AP 917 AIEHOIEE I3t Semi-Lagrange ZHUIAMCl O|FE Al (M

A 7] ABdlolde 98 Semi-Lagrange
ol A 2] o] 53k Al A4

A + o ot o =ttt o g ottt
o+ &3 2 3 - FoR 2R
2 of

A Aol Yelde A7 dHe SAYL AdF o g A EdeldEty] YalAE Navier-Stokes A& AHEE 4 glch o] w2
& o848 T U ﬂ"‘_%ﬂr Axe] EFPoz dste] AN AEdoHe] otk AAL HeE HalAE Navier-Stokes #4249
A HEE AMSshe 71 Jutzolt}, fra) Alg# oA o]F(advect) B ZALE3L7] 93, Semi-Lagrangian ¥H& o] 431H, A7) Al
FHo]e A5 Alte] Adel wig} Ay} AAF] X, £2TEY AEE0|(small-scale vorticity) @4 5& ZH87|7t ok B =
oA o] EAE B’H@o}ﬂ 48 o] %3Hadvection tenn) At A2 FAHS YEe At ] e ol F2Y ke 77
d, A grid) T4 @A = Hdshs dAGES A& Foel AA3tL, AAGS Wl sle ARE FolA HA A YA = 073}
T $EE VIR AAE FH5lY, 2 ARAA Y £2E A FxY o|F&% WEZ AR o)x ‘%_15:_9Jr 280 A9 3 A24E
Z94, ARG FolBEAE, AN At sbsslt B R GPU 78¢ £ Wy d4 59 44 Edozs, Agss

o AAzt] FP5ee mald,

FL

7191 dRE 2d"A, 74 0UGOIY, UF, Semi-Lagrange, 0I5

Improved Calculation of the Advection Term in the Semi-Lagrange
Method for Realistic Smoke Simulation

Saaas

Su Wan Park” - Mun Hee Chang™ - Eun Ju Ki™ - Kwan Woo Ryu

ABSTRACT

In the field of computer graphics, Navier-Stokes equations would be used for realistic simulations of smokes and currents. However,
implementations derived from these equations are hard to achieve for real-time simulations, mainly due to its massive and complex
calculations. Thus, there have been various attempts to approximate these equations for real-time simulation of smokes and others, When
the advection terms of the equations are approximated by the Semi-Lagrange methods, the fluid density can be rapidly reduced and
small-scale vorticity phenomena are easy to be missed, mainly due to the numerical losses over time. In this paper, we propose an
improved numerical method to approximately calculate the advection terms, and thus eliminate these problems. To calculate the advection
terms, our method starts to set critical regions around the target grid points. Then, among the grid points in a specific critical region, we
search for a grid point which will be advected to the target grid point, and use the velocity of this grid point as its advection vector.
This method would reduce the numerical losses in the calculation of densities and vorticity phenomena, and finally can implement more
realistic smoke simulations. We also improve the overall efficiency of vector calculations and related operations through GPU-based

implementation techniques, and thus finally achieve the real-time simulation.

Key Words : Computer Graphics, Fluid Animation, Turbulence, Semi-Lagrange, Advection
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