and H. Ueki : “Realis-
tic animation of fluid with splash and foam”, Com-
puter Graphics Forum (Proc. EUROGRAPHICS

2003), Vol.22, No.3, pp.391-400 (2003).
19) 000000 : 000000000000, Chapter

3, pp. 29-82, 0000 (1998).

OO0 ADEOOOOODOOO

DEOOUOOOODOODD DE(G1 O Go)0oooo
oooooooooooboooooG: 0 Gioooo
ooooooood

goboooboDoOoooooooooooooooDoo
oooooooo400@w, 00000000 DEO
ooooooooo pO0CO0OO0OOOOOODOOOOO
oooooooo

Ve =C2 — €1 + up X (rows + riwi) (A-1)

velu, OO0O00O0O0O0O0O v, DOO0OOOOODOO
oooo

Vi = (chn)un (A'Z)

obobov.Oo POOOOOODOOO vODOOODOO
oooooooo

Vi =Ve—Vnp = Ve — (Veun)un (A-3)

gooooooooooo beEogoooogono d: 0
ooood

d: = /tht (A—4)

0000000000000 CundallO00O MO
OO0 DEDOOOO FOOOOOOF*O FEOOO
000000000000000000

F = Fn(dnydn)un + Ft(dt7dt) (A_B)
gboogoooooo
IFA < wl F™| (A-6)

oooooooboooooobop0bOobOoooOn Cun-
dalO0000OOOF0 FOOOOODO

F" = kndp + cndy (A-T7)



o0 oooooooooobooooboooooboooo

F! = kydy + cede (A-8)
m
n = ke = :—fo(ﬂ? +In(en)?) (A-9)
c
en =cCt = —%ln(en) (A-10)
c

1
mj

1 1

=(— A-11

mess = (-t ) (A-11)

00o0o0000000m; 0 my; 00 DEOOOOe, O
goboooobooobot.00000000oobooOoo

(200x0 xO xO0O0O)

gooaod

ogooaod

0120000000000 1400
goooooooooooooooo
gooobooobooooooooo
ooooooOooooobooOoooo
oooooooooooobo,oobooo
gooo0oooooboooooooo
oooooo

(0oD)

0O46000000000000 4800
goooooooooooooooo
oooooooo s4 0000000
O0oo0ooso00b000oo 200
oobooo 0, 0000000000
0O1unooooooobooooooo
ooooooO0ooooooooooo
oo00oo0O00DO00000000D
ooooooOoooooooOoooo
00000000000ACMOIEEE
oooDo




