. HOKKAIDO UNIVERSITY

Title AVE1=9 75714y I RICHEITBMEMIRDOEDREERICET 2%
Author (s) KT, =
Degree Grantor biEEKE
Degree Name B (FHRRF)

Dissertation Number HE117635

Issue Date 2015-03-25
DOI https://doi.org/10.14943/doctoral. k11763
Doc URL https://hdl. handle.net/2115/58916
Type doctoral thesis
File Information Katsutoshi Kusumoto. pdf

kaid
e U"/Le

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




good
N
goboobooooobtooobobbtbooobobibod
ooobgooon

O Oo0o0o0oo0oo0oo0o0ongdd

oo ooooooooon
goddoooooogd
U
oo o



B.1 [ o U

B.3 target shape OO OO O] . . . . . . . o v v v v v i e

40 oooooooooooonrnil

g.1 OO0 . oo e e e e e e e e e e e
©.2 OOO0000000000000000. « v oo oo
3 000000 0ao00o0o0aaooonal ... ...

10

12

14

14

17

20

21

25

37

39



5[] ninininininininin]l

b.1 |
b.2 00000000000 . . . o oo e e s s s
p.o target field . . . . . . . L Lo
b.4 00000000000 .« v v oo e e e s s s

6.1 |
6.2 OO0000000000000 « v« v v v v e oo
p.o target field . . . . . . ...
6.4 OO000000000008. « « v v v e v e e e e e e e e
6.5 [ o U

OO ool

i

51

o1

52

53

o4

59

64

66

66

70

75

76

7

78

84

86

88

89

94

94

94



aininiainininl

aininiainininl

nininininininl

Doooool
OO OO

nooooool

iii

95

95

96

96

97



HRERN

.1 T 2
.2 e 3
R.1 goopoopoooonoonooooooooonl. ... 10
B.1 OO0O00O000000 .« ..o e e e 15
B.2 OO0000000000000 « . v v v v e e e e e e e e 18
B.3 OO000000000000000 . .. ..o 19
B.4 target shape DT OO« « « v v v v v v e e e e e e e e e e e e 20
B.5 0000000000000 000 . ... 22
B6 0000000000000 0001 .+« v v v v v v e e e e e e 23
B.7 POOOPIOOOOOOOlN. o .o o e et e e 25
B 00000000000 0001 v v v v e e e e e e e e 28
B.9 OO00000000000001 « .. v v v oo e e e 30
B10 0000000000000 00001. v v v v v oo oo oo 33
B.11 OO0000000000000000. ... ... .. 34
B12 0000000000000 « . oo v v oo oo 35
B.13 T 35
B.14 000000000000 000 « . v v v v oo e e e 36
U1 OOO0OO0O00. . . e e e e 41
7 o o o U 47

iv



B4 000 @0000000) . « o o oo 49
b.1 000000000000 00001 .. ... ... ..., 52
5.2 target field DO O] . . . . . o o v oot e 54
5.3 OO0 - . e e e e e e e e e e 55
b.4 [ 56
b.5 OO0000000000001 « .0 e e e e e Y
b.6 | 58
b.7 000 target field . . . . . . oo oo 61
b.8 L. | 61
5.9 000 target field . . . . . o o oo 62
b.10 2: | 62
b1l 0000000000 target field. . ... ... ... ... ..... 63
b.12 3: | 63
6.1 OOOOOO00000 « . v v e e e e e e e e e e e e e e e 66
6.2 o O 67
6.3 OO00000000000000] .« .« v v oo oo e 69
6.4 | 70
6.5 [ O 71
6.6 [ 72
6.7 OO000000000008. « . v v e e e e e e e e 72
6.8  O000000000000001 ... ... ... ... 74
6.9 target fleld DO O OO]. . . . o oo v oo vttt oot 75
6.10 | 78
6.11 OO0 T ..o e e e e e 81




6.12

vi



HRERN

B.1 OO000O000000000000 « v v v v v oo e e oo e 27
B2 0000000000000 00000000 ... .......... 27
B.3 OO000O000000000TH « v v v v e e e e e e e e e e e 30
g1 OO00000000000000 « v v v v e v e e oo e e e 47
6.1 OO000000000000008 « « v v v e v e oo oo 79
6.2 O000000000000000000 « v v v v v .. 79

vii



010

BN

000000000U0oOU0oOUDO0OD (0oCG)UUUDoOOoUoooooooo

goboooboobobooboooboobboobbooobbooboboobobo

1.1 O0oOoOd

00000000000 0000000000000O0oooooD CcGOooooo
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobboobboobobo
0o00o00o0ooOooo GUI(DOD0OD0OD0ODO0ODO0OO0ODOU0OD)D0DDUoOUOo
0000000000000 00O0o CcGUOOoOoDOooOoOoo0OUoooooogog
0000000000CGOOO0O0000000D00O0O0O000N0n00onooO
0000000 000oo0ooooooooooooooooooooog CcGoo
00000000000 CGOO0O00000U0D0OoOO0O00oDoOonooO
goboopoboobbooboooboobbooboooboobobooboobo
ooboooboobobo0obooobooboboobbooobboobobooobo
gobogopoboobbooboooboobbooboboooboobboobobo
ooboooboobobo0oboooboobboobbooobboobobooobo
gobogoboobbooboooboobbooboooboobboobobo

goboooboobobo0oboooboobboobbooobboobobooobobo



()00000000 (h)DODOOOODODOO

01l1 OoOoooooo

00000000000000000000000000000000000000
0000000000000000000000000000 [§][m)eemo o0
0000000000000000000000R 0000000000
000000000000000000000000000000000000
000000000000000000000 0 0000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000 CN(h) 0000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
0o0oooooo
0000D000000000000000D0000000000000000
0000000000000 00000000000000000000000
0000000000000 0000000000000000000000

gobooboobobooobooooboboboobuoboooboooboooo



012 000000

000000000000 000000000000000000000000
0000000000000 000D00000000000000000000
00000000000 0000D00000000000000000000
[12] [22] 2] [9] [6] [20] [2:1] [26] [34] [35] [8R][R9]0 0 0 0 000 00000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00ooo0ooooo

0000000 0I2(e) 0000000000000 0000000000000
(b)) D0000000000000000A()000000000000000
0000000000000000000000000000000000 CGOO0
00000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000000000000000000000000000
00000 PR 0000000000000000000000000000000
00000000000000000000000000000000000000

toboobooooboooooooboooooooooboboobooooobooOooon



oooboboboboooooobobbbooooobobboooobobobooooooo
goboopoboobbooboooboobboobooobooboboobobo
ooboooboobobo0oboooboob0boobboobboobobooobo

goboogobooboboobbooboooboon

1.2 OO0OO

gogoooooooooooobboboobbbbbbbooooooooooooon
gobooboooboobooboboobboobboobobobobooboobooo
ooooo0oooooboOobOoo0oDOOoUobO0 1vogboooobboooooooDo
ooo0o0obooboooobOoob0oobooooolooobooboboOooooo
00o00000o0o00o0o0oU0oU0Oo00o00O0 (COoDUOO0ODO0O0D)UDO0OO0OO

b0 3000boboboboboboo

e JOOODLDDOOODOO
e JOOIDDOODOO

e JJ0OUD (UOLDOOLOLODUOD)LOOLOOCOO

tobooooboooboooooobooboobooooobbooboobooooboooobooboOooon
oobOooobooobooooo3boooooobobooobooooooobooobooobooon

ooo0oo0obooobo0obobooboooboon

121 0O0DOODOODOOO

gobooobooboboobbooobooboboobboobbooboooo
gobogpoboobbooboooboobbooboboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo

goboopobooboooboon



ooboooobooobo0obbooobooboboobobooboboobboooo
gooouooooobgoooooooobobbbbbbbboooooooogoa
oooooooooobobbooobobbbbbbbobbboo0o0o0ooooooo
gobogpoboobbooboooboobbooboooboobbuoobobo
(00)0D00DO00DO0O0ODO0O0ODOO0OOD0OODO0OODOODOOODOOODOO
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpoboobbooboooboobbooboboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo
gogoboboooooooobboooooobobboooobobboooooobooo
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
goboopoboobbooboooboobbooboooboobbooboobo

ooboo0obo0obobo0obooobooboboobooo

122 O0O0OOOOODOO

oobooobooboboobbooobooboboobboobbooboooo
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpoboobbooboooboobbooboboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobbuoobboooboobbuoobobo
goboopoboobobooboooboobboobooobooboboobbo
gobuogpobogbbooboooboobbooboooboobbuoobobo
goboopoboobbooboooboobbooboooboobbooboobo

uoboooooooboboobooooobooobooooooo



ooboooobooobo0obbooobooboboobobooboboobboooo
oooboooboobobuooooboobooooooboobobouooooob200n
00 1000000000000 bO0bOO0ObOODOO0oD0o0OD0OoDbOUOobOobOooOOoDO
gobogpoboobbooboooboobbooboooboobbuoobobo
goboooboobobo0oboooboobboobboobboobobuooobobo
goobobobooooooobboooooooboobbooooobboooooooDoo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpoboobbooboooboobbooboboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo
goboopoboobobooboooboobboobooobooboboobbo
gobuogpobogbbooboooboobbuoobobooboobbuoobobo

goboopoboobobooboooboon

123 00000 (DOODO0ODOUDDOOOOO)0DOOODOOO

goboopobooboboobooobooboboobbooboooboooo
goboooboobobooboooboobboobboobbooboboobobo
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobboobboobobo

gobogpoboobbooboooboobboobbooboooboonn
goobobobobooboboboobobobOobOoboUoboooo2o0O00O0 o001
gobuogpobogbboobuoooboobbooboooboobbuoobobg
goboopoboobobooboooboobbooboooboobobooboobo

tobooooboooboooooobbooboooobbooboobooooboooobooboOooon



ooboooboobobo0oboooboob0boobboobbobobooobo
goboopoboobbooboooboobboobooobooboboobobo
ooboooboobobo0oboooboob0boobboobboobobooobo

gobogopoboooboboooo

1.3 00OOog

O000o0ooooooooooooooooooocGooooooooood
000000 CcGUU0U0oooooooooo0oooooooooooooogg
oobood0obOOopO0DOOO0O0OCO0O0ODOODOOOODOODOOODOODbOO
goboooboobobooboooboobboobbooobbooboboobobo
ooooboobOoboOooboocgOOoO0oOoO0bOOoOob0OoDOobObUobOObDOoOobODo
0agd00o0d0BU00OO0U00OOO0ODOOoOOOO0OOUODOOoDODbOOOODOoOoDn
gobogpobogbbooboooboobboobboooboobboobobo
obobobobobobeO00OODOOO0OOUOOUOOOOUOOODBOODOODOO
0 (D000o00o0o0D)000o00o0oU0o00OoU00DOoO0oUODLOOoUoOO@Oo

goboopobooboooboobboonbooo



] 20

oo

gobogobooboboobooobooboboobboobooobooonoo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpoboobbooboooboobbooboooboobboobobo

goboooboooboon

21 00000000

0000000000 0ONavier-Stokes 000000000000 ODOODODO
Navier-Stokes 0000000000000 COO00ODOOOOOOODOOOOOO
0000000000000 ooCGoOo0oOOoDooo0oooooooooog
gobuogpobogbbooboooboobbooboooboobbuoobobo
goboopoboobobooboooboobboobooobooboboobbo

000000000000 Navier-StokesDOO 000000000000

) 1
8—‘: = —(u V)u—_Vp+ vV + f (2.1)

V-u=0 (2.2)
0 (En 0000000000000 0o000oo0o0oo00oo0o0ooooUooo
0 (e2)0000000000000000O000DO00DOO0DDOO0ODOO0ODOOD

ul000t0000p0000p 0000000y ODOOOOODOOO (0O

0000000000000 000D00000000O00DO0O0O0D0OOOD (em o



oobob40000000000DO0DO00O000DOODODOODODOODODODOOO
goboopoboobbooboooboobboobooobooboboobobo
ooboooboobobo0oboooboob0boobboobboobobooobo
gobogpoboobbooboooboobbooboooboobbuoobobo
0000 (eE2)0000000000000000000000ODO0O0ODOOO
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpoboobbooboooboobbooboboooboobboobobo
goooooooooboboobbobbbbbbibooo000oooooooooo
0000000000000000 Navier-Stokes 000000000000 00O0O
0000000000000 000000000Navier-StokesOOOODOOOODO
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
0000000000000 000000000000O0O Navier-StokesO OO OO
00000000 19900 Stam 000000000 B70Stam 0000000
oboonOO0O0O0OO0O0OO0O0OOw, 00 n+1000000000 uw,x 000000
O O Navier-Stokes 0 00000000004 00000000000000000
gobogobgoon

Stepl: 000 v, 00000000000000000000000uw, 00000
gobooobooobooboboooboo

Step2: 000 uw 00000000000000000000000w200000
gobogpoboobbooboooboobbooboooboobboobobo
gdvOoOboObObObOOO00ooooobbbbbboooovbobbbboog
gobodgbbooboooboobobooobogn

Step3: 000 u,%DDDDDDDDDDDDDDDDDDDDDDDU%DDDDD
gobogpoboobbooboooboobbooboooboobboobobo

goboopoboobobooboooboobboobooobbooboboobbo



oobooobboooooboooobobbooooboboooobbooobooooo
goboopobooboobooobuooboboobboooboooboboonbobo
Step4: 000 uflDDDDDDDDDDDDDDDDDDDDDDDuﬁDDDDD
goboopoboobboobooobooobbooboboooboooboooobg
gobooobooboboobboooboobboobboobboobbooobog
gobooooboooobad

gobooboobooo quD n+1000000000w,, 0000000000
gobogoboobbooboooboobboobbooboooboonoobag
goboooboobboobboooboobobooboboobbooobbooobo
ooobobobobobobobobobobuboboboobDobDobDoobDoo

goboobobooboooboooo

22 O0O00O0O0OOODOOOO

() (f) ()

021 0000O0O0O0OO0O0O0OCOOOOOOCOOO0O

goboopboobooobuoobboobooobooboboobooooobag

10



0000000000 eEnoodooooooooooooooooooogggo
Foster 0 Mataxas 000 0000000000000 OOOOOODOQOembedded
controller 00000000000 0ODOOOOOODOOOOOOOOOOOOOO
000000 00000000000 00000O000DOoOO0OODoOoOO
000000000000 00000000000000000WittingOODOOO
0000000000000 20000000000000000000000
0000 @mooo00000000o00oo0oo0ooo0ooooooooooo
0000000000000 000000000000 Prince of Egypt 00000
000000000 0D0OQOO0OLamorlette O O O parametric space curve 0 0 00O
00000oo00ooo00ooDooU00oooOoU0oOobOU0OooOoooooOoUoooDO
O000000o0ooooo0o0oo00oooooooooo0ooooooooood
0o0o0d00oooooooo0o0odoooooooooOodooooooooood
030000000000000D0DD00000000000oDoOoDoOooOoOogg
0000000000000 000oooooooooo0oooooooooOod
O000000o0ooooo0oo0o0oooooooooo0ooooooooood
O000000Treuille 00 0000000000000 OO0O0OOOOOOOOO
00000000 BY(0C E(e)00000000O0OO0O0OO0ODO0OOOOOOOODOO
0000000000000 000000oooooooo00ooooooooood
O 0 0 O Continuous quasi-Newton optimization 0 0 0000000000000
0000000000000 000000o0oooo000ooooooooood
000000000000 00000Trewille0 0000000000 0ODODOOOO
000000 McNamaraOODOOOODOOO [28)(0 EN(h) DO OODOODOOOO
0000000oooooooo00oUooooooooodoooooooooDOod
ODO0000OFattal O Lischinski OO OO0DO00O0O0O0O0O0OO00O0O00OO0OOOOO0O
0000000000000 0000000000O @D eEI(e)DOODODOOD

driving force term 00 00 0000000000000 0O00O0ODODO O Ogathering

11



tem 00 000000000000000000000000000000000
000000000000000000Heng O KimO0OOOOOOOOOOODO
00000000000000000000000 [16)(0 EN(d)00000000
0000000000000000000000000000000000000
00000000000000000ShO0 YwO0OOOODOOOOOOOOOO
00000000000000000000000000000 [34]35)(0 23(e))0
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000 Thierey 0000
0000000000000000000000000000000000000
0 [8%)(0 E3(f)0000KimOOD0D000000000000000000000
00000000000 [23)(0 El(g)00000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000

goboobobooboooboooo

23 U0O0OOODDOOODbDOObDOOO

CGO0O000000D000000000D0000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000 [@0)mR|EEooo000000

000 [23)[@[6)[@]6E)e4000000000000000000 [m9eRo00000

12



00000000000 BRO00O0000O000DO0O0O0DOODOODOODOO
goooooooobbobbooooboodbboboo0ooooooooga
ooooooooooooooobobbbbbbooo0o0o0ooooooooooobo
goodoooooooooooobobbobbbooobbbbooooooooa
gooodoooogoooobbbbbbooooooooooboooooooOoo
goobobobbooooooobobooooobbbooooooobbbooooooDoo
KajiyaODO CGOOOODODOO0OODODOODOOOOOOODOOOOOOOOOO
0000 RUO0D00D0000000000O0O0O0ODO0O0ODOOODOOODOOOO
O0ODobashiDOOODODOOODOOOOOO0OODOOODOOODDOODOOOOO
0000000000000 00 BDOD0ODO0O0O0O0O0DO0OODOODOODODOO
O0000000000oo00o0o0oo000ooooonDooMiyazakiOOOCML OO
0000000000000 000000O00O00OU0ODO PEODLOODODOOD
goboopoboobbooboooboobbooboooboobbooboobo
OoooooooCcMLOOOO0OO0ODOOOO0O0OO0OOO0O0O0O0OooOoOOoooooog
gobogpoboobobooboooboobbooboooboobboobobo
0000000000000 0000MiyazakiOD 2700000000 Stam O
gobogoboobbooboooboobbooboooboobboobobo
0000000000000 pA00000D000D000O0O0DO0O0DO0O0DO0OO0OO
gobogpoboobbooboooboobbooboooboobbuoobobo
oobooboooboboobuoobboooobooboobboooobooo
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo
goboooboobbooboooboobboobbooobbooboboobbo

goobogo

13



0 30

Juoougdoogd

gobogobooboboobooobooboboobboobooobooonoo
ooboooboobbooboooboobboooboon

oooooooodbooOo0o0oboU0bOO0goooboobobooDbDOobobOoDOoo
o0o0ob0obO0oobOobOUo0osE2U0b0b0bobooobooboobooobOoooo
ooo00oO0OB300o0bobDOooooooooobooboobDobOsloOoooon
ooo0ob00obOo0obOobooobOobOOoobUoooobooboooEmOooobOoo

goo

31 00000O0O0Oooono

gogogobbuoogooboobboooooobobbooooooboooood
0000000 MiyazakiDOOOOOOOOOOOOD [ O00D000O0OO0OOOO
0000000000 B7 00000000000 DO0DO0O0O0O0UOODODOO
0o0gaooooooooooooooooooobooooooooooogoooo
000000000000 000O000000O00D000D (0BMe)DODOOO
gobogopoboobobooboooboobbooboooboobboobobo
0000000000000 0000O00oO0O0 (0BMb)DOoOODOoDoOooOO
00o000000O00oO0O0O0O0OU0OO0O0D (Do)ooooooo (o

Bl(c))D0DODO0DOD0ODOOD0ODDO0ODODO0ODODO0OODO0OODOODOODOODOO

14



g
\ 2200
\ rRGH W\ W, JIESUIEE o O Y

e winaese

031 00000000

00000000000000000000000000000000000
000000000000 O00000000000000000000000
00000000000 N, x N, x N,00OOO0O0ODO00000000000
00000 u= (v,v,w) 000 p0 00000 ¢0000 ¢000TO00000
00000000000000000000000000000000000000
000000000000 00000000000000000000000000
00000000000000000000000000000000000000
000000000000 00000000000000000000000000
00000000000000000000000000000000000000

goboogpobooboooboo

311 0DOO0O0O00oDooon

goboopoboobooobuoobbooboooboobbooboboooba
goboooboobboobboooboobbooboboobboobbooobog

000000000 Navier-Stokes OO0 O O0OO0O0O

ou

1
E:—(u-V)u—;Vp—l—l/V2u+B+f (3.1)

V-ou=0 (3.2)

15



0000¢t0000p0000000v000000000BOOOOfOOOOOO
0000000000000000000V =(9/8z,8/dy,0/02)00000 ()
0000000000000000000000000000000OOOooon
000000000000BOfOOOOOOOOOOOOOO0OO00O000000O0
PI0000000000000 (32)00000000000000000000
000000000 (B1)00 (B2)000000000000000000000

0000000000000 00000 BEN0Do000 BOOODODODODODOODOOO

T-T,
B =k ——""7_ gq.2 (3.3)
Tamb

00007,y 0000002z0000000000000k,00000D00g¢g0ODO
ooooooboooooo 1,,,0000000D000O0O0ODOO0OO0OOOOOO
000000000000000000 B3)00000000O0O0OO0O0ODOOO
gobogpoboobbooboooboobbooboboooboobboobobo
oobooooboooboo
gobogpoboobbooboooboobboobbooboooboonbn
goboopoboobbooboooboobboobboooboooboboobbo
0000000000000 £, 000000000000000000000

000000 (oo

V|
w=VxuN= (3.4)
|V]wl]
feons =e(N x w) (3.5)
ob0e00d00D0O0OODODOODODOODDOOn
uob e UOO00OO0OD g, UDOO0O0D00O00O0O0O0DO0O0O0bO0O0OnD0n
9qc
=—(u-V)g. +C. 3.6
0~ (V) + (36)
¢y
T = —(u-V)g, — Ce+ 5, (3.7)
ot
Ce = a(qw — qs) (3-8)

16



ooooc.000ooooooooooooosS, 0000ooooooooOoggo
cl0000000000DODODO «cO0O0O0O0O000O00oOooooooDbDbbDDbDbD
0000000¢; 0000000000000 B™O@E@oO000000oooo
oooo0obO0o0oOo0o0oOo0oU0ooOOoO0ooOoOooOobboOboboOobooUg gsooo TO
gobooooboooboon

qs = min(Aexp(=B/(T + C)), v + ¢c) (3.9)

Oo0o0A0BOCOOOOOOOUOOOODOOOOOOOOOOOOO
goboogobooboboobbooboooboon

a;; =—(u-V)T —Tqv, + QC. + St (3.10)

ooooly,OooooOoooUOOOoDOoOooSrOOoOOOODOOOOOOO
(Em 000000000000 000000000000DOoD0ooDoooUoOUD

gobooobooboooboooboo

312 00OO0OO0O0OD0OOO0

gobogpoboobobooboooboooboobboobooobooonoo
o0o0Oo0oo0oobOobOobDO0ooboobOobOooDoobOOob onobooobobOoo
gobogpoboobbooboooboobbooboboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo
goboooboobbooboooboobboobbooobbooboboobbo
gobogpobogbbooboooboobbuoobboooboobbuoobobo

gobooopobooboboobooobuoobbooboooboooboo

32 00O0O0OOOoOoooooo

ooooooooooooooobooobooboboobobooooE@muoOoogoo

goboopoboobobooboooboobboobooobooboboobbo

17



KERDAN

KET G

target shape

&,
SBEGI S S

/T\“%‘/:/wl/?»r-—;l/ N
lIc&B5h -

FBERDIEN

032 0000000000000

0000000000000 00O0O0O0 target shape0 000000000 Otarget
shape 000000000000 DODOOOOO0O0OOODOODODOOOOOODOD

obobobobobobobooooboobooboUoboUo 200D0ooDOooOooOooOoo

e JUUOD0OD:DOODDOODOO
target shape 000000000 0OOOOOOOOOOOOOOOOOOOO
gogooobobbobbiooooooouooooobbobbboobbbooo
target shape OO0 0000000000000 OOOOOOOOOOOCOOO
ooobobooooboooobboooobbbooooobboooooooo
goboooboobbooboooboobbooboooboooboboo
OO0000000D0 target shape 0000000000 DOOCOOOOODOO
gogboooboobobooboooboobboobooobooobobOoo
oboboboboboboboboobooboobooooooooooooon

gobooobdoobobooboooboobboonbooo

e JII0OD: DDO0ODLLOOODOODDOODO

target shape 000000000000 0ODOOODOODOOODOOOOOOOO

18



oo0odo0ooooooooOodgoooooooobooOooooooooD
OO00Otarget shape 000000000000 COOO0O0O0OODODOOOO
target shape D0 00000000000 OD0OODOO0OODOO target shape

goboopoboobooooboooo

EQarvrO—LYIal—vay —
- KREFREETILOVZaL—Y3 Y
~RTFUI XL T4—ILRIZK D5 N

- BEMREOFE

- KEKBIEE O HITE

l

o T4—FRyH
E0B S O

rmEE e e e E e e e e e e, e, - . —-——-——--

RIEEMRIRDER

S e e e e e E m E e E e mE e m e m e m e — e — e ——— =

...............................

033 00000DOOOoDOoOobooooon

000000000 B3000000000000000000 target shape O
0000000000000 0D0000000D0000000 target shape O
000000000000 Otarget shape 0000000000 OOOOOOOO
O000000000000000 target shape0 000000000 ODOOOOO

goooooooooobbbbbbbooooobobooooooooooogg

19



obobobobobobobobobobobobobobOobobOobOobDon
0000000000000 00O0O0Otargetshape0 00000000 OOOOO

ooboooboobooobooboboobooo

3.3 target shape 0D O OO

T2al—avEM FLRESTCFER

FTE DR

) —EiE

— T—ILFER |

Ry )=

(b) WA

0 3.4 target shape 00000

O0B200000000 target shape OO0 00000000 OOOOOOOOOO
0 0000000000000 0O000O0 300000000000DO0000O
goboopoboobbooboooboobboobboooboooboooobg
0000000000000 000D000000000000BA(e) 000000
gobogpoboobbooboooboooboobobooboooboooobag
goooooooooobbbbbbbooodoooooogoooobooobog
0O000BA(G)ODODDODDODODOODDODDODODDODDOODOODDOODOO
goboooboobboobobooobooboboobboobbooobbooobo
0000000000000 30000000000000000 IgarashiOOO
0 [@000000Igarashi0000000200000000000 30000

oooooobooboooooooboboo3oobobooooooboboobooooDboboDbOoo

20



oo0o0oooO000bO ybOoooOooDOOODDOODDOODDODOODDOO 30
0000 target shape OO0 OO0 0OD0OO0OO0OO0O target shape 00000000

ooboooobooboboooboo

34 000OOOOOOOO

oobooobooboboobboooboobobooboboobbooboooo
O0000000Otarget shape 0000000000000 ODOOOOOOOOO
0000000000 0000000000000 00D00D0O000OdOtarget shape O
oooooooOobooO0obo0oDOobOOoOoOoU0oOOoDO0boOobOUbOODOo ROOO
000000000000 RO 10O000DDOOOO0OO target shape OO0 OO
ooo0oo0oobOoboooooobDOoDbDO0bDOobDOobDOoUob0Oo ROoOOOOODOO
goooooooo (4,4,00)00000000RODOUOOOOODOODODO

R(Za]) = HC(Zaj)/Hta’l“get(Za])7D (Z = 1> 7N13a] = 17 7Ny) (311)

O0O00H.(i,j) 000000000000 0O00O0O0OOO0ODOO0OOOOOOO
00O Hiarget(i,5) O target shape D00 0000 He(i,5)0 Hegrger(i,7) 0000
ogooooooooooouooooboooao
goddooooooobooooobooooboooobooooooooon
dodo200000000000000000O0O0DOO000000000O00O0OO
O00D00OD00ODOtarget shape 000000000000 0OOOOOODOODODO
goooooboooooboooooboooooooooooooboooooooa
Odoooooooobooboooooooooobooooooooooooooa
ddoooooo0o0oddddooooooboo0o0 ROOOUOODUODOOoODoDDOOO
0 Q0 B:ED)DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
0000000000000 0 QUOO0U00O0D0O0ODODOoDOooooOoooOoon
Oodoooboooooboooooboooooooooooooboooooooa

0000000000 (4,4,0)00000000 Q.(4,j) 000000000000

21



00000000000000000000000000000000000000
00000000000000000000000000000000000000
000000000 ROOODOD target shape 000 0000000000000
00000000000000000000000 S.(,j)00000000000
00000000000000000000200000000000000000
00000000 PIDODOOOOO (153200
0000000000000000000000000000000000 target
shape 00 0000000000000 0000000D00000O0O0O0O0000OO
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000

gopbooooobgd

341 0D0OO0OOODOOODOOOOODO

EREFBHRODIEE HODIT VT IR

RANHIZE — ——
R v IV714—IVF

035 0000O00000O0C0OOO0O0O

gboboboboboboboboobooboooboooboobooooboooooooon
0000000000000 000000000000 target shape 000000
0000000 \300000b0o0ob0ooboobooboobooooooDooo

goboopoboobbooboooboobboobboooboooboooobg

22



PR DTSR

NAhFp

036 0000O0O0OO0O0O0OCOOOOO

O0000O0O0OO0O0OODO target shape 000000 DO OO target shape OO OO0
ooboooooooooooooobooobooboOooboOoooOoOo 1obobboooobonb
obobooooo0oOoob 100ob0obOobOoboOooDooobobUobobOoobooo
gobuogobuogbbooboogbooboboobobooboooboooog
goooooooooobobobbbbbbbbooooooooooooooobo
go000000o0obO0000oo0O0000000000000 F,000000

goboopoboobobooboooboon

10000
Fy(ge,) =gq. | 00000 |Vy (3.12)

0000 0
0000¢D00000¢00000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000 target shape 00000000000

gobuogbbgoogod

342 00000

000000000 O0ooO PIDOOOOCODOOPIDOOOOODOOODOOO
0000000000000 0o0o0oo0oo0ooOo(PO0)DOD0ODOUODOUOODO

0000000o0o0oO00oo0ooo (Ioo)bDoD0O0o0O00OO0ODOOOOOO0o

23



0000 (bO0O)0300000000000DO00ODO0ODOODOODOODOOO
ooodoopPOODO IOODOOOOODO PIODCOODOOUOOODOOOOODOOOO
000000000 PIOOOODOOOOPIOODOOOOOOODOOOODOOOODO
0000000000000 00000000o00oooPOODOO target shape
goboooboobobo0oboooboobboobboobbobobuooobobo
ooooo0obOOoO0ooboooOooOooboOooo0o0oDOoUbooOooPOODOODO
BEn00000000 target shape 00000000 COO0O0OO00O0ODODODOCOD
oobooooolooooodoboooobooboooooooobobUObbogbooo
00000000 Q.(4,j)0000CPIODODDOODOODODOOODOOOOOODOO

goooooogod
T
Qulis j) = Kp(i, ) An (i, ) + K10, ) / Anlijrydr  (3.13)
0

Htarget(iyj) B Hc(la.j)
HtaTget(ia.j)

Ap(i,§) = 1.0 — R(i, ) = (3.14)

O0000Ag(i,7) 0 target shape 0 0000000000000 0O0OOOODOO
0000000000000 D00D00D0AgGG,j)D0D0OD0O0ODO0ODDOODODODOODOOD
0000000000000 BE®)U0U0o0DooUooo (PoO0)DOOODO
000000 (I00)000D000KP(,j) 0K (i,7) 00000 POOOIOOO
000000000000000000000000000000 Kp(4,7)0K(,7)
000b0obOobOobOobOobo

KP(iaj) = HPHmrgethj)

KI(’L:]) = K:IHta'rget(Z‘aj) (315)

0000000000000000000000000000 [@20000000
0 Hiarge:(5,/)) 0000000000000 0D0000 kp0k; 000000000
0000 Hygrge(4,/)) 000 00000000000000000000D0O0000
0000000000000 000000000000000000000000

00Q.(i,j) 00000 (:000)0000000000000

24



() POD (b) PIO O

037 POOOPIODOOOOOO

343 O0O0OOOO

uoboooobooobooooooboboobooooboboOoboogoo

1 N, N,
R(i.j) < 5 > > R(,m) (3.16)
Y =1 1=1

0 (BI8) 0000 R(,j/) 0000000000000 R(,j)00000000
00000000000000000000000000000000000000
000000000000000000000000 S.(,j)0000000000
000

Se(i, ) = coGamb(i, J, Kiop) (3.17)
0000e 0000000000000000¢um 000000000000

(1,7,kop) 0000000000000 DOO0O0OODODOOOOODODOOOOOD

35 OO0

goboooboobooobuooboboobboooboobobooboboobo

gobogobooboooboobbooboo

e CPU : Core2Extreme X9650

e J0IODOODODOOOOOO : Geforce8800GT

25



e JIDODODOO API: OpenGL

000000000000000000000000000000 DobashiOO OO
B|0OO0DO0DDO0ODO0O0D0O0D0OD0OD0O0O0O0O0OOD0ODO0ODOO0OODO0OBEIOOOOOO
goboopoboobobooboooboobboobooobooboboobbo
000000000 MiyazakiODDO OO P6|DHarris 0000 @ 00000000
goboopoboobbooboooboobbooboooboobbooboobo
000000000000 0000oDo0ooo00ooooooooooPOoOOO
gobogopoboobobooboooboobbooboooboobboobobo
ooboooboobobo0oboooboobboobboobboobobooobo
goboopoboobbooboooboobboobooobooboboobobo
oo0oob0o0ob0oobO0oobOo0ob0oobOU00OD 2U0obOoobDbooobOonbooo
oobo0obOOo0ooOOoO0oOo0o0ooOo3sbogoboOo0bOoUbDOoUDbDOoUOoDoUoDOooo
o0o0oOO0o0o0oo0obobbOooooobobboobobbOOooooooboboOo3bon
cGODOOoOooOU0OoUoOooooooOUUOoooooOoDOoOUOoooDoOoooOoOog
000000000000000000000DO000DO0O00OO (s,t)00000O
gobogpobodgbbooboooboobboobboooboobboobobo
00000000000 0D0000000 height field000000000OOOOO
gobuogpobogbboobuoooboobbuoobboooboobbuoobobo
goboopoboobbooboooboobbooboooboooboboobobo
oboboboboboboboobooboobooboobooboooooooboobobo
gobogpoboobobooboooboobboobboooboobboobobo
godb0ob0ob0ob0ob0ob0ob0o0bobOobobOo 3bobDOoDOoDOoDOon
goboopoboobobooboooboobbuooboooboobboobobo

goobooo

26



afufalalufs 00
0 dtO 000000000 0100
0 dh O oooon 01.00
0 ky O 000000 o 0100
0g0O 000000 o 0020
25(00)03.000)
0 Tamp O ooooo o 0 (@oooo) O
08,0 00000000 O 00.00
0 a0 ooooo o 00.10
0(4,B,C)0 | 0000000000 O (100, 3, -2.3)
0 Iy O 0000000 o 0 0.020
0 SrO 000000 o 0 0.230
0 kp O 000000 o 0 4.950
0 kO 000000 o 00.60
0 ¢, O 0000000000 O 0050
031 000O0OO0O0oOoDooooooa
0000000000 0oo oooon
000 1(0 BR) 430/0000 200 x 100 x 80 | 480 x 240 pixel
000 2(0 BIm) 720/0000 320 x 100 x 80 | 480 x 320 pixel
000 3(0 BI) 720/0000 320 x 100 x 80 | 480 x 320 pixel
000 4(0 BI2) 430/0000 200 x 100 x 80 | 480 x 240 pixel
000 5(0 BIA) 350/0000 160 x 100 x 80 | 480 x 240 pixel
000 6(0 BIa) 720/0000 320 x 100 x 80 | 480 x 320 pixel

032 000000000 O0OOOOOOOO0B0O

27



(c) (d)

038 OOOOoOOoOooOooooono

gobooobooboooboobbooboooboobboobobooobo
000BROODO0ODO0ODUO Fattal 0DO0O M O00O0O0O0OOODOOODOOOO
0000000000000000BR(e)(b)000000D00D0OOO0DOODOODODO
0BR()(d) 0000000000 D0ODODOD0ODODOOOLOODOODDOOOOD
O0000000000000 FatalOOOOOOODOOOOOOOOOODOOOO
0000000000000 CO0O000Fattal D00 O00O0O0OODODOOODOOOOO
gobogopoboobobooboooboobobooboboooboooboooobg
obobobobobobobobobobobobobobobobOobOobDon
goboopobooboboobooobooobobooboboooboooboooobag
obobobobobobobooooooon

goboopoboobooobuoobbooboooboobobooboooobag
goboooboobobooboooboobobooboboobboobbooobo

gobogopobooboboooo

28



e J00I00: 0D0DODODODODODODOD1DODODO 220
e U000 0D0DOO0ODLDUOOODLDOOODDOOUODDOOODLD
000000000000 bO0O 30000000 b0o0o0ooDboooooog

(00000O00)0oDO0ooDOoUoOOoOUODOD

000000000000000000000000000BA000000000
000000100000000 (2)0(b)000000(a)0(b)000000000
000000000000000000000000000 (0000000)00
00000000000000000000000200030000000000
00000000000000000000000000000000 (a)3(c)0(f)
00000000000000000000000000000000(b)3(d)d (e)
0000000000000 D00B3A00000000000000000000
00000000000000000000000000000000000000
000000000000000000000000000000(000000)0
00000000000000000000000000000000000000
0000 (000000)0000000000000000000000 5%(0.05)
0000000000000000000000000000

pO: 0.6201 O 0.05
00000000000000000000MO0000000000000000
000000000 (000000)0000000000000000000000
000000000 (00000000000000)000000000000 24

o0oOOo00oO0o0ooOoO0oboo0ooobooooD410000b00O0DoOgoo

29



039 000000000000 O0OO0

100 | 200 |300 |00
ooooobog 14 8 8 30
oobooobod 7 14 14 35

033 OD0O0Oooooo

30



00000000000 b00ob00Emo0EnoooooEmonooooo
O00000000000o0o00000d00oooDo0OOOddtarget shape O
000 height field 00000 BI0(e)0 (b)) 00O 0O 150step O O 190step O O O
0000000000000 0000000000000000000 BEI(c)0O
0000000000000 D0 190step0 00000000 BINd) ODO0O0DOOO
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
BE0(e)0(f) 0000000000 O0OOOOOOOOO300000O0UOUDOUD
goboooboobobooboooboobboobbooobbooboboobobo
0000 target shape 000 0000000000000 BEIO0OOOOOOOO
00000000000 000000 BI0(e)0 () 00000 150step O O 190step
000000000 BE0(e) 000000000000 O0OD 190step 00000
0000000 BN 0000000000000 0000000DO BI(e)d
(/)D00D00D00D00D00D00DOO0DOtarget shape 000 O height
fieldDDOO0O0OO000O0OO00OO0OOO0O0OO0ODOOtarget shape0 00000000
oobooobooboo

O 0O Otarget field 00O height ield DO 0000000000000 OO0O0O
0000300000 E@20000000000O000D0DO0O0O0OO
0000000000000 BX(e) 000000000000 ODOOOOODOO
BTA(b)0(¢) D0 D OO 160step 0 0200step 0 00000000000 BIA(d) OO
00000000000000 200step 000000000 BM™(e)00000O0ODO
0000000000000 000000000 target shape 000000000
0000000000000 00000 target shape 00000000 OOOOO
000300000000 boobo0oboobooobobOoboooboooDbOoo

000 target shape DO O 000000

31



000000000 0O0DO0DO0o0oOUd0o00ooDOoDOoDOoDO0ooO0ooDO a4
goodooooooooooobobbobbobbbbbbbooooooogoa
OOtarget shape 00 0000000000000 0OO0DO0DOO0OO0ODO BT (a)
0000000000000000000000 B™A(Mb)O(e)D0D0O0OOOUOOD
000000 200step 000000000 B™L) ODODDOODOODOODODODOODO
0000000B™(e)0(d) 00000000000 0DO0DO0D0OD0OD0OOOUD
goboooboobobooboooboobboobbooobbooboboobobo

goboooobooobogn

32



(e) (f)

0310 COoOoUOOoOooooooooogoo

33



0311 OOoOoOOoOooooooooogoo

34



0312 0000000000000

0313 0Oo0O00000

35



0314 000000O0O0O0OO0OO0O00O0



3.6 OO

ooooobogElabdooobooooboobooooboooobooboog
goooooog

goboopobooobooboooboooboboobboobooobooonoo
ooboooboobobo0oboooboobboobboobboobobooobo
gobogpoboobbooboooboobbooboooboobbuoobobo
goboooboobobo0oboooboobboobboobboobobuooobobo
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gogoouoogoooooooooboobbobbbbbbioooooooogg
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo
goboopoboobobooboooboobboobooobooboboobbo
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
ggobobbbooooboobboooooobobbobooooobbboooooooo
obobobobobobobooboobooboobooboooooooooboobobo
gobogpoboobbooboooboobboobooobooboboobobo
ooboooboobobo0obooobooboboobbooobboobobooobo
000000000000 0000000000 (DODoO00ooD)0DoD0DooOOoOo
goboooboobobo0oboooboobboobboobbobobuooobobo
gobogpoboobbooboooboobbooboooboobbuoonbobo
goboooboobobo0oboooboobboobboobboobobooobobo
goboooboobobooboooboobobooboo

ggoooooooooooobbbbbbboooooooooooooooo

goooooooooboobobobobbbobbbbbbbbiooooooooog

37



Jodddoooooooooobobobooboooooodddddoooooooon
bbb oobbbooobooboboob oo b oobboooobo
0000000000000 0ooo0ooooooooooon
gooobobboobobogobobooboobboobooboboobobooobo
0000000000000 ooboooobooooobooo0oboooooooon
0000000000000 000 BE@O000000000000 height field O
target shape 00 000000000000 DODODOOOOOOOO0OOODODOOOD
001000000000 00000000000000000DO00 (O B3Y)
doooooboobooboboooboooboo0booboooboooon
dddooooooooobobboboobobobooobootbddddoooooooon
ddddooooooooobobbobobobooooboodddddoooooooon
O00000000000o00000dooon height field O target shape 0 O O
OO0000O0ODOtarget shape 00 0000000000000 O0ODOOO0OOOOOO

goboooo

38



[ 4[]

Juoobobootdbobogtdbood

gobOo0oBdU0COOdOOUOObOOObOOUODOOODOOUODOUODOUODOODOO
goooooooobobobbbbbbboobbbbobbboo0oo0ooooogg
oooo0oo0obooO0DOoO0oDbDOoOooOdEn0OoO O oOobOOoOoboObboOoDboOoon
0000000o0O00OoO0oO0dOooO0oDOo0oooooooooooDE200o0o0n
oooooooobO0oOooO0bOoOoo0bEdoooobooboobooooboooo
000d000dDgEafdoo0d0odooobO0ooo0ooooooooooooooon

oooeEsfoooooooon.

41 0O0O0OO

opgooO0o0oooooobo0oobooobooobOooobboooDooobobooo
goboopoboobobooboooboobboobooobooboboobbo
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
goboopoboobbooboooboobbooboooboobbooboobo
ooboooboobobo0obooobooboboobboobboobobooobo
gobogopoboobobooboooboobbooboooboobboobobo
ooboooboobobo0oboooboobboobboobboobobooobo
o0o00oOo0oboDOd0oo0oOo0oo0ooUoo0DObOOob0 ocgogboOoooooboOoo

goboooboobobo0oboooboobboobboobboobobuooobobo

39



ooboooboobobo0oboooboob0boobboobbobobooobo
goboopoboobbooboooboobboobooobooboboobobo
oooooooooooooooooboobbbbbobbboo0o0oooooooo
gobogpoboobbooboooboobbooboooboobbuoobobo
00 @o00O00000000000000O00O00O0DO0O0O0DO0DO0OOD
goobobbooooooboobobbooooooobobobooooobobbbooooobooon
goboooboobobooboooboobboobbooobbooboboobobo
gobogpoboobbooboooboobbooboboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo
oboopBgobodobobooboooooobooboooOobooobDooDooDooDooDoo

gobuogbbuogbbooboooboobobg.

42 0O00O0O0O0OOO0OOOOODOOOODOO

oobooO0ooobOobo0oobOoboO0oETnooooooooooobOoboooDOoo
0000000000 0B300000000000000000000 target shape
oo00d00oooooo0o0oooEmogoooooooo0oooooooogog
000@aod0do0O00obO0o0boo+tobo0boodot+ 10000000 goon
go:to0oboboooobbooooboboooobobboooobobooooboo

gobodooboobod

e J00OD0O0O¢t+1000DDOODODOOOUOOODODODDOODDOOOOOOOD
0@oo0fd0oo0otogboo0dooodooo t+10000000000
oooobOoooOobDOobOOoOobOoOobOoDogOOoDoooOoDOot+10
gobooobdoobobooboooboobboonbooo

e 10000 Dt0DOIDOUODOUODOODOONDOOODENDOODOOODOE+1

oobodoobooobuoooboobobuooobooouooboboge+1

40



t+1 &8 DO B IK t B 0 B#IRAK

ERR RO SH AR
ry

AN

AR AR ED X HB R HEED
DFITEIE ¢ R RIRAEE M DFIEHR

o ¢

4

041 0O0O0OOOOO

goboooboobbooboooboobbooboooboonbboo
ooooboobobOobooboooboooboooboooooot+1o0Do00oo
ggbooobbogobooobbooo¢sbboobboobboobboo

goooooog

gobogpoboobobooboooboobboobboooboooboooboo

43 0O0O0O0O0O0OO0OOOOOOODbObOOOoOoOon

gobogpoboobobooboooboooboobboobooobooonoo

goboooobgo

431 00O0O0OO

oooboboopBgob0obOobOobOobOobUobOobOOoooooooooooo
gobuogobuogbbooboogboobboobbooboooboooog
goobobobobooooooobobooooobbbooooooobobboooooooo
gobogobogbbooboooboobboobbooboooboooobg

0000OO0DOO0DO0obO0obOO0bOODOO0O0CO0OOO0OoOOobOODODOooooOBEZa

41



0023 000000000000000000DOD0DO0000DODO0oDODOoO0oOOOn
goboogpobooboooboo

0000300000 DO0O00O0000O00O00O0O0DO0oO0DOoOOooDooooooo
oooOoo0ooOob0o0b0 ROODUOOOUOOROUODOUODUODOODODDODOO
ooo (4,4,0)00000000ROD0O0OD0O0OOOOOOOO

R(Zvj) = Hc(ivj)/Htm‘get(i;j), (41)

O000H.(,j) 000000000000000000000000000000
00 Hyarget(5,7) 000000000000 He(i,5)0 Hyarger(i,7) 00000000
0000000000000 000000 RO 10000000000 QOO0
00000000000000000000 (44,0)0000000 Q(4,5) 000
0000000000000000BO0000000000 PIOOOOO000OOO0O
00000 PDOOOOOD [mE2@oPI0000000000000000D0
0000000000000 D000000I00000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000I000000000000000000000000000000000
00000000000000000000000000000000000000
0000000 DOOOOOODOPDODOO0DNO0O0ONOOOOODDOON 1
00000000000000 (POO0)0000000000000000000
0000 (DO0)000000000000000POO0O0O0OOOOO0O0000
0000000000000000000000000000000000000D
00000000000000000000000000000000000000

00 Q.(4,j) D000PDOOOODOOOUOOOOODOODOOOOOOOODOO

42



ooo

+KD(27J)IjigLﬁ

_ Htarget(ivj) - Hc(%])
Htarget(iaj)

+ Qc,O(iaj) (42)

(4.3)

O0000Ag(4,j) 0000000000O0OOODOOOOOODODOODOOOOOO
0000000000000 D0O00KR(,7))0Kp(i,j)OODOODD POODOOO
DOOO0OODOOO0OO0OO0OO0O0O0O0000O00000000000000000CQc,0
0000000000000 0000000000D000oooooooooDon
Kp(i,j)0 Kp(4,j)0Qeo(i,j) D0 OO0O0DDOODOO0ODOOO

KP(Z}J') = KPHtarget(i,j)

Kp(i,j) = kpHtarget (i, ) (4.4)

Qc,O(iaj) = ﬁQoHtarget(i,j)
kpOkrpOroUOOOOODO @2)000000000000000Q.(4,5)000
00 (:000)00000000000000O0OPDOOOOOOOOO Q.00
oo00o0oo0o00ooDoooooooooooooooooooDoo.=00000

goboooboobooooboon

432 00000

gobogpoboobobooboooboooboobboobooobooonoo
goboooboobobooboooboobboobbooobbooboboobobo
gobooobuooboboobboobo

goboooboobboobobooobooboboobboobbooboooo
0000000000000 oO0o0oO0o0oUoO0Do0oDooooooOooo (o
0)0000000000000000O0000UO0O0DDOOUOODDOOUDOODOO
gobuogpobogbboobuoooboobbuoobboooboobbuoobobo

goboopoboobobooboooboobboobooobbooboboobbo

43



ooo

(_Iv(i,j,k?top):DratquU(i,j,k?top) (4-5)
0000(,4,kep) 00000000000 00ODOOO0ODOOOODOOODODOOO
0000000000D,e 0000000 DOO0ODOODOOOODOOOOt+1000
oooOOod0oboUooOo0oUoboUobooOo+tooobooUoboboOO0n Dege oo
oo0oobO0oobooboot+ 100000000000 bOoobOobobOoobo
oo0o0ooooooo0ooooo0o000n R, 0000O000O00O0O0O0OO0

0000000 Reywwr OO0 O0DODOOOOOODOOOOOOODOO

N.

=

1 x Y
Rup = F Htarget l m) c(la m)) (46)
Y =1 m=1
1 Nm Ny
Riown = F m) - Htarget(la m)) (47)

~

=1 m=1

oooonN, 0N, 0000000000000 0DO00000D0O0D0O0000000O0
gobogpoboobbooboooboobbooboboooboobboobobo
00000000000 00000000000000000 Dyee 0OO0ODODO

Drate =10+ C'r X (Rup - Rdou}n) (48>

O000C,. 000000000000 0ooooooooooooooonoooog
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
00000000000000000000000000000O0oooOoO  &2(b)
00000 A(e)000000D ¢t000000000OO0ODOOODOODODOOO
0000000000000 0Ex(h)00t0 0000000000000t +10
ooboooboobobo0obooobooboboobbooobboobobooobo
oobobooobooboooooooobobouoo t+10b0obooooboboo
goboooboobobo0oboooboobboobboobboobobuooobobo
gobogpoboobbooboooboobbooboooboobbuoobobo

000000000000000000O00O00000D000D0OUO0OoOO0OD 3)0

44



0000000000000 G.0000000000000000000
Ge = 9cqc2 (4.9)

gc(i,j, k) = (k - Htarget<i7j)) X Gex + g (4'10)

00000 (0000000 ¢.000000000000O00DOOOO0ODOOOO
gobboddlge, D000 DOOO000obbooobobooonobooonoboo
0000000k 0 z00000D0000DOODOO0EN(c)0DOODODOODOODODO
0000000000000 00000000000000000 B2(e) 00O ¢
oooooooooooboot+1000b000000000000D00000O0
0000000000000 o0o0oo0oU0Ex(h) 0000000 UoooUoo
0000 E2(e¢) 0000000000000 0OO0OO0ODOOO0OOODOODOUOOD
gobogpobogbbooboooboobboobboooboobboobobo
goboopoboobobooboooboobboobooobooboboobbo
obobobobobobobooboobooboobooboooooooooboobobo
goboopoboobbooboooboobbooboooboobbooboobo
ooboooboobobo0obooobooboboobbooobboobobooobo

goboopoboobboobooooboooo

oT
S = ErCams = 1) (4.11)

O000F.000000000DO0O0OOCDOOODOOODOOOOOOODODn
0000000000000 0000 BEo)000000 Exmooouoooo
goooooooobobooooobobbbbbbbbbooooooooga
gobogpobogbbooboooboobboobboooboobboobobo
00000000000000000O000EN(d)0 00000000000 oo
gobuogpobogbbooboooboobbooboooboobbuoobobo

goboopobooboooboobbooboobobooobooo

45



44 0O00O0O0O

0000000000000 0000000000000000000000
CPU DO O Intel Core2 Duo E675000000000000000000 NVIDIA
Geforce7600GS 00000 PCOOOOOOO0O0O0O00 APIOO OpenGLOOO
000000000000000000000000000000000 3000
000000000000000000000000000000000B0000O
0000000000000 00EAe) 00000 BEA(e) 000000000¢0
00000000000000000000000000000(d)0(e)00000
t+1000000000000000000000000000000000 RO
000000000000000B2(e)00000000000 BE2(e)00000
t0000000000EA(DG) 000004+10000000000000000
000000000000000000000000 120x80x1000000000
00000000000000:0000000000¢+100000000000
00000000000000000000000000000000000000
00000000000 BEI00000000000000RB0000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000RONONO00000000000000
0000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000 E300000 83(e)0(b)0(c)0(d)0(e)0
(f) 0000001400 1600 1800 2000 2300 260step 1 0 00000000000
000 B3(e)d(c)0(e) 0000000000 0000000D0000000000
000000000000000000 200x80x100 0000100000000

oooOoooodobOobe9O0b0ObOOODODOObOODOODbDObOObObOn

46



“

() 00000 t00000 (byOODOOOO ()OO0 +00000

_

() 000 +00 400000 (e)O0BOOOO

042 00O0OO0OO0OOOCOOOOO

ooooog od

OC.O gbooogogod 0200
U geo U goboooooooon 0650
0 FE.O gooooo O 0 0970

041 O0O0O0OOODDOOOOOOOOd

00.0300000000000000000000000000000000000
0 B24(a)d (h)O (¢) 000000 BER(B)O (d)O(f)000000000000000
00000000 &a(d)D (e)0(f) 00 E4(e)d (b0 (¢) 000000000000
00000000000000000000000000000000000000
00000000000000000000000000300000000000

gobooopoboobbooboooboobbooboooboooboo

47



(c) 180 step (d) 200 step

(f) 260 step

043 00O

48



044 000 (0ODOOOO)

49



4.5 00

000d0g@00d0d0o0ofoodoooooboooooooooDoooogooo
oobooooo.

ogooooooooooooooouooooooooooooooobooooo
ooboooboobobo0oboooboobboobboobboobobooobo
gobogpoboobbooboooboobbooboooboobbuoobobo
goboooboobobo0oboooboobboobboobboobobuooobobo
oobood0obOopgUOOO0Ob0OO00ODODOObOO0O0OUODOObDOOUODOODO
gobooboboobooobooboboobboooboobbooboooo

ooboooogOO0oO0ooOo0oOoOo0ooooOobOOooobDboOobbooooDboboOoo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo
goboopoboobobooboooboobboobooobooboboobbo
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
goboopoboobbooboooboobbooboooboobbooboobo
oobboooobobooooobboooooooobboobobbooobobOooo
ooooboobooboobooobobooobuoobooboobuobuooBEUubOoo
ooboooboobobo0obooobooboboobbooobboobobooobo
oO0o0d0o0DO0dbOOoO0oO0o0b00DO00oOo0BE@oooooogooooooooo
goboooboobobo0oboooboobboobboobboobobuooobobo

gobogpobooboooboo

50



150

Juoogdood

ggodoooooooooobobbbbbbboooooooooooooooon
goboooboobobooboooboobboobbooobbooboboobobo
o0oOOo0d00OpDOo0bOo00obobo00oDOoooo0ooobooooDboooOR2O
o0o0o00obOo0obOobooobobooobOooOb0ooDO0oop3ubooooboo
ooodoooooOobooO0bOoO0Op3b00booo0obooboobbooooboooo

ooob0ob0obOobOobOppnOobOOobobobo

5.1 0000000000

ooo0o0o0oobobooboobobooboobobooobooboooboooBm
goggbobobbodugoobobobbuooooobobboooobbbboooooboon
ooooboboobobooogEaboooboobooobooboobooboooobooo
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
goboopoboobbooboooboobbooboooboobbooboobo
ooboooboobobo0obooobooboboobboobboobobooobo
gobogopoboobobooboooboobbooboooboobboobobo
00000000b0obO0b00o000b0oDOO0ooD0oo00o0obOobOOooDOoDOmDOon
gobogoboobbooboooboobbooboooboobboobobo

ooboooboobobooboooboon

o1



52 OUO00O0O0ODOOOOOO0

ooooboopmbOoobuoobooboobobooobooboobuooboog
ooboooboobobo0oboooboob0boobboobbobobooobo
oboboooooooobopmuooooooboobobobooooobooooo
0000000000000 000 BN 000000000000 0ODOODOOO
goooC 10000OO0DUdbO0bOOoO0OOU0ObOUOOUOUODUObObOUObOUObDODO
0000000000000 target ield 0000000000000 DODODO target
field0000OO0O0000O0ODOOO0O0UOODOOOOUOOBEI(L)DOODOOO
OOtarget field 000 0000000000000 O0OOO0DOOOOOOOOOOO
gobogpoboobbooboooboobbooboboooboobboobobo
00 target filed 00 000000000000 O0OO0ODOO0O0OOOOOOODOOOO
O.0000target field 000000000000 00000O00O000O00O0OOO0O
goboopoboobobooboooboobboobooobooboboobbo
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
O000000000000000 target field 000000000 O0ODOOOO
000000000000 000000000000DO Otarget field 000000

gogoboobbooooooboobbooooooobobooooooboboboooooooo

target field

o D

(a)

EJR DO E EJROEFEOH|EH — EDARK

051 O00O0O0ODOOODOOODODODOO

52



000000000000000000000000000D00D0O0oDoO0OoOO (o
B1(c)).
ooboooboobobo0oboboooboobobooboboobobooboooo
target field 0000000000 0ODO0OCOOO0O00OOODOOOOOOOOODOOO
00000000 bO0o0b0o0ob000b000OD0o0D0DOn00D00O0ODOO n+10
O00000000000D0000O0Otarget ield 000 20000000000
oo0o0oooO0o0o0ob00. oObbooob0U0On00ODbDO0OOODOOn+10000
oooo0oo0obO0obOobO0obDO0oDbDOoDODOUOOOn+1000D0ODODODOD
goboooboobobooboooboobboobbooobbooboboobobo
00000000000 target leld 00000 0000000000000 0OOO
OO0Otarget ield 00 000000000000 O0OO0OOOOOO0OOOODOOOOO
target field D0 0000000000000 000O0OO target fieldDO0000O0O
goboopoboobobooboooboobbooboooboobobooboobo
ooboooboobobo0oboooboob0boobbooobboobobooobo
gobogoboobobooboooboobbooboooboobobuoobobo
ooboooboobobo0obooobooboboobbooobboobobooobo
gobogpoboobbooboooboobbooboooboobboobobo
O00000000000000 target field 0000000000000 DOOOO
OO00D00OO0OODO¢target field 000000000000 0OOOOOOOOOOOO

gopbooobgo

5.3 target field

000000000000 target ield00 00000000000 DO target field
AO0000O00ODO0ODO0ODOO0ODOO0OOO0ODOO0OO0 10D000DOOO0 00O
0000000000000 (0 D) 0000000000 target field AO DO

00000 1000000000000 0DU0o0O00o0UU (0 Bmb). DOOO

53



0 5.2 target field 00O

target field A\ D OO OOO0OOOOOO0O0OOOO0ODOOOOODOOOOOOOOO
ooood0ooOOoobo0oooOoUoboOoOooOoobDoUbObo0UoDoUDoboOooo
D00000 target ield 000 0000000000000 OOOOOOOOOOO
target field 00 0000000000000 00O00000 FattalOO OO [9] O
000000000000 000000000000000000A0 driving force
termOgatheringterm 000 20000000000000000000O00O00OO0O
000000DO0o0OOoO00ooO0o0DOoO0ooooDooooO0ooooooOooon
O000Fatal 000000000000 n00000D00ODOO0O target field O
On+1000 target ield 0000000000000 0O0OO0D0O0OOO B2(a)d
()DO0Fattal 0000000000000 DOOO0D0ODOODOODOOBA(a)0 n
000000000B2() 0 n+100000000000000 B2A(b)O(e)0 OO
00000o0o0o0o0ooooooooooooooloboboooooooooOono
00000000000D000000000 target filed A\ODOOOOO (O B2(g)
0(1)000D0 target fileld 0000000000000 DO0OOOOOOOODOOO

goo

54 UU0U0O0O0OOOOOOO

goboopobooboboobooobooboboobbooboooboooo

D0000000DO¢target ield 0000000000000 0OOCOOOO0OOOO0O

54



541 0D0OOOOODOOO

000000000000 0000000000000A0 target field AOODO 1
000ob0bO0obO0o0o0o0o0o0ob00oep3000b00b0ob0oboboDooDoboooboo
gobogpoboobbooboooboobbooboooboobboobobo
goooooooobobobbbbbbbboooooooobooooooooogo
gogoboobbooogobboooooobbboooooobbboooobon
0000000000000 target field \DOOOOOOOOOOOOOOOOOO
gobuogpobogbbooboooboobbooboooboobbuoobobo
goboobobooboooboobboobooobooboo

ggoooooboobbbbbboodoooouououooooooooooon
oooooooo (4,5,00 000000000O00OO0O0OOO A.000OOOODOO
goo

Nz
o 1 .
Ac(%]) = FZQC(%]J{) (51)
? k=0

A0 N, x N, 0000000000000 0O0O0DO0DOO0DO0DO0DO0DO0000
0000000000000 00O0U00DUU0D0DODODODDOOO SerooO0O

0000000000000 BEmo00 Sy 0000000000000000OO

Eparvbto—LYzal—>ay

(arra—rsi—s0ERE)

053 00000

55



(a) (byoooo (0000

054 000000000000

0o
SCT(i7j) = Kc(‘]ct(iaj) - Ac(zvj)) (52)

QCt(ihj) = qg)‘(i7j) (53)

0000¢,0000000000000Otarget ield A\O0OOOO0O0O000000O0O
q,00000000000000000000000K,. 000000000000
000000000000000 (B2)00000 ge(i,5) 0 A(s,5) 000000
00000000000000000000000000000000000000
000000000000000000000000000000
0E40000000000000000000000000000000000
000000000 target field 0000 BA(e) 0000000 BAL) 00 64(a) O
000000000000000000000000000000000000 O
F4(¢)00000000000000000000000000000000000
000 B4(b) 0000000000000000000000000000000
00000000000000000000000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000000 target field 0000

gobuogpobodgbbooboooboob

56



542 DO0O0O0OO0ODOOOO

ggooooooooooobbbbboodooooooooooooooon
000000000 BARAG)OO0DODOD0ODO0DOODDO0ODO0ODOLOOODLOOOO
000000000 Otarget ield 0000 BA(e) 0000000 BR(L)OODOODO
100step DO 150step 0 0000 000000000000 BRG) ODODODODDOOO
googoooooboobbbbbbiboooobbbbooooooooga
goboopoboobbooboooboobboobboooboooboboobbo
gobuogpobogbbooboooboobbooboooboobbuoobobo
gobobobooooobboooboobo,booobbboooobobbooooboboo
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
gobogpoboobbooboooboobboobooobooboboobobo
000000000000 000000DO0D00D0DRK®™OODOODODOO0O0O0O0O0OO0
gogboobogopoobooobboooobtbw, 00oobbooobbooobog

ooboooboobobo0oboooboobboobboobboobobooobo

(a) (b) DODODO

(d)oooo

055 O0O0OODOOODOOODOOO

57



WIEE YIalb—vavERH

- KEKREE Shift Ua

056 O00O0OO0OOO

gobuogobudgbbwbodobibdw, ODOOooboogboogoboooobg

goboooboooboobboobo

g;l:—((u+ua)~V)u—;1)Vp+B+f (5.4)
O000uw, 000000000 O00O00O00OO0O00O0O000O00O00O00O00000
DD|:|DDDDDDDDDDDDDDDDDDDDDDDDDDDDDD.DEH(C)
O DEﬂ(a)D target lield D00 0000000000000 OOOOOOOOOO
oooooo EE(C)DDDDD 100step 0O 150step OO0 OO0 OO0 OD0ODOODOODO
goooooooooooootobooooooooooboboooobooooooon
pgoooooooooooooobooogooooooobooooooooooon

goboopoboobobooboooboobboobooobooboboobbo

gobuogpobogbbooboooboobbag.

543 00O0O0OO0OOODO

0000000000000 000000000Dtarget ield0000000O0O
goboopoboobbooboooboobboobooobooboboobobo
gooboobobooooobobobbooooobobooooobobobboooooobooo
gobogoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo

goodoolo0oOoODOoOOODOOOObDOOOODOODOOOODOOO

58



ooboooboobobo0oboooboob0boobboobbobobooobo
goboopoboobbooboooboobboobooobooboboobobo

ooboo0obooboboooboobobooboooboobobooboboon

55 0000

goo0obobooooobobobbooooobbbooooobobobbooooOon
00000 CPU:CoreiTIIUIOODOODOOOODODO:NVIDIA Quadro 200M O
0000 pPCOOO0O0OODDOODOOOOOOO GPUOOOOODOOOOOO
gobogpoboobbooboooboobbooboooboobboobobo
goboooboooboobboobo

00000010000 B4(a), () 00000000 D0O0OOODOO0OBROO
00000000000 BRAMD (0000000000000 OD target field
gboobodbooboboobooboobobooboobooboboo
320x224x64 00001 00000000000 0DO0OO0O0OOOOODO 04800
0000 B3(a), (b), (¢), (d), (¢) DODODOO BA(a), (b), (¢), (d), (e) O target
fieldDDOOOO0ODOOOOOODOOOOOOODOOOODOOOOD 200000
bY(a), () 00000000 DO0OO0DOODOOOOODOOOOODODOOODODO
0000000000000 000000000 OBR¥BLO(doooooooa
OO000000 target ield 0000000000000 00OO0OOOCOOOOOOO
0000000 320x224x64 00001 000000000000000000O0O
048 000000 BI(a), (b), (¢), (d), () DD OO0 BYa), (b), (c), (d), (e)
O target ield 00 0000000000000 0O0OOO0ODOOOOODOOOO
goboooboobobo0oboooboobboobboobbobobooobobo
oobood0oboUoboOo0oU0obDoUobOOo0U0oDbbOOobOOoUUoDbDoOOboboOogoD 20
goboooboobobooboooboobboobbooobbooboboobobo

ooo0O0obo0O0DbOfo0o0obO0loooOoDOoo0oobOobOUbObOODOnb 046

59



0000000000000000000000000000000 1000000
00020000000000000000000000000000000000
00oo0o0ooooo
0000000000000000000000000000000000000
0000000000000000000000 200000000000000
00000000000000000000. 06(e), (h)0000000000
020000000000000000 (¢)000000000 (b)0000000
0000000000000000000000000000000000000
000 BI(c), (f/) 000000 BEI(e), (b)) 00000000000000000
00000000000000000000000 6X(d), (¢) 00 BIN(c), (f) O
00000 target ield 00 0. 0 EI200000000000 target field 000
000000000000000000000000 612(a), (d) 00000 target
fielld 00000000 0000000000 20000000000000000
0000 ED(b), () 0000 20000000000000000000 ET2(e)
0(h) 000 BEIN(e)O(f) O target feld 0000000000000000000
00000000000000000000000000000000000000
0000000000000000000000000 target iledd 0000000

gobooboboobboooboobobooboooboo.

60



058 00O 1:000000000CO0O0

61



(a) (b) (c) (d) ()

O 5.9 00O target field

0510 0002 00000000000

62



() (d) () (f)

0511 0000000000 target field

0512 000 3: 00000000

63



56 OO

oooob0oh3abUdb00bo0buoooobooboboooboobooboobooog
goooooog

goboopobooobooboooboooboboobboobooobooonoo
ooboooboobobo0oboooboobboobboobboobobooobo
gobogpoboobbooboooboobbooboooboobbuoobobo
goboooboobobo0oboooboobboobboobboobobuooobobo
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gogoouoogoooooooooboobbobbbbbbioooooooogg
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo
goboopoboobobooboooboobboobooobooboboobbo
gogboboobboogobbobboooobbbboooobobobbbouooooobo
goboopoboobbooboooboobbooboooboobbooboobo
obobobobobobobooboobooboobooboooooooooboobobo
gobogpoboobbooboooboobboobooobooboboobobo
googd

0000000000000 0000000000000 target field 00000
gooogooooobboooooobobobbbbbobbboo0o0oooooogo
gobogpoboobbooboooboobbooboooboobbuoobobo
0000000000000 0 @oO000000 200 target field 0000000
OO00000000OO¢target ield0 0000000000 OO0OOOOODOOO
goboooboobobooboooboobboobbooobbooboboobobo

0000000000000 0000000000000000target field 000

64



ooboooboobobo0oboooboob0boobboobbobobooobo
OO000D000000O0ODOtarget ield 00000000000 O0O0OOOOOOO
oobooobooobooboboobo
O0000000000O0DOtaget ield0 00000000000 OODOODOO
target ield 0000 0000000000000 O0OOOOOOOOOOO. OOOO
0000000000000 00D0OOtarget filedOOOOOOOOOOODOOO
goboooboobobooboooboobboobbooobbooboboobobo
gobogpoboobbooboooboobbooboboooboobboobobo
0000000000000 000000000000000000 target field O

gobogpbooboon.

65



060

Juooudoogdog

gobogobooboboobooobooboboobboobooobooonoo
gooogoooooooobbbbbbbbbobbobo0o0o0o00ooooouoga
ooooooobOo0ooO0bO00ob0O0bOoO0oOO0bOO0O0O0O0oDbDOo0obOobDooon
ooobooOobooooooobooboob0 2000000 oboboboooo
ooooo0oboobOo0p30o00o00oo0oobObo0oOo0oDLDO00ob0oO0U0DBEm
000000000 0OOo0DOO00oOC0DOO00oOO0DOOo0ooOOooOoooOO0DOodBEXO

gooogood

6.1 O00O0O0OO0OOO0OOOO0

gobuogpobuobbooboooboobboobbooboooboonon
00000000000 0D0000000000000000 MiyazakiDODOOO
00000000 000000000000 00O00O00O00O00OD BOO

obooboooooooooooooobobopobooboboboboooo

\'/
SN

A

RN QCQCCQC @\CE%Q@F%

NF— LR KES

Bl i 2
%y‘\ o
&

%

IR

(a) (b) ()

06.1 O00OOOOOOODOO

66



obobobobobobobobobobobobobobOobobOobOobDon
goboopoboobobooboooboooboboobbooboooboooobog
0000000000000 B000000000000000000000000
goboopoboobbooboooboobboobboooboooboooobg
0000000000000 (DO00O000ObD)0D00DO0O0OO0ODO0ODOO0DOO
gobogopoboobboobooobooboboobboooboooboooobag
goboooboobboobboooboobbooboboobboobbooobog
0000000000000 000000000000000000BEN(e)0OOO
goboooboobboobobooobooboboobboobbooobbooobo
ooobobobobobobobobobobUuboboboobDobDobDoobDoo
goboooboobobooboooboobbooboboobbooobbooobag
000000000000 000O0D (OBEb)DDDO0O0ODLOODDLOODLUODOO
0000000000000 000000000000 (0DBEI(e))DDODOOOODO
oboboboboboboboboboboboboboboboboboobDon
00000000000 (0 BE2)(e«) 00000000000 0O00O0DO0O0O0OOO
obobobobobobobobobobobobobobobobOobOobDon
00000000000000000000000000000 (OCBEA)(HUoOODo

00ob0o00o0o0000000000000000D000N, x Ny, x N,OODOO

NF+—)Uig

062 O000ODOCOOOO

*1 http://homepage3.nifty.com/kuebiko/biology/jyosyo/benard.htm
http://kobam.hp.infoseek.co.jp/meteor/benard.html

67



00000000000 u= (u,v,w)000 p0 00000 ¢0000 ¢0O007T
000000000000 00000000000000000000000000
00000000000000000000000000000000000000

goboooboooobod

6.1.1 ODOOOOO0ODO

gobogpoboobbooboooboobboobbooboooboonbn
goboopoboobbooboooboobboobboooboooboboobbo

0000000000000000000 Navier-StokesDOOOOO00OO0O

du

1
E——(u-V)u—;Vp—I—VVQU%-B%—f (6.1)

V-u=0 (6.2)

O000t0000p0000000py00000O0O0DOOBOODOOfODOOOOO
0000000 (0000000000000 00O0000OO00ODO0ODOooOO
O0000000oooooooBOfOOODOOODOOODODOODOOOODOOO
0000eEI0000000000000 (B2)000000BI000000000

oO0oo00oOOo0bOOo00oOo0o0obD BOoOoOooOooobooooooo

0*°T 0T

B = —kb(% + aTy)Z

(6.3)

0000700000000k 0OD0DDOODODOO000000DzODDO0ODO0O0O00O
00000000 (B3)0000000000000000O0DO00UOOOOOO
00000000 fO0ODOD0ODOOOOOOODOOODD E@O@EILLO0OO
gobooooboooobog

odb e UOOD0OO0OD qoUOO0O0DO00O0O0DO0O0OO0DOO0ObODOO0

9q.

= —(u- V). +C. (6.4)
6qv 2
ot = _(u ' V)QU + kvv qv + Cc + Sv (65)

68



Te

KESIR

063 00000OO0O0OOODOODODOO

0000k, 0000000000C.0000000000O00ODO0 BR)OUOOO
oo0s,0000000000000DO0D0D00 (E@0(EXR) 000000000
0000000000000 00000000000O00O0U0O0O0O0 (/00O
oobooooboobooooboo

oor7rgooooooobobooboooo

oT
= —(u- V)T + kV2T + QC, (6.6)

0000x0000000QUOOO0ODO0OOOO (BB)00000O0O0OOOOOO

gobogobugbbogbboobuooobuoobbgoobog

6.12 0D0OO0OO0OOOO

oobooobooboboobboooboobobooboboobbooboooo
dbOoooOoboobOoboOooboobOobUobDOoobOobOoboooobLOobOonoo

goooogg
ou Ou
UJ—O, &—&—0 (Z—O,d)
T=T, (¢=0), T=1T. (2=d)

(6.7)

O000wOvO0wOO0O0OD0O 20y0000000000000d0Oz00000
goboopoboobobooboooboobbooboooboobobooboobo
wID0O00D00000000«wDeO0000D0000 00000000 DO0ODO0O0OD0

gobogoboobobooboooboobbooboooboobobuoobobo

69



007,07, 00000000000000000000000000000000
0000000000000000000000 (0 63(e)0000000000
00000000000000000000000000000000000000
00000000000000000000 (0 63(e)000000000 (65) 0
S, 00000000000000000000000000000000000 2
0000000000000000063()000000000000000000

0000000000000 00000 (00DO00D0O0)0DD0O0DOoDOOO

6.2 J000O0O0O0O0O0O0O0O0O0O0O

o0o0ob0oboO0o0obOobDU0ooboeE00o0oboboooboboboobooboooog
gobogpoboobbooboooboobbooboboooboobboobobo
00000000000 DO0d0O00D 20000000000 O0ODOoooOgn
gobogpobogbbooboooboobboobboooboobboobobo
O00O0O0O target field 00O Otarget fieldD 0.001.0000000000CCOCO
0000000000000 00000O¢target field 0000000000000
goboopoboobbooboooboobbooboooboobbooboobo
obobobobobobobooboobooboobooboooooooooboobobo
OO0 target ield D0 0000000000000 O0O0OOOOOOOOODOOOO

goooooobooobboobbooobooobobooobooobovbo

TILDINSHE

target fielc

YEal—avER

INTA—=ROIAVA—)L

064 000O0DO0OOOOOOO

70



0000 kOC0O00D0 kO00000O0OCO00ODOOOODODOOODODOODODOO
goboopoboobobooboooboooboboobbooboooboooobog

ooboooobo0obobo0oboooboobbooboboooboooo

e OODO

0 B63(a)0(b)0(c)0D000D00DOOD 0.0100.0500.1 00000000
obobooooobobobooooobooobobooooobobooooooDbOon

ooboobooooooobbooboooooDo

. N \\4\;
“’, . Y ) W 4 ! \, :{\‘..
: ‘,‘N‘ —~
- P ‘ - - E < ).
. b ¢ - "/k. s‘
::‘ > Dl ’-"/".I .~
f \ J . g "
e LA™ S Tl £ ' ot
(a) 0.02 (b) 0.06 (c) 0.1

065 O0O0O0O00OOOOOO

71



e 00000
0 BEB(a)0(b)0(c) 00000000000 0.0100.050010000000
00000000000000000000000000000000000

gobogobgoobod

(a) 0.01 (b) 0.04 (c) 0.07

066 O000O0O00OO0OOOOOO

e 00ODODO
0 62(a)0 (b)0 (¢) D0OO0D0D0O00000 0.0100.05001 0000000
00000000000000000000000000000000000
0000000000D0000000000000000000000000

gobooooboooboooo

(a) 0.02 (b) 0.06 (c) 0.1

067 000O0O0OCOOOOOO

72



ooboooobooobo0obbooobooboboobobooboboobboooo
000000000000 000D000000 target field000000OCOOOOO
ooboooboobobo0oboooboob0boobboobboobobooobo
gooboobooggooobooboooooooboobobboooobboooooobooo
goboooboobobo0oboooboobboobboobboobobuooobobo
gooooooooobobobbbbbbiofoooooooooooooooooo
OOtarget ield 000 0000000000000 00O0OO0OOOOOOOOOOO

gobooooboooobad

73



o mmmm— - MEEE -----------~
target field MAERL

068 OD0D0OOODOOOOOODODOOO

000000000 BROIODODOOO0D0O0O0OOO00OD00OO0OO0 target field OO
0000000000000 0000000000000d target ield0000O0
D0000D0000000000 target ield 0000000000 O0OOOOOO
gobogopoboobboobooobooboboobboooboooboooobag
goooooooooooogoogoooooobbobobobbooooooooogg
OO0target field 000 0000000000000 O0OO0O0O00000OOOOO0O
D000000000O0DOtarget ield 0000000000000 O0ODOOOOOO

ooboooooooo

74



6.3 target field

R
RS IA—HHIEET HERR
</ \
A= 25— YIal—vavER
— J—)L FEZ )
(¢) A2V — i BRI R -

I—HAEET HHRDES
target field

(a) BBEREM

(b) target field

O 6.9 target field 00000

OpooooooooobooooooobOobooobobobooooobDoo
900000000000 0000000D0O0D00O0 target ield000O0OOOO
obobobobobobobobobobobobobobobobOobooobooon
0000000000000 00000000000B¥(e)00000ODO0O0OODO
ooboboooobboooobboooooooboooobbooobbooooo
000000000000000000BY(e)0000000000O0O0OOOOO
ooobobobbOooooobobboooooobobbooooobobboooooo

0000000000000 000000000BE™Yl)OD00D000DDO0O0OOD

75



0000000000D000000000 Orzan 000000 diffusion curves[33]
O000000o0ooooo0o0o00oooooo RGBOOODODOODDODOODOOOO
goooooo0ooooooobbobbbbbboo0o0o00o0o0o0oUooooUooo
gobogpoboobbooboooboobbooboooboobbuoobobo
O0000000000O0rzan 000000000000 OOODOOODOOOOO
RGBOOOOODODOODOODODOODOOODODOOOOOOOOODOOOOOO
ooooboob 1gobgoo oouloboobbUobobUO0obUOOobDOoOobDOoOoO
00000000 RGBOOD 300000oOoooooooO1lOoOoooOOo0.001.00
goboooboobobooboooboobboobbooobbooboboobobo
oobo0ooO0ooO0ooo0ooOoooO0oO0ooooo0g N, x NyOOOODOOoo
00000Orzan0O0OO B3]0000000000O00DO0O0OOOOOOOOO
oobooooboooooooooboOoboOobboOooboobOoooooE™Oon
O target field D0 0000000000000 OO0OO target field00 AODOOO

oobooobooboooboooboobboooboobobooboooo

64 O0O0OOOOOOOOOO

oboobobobobobobobobobooboboobobooboobooooog
000000 (0 EB00000000000Otarget ield 00 AODOOOOOO
ooboooboobobo0obooobooboboobbooobboobobooobo

goboopoboobobooboooboon

O*T(i,j.k)  0°T(i,j; k)

B(iaja k) = _A(lvj)kb( 921 a2y )Z (68)

OO0O0OOtarget field 00 AOOOO0OO0DO0O0OO0O0O0OOO0OOOODOO (4,9)
0000000000000 000000000O000000 (B®R)UDOOOODODO
00000000000 0Otarget ield 0000000000000 D0O0ODOO0OOO

goboopoboobobooboooboooo

76



6.5 DUOOOODOOOOOO

goboopoboobobooboooboooboboobbooboooboonoo
o000 oououoguooobbbbbobobbobD target
field0000000OO0ODODDOOCOOOOOOO0O0O0OOODOOOOOOOODDOOO
goobobobboooooboobbooooooobobboooooobobobboooobooo
O00000000000000O0Otarget field00 AODDODODOOOOOODOODO
goboopoboobobooboooboobboobooobooboboobbo
gobuogpobodgbboobooobuoobbuoobboooboobbuoobobo
A.(i,j)00000000DOO0OODOODOOUOO (4,5,00 000000000000

A.(i,7)0000.001.0000000000000 A.(,7)0000000000

1 Nz

Aclisg) = (5 D ae(in 5o k) (6.9)
? k=0

Ac(iuj) = Ac(ivj)/AC,maw (6‘10)

0000 Agmes O Ae(i,j) 000000004, 0 N, x N,0000000000
0000000000000 000000D000000000 average field AL O
000000 target field A\DODOODOOODOOOO0D0OODO0OOOOOOOOOO
googoobooooobbooooobbooobobooobboooooboobooooon
0 EI0(b) O average field 000000000000 DDOOOaverage field A, O
target field A O average field A, 00 0000000000000 0000O0O0O0O
0O00000DOo00oo0o0Doo PpOOOODODOUOODODOOOOOODDOODOOO
ooo sS,.00000oo0o0oooo0oooon 8oo S, 00000000040
oobooobooboo

0000K,0000000000000000D000000000DO0 (BOm OO

000 A(4,j) O average field A, 0000000000000 O00O0OOOO0OO

7



ooboooboobobo0oboooboob0boobboobbobobooobo
0000000000000 000EN(e)0(d) 000000000000 UOUD
00000000000000000000000BE™(e)D00000O0ODDOODO
000000 BN(dOo00000000000o0o00oooooooooooooa

oobooooboobobo0oboooboobboobboooboooo

06.10 O0OO0OO0OO0O0OCOO

6.6 OOO0O

obooooooboboooooobobooboooobboobooooboOooboobooo

goboooobooboboobboobooooboon

78



e CPU : Core2Extreme X9650

e IO DOODDOODOO

e JIDOODOOO API: OpenGL

: Geforce8800GT

aflafalufals 0o
0 dto 000000000 01.00
0 dh O ooooo 01.00
0vO 0oooo O 0 0.030
0 ky O 0ooooo o 0010
0 k, O 00000000 O 0 0.05 0
0 kDO oooooo o 0 0.030
0QO 00000 O 0 0.020
250 0)02.7(00)
0 Toms O 0oooo O 0 (oDoooo) O
0ol 00000 O 0010
0 (4,B,C)0 | 0000000000 O (100, 3, -2.3)
0 kp O oooooo o 0 4.950
06.1 OOODODOOODOOOOODODOO
0000000000 0oo 0ooooo
000 1(0 6) 1.10/0000 256 x 256 x 10 | 512 x 512 pixel
000 2(0 6I2) 1.10/0000 256 x 256 x 10 | 512 x 512 pixel
000 3(0 6E3) 1.10/0000 256 x 256 x 10 | 512 x 512 pixel

062 00000O0OO0O0O0OOOOOOOOODOOO

79



00000003\ 000b0o0oo00obo0obobooobOobDoobOobDboooDo
000000 DobashiDOODO BOD000O00O0O0O0O0OODOOOOOOOOOOO
000000000000 0000b00b0obO0obOO0oDOOoDOOoDOO0o00O000 20
O0000D0o00000Doo0oo000o0Doooo00oooO0d Miyazaki 0 OO
0000000000000 000000000000DO00DO0O0DOO0O0O0
goobobobobooooooobobboooobbboooooobobbooooooDoo
ooobooooooooooootoobL0E3@20000b00boboboboooo
ooboo0o0obO0o0oO0oROOboOo00oooobooboooooDoogoo

000 l1looodbobobobobobobobobobOobOoboDoboobooo
00000000000 target field(D 6E00(e)) 0000000000 OOOOODO
EI0(b) 000000 target field 000000000000 O00OOOOOOOODOO
gogoogogo

000200000000000000000000000000 target field(O
() 000000000000 DO0O0ODO0OODOOODOOODOOOOODOOODOO
00 E2b)000000036000000000000002?2000000000
0000000000000 0O0DbO0DDbO 20000000 30000000000
0000000000000 2(e)000000000O0DOOODOOOODOOODO
E2(c)0(d) 0000003000 000003300000000000000000
gobogpoboobbooboooboobbooboooboobbuoobobo
0000000000000 0000E(f) 0000000000 DO0O0O0OOO
goooooooooooooobobbooobbbbbbbbooooooooa
goboooboobbooboooboooo

000300000000000000000000D0000O00 target field(O
13(¢)) 000000000000O0O0OO0OO0DOODOOOD0OODOOOOOUOOOOOD
006RB(b) 0000000 36000000000000006BB(e)D0DOOD

000000000000000B(c)0(d)0000003000000003300

80



0000000000000 0D0O00BEd(f)D00DL00LO00LO0O0DOODOO

goo

ooboooboobooobooboboobbooobooboboobobooobo

gobogpoboobobooboooboooo

0611 OOO1

81



0612 OO0 2

82



.‘fl"‘f‘

.
,‘
\4
»

o

0613 0OO3

83



6.7 OO

oo bdoooboooobooboooobooboobuooboog
goooooog

goboopobooobooboooboooboboobboobooobooonoo
ooboooboobobo0oboooboobboobboobboobobooobo
gobogpoboobbooboooboobbooboooboobbuoobobo
goboooboobobo0oboooboobboobboobboobobuooobobo
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpoboobbooboooboobbooboboooboobboobobo
goboooboobobooboooboobboobbooobbooboboobobo
gobogpobogbbooboooboobboobboooboobboobobo
goboopoboobobooboooboobboobooobooboboobbo
gobuogpobogbbooboooboobbuoobobooboobbuoobobo
goboopoboobbooboooboobbooboooboobbooboobo
obobobobobobobooboobooboobooboooooooooboobobo
goboopoboobooobuoobobooboooboobboobooon

ooboooboooboobooobooboboobobooobobooobooooo
0000000000000 0000000000000Otarget field 00000
goboooboobobo0oboooboobboobboobboobobuooobobo
OO000D000000000OOtarget ield 000000000000 O0O0O0OO
goboooboobobooboooboobboobboobbooboboobobo
gobogpoboobbooboooboobbooboooboobboobobo
goboooboobobooboooboobboobbooobboobboobobo

gobogpoboobbooboooboobbooboooboobboobobg

84



ooobo0obooboboobooboobbobobooboobobooboboobooo

goboopoboobbooboooboobboobooobooboboobobo

ooboooboobobo0oboooboob0boobboobboobobooobo

gobogpoboobbooboooboobbooboooboobbuoobobo

goboobobo0obboooboooboobboobooon

85



70

BN

gobogobooboboobooobooboboobboobooobooonoo
ooboobobooboooboobboobooboboobooboo
Oo0o0ooocGoOoOoUO0UoooDoooOooooooooooooooDoood
gobooboboobboooboobbooboooboobboobboon
O0000o0oooooo0ogoooooooooocGoooooooooooo
goboopoboobbooboooboobboobboooboooboboobbo
gobuogpobogbbooboooboobbooboooboobbuoobobo
goboopoboobobooboooboobboobooobooboboobbo
obobobobobobobooboobooboobooboooooooooboobobo
goboopoboobbooboooboobbooboooboobbooboobo
ooboooboobobo0obooobooboboobboobboobobooobo
goboopoboobbooboooboobboobooobooboboobobo
godb0oOoobo0obo0oboooooooOooowwoobooboobooooooooo
gobogoboobbooboooboobbooboooboobboobobo
gooogooooobbobbbbbbboooooooooogooooooobo
odogoOodbooOo0oobooOoboo0ooboooboooUobogbooUoUoDboOooDo
goboooboobobooboooboobboobbooobbooboboobobo

gobogpoboobbooboooboobbooboboooboobboobobo

86



ooboooboobobo0oboooboob0boobboobbobobooobo

g0O0Ood0obOoOdoOoo0booO0ooOoobOOoO00obDooooAaooboboOoBOO

ooboooboobobo0oboooboob0boobboobboobobooobo

ooooooboobooooooboobooooooboboooboboboog B

goboooboobobo0oboooboobboobboobboobobuooobobo

gobogpoboobbooboooboobbooboooboobboobobo

goobobooooobobobbooooobobbuooooobobbboooooooo

ooboo0obOo0ooDo0oOOoU0oobOOoO0obOOoO0oOO0oeOOUODOUODOODOODOO

goboooboobobooboooboobboobbooobbooboboobobo

gobogpobogbbooboooboobboobboooboobboobobo

gooooooooboobbbbbbbooooooooooooooooooa

gobuogpobogbbooboooboobbuoobobooboobbuoobobo

goboopoboobbooboooboobbooboooboobbooboobo

ooboooboobobo0obooobooboboobboobboobobooobo

gobogpoboobbooboooboobboobooobooboboobobo

goo

o000o0O0oO0oO0oOsO0OO0OR@AOO0OOOCOOODODOODOODUOODOOO

goboooboobobo0oboooboobboobboobboobobuooobobo

obobobobosebgoboooooobooboooooobooooooooooon

goboooboobobooboooboobboobbooobbooboboobobo

oooOod0obooOdoooobooooobOoO0obOooOOoUbOoOeOUODOOODOODO

goboooboobobooboooboobboobbooobbooboboobobo

gogbobbbooooobobbooobobbbooooobbbboooooobooon

goboooboobbooboooboobboobbooobbooboboobbo

googd

87



L] [

gobuogpobuoobbooboooboobbuoobbooboooboonon
goboopoboobbooboooboobbooboooboobbooboobo
ooboooboobobo0obooobooboboobboobboobobooobo
gobogopoboobobooboooboobbooboooboobboobobo
oobooooboobobooboobobboobooboooboobbboo
gobo oboooboobboobboooboooboooboo
oobooobooboboobboooboobobooboboobbooboooo
goboopoboobooobogobooboooboobbooobo.
goboooboobobooboboooboobobooboboobboooboooo
goboobboobbooobooobuooboooboobboob.
gobooobooboboobboooboobobooboboobboooboooo
gobogpobodgbbooboooboobboobboooboobboobobo

goooooog

88



HRERERN

[1] K. J Astrom and T. Haqqlund. Pid controllers:theory, design, and tuning.
In International Society for Measurement and Con., 1995.

[2] R. Bridson. Fluid Simulation for Computer Graphics. AK Peters, 2008.

[3] Y. Dobashi, K. Kaneda, H. Yamashita, T. Okita, and T. Nishita. A simple,
efficient method for realistic animation of clouds. In SIGGRAPH ’00: Pro-
ceedings of the 27th annual conference on Computer graphics and interactive
techniques, pp. 19-28. ACM Press/Addison-Wesley Publishing Co., 2000.

[4] D. S. Ebert. Volumetric modeling with implicit functions: A cloud is born.
In ACM SIGGRAPH 97 Visual Proceedings: The Art and Interdisciplinary
Programs of SIGGRAPH 97, SIGGRAPH 97, pp. 147—, 1997.

[5] D. S. Ebert. Simulating nature: From theory to application. In Course Note
26 of SIGGRAPH’99, pp. 5.1-5.52, 1999.

[6] D. S. Ebert, W. E. Carlson, and R. E. Parent. Solid spaces and inverse
particle systems for controlling the animation of gases and fluids. In The
Visual Computer, Vol. 10, pp. 179-190, 1994.

[7] D.S. Ebert and R. E. Parent. Rendering and animation of gaseous phenom-
ena by combining fast volume and scanline a-buffer techniques. Proceedings
of the 17th Annual Conference on Computer Graphics and Interactive Tech-
niques, Vol. 24, No. 4, pp. 357-366, 1990.

[8] D. Enright, S. Marschner, and R. Fedkiw. Animation and rendering of com-

89



[10]

[11]

[14]

[17]

plex water surfaces. In SIGGRAPH ’02: Proceedings of the 29th annual
conference on Computer graphics and interactive techniques, pp. 736-744.
ACM, 2002.

R. Fattal and D. Lischinski. Target-driven smoke animation. In SIGGRAPH
04: ACM SIGGRAPH 2004 Papers, pp. 441-448. ACM, 2004.

R. Fedkiw, J. Stam, and H. W. Jensen. Visual simulation of smoke. In
SIGGRAPH ’01: Proceedings of the 28th annual conference on Computer
graphics and interactive techniques, pp. 1522, New York, NY, USA, 2001.
ACM.

N. Foster and R. Fedkiw. Practical animation of liquids. In SIGGRAPH
"01: Proceedings of the 28th annual conference on Computer graphics and
interactive techniques, pp. 23-30, New York, NY, USA, 2001. ACM.

N. Foster and D. Metaxas. Controlling fluid animation. In Proceedings
CGI’97, pp. 178-188, 197.

G. Y. Gardner. Visual simulation of clouds. In SIGGRAPH ’85: Proceed-
ings of the 12th annual conference on Computer graphics and interactive
techniques, pp. 297-304. ACM, 1985.

M. J. Harris, W. V. Baxter, T. Scheuermann, and A. Lastra. Simulation
of cloud dynamics on graphics hardware. In HWWS ’03: Proceedings of the
ACM SIGGRAPH/EUROGRAPHICS conference on Graphics hardware, pp.
92-101. Eurographics Association, 2003.

F. Haugen. Pid control of dynamic systems. In Tapir Forlag.

J. Hong and C. Kim. Controlling fluid animation with geometric potential:
Research articles. Comput. Animat. Virtual Worlds, Vol. 15, No. 3-4, pp.
147-157, 2004.

T. Igarashi, S. Matsuoka, and H. Tanaka. Teddy: a sketching interface for

90



[21]

[22]

[23]

[24]

3d freeform design. In SIGGRAPH °99: Proceedings of the 26th annual
conference on Computer graphics and interactive techniques, pp. 409-416.
ACM Press/Addison-Wesley Publishing Co., 1999.

J. T. Kajiya. and B. P Von Herzen. Ray tracing volume densities. SIG-
GRAPH Comput. Graph., Vol. 18, No. 3, pp. 165-174, 1984.

T. Kikuchi, K. Muraoka, and N. Chiba. Visual simulation of cumulonimbus
clouds. The Journal of The Institute of Image FElectronics and Electronics
Engineers of Japan, Vol. 27, No. 4, pp. 317-326, 1998.

B. Kim, Y. Liu, I. Llamas, X. Jiao, and J. Rossignac. Simulation of bub-
bles in foam with the volume control method. In SIGGRAPH 07: ACM
SIGGRAPH 2007 papers, p. 98. ACM, 2007.

Y. Kim, R. Machiraju, and D. Thompson. Path-based control of smoke sim-
ulations. SCA 060 Proceedings of the 2006 ACM SIGGRAPH /Eurographics
symposium on Computer animation, pp. 33—42. Eurographics Association,
2006.

A. Lamorlette and N. Foster. Structural modeling of flames for a production
environment. In Proceedings of SIGGRAPH 2002, pp. 729-735. ACM, 2004.
N. Max. Light diffusion through clouds and haze. Comput. Vision Graph.
Image Process., Vol. 33, No. 3, pp. 280-292, 1986.

N. Max, R. Crawfis, and D. Williams. Visualizing wind velocities by advect-
ing cloud textures. In Proceedings of the 3rd Conference on Visualization
92, pp. 179-184, 1992.

A. McNamara, A. Treuille, Z. Popovié¢, and J. Stam. Fluid control using the
adjoint method. ACM Trans. Graph., Vol. 23, No. 3, pp. 449-456, 2004.

R. Miyazaki, Y. Dobashi, and T. Nishita. Simulation of cumuliform clouds

based on computational fluid dynamics. In FUROGRAPHICS 2002 Short

91



[27]

28]

Presentations, pp. 405-410, 2002.

R. Miyazaki, S. Yoshida, T. Nishita, and Y. Dobashi. A method for modeling
clouds based on atmospheric fluid dynamics. In PG ’01: Proceedings of the
9th Pacific Conference on Computer Graphics and Applications, pp. 363-372.
IEEE Computer Society, 2001.

F. Neyret. Qualitative simulation of convective cloud formation and evolu-
tion. In Proc of Furographics Computer Animation and Simulation Work-
shop’97, pp. 113-124, 1997.

D. Quang Nguyen, R. Fedkiw, and H. Wann Jensen. Physically based mod-
eling and animation of fire. ACM Trans. Graph., Vol. 21, No. 3, pp. 721-728,
2002.

T. Nishita, Y. Dobashi, and E. Nakamae. Display of clouds taking into
account multiple anisotropic scattering and sky light. In Proceedings of the
23rd Annual Conference on Computer Graphics and Interactive Techniques,
SIGGRAPH ’96, pp. 379-386, 1996.

T. Nishita, T. Sirai, K. Tadamura, and E. Nakamae. Display of the earth
taking into account atmospheric scattering. In Proceedings of the 20th Annual
Conference on Computer Graphics and Interactive Techniques, SIGGRAPH
93, pp. 175-182, 1993.

A. O’Dwyer. Handbook of pi and pid controller tuning rules. In Imperial
College Press.

A. Orzan, A. Bousseau, H. Winnemoller, P. Barla, J. Thollot, and D. Salesin.
Diffusion curves: a vector representation for smooth-shaded images. In SIG-
GRAPH 08: ACM SIGGRAPH 2008 papers. ACM, 2008.

L. Shi and Y. Yu. Controllable smoke animation with guiding objects. In

ACM Transactions on Graphics, Vol. 24, pp. 140-164, 2005.

92



[35]

[41]

[42]

L. Shi and Y. Yu. Taming liquids for rapidly changing targets. In SCA
'05: Proceedings of the 2005 ACM SIGGRAPH/Eurographics symposium on
Computer animation, pp. 229-236. ACM, 2005.

J. Stam. Stochastic rendering of density fields. In Proceedings of Graphics
Interface ’94, pp. 51-58, 1994.

J. Stam. Stable fluids. In SIGGRAPH ’99: Proceedings of the 26th annual
conference on Computer graphics and interactive techniques, pp. 121-128.
ACM Press/Addison-Wesley Publishing Co., 1999.

N. Thiirey, R. Keiser, M. Pauly, and U. Riide. Detail-preserving fluid control.
In SCA °06: Proceedings of the 2006 ACM SIGGRAPH /Eurographics sym-
posium on Computer animation, pp. 7-12. Eurographics Association, 2006.
A. Treuille, A. McNamara, Z. Popovié¢, and J. Stam. Keyframe control of
smoke simulations. In SIGGRAPH ’03: ACM SIGGRAPH 2003 Papers, pp.
716-723. ACM, 2003.

R. Voss. Fourier synthesis of gaussian fractals: 1/f noises, landscapes, and
flakes. In Proc. SIGGRAPH’83: Tutorial on State of the Art Image Synthe-
sis, Vol. 10, 1983.

P. Witting. Computational fluid dynamics in a traditional animation envi-
ronment. In SIGGRAPH ’99: Proceedings of the 26th annual conference on
Computer graphics and interactive techniques, pp. 129-136, New York, NY,
USA, 1999. ACM Press/Addison-Wesley Publishing Co.

By J.G. ZIEGLER and N. B. NICHOLS. Optimum settings for automatic

controllers. In Transactions of the A. S. M. E. 64, pp. 759-768, 1942.

93



gt ot

1]

Yoshinori Dobashill Katsutoshi Kusumotoll Tomoyuki Nishital Tsuyoshi Ya-

mamoto, “Feedback Control of Cumuliform Cloud Formation based on Com-
putational Fluid Dynamics”0 In ACM Transactions on Graphics.00 Vol.23,
No.3, Article94 (Aug. 2008)0

0do0do0dbOooooooo, “c000dbooooooooooooooon

000000’000000000000 Vol.65 No.3 20090 Mar. 2009)0

0000000000000, “000d0b00000oo0bO0o0oooooDon

00000000”000000000000.D, 0000000 J92-D(12),

2270-2277, 2009-12-01

oo0o00doooooooogd, “0b00000o0oooo0oooooogog

0000’000000000000.D, 0000000 J96-D(8), 1944-1951,

2013-08-01

94



HRERERERERERN

[1] Yoshinori Dobashil Katsutoshi Kusumotol Tsuyoshi Yamamoto, ”Keyframe

control of cumulus cloud simulation”, SIGGRAPH Asia 2012 Posters

95



HRERERERERERN

[l] 0000000000000, “0000000O0000O0b0DOO0ODDOOO
00’0000000 00000000 CADO 1290000000000 pp.
7-12(Nov. 2007)0

2] DOOD0OU0DO0O0O0O00O0O0O0O0OUOO, “00000000000000O0OOO0
000000070 Visual Computing/0000000 CADOOOODDOODOO
000 2008(CD-ROM)0 (Jun. 2008)0

(3l 000000000000, “0000000000O00DO0O0ODO0OOO”O0
00000 000o0oooo CADO 133000000000 Opp. 61-66(Nov.
2008)0

(4 00DO0000O0O0O0OO0OOOD, “000000000O0000ODO0OO0OOODOOO
0”’0000000 D00DO0DO0ODOO0 CADO 470000000000 ©pp.
1-6(Nov. 2014)0

p)00000000D0O0OO0OO, “00000000000000000O0 Smoke
Art 000070 Visual Computing/0 000000 CADODOOODOOODOO

00 2014(CD-ROM)O (Jun. 2014)0

96



HRERERERERERN

(1] 0000000000000, “0000000000000000000000
0”’000000000 2007 00000000000D-12-500 (Mar. 2007)0
2l 0000000000000, “00000000000000000000700
0000000000000 000000000 (CD-ROM)O (Oct. 2007)0
3] 0000000000000, “0000000000000000000000

00000070000000 FIT20080 7000000000000 01-0120
(Oct. 2008)0
[4 0000000000000, “00000000000000000070000

0000D000oooooooooO 5-1-1, 2011-12-21 (Dec. 2011)0

97



	第1章 序論
	1.1 研究背景
	1.2 研究目的
	1.3 論文の構成

	第2章 関連研究
	2.1 数値流体解析手法
	2.2 流体現象のコントロール
	2.3 雲のビジュアルシミュレーション

	第3章 積乱雲のコントロール
	3.1 積乱雲の大気流体モデル
	3.2 積乱雲のコントロール概要
	3.3 target shapeの指定方法
	3.4 積乱雲のコントロール
	3.5 適用例
	3.6 考察

	第4章 積乱雲のキーフレームコントロール
	4.1 研究目的
	4.2 積乱雲のキーフレームコントロール概要
	4.3 積乱雲のキーフレームでのコントロール方法
	4.4 実験結果
	4.5 考察

	第5章 積雲のコントロール
	5.1 積雲の大気流体モデル
	5.2 積雲のコントロール概要
	5.3 target field
	5.4 積雲のコントロール方法
	5.5 実験結果
	5.6 考察

	第6章 セル状の雲のコントロール
	6.1 セル状の雲の大気流体モデル
	6.2 セル状の雲のコントロール概要
	6.3 target field
	6.4 浮力の係数のコントロール
	6.5 水蒸気量のコントロール
	6.6 実験結果
	6.7 考察

	第7章 結論
	参考文献
	参考文献
	研究業績
	学会誌

	研究業績 学会誌
	査読付国際会議

	査読付国際会議
	学会技術研究会

	学会技術研究会
	全国大会等発表

	全国大会等発表

