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Abstract

In this paper, we propose a new method to improve the details of the fluid surface by removing liquid sheets that are over-
preserved in particle-based water simulation. A variety of anisotropic approaches have been proposed to address the surface noise
problem, one of the chronic problems in particle-based fluid simulation. However, a method of stably expressing the preservation
and breakup of the liquid sheet has not been proposed. We propose a new framework that can dynamically add and remove the
water particles based on anisotropic kernel and density to simultaneously represent two features of liquid sheet preservation and
breakup in particle-based fluid simulations. The proposed technique well represented the characteristics of a fluid sheet that was
breakup by removing the excessively preserved liquid sheet in a particle-based fluid simulation approach. As a result, the quality
of the liquid sheet was improved without noise.
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Problem statement :
particle-based water simulation with previous methods [4, 5].

Figure 1: over preserved liquid sheets in
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(Equation 1 #2).
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Figure 2: Selected thin particles from water particles (thin particles
are colored red and lie on the outer edge of the fluid body).

S Ad 7vte s 259 ek YRStk 2HAA
A AAEY FA S & FFAEY, FA AAE] HA
uz o 1A ekl FE FHH gF2 dAEE FEHE A2
AT 5 Ao} F, oF2 A= LA %) S= A e ol A
< FEHA 4, uA ek FE FRE A 2de] et
S A= FEE FEH 7] A FR T

32 fA AE S Y% SR A FE
33
FEH AL TS I A 2R FAMEL A=
o) 915 AAstet ASAT B =RAE F4 mHo
A TS A2 A8 FA A A9, (G, 5)E =T
3] R, ke o BEF SHO A7 AF
=, e ot 20 BT WSS S AE S
asdy < ||pi — pjl| < audo, (5a)
> Wamootn((pi + ;) /2 — pr, 3do) = 0, (5b)
k
(pi — pj) - (wi —uj) >0, (5¢)

A7 A a3 aus FHT JAE Aol H 4, i Ag] o]
M, v YJ2}Fe] & ot} Equation 5a= T A7 A& A
gt Aol A=A AAstE R oM, AR E 7IHter 71
o] EAet=A & #st7] 93 =4 o]t} Equation Sb= &
PAEL F7H XA A az Uloll A RS Y F
23] 34l o A AAE AAStE 34 o] . Equation Sc=
2= Abole] A 7F AlZbe] Aol met S7bsteAE AAL

sk Fgolm, YAHE Arelol AAE THe] AR AAEA
g Bste 2otk o] 2ABL Yol N 22T FE A%
EEVE FUF AAES AASAT, A0z Bistn
ol 28 §H 9 AL FE37] W] oA RED FA
NEE BBk (Figure | F2). 2 AP A& o EA 33
A NEES B35 93 ol 2ol AAAA 2AL £

Pfj—At""P?* <
5 <

A 7|A p= DAY HE AL, pr
E o]t} Equation 6= 2] o UEE o] &
Aot A g rHTE 2 B9, oF2 ARt
stt o] &5ttt A A o2 { A YA A
65 BT wE) o stk AS o] F =

AL REo fA BHo
A

(6)

At

R
e
[>
®
Y
Py
2
D)
rr



THF YA}
Figure 3a+= Equation 55 53

Figure 32 &< 9

ed 2ad A9, o
3E = ASHOR FUF Y4B F

A& om FHT
A 2F LA ] =
Z3t= 232 oo Xt} 2o ¥k Equation 6= Er
B ohlzh S A TRAN 71 A2 B} 23 8
£ 50 2 RANAL, 2 AN FRT IAE] 32
A= 2 Ho %ll’/‘r(Flgure 3b FR). §A 1A ==
7, WS v Ao} Heo] Bol Ak HEAAE F A=
7FEAEEA FEF AAEL NeTt A Eol=s 2HT)
Figure 3a¢} H] 13} -2 ulf Figure 3bol| A] ¥ &3} 7] Ve

(b) With Equations 5 and 6

(a) Only Equation 5

Figure 3: Candidate particles extraction (red : candidate particle).
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(a) Transparency rendering

(b) Opaque rendering

(a) Transparency rendering

(b) Opaque rendering

Figure 5: Preserving fluid sheets with Ando’s methods [4, 5].
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(a) Transparency rendering

Figure 6: Preserving fluid sheets with our method.
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Figure 8: Quality comparison of results using (a) Naive FLIP simulation [18], (b) Ando’s methods [4, 5] and (c) our method.

Figure | Num. of | Grid res. for | Grid res. for | Comp.
particles | FLIP solver | surface re- | time
construction | (sec)
4 157,047 | 1203 2563 0.9
5 161,298 | 1203 2563 1.42
6 157,787 | 1203 2563 1.38
Ta 154,129 | 1203 2563 0.82
7b 161,458 | 1203 2563 1.29
Tc 159,914 | 1203 2563 1.22
8a 113,910 | 120° 256° 0.67
8b 142,122 | 1203 2563 1.83
8¢ 138,703 | 1203 2563 1.77

Table 1: Size of our example scenes and computational time (Num.

: number, Res. : resolution, Comp. :
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