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Fig. 1. The tendency of particle accumulation and dis-

ordered splashing caused by terrain.
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Fig. 2. The calculation model of velocity control force.
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1 T I LI B A T 1 5 515 S, DR A
g, AR AR R A JRE R AR AR S I (B RCR,
i FR G T 2R AR R B R R B
GXEEIR R IR A RSN S S LU NI IENE X EYSHESDS
HRIER BEE, ASCRAZETIRE H I R AOL
MERARY, Horh 25 8 T 4T SO IR K Phong Bl
e, FAGE AL 2 i R 5 0T 5

Cot =a(l—F(n-v))+bF(n-v)+ks(n-h)* (18)

HHL

Lo O
o9 8 OO0 <0
@ DRSS
%88@ 5OSH0
ARk

6 AHBLS iR R T O R s BA
Fig. 6. Schematic diagram of the relationship between cam-

era and fluid surface.
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SRR
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IR
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o

BAtE 4507

K 7 SSFR R EHAT AR
Fig. 7. The flow diagram of our SSFR algorithm.
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£ Unity H, R S50 & 0% HIE & H
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b3 € IR Rl el i 51 5 A A o VA = SO 6 -
— AR N, JF RS R A O B AR, T
TER— U R S AR B R 25, 76 CHI
A H I o I g B AR R pR B B3 RIS L
B HIE S B, MR AR SO A TSRS
FEE 1), A — 140 B Buffer $4-2% KL 5 1)
P 145 4% %) Compute Shader H7, 7658
ARG R F52 T3, A TR AR A
TEAG LTI AR BE 420 7, FE R R — ]
pAibpeys p =N

4 k5t

ARSI s BB AT 25 T 1) S e A 21
£~ Intel i7-8700 CPU A1 NVIDIA Geforce GTX
1060 GPU, ifE¥rEE A C#, Unity —4E51%, Sha-
derLab & @iE T, LW S HBOIEAER 1 4
WL OMIE B LT T 22 5 %) A 7 AR
Pl AR A A R, AR SCAE SRR R rh
TS0 Fit i R RS BRICR, SRR AR S
T i AN LS s, Nl — 2P ik
ARSIV 3 RS .

#1 ERSEEE

Table 1.  The values of parameters in experiment.

BT 1 iy
LA 0.5 m
WP At 0.02

WIGRLF IR ro 1 m

WA R ho 2.66 m
HEE po 1000 kg/m3
RF TR m 1000 kg
SUEEE K 10 —
BERY p 0.1 —

A SCH Je T Unity M I 2 G0 B ALAE RS 22
WY, SRJETERLT R 5 | AL T HuE 22 57110 H 1
LA RE s 1 LASSIETZ A R, Wil 8(a),
P Unity BEALAE SO0 HE 3 50 38 3 355 2 15
B A MO DU A 1, 7R R B0 T I AARA T

PEE AR 52 Y 2R By A AR HERR A E T &
A BLGE, Rl R 2ead = BE v 22 I AR AL LA B ik
A DI, R MR Mz ST o T B, R TR
OIS X AR I R P i R AR iz B AN
TEBR, A SO ORI RL 58 B AR A ST B
JEHHR AR, RN R AR A R/ N RHIE ¥
278 A X U ARG T E 5 T3, ML 8(D)
LI Y, A8 JRAL R HER B R I st
(7] - A R bt A 1 T RS HE S R T K
AL, Ui AR PR T i 5 B2 A 2 50, 18 3l AT i
THE.

B8 HhER IS RER XL (a) RAEMEER1; (b) 5E
i g

Fig. 8. The comparison before and after applying control
force: (a) Without adding control force; (b) with control
force.
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T BN A TR S E v, AU IR B 520 T I
KR AR RIESFHGELIZ Sh 4, WL 10(b); Bl
Je LA TS R0 e AR 3 AT T 59 3
(AR 45 5 IR AT T 14 2 $42R T & 4 | R0k
AT DUJARE B 7 1L U £ 11015 e T2 AR T Bk 7
VLI 10(c); feJa iz shid i F-2% , 4 2 far HE3mT 1)
AT X R 55, WL 10(d). 78 2 fay AR ] S5
Yo, s st BRI B R, AR
SR A 5], BRI RELE 30 WT/s 24T,
IR EI ST

K9 WASILEZES  (a) WA S KITEIEE; (b)
PR 5 B i A2 5

Fig. 9. Fluid interacts with geometry: (a) Fluid interacts
with the cuboid; (b) fluid interacts with the cylinder.

B10 2 ff 40 355 Y A B Z0 B0 e P () O s B
Zl; (b) 30 s 205 (c) 90 s B Z1; (d) 120 s i Z]

Fig. 10. Fluid surface rendering of the Iowa river scene at
four moments: (a) 0's; (b) 30s; (c) 90 s; (d) 120 s.

HR, SIS FH AR K 45 B SE I SR BHIE AR 3L
7k, [RREHb, B9 50CR 12000, BE)E K
B 0.02, B 15 s, 30 s, 45 s, 60 s B ZIRELIZ5 5.
Bl 1L, ARAER A UL B iR b, BE S ARSI 45 rh

WERGESITIRIZ SN, 72T 15 P E BRI
T, AR AATZ i DA b A ) Ao " o e AT Y X
JE, e 28 52 2R AU (A MR DX DR H PR
FOER S WAL SR, 17 RS R A
PRATIRERS E MR A 82 [ RS2 ), TR AT
SRS BT A K ).

B0 AROKTA 5 B DA I 20 BERE e 1 (a) 15 s 1)
Zl; (b) 30 s W %l; (c) 45 s I Z1; () 60 s 2]

Fig. 11. Fluid surface rendering of the Chishui river valley
scene at four moments: (a) 15 s; (b) 30 s; (c) 45 s; (d) 60 s.
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KA BOKGEE BSLER BN &, IRZEER L
JI PR A AP o A 2 B SR A1 R DL B o

12 e oK S DR IR (a) HKHR T AR K
V0 8 1 T W WS TR (D) 2008 4F 6 T 7 faf £ Y ik 1%
5 () KR 25 ft, Bl & 31200 cofs 1 &L T ¥ % 10 [ 5
(d) 7 3CHE BAR L 45 SRR B IR

Fig. 12. The flood inundation maps of iowa scene: (a) The

inundation probability map based on the statistics of the
flooding range over the years; (b) the flood inundation map
of iowa in June, 2008; (c) map of inundation range under
the condition of 25 ft water depth and 31200 cfs water flow;
(d) the simulated inundation map of our method.

# 2 SRR SRR G
Table 2. Comparison between actual and simu-
lated water depth.

AL BHDREE/m DK /m ARERZE /%
A 1.29 1.43 9.79
B 1.51 1.65 8.48
c 1.97 1.92 2.60
D 1.50 1.40 7.14
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SRS SRR, 5 AMUTE C#5 Compute Shader
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e W TR T Y TR S TR B, IR, e N
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20 ft /s, IEASEI ST 38 B ).

# 3 BTRYRNTBAER
Table 3. The average simulation frame rate of each

scene.
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Real-time simulation of realistic fluid animation based on
stable SPH-SWE numerical model”
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Abstract

The reality and real-time performance have always been the research hot-point of fluid simulation. Aiming
at the unstable fluid surface motion in the scenes with complex terrain, in this paper, we propose an adaptive
fluid velocity control force calculation model based on terrain difference, and a stable SPH numerical model for
solving the shallow water equations is established. In this proposed numerical model, firstly we reduce the
simulation domain from three-dimensional space to two-dimensional surface for reducing calculation quantity,
and the water depth is represented by the density of particles at the meantime. Secondly, to ensure that the
number of neighborhood particles is stable within a fixed range and to improve the accuracy of simulation, we
apply a variable smoothing length to our numerical model. Then, an adaptive fluid velocity control force
calculation model is introduced based on terrain difference, in which the velocity and position of particles are
corrected by calculating the terrain difference caused by particle movement between each time step. The
coordinates on terrain used for the calculation of terrain difference are dynamically chosen by the density of the
particles. To improve the real-time performance of simulation, a screen space fluid rendering method is used to
refrain the extraction and reconstruction of fluid surface. The numerical calculation and fluid surface rendering
both load on the GPU for parallel execution. The simulation result shows that the proposed method can
effectively improve the unstable fluid surface movement in scenes with complex terrain while reaching a real-

time interaction level. The density and pressure are evenly distributed during the simulation.

Keywords: smoothed particle hydrodynamics, shallow water equations, parallel computing, complex terrain

PACS: 47.11.j, 47.50.Gj, 47.85.—g DOI: 10.7498 /aps.70.20211251

* Project supported by the Natural Science Foundation of Hebei Province, China (Grant No. F2020502014), the Fundamental
Research Funds for the Central Universities of Ministry of Education of China (Grant No. 2021MS095), and the National
Natural Science Foundation of China (Grant No. 61502168).

1 Corresponding author. E-mail: 423744730@qq.com

234701-12


http://doi.org/10.7498/aps.70.20211251
http://doi.org/10.7498/aps.70.20211251
mailto:423744730@qq.com
mailto:423744730@qq.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

