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Abstract

Title Research on Energy-wave Expression
Considering a Collision in Real-time 3DCG
Author Masaki Nito
Advisor Taichi Watanabe
Key Words 3DCG, Real-Time Rendering, Game Effect, Animation
[summary]|

Expression that moves mass of energy while light emitting strongly became common
in creative content, such as animation and comics. This study refers to this expression as
”Energy-wave”. Energy-wave is an aggregate of ”energy” distributed in three-dimensional
space. Energy-wave is a creative expression, and is mainly represented as an attack
method. Appearance of Energy-wave is similar to the laser and crepuscular rays in the
real world. But Energy-wave collides with another object, and shape of Energy-wave is
greatly changed by the collision. Energy-wave after the collision has a feature that will
soon fade away.

O One of a method to express Energy-wave in the video game of 3DCG is a method
that uses a texture animation in a rectangular polygon a few. However, it is necessary
to prepare in advance a texture image drawn the shape of Energy-wave this approach.
Therefore, it is not possible to flexibly deform the shape of Energy-wave by the shape of
the object colliding. High-performance game engine available particle systems are present
in recent years. By drawing on the Billboard texture of particle mass, particle system is
good that you represent anything irregular flame, smoke, snow, and clouds. To represent
Energy-wave considering a collision by using a particle system, it is necessary to deter-
mine a new equation of motion that takes into account the characteristics of Energy-wave
after the collision. Studies on Energy-wave exist, no studies considering collision with
an object in real-time. On the other hand, research that allows the user to shape any
modifications smoke, clouds, and explosion exists. However, they are not applicable for
Energy-wave which do not exist in the real world.

[0 Therefore we propose a new method that can be easily generated a variety of shapes
of the Energy-wave after the collision in real-time 3DCG. We were classified into eight
shape pattern as a component shape of Energy-wave after the collision at the beginning.
Considered a collection of particles Energy-wave as well as particle system, and belongs
to one of the eight patterns of shape component particle. Pattern of the components de-
termines the rendering method and the equation of motion of the particle. We were using
the probability parameters and the pattern of particle belongs. Percentage of affiliation
pattern of all particles determines the shape of Energy-wave. We have confirmed the
validity of the study by implement the proposed method and compare the actual content.
As a result, we made it possible with a simple parameter setting the various shape of

Energy-wave.







40

IT






10

HRERERE



1.1 O0O00ooood

ggobbbboudgooobbbbbbotbodooooobobbbbboadao
gogobobboobbbodgooooobobboooooooobobobbboogad
gbogbbobboboboobbobobobobbobbobboobbobbo
gooobbooboobboobdoobboboboobboobuoobbon
gogobbobbbodgooooobobbbouoooooobobboogd
O0@oO0000000000000000000000000000P)OOO
gogobobobbodbbomOodbboboboobboooooboobooa
ggoooogo

Wl

—
-

=

E

i

|2

=

E.

\\\\\\\‘?“\'
i i

\

|

Ood: “Ccoboobooo”

boooO ood

Ullggbbbogogbob

0000000000000 00000000D BECooOo0DooooOoo
gobomuogoooobbooboooooobobbobbooomoobogd
gboboodbbuoooboobbuoobbodobboobboodboobboo
gogobbobobbouooooobbobobbodgouooobobooboboogd
ggs3sbogggbbobuooobbbouooobobbooogboboo

gboobobooboobboobuoobbooboobbooboobobo



000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000000
00000000000000000000000000000000000
0000M@OO0O0O0000000 [EEMOoO000000000000000
00000000

P | :
oo:“0ogboob Z OO0:“000oogo 2199”

OoOooooloooooooon0” eXEBECOAICOODOOOOOO
21900000

o0:“0bo0boo0ob boooogo-r
©Ark Performance0 000000000000 OOOOODO

Ul2000000000000000000

abcGOOoOooDoOooOoOooOoOoDoOooboOobooOoooOooooooooo
gbogboobbobobooboodbuooboobuoobbobbonobo
gogoooooobbbobbbbotbodoooooooobbobobbbooagd
gbobobobobobobobobooboooobobobobboboon
gooobbobobbbogoooobbobbobouoooooboobobboogd



000000000000000000000000000000000000
0000000003D000000000000000 BISHAMON[ROOOO
00000000000 Unitylg) 00 000000000000000000O0
000000000000000000000000000000000000
000000000000000 [0000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000
00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000000 [M00000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
00000000000000

000000000000000000 [@¥@00000000000000
00 (56 0000000000000000000000000000000
0000000000000000000000Nowrouzezahrai O [17] 0000
000000000000000000000000000000000000
0000000000000000000000000000003DCGO00
000000

00000000000000000000000000 [®m™Enoooo
000000000000000000000000000000000000
0000000000000000000Treuilled [21] O Fattal 0 220000
000000000000000000000000000000000Dobashi
03 000000000000000000000000000000000



000000000 O00000000000000000000O0O0OO0OO
gogobobobobbooodoooooobboboobobooooobbobobbooa
gogoobbobbotbouoooobbbobbboogoooobooboobogo
gogbbbbboooooobobbbbbbouooooooobbobbboboago
gogboobooggooo

gbbogbobooobboobbumobboobbuoobboooboo
gboogbobobooboboboobobmoboboobobobon
oo0ooOobOobooobooboobobooooboobobooboosbecGcoonoO
gogobbbbbbouooooobbbbbouoooooobobbobboboodgd
goggoobbobobbotbodoooooobbooobbboooooooono sg
gogoobboobobbuooooobbbbobboouooooobbbobodod
gboobogooboobbobbuooboboobogsuuooboobbuooboon
gogobboobbbouodoooooboboouooooobobobboogd
gogobobbobbbouoooooobbobbbbuoooooobbbboogo
gboboboobobobooooboboboobooboobobobon
goobobbobbobuodooooobbobobbouooooobboboobobood
gggooooobobbbbbbbotbouooooooobbbbbbooagd
goon

1.2 0000

gogobstooooodobpoooooobbbbbbbboodgags
googobobbbobbsoobbbobobobbbboodgabbbbooooad
ggbboboooobbbebgoobboboooooobobod

1.3 00000

gobboboooobboboooon



e ABUOUODOUD AOBOUODOOOODO

e |V|ODODDODDOVOOOODOOOO



20

Joooboobobbon



gbbogobboodbboobbuobbuegemgdbbuogbboooboo
gobbopegooogdbbogobboooboooboobboobobooa
gobbooepbobupEegoboggogbbouooooboogd

2.1 O0OO0OO0OO

gogobobobobboooooooboboobobbodooooobobooboboooa
goobboobbouooogobbobbboooooooobboobboogd
goggobbbbbuodbooooooooobbbbobbobobbbboodadd
gogobobbobbbuodgoooobobboogouooobobooboboogd
gogobbbbbbobuodooooooboooobobbobbboouagd
gbooobooboobbuoobboobobooboobboobuoobobon
gogobobbobbouodgooobbobobbouooooobbobbboogd
gogobbbbbouooooobbbbboouooooobbbbboogd
gogobobbobbboodooooobobbbbouoooooobobobbboogod
ggbobuoooobbobuoooobobod

22 0O00O0OO0O0OOOOO

gogooboobboooooooboboobbodooooobobooboboood
gboboogboobo2bgoboobooosbgbobooboobobooobooon
gbogoboobgbosobobgioboboobobooboboobobon
gogooobboobbobo4bobobbbobdooooooobbobbbogad
g4b0b0oobooobooboo200boobobbooboobooboon

221 00000

glodgooooobobbbbobbbuooooooobobobbboodado
gbogbbobobobboboboobooboobbobobobbobbonbog



0000 (00)0ooooOoOoO0o0ooooooooooo(Oooo)ooooo

gboegmgoboobg200000000000000000

4R

TR AR

g21:00000020000

222 00O

g2000oooooooooooobobobooboboboboobobg

googobbbbbtbouddoooooooobbboobbbbooooood

gogobobbobboobbbobbbboodoooooobbobbbooagd

gbooepeioboiob20bdodbogboobooboon



—
/

=

022000020000

223 0000

g3tbdudouooooobbboobobbddouooooobboboood
gogbbobobboooooooobbbbbbuoooooobbobboogd
ooooo?oo00bo20000000DbO00DOOODOO

0230000020000

10



224 000000

g40000000000000000O0DO0O0bObOOobObOo0bbObDbo
gbobobobobobobobobuoboooooobo@oooooon
g200000000000000D000

i 1|

024:.000000020000

23 U00OUooooon

gogobbbobbbbuogoooooobbgsuguooobobooboboboogd
O08I0ODOOO0OOOO0OD ADBOCODOEOFOGOHOOOOEROODOOOO
gogbooobogoon

11



VN R8I

gtk ki) A B

. TR IN C D

B E nE E F
El_j

| E R G H

g250000000000

gbbgouoboobuodgbogbboobuogbbooguuboogoood
gogobbbobbobouoooooobobbbbouooooobbobboogo
gbgobgoboboboboboboobooboobon

12



1 3 0

HRERERE



gbogbooooboboboobobobuooboboboogEmgboong
gboobobgoboobobuobooboguboogbobooboobobon
gobobuoobobooobbuoobooobbboobosmuboboogobooo
gbobgoooboboobdobobuoobobuobgubobooonbon
gogbbobugoobbbooooobobooogboooo

ggobobobbodoooooobbobbbouooooobobobboodao
gboobuoobobobobboobooboob

3.1 U00uoobouobouobouoooood

ggobbbbougoooobobbbobbodoooobbbobboodad
gogboboboboboboobobobobobobobobobbobn
gogobbobbbooooobobbbbooooooobbobobooogd
ggobobbbbbodgoooobobbbbobouoooobbobboagd
gbogboobboobooboobuoobboobobobo3sgbbobbon
gogobobbobbouodoooooobbbobobouooooobboboobbooo
gogooboboooboobooboobobboobooobg

N=TA0N |y gy iR

g3lngogbobobouggboobooodan

14



3.2 UO0OUOO0OOoOoboooooon

gbogboboobobpbobobobobobobguoooooooonbog
gdlodooooooobbbobobboooooooobboobbbooogd
gogobobbbbbuodooooobobbbbouooooobbobboogd
gbogbboooboobboobuoobboobooboooboobbon
gbbodbbodgbobbuoobbodbbodboooosx=uguooaooo
gogobbbbbbouooooobbbbbouooooooobobobboboogd

godo
I Emaes [
LV 3R A
> E A A B
Losyss| s TRIN C D
Fik B AE E F
> 85 F B G H

O0320000000000000000000000D0O

gogoboboobbodoooogoboobbooooooobboboobboogd
gbooogboboboooobbobobouooon

gogobobbbooooooobobobobbboodooooobobooboobboooa
gooboboobobbouooooobobbobboouooooobobboogd
gogobobbbbbuoooooobbbbbououooooobbbboadad
gdbgEZaododobbobbooooooobobbooooooboboogo
gboboooobobobeEEE0b00boooboboboobobobon
gbooobuoobooboobobgEg3agoooon

15



3.3 Uooon

goooobooobobooobboooboboobbobooobboooboboog
0000000000000 000000000000000000 a(0<a<1)

00000000000 BE@mOO0O0OO0O0oooooo

(3.1)

o U0 oobhooodoon
l1-o D OOOODOOODOOODO

0@Bn)000000000000000000O00O0O0O000D0OoOoooOoOO

3.3.1 OO

gogobobbobobboogooobbobbodoooooobbboodad
gooobobooooboobooooooboboooobobobooooboboo DO
goooboobobobooobooRrRObDOObOO0OOO0OO02000000000000
Oooobooboooob AbDoooobooboEsBsubooD ADoDgoonoo
gboooood

IEEADRE

0330000000000 000b0b0 A0DO

ooo0oDOoOO0OOob0oboooboobooooobobobobooboobooogon

goobobobbbooogoooobobobbodooooooboboobbood

16



Oo0obDxkO00O0DbOb0ADODDOOOODOODODOOODbDODObOOOD =20
0000000000000 0n00000000000wO0000 DOO (B2)
goooo

D =kzn+ h(w-n)n (3.2)

gboob ROODODOOOOOODOODOOOODOOOODOODOODO
000000000000 0000 10000 SPHO [ER)e0000000O0O0O
gobbobobbbotoooooooboboobbouooooooobbbboogo
ggobobbbbbuodooooobbbbbuooooooobbobobbboadao
gogoobbobboodoooooboobobboodoooooobboobobood
gbodnnidbobOobOobob0oooboboPO0bObODbODODODO
oooobQbob1o00boobooo-r00b0b0ob00oo0obobobn
O000000RODO B3)00000

- —P
R = L .
"2 1q, PP 33)

U320 Ruodbooooooon

___________
-
-~ oS

~,

~, -
~ -
~~~~~~~~

034 000ROOO0O

O00DOROODO cO00AOODOODOODAODO BE@OOOOOOO

17



D+R

e 3.4
yD+R|C (3:4)

0@B2) 000000000000 A0D00DO0DODODOOOOOODOOOOOOO
0000000000 AOO0DO0OOd cODb0ODODODODODOODODO
gogogobbbbobbbooooooogobobobbooodgooogoogo
gbogbooobodobboobuoobbooboobboobuoobbon
gbbogbbtudcgdbbobbuoobbuogobbuoobbuooboboboo

ggbbbuooobbbouooobobbbuooobbboooobbboood

3.3.2 U000

gboooboobboobooboobboobbobboobbooobo
goobobbobbouodgoooobobbooooooobbobbboogad
goggobbbbbougogobbbbbbbuoooooobobbbbogad
gogogoobbobobbbtbodooooobobil1oooooboboboobboboooga
gooogoobbobobb3sgbbbbbobbobbbboooaobooougo
goggobbbbbbbtbodudooooddoooooobbobobbbooago
gogoobboobboooooobobboooooooobobobbboogd
gbbosgauubooosgbbuoobuogboogstouoogbboobboo
gboooboooboon

18



il 10 5

-
v

g3 uogbuogbougbugobooboobo

000000000000 HOOOOOOOO EDOOOOOOOOOOOO
0000000000000000-0000000000000000000
vOO BH) 00000

(3.5)

gbbogoboodbbooboooboboobbuoobbooobooobb
gboboooboobboobboobobooboboobbooobbooboon
goobobbobbbuoooooobbobbooooooobbobboogo
O0000000000000000000 Perlinnoise2 0000000000
gobogobogobobooobbuodbbuoobbuooboboboboooboo
gogobobbobbobuodoooooobbbobbbuooooobbobboodad
gboobobooboobboobuoobboobooboooboobbon
goon

19



3.4 0UO0OOOOO

ggobbbbbudoooooobbbbbbouooooooobbbbodao
gogobobbobbboodooooobboobboooooooobobobbboogd
gogobobbbbbotbougooooooboboboboobbbobbbboodagd
gboobbooboobooboobooboob

gogoboboobbboooogobbobobbbooooooobbboobboogd

ggbbbuoobobboooobbbooogbobogao

3.4.1 0O0O0OOOOO

Oo000o0o0O0O0O0O0OO0OO0O0O0ODOODODOOpBLp<l)OODODOB3E
00000000O0oooooo00 BE@Oooooooooooo

I 00o0oOooooood
{B (3.6)

1-pg b DOOODOODOOO

gogbbbuoooobbbuoooobbbooooboooan

gbogbogbuogbugbogbuodgbubboboobooboobon
gbobobboobbooboboboboobbooobboobbooboon
goboboobbodoooooobboobboooooooobbobboogd
goliobgooboboobo MMOboobooboooboboobooboo
000000 PpPOCODOOOODOOOOODOOP, 000000 i(i=1,2,3...M)0O
0000000ooooooo T;,00 B0)00000

P, -Py,.

gbhboooboobboobbooboobboobboobooboonoobog
gboboboboooooboobobobobobbodsmboboboon

ggbooboogobobooooboboogod

20



0 S—FHoLEREE

.. =T 49 VBB
i
EGFROTRILE—K -, O
LHBORBKR o v WREEB~BAEMES
N0 FORFYERE
. y

g360dbbobogoonon

3.4.2 UO0OOOO

gbogbooboobodbuogbuoobooboobobbobboboo
gbooboobooboboboobobooboo NDODODON=1000000
l<NOOOOOoooo

gobbobuoooobbooodgbobbbolooobobobboooobbn

goobooboooooboooooboooooboboboboooboobooo  NDOOooDbLoo
go0o0o0oO0o0oooooooobooboDooDQ@uobobobobobobooo
000dd000ooo0ooooo00«00000004(j=1,2,3,..N)0000O0O
000000000 U,;00 BER®00o00o

U, = Q+ (~1)u(j — 1)d (3.8)

gbogbdbobobobobobosgEmbobobooboboboboobo
gbooobooobgoobo

21



IN—T 1D IILILE
HEIT AR

—

ET A RIMENIZ
TORFYERE

g3700boooogn

gobbbuoobbboooobbbuooobobboooobbbodab

343 0O0OO0OO0OOO

0000000000000 000000000000000¢0<t<1)0
gbobogobboobbuoo¢«buogobboobbugbooobooooo
gboobgobobootgboobuoobobbobobtg1bboobon
gogboboboogbtbobbooooobbbuoooobbgyoobbobood
0000000 S, 00 8Eo0oo00ooosoooooooonoooooo
gogbboobouoodaboon

5 N-UG-D0-1)

- (3.9)

gbbooboobbuobooobbEmbboooooobbobuogoboo
ggbooboogogd

22



IN—T49)L
BEME

KImDTIAF¥IERE
INSSHETE

g3suguboogouogog

23



4 U

HRERERE



gobbgubboooobbouooooobbooooobbuoooooo
O000000000003DO0O00O0O0O APIO OpenGL[ER|D OO O OO 3DCG
000000000 Fine Kernel Toolkit System[29][B0] 00000 C000O0OO

gbooobuoobeEmboon

04.1.:.0000
OS Windows 7 Enterprise 64 00 0 O
CPU | Intel(R) Core(TM)2 Duo CPU E8500 3.16GHz
GPU NVIDIA GeForce 9800 GTX /9800 GTX+
ooo 4GB

4.1 0O0O0OO0

gbogbobobobobobobobuobobeEgooboboobobg
goobEpobdg4boboonobooobbooboobsgobbuoonoobooo
gbbodgbogbbodboobobutbeEogbbuodboonobuooboo
ggbbobooogboo

042:. 00000000000

000000 o 1.0

0000 3 0.3

000000000 N 12

00000 t 0.5

000000000 T 40
00000000000 (0000-000)] ¢ [150000005
00000000000 (CO000-000)| ¢ 2500000 1.0

00000 r 4.0

0000 k 1.0

00000 h 0.8

000000000000 u 0.4

25



O41:0000000000000DOO0DO0ODOOO0

Ueiibdoooooooooooooooiooid «00ooooogog
googooooboobuoobodboobboobbobbuoobuoo 400
gogon

26



a=0500+0000)

a=000000)

042000000 «0000000DODOO

O030oooooo0oooooo0oooooboo pooobooObOObODODOO
gboooboobobobobboobooboobooonbo

27



B=10000)

A=00000)

043: 0000000000000

bbb obobooobooboboobooboo NODbOoboooo
gogbbobuoooobbbuoooobbbuoooobobboooooobooo

28



N=24(00)

044000000000 NDOODOODOODOOD

eEspbgooobobobooboboboob+«oboobobobobo
gbooboobobbobbooboobooboobuooboobo

29



t=01(000)

O45:00000<¢:00000000O00DO0O0ODOO

U003l ooboobobooobooboobg
pOoO0bOoO0gbOobbOobOoobooboobooboobo
s ogooooboboboboboboboboboobouobooboog

30



ggbbbuooogbbbuoooobbobuooouobbboooon

46 000000000000

Jeoobdboboboboboboobooooooooobobobonbog

31



gobbobogogbbbao

047200000000

UERogogooobobobooooooboobobobobobobo
gobobobuogoboogbboobooobooobooobbuoonooboo

32



48 00000000000

0f@0000000000 BI000000000000ooooooooo
gobobuoggobsogbbuoggbbuoogbouoooboboobboobobod
gbogooboobboo40buodbboobboooboobbuoobbon
gbbooobooboobboobooboooboobbooboobobon
gogoobooogoon

33



1 /=2 P
DMMANG ° S

gooboboogod
ob: “0C0b00bo0ob0 obooooogoooon”

bOOoobDbOOo0obOoOooooobboooDo

goo

049 00000000000D00O0

34



4.2 0OO0OO0O0OO

eaggobogoboobbooobooodoobboobboobbo
gogoogobbobbbodoooooooobobb40b0bbbbbbbboougd
3godobobooboobooboboobo1boboobobooboboon
gbobobgoobooobobobosgbob 400000000100 00O0O0

[

gogobosbouoaoboo

043: 000000000

gob1|bog2 | 0go0bo3 | ood4
ggooood 1221 2410 1221 2410
goooog 1221 2410 6105 12050
Oooooooog | 8.1 FPS | 31.3 FPS | 26.5 FPS | 10.4 FPS

35




5 [

HRERERE



goooboobobooosbecGchobooooooooboboooooogon
gogbboboooobobuoooobbbooooboobooo

gogobbbobbouogoooobobbobbbooooooboboboobboodad
gbobooboobbobbuoobobooboboooob8sbooobuoobbon
gbobbogobobboboboobooboobooobuogbuogbooobobo
gbdbuodgbogbboggbuoobuoobuoboobboobbobobbo
gbogoobooboobbuoobbooboobboobuooboobbon
gogoobbobobbbbouodooooobooboboobobobbboouagd
gogobbbbbbbouuoooooobbbobobbdaoogonougd
070080% 000000000000000000ODOO0O0O00OOODDOOOOO
gogobobbobobobodogoooobbobboooooooobbobboogo
ggbbbuoooobbbuoooobbbooodgbo

gogobbobboooooobobbobbbodoooooboobboodad
gogobobbbbbouooooooobbbbboouooooobbbobobodgo
gbogoobooboobboobuoobbooboobboobuoobbon
googobogobbuogbogoboogbbobbooobboonboo
ggobbbbodoooooobobbbbbououooooobbobbbougd
gogooobbbbbtboddooooodoooooobobobobobobooougd
o000 1gooo GpGPUOODOODODODODODODODODODODODO
goboboooooboboobobooobooboooobooooboocecpvonoonO
gogobobbobbbuodooouoobbobbbuooooobobobboogad
gogobbbobbbuodooooobobbbbouooooobbobboogd
gbgobobobobodo

0000 NICOGRAPH2013 DO ODOO “DOO0O00ODO 3DCGOOODODOOODO

0000000000032 0000000000000

37



L] [



gobbbugobobbooboooobbboooobbbaon
gbgobobobobbooboobuoobgobobbobbooboobod
gobbobugoobbbooooobbboooobboboooobobogn
gbgobgoobobboboobuooboobuoobooboooboob
gobbobuogobobbooogbobuoooobboooooboboood
gogboboogonbo

39



HRERERE



1]
2]

3]

[10]

[11]

[12]

gboo,0od0d.bboouodgd, 1985.
Doooooboo,ooboo.oobooobg, 1974,

gbooo,g0bbo.boggobobuoogobobuoooobbo.bdao

00000, Vol. 9, No. 3, pp. 93-101, 2010.

OOo0ob0O,00b0b0.000000b0ob0o00bobo00bo0oOoDO. Master’s
thesis, 00 O0O0O0OO0OOOOOOOO0ODOOODOODODOODOOODOODO

00, 2010.
00.00000007Z000000!000000000, 1994.
XEBEC, AIC, 0000000 219900000. 0000000 2199, 2013.

Ark Performance, 00000, 00000000000 0O. 0O0DO0ODOOOO

O-oogogoobb-, 2013.

OO0DOO0DbOoO0O0OoO. BISHAMON.

http://www.matchlock.co. jp/.

Unity Technologies. Unity.

http://www.unity3.com/.

W. T. Reeves. Particle systems. a technique for modeling a class of fuzzy

objects. In ACM Transactions on Graphics, Vol. 2, pp. 91-108, 1983.

E. Haines T. Akenine-Moller. OO0 0 OO0OO0O0OO0O0O O 20 REAL-TIME
RENDERING Second Edition. 00 00O O O, 2006.

OO000,0000.0000003DCGUOOOOOOODOOODOODO
O0. In CEDEC2012.

http://cedil.cesa.or. jp/session/detail/980/, 2012.

41


http://www.matchlock.co.jp/
http://www.unity3.com/
http://cedil.cesa.or.jp/session/detail/980/

[13]

[14]

[15]

[19]

[20]

[21]

gbooda,gbob.ogggbbbuoogobbbuoo.gbbbdao

00000000000, p. 377, 1997.

ooog,bbg,obo0. boobobboobboobboobooob
goboobuogbobugb.gobogooaobbd, b s2i, pp. 1-6, 1998.

K. Zimmerman D. P. Greenberg G. Spencer, P. Shirley. Physically-based
glare effects for digital images. In SIGGRAPH ’95 Proceedings of the 22nd
annual conference on Computer graphics and interactive techniques, pp. 325—

334, 1995.

goog,ogobo,obg,bog.ggbbodbobooobuooboo

00.0000000,0 390, pp. 369-374, 2010.

A. Selle D.Lacewell D. Nowrouzezahrai, J. M.Johnson and W. Jarosz
M. Kaschalk. A programmable system for artistic volumetric lighting. In

ACM Transactions on Graphics. Vol.30, Issue 4, Article No. 29, 2011.

H. W. Jensen R. Fedkiw, J. Stam. Visual simulation of smoke. In SIG-
GRAPH 01 Proceedings of the 28th annual conference on Computer graphics

and interactive techniques, pp. 15-22, 2001.

A. Lastra M. J. Harris. Real-Time Cloud Rendering. In Computer Graphics
Forum, pp. 76-85. Vol. 20, Issue 3, 2001.

J. F. O’Brien G. D. Yngve. Animating explosions. In SIGGRAPH 00 Pro-
ceedings of the 27th annual conference on Computer graphics and interactive

techniques, pp. 29-36, 2000.

Z. Popovi¢ J. Stam A. Treuille, A. McNamara. Keyframe control of smoke

simulations. In ACM Transactions on Graphics, Vol. 22, pp. 716723, 2003.

42



[22]

23]

[24]

[25]

[26]

[27]

28]

[29]

[30]

[31]

L. Dani R. Fattal. Target-driven smoke animation. In ACM Transactions on

Graphics, Vol. 23, pp. 441-448, 2004.

T. Nishita T. Yamamoto Y. Dobashi, K. Kusumoto. Feedback control of
cumuliform cloud formation based on computational fluid dynamics. In ACM

Transactions on Graphics. Vol. 27, Issue 3, Article No. 94, 2008.

0000,0000,000,0000.00000000000000000
000000000000000000.00000000000,0650,
pp. 1446-1451, 2011.

L. B. Lusy. A numerical approach to the testing of the fission hypothesis. In

The astronomical journal, Vol. 82, pp. 1013-1024, 1977.

M. Gross M. Miiller, D. Charypar. Particle-based fluid simulation for interac-
tive applications. In ACM SIGGRAPH FEurographics symposium on Computer

animation. Eurographics Association, 2003.

K.Perlin. Improving noise. In ACM Transactions on Graphics, Vol. 21, pp.
681-682, 2002.

OpenGL.org. OpenGL.

http://www.opengl.org/.

Fine Kernel Project. Fine Kernel ToolKit System.

http://fktoolkit.sourceforge. jp/.

Oooo.0oogobooooboooboooooooobobobooogng. pPhb
thesis, U0 OOOOODOOOO ODOODOOOO, 1996.

oboobooboob,ob,obbo0o.bbobobobobboboboob
Oooooo, 2011.

43


http://www.opengl.org/
http://fktoolkit.sourceforge.jp/

(32 0000, 0000,0000,0000.0000003DCGOOOOOO
OO0D00D0O00000000. NICOGRAPH20130 00O, pp. 97-104, 2013.

44



	第1章 はじめに
	1.1 研究の背景と目的
	1.2 論文構成
	1.3 数式の定義

	第2章 エネルギー波の衝突表現
	2.1 表現の多様性
	2.2 形状構成要素の抽出
	2.2.1 大域的形状
	2.2.2 連続性
	2.2.3 飛沫形状
	2.2.4 飛沫先端形状

	2.3 形状構成要素の関係

	第3章 提案手法
	3.1 パーティクルシステムを利用した形状生成
	3.2 パーティクルごとのパターン所属
	3.3 運動方程式
	3.3.1 円状
	3.3.2 不規則状

	3.4 レンダリング
	3.4.1 連続型と分離型
	3.4.2 粒状と棒状
	3.4.3 丸型と鋭利型


	第4章 動作検証
	4.1 実行結果
	4.2 実行速度の検証

	第5章 おわりに
	  謝辞
	  参考文献

