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Physically-based and Data-driven Fluid Simulation Research

XIAO Xiang-Yun, YANG Xu-Bo

(School of Software, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: This paper gives a comprehensive overview of the popular animation simulation algorithms based on physical and data-driven
methods as well as their applications in recent years. Firstly, the traditional physically-based acceleration fluid simulation methods are
summarized, covering both their advantages and disadvantages. Then, the existing data-driven algorithms applied in fluid simulation are
summarized and analyzed. In particular, the existing data-driven methods are sumed up into three types, namely, interpolation methods,
methods based on pre-computed data, and deep learning methods. Further, some key points are given about the data-driven methods as
well as the research trends and directions.
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Fig.2 Fluid solvers using composite grid structures
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Fig.4 Shape guiding method (result from Ref.[53])
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Fig.5 Result from the detail synthesis method (wavelet turbulence)!®”
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Fig.9 Data-driven fluid projection method®!

9 SCHR[93] A kT Mo UK Bl ) U A 855 20 SR M 5 vk

T £E 405 4 17 T, Sato %5 N PSUEHLas 2 > 509 3 F 21 AL i ARG 23 3% 3 L AAASE 0L o 5 i 43 o6
SR KIES) I IR, Chu 5 NPT CNIN S 28 00 25 PR 401 6 v 35 T AORS FBE I s 0L 45 SR, 45 4 DI 4545 31
() 4145 45 1 4 71 % (descriptor), £ i H1 23 R ARl 45 S (i ] 10 BT A2 I8 47T 308 |, Chu %5 NP T 1
B 113 /I8 Dk i A0 VT A SR 9 OO R LA A [R] KT (e R LB )R, 79 B R RS B A 4 R (150%240%150,
2.75s/framel®;400x600x400,2.75s/frame®). Kim 2% A OOV 4R B 1) 35 FR o 20 X 4% A8 J 1 Y (generative
model), IR 45 1 W08 2 K0 I )2 B0 A 2 B0 Dy I A TR A N 1) — 350 43, T DA e b 5 e L A 4% )
o TE) 3 80 P 3k R 3 B i Xe 8 ALVOUVE St 1o Y 35 - 2 A Aol 28 I 4% 100 ) 47T 40 48 199 4% (generative  adversarial
networks, & FX GAN)XT it 74 [ 48 73 7 2 (super-resolution) ] #E T 33— 5 (5T ABATT 75 b 3hiE | GAN 1% Bt
PR O i 7 R IR 10951 2K o L (loss function), AT 56 B T 311G 43 55 (1 41 15 389 558 (¥ 7o 23 3% 26 2 ik
5% (tempoGAN), A 11 TR &5 7T LLF H,tempoGAN 140 35 B 511 BE 77 LL AR 75 . Sato %5 NUOUAE % 15 45 ik,
(1) RS S B8 M 3% 1 T 8 T FF 4R (example-based) 13 1L XA I8 B 55032 AE 5 R UL AR A T 1 46 42 1) [ B, ) 7=y
LA Tt 0] 3 LA T 85 3 0 30 00 1o 2 3 SR R A sl AR A T AR 8 I 40T & RS T R AN T AT 5
FOA R, X KRR i T R .

Y3 —J7 10, Prantl 25 A OSIgE & 7 1 0 22 9 2% (generative neural network, & Fk GNN) %7 i (optical flow)¥4ii



HAEE 5 T3 BRI 30 69 RAKZ) 8 A R 3259

P I 2 AR TSR AE N LA 3o 0F HARE T — AN T8 3l (F-HL) i A8 H XA 3l TR Fe i ZE AU AE /K A8 A%
PRI b SCHR106]F0 T T 98 B 5 3 2 AR (NNs), T U s A AR H0L B AT 5H 22 (1) 7K AR 40 15 45 85 900 200 58 B n 2
S Ma 25 AU T B TR SRk 2 S TR WK A 1 Y R R 4, 1 R T AR B 5 A
A8 a1 T2 ) G A S R R R A4S o DR 2 I 42 I i o B B A LA B 1 AT 45 T VR
R T B RN 2 I 4% B St 3% (auto-encoder) 1BE 1T Hir A\ A8 5 1 [ 4

(©

- (al)‘ ‘

(@)~(c) T AT & A AL (an)~(en) A AR 2 A S e

Fig.10 Result from smoke synthesis method based on CNN
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