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An Efficient Cloud Visual Simulation Using Adaptive Grid Method

Ryo MIYAZAKI', Yoshinori DOBASHI', and Tomoyuki NISHITAT

o000 oOoO0oOo0oooOoOoOoO00oOoOO0O000OO000O0O0 cGoOOoOooooOoOoOoOoooboOooooo
gooooooooooooooooooooooOoboooooooooooOoOooobooOoooboooo
gooooooocoooOoooooooOooooooOoooO0oOoOoOooOooooOOoOoOoOooOboOoOoOoOoooOooOoOoo
00000000000000000000000000000000000000O0O0O0O0O0O0O0O0O0000
000000000000000000000000000000000000000000000O00000
goooooooooooooooOooobooOoooOooOoOoooOoOoOoOoOboO0ODObOOoOoObCbbOooooo
gooooooooooooooooooooooooooooooOoooOooobooooboobooobooo
00000000000000000000000000000000000000000000000000O0
00000d0odooooooooooooooooooooooooooooooooooooooooaooagn

00000000000

ooooo 0OooooooooOoOoOoOoOoOooOooobooobooo

1. 0D OO0

oooooooooooooo cGooooooo
goooooooooooooobooooooDboobo
goooobooooooooobooooooobood
goooobooooooooobooooooobood
gboooooooboOoobooooboooooobooo
goooboooooooooooboooooobooo
goooooooooooooboooooooobooo
gboooooooobooooobooobooboooo
goooooooooooooooooooDboDbo
gooooooooooooooboOooooooboboo
goooooooooooooobooooooobooboo
gooooooooooooobooooooobod
goooobooooooooobooooooobood
gooooocooooooooboOooooooboo
gootdoooooooooooooooooooooo
goooooooooooooboooooooobooo

foDoD000DDO0OOO00O0O0OO0OO00O0O0O0O
Graduate School of Frontier Sciences, The University of
Tokyo, 7-3-1 Hongou, Bunkyo-ku, Tokyo, 113-0033 Japan

gooooooooobooooooocooooobooboo
goooooooooooooboooooooobooboo
ooooooooog
oooooooz2.000000000000000
ooooos.ooboooboooooboDbODOObbOb0o0oo
oo00o0o04.00000D0D000000DODO0O0O0OO
ooooos.0boooooooooobboboooa
oooooooode.0 2000000000000
ooooooooooor.0o000b0O000O0O0O0O0
goooooooos.oooooo

2. 00000

CGO0OO0000000000000000000
000000000000000000000000
000030000000000000000000
000000000000000000000000
00000 ([7,[9,[21)00000000000000
0000000000000000000000000
000000000000000000000000
00000000000000000

00000000000000000000000

go0ooo0o00oogon0 X Vol Jxx=X No.xx pp.1-9 xxxx O xx O 1



00000000000 ’xx/xx Vol. Jxx-X No.xx

Ood0oobooooooooooobooooobooa
goooooooobooooo 30ooooooo
00000000000000000 ([1],[2J0000
gobooobOooboobooboobobbobooo
goboooboobooboobooboboobooo
00000000 OONeyretDODOOOOOOOOO
00o0o0o0oo0ooOoboO0ooOooOoDOooo [14joo
goooobOOo0obOo0obOoobobobOoooobooo
goooobooboboooog
Stam 000000000000 DOOOOOOOO
0000000000000 [18],[190000000
0000000 20000000000000000
gobooobOooboobooboobooboobooo
ooo
Oo0oooOoooboOooooooooo ejooo
gobooobOoobooboobooboobbobooo
goooobOo0oOoOobOOoOobOoOooobboobooo
gooooO0obOO0ooboobDoOoboDooboooDoo
godooodoooooooboooooobooa
god0oobooooooooooobooooobooa
ooogo
0000o000oO0o0oOop)boobooobDOoon
gobooobooboobooboobobbobooo
gobooobOobooboobooboobooboobooo
goooobooboobooboboobooboo
goboooboboooboobooboooo
cGOOooopooooooooooooooooo
0000000D00000000000000 (8], [20].
od0oobooooooooooobooooobooa
gbooo0ooobooooooobobobobooobo
goooobooboobooboobobooboo
gobooobOooboobooboobobbobooo
KajiyaOOOOOOOOOOOOOOOODDOOO
oooooooooooooooooooooo
gooo0obOo0oOOobOO0oOobOoOooOobboobooo
CML(Coupled Map Lattice) 0000000000
00000000 ([22),[23) 000000000000
DDDDDDD[13]DDDDDDDDDDDDDDD
gooobooobobobooboobuoobooboo
gooooboooobooboobonboo
goobooooboobooboobobobobooo
gobooobOoooobOoobooboboobooo
goboobOooooboobooboobbobooo
goooobOo0ooOOobOOoobOoooOoboobooono

gbooboooooobobooobo
3. DO0DOOODODO

00000000000 [4,[10,[12)000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000001 00000000000000
000000000000000000000000
0oooooo

Lk

01 00000 (@WoO0oooooooo)
Fig.1 Photographs of cumulus.
(left: cumulus, right: cumulonumbus)
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Fig.2 Refinement of grid region.
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Fig.3 Two kinds of cloud generation processes.
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(a) 100 time step (145,000)

(b) 130 time step (314,000)

(c) 140 time step (242,000)
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Fig.4 Cross sections of the simulation space for cumulus generation. The number
of grids is showen in the parentheses. Horizontal direction is the x axis,
and vertical direction is the z axis.
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Fig.5 Comparison of result images
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Fig.6 Comparison of the results with different levels
of maximum refinement. The number of total

(b) refinement level 2

grids is showen in the parentheses.
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Table 1 Decreasing of number of grids and computa-

tional time due to the adaptive grid method.
“ts” indicates time step.

maximum refinement levels 0 (non refine) | 2
initial number of grids 1,600,000 25,000
number of grids at 180ts 1,600,000 230,000
computational time at 180ts 3.3sec 2.0sec
total computational time to 180ts | 600sec 150sec
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(a) 250 time step

(e) 250 time step

(f) 300 time step
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Fig.7 Rendering results: (a)(b) show cumulus, (¢)(d) show cumulonumbus, (e)(f)
show clouds generated by interaction of air current and mountain.
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Fig.8 A cross section of the simulation space for gen-
erating clouds interacting with the mountain.
Clouds and velocity vectors are shown.
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