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000000000000 (Virtual Reality:0 0 VR)OOOOOOOOOOO,0000
gobobooobooooobobo,bogobooobooobooooboooboo. bobda
gooogoobooooog,vROODOoboooooooboooobooobooooo
gobbooobo. obbooboooboooboooboooboo,obboobbo
gobod,ggbooboboooboobbooboobbooboobboobooobo
gobobobob.ooooobooobooobgoobobobo,oooboooooooooon,
gboboboboboboboboboob,ooobobooooooooobooboooon
go.

gbboo,gbbobobuodobuobobobboobuooboob,oboa,uobo
ggbobogdgbog. bboobobog,bbooobooobooobbooboooboo
gogbbooobooobboob. goboba,bboobboobooobooooobooo
goooboobooooboboooboobooboobooo. VRODO,0Dooooobooo
gboobo,0boboobobobobooboobooboboobobo,oboboooon
O0oo0o0o,000000000000bOOo0ooDOoooOo0oOoO ). ooo0oo
goboobooooboobooo,oobbooboobooobooboobooboooo
ooobo. vVROoOoooo,0boooooogooobobobobobobobooboo,o
goboobooobboobooboboobooboobboon.

vROODOODOOOOOODOoOooooboo,0booboobbooboo,0boobon
gobogob,0oooboboooboobobooooboboboooooboboooooDo.
gooooooo vROoooooooboooooobooboo,0boobbooobooo
goboooo. booo,0o0boboobobobboobo,oobobobbobon,
0000000oO0O0o0o0oooooODO 28000000 O,0000000O0O0000

gogbbooboboooboboo,boobooobbooobboo. boobboobobg
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000o0000ooo0ooooooo0ooooo,0ooo0o0oo00oooooooooon
o00. 000, 00000000000000000000000D0000000. 00
O, 00000000000000000000000,000000000000000
O00o0o0.0000000oo00ooo0ooooooooooooooooooon
00000.00,000000000000000000D0O0O0, 00000000000
0.000000,0000000000000000000D0000,00000000A0
0000. 00000000000 0000000000000000000,00000
0000000000000 0O0O0O000000O0,00000O0b0OoODOODOO 4.00
00, 00000000000000000000000D0000000DOO.

vROODOODODOOOO,0000000O00DOOOO0oOO0oOO0obOOOo.obooDooo,o
00000000000 0oo0o0ooo00ooooooD. 0000000 oo0ooooon
0000,00000000000000000,0000000000000000000
00000000000, 00ooo00ooo0ooooooooooooooooooon
000,000000000000000000000000, 0000000000000
O0ooOoooooooo [b).

Oo0oo0o,000000oo000ooo,000ooo0ooooooooooooog
0000o00O0.00000000000000000000D00, 00000000000
00o0o000oo,000000000000000D0000000D0O00O00DOD00O
000D0000. 00000000000 0000000000, 00000000000
oo0oooooog.

000000000000 0000000,Smoothed Particle Hydrodynamics(O O SPH
0)0o00ooo0OoOO0OO0OOOO0O0O0. SPHOOO,00000000000O0ODOOOO
00,00000000000000000000000000000,000000000
0o0o0oboooOo.oooooooooMMuleeODODOOODOODOOO, 000000
O000o00oO0o0ooOoo 6. o0, 00000000000 OOo0OOo0OO0bOO
000 (7. 0000000, 00000000000 O0O0LO0O0oOO,00D00000D
000D0O00000,00000000000000 1fpsOO00O0. 00,0000000
00000000000 00D00D0O00O w-12fps000000000DOOOODOOODO

g, ggbgoobgooooboboboboooboo.boobooboobobo,bobobobo
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00000000000000,00000000000000000000000000.
000000000000000000,000000000000000000000
000000000000000000000000000000000 [8)[9. 00000
000000000,000000000000000000,0000000000000
00000000000000000000000. 0000,000000000000,
0000000000,000000000000000000000000. 00000
00,00000000000000000000000000000000000000
000000000000,0000000000000000000000000000
00000.00,00000000000000000000000000000000,
0000000000000000,000000000000000000000000
000000 [10][11).
0000000000000000000000040000000000000000
0000000,00000000850fps000000000000000000000
000000000. 0000000000000000000000000000000
0000000 130fps 000.0000000,0000000000000000000
00000,000000000000000000000,00000000000000
000000D00000000.
00000000000,000000000000,0000000000000000
00000000000. 00000000000000000000000000000
0000,00,00000000000000000000000000.0000000
0000000000000000.000,00000000000000000000
00,000000000000000.0000000000000000000,000
00000000000000000000000000000000000000000
0000000000000000000000000000000000. 000000
00,000000000000000000,0000000000000000000
oo.
00,000000000000000000000000000000000.0000
00,00000000000000000000000000000000000000

go.bogbo,0bbooob,0bo0bbooboobboon.
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gbobogo,0o0bogbooobobooboooboooobooooobbooboooonoo
O0ooO0o0oooOooo.oooooo g,euoooooo.

goobooboobooboo,booboob,0oboobboobooboobobo.o
gobodboooobooboobbooboobbooboob,0obbooboobo
gobooboboooobooo,0bbooooboboooobbooobbbooobD.bog
g, 0bobobobobobob,bobobobo,boboooooooooooooon
gbobobo,oboobooooboboobo,0oboo0boooooboooooo.



020 0OO000OD0OO0OO0OODOOOODO )

21 U00bOOooboOooooon

21,1 00000000

0000000000,00000020000000000000.
()00o0o0o0

(2)0000

0000000 (1)0000000,00000000000000000000.000
00000000000000000.00000000000000000,000000
000000,000000000000000000000000000.0000300
000000000¢0000000 Pi(t) (i=1,2,..N;N:000)00,000000
0000000000000000.00000000000000000,P;(¢1)0000
ooooooo.

P;(t) = 2P;(t — At) — Py(t — 2At) + gAt? (2.1)

000,00000000000000000,At0000000,0000000000
O (frames/sec) 00 0000.00000000000000000,0 (21)00000
000 R;(HO0D000.

0000000 (2)0000000,000000000000000000000.00
000000000000000000000000,000000000000.000
0,0000+¢000000000000000000000000000000,0000
00000 V,000000000000000.00,0000000000000000
00000000000.00200000000000000000000,000 N[O
00/00]00000000.000000000VO000000000000000,0
00000000000000000,0000000000000,0000000000
0000 NVOOODO.
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2.1.2 OJO0O0O0OOOOO

ugbobodbbooboobboobbooboobboobob,obboobooon
gob.obobooboboobobooobooo. oooboooobooobooooobooo
goooo.

oo, 00boooooo0ooOoooboooobooobbo.oobogboo c,ooo rgoo,Oo
o0os30o0o00oooOoobooOoOoboocoogoooo.go,021bo000b0b co
0000000000 (0 Xe,Ye,Zo)OOOOO. 0000000 Y, OOOOOO (O
210 4;)000000 (DO0UOCOOODO)000DOO0.0D000D,XeODODOODODdO00
d00000000O000OO0O0O o00000,00 ZcOOUOOOO d,0D0ds000O00O
00000 e0OODOOO.00DOD 90 2000000000000000O0OOOO
gobobogooboo.oooob obbobOo,0boboboboooboobo.ob,boboOoon
goooob YeyOuouoooobyooooooooo,00obooobbooboboooooo
goooobo.gob Ce, b,y 00000000000 DOOODOOD,0DOObOOOO
goboodgtrooaobgobooaon.

[ J
)

virtual container

021:0000000000000000
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2.1.3 0OO0O0ObOOO,00000040

gbboobooboobobooboobbooboo,boobooobbooboaboo
ooooD v, 0obooooooobobobooooooooboboboobooog FO
gb.0oo0bobobooboboobobooboooboobo,bobobooobooboaon
ooooOo,000boo0ooo0obboO0ooboo0o0.cooFOocCcoOggbboOooo
obobobrOoooooooooo.

F = f(60,6,v) (2.2)

oooobtoooo,0oboooooboooooboovouoboo,obbcob HOoO
gbobobo.Foooooobon.

H=h(0,¢,V) (2.3)

b FO00b0dooo,0obgooooboooo roboob0 -r < H<rgng
0,00000000000000000O0000O0O00DOO0ODOO0.O (23)000VO
gobooboogoooboooboooo.

V=uv(d,o¢ H) (2.4)

0(24) 00000000000 HOOODOOOOV=0,0F000000 HOOO
0000V =v(0,¢,F,) =Vu(0,¢)000. 000 FOOODOD y0O0 F,000 400
000000000.000000000000000000000000000 Vv+OO
000 (25)000,00000000000000VY=VfO00.

VT =vt(0,0¢,H) (2.5)

000,00000000000000000000VY=v0000000000.
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214 0O00OO0OOOOOLUT

000000000000 0,000000000000 2.20000 look up table(LUT)
oooooob. 0o wurTog,0oogboobooobobooooobooobooboooDoo
00000. LUTOODODOO0O0OO0OO,00000000VOMeOOO H-100/r0000
ggboobooob. ooboooboooboobooobooobboobo,ooboboooboobg

gobooboooooboooo,bogobboobooboobboooboon.

e
\%Q @e‘g‘
3 | |
|
|
Ol 90 .. 90
H:100r (degree)
100
[V]

-100

(%)

02200000000 LUT
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22 0O0O0OOOOOO0OO0OO0OO0OO0OO00
221 0000O0O0O0OOOO0OOOOOOOO

000000 (0D0)000000000000,0000000000 (1)0000 (2)
0000000.00000000000000000,0000000000000000
00000000.0000000000,0000000000000000000000

00o0oU00o0ooo0ooo0o.0oo0oo0oUo0oooOoo0ORO (n>0000,000
00000¢t00000oooo000 (26)000000O00O0ODO.

V() =V(t— At)+n/N (2.6)

0000000000000 000000000000,00¢00000000000
oooveW=vyH©®oo,00 HOOO (2700000000,

H(t) = h(0,¢,V(t)D) (2.7)

222 QJ00OO0OOOO0OO0OO0OOOOOOO0

go0o0ooOoOO0O0O,00000000O0O0O0OO0OODODOOOOOODODODOD (DOOO
0000 1,00 2000)00000000000OO0OO0O0O0O. 000000 1200000
1,20000000. 0000 +00000OO (28)0D000000,00 10002000
goboooboooood.

Cry — 11 < Coy + ha(b2, da, V2(0)) (2.8)

000,000 ;0000000 Cc;00000000000.0000,00 2000
ooboboboi1ooooobooooboobo,bobbbbobbob Uy z20000.00,0
O000o00o0oo00oo020000000000000U,00,00 (29900000.

Us = X,;Us; (2.9)



020 0OO000OD0OO0OO0OODOOOODO 10

o0o0o0o0o0O0O0O00O0OO0O,0000 (21000000000,00 1000000000

gobog200b000b0000o0.

Cay + ha(6a, 62, V¥ + Vi) < Cuy + Fuy (2.10)
00 (210)0000000000O002000000001000000000D0O00O0O
oo0o,0020000000 100000,
2.2.3 00000

00000000000000,001000200000000000.0000,00
2000 H,O0OO (211),(212) 000000000

Hy = hy(02, ¢2, Vi + Usy) (2.11)

U21=Uf(91,¢1,02y+H2*C1y) (2.12)
po,000000000000000VvY=v®00,00100000 (27)000
ooo.
2.24 0000000000

00 100020000000000,00000 (213)D0000O0OO,00000
gboz20000001000b00b00bO0obOoDbOon.

V3% + U1 — va (B2, d2, Cry + Fryy — Cay) < Vin, = V¥ (2.13)

0000,00 2000000 1000000000000 (21490000000,

Hy = (Cly + Fly) — C2y (214)

O000oo00,000000000 (215),(216)000000,00000 10000
o000 (27oooooog.
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‘/2(1) = ’02(927 ¢27 HQ) - U21 (215)

0)

v 4y = O 4 (2.16)

0(212)000000000,00 1000000000000 20000000000
gboooob.boboobo10b0b0on Vl(l)DDDDD Vm,, 00 H1OmO0O0OO,0
O0o000o00O00o00.00200000000000 (21600000 (217)0O00O0O
goo.

Hy = ha(62, ¢2, V2(1) + Ua1) (2.17)

O00OoOoOO0O0O00o0oooo,00t+At000020000000000000O0O0OO

gooooboo,0oobboobooobobooooonbn.

225 0000000000

O000000O0oopooooo,00t000000 (218)000000ODODOOOOOO
goooboo.

vl LU >V, (2.18)

00000000000000000000N(VO4+U-V,) 00000000 F0O0
0000,00¢0000000000000000 (2190000000.

V({t) =V —U (2.19)

00,0 (218)00000000000000000000,VE#)=VvEH®ooo.
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30 tUboutdbootdbotubbotdubogd

gbobobooboooooooooooooo,boboobooboobobDoboboDo
gooobooogooboooobo.obobooboboob 21300000 bono,oon
goooboobooooobooobooooboboobooboobooboobDobLobDUuDbo
gooboboboboo.cooobooobobobooobobOoboobOooobOoboobLOon
gooobo,boobo0ooobobooboooobooboobo,oooboobooon
goboobgo. ooboooooobobooboobooo,boboboboobooobobon
0.000,0000000000000000C0DOOOO0OOOODODO(D3s1).0000
googbooboooo,b0booobooobobooboobooboobobog,bobo
gbobobobobobobooboboobooboooboobboooo.

031: 0000000000000 (00 [12)
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3.1 UOo0oooood

gboboboboboobobooboboooboooo,boooooboooooooboo 20
gboobobgboobobuoobobooooobobo.oboboooobo,bobaoo
ggbbogdgboooboooobo. obboobbooobboobobo,bboobbdg
gobodboooobooboobobooboob,obboobooboboobooboo
gbboboooboooboboobooboo. boo2bobobobooboobooobobn
gbO,000bobooboobobooboboob,bobooobooboobooboobooan
gogbobooobooooboboobbooboboobbo. oo, 0bo0boboooboog
goboobooobooooboboob. oob,oo0boooboooboooboooooo
gboobo,o01booboobooboobo. obooobooboo,oboboboooobo
gobo,0bo0obooboobbooboobooobooboob.ob,0booobo
I O A /DO
000 (0 3.2).00000000000000000O0,00000000O00O0O0 ab,O
odbde..,.00o0bo0ogo. oo, 000oobboooobooooobboooo. oo
gboboboboboobobobobobobobob,oboboooooboboooon
gobooooboooobooooo.Obo0ooobooobooobbo00D eoobD bO 200

gbobobobd3oboboobooboobobobooooboobooboboooboooo.

—_-----.

~
- -
Ll e

032 000000000000
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3.1.1 Odoodbobbooodbobboood

gogbbobooobooboobooooboobooooobobooo,bbobooo,bbooooboon
gobobooobooooboboobbooboboob. oobboob,oobobooboobg
gobobooobooooboboobbooybbooboboobb. oboooobo,0ob0oa
gboobobooobooobooooboooobob. oo, obooobooobooooboooobob,boo
gboboboooboooboooboobobbob. bbb eeb0o0obobobobboobo
o, 0bobobo.obgb,b0ob0bob0obobUubobooDo s 200D OO
oo.0000000000000 V00000V, 00000000,0000 «000
oo0oooO0o0oooo0oooooooo,0boUd v, 00000 (0 33(a).00000
coooooooooooooOOo.oooWBaoVvV, boooooooOo,000000000
goboooooo,bb0 000D bo0ooboobbooooo.ooobbOoo
oo,0000O0Q0O0OoOoOoOOOOOOOOy0O0O0OOOOOOODODODODOOODOO (O
3.3(b),(c)). ODO,0000200000000000D0O00200000000D00000O
gooo,0ooooobbooob.booobossbbOO,0bO01ObDOOODbOOOD

oo0,000 «b0000000O0O0OC0O0O0O0O0O0O0OO0OOCO,0000 V, OOOO0OO.

() (b) ()

033 00000,0000000000000000000000ODO

oo, jb0bobobobobobo,gobobooosiooo,ooboooooog

00o00o0ooyYoooo.0o0o0Yooo0oo0ooooo0oo0oooooooo,oo
O0000000000oOoOoOOooOoOoO (O 3.4).
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Vmb Vmp

034 0000000000O000DOOLOVYODOOOD

00 (3.1),(32) 0000000000000 0000000V 000000000, O
O0low,, DO0D0O 000000000 0ODOODODOODODODOOO0yDOODODOD

O0y00,C,Cy, 0000000 eb0000000000y00000.

lowgy < Coy + H, (3.1)

lowgy < Cypy + Hy, (3.2)
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3.2 U0OOUOObDOooObOobObDO

3.2.1 0O0O0gooOoOoOooon

goobo,0ooboobooobbooboobooobuooboobboobooobo
g.gbogtbgo,0boobboboob,bogbbobobooboobbooboboooo
gobobogooboo. ooobo,0boboboboooboboboboboboo 20000
gobobogboo. ooooooboboboboooo,0boboboboboy0obOn
000000 yO0O0O00O0OO0DO0ODOO (03500000 a),000000000000
gooooooboooooobobo.oodopooob,00bobOOoooDO,ob0bOb0Oo0OD
gogbboooboboooboboobboobobo. bboo,bo0obboobbooboboo
00000,000000000Ly000DUOUDODO0ODO0DLODYyOOOOOOOO (O 3.5(b)
00000 a)0000000000O0OODO.

flow out

U35 0000000b0oonon

gboboobooobooooboo,ooboooboooobooooobbooboaoo
gboboboooboo,obgoboo.bobboboobo,boobooboobooon
goboobooobobooobboob,ogboboobboobbooboboobbooo. o
go,ggbobooboboobo,0boooboooboboobboobobo.boboo,bd
gobodboooobooboobboob,oboobbooboobbooobooobo
gooboooooo,ogoobbooooooooooboo vip,oboog Va+ve >V, 0o
oo (V,+VW) -V, 000000000000000000O0OO.
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3.22 0OU0O0O0OO0

0000000,00000000000000000000000000000000
000 (03.6). 000000000000,00 (3.3),(3.4)00000000000000
000.000,higha, high, 100000000 «b00000000000000000

gobodybobboobooybboon.

lowgy < Coy + Hy < highy, (3.3)

lowg, < be + Hy < highg (3.4)

gboboobooboobobo,o0,00boobobobboobooboo,oooo
gobooobooooob.200000000,000b0000O0,b000D000DO0DOO
00000 HODODOODODO yOUOO,0000vO0OOOO0ODOO0ODOOO0,epO0O0OOO
00000. 00000 «,b0000,00000000 3500000000000 V!
gobobobobobo,0oooooooboobooboooooooooooboon.

{ Cay + Ha(V,, 04, 00) = Cpy + Hy(V), 0, ) (3.5)

Va+‘/b:Va/+‘/bl

03600000
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3.2.3 0OU0O0O0OO0

gbooooooobo, bbb ooboooooobo,obooboobooo
0000000000000 00O000O00O0O0O0OO. bo0Oo0OOo (36),(3.7)ooooOo
O00,000a,b000000O0DODOOOOO a_vi,a_v2,...,a_villb_vl,b_v2,...,b_vi
gooo,00000 ab_vl,ab_v2,...,ab_vilO0O0O0OOOOOOOOODOOOODOO
00000000oooo (O 3.7).

lowgp < Coy + Hy < highgs (3.6)

lowabngy—i—Hbghighab (37)
goooooooooo,jdjddddddogooooooooboobooooobo,000oa
ooo0oooooooo, 00000000000 ooooooooon

goooobooob.ooboo,obooboobobobobooboooboobooboo,bo
gboboboboooboooooo.

ab v8

ab v3

b v4

03700000
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3.2.4 0O0O0O0OO0OODO

ubbg+«tbooboooboob,obuooboooboobbobbooboooaon.
00000000000 HOOOOOO 3.8),39000000,00000002000
O00000O00000. 0000000000000 000000oooooOOO (O 3.8(a)).
oo, bbb v=0o0bobuobobuoboboboboo.

Cay + H, < lowgy (3.8)

be + Hp < lowgy (3.9)

00 (3.10),(3.11)0000000000000000000000,000000000
000000 (0 3.8(b)).

lowgy < Coy + Hy < highgy, (3.10)

lowgy < Cyy + Hy < highgy (3.11)

00 (3.12),(3.13)00000000000000000000000000.00000
0000000000000000000 (O 3.8(c)).

highqy < Coy + Hy < highy, (3.12)

highay < Chy + Hy < high, (3.13)

0000,0000 (3.8)-(3.13) 0000000000000 0UO0n. 00UoOo
gyooob,0000b0oobbob b0 boooooooon
gooobooooobooooooo,ogoob s OoboooboO,o0oD
goooboo.
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3.3 Uobbooonbooon

gbobobobooooooo,0oboooobobobooboobobobobgobo
gboboboo.boogbuooboobobooob,booboobog,goboobobo
0000000000000 0000000D00O0ODOODODOD (0390 (a). DODODO
gboobobgoboobob,bobooboboooobobooboboo,booboo
gogbboobobooobboobbooboboobbo. bbb, bboobboobobg
gobobooobooooboboobbooboboobbo. bboo,booboboooboobo
goboodoboooo,obbooobooobobooboooboooboooooboooobooooo
(0390 (b)) 0O0ODDODUODDOOODOO,000D0000O0OODOOOODOOOOOOO
gobooboooboob.booobooboooboobooobon.

3000000000000000 (3.14),(3.15)000000000.000 ,highe, 00
Obep00O00ooooooboobobobobobobbyobobobobobobo

gobodbyonoboo.

lowgy, < Coy + Hy < highgy (3.14)

lowgy < Cyy + Hy < highgy (3.15)

000,0000«000000000O 316)000000000O0O0O0ODOLDOOOO0O
gbobobobobo.

Cay + Ha < higha (3.16)

gboooo,oo0bobobooobo,oboobooboobobobooobobobgoonon
goboo,ggboooboobooooboooo.
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34 300000 0OOOOOOOUOOUObOUObObLOO

gobooobbooobbooobbooobo20b000b000.00000b0000Db0O0
00000000 00000000,00000D00000DO0O00OOO0OOn (O 3.10).
goooboo,0oooboooboboogsooobooobooobo,boobooooobn
gbooboboob. oo, gboodgbuoobo,booboboboboboobooboobaan
gobood,ggboobbooobooobboobooobbooobooboboobobooboo
g, ggbgooooboobobbobooob.ooo,0booboooboooboobonon

gooooobooooooon.

pals %t

[=R7lk:s

0 3.10: 000O,000000000000
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40 Oootood

4.1 0OO0O0O0OO0OOOOO

Joooooobbobobobooooooooooobobooooood
CPU:Dual-Core AMD Opteron(tm)Processor 1210 1.8GHz
oocoooooooog.
gbobobooboo,ooboboobooboobooob,0boboobobboobo
(04100000)0,0000000000 (0D 4100000)020000000.00
ggoboboooobboooobbuooobobbooobooobboooobboooobo
0.000000000,00000000000 POLHEMUS OO 3SPACE ISOTRAKIT
goog.
godobooooobuooobbuooobbooobobo.bbooobboouoobo,obba
frame000 lec0O0O0O0DO0ODODOODOODOODODOODOOODOO.ODO0ODO 410
doooooobobbbbbotboooooooooooooo.
oo oooooobobbbbobobob. bbb, 000gogag
0000000000000 00000000ONDO 10000 /ccO0O0DO. O0OOODODOO
Jooooooobobobobooooooooooo.
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4.2 00000

gboooboobooboboooooboo42000.0000,0000000D0DOO
goooboobooooobooooo,0boooboooboobooboobooboooDoo,o
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