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Interactive Manipulation for Virtual Flowing Liquid Considered Physical Parameters

Kenji Funahashi*! and  Yuji Iwahori*!

Abstract — In this paper, a model to realize an interactive manipulation of virtual
liquid using a virtual vessel is described first. Then, we extend this model for the liquid
flow. We consider that a liquid vessel is separated into a grid and define the density and
the average velocity of liquid in each grid. We decide the movement of a liquid using
these value, then we can realize an interactive manipulation of the flowing liquid. Our
system with this proposed model makes it possible to catch the liquid, then to flow and
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spill the liquid by tilting it.
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Fig.1 Model of flowing liquid
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Fig.2 Calculation for amount of density
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Fig.3 Reflection of liquid in wall surface

000000,00000000000000000
000000000. 00000000000 700
0000000 (0 3(a). 000000000000
0,0000000000000000000000
00 f00000000000,000000000
000 (O 3(b). 00 L& oooo ve)i™ o
0,00000000000000000 v(E5»),
ooooooooo v oooo,000000
ooooooooov@e™®ooooooooo.

.7,k .7,k .7,k
v = v <)
v =1 v(t)k) (£ = v(1)§7)
v(t)§k) (0ooo)

(3.b) 000000000000000000000
000,00000000000000000000
0D000000. 0000,00000000000
000,00000000000000000000
0D00000000000000.00000000
0D00,000000000000000000
0O01: 000000000 O00O00O00O0.
0O02 000003000000000000,0
00000000000000000000,000
00000000000000O000.

003 1200000000000000000.
0000000000000000,0000000
0D000000000000. 000,000000
000000000000000000000000
0000,00000,0000000000000
0D0000000000000. 000,00000
000000000000000000000000
0D00.0000000000 1,200000000
0000,0000000000000000000,
0D0000000000000000000000.
(3.) 00000000D0,00000000000
0D0000000000. 000000000 vOO
000 |vme) 000000000000000.00
0DvOOOOOOOOOO,00000000000
000000000000000000000000

000000000.000,0000000 Vil
000 At000000100004d0000000
0o0.00 Léshoooo v oo, 0000
00000000 viE+AnGH ooooooo.

0,5,k Vmaz 0,5,k
v { V() )W (VOS] > [Vinasl)
v(t) (VO] < [Vinaz)

000000000000000000000000
000,00000000000000000000
oooo.

3.4 000000000000

0000000000000000000,000
000000,00000000000000000
000000000 0DOo00O0oooo.
000000000000000000000000
(0000)000000000000,000000
000000000, 00000000000000
000000000000000. 00000000
ooooooooooooo.
000000000000000000000000
00000000000,00000000000,0
000000000000000000000000
ooooog.

3.5 DO0OOOO0OOOOO

0000,330 (la)Step2 00000000, O
000000000O0O0.00,0000000 4,0
00 d?00000000000000000000
000000.000000000 p,p+Ap, 000
000 D, 000000 GOOO0O0OO0O0O0OOO0
O pd?— (p+Ap)d?, 0000000 DGd*d 000
00,000000000000.

Ap = DGd

gooobo,booboobooboboobooboobo
ooobo,00ob0obooobog poogoooooog
gog.

gbo,b00000o00oooobobobobob.
Ub0 00000100 »0000020,0
Uboob v, 0DOO0DbO we ODOOOO0OOODOOODOO.
gbo10000000 o O0,0000000000
ooooogooo M, 000000000000 py,
o000 4,000000 GUOOOOO0OOOOO
go.

1
el = §M1u% + MGz + prAiu

OO0O0O0o0OO0 NODOOOOOO mp =Nu Ay OO
000,0000000000000 (oOooon)



00000 :0000000000000000000O0D0O0O0D

gogooogooog.

2

€1 uy D1

LA 1

7, 2+ 2’1+N
00000000000 eg =e 00000 (OO
0000)00,dp=p1 —pe,dz=21—2 0000
000000330 (2) D0000000OOOO,
oo ww=000000000000.

us  dp

gbooobooobooboobooboobno o
O00uw=m/dt00000000000OO.

2dt2
m= po + 2dt2Gdz

000,dp=dDGd000000,00000000
dz0 r(-1,00001)0000000000.

2 2
mz\/ dtNGd-dD—l—ZdtQG-r

gbo,00boo0boooboooboobooboo
gbo,b000b000000o0oo0b. bobobboo
googo,bo00boooobooobooobooboo
goooo.

4. ODOO0OO0OO

goobooobobooooboooooooogao
0dooo00,00D0do00ooooooog SGI
OCTANE20 0 CODDOOOOODOO. DOOdo
oo ooboonooooobon
O0,000000000 Polhemus ISOTRAK 1T O
goooodbo.obobobooooogoooooo
00 20 [em),00 6 [em]0000000. 00,00
0000000 1fem),00 1fec]000. 0000
010 01feccJ000O00,0000000 N=10
[000/ec)D0O0.000000DODOODOOODOO
0,000000 1[m/s2j00000.

gobooooooobouooooboo. 2000040
goooooooboobooobooobuooboon,
oo ooboobooooobon
go. dobdoooooobo,0bnboobooon
googoboboooo,ogoboobooooog,d
goboboooooboooooog,onooo
gooobooooobooooobuooooon.

doooooooboooooooooooono O 4
gob.0ogoboooobobooooooooon
gobooooo,booooooboooooooo
goobooo. oooooboob Oosbogon
000.000,000000000 20 frame 000

gbog. boobbooobobooo,0booobobo
OO000oopooooo -12fps0000O00OO0O
goooboo,obooobooobooobooboo
gbooooooooobooobg.
gbo,00booboooboooboobooboo
gbooooooobooobobo oednoo.onbog
goooboooboooobooboooboo,od
gboboobogobooboobooboobooooog.
ooooooboooobooob orooo.ogoon
gboooobooooboboobo,boobooobobo
gboooooboobooobobobobobobo
gbogoooob.goboboooobooooooboo
gooooobobo,obboobooboobobboa
goooog.
goooobobooboobobboobobbobobboo
goobob,booooboobobobobobg,
goooooboboobboobo,obooboobo
O0000000.0000000 (1210000000
go,gb0oobooobobo,boobooooooo
gboooobooooobg,obboobog. oo
gbooobooobobooboobboobg,boo
goboobooobobobooobooooobooboobg,
gooobooobobooboobobooboob, o
gbogboooboooboobbooboboob.
gbogboooooboooboooobobobon
oooooooooboo wobooobbo 4000000
gboog32000000000000000000
gbogbobooboobobooboobooboboon
0000000o0oo0o0oooooooo 12100
goooboooboo
ggoboboboboboobboobobobboo
gbooboooboobo
ggoboboboboooboooboboooo
gogbosooroooooooo
0000 10000000000 (0D)oooooo
000 (0)0DODO0OO0DU0ooOooooooooooo?2
gboooobobooobb1l1boobooooooon
gbooboobobooboobooobob 2000000
gbol1goooooooooooobooboooboo
gbooboobobooboboobobooooooo
gbooboboobooboobooboobobo
gbooobooobobooboobb,oboobo
gobo,oooboooogooobobo,bbboo
goooboo.oboo,boboooooooooo
g, 0boooboobooboboobooogobob,bd
gboooooboobooooobobobobobo
0.000,00000000000000000 (O
2c)0000000D0000ODO)00O0DOOO0UOO



gooooooooooooooon0 Vol8, No.3,2003

0o (@) [oo @ [ @) - (@)

oo 4.3 3.8 0.47

oo 0.60 0.58 0.45

oooo 0.78 0.76 0.67

ooo 5 5 2

ooo 3 2 -1
01 gooo

Table 1 Experimental result

gooobooobo,bobobooobooobooboo
goo.0oboo,0bobobobooobogooooo
gbogooooooobooboon.

5. god

gboogobo,oo0boooooobooobooboo
gbo,0b0o0oboooboobooboobooboo
goooooboo,obooboobooboobo
gboooobooooob. boo,0bogoboooo
gboooooboobooobobobobobobo
gbooboooboobobo.oboboooooboo
gboooooboobooooboboobobobobo
gooobooobobooboobboob,oboo
gooobooobobooboobbg,booboo
gboooooboobooobobobobobobo
goooo.
gbogooooboo,booboobooboan
gboooooboobooobobobobobobo
gbo,0b0o0booobooboobooboobo
gbooboobooboo.bobooboboooooboo
gooooobooobobooboobo,oobooboo
gooooboooo. oboobobooob,oo
gboobooboboboboooooboobooboo
gbooooooooobooobg.
gbooobooog,bobooooboooboobo
gboobooboobooboboobobooo.obo
gooooobooobobo,oboobooboobo
gboooooboobooobobobobobobo
gboooogoo,boboobooboobon.
000000000000 ooooo,ooog At
gooooobo,oobooboobooboobo
gogo,g0,0b0bo0bobobg.booooo
gbooobooboboboboboobobobobo
gooob. bboooobobbooooboboobobg,
gooobooobobooboob,ooboobod
ocoooooood.cGUOOooooopooooooo
gooooooooboobooboobo.

go

gboo,0bo00booooooboobooboo
gooobooo,gobooboobboo. obod

gboooo,obooboboboobboobon.

good

1) OO0O0O0,0000,0000,00000: “0O00
0o0000bOo0ooooDoOooooDooooboooo
oO”,0000000o0oooooooood, Vol.3,
No.3, pp.167-176 (1998)

[ ODOOD,0000,000,00000,0000:
“O0000000ooOooooooooooooooo
07, SICE S12001 000 00O, pp.405-406 (2001)

[3] Michael Kass, Gavin Miller: “Rapid, Stable Fluid
Dynamics for Computer Graphics,” Proc. SIG-
GRAPH 90, pp.49-57 (1990)

[4] N. Chiba, S. Sanakanishi, K. Yokoyama,
I. Ootawara: “Visual Simulation of Water Cur-
rents Using a Paticlebased Behavioural Model,”
The Journal of Visualization and Computer An-
imation, Vol.6, pp155-171 (1995)

[5] Jim X. Chen, Niels da Vitoria Lobo, Charles E.
Hughes, J. Michael Moshell: “Real-Time Fluid
Simulation in a Dynamic Virtual Environment,”
IEEE CG&A, Vol.17, No.3, pp.52-61 (1997)

[6] Jos Stam: “Stable Fluids,” Proc. SIGGRAPH 99,
pp.121-128 (1999)

[7] OO0 OO0,0000:“0000000000000O
Joooooooooo”,0000ooooooooo
00000, Vol.b, No.4, pp.1087-1094 (2000)

[8] Kenji Funahashi, Yuji Iwahori: “Virtual Liquid
Manipulation Using General Shape Vessel,” Proc.
IEEE VR2001, pp.283-284 (2001)

[9] Kenji Funahashi, Yuji Iwahori: “Representation of
Swinging Liquid on Virtual Liquid Manipulation,”
Proc. ICAT2001, pp.179-184 (2001)

[10) OOOODOO,0000,0000,000: ‘00000
Jooooooooooooooooooo”, SICE
S12001 00O 00O, pp.403-404 (2001)

[11) DO0OO0O, 00000, 0000: ‘0000000
Jooooooooooooog”, 0 180 NICO-
GRAPHOOOOOOOOOO, pp.9-14 (2002)

[12] DOO0OO,00000,0000: “0CO00000O0O0O
joooooooooooooooOo”, ooooog
000, Vol.2, No.1, pp.1-7 (2003)

gbooogod

gobbb ooooo

1998 0 0000000000000
oooboooooooooooooon
goobDoDDD2o0000000000
gboo0oooo0oo20020000000
ooooooooooooooooon
oobooooooooobo

gogooo

1988 00 000O000DOO0O0ODOO
ooooooooooooooooon
ooo00o0o0oo0o00o199220000000
gbogodz2o00000000000000
oobooogoz2e02000000000
oooooooooobo




00000 :000000000000000000000000

04 00000000
Fig.4: Appearance of proposed system

06000000000

Fig.6: Experimental result

05 00000000
Fig.5: Initial state

O7 00000000000
Fig.7: Situation with few liquid



