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Guaranteed Globally

3D
De ormation Processing



Contacts in Real-life



Fabrication



Animation
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3D Modeling



Octopus  Vertex #:3002  by= 41

E,=85

[Li et al. 2018]

Mapping



Prior Work 2D

[Schuller et al. 2013, Smith and Schaefer 2015, Kovalsky et al. 2016, Jiang et al. 2017, Zhu et al. 2018, Su et al. 2020, ...]
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[Schuller et al. 2013]

[Jiang et al. 2017]
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Iterative Contact Processing Methods

[Brochu and Bridson 2009] [Harmon et al. 2011]

Iterative Contact Processing Failure (intersection)

[Jiang et al. 2017]




Scaffolding Methods
[Muller et al. 2015, Jiang et al. 2017]

Scaffolding:
Primary Mesh:

Locking behavior:

Scaffolding Framework [Jiang et al. 2017] result.
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Problem

r" = argmin Fz(x)

Energy: [)y(x,2) = Z v (F})

Symmetric Dirichlet:

2

tel

Neo-Hookean: E = ﬁ(|a]2 —3) — (u — %10g(0'10'20'3)) x log(o102073)
1 1 1
E=k(oc]+—+o05+— 405+ )
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IPC Barrier Energy

rt = argminE ()

3l —discoptinuous
5 —C2,c{i1
IPC Barrier: B — K E b 52 oa iz
%1' ;
1eC - K : ,
All Pairs (those far away contributes zero) " 05 1' 15
Distance
. —d—dzln(i) 0<d<d

0 d>d
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Artificial Time Stepping

r" = argmin Fz(x)

Time step Mx = —VE(:U) to progressively optimize

Time discretization (implicit Euler)'
Artificial step size

@ = argmin 3 o — @13, + BE(z, 7, u(r)

Mass matrix




Scaffolding Comparison

IDP SCAF [Jiang et al. 2017]

IDP

SCAF [Jiang et al. 201

7]
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Time-Varying Boundary Conditions

Goal: a set of positionally constrained 3 C [1, n]

Satisfy moving Dirichlet boundary condition Ly, = I, keb

KB

Penalty term: P(x,t) = 7mk

Solution:

o — 2|

Solver with static BC

While ||zx — ~t+1Hoo 107% do
Solve E = §Hx —a'|[3 + hBz(x)
g,H=VE V?E

r+ = a(—H 'g),a is from
line search

Solver with moving BC
While ||z — :c’f+1||oo >107% do
Solve E = §ch — 2|3, + hEz(z) + P(x,t)
g, H=VE,V°E
v+ = a(—H 'g),a is from line search
KB = 2Kz
Solve £ — %Hx MR, + hEa(x), sty = Bk € B
g,H=VE,V°E
4+ = a(—H 'g), a is from line search
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Time-Varying Boundary Conditions

Plastic + Elastic + Barrier Elastic + Barrier Elastic



Applications



(1) Normal Flow

E(x. N) = B(z) — ’y%a:‘

Flow Speed
T'Le — Bzl N

Normal Direction
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(2) Animation Repair

.— argmm—Hx—fSHM + hE( :L'.

Repaired output animation frame

E(x,T)

Input animation frame

— \Pmemb(xy 'f) + \Ijbend(xa 51_3) + B(QZ‘)

Membrane Energy Shell Bending Energy

Repaired:
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(3) Min-max distortion—2D

Exponential Factor

Ep(xv j) — T(p) th (\IJ(Ft))pv T(p)

tel

l (1—p)
(wn)
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(3) Min-max distortion—3D
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(4) Modeling—Squash




(4) Modeling—Wrap
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(4) Modeling—Pinch

24



(4) Modeling—Squeeze
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(4) Modeling—Layout
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(4) Modeling—Layout
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(4) Modeling—Bend




(4) Modeling—Copy Paste




(4) Modeling—Wind
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(4) Modeling—Flower
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Enjoy
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Conclusion

Intersected

Fixed (IDP)
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