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Particle-based Coupling Simulation of
Telescopic Deformable Objects and Fluids

Junsel HIRATO™! and YoicHRO KawacucHI!?

The coupling simulation of fluid and rigid/elastic body is one of the most
important problems in the field of the computer graphics. In this paper, we
propose a simulation method of coupling of fluids and telescopic deformable
bodies with particle-based manner which is easy to deal with large deformation
of objects. When we calculate coupling of them by the proposed technique,
we use the SPH method for simulating fluids and use a mass-spring model for
telescopic deformable bodies. In our method, the density threshold values of
the particles are changed according to connected-spring distance, and that is
equal with calculation that the particle diameter is reduced when the neighbor-
ing particles become dense and the diameter is enlarged when becoming sparse
oppositely. Hence we can inhabit penetration between particles which is one
of the most crucial problems of particle-based simulation when the object is
expanded. We succeeded in simulating coupling of fluids and objects which are
changed the density by being contracted and expanded.

1. 0000

0D0-0000000-000000000000000000000000000000
00 CGUOO0OOD0DO00D0O0O0N00N00ND0N0DO0DO0N0No0oNoonoooog
000000000000 00000000000000000000000000000
000000000000 000D0000000000000000000000000
000000000000 0-000000000000000000Génevauxd 2 O
0000000000000 000000000D00000000000D00000O00
000000000000000000000000 GPUDDOODOOODOOODOO
0000000000000000000000000000000000-000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000Y 000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
000000000000 00000000000000000000000000

2. 0000

0000000000000000000 1000000000000 Chentanez OV
gooooooooooooobo0oooooooboobooooobooboooooDboOoooOoobo
gooobobobooooooooobooooobooooooooooooobooooooon
goboooboooooooboooooooooooobobobooooboooooooooboo
00 100000000000000000Provet0® 000000000000OO0O
goooboobooooooobooooooooboobobooOoOoOo0oooooboOoOooooDoono
goooooooooooboooooooobooboOoooobooOoboboOoboooooDooo
gooooboboooooooobooooooooOoooOooooboooOoOoObocOOooooobo
goboooooboooooooobooooobooooboooboooooon

flooooooooooooo

Graduate School of Interdisciplinary Information Studies, The University of Tokyo
t2 00000000000

Interfaculty Initiative in Information Studies, The University of Tokyo

(© 2009 Information Processing Society of Japan



1521 0O0O0O0OO0O0O0000-000000000000

000000oo0ooooooooogoogooo SpPHOO MPSOOOOOOOOO
OOMPSOOODOOOOOODODODO KoshizukaO® 000000000 DOOO
O0oo0o0o0ooo0o00oo0O000oo0o0o0ooooSpPHOOOOOOOOOO
000 Monaghan® 0000000000000 O0OOOOOODO SPHOOOOOOO
gooobooooooooooooooooboooOooooooooboooooooooOoa
O0000oo0o0o0ooooo0ooooosSpPHOUOOOOOOOOOOOOOOOCGOO
gooooboooooooooocoooooooboOoboOobooobOoboOoooooDboOoboo
000000000 O0O0Harada0® 0 GPUODOOO SPHOOOOOOOOOOOOO
gooad

3. O O

3.1 O0OO0OO0OO0OooOooo

3.1.1 SPHOOOO

000000000000 SPHO Smoothed Particle HydrodynamicsOO O 00O O OSPH
goooboboi1ooo0oooooboooooboobooo0ooooooooobooOoooooboo
gobooooboooooooobobooon

Vau=0 (1)
Du o 1 2

O000pUu0pPO0fO0000000O00O0OOOOOOCODODOODODODOOOOOO
gooodad

O0000O0O00oo00oD ;000 p; 00000000000 fPress000000O
ao fi”isDDDDDDDDDDDDDDDDDDDDDDDDDDMﬁ]IerD7)D[I[IEI
000000000000 0000000000000Y000000000000000
goboooooooooooo

pi = ijtho(T’ij) Y
pi = kp'ress( L po) (4)
f press _ Z pl + pJ varess (TZ]) (5)

0ooooooog Vol 50 No. 5 1520-1525 (May 2009)

vis
z =M m]

DDDijDDDDDDDDDDDDDiDjDDDDDDDDDDDD r;0r; 000
ryy=r; —r;0kP"°000000p000000000p00000000000 Wened
VWPTESSEIVQWMS[IEIEIDDDDDDDDDDDDDDDDDDDDDDDDMﬁllerl]7>
goboooooooo

3.1.2 0O0O0O0OO
SPHOOOOOODOOODOOOOODODOOOOOOOOOOOOOODOoOoOOoOoooo
goooooboooboooooboboooooooboooooboobooooobooooooboo
gooooooboooooobocOooooboooooooooOobocooooooboooooobo
goooobooooobooooobooooooboOoOoooOoOoooooDoooOooooDoono
goooobooooooooooooooooboooooOoooooooooboOoooDbonoo
goboooobOoooooooobooobOoobooOoobooooo

3.1.3 000000
goooooooooboooooooooooooobooboobobooooOooooDoDbooD
gooboboooooooobooooooboooooooboooobooboooooDooOoD (o
gooooooooob<«.0o0o0oooboboboooboboooooooooooDon
gobooooboooboooooboo

3.2 DO00O0OOO0ODOOOOOOO

3.2.1 OOODOOOO

0000000000 hepr 0000000000 O0DODODOOOODOOODOOOOOOO
O0Dhs, 0000000000000 le 00000000 hspr =1.5la, 0000
goooo
gooooooooooboooooobooooooOobOoooboOoDObo.O0Oooboo
0000000 ¢eOOoUoUO FPPrOo0 (r)Dooooog

LV Wais (135) (6)

P

Alig 75
Fispr: —k ; i r'Lq d iq 1q
D —hllrial = r0u) 2 +d Tt (7

|
q

000 AO00D0000dDOO0O0ODOO0AL, 0000000000070, 000 i0q¢00
000000000000 AL O000D00000D00000000000000000
n0000»"000000000000 n+10000 r" M =r"4+0,"At0000

(© 2009 Information Processing Society of Japan



1522 O00000O0000O0-000000000000

0000000 -+100000000000000000000000000 Al,O00
0000000000000000000000000000000000000000
3.2.2 000000

00000000 -00000000000000000000000D0000000
00000000000000 1/p00000000000000 3230000000
000000000000 0000000000000000000000000000
0000000000000 0000000000000000 1/»000000000
0 n00000000000000000000000000000000000000
0000000000000000000

3.2.3 0000000

0000000 ¢000000000000000000000000 r04y/|ri,| 00
000 Wiens(riq) 0000000000000 (8) 00000000000000000
00000000000000000000000000000000000000000
0 (9)00000000000000000000000000000000000000
00000000000000000003000000000¢00000 p00000
0(10)00000000000 p0000000000000000 1/2* 00000
00 L% 000000000000000000 (4)0000000000000000
00000000000000000000000420000000000000000
00000000000000000

.leng _ Zq(roiq/|"'iq‘)wlen5(riq) (8)
‘ Zq Wlens(riq)

Wiens(riq) = 1/10iq (9)

Lidens — (Lileng)?) (10)

3.24 0 O0OODO
goboooooooooooooooobooobOoboOoooboobOOoboOooooDobo
gobooooooooboooooboooboooboobooobooooooobboOoooDoooDo
goboooobbooobooooobooosi3uoboooooboooobobooobooooobooo
goooboooooooooooooooobobooooooooooocoooooooon
gboooboooobooooobooooboooobooooOoOoOooboboooOoOobooboooDo

0ooooooog Vol 50 No. 5 1520-1525 (May 2009)

------- Spring Connection

Particie ji and j: are
targets of collision detection
with particle 7.
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Fig.1 Detection of colliding particles. Only the particles that are in the same bucket with particle
i and not connected to ¢ with springs become candidates for colliding particles with 7.
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Initial State

Coordinate values of
the edge particles are fixed.

Our Method
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Fig.2 Interaction of a telescopic rubber membrane and a fluid. The default parameter values for the

telescopic deformable object are as follows: particle diameter = fluid particle diameter x 0.5,
initial specific gravity = 1.1, spring coefficientk = 30.0 N/m, damper coefficientd = 10.0 Ns/m,
and spring connection radiushgsp, = 2.1l44, m.
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Fig.3 A telescopic rectangular solid falls into fluid. The default parameter values for the telescopic

deformable object are as follows: particle diameter = fluid particle diameter X 0.5, initial
specific gravity = 0.7, spring coefficientk = 10.0 N/m, damper coefficientd = 15.0 Ns/m, and
spring connection radiushsp, = 2.4lg0r m.
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Fig.4 A particle-based calculation model of a simplified jellyfish.
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Fig.5 Simulation of a jellyfish. The default parameter values for the telescopic deformable object

are as follows: particle diameter = fluid particle diameter x 0.5, initial specific gravity =

1.1, spring coefficientk = 50.0 N/m, damper coefficientd = 10.0 Ns/m, and spring connection
radiushsp, = 4.1l m.
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