Velocity Diff btw
W./W.o. Obstacles
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Navier-Stokes equations
F+u-Vu=—1Vp+vV.Vu+f
V.-u=0
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Direct simulation



* Flexible fluid manipulations for users:

— Fluid control to match target distributions
— Fluid guiding to match coarse target
— Detail synthesis to add fine features

Ours: a simulation method with visual manipulations

[Forootanigi

* Deep learning algorithms
— GANS [Goodfellow et al. 2014]
- Conditional GANs
— Fighting against mode collapse

Ours: improved control sensitivity
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Pix2Pix [Isola et al. 2017]
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BEGAN [Marzouk et al. 2019] [Chen et al. 2016]

1IBITION IN COMPUTER GRAPHICS
& INTERACTIVE TECHNIQUES



G

Density (d)

Optional conditions

Physical parameters (s)

Kinetic energy (KE)
Vorticity (w)
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Velocity (u)
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Our simulation:

u; = Generator (dg, ... )

d;,1 = Advection (d; , u; )
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Density (d)

Optional conditions

Physical parameters (s)
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Kinetic energy (KE)

Vorticity (w)
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Velocity (u)

Latent-space controls:
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[Replay w.o. Buoyancy x2 w X random
modifications]
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Closed boundary
Open boundary
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Velocity Vorticity



Density (d)

User Inputs

"> 3@ "‘ "‘.

>

Velocity (u)

12/9/2021 © 2021 SIGGRAPH. All Rights Reserved. 10



Density (d)

Optional conditions d input

G Physical parameters (s) D
Kinetic energy (KE)
Vorticity (w) '
u output w.o: ¢ u output with
Modifications Open Boundary
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Control Disentanglement:

Density (d)

Optional conditions {ut =G (dt’ s,KE, w )

G Physical parameters (s) D dt’ s,KE,w =D (ut)
Kinetic energy (KE)
Vorticity () LG,Restore = |luy —G(dp)ll + llde —D(G(d)Il
I Lp = |ld; —D(u)ll — lld; — D(G(d))l
L Mod = ll(dy, s, KE', @) — D(G(dy, ', KE', ")l
Velocity (u) THE PREMIER CONFERENCE & EXHIBITION IN COMPUTER GRAPHICS

12/9/2021 © 2021 SIGGRAPH. All Rights Reserved. & INTERACTIVE TECHNIQUES 12



L¢ :LG,Restore T+ LG,Mod

Density (d) L Mod = I(d s, KE', @) — D(G(d,, . KE" "))

. " s': sampled from the training range
Optional conditions

Physical parameters (s) KE’, w": calculated from a modified velocity
G D
Kinetic energy (KE) with wavelet turbulence [Kim et al. 2008]
Vorticity (w)
Original u Modified u’
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Ours, buoyancy References, varying buoyancy:
X2 x.5 x1, x1.5 X2 x2.5
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Avg. similarity

Our-2.0, Ref-0.5 Our-2.0, Ref-1.0 Our-2.0, Ref-1.5
on 150 frames

Our-2.0, Ref-2.5

[Kohl et al.] 0.295 0.225 0.168 0.137 0.160




Optional conditions
Physical parameters (s)

Kinetic energy (KE)
Vorticity (w)
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Velocity Diff btw
W./W.o0. Obstacles
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Replay




Code & More information:
github.com/RachelCmy/den2vel

physica|
Parameters

e Contributions:  Limitations:
* Simulations with single-density input e Historical information, 3D resolution, ...
e Multiple controls simultaneously e Future directions:
* Highly-sensitive cyclic GAN * Visual controls (streamlines, captures)
* Strong generalizability
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https://github.com/RachelCmy/den2vel

Equation-Based

V Obey Physical Laws P h yS | Cd |
X Rely on Initial Conditions S| mu |atiO N

X Computational Expensive

Machine

Data-Based

V Flexibility, Efficiency
I—e arnin 8 X Black-box Models w.o. Physical Understanding

X Generalization
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