go230000ggggd

oot otdboodbootdoodn
goooboodn

goog
gooooboogd

goouobodooobboggoobobbgd
Ud2200000 2241758701

googd



g1d

g20d
2.1

2.2

2.3

g 3d
3.1

3.2

goog

gobodboooobooboooon

I O
211 00000000 ... s
212 00000000 ... s
213 000000O0O0O00O00O0 ... oo
214 00000000 LUT. . ... o s
I
221 0O0000O0O0OO0OO0OOOOOOOO ..o o000
222 00000000000O00O00O0 ... oo
223 00000 .. s e
224 0000000000 .. e
225 0000000000 ... oo oo
UO0DO0OD00O0O0 .

goboobooaobod

UO0O0O0O0 ... e e
3.1.1 000000000 ... e
3.1.2 00000O0O000O000bO0O00boobooooag oo
UO00000000 ... e
3.21 0000000000 ... oo oo
3.22 000000000000 ... 0 oo
3.23 00000O0O00O0D0O0O0OO0O ... 0.

10
10
10
11
11
12
13



3.3

U4d
4.1
4.2

gsd

g

gooo

UO00O000000 ... e e
3.3.1 0000000000 ... . o o .
3.3.2 000000 .. o
333 0O000O0O0bObOOoOobOOoOoboooobooboooooboooboog . ..

goboogaoo
UO00O0O0 ... e
OO e

goo

goooooo

ii

28
28
36

38

39

40

43



Uit totgd

000000000000 (Virtual Reality:0 0 VR)OOOOOOOOOOOOOOOO
gboboobuoobobobobuooboboobooboboobooboboboooan
obooooooobovrROODOOOODOOOODOOOOOODODOOOODODODOOO
gboobobooboboooooboobobobobonooobobooooobooboboonboo
gboobooboobobooboboobooobobooboobobobobooooan
gbobooobooboooboboobooobbooboboobobooobooobooon
goboobooooboobooooboobobooboobooboooboooboobooon

gboboooboobobooboooobooboboobobobobooooo
gboooboboooooobooooobooboboobooboboobobobooboooog
goooboboooboboobobobooobobbooobooboboboobobooobo
goooooooboooobooobbooobooooooooovrROOoOooooDboOoOoD
gbogbobobobodbobboobooooobobobobuoobobooobaaon
0000000000000 00O00O00OO0O00OO0O00ODOO0OOD 1)JOVRODO
gbooooboboooboboobuoobobuoobobooboboboboboboan
goboooboobooooooboooooaonooo

vROOODODOOOODOOOOODOoOooOOoboooobooooboooobooooo
gooboboooobooboooobobboooobooboboooobobooboooobooboobooon
vROODOODOOOOOOOOoDOooOobooooobobooboooooobobooo
gbooooboobooboboobooboooobobooboboooboobobogon
00000000000 2¥oo0o00o0o0oo0oUoo00oUooooooOooo
gboobobooobooboboooboooobobobooboboobobooon
gooobooboobobooobobooboooboooboboobobooboboobobDbo
gooboobobooobooboobooboboobooboobobboboobooon



1o 0ogoog 2

0000000000000 o0o0ooooo0ooooo0ooonoooooooooog
000000000oo0o0ooo000oooo0o0o0Dooooo0oDoooooooDooon
000Do0000oo0oo0ooooooooooDo0oooooooooooooooooon
00000o0000oooo0ooo00oo00ooooooooooooooooon
0000000000000 oooooooooooooooooooooooooon
0000000000000 0oooooooooooooooooooooonooooo
0 4o000000o0oo0oo0oo0o0o0oo0Doo0ooUooUoooooo
00000000000 000D0O000oooOoo00ooOoO00o0oDoOoOoD00o0onDDo
000000000000 00000000000000000000000000000
000000o000ooo00ooooooooo0ooooooooooooooooon
00o0o00ooooooooooooo

o000 vROOOOOODOOODOOOOODODODOOOODOOODOOoDOOOoDOobDoOOO
000000000 00ooo000ooo00oDooooooDoooooooooDooon
0000000000000 o0o0ooooooooo0o0ooooDooooooooooon
0000000000000 00oo0ooo0oo0oooooooDoooooooooooog
O Bp-700000000000DO00DO0O00O0OO0O0OO0OOODO0ODOOOOOOOO
000o0ooo0o0ooooooooooooooooooooooooooooooon
00000 ®DUo000o0o0oo00o0o0oooU0oO0o0oUooooooUooO
O00o0ooooooo0o00ooo0ooooooo0oooooooooooooooon
000000 00o0oooooooooooooooooooooooooooooooon
00000000000 00000ooo00oooDo0ooDoo0oooooooDOooon
0000000000000 0000000000000000o0000n

0000000000000 00000DOSmoothed Particle Hydrodynamics (O O
SPHO)OOOOOOODOOODOOOOOSPHOOODOOOODOOOODODOOOOOO
000000000 00ooo000ooo00oDoooooDooooooooooDooon
0000000000000 000000000 MOMullerDOOOOOODOODOOOOO
00000000000 000O0O000 [(9-120000000000O000oooooOd
0000000000000 000o0o0o00oooo0ooooooooooooooon
000000000 0DO00bOOoOooo-12ps 00000000 OODODODOODODOOO0



1o 0ogoog 3

gboobooobobooboboobooobobooboooboobobooooan
gboobooboooboboooboboooboboobobooobobooobobooon
goood
gbooooboobobooobobooboboboobobooboboooboboobooaon
O0o000oOO0o0oO0o0oO0o0oO0o0oOo0oOO0o0oO0OU Bjpooooooooooo
gbooooboobooboboobuooboboobbooboooboobobooo
gboobooboboobobobuoobbooboboobobobooobobooo
gboobboooobobooogoboboboboooobobboboooobbooDo
gbooobooboobooboooboobooboboooboobooboobobooDbo
gboggbodgbobogboboobuoboobobbobuoobooboobobaaon
gbobgbobobogbobooboboobobbobuoobooboobobaaon
gbooboboobobodbobooboooobobboboobobooboboan
00000000000 [¢4)ooooo000b000000DO0o0OoODOO400000
oooO0o0o0O00oC00oOo0bOOO0bOo0bDOoOODoOUODO 100fpsODODOODOO
gbooboobobooboboobooooboooboboooboobooobobooan
gboobobooboboobobooobooooobobobobooooobooboboooon
gbooboboobobooobgooboboobbobobboobooboobobooon
gobooooboooboooboobboobbooboooboooboooboon
O000000000000U0o0ooo0ooO koooooooOoooooOoOooooo
gbooboooooboboobobooboobobooobbooboobobobooo
0000000000000 00o0oU0o0oU0o0oUoOoUoO oo oooUOoooo
gbobobobobobobobooooooooooo
gboobboobobuobooobooooboboouoboobobooboboan
gbobbuoobobogbobooboboobobbobooboboobobaon
gboobooboboooboobooobooboboobooboboboobon
gboobooboooboboobobuoobobobooboobooboooboboboboooon
gbooboooboobooboboooboooboboobooooboboooboboan
gboooboooooboboobobooooooobooobobooobobobooooboboo
gboobobooboboooboobobooobobobobooooboobooboboooon



1o 0ogoog 4

gboobobobobooboboobobooooobobooobobonoboobooboan
gbooooboboooboooobobooboooboboobobobooboooobooboan
gbooboobooboboobobooboboboboooboooboboobobooon
gboobobooboboobooboooboooooboboboooboobooboboon
gbooboboobobobooooobobooobobooboboobobooobobooon
goooboooboobooboboogbo vROoooobooooboo vROODOOO
gobooboogoooo
gbooogoboooobobooobooobbooobobooooboooboobooobo
gbooobooooboobooobooooboboooboboooboooobooobobo
gobodgboobbooboobboobuoobboobuooboobbooboo



20 UoOoobdbootdbodgbototdubodgd

gboobobogbobboboooboboobobboobooboobobobooboboo
0000000000000 00000O0 WBDooooooo

gbobooboobooooobobooboooobobobooooboboboboboan
gbooboobooobobooobobuooboboooboobooboooobooooboobooon
gboobooboboboooobooooooboobooboboobobobobooobobo
gboobooboboooboboooboboobooboboobooooboobo
goboobooobooboobooboboobooboobobooboobo



020 0O0000O0O0O00OO0OO0bOOobOgn 6

21 0JU00obbooooooon

211 00000000

00000000000000000200000000000000
()0D0o0o000

(2)0000

0000000 (1)0000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
300000000000¢0000000 Py(¢) (i=1RIOIIN;N:000)000000
00000000000000000000000000000000000000 P;(#)
000000000000

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

0000gOO00000000000000O0O00AtOD0ODOOOOOOOOOOOO
000 (frames/sec) 0000000000000000000O0O0O0O0000 (21)00
000000 Ry(t)00000

0000000 (2)0000000000000000000000000000000
0000000000000 0000000000000000000000000000
0000000 ¢t000000000000000000000000000000000
0000000 V;00000000000000000000000000000000
00000000000000000200000000000000000000000
0 NODOO/O0O]000000000000000000VO000000000000
000000000000 00000000000000000000000000000
000000000 NVOODOOO



020 0O0000O0O0O00OO0OO0bOOobOgn 7

®
[

virtual container

021:0000000000000000

2.1.2 OJO0OO0OOOOO

gboooboboobobooogbobooooboobooooboobobobobooo
gbboogobobuooboboobuoboboboobooboboobooboboan
googogo

ooooboooooooboooooooOoooooooobooDbDo cocooo rooo
goo03booooooobooooboo cobooooOoboOoDOoOo 210b00DOO
CO0O00000D0OD0O00 (0 XeYeZo)DOOOOODOOOOOOO YeODODOOO
(0210d)000000(CO0O0O0OO0)000ODOOOODOO0OOOXc,OO0OO0OO dy
U0 0000000000000 oUDOOD0OD0OD ZoOUDOUODOUOD deO0OdsOO
000000000000 0DDOODOO0O OO 2000000000000O000OO
gobobooobbooobboobboobboobooobooobbooobboobobo
oooobooboootdyYyybooooboypoOobobooboooboboobUobo
ogoooooooooooooo cogpwoOOOOOOOOoOOoOoOoOooooobOoO
gobobobobobotobooboobooboboong



020 0O0000O0O0O00OO0OO0bOOobOgn 8

2.1.3 0O0O0O0OOOoOoOoobobOoOo

gooobooboboogobooboboogbooboooobooboobooobooboo
gooov,0bo0boooooobooooboboobooboobob0ou0obDob0OFO
gbobgbogbobodobobbooboooooboboboboobooboobobaan
gooooooooooooooOoooOoooOoOooooooobOoo FOooCcooboooo
obobobob roOOobOOobDOobOoDOoo

F = f0lpm) (2.2)

googt+tooobooboboooboobobobooovioouooooogoo cog HO
gobooooooodgOOooooooobo

H = h(0m0v) (2.3)

b Foboobooboobobobobooboooo r0b0b0ObD0 —r<H<rgoo
000000000o0000ooooOoO0o0UUooooOOoooooooO (23)0o00Vv
goboobooobooobooobooon

V = v(00H) (2.4)

0(24)00000000000 HOOOOOOO V=000FO0O0O0O0O00 HOOO
0000V =v(@@0F,) =V,(0®) 0000000 FOOOOO y00 F,000 ¢00
0000000000000000000000000000000000000 VYO0
000 (25 000000000000000000Vt=V0000

VT = v (000H) (2.5)

000000000000000000000000VY=VvOoOoooooooooo



020 0O0000O0O0O00OO0OO0bOOobOgn 9

|
|
1 90 .. 90
H: 1001 (degree)
100
[V]
-100
(%)

02200000000 LUT

214 0O0O0OO0ODODOLUT

000000000000 000OD00000000000 220000 look up table(LUT)
goboboboooo wgroobogooobooboobDoboobDobobUobobobobo
O0000oooLUTOOO0O0O00OOO0ODOO0O0O0DooOvVODMeOOO H-100/rO0O
gooobooogbboobobooobooboobooooboooboobbooobobo

gogbodgbooobodoboobobuooboobbuooboobbooboobo



020 0O0000O0O0O00OO0OO0bOOobOgn 10

22 JU0O00O0OO0O0O0OO0O0OO0OO
221 00000000O0000O0OOO0

000000 (00)00000000000000000000000 (1)0000 (2)
00000000000000000000000000000000000000000
00000000000000000000000000000000000000O0O0

0000000000000 O0000oUoO0o0oooooo00dO RO (n>0)0000
00000000 t00o000oo0o0ooO (26)0000000O00ODOOO

V()Y =V (t— At)+n/N (2.6)

0000000000000000000000000000¢00000000000
oooveW=vH@ooooo HOOO (27000000000

H(t) = h(6m0V (1)) (2.7)

222 0J00OO0O0OO0OO0DOOODOOOO

0000000o0oOo0O000oooOo0oo0UoooOoOOOoOoDUUbOOooOOO (DOoOo
0000 10002000)000000000000D0OODOOOODOOOO 102000
0102000000000000¢t000000O (28)00LOOOODOOO 1000 20
gobooobooboooooooo

Cry — 11 < Coy + hz(GQQIbQDVQ(O)) (2.8)

000 C;, 0000000000 c;O0000000000000000000 200
goooooobi1booboobooboobooobobogobooobo Uy 2000b0ObDOO
000000000000 20000000000000 U, 00000 (29000000

Uz = X;Us; (2.9)



020 0O0000O0O0O00OO0OO0bOOobOgn 11

000000O0000000U0oOO (21000000000 0DOO 1000000000
gobod200b000b0o0004d

CQy‘FhQ(QQ%QD‘/Q(O)‘i‘VT:l)<Cly+F1y (2.10)
DD(QDlO)DDDDDDDDDDDD 200000000 1000000000000
odoboodo20000000 1000000
2.2.3 0OO0O0OO

0000000000000000010002000000000000000000
02000 H,0OO (211)0(212)0000000000

Hy = h2(92@52|]V2(0) + Ugl) (2.11)

Uy = vf(@l [P DCQy + Hy — Cly) (2.12)
pooooooooooooooooo v =v®00000100000 (27)00
0oooo
2.24 0000000000

00100020000000000000000 (213)000000000000O000
gob20000001000000000000O000O0O

V2(0) + Uy — 1)2(92 @ley + Fly — ng) < le — Vl(o) (2.13)

0000000 2000000 1000000000000 (21400000000

Hy = (Cly + Fly) — Cyy (2.14)

00000000000000000 (2150216 000000000000 1000
00000 (27)booooooo



020 0O0000O0O0O00OO0OO0bOOobOgn 12

Vg(l) = v (02l 0H2) — Uay (2.15)

VAR v R VAC IR vAC) (2.16)

0(212)000000000000 1000000000000 20000000000
gbobooboobooobooob1ooboon VI(I)DDDDD Vp, OO0 ;O 0O00go
00000000000000D0 200000000000 (2016)00000 (21700
gooooo

Hy = h2(92|§b2|:ﬂ/2(1) + U21) (2.17)

Ooo0oOoooooooooooDt+At00002000000000000000
goboobboooooobboobooobboobooobbg

225 0000000000

000000000000 00000+¢t000000 (2018000000000 0O0O0
gobooooog

vl LU >V, (2.18)

00000000000000000000N(VY4+U-V,) 00000000 F0O0
0000000 ¢0000000000000000 (21900000000

V(t) =V, —U (2.19)

0000 (218)000000000000000000000V@E#)=vEH®O000



020 0O0000O0O0O00OO0OO0bOOobOgn 13

023 00000000000000000000

23 U0OO0OOOOOO

goboooboogoooooobooobbooboobooboobooboooboobooboo
gbooobooogobobooobooobooboobooobooobobobooboooboo 200
0000000000000 00000O0ODODO0000O (0 23) 0000000000
gboobobbooboobobobobooboooboooobooboboboobaon
obooooooobooobooboboboboboobooooooooobDoobo LUToOoOon
gbbooooboobooobobooboooooobooooboboooboooboboooon
gob20000000000000000O000O00O00O0O0DOOODODODODOODODODO
gbooooobobooboboobobooobobbobooboboooboboooon
gboobooboooooboobobooboobobooboboooboobobon
goboooboooboooboobboobboobbooobbooboooboon
gbooboboobooooboobobooboboboboobooobobooo
00000000ooOo0O0O000O0ooooODO0 (0 24)000000000000000
gooobooogoboooboobooboboyobobboobobobooobooobooDbo
gboboboboboboboboboooobooboobobooooog



020 0O0000O0O0O00OO0OO0bOOobOgn

BEHEE )

FEWTERH R

024 000000000000000O0

14



15

30 tUbouotbotubotd

gboobodboboobobooboboobobobooboboboboboan
gboboobuooboboboboooboboooboboobooboboboobooonoon
gboobooboobobobooobooooooooboboboooboobooooboboaon
gbooboboboooboobooboobobooboboobooobooooobooan
gboobooooobobooobooboboobobooboboboobobobooobobo
gboobooboboobobobooboboobbooboboobooboboon
gboobooopoooboobobooboooboobobobooboboobooon
gbooobobobbobooboobobooobuooboboobbbobooboobon
00000000 [goUuoooooo0oo0o0ooo0oooU0ooUooUooUoooo
googoboooobooboobobooobobooobobooobooooboooboobo
OoooooooooooooOoOoooooo spPHOOOOODDOOODOOOOOOOO
gbboobuoobbboouobobbobuooboobobobobooboboboboaon
00000000000 0O0O0000OO0O00OOOOOO VUoOoOoooooooo
gboobobooboboboobooboboobbobobooobobooboboon
gbooboboobobooobobooobooooobobobobooobouoooboboooon
gboooboobooobobooobobuoobobooobobooobobooooboboaon
gbooboboobobooobobooooooooboboboooboboooobobaoon
gbobooboboobobooobooboboobooooboboboboooobon
gboobooboboobbobooobooboobooboboobooboboon
gbooboboooboboobobooboboobobooboboobobooon
gopboooboog



030 0DOooooooooon 16

\
X

e

TWEN

ERARN

031000000000

3.1 OJOooon

3.1.1 0O0d00Ogobod

0000000000oo0o00UoooO00U0UoD (0 3)0 Doooooooo

0320000 g 330000

(00)000D0D00D0D0D0D0D0D0D0D0D0D0D0D0D0D0D0DOoDOoOooooooOoOoODOODODOOO
0000000000000 000o0O0O0O0O00U000OO0OODOO0O00 (03200000



030 0DOooooooooon 17

0000000000000 000000O0O0000000O0OD0O0OO000OO (033) 000
gboooboobobooboboobooooobouoobobooboooboobooan
gboobooboboobooobooboboobobonoooobbobooboooon
gbooboboobobooboboobobobbooboobobooboboon
gbooboobobobooboboboboobobobooboobooobooon
gboobobooboboobobuooboboobobobooboboobobooon
goog

3.1.2 ODUO0bOOoobOOobObOOoboobooboono

gbgobodgbobooboboobooboobobuoobobooboboboan
gbooooooobooboboooooo v, oobbobooboboooooobooboon
0000000000000 (0 34(a)0000000000O00OOOOOOODOOOO
gboooboobooboboobooboobooooobobobobooboboaoooboboaoon
gboobooobooboboooboooboobooboobobooboooobobooan
ooooooooov, =00 34(0)00000000000O0O0ODO0OOOOOOOOO
00000000000 0O0O000D00O0O000oOD0OO (0 35())00oooooooo
gbooboooboboobobooboooobbooboboobooboobobooon
gogboogooboooboooboobboobboobooobboobooobooon
googbooboboooobooobooooboobobooboboooboooboobo
0000000000 0000ooUoO0 (O 35()b0o00ooooooooUoooo
0000000000000 0O000D0ODO (0 35(e) 000000000 0ODOODOOOOO
gobogbbogodgooo

3.2 0O0O0O0O0O0O0O00
3.2.1 0DOO0OO0OOO0ODOOO
0000000000000000000000000000000000000000

000 Vv;,00000000¢000000000000000000D0(0D000000)t;
gboooboobooobobooboboobobooobooboobooobobooooboon



18

030 0DOooooooooon

034 00000000000000000000O0






030 0DOooooooooon 20

U3l gboobooboobobobob

googn googn googo
00-)00 (000000 |0D000ooo

(

(00 )00 ooo ooo
(00 )00 ooo 0oo
(00-)00 |oooooo 0oo
(00 )00

g 36 0000000booooon

000000t 0 Ve, 000000000000 00¢00000000000000
gbobooobobobooobobobooobooobooob3si1bobboobooboboboooon
gbogboboooboobobboobooooobobobboobooboobobaaon
gboboobooboooboboobuoobobuoobobooboobobooobooon
00000000 O0O0OO0O0O0DO0O00O00¢O0O00000000000000000
gboobooboooboboooboboobobobobooboobooooboooobobooon
000000000000 (03.6)000000000000 oVy/t; 00000000
gboooboobobooboobooooooboobooboobooobooboboooon
gboobobooboboobobooboboboobooboooooboobobooon
gboobobobobooboboobooooboboboboooboobobooon
gbooobooboobooobboobooboooboobobooboboboobobobooo
00000000000 00o0oUoOooUooUoooOoo (O 370



030 0DOooooooooon 21

t+2At t+3At

U3 0oboboooobooooooooooonoon
3.2.2 UUOO0OO0OOOOOOOO

0000000000000000000000000000000000000000
0000000000000000000000 xO00O0000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000.200000 (3.1)0000
(0 3.8)0

pgw2cosh
V=

> 7] (3.1)

-

wOOOOOOOdOODODOODOOODOOODOOODOOp0DOOpO0ODOOODOODO
gboooboobooboboobooboboooooooboboboboooboobooboboaoon
gbooboobooobooboobooboboobobooboobooobobooan
0000000000000 000000000000000O0O0000O (390000
gobooboooooboobooobobooboobbooboooboo



030 0DOooooooooon 22

U 38 0bo0booobboobooonoboonbooo

1Y
0.8 \\
0.6 \
0.4
0.2 \

\
0 X
0 10 20 30

039 0000



030 0DOooooooooon 23

3.23 OUO0O0OO0ObOOOOOoOoOoboOO

D000000000000000000000000000000000000000
00000000000000000000000002000000000000000
00000000000000000000000000000000000000000
000000000000 (03.10000000000000000000000000
000000000 310000000200000000000001000020000
000000000 10000000001000020000020000003000
0 (0000 1000002000003)0000000000000000000000
0000000D00000000 200000¢000000000000 Vp, 00O
000000000000001000000000 Vi, (= Veuw,,)0000000 20

goobobooobobooboob 300boobon VoutﬂQ(:V; )yoooooooo

nftg

(3.2) 00000
VftQ (t) = VftQ (t - 1) + ‘/inftQ (t) - V;)utftQ (t) (32)

gbooboobooboboobobuoobobuobobobooobobtbabobgogon
goooOoOoOoOopUOOOOOOOOOOOOOOOOOOOOOOO (0 31)00O0a
gobobooobobooob200000xz000000000000O0DOO0OO0DOO0O
gboboobooobooboooboobooboo20bb0o0obo0oboooobo 2000
ooooopOOd0ODbOOOO0OO0O0OODOOOUOODODOO0OODOOOODODOOOOD
gbooboooboobooboboobooboboobooboboobooboboon
goboogoo

3.3 UuUuonooogd

3.3.1 OUOgoobobOogo

gbooboobobooboboooooboboobobooboboooobobobooan
gbooobooobooobobooboboobooboboooboobobobobooaon
0000000000000 00000O00o0o00O (0 3.12)000ooooooooo
gbooboboobobooboboobobobooobobooobobooboboon



030 0DOooooooooon

N

LNl
ZER]

EWREh2
{K /JILTL Q’E‘Fﬁj,\ﬁ\\Z

EWiiEns3

0 310: 00DOO0O

24



030 0DOooooooooon 25

0 311: 000000

gogboooobuoobobooobooboboobobooboboooboboobooooboon
gboooboobooboooboobooobobooobobbobooboboooboooobon
gboobooboboboobobooooooboboboobooboobooooboboaoon
gobooooogd

3.3.2 0O0OO0OOOO

gbobooboobobooobooboboogboobooboobooobooobooboo
gboooboboooobobooobooboooboobooooboobouooboooboooDo
gbboobuoobobobobooboobooobobooboobooboboboboan
gbogboboobobodobobboobooooobboboobooboobobaaon
O00yOOOOOODOOOOOOODODODODOOOOOOOOO (O 3.13)0



030 0DOooooooooon 26

‘\
EFan |
=

Z R

Vi At

0 3.12:. 0000

3.3.3 LUuuduobbbooodobbbuooboboobboooooobooo

goboobooboboogoboogoboobobooboooboobooboooboboo
ooooooooopoooooo (v—-V,) 000000000000 ooooooooo
oooooooove,o(V-V,) 000OOO0oo0O000000000000000000a4d
goo0o0o00o00oooooooooooooooooO ACcooooooBOOOOO
gooboooboobgoooboboobobooboboboobooobobobo BOODOD
00000 V000 AOBODOOOOOODO0000O0 Vou,,0Vow, 0000000 ¢tO
0ooooooovy,00000 (3.3)00000

Vig() = Vi (t = 1) + Ving (1) = Vout (8) = Vi (£ = 1) 4 Vout o (1) = Vours (8)  (3.3)

goooooooboooooboobooobbooobooobooooooboooboo NODDOOOOo



030 0DOooooooooon

0 313: 000000

27



28

40 UOootood

4.1 0OO0OO0OO0OOO

000000000000 0DOOO00OO00DOOO0ObOOO00ODOoOOnOoCcPU: Dual-Core
CPU E5200 250GHz 00 COOODOO0OOOOOOOOODOODOOOOODODOODO
goooboobooboboogobobobooooooboobooboooboobobbogDbo
POLHEMUS O 0O 3SPACE ISOTRAKIIOOOOOO0O0O0O0000000000000O0
gboboboo44i100000bo0oboooboboobooooboboboooooboboboon
gooobooobooboobobooboboooboooobbooobooboobobo
gooo

041 00000



040 0000000 29

00000000000 (042)00000000000000DOOO0OOOOOOOO
oooobooo 4300 44000000000 00000DOD0O0ODOODODOODOOODOOO
gboooboobooboboobobooboboboboobooooboboobobooon
gbooboboobobooobooboboooboobobobobooobobobobooon
0000000000000 000O0000DO00O00DO0o0O0On (04500 4.600 4.7)0

042: 0000000 (000000000000000000000000000000
ooo)

043 0000000000O0ODOOD



040 0000000 30

044 0000000000O0O0OODO

045 000000000O0O0O0ODOODOO



040 0000000

046 000000O0O0OOOOOOOOOO

47 00000000DOO00O0DOODOO

31



040 0000000 32

048 000000 (0000000000000000000000000000000
oo)

gbooboo480b00b00000b00b0ob0o0oobooboboboooobobooonDo
O000O00o0o00o0oo0o(0ooo0oU0oo0oUoO)b0UoD 49004100000
gbobogoboooooooboobobobobooboooooobobobuob 1000
goobooooobobobooooboboob 41100000DbO0ODOOODOOD
gbobogbooooooooobobobobobooobooboboboboobobog
gboooooboobooobooobooogooboboooboobooooboobooobooboooDoo
oboobo0obOo4.1200 41300 4140000



040 0000000 33

049 00000000000

0410: 00000O0O0ODOODO



040 0000000 34

0 411: 000000b00obooboobooon

0412 000000000 0O0O00DOOobOO0O0DOoOoD



040 0000000 35

0413 00b0obooboboobobobooboboobobob

0414 00000000000O000DOODOOOODOOD



040 0000000 36

0 41: 000000000000000000000000

googoooon gooooo
0000 ((@O000) | 000 104fps
O0oo(@ooo) 000 85fps

4.2 00O

gbooooobobooboboobooboboobobooobooboboboobogoon
obooobooooobobobooooo410b0d0gbooboboooooobobooon
O00O0ODOoOO0O00obDOoOoOoooD 1o-12fps000000O0DOOOOOOOOOOODOD
gbooboboobobooobgoooboboobooobboobooboobobooon
gboobobooboboboobooobooooboboboboobobooboooon
gbooboobobobobobooboooboobobooboboboboobon
gobooobobooooo

googbboooboboooboooobooobooboobooooboooobooo
gboooboboboobooooboboooooboobobooobobooboboooog
gboobobobuoobobobooboboboboooboboobobobobuoobab
gbogbobooboboobobuoobooboobobooboboobobaan

goboodoboooboobooobbooboobboobooboo 2000000
e JUIDDOOO0ODOODDOOODOODLDODODDOODLO
e NUUDOOOODLDOUOOLOODLDDOODLOOOO

o0o00o0o0o0o0O0O 7 (0000000000000 O)YD0D0D0O0 40000000000
000)0000 1 (0o0boo0obo0oo0o)oo07ooO0o0OoOo0DOOOOOOO
ob200008000000 41504160 000000D0DO0Db0ODbDObOOObOOOOO
gbooboobobooboboboobooobooboboooboboobobnoobo
gboobooboboooboboooboboobobooobooboooboobbboooboDbo
gbooobooboobooboooobooboboooboooboboooboooboobo
gboooboobobboooobobooboobobobobboobobooobobooDo



040 0000000 37

RIRHETO MRS & 0 s

Fi )

]

5 -
ﬁ: | WRLRETN
< 2: I ZIM$%¥m

i -

. 11 I ]

1. 2 1 4 H B T

A

0 4.15: 0000000000000

RIEF DA A—T T DA EN E DL
g

&

5.

4. e o
= Bt e T
< d | B Sep et

2.

1 |

0

1 2 3 4 H B T

il 53

0416 0000000000 OOOOOOOO

gbooboobooooboboobobooooobbobooobooboboooboboo
gooobgo



38

st o

gbooboboobobobooboboobobooobooboboboooboon
ggbooooboobbooboboobboobbodobobooobboobooboooboon
gbooboobooboboooboobboooooboboboboooboobobobooon
gboobooooobooboboobobooboboooboobobooooboboan
gbobooboooboboobobooboooboboobobobooboooobobooan
gbooboobobobooboobobbooobooboooboboboboboooobon
gboobobooboobobooboboobobooboboboobobobon
gboobobooboooobgoobobuooboboobobooboobobooo
googobooogoboooobooboboooboooobooobooboobboDbo
gbobobobobobobobooob

e JO0UDUIDUODODUODODODUODODODODODODUODODO
gboobooooooooboobobobobobobooobooboobobobobob
gboobooooboooooooooooooogog

e NOUDOOODODOODLOODLDODODOODLOODnOO
gbobbooobooboobbooboooboboooboobooboboooobooboooonoon
gboboobooboboooboobooobobooboobbo

oooobooogobboo vrROODODOOooooboooobooooboooobooo
gobooooboooboooboobboobbooboooboooooboooboboon
gooobooboooobooobooooboboobooboobo vVROODOoooooo
gobooooooooon



39

HEN

gbooboboobobooobobooboboboobooobooboboboon
goboobobooboooboboobobooobooboobooboboobobooo,gooo
gboooboobooboboobooboobobooooboboboboooboboooboaoon
gbooboobooboboobobboooooooboboobooobooboooobooboaoon
gbooboobobooobooobooboobooboobobooboobobooon
ooboooogoogo



40

oo

(000000000000 00000OOO0O00O00000UOUOOUDOOOOO
‘“O000000oboobor"obboOoOobo2o100

[2/0000,0000,0000,00000,0000,0000,00000000
0000000000000000000000000000000000007,00
000000, Vol. 2, No. 1, pp. 8-14, 2003.

[3]X.Guo, J.Hua, H.Qin, “Touch-Based Haptics for Interactive Editing on Point Set

Surfaces”, IEEE Computer Graphics and Applications, Vol. 24, No. 6, pp. 31-39, 2004.
[4]00 VROOO http://www.jsmvr.umin.ne.jp/

pj0000000000O00LOO00C0O0O0DOO0OOO0OOOO0D“DbOOoOOoDO
oboboboboboboboborobobOobobonvols, No.2, pp.0159.

[6] Tobias Pfaff, Nils Thuerey, Jonathan Cohen, Sarah Tariq, Markus Gross, “Scalable
Fluid Simulation using Anisotropic Turbulence Particles”, SIGGRAPH Asia, 2010,
ACM Transactions on Graphics, vol. 29, no. 5, pp. 174:1-174:8.

[7]Byungmoon Kim, “Multi-Phase Fluid Simulations Using Regional Level Sets”, SIG-
GRAPH Asia, 2010, ACM Transactions on Graphics, vol. 29, no. 5.

BDoo000000ooooUooo“Co0o0oooOo (), 00oo, 1993.

[9]Matthias Muller, Simon Schirm, Matthias Teschner, “Interactive Blood Simulation
for Virtual Surgery Based on Smoothed Particle Hydrodynamics”, ACM Technology
and Health Care, Vol. 12, No. 1, pp. 25-31, 2004.



41

(10)0000,000,0000,0000,0000,“0000000000DOO0OODO
O0O00O0Ooooor»,000DbD0000000oCcOo0o1oboobOo, pb49-pb552, 2005.

[11]Frank Losasso, Jerry O. Talton, Nipun Kwata, Ron Fedkiw, “Two-Way Coupled
SPH and Particle Level Set Fluid Simulation”, IEEE TRANSACTIONS ON VISUAL-
IZATION AND COMPUTER GRAPHICS, VOL. 14, NO. 4, 2008.

[12]Markus Becker, Hendrik Tessendorf, Matthias Teschner, “Direct Forcing for La-
grangian Rigid-Fluid Coupling”, IEEE TRANSACTION ON VISUALISATION AND
COMPUTER GRAPHICS, VOL. 15, NO. 3, 2010.

[13]Kenji FUNAHASHI, Yuji IWAHORI, “Representation of Swinging Liquid on Vir-
tual Liquid Manipulation”, ICAT2001, pp. 179-184, 2001.

(4 0000,0000,“000000000000000O0O0OOOCODOODODO
ooO0”0019000000000000000, 2008.

(15)000,0000,“0000000000000000O0DOO0DODOOODOOO
obo”00200b00b00b0obooboooon, 2009.

[16]Yuki Natsume, Andreas Lindroos, Hirotaka Itoh, Kenji Funahashill “The Virtual
Chemical Laboratory Using Particle and Volume Based Liquid Model”0 SCIS & ISIS
2010, pp. 1354-1359

[17]Shunsuke Miyashita, Kenji Funahashi, “Envelopment Surface Rendering of Falling
Water for Particle and Volume Based Virtual Liquid Manipulation Model”, NICO-

GRAPH International 2011, P02 (CD-ROM)

[18)0000,0000,0000,0000,¢000000000000000000
O00”, 0000000000000, No. 23, 1983, pp. 71-79.

[19]Matthias Muller,David Charypar and Markus Gross“Particle-Based Fluid Simula-

tion for Interactive Applications”, ACM SIGGRAPH Symposium on Computer Ani-



mation (SCA) 2003, pp. 154-1509.

42



43

guougod

1. 0000,0000,0000,“00000000000000000000000
0000000000007, 000000000000000 1500000000,
3C1-6 (DVD-ROM), 2010

2. Yuki Natsume, Andreas Lindroos, Hirotaka Itoh, Kenji Funahashi, “The Virtual
Chemical Laboratory Using Particle and Volume Based Liquid Model”, Proc. SCIS
& ISIS 2010, pp.1354-1359

. 0000,0b000,0000,“00b00boboOOooobooOobO0oLobobOOoOoOoboDo
00007, 000000000000000 1600000000, 32C-7(DVD-ROM),
2011 O



