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Survey on Realistic Simulation of Cloud

QIU Hang YANG Ke CHEN Yu CHEN Lei-ting
(School of Computer Science and Engineering, University of Electronic Science and Technology of China,Chengdu 611731, China)

Abstract Cloud is one of the nature elements that is difficult to render in real-time due to its peculiar microstructures
and complex physical process of formation. Realistic simulation of cloud is one of the challenging topics in computer
graphics. A comprehensive survey on realistic simulation of cloud in recent twenty years was presented, with a detail in-
troduction to the modeling,dynamic simulation and light scattering effect techniques of cloud. Some fundamental princi-
ples,advantages and disadvantages of the typical methods were introduced and analyzed. Finally, some typical simulation
methods were compared and summarized in detail, some key research issues that need to be further researched were
pointed out.
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1984 4F,Kajiya %19 % FIFH = % i (cumulus convection)
AR B RAR AR RIS 1 RAE, BB 3D K
1 FWESKIR G R B AR = (v B 2 A B . R R DGR
BERRAHEEZHR. ZHERBERIE SR, B3 2068 4
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fifk. Wang SR AL REHA g = 4= (81 43 K
B H ) B — 24 (B UK WO Tl ) 4 g ), 3 4 B AT Ak
M AR RNTRRIRVE R, UM B4, 2008 4,
Wang %1 R KT R G0, 8 o] I U 38 A T AR Y #3 5h K
EENFLEHEE, AR FEGHEHNLER FHRENE, R
JETERE MR LI EARE BRI MBS, CEk(12]%
FHE TR RS A (Probabilistic Weather Model) 4= ik 7%
SERTRF R BB F8 LA PER R — RO R,

LA, s WIEA KRBT SRS H XL
RFIMEE XM BT E ., 2008 4, Dobashi %0742 1
TEFRBEHOBRZEN TS APELat a8 2D
B BF UL R = 3D SME, SREHKEE 3D SME M HET
EESMER, SRR BHSEH D ESE BRI B 2
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Z R AR SR RIS 1 E R = SRR
BT AT A R, — A T E AR AR,
1992 4, Nagel 251 $8 1445 40 4 B 41 (Celluar Automaton,
CAYA T = # AR, Dobashi 519 35X — BAEBITT
¥R, i — RV AERIBRE R PR R R W AE R IR
TEEN AR, B B # TR A E, R
splatting HEeHE T RLBEEBNE. BT CAFEYE
MR EELCRARE, AEAHT2ETFTRIRES %
B, Kt s AR RN R RS T RAE /MR
£,

FE-5 BA44% F (Coupled Map Lattice, CML) £ CA ¥
B, T RAESER, BB ENRE TR Y LR,
Xt E O — A RN = EEM B STk,
Yanagita #0778 T CML ) = S 3 A7 B
HZFEHENARATFEEEN =BG, MEL 2D
BRBAEHER. XEL181RA CML, @ & E AR
RISRE AT A 9 E 850 (Benard-CelD B9k /D, BB HEHIH T
AEXENE.
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ZRAZEA BN, —LEERSTERERTIARE
B, Voss! RABM A EHERMAE AL T =M
Tk, XER{20JHSEAMESEMT 2D =, 348 GPU £
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2.2.2 %A F metaball 855 &

‘metaball —F# WE TR BREHE AR, B4 me-
taball G & FF.L AR R B R LR ERFR  H—4 metaball
HEEM, AR EAE R MR,

1996 4E, Nishita 2£1%9 3% B metaball & T = K344
W, 38 0 53T SRS N A0 AR, B T = AR 3L TR
AR SMESE 5. Dobashi £ HTF TR = E, EE i
BT metaball BERFRE, FREGBERBELES
B B 5 A REHERR I = I A R GSA .
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1983 4F,Reeves FUU R T A FEM =S EM P ik K
BLFRY. 1997 45, Neyret F FHE BN R ES
B R E AW 0= B F, BB =R F AR T MR R E
9, NN T ZRE MR, 1998 4, SCHR[ 26 1HE R 1
HEmARNEHE, FHRE X EEREN ST RANE,
BT R, Harris EYIRARXFIER THBHES
B, FIFIBA impostor AR LM T =M LHTLH . X
28I E AR FRG, B TRE®R A H iz i
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ST R AT E A P B L AR R AL A T B, 2003 4R
Wang? 528 T 2 AR 2 (Artist-driven) I = 8L, ZF &
BRI R 16 KEGE, B A TEREFRERTH
KB, WaR.FEFEIRAX—-FTERWESR, &
Wang™®) f TAERAE F, SCBR(32JIMA T — & Bk =4
B P8/D T BT AP 36 T R4, T SCER(331FI A GPU X
Wang Fii## Hh 0 21547 7 I
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HF LI (Textured Solids) #77 ¥ & — A LB B
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RS R 2D FE MR EE, B ARSI ERAN S
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4£, Elinas 2%} Gardner B 5 BB #H7 T B i &
FEAE RS FAAREE R I EHEHE M TESE
R EAE B IE .
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Bl 38 3 % A — RFV BB BB EE SN = 4%
BEArAn . N SE = B,

Lewis™ FABRM =4 S AL T . Ebert 2057 22 F)
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RE LA A8 B iR S = TS B O R B B, il
BRLRE R R ERERMHT  BATABESBE
Bz, CERC38IFI A GPU XF Ebert By 307 384T T 0.
2004 4E, Bouthors VR AT E A, (B R ¥R T BE B 3)
EREZMYFER, XM40IBIEFR 248D ER
(sketch) , JR#E AR E 24K 3D R PBIENZHREES.,
FAXE (41 F R EEN —ERENXEER 3D K
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Kajiya & 3 AT — R 5B S5 8, R/E T KEB#H
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RTE TR FAS S R BREMARE iRt EE X
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1997 48, CHER[ 25 15k A BE ML B 16l = By 3l S8 G R
RATTEE B =BT B A R TR L i = T A e B
Dobashi %73 if JCEEMIE AR, 5 T — R 51 ER AR, 0 itk
Frab Sl Ik BT R Sh A R I L R MR Y, SR T 2]
AREHERI = NI E Z2i88h. 2003 4F, Wang™ R BT #£
B 125 B B B0 Ty SR R 3R B 2 R AR R H 4% X T S B — 1
BB FTAALT 8 5 i P e A/ 7 B BE E e A P
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R
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T2 SRR, 2 BT 2L B A0 2 5 R 5 R YR TR AL B 1 2
TS ] 18 B B 6 B R A B TR s B R B S

T W6 BB R RE % 45 O R B Sy M TSR A
IR R R B BT 3 AN H . Ho, e
R T Y6 RE S 2080 1] AR B 5 R B A iy %k
SRR o ) B BEAT S UL A EL RS FE T2 000 s TR I
HERAKEBRL H R L,
4.1 FRER

S B R BB ST KRB I T WA B B, B 5 1 — RO
HR A SR B IR SRR

=R — AR OE AR AP B (diffusion) | 48 i1 (silver
line) % MH% ., BERLX LA, FEMHETRELS
e B , Ho FA R TE N

% = —K@®LGw) + K, (D)
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T =R TGRSR . X R B 5 W LU
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g9 = K.G6)| PG LG w)ds (5

BAE 1982 4, Blinn™ g TR T EEHREIMLE
AT =B L b BB, AR S Y BOSCR .
Nishita %2 7 22 B ST 6 R AL sh 38 I T R 2 B 6 PE A
BAEIR , T = AR BE M BA R LS8, 2000 42, Do-
bashi 25180 % 8 T R 25 B G FF B T T 3K SR 80U, (B L
PR RAEBSEE, WL HBRAEEE, 2002 4, Do-
bashi Z081 0 THEBIA KR, A — M RAETR R
BRI B EHE B T E S, Harris 0573k AG
BWMAHF BN EERPEY, FRTL2HNAITER.
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R THEHENSE BRREAEL 2P HOEES
BN R BV ORI, 2004 4F, Riley S E S EHU
FRASERL S (R T KBS I [l U R 4, IS AR T
—Ag R, FE 1 BRI R eE T AT RS
FER, BAERH T RELRERNZHWE. DR FEERR
12, MELLTE B SEi R B SR

Bouthors £ % Riley % ) TAE#AT T 908, A
BERM RO EST TR, BHB Rl T =8
SAEFRAUR . 2007 4, XM A TEBIE LR 1R A
TAHABAM R, I RS BT RIS ERABRRE.
4.2 XBARBKRMFFH %

B LB BB R A 7 R A B R T BT R (SR
KB HRICH L R J7 ik U L5 40 e U EE

(1) BRil % (Spherical Harmonic) Jrik, BRIl AT LA
HFEMERE 220 R, HIE R EMAEMERETHITH.
1984 4%, Kajiya 27 F M 7 WA MESOURE BY b ) BL4X 3L, DU
TR BHLRHEESEEE,

(2) ¥ 8 2 (diffusion function) k. B FIEIEER
R RS T LR U — N O R, I R e A PR 2
ST TR . BAE 1995 4F, Stam HFEU B AT X —
Fik. FRIYHOTE N BRI RN = PR ERE NG
IR B EEET, 2 T K = PR E XRS50 7 XA
MRS, Max 4554 F Y #O7 B 2 MO KR, R AL
U SR 11 55 X 3al 190 PH 6 L 5 5050 A R (R B X S
Z i B S E SR,

3) S RPAMITFE. kBT Bk
FRMRY , B AR IRER B IR A . 1996 4F, Nishita %122 fg
FAX— 5 BR AR G RB AR , [F]st A1] PRI 1o A 4 o, Ok 1 36
433 MET R OLR TR MR B R AR .

(D BB HERLS FHFERRNESELT
EHERERGE AR . Harris52 Il H = K987
T B AR X B B BT A A B R TR A T AR SR S L AR
PRI R, H 5 GPU & &L T S,
BrAp GO R AT T R A R B B AT = Yy B U A
R e BB RN, B 5 Riley™ 20l BB
AL R A B A

(5) X[} B 4143 7 R %K (Bidirectional Reflectance Distri-
bution Function, BRDF) ik, T EESE T EYRE
JERERI i, AR E R R E S E., 2008 4,
Bouthors B T X M RS A EH A M= RE LR
BRY (B o DR 2= B IR HR T I
4.3 BEIHE

I B LR ED: EE AR E D (ray casting)
FTF LY A (texture slicing) L K& ZTF splatting R Hl5:
Ao

BEHZMEHERE R AR ENE LR
Bk, HRAIRF R AL RE B 2550 HX K XL
R LRSI AT E.

FEE GPU I B, EFREAmMEN SRR B L RN
—ANEEMBFR T, Cabral ZEF RN TR FLET A
HELHIEAR, B R —Fh 5 T4 455 5 (object-based) ) 7 %,
JEHES GPU . 1998 4E, Behrens %081 58 53 Wi+ & %

R SRR A IR = . Harris™® FHREWH LI,
FRUR 7 ) b B R WA TE — DR R OLV (oriented
light volume) & Bk 40 1, # A B A A GPU fni, 53
TEIFRsE . SRR IR YR BRI ST A i
BARRIBREA , 2004 4F Miyazaki 21 32 H T 2T SVS(Shadow
View Slice) L H ik, HA R SVS BG4 B A E
B, BEREGHFNITTES -1 SVS ERMA R, BWmE
22 8 ot AR HROR 7 A e B A

ETHHEG A MREHBEAREH FRFHIUMBERERINE
BHE » T X T 2 46 A R AS A 0 s B el ey AR MR 4%
AL B A metaball 2278 RIBHE, W& K FE T splatting )
GEHIEEAR . ZHF IR AR R HE B, B LR =W
B 55K 8 — 1 3D MR R B metaball 3833 R 1Y 7 FEHL
2D KRR grEte

2000 4F , Dobashi 2501 %} metaball #$E 3 17 22 15, 3R
FAXt metaball 483} Y6 R HEF LA Btk A billboard #7712 4E B,
BRSSO, HA A B A4 B AR R . 2004 4, Liao 204 1]
B EAES L R metaball, 118 SRT(Shadow Relation Table,
SRT) ## metaball #XH IR EHER , 8 ] MLTDB(Metaball
Lighting Texture Database, MLTDB) 4 i 128 5 in) b R &
BB S eRNE TR RCAH RN RIRE.
2009 4 Dobashi % % fi 4 H 4 5 splatting 3 AR I8 4
AN . WS SR ZBEE, WIS A KX KB AL
Bt BGR E HAT BUT BB A At R A

NT B REEHEE, Wang™ HH THHEEESH
FEEH R, RFEETEARBINEMEDDEREMR, B
A RIS, B R (R B R R A T R E SRR 3
B SCER(33JHR A T ARG 5 3 HAFH F bitonic B X
A HEF , BUS T BT HI3 B, O T LUE R KR =
R EH TSR TR ERRR R, B 245
X ZeHIZCRAE
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B2 X=atdRr

ZFRIE LT EZENTFR, HELBENHERE
WA RRE. BHTEAFHE IR AR RO AR
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(D BT L EIE NI CAT 05 5 IR 4 3 KR A
R FE LML ER, = 9 E LS 2 S 2
Drot R E AR . TEBUA ROBT ST R, A L6 v LI 4R 18
FLEE Y SR {E R B T IR N B S 38 B R SR
TBHEFL . GPU N SR uE . RAE T 3 BE B ZR (Bl e i
BXBIEN . AEBOUTE H SRS 2 ] R B — 1 a
BT R EI— BB
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