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Compressed-sensing Based Up-sampling Method for Fluid Simulation

Abstract

Abstract: In computer fluid animation, the grid-based Euler method is a well-matured and effective way of
simulating fluids, but a key bottleneck of Euler method is that it is limited to the traditional Nyquist-
Shannon sampling theorem in sampling step. So it cannot effectively reduce the massive data and
computing of the large-scale flow fields. In order to solve this problem, compressed sensing theory was
used to probe a way to break through the limitation of the sampling theorem in fluid simulation. The
sparsity and compressibility of fluid data were explored, then applicable sampling function, compressive
basis and reconstruction algorithm for fluid data are selected. A compressed-sensing based up-sampling
method and framework for fluid simulation was constructed based on researches and experiments.
Several scenes of smoke animation were presented, the results show that compressed-sensing based up-
sampling method can recover the details of the flow field to a certain extent, and prove the compressed
sensing theory can apply to fluid simulation.
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Compressed-sensing Based Up-sampling Method for Fluid Simulation
Qian Yijing, Yang Xubo

(School of Software, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In computer fluid animation, the grid-based Euler method is a well-matured and effective way
of simulating fluids, but a key bottleneck of Euler method is that it is limited to the traditional
Nyquist-Shannon sampling theorem in sampling step. So it cannot effectively reduce the massive data and
computing of the large-scale flow fields. In order to solve this problem, compressed sensing theory was
used to probe a way to break through the limitation of the sampling theorem in fluid simulation. The
sparsity and compressibility of fluid data were explored, then applicable sampling function, compressive
basis and reconstruction algorithm for fluid data are selected. A compressed-sensing based up-sampling
method and framework for fluid simulation was constructed based on researches and experiments. Several
scenes of smoke animation were presented, the results show that compressed-sensing based up-sampling
method can recover the details of the flow field to a certain extent, and prove the compressed sensing
theory can apply to fluid simulation.

Keywords: fluid simulation; compressed sensing; up-sampling; sparse representation; reconstruction algorithm

2| W, B SLEE 0 — A BB L, 7

SR RIS BT AT 32

Vi HOA TR R YGRS, A K R I A P SR S A )y v T

S WUARENESE TR A, RV ENUBIAT gtk 22 ch AR Ry 2 A2k Wy

USRI ) R 70 W A 0 o T3

m a0 202y S ST RTREIE R 0 T AT 57
&

BEGIH: EK HRREEEAIH (61173105);
e WA : BR5(1989-), 4o, WA, WLk, BRSO AT, B R AR 5 i
‘ WAL BIBE(19715), 5, WikE, L, T TE N AR B e AR IR DG 8 7 SR 1
7 DN SR, BRSO ST RIS

- o'(

http: // www.china-simulation.com

* 1426 ¢

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 7, Art. 4

$27 B T
20154F7 H

Ji&, JBRPCE SGE LR AR s m AL, AR O 4
S T A BRI IE I PCA T ik, T B T R A%
R AR RS UL AN g st
RG> Y o Ty AT DAAE — S R Lk
D U A REAELIN [ A3 ) (R FE, IFOREF— € I 40
o AHAER LA R BU R TR, Bl
FEJE TR P B, s I i P2, Eps
TR 2RI P45 (R R o T — AN SR AU
FEIX LT VEAR R PR T2 ML) Nyquist SRAF RIS, G
R R ACR B 2 5 BRI B 2 h . PRI,
T b BT K — PO TA RS AR MLIX — R, i
RAEECEAMURFEACH Y, IR, 7 I DR UEAR AU
AR

ASCIRPHAE S S BN AR R R 7 i
(R ECHE RAE 2 BT Nyquist SRAF & BLIEX —IH#, FE
TGRS, A FE AT R 1385
RFFEAE S SRR, 3 SC IR IR T AN R I 4 A1
WREE LR A RO, IR L,
Fo R AU S A7 S RAE T VR R SE o AT
TR SR A GE R KA T3 I R R, AR R
FERITVH AR R, BENE e FE L ORFF IR
4=

1 MRIAE

R 437 Do) Ay 0 1ok 24 ) A [ PR M A
Bk KA Navier-Stokes J7 RE2H 53— € I 7]
A1) T A P A OO 250 L IR ) B R L %
JE SR AR, X e AR A
RATAU AR Bl 1] o SX D 7 1k B A v S A B A
FBRNIIHIST, Foster 28 NUE 1996 4E 2506t
BETAR D)2 IS 2 50, Stam ™M 1999
SERRH T R4 AR E IS AT IR i i A4 7 15, 34
SE T BRI IERL . Fedkiw 25 APIZE 2001 4542
T AL IIHESRY , X ASHESL (18 tH BEAR 5835 T BRHr
D BRI

DR g TG 43 I e 18 400 e ) A 002 51 5 10
REEEATOG, T ISl A I SR 1 40, V250

BRELHE, S VAR e 8 L SRAE TR 9T

Vol. 27 No. 7
Jul.,, 2015

AT T AR PR ALK SRRl b, BRSNS g 5 )
759 Kim 25 A\M5] N T Kolmogorov /N it i 4
Y, AR RS ASTALL ) A b B AN [R) KA P i 0t 40
o FESLIEAY E, Paff 2 NIRRT e R
RUE TR U 73 T » A i YR 2R R i Ui
77, FFRF107H B 2 230 ek % ) SR
Yubo Zhang %5 N\ 7 — Pl 2 1) -1 i) S0 ) 7
%, BT Richardson #MaiF &, Af8 FALL A& F0 48 94
RS THEL S IR, RAT AT LA 56 5 kG 52 R s & SR 1)
417, MeAh, Andrien 5 ATE 2006 4 E UCKH
TG g SEAR G | NVRAR B, XA 7 VA A5 — 2
JEANH] s 45 25 P R v RS B AR B 45 2, T
Principal Component Analysis(PCA)J7 7% [ [ 15 2
— AR AL 1) 1E AT HE R A, A8 4 B 20 v ok
TR, B A AT LA B SEI, fHE KRG T
BRI AL, AL R S ) R G LL A S e, LS
LTS

F—Ji 1, fESEH Nyquist K AF e 2(OCRK
Nyquist-Shannon KAF & B)FEH . R IRIG(E 52
i 982 RIS 5, I BORFEINR & 115 54 95 (1
£ LAz 5 A LU FEREAS 58 4 F 2
K, AN, TRE FECE A VRGNS . IR
SRR T AW KRR AR —— R 4 A
(Compressive Sensing, Compressed Sensing 5¥
Compressive Sampling, fj#x C€S) "7, @iz 7
Nyquist £ $1#12 . ‘&J& 2006 “F H Donoho. Candes
A1 Tao F5EH S SLAT ORI — AN P4 (I E 7 PR
Z IR TR D IREAS, URT LAOR B Hicdls 1 42 845
B RMERD T 0 TUAAR BRI A3, JFRER
PEFRE TR, AT b B S ARl PR R AR 2
ZH e de t, SLRIE S| T E N A A 2 EITE )
KN, HETCAAENHECE . A5 b A 22 A4
33 TR H o A5 TSR TR A SC IR A,
oG mEGESE, KRG, EiEg
FB AN HEREO2 AR, ek i ),
St FAN POV RN o (HAZBE 8 R A U A S
0N IS AR E

http: // www.china-simulation.com

. 1427 -

https://dc-china-simulation.researchcommons.org/journal/vol27/iss7/4



Qian and Yang: Compressed-sensing Based Up-sampling Method for Fluid Simulation

F2THHETM
20154E 7 H

2 EZARRENFEISFI A E

Fe g i, N SRR B I (f
R 22 22 s AT s 246 PR (P T8 3o s 440 73 8 31— A Hl
G, I HRAERE S IR AT G, wh T LU
ANFEGE L /T Nyquist 52 BT 25K R FEAIR,
KFESRAGH G REA, 2R 5 T8 I DA 5 v v ff o
RS S .

2.1 F¥EEX

ERAEEAEIe T, & n 4if5 iy
ER" y MH i, By FEATATIRANK AN, k<<n)
FETRAE s, T HARRAE B0 0, BTy flo AR/
By RUE S o I IE A A ey R A A
Pl N IS T X, AR A IE A

x=y ysy=yx (1)
Horh oy BERRA RS, 22— n X n IEACHFE.

FE A m4E(5 5 & bER™, Hr m<<n.
b e y IS HFE S FRFEAFRIN, S FROM KA.
m x n RUERANFERE A JERAEIE S IR A BN i, 4
AN AR I Rl

b=Swx=Ax 2

TRATTH H & ZEMCRFE S 5 b TP H x
B Yo MRS RGBS, Y AL —E AT
U2, TR A5 2 (2) AR 8 v 4 7 v £ TR
AN, Tl R SR AR —A 1o P04 1) 2

min||x|, st.b= Ax (3)

R SRAFFIZARE A 1o I i A A ), 3K
—ANNP A, K, FEG R A G EECR T
BASK AR b3 e o b TR AR G X 1 Ja 30/
(T SRAF IR AT G, TR 1 YR /MK
PRIl Ay Wi ) £, B30T B /MK 1o YO BT A3 IR B S
fift o P LART AR 1y Yo dium /N RIE DK, B

min| x|, st.b= Ax 4)

2.2 EMEE

A SV FE H A SR A 7 FE () B T FE
4), FHIA 2 KK

RGN HR

Journal of System Simulation

Vol. 27 No. 7
Jul., 2015

R 1o VO B /N STAE IR, AL AT
ISR T Fe DA, L2 7 B0 2 )k 31— wT BA
% R R B Ak B e AU, 138Nk
IR . ALFNESVEA OMP*(Orthogonal Matching
Pursuit, 1FACULALIEER), ROMPPY (Regularized
Orthogonal Matching Pursuit, 1ENYEIEACICAGIEER)SE .

Ty MORERRE 1) Ve B SRR
PA L, TSR TTRE(4), R R HE LUK A
NP [ e 4 Ay SR A et R e oA ) . AR
HkA BPPY(Basis Pursuit, FEiffF), LASSOPY
(Least Absolute Shrinkage And Selection Operator,
e /N KT A R PR ST

ASCAE I A R e T2 2 b

3 WAABIEBTIELE
3.1 Navier-Stokes H T4

Navier-Stokes /7 FE4L(F SCHRiFR A N-S J7 ) A
— IR B ARAN OXFE AR T TR,
VLA S LR SR . I — RN

a—u+u-Vu+le:g+vV2u 5)
ot p
V.u=0 (6)

Hobte p SRUARIUESIE: u RIIRIME: g o
FRZEISN s O v KRG

[0 9 0 wsmmm
ﬁ?v_[w,w,mj,hamﬁﬁ¥

o f . o f . o f
ox*  oy? oz’

FIRTTRRAS)F(6)IEH T AW 4 imifk, L
WK JHEER A FRKCh PR VLK AR N-S T7HE,
A Stam P ) FEAHESE, Be—yif) 457 1 R ] L 4Y
L PR BOGERINAN ) 4 AP

(1) X A I s ARl H bR
B3 I 28 ok — 5 I TR] PR Bl 45 2, 22 MLy 5 A
PR B, TR T R A R
AN AL &, A E SR AT IZA BB, BIY
R U

Vif = (7

http: // www.china-simulation.com

* 1428 «

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 7, Art. 4

$27 B T Vol. 27 No. 7

20154E7 A RS, S AR 4 B SRR T Y Jul., 2015
2) ¥ 8. ArPEMIRAASTEIZ I = AR idF 1. CS Navier-Stokes Solver

e T2k, WK AR IR R 5w b Setuplnitial Condition(u’); IIBEEVIUR S

0, XMNHIT BB LA . A2 TC IF currentFrame n < maxFrames  //ZWifEI

REANT] Hs A i A (1) BB 7V

(3) B o Tl A TCHUR 2 A1, BT RE(6),
B IR T R — N R AR T 2, KA
J7E IR A jacobi 1%E{X. PCG (preconditioned
conjugate gradient, THALFEILHuHE FEIE)SE .

(4) Ay e URAKIEHE #2252 3 E )5,
— BERAA I AL 2 B ) AT o

3.2 E4EEANI B RS v

YETIRPRLE Yy € S st 3 QUi R K e 5 SN
JIEIIRS LA BERE D BT KR 5, L rh R A%
FERERA YO ERIPER o SR, AR A RE 3R
R AT AR LB R85 RN 3 80 Bk 4 A28
R (RRRAUIN [a) A2 4, o A B8 20 BRIN I 1) 5 K
RIE R o IBCHRAE IR 1 R S WR T3 kP e
T 2] TR ) DA R ORI 0 2R A s AR
JEERS T RS o PRI, WA EE 1 ) B P
A0 S92 B L BRI T 0] (0 S R RAT R 6 20 v T
o T B AR P 2 S P ARG X i
RFEBAR I, I BUAT PR I I 3R AT
UEBE A A

SR, AR R BE VR o fift X A BRI 17—
PO EELIE  MRAE XL, FRATHEN, 25 YRS
B AT G IRAE 2 e 4 e A H A 7k
N A DAY RS R . A T > N-S 7T
SRAR TR R RN AL AN 25 0] B B 2D BRORE 2t
ASCTTEARG P BEAEARNG W _EEAT, SR -
RAFAF S ek PR R L 3 0 RLIE, BRATTX Stam
(SEAHERPEAT T — S8 2, BT S I T A A
Hs 2 s FoRFEAEZE, Anf 1 fros, Hoh i AR
FEHLIEFE 1o

e I e DGR A St I
A |

K1 s ERAETARIHESE

u* = Semi-Lagrangian(u"); /2~ hiA% B H Xt

b

urk=u*+Atg; /AN

u® = DownSampling(u**);  // F RFEiE
2]

%vw:v“% ISR ARACRE E AR

U =u—2n . R
Yol

u™! = CS-Upsampling(u®); //CS | %kf
ConstrainBoundary(u™"); /138 b PR
Advect Density / Temperature; /X%

By Y

END
Horr, WE AR R — DB N T X AT
WItatl, BOE ML A MRS 5, JF B
BRI WIEY . EESE VI . XD R
KRk B V. R PR AT, R R
YA J7 ) B0 238 4 o AT HERAE FEREAT T R AE, 15
FIMCRG LR, AR A SO D BRI N o
FH R 58 20 BRI SRAPATORS BEVEAR T R, A AICKS
J5£ T4 S SR AH A RS CS R
R, A SERAF N 45 R M Yy 2 ad R 4 AR
5 AE AR 2 1) o R R, 7 AT e A R 1 1 AR
A5 R BB A I Y . CS FRATE P IRTT 2
MRS R ALY, B b g, U
JESRNR Y, FFAE N — WO i BRI o

AT 3 WA SC 1 AE B8 e A F %) Hs 446 B 0 7 v
)3 MNEE.

(1) RAESE . 0 R4 B AR 1 B AL LR
JEARFERIAH SN, AL BEATLRATEH SRR by Ak
HRAETRATIHESE by, SRAE S5 FOAICRS FE i b 6 A4
oA DM B8 0 B N IR 7 o i R H]
BEALRAE, 7320 RFE AR A%, A LAEAT
AEFE, P LA ZUE P 51 R o AHJEIXFES A RAF

http: // www.china-simulation.com

* 1429 «

https://dc-china-simulation.researchcommons.org/journal/vol27/iss7/4



Qian and Yang: Compressed-sensing Based Up-sampling Method for Fluid Simulation

F2THE T
20154E 7 H

FERN 4 B AH SRRy R EANRESE I
JRIRTE 5 o AT T AR, i Rnl1T.

(2) IE4iKE. e Lokl s 4 FE AR 5 1)
PR ABROR 5 2 KA AT UBD R XA
HREB I A5 B S AE TR IR b 3l H
s 247 JR SRR S 4 AT 0 RO 5 AR e A LA
NP HAE: o AR SO LI AN 22 FNCRE AT T
KR 4.1 1Y), BB T Mg MR E R RUR,
Me5E T Bpeid B i B 1) A INBREAE b Hs Ak

(3) EMH L. ASCAEH L — A SPGP
(Spectral projected gradient)577%, %5758 TE X
1y JOEUR /N G R B A 5, FAT Ay
RORILT T EEHERAEEER DA R FHE T B
FE T3 8 S5 f /D RS SN 1, 90
B2 8] 5C A I Pareto 12k, 1§ Lasso n) @ ¥ fift 4230
T BP(HI T FE() IR 2R B T e 4 i %0
(KI5 3 Fhik: Lasso® i) i

min| Ax —b|, st.|x||, < (8)
DA B 56 A8 ) i

max bTy—zist.|y|, <L|ATY| <2 (9

ZEE AT Lo ] BP )@ (RE 7 FE(4)) R Lasso
i) (R[5 R (8)) I SR A AR 2, SRAZS TR S Pk
A RIREE

4 SRR R

4.1 PR R SR

BV E B (R 5 ) A2 F R AR N 0 ) s iy
PP R AR R LER, 25 RE RRZE 54, AT L
KA 2 R/ T AR BB IR 507 T AT
KA S EEBARAT I IR o 3.2 P2l
L, O TR 2l s G R R A e & I, 3R
ATEFAER i 2y S I Bt b AT 556, 6]
MR RFERAN SPG EAM L, Xf L& R4
SLAR G PRI . HAA P Al B AR A K (L
If 18] ol L b)Y FRA) 25 SR (1 YU fEL £ 2 EE PSNIR 2
1T ).

RGN HR

Journal of System Simulation

Vol. 27 No. 7
Jul., 2015

e

(b) IS

(a) %Y
B2 JEMiH 7 R i 1 S e 14

(c) BRI E

SEaG R, BEAT IR R 4 A4S FRT(PRos
L) AR 80 BE R LA AT AR ) A I AR i (F
51 & matlab H1Z /N BT T FK): - Biorthogonal
% (bior), Daubechies J%(db2 FI haar), Symlets %
(sym)o /NBARHI B K ZHON logoN, N 2 i
YEREIRIRG RURE, 128 X128 [tz N=128.
1 HIZET B 2 6 VIR T iR A e R 3 R/ A
128 X 128) [ S5 285 SR A, b JSU i I R i o
47k 0.342 834,

R AR SR

T 45 A5 () TR ERER
A T (E 57 E) PRI EL PSNR
biorl.1 0.826 294 17 71.471 499
biorl.3 0.812 134 55 83.308 489
biorl.5 0.805 420 74 85.813 620
sym4 0.893 311 88 76.503 947
sym8 0.896 362 111 77.138 369
db2 0.875 854 75 73.778 472
haar 0.826 294 17 71.471 499
FFT 0.796 814 371 75.438 481

S 4k R, AR biorl.1 Al haar(t /& dbl)
PR AT T 908 J8t R v SR A S 1, BT DA
1 SI250 A AR A5 o A SERGEE KA, sym T /N
Bk ERM R fee o, (HEM T RIEH AR 2, Y
J5 1) PSNR {H AN @& fe 1) biorl.1 Al haar /Mg
HE EARTEH D, (HE R G PSNR (UK, B
RO FRT MM JEAC, IriRfesnsad 2, H
FLRE 1K) PSNR fE ANy s 1M biorl.3 1 biorl.5 #i
B AR i, (HEALJS ) PSNR &1, PRI AE
A LASZ (G 2 N o B4 I I RR g P A
P AR BRI BOR 3 &, /NBE biorl.3 I
biorl.5 & 5l A T B I R 4 i

http: // www.china-simulation.com

<1430+

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 7, Art. 4

$27 B T
20154F7 H

4.2 PRI REE TR R

Kl 3~5 530l 3 ANy s, — SR T REARRE )
T T 50, — A A — A KBk
5, WA 6 NINERII R, X h, Y
WE N TR R IR I, SRR S a5 R
T IN— L H L) . A0 )25 IR T ) R D)
yswe b AN Ok AL 5 BRI OE 02 By B
AL LSSt . BB FR S 3.2 AR Ik i i
FE—FE, RIS R, S I i
Yy, AR BT I A

Kl 3 JoRERGII I 50R H] 256 X256 (1 =k 5
WA KN, BRI T REEEEC) 2, RIBE AP ER

K B ROAR /Nl 128 X128, [RIIESRAEEE %4
25%. & 4 FE 5 ARESPINIZSCRH 128 X128
M ERETE A, RRAEEECN 2, IR D IR IR
FEIEPIRE KN Ky 64X 64,

RS
o[

oD
ACluAR

K3 TR
ﬂﬂﬂ@a *
_ = _
e % &

4 —ANBEIG I o He

BRELLS, 5 PARILLIN I e N LSRR i 5

Vol. 27 No. 7
Jul.,, 2015

K5 ARSI

3~5 1, B TATHIARRS AR AR, 2R 2
AT I3 U ERAFHERBU SR, 5 3 4T84
A8 RN L RPERESUBIU R, 28 4 4735900 R EEA
FULE R o AP IR RERE 45 SR AR 2 ML e
HAEL T 1 AOBLUHESE A () R R B 7 DB
[l FEE PR P A _EABEADLAR 25 R, X 3 U ERAFHEZASE
UL RSR S RAEZL R “CS [RAE” DB
X3 YT ERAE” T RIS R

MGG RS EE EORA , 4157 XU 3 e m]
DA S — LE AR BRI BT (IR 4, T s 45 1 5
TR X 3 Al e 2 gy, A Ts
T s 457 T A0 _ERAE XL 3 UK L RAERAU S IR KB
S GG R GUR I AMIL, T15 mRE A
UL R SAFAE— E 2257, 1K A SCHIHE R
T, YR T S BOY e el RFEAR R o

5 | iTie
5.1 0% A B

PRIR N-S 77 R SR A2 (1 sl [R) 0 2 )R 2 1 2L
BB, BT LUURAE 2 4% B R IR L R
BATEGY, g EBOE DB USRI 4 A5
R, AR SR BT DATRCR 5T

(EASE P R 2 RGNk A T _EORFE, BTG 21 iR 1R
T 37 N A i A I AR AR — A LA 1), 3L
THELIIRBCR SRR« B S AR SR FAL (R
SHAATAT — 5B A o TR X 1o Y KU /N R AR 5%

http: // www.china-simulation.com

* 1431«

https://dc-china-simulation.researchcommons.org/journal/vol27/iss7/4



Qian and Yang: Compressed-sensing Based Up-sampling Method for Fluid Simulation

F2THE T
20154E 7 H

TERBERCR . KA B D GO, SO sE) Y
SPGBV AH [RIRS F55 It 2 (R AR CESORT T S5 1]
WZ ., 2 RGN LA (SPG matlab FUA)
IS4 80 R FE(SPG CHHRA) . R 3 Ik _ERFEFI
Fe R FEARALL A R L
2 BRI AR
FELAL) SPG SPG W3 EkEE
b5 (Matlab) (C+4) (C++) (C++)

128x128 250 ms 1600 ms 70 ms 120 ms
256%256 1400 ms 6000 ms 290 ms 550 ms

ALK R B WinT 64 AL RS, Intel
Core™ i7-3770 CPU @ 3.40GHz 3.40GHz Kb Bf#%,
16 G N AE, Uit A4 RS 0L AEE B8 52 B 1 3 1R 34 55 0
VS2010, i 52 56 1) 45434455 24 Matlab R2011a.
Hh SPG FEAYHIEA C+AI Matlab 2 MR T
SEH, CHICAHE ] T A S Armadillo4.320.,
HY T R Bk o TR R B A B RVE IS B, M
Armadillo {7 PRI AR KA Matlab TR, F3
CHHIRAH) SPG HEAH L Matlab JRASZENG . 1M
WL SPG ¥k CHHRRUA H #5205 B8 138 I 1) (1)
LSRRI EGA 2 B B TR BT A 2 1) I T by 1) 44
L BN TR 80% LA F.

MR 2 B, BAE AR IR AN 7 e
PILVASTINGS B NIUE 20N Ve I B 1A R il v
FE+ B A R T WSSO, P v DAL, B
HEIAT VST Re AT T, 81— 20 ek
HERRAGH AL S 80, b ek R R afe 2 (1) i
CRES WK
5.2 WSLFRHGIH E

TE MG TR (R A, 322 PP A
VP 2 25, ey 75 25 (MSE) R &5 g (.
15 L (PSNR) # AT 2 WL VA 7 32 v e iy (19 B0
Z—, P HERIE TS EGARRT T s BEAR 4
(AL R JE o A ST Aot - 380155 3 1) i 52 2880 1 O
#r, AT PSNR, PRIA X Fl 5 3 (1) 5 — AN 43
T, HOK IR SRS B N I B A R G S, ¥

RGN HR

Journal of System Simulation

Vol. 27 No. 7
Jul., 2015

PS03 R 3 BB A A2 B, T DL She i
PR BRAEABURE P o AN Tk Gt S 5 258 LR W B2 45 S ARX
R L R FE R, A R DA A e L e A
F(ISNR) KA i

TE5 0 3 IREE RXF LI, L PSNR {7, SPG
SRR 3 I ERFEI i 3R 4.1 53 1 PR
SEIGHE B, XL 3 IR SRAEIG ) PSNR b
76.976 750, 1§ /] bior1.3 Fl biorl.5 /M HE[#) PSNR
5535k 83.308 489 il 85.813 620, {HIEA/ETHEHL
A, FVE IS R B R TR, WS
1 R AN R, R4 BN 7 v T AP H BB XL
3 YAGE T 2 40
5.3 vk A 1 A B

I ATEE T e 4 8 b R R A S 40 5 vk
HEZLAE 2D 58l 7928 FEAR B IR 2K ik B2 3
2 NJTI A i (A0 2 SERRRR B e Ak A i) £ 33l
HEAT R RFEFIE A, BT LUEAN 43 5 2 8] H AR AT 5%
Wi o 7 REE] 3D I, ALK 3 ANJ7 [ 4 (3
hy = YERERE) 43 A ) R R AT AR P

Hk, BTz E SIS EEAT TS,
EARIGUF IR R IE T 3 B R Ak . an RARZE L
EITVEIE T B R, P AR 72— LA DG A
AN

R IR AT ASCRE W FOBE RS (o) 8, H
S ORI AR AR R 512 X512 (HAEER |
Kb, %77 kIS FH 1 W ks RSS2 BT AL 1R 9 A7«
WA GRS NXN, NREEASECY s, Al
22 I X & —ANINXN)X T KM, y 22—
ANNISXNIS)X 1T R/ )&, ANEERE A [RR /N
H(N/SXN/S) X (NXN), Jit LA % /b 75 2 e 45 40
TX B R I [n) S5 (19 B0 I 9 A7 G R4S JL 3
TREORHUBE IR PR, 3t 75 ZE R A I BRI, 38

Tt — B
6 Z5ie

AL T — FhRE T Mo 2 I SRR K 3 A

http: // www.china-simulation.com

* 1432

Published by Journal of System Simulation, 2015



Journal of System Simulation, Vol. 27 [2015], Iss. 7, Art. 4

$27 B T
20154F7 H

BRELLS, 5 PARILLIN I e N LSRR i 5

Vol. 27 No. 7
Jul.,, 2015

AU 105 5 1% AT AR I A S AR AU A R K
FEINALSE Nyquist SRAFE BN ACAE . A SRR 14
IR R, AEH] T I SIRFEIE L N AR
JEAEFEMNT SPG EA L, FESL T ARSI ) R
JEEN L RAETVERINESE o i b RAEHESE R A0 45
SRR, ARSI ] DU U S i3 (R 40 1Y
WUk 7 A SN B AR R A ) AT AT

S 3CHR

[1] Foster N, Metaxas D. Realistic animation of liquids [J].
Graphical models and image processing (S1077-3169),
1996, 58(5): 471-483.

[2] Stam J. Stable fluids [C]// Proceedings of the 26th annual
conference on Computer graphics and interactive

(ISBN: 0-201-48560-5). USA: ACM
Press/Addison-Wesley Publishing Co., 1999: 121-128.

[3] Fedkiw R, Stam J, Jensen H W. Visual simulation of
smoke [C]// Proceedings of the 28th Annual Conference

techniques

on Computer Graphics and Interactive Techniques,
(ISBN: 1-58113-374-X). USA: ACM, 2001: 15-22.

[4] Monaghan J J. Smoothed particle hydrodynamics [J].
Annual Review of Astronomy and Astrophysics
(S0066-4146), 1992, 30(8): 543-574.

[5] Miller M, Charypar D, Gross M. Particle-based fluid
simulation for interactive applications [C]// Proceedings
of the 2003 ACM SIGGRAPH/Eurographics Symposium
on Computer Animation (ISBN: 1-58113-659-5). USA:
ACM, Eurographics Association, 2003: 154-159.

[6] Losasso F, Gibou F, Fedkiw R. Simulating water and
smoke with an octree data structure [J]. ACM
Transactions on Graphics (TOG), ACM (S0730-0301),
2004, 23(3): 457-462.

[71 Zhu B, Lu W, Cong M, et al. A new grid structure for
domain extension [J]. ACM Transactions on Graphics
(TOG) (S0730-0301), 2013, 32(4): 96-96.

[8] Lentine M, Zheng W, Fedkiw R. A novel algorithm for
incompressible flow using only a coarse grid projection
[J]. ACM Transactions on Graphics (TOG) (S0730-0301),
2010, 29(4): 157-166.

[91 Wu X, Yang X, Yang Y. A Novel Projection Technique
with Detail Capture and Shape Correction for Smoke
Simulation [C]/ Computer Graphics Forum. USA:
Blackwell Publishing Ltd, 2013, 32(2): 389-397.

[10] Kim T, Thiirey N, James D, et al. Wavelet turbulence for

fluid simulation [J]. ACM Transactions on Graphics

(TOG), ACM (S0730-0301), 2008, 27(3): 15-19.

[11] Pfaff T, Thuerey N, Cohen J, et al. Scalable fluid
simulation using anisotropic turbulence particles [J].

Graphics (TOG), ACM
(S0730-0301), 2010, 29(6): 174(1)-174(8).

[12] Zhang Y, Ma K L. Spatio-temporal Extrapolation for

ACM Transactions on

Fluid Animation [J]. ACM Transactions on Graphics
(S0730-0301), 2013, 32(6): 2504-2507.

[13] Treuille A, Lewis A, Popovi¢ Z. Model reduction for
real-time fluids [J]. ACM Transactions on Graphics
(TOG) (S0730-0301), 2006, 25(3): 826-834.

[14] Wicke M, Stanton M, Treuille A. Modular bases for fluid
dynamics[C]//ACM Transactions on Graphics (TOG).
ACM (S0730-0301), 2009, 28(3): 341-352.

[15] Candes E J, Tao T. Near-optimal signal recovery from
random projections: Universal encoding strategies? [J].
Information Theory, IEEE Transactions on (S0018-9448),
2006, 52(12): 5406-5425.

[16] Donoho D L. Compressed sensing [J]. Information Theory,
IEEE Transactions on (S0018-9448), 2006, 52(4):
1289-1306.

[17] Candes E J, Wakin M B. An introduction to compressive
sampling [J]. Signal Processing Magazine, IEEE
(S1053-5888), 2008, 25(2): 21-30.

[18] Takhar D, Laska J N, Wakin M B, et al. A new
compressive  imaging camera architecture using
optical-domain compression [C]/ Electronic Imaging
2006. International Society for Optics and Photonics.
2006: 43-52.

[19] M Lustig, D Donoho, J M Pauly. Sparse MRI: The
application of compressed sensing for rapid MR imaging
[J]. Magnetic Resonance in Medicine (S1522-2594),
2007, 58(6): 1182-1195.

[20] Sen P, Darabi S. Compressive image super-resolution
[C)// Signals, Systems and Computers, 2009 Conference
Record of the Forty-Third Asilomar Conference on
(ISBN:  978-1-4244-5825-7). USA: IEEE, 2009:
1235-1242.

[21] Yang J, Wright J, Huang T S, et al. Image
super-resolution via sparse representation [J]. Image
Processing, IEEE Transactions on (S1057-7149), 2010,
19(11): 2861-2873.

[22] Yang J, Lin Z, Cohen S. Fast Image Super-Resolution
Based on In-Place Example Regression [C]// Computer
Vision and Pattern Recognition (CVPR), 2013 IEEE
Conference on (ISBN: 978-0-7695-4989-7). USA: IEEE,
2013: 1059-1066.

http: // www.china-simulation.com

* 1433 -

https://dc-china-simulation.researchcommons.org/journal/vol27/iss7/4



Qian and Yang: Compressed-sensing Based Up-sampling Method for Fluid Simulation

5527 55 7 ARG HAFR Vol. 27 No. 7
2015427 H Journal of System Simulation Jul., 2015

[23] Wright J, Yang A Y, Ganesh A, et al. Robust face
recognition via sparse representation [J]. Pattern Analysis
and Machine Intelligence, IEEE Transactions on
(S0162-8828), 2009, 31(2): 210-227.

[24] Gu J, Nayar S K, Grinspun E, et al. Compressive
structured  light for recovering inhomogeneous
participating media [J]. Pattern Analysis and Machine
Intelligence, IEEE Transactions on (S0162-8828), 2013,
35(3): 1-1.

[25] Sen P, Darabi S. Compressive dual photography [C]/
Computer Graphics Forum. USA: Blackwell Publishing
Ltd, 2009, 28(2): 609-618.

[26] Marwah K, Wetzstein G, Bando Y, et al. Compressive
light field photography using overcomplete dictionaries
and optimized projections [J]. ACM Transactions on
Graphics (TOG) (S0730-0301), 2013, 32(4): 46.

[27] Candes E J, Romberg J, Tao T. Robust uncertainty
principles: Exact signal reconstruction from highly
incomplete frequency information [J]. Information
Theory, IEEE Transactions on (S0018-9448), 2006,
52(2): 489-509.

(LB25E 1425 D)

[4]  ZFEH. R A RS IEEL (7 B AR B T[],

R E I, 2009, 21(19): 6020-6024. (Yi Sai-li.
Research on Simulation Models Applied in Fire Analysis
of Large Space Buildings [J]. Journal of System
Simulation, 2009, 21(19): 6020-6024.)

[5] ikt BN E KOG ORI ELATIT]. W R
LR, 2012, 31(5): 463-466.

[6] B, XUWikE, F Ak, &% Rk KO s
M) ARk SR, 2004, 3(2): 116-120.

[7] W5, FORER R TR boltzmann (ML N ™k K A
K IR AE #L[C)// Proceedings of 2010 International
Conference on Circuit and Signal Processing & 2010
Second IITA International Joint Conference on Artificial
Intelligence (Volume 2), 524-527.

[28] Tropp J A, Gilbert A C. Signal recovery from random
measurements via orthogonal matching pursuit [J].
Information Theory, IEEE Transactions on (S0018-9448),
2007, 53(12): 4655-4666.

[29] Needell D, Vershynin R. Signal recovery from
incomplete and inaccurate measurements via regularized
orthogonal matching pursuit [J]. Selected Topics in
Signal Processing, IEEE Journal of (S1932-4553), 2010,
4(2): 310-316.

[30] Chen S S, Donoho D L, Saunders M A. Atomic
decomposition by basis pursuit[J]. SIAM journal on
scientific computing (S1095-7197, S1064-8275), 1998,
20(1): 33-61.

[31] Tibshirani R. Regression shrinkage and selection via the
lasso [J]. Journal of the Royal Statistical Society. Series B
(Methodological) (S1467-9868), 1996, 58(1): 267-288.

[32] Van Den Berg E, Friedlander M P. Probing the Pareto
frontier for basis pursuit solutions [J]. SIAM Journal on
Scientific Computing (S1095-7197, S1064-8275), 2008,
31(2): 890-912.

(8] WS, fEZER, 7B, 55, T RBINILSEH AT KK
B R ZE[I]. AR F 244, 2007, 16(1): 55-60.

(91 U], ki, fhRHe, A5 DR 5 i pr Al
LB K TSGR R[], RV HR K22 254K, 2006, 30(3):
512-515.

[10] Peizhong Yang, Xun Tan, Haochi Sun, et al. LES field
model-based fire accidemt reconstruction with OED
method and its experimental validation [J]. Fire Safety
Journal (S0379-7112), 2011, 58: 74-83.

[11] 25, FRELIN, skovim, 5. KR A AR i i
Ferp N ], J12ERERE, 2001, 31(2): 215-226.

[12] J Smagorinsky. General circulation experiments with the
primitive equations [J]. The basic equations, 1963, 91:
99-164.

[13] S, — A mE—RURZ IR B RH AR IR ABS FH
WRVERE JREEAT N[T]. aZ5h R, 2010, 43(6): 36-38.

http: // www.china-simulation.com

. 1434 -

Published by Journal of System Simulation, 2015



	Compressed-sensing Based Up-sampling Method for Fluid Simulation
	Compressed-sensing Based Up-sampling Method for Fluid Simulation
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/2ctPCYt_lX/tmp.1688110563.pdf.JqGJc

