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Abstract

We propose a new method particle-based method that explicitly preserves thin liquid sheets for animating liquids on CPU-
GPU heterogeneous computing framework. Our primary contribution is a particle-based framework that splits at thin points and
collapses at dense points to prevent the breakup of liquid on GPU. In contrast to existing surface tracking methods, the our method
does not suffer from numerical diffusion or tangles, and robustly handles topology changes on CPU-GPU framework. The thin
features are detected by examining stretches of distributions of neighboring particles by performing PCA(Principle component
analysis), which is used to reconstruct thin surfaces with anisotropic kernels. The efficiency of the candidate position extraction
process to calculate the position of the fluid particle was rapidly improved based on the CPU-GPU heterogeneous computing
techniques. Proposed algorithm is intuitively implemented, easy to parallelize and capable of producing quickly detailed thin
liquid animations.
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(a) Particle-based fluids

(b) Our method

Figure 1: Water splash by our method with CPU-GPU heterogeneous framework. Right two columns in (b): A visualized splash with
particles. A thin surface generated by GPU-based anisotropic kernels.

3. Agste =E A=

Fshe MPE ol A& FLIP (17, 401719 33090 A1 445
ol g3te] HAIS ke B4 AT FASE H A3

CPU-GPU o] 7|%
1o ¢AE suH T

ze g Y olw, of Fae]F L ofeh s}

ml it m]o 2

o Stepl:[GPU] F4 YA+&] DAL YA =5

o Step2:[GPU] A1) HaFA] A 4%, 71 91 2h 2] Pair 2
A AEA 274D $AQA) FRIAA 2 E

o Step3:[CPU Parallel] 5 X 9] %] = %3}

o Stepd:[CPU Serial] M| -2 74| A} 71 2 AFA]

o StepS:GPU] % 2 A YL o] 58 AL

Step6:[CPU Parallel] -4 ¢ #}2] o] &

Step7:[GPU] FA| &4 ¢

1o

31 ol7)% ZAUNLE o8 AA e o
w2 71"

311 SF&(ThinY At &
A tete L §A9 B 42T 4 9= Andoo] WH S
71¥ko & 3t} [40]. WA o|vtA AE S AR Sle] YAE
wug BAT IA] PRYL 22907 S8 94 b
I} o] YApuit} 7k A F FEA OiF AT (54 |
Hx)

C. Z] (pJ - ﬁ)(PJ - W)TWsnwot}l,(pj - Pi, aldO) (1)

' Zj Wameotn(Pj — Pi; a1do) '

o 71l A do= A AX
271 A kdoe =4

Z P7 smooth (pj
Z] ‘/Vsm,onth (pj -

Abolo] 271 Al Frolw, a
St= Mol th

Pi, a1dp)
pi,ondp)

pi =

(@)

1—[xl*/p2, 0 < || <h,
VVsmooth,(rv h) = (3)
0, otherwise.

9 F45L Assel AdE R4 PP Cst
SVD(Singular value decomposition)E ©]-&3lo] o] B
2o gt 1f HEIQ} IfF Fhs Abg o] ForHE
Q17 I Apole] 28 A3 BFA S 2E T}

T
et o1 el
Ci=|el 03 el “)
el o3| e}

p[i]: pivot particle
pl[j]: neighbor particle

density: density of pivot particle
maxDensity: max density
surface particles with density

candidateType:
ComputeDensityGPUKernel(...)
j=#, neighborParticles {

density densityKernel(p[i],p[J])

p[i].density
(p[i].type
(density

density
WALL) p[i].density
maxDensity) candidateType[i]

Figure 2: Pseudo code for computation of particle density in GPU.
cov: covariance matrix
ComputeSvdGPUKernel(...)

(p[i].type WALL)
eighborParticles

cov

bLAL.pLH1)

Compute vM

Figure 3: Pseudo code for computation of covariance matrix and
singular value decomposition in GPU.
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Figure 4: Selected thin particles from water particles (thin particles
are colored violet and lie on the outer edge of the fluid body).
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#Start
tid

1=,
d t
testIsTrue

(testIsTrue)
m_Pair[tid]

TestEanaAndSc( )

Pair(..)
}

#End OpenMP parallel part

Figure 5: Pseudo code for pair collection in CPU.

sto] 74]*&?}5}.

pos@: position of 1st particle in Pair
posl: position of 2nd particle in Pair
midPos: average position in Pair

, maxThreads i
j=8, m_Pair[i].begin() {
m_PairCuda m_Pair[i][]]

CandidatePosOptGPUKernel(...)

m_PairCuda[i].pose
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avgPos (pose,posl)

pose
posl
midPos

j=2, neighborParticles {

testIsTrue TestEqn5b(midPos,p[j])
(testIsTrue) count
m_PaircCuda[i].valid count 2.2

Figure 6: Pseudo code for optimization of candidate position in
GPU.
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m_Pair[i][j].p@: 1st particle in Pair
m_Pair[i][j].p1: 2nd particle in Pair

PairParticle(m;;air[i][j].pe,
m_Pair[i][j].p1)

Figure 7: Pseudo code for compuing S buffer in CPU.
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(a) Water particles (b) Water surfaces

Figure 8: GPU-based fluid surface reconstruction.

4. :l-!‘ _(_—8 Figure 10: Thin sheet surfaces of liquid by our method.
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Figure 9: Pseudo code of our framework.
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Figure 11: Comparison results: dropping a liquid sphere.
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(a) Water surfaces

(b) Water particles (red: inserted thin particle)

Figure 13: Water pouring off a box cliff.

(a) Water splash

(b) Water pouring off a
box cliff

Figure 14: Results with Ando’s method [40].
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