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m = mmcloth N 2



(p, v, t) = g − μ (t) + (∥ (t) − (t)∥ − )Fi mi vi ∑
j∈Vi
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Kij
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http://matthias-mueller-fischer.ch/publications/posBasedDyn.pdf
http://matthias-mueller-fischer.ch/publications/sca2012cloth.pdf
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⇒
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F =
∂E

∂p

E = K L
1
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κ2 κ

http://graphics.snu.ac.kr/~kjchoi/publication/cloth.pdf


(x) = ( − )WB ∑
edges e

θe θ0
e

∥ ∥e0

h0
e e

http://www.cs.columbia.edu/cg/pdfs/10_ds.pdf
https://www.cs.ubc.ca/~rbridson/docs/cloth2003.pdf
http://www-labs.iro.umontreal.ca/~bernhard/PDF/Subdiv_SCA06.electronic.pdf
http://www-labs.iro.umontreal.ca/~bernhard/PDF/seams-vriphys08.pdf
http://www-labs.iro.umontreal.ca/~bernhard/PDF/Thomaszewski09CSL.pdf


http://www.cs.columbia.edu/cg/SC/


(t) (t) (t)P1 P2 P3 P(t)

(t) = ( ) + (t)Pk Pk t0 vPk

P( )ti ( ) ( ) ( )P1 ti P2 ti P3 ti ti

∃(α, β, γ) ∈ [0, 1 , P( ) = α ( ) + β ( ) + γ ( )]3 ti P1 ti P2 ti P3 ti

α + β + γ = 1

(P( ) − ( )) × n( ) = 0ti P1 ti ti n( )ti

https://graphics.stanford.edu/courses/cs468-02-winter/Papers/Collisions_vetements.pdf
https://graphics.stanford.edu/papers/cloth-sig02/cloth.pdf


⇒

https://min-tang.github.io/home/ICloth/
http://matthias-mueller-fischer.ch/publications/airMeshesPreprint.pdf
https://graphics.stanford.edu/courses/cs468-02-winter/Papers/Collisions_vetements.pdf


https://graphics.pixar.com/library/UntanglingCloth/paper.pdf
http://www.miralab.ch/bibliography/167.pdf


→

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.535.2180&rep=rep1&type=pdf
http://matthias-mueller-fischer.ch/publications/wrinkleMeshes.pdf
http://graphics.berkeley.edu/papers/Wang-EBW-2010-07/Wang-EBW-2010-07.pdf
https://hal.archives-ouvertes.fr/hal-00516411v3/document


F = [ − − ]e′
1 e1 e′

2 e2 σ = F FT ( , ) = Spectrum(σ)λ1 λ2

(0 < min( , ) < 1)λ1 λ2

→



https://hal.archives-ouvertes.fr/hal-00516411v2/document




= − ∇p + f − u ⋅ ∇u + ν△u
∂u

∂t

1
ρ

p
→ u

⇒ = P(f − u ⋅ ∇u + ν△u)
∂u

∂t
P div(u) = 0

http://graphics.cs.cmu.edu/nsp/course/15-464/Spring07/papers/fosterGas.pdf
http://www.dgp.toronto.edu/people/stam/reality/Research/pdf/ns.pdf


uk → 
add	forces

uk
1 → 

advect

uk
2 → 

diffuse

uk
3 → 

project

uk+1





?

file:///media/damien/ce4339aa-ebef-483a-9d72-2b221817c00e/drive/teaching/2018_2019/2018_2019_animation_3d/2018_2019_animation_3d/class/render/07_physics_deformable_models/output/presentation/pdf/content/021_stable_fluids_example/data/FluidSimulation/index.html#
https://github.com/amandaghassaei/FluidSimulation


Ω = {p ∈ , φ(p) = 0}R3 φ

Ω

+ u ⋅ ∇φ = 0
∂φ

∂t

http://physbam.stanford.edu/~fedkiw/papers/stanford2001-02.pdf


⇒

http://physbam.stanford.edu/~fedkiw/papers/stanford2001-04.pdf
http://physbam.stanford.edu/~fedkiw/papers/stanford2002-03.pdf


x(u, v, t) = u + sin(k(u + c t))/kek v

x(u, v, t) = v − cos(k(u + c t))/kek v

k = 2π λ

https://dl.acm.org/citation.cfm?id=15894
https://hal.inria.fr/inria-00537490/document
https://people.cs.clemson.edu/~jtessen/reports/papers_files/coursenotes2004.pdf
https://hal.inria.fr/hal-01367181/document


sizesize 256

choppinesschoppiness 1.5

windXwindX 10

windYwindY 10

sunDirectionXsunDirectionX -1

sunDirectionYsunDirectionY 1

sunDirectionZsunDirectionZ 1

exposureexposure 0.35
Close	ControlsClose	Controls

https://threejs.org/examples/#webgl_shaders_ocean2




⇒

http://articles.adsabs.harvard.edu/cgi-bin/nph-iarticle_query?letter=.&classic=YES&bibcode=1977AJ.....82.1013L&page=&type=SCREEN_VIEW&data_type=PDF_HIGH&send=GET&filetype=.pdf


A p

A(p) = (A ⋆ δ)(p) = A(q) δ(p − q) dq∫
Ω

δ → Wh

A(p) ≃ A(q) (p − q) dq∫
Ω

Wh

Wh

Wh δ h → 0

⇒ ∀h, (p)dp = 1∫
Ω

Wh

p



A pi

A(p) = A(q) (p − q) dq∫
Ω

Wh

A(p) = A( ) (p − )∑
i

pi Wh pi Vi

Vi i



= V ( )mi ρi pi

mi i

ρi

A p

A(p) = A( ) (p − )∑
i

mi

ρi

pi Wh pi

ρ(p) = (p − )∑
i

mi Wh pi



p

A(p) = A( ) (p − )∑
i

mi

ρi

pi Wh pi

p

∇A(p) = ρ(p) ( + ) ∇ (p − )∑
i

mi

A(p)
ρ2

A( )pi

ρ2
i

Wh pi

p

△A(p) = 2 ∇ (p − )∑
i

mi

ρi

(p − ) ⋅ (A(p) − A( ))pi pi

∥p − + ϵpi∥2 h2 Wh pi ϵ = 10−2

∇A( )/ = ∇A( )/pi pj pj pi

https://hal.inria.fr/inria-00537534/document


= g − + ν△v
dv

dt

∇p
ρ

pi

(t) = g − ( + ) ∇ ( − ) + 2ν ∇ ( − )v′
i ∑

j

mj

pi

ρ2
i

pj

ρ2
j

Wh pi pj ∑
j

mj

ρj

( − ) ⋅ ( − )pi pj vi vj

∥ − + ϵpi pj∥2 h2 Wh pi pj

p(p) = K ( − 1)ρ(p)
ρ0

α

ρ > ρ0

ρ0 1000 Kg/m3 α ≃ 7 K

ρ( ) = ( − )pi ∑
j

mjWh pi pj



(p) = , ∥p∥ ≤ hWh

315
64 π h3 (1 − )( )∥p∥

h

2 3

(p) = , ∥p∥ ≤ hWh

15
π h3 (1 − )∥p∥

h

3

https://hal.inria.fr/inria-00537534/document
http://matthias-mueller-fischer.ch/publications/sca03.pdf
https://cg.informatik.uni-freiburg.de/publications/2014_EG_SPH_STAR.pdf


http://matthias-mueller-fischer.ch/publications/sca03.pdf
https://graphics.ethz.ch/~sobarbar/papers/Sol12/Sol12.pdf


https://graphics.ethz.ch/~sobarbar/papers/Sol09/Sol09.pdf
https://cg.informatik.uni-freiburg.de/publications/2013_TVCG_IISPH.pdf
http://mmacklin.com/pbf_sig_preprint.pdf
https://cg.informatik.uni-freiburg.de/publications/2018_TOG_pressureBoundaries.pdf


⇒

n



https://www.cs.ubc.ca/~rbridson/docs/zhu-siggraph05-sandfluid.pdf


uk

uk+1

Δu = −uk+1 uk

http://www.in.tum.de/fileadmin/w00bws/cg/Research/Publications/2016/NBFlip/nbflip.pdf

