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Introduction

e Cloth Simulation is widely used in the world

King kong(2005)
“http://www.kingkong2005.co.kr”

Shrek the Third(2007)
“http://www.shrek3.co.kr”
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Introduction

e The Goal of Cloth Simulation

Reality < -> Efficiency
Get realistic results Get fast results
by calculating intensive by calculating efficient
computation computation
Continuum Model Particle System Model
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Introduction

e Steps of Cloth Simulation
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Introduction

e Steps of Cloth Simulation
1. Model the cloth

Cloth object teszellation
of a plare
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Introduction

e Steps of Cloth Simulation
2. Choose the cloth model system

7

s

Cloth object teszellation
of a plare
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Introduction

e Steps of Cloth Simulation
3. Derive and solve an equation
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Introduction

e Steps of Cloth Simulation
4. Collision handling (Collision detection + response)
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Introduction

e Steps of Cloth Simulation
4. Collision handling (Collision detection + response)
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Cloth object teszellation

of a plare

Numerical Solver

4 Flexion
springs
Structural Sheer
springs springs
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Three Parts of Cloth Simulation

1. Cloth Model System |

a P _i = 1‘_ .
2. Numerical Solver 7(3)=5(3)=(srtan )

Ax \ _, v+ Av |
Av |~ M 'f(x) + Ax. vy + Av)

3. Collision Handling
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Three Parts of Cloth Simulation

1. Cloth Model System '
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Three Parts of Cloth Simulation

1. Cloth Model System

e Deformation Constraints in a Mass- Spring
Model to Describe Rigid Cloth Behavior

Xavier Provot, Graphics Interface, 1995.

structural spring

n=‘f“ =

ending spring

shear spring
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Three Parts of Cloth Simulation

1. Cloth Model System

e Deformation Constraints in a Mass- Spring
Model to Describe Rigid Cloth Behavior

Xavier Provot, Graphics Interface, 1995.

Fo | F
S ——

F= —Kx (-l

( a,,;__j(t |- ﬂ.f) = %Fi‘j(t}

-

V*L.r'(t +At) = V:‘.j(i] + At at-hj(t + At)

Pii(t+ At) = P ;(t) + At v ;( + At)

\,
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Three Parts of Cloth Simulation
1. Cloth Model System

e Deformation Constraints in a Mass- Spring
Model to Describe Rigid Cloth Behavior

Xavier Provot, Graphics Interface, 1995.
B - [B/x|
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Three Parts of Cloth Simulation

d X d x v
2. Numerical Solver 7()=5(7)=(artan )

Ax \ _, ' v+ Av |
Av |~ M 'f(x) + Ax. vy + Av)
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Three Parts of Cloth Simulation

2. Numerical Solver

e Large Steps in Cloth Simulation
David Baraff, et al., SIGGRAPH, 1998.

% = MM(x, %). i({f):i(ﬂf):( v )
dr \ X dr \ Vv M fix, v)
Newton’s law
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Three Parts of Cloth Simulation

2. Numerical Solver

e Large Steps in Cloth Simulation
David Baraff, et al., SIGGRAPH, 1998.

1. Explicit Method z j" —q &}'

Ax )\ _, v x(f) =%, %(t, +h) =x,+ Ax
Av |~ M-, v(ty) = vy v(ty + h) = vy + Av
f(x,v) = f(xg, Vo) = f

calculation cost is very low

time step(h) must be small to ensure stability
18 KAIST



Three Parts of Cloth Simulation

2. Numerical Solver

e Large Steps in Cloth Simulation
David Baraff, et al., SIGGRAPH, 1998.

N RRR
2. Implicit Method ﬂ

Ax — vy + Av X'(tﬂ) = K'ﬂ K{:t.ﬂ + h) — Kﬂ + &I‘:
Av ] T l-I_lf{::u + AX. vy + Av) "'Ff(tﬁ) = Vg ?E:t,} + h) = v, + Av

f(x,v) = f(x, + At vy + Av)

af
f(xg+ Ax, v+ AV) =) + —Ax+ —Av
ax av

of 5 of af
(I - m-rl5 — h‘}.-rlg) Av =hM™ (fn + }IET“)
calculation cost is expensive

time step(h) can be large
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Three Parts of Cloth Simulation

3. Collision Handling
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Three Parts of Cloth Simulation

3. Collision Handling

e Collision Handling
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Three Parts of Cloth Simulation

3. Collision Handling

e Collision Handling
= Collision Detection + Collision Response

22 KAIST



Three Parts of Cloth Simulation

3. Collision Handling

e Collision Handling
= Collision Detection + Collision Response

Cloth-Body Collision %
Cloth-Cloth Collision %
(Self-collision)

Collision detection
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Three Parts of Cloth Simulation

3. Collision Handling

e Collision Handling
= Collision Detection + Collision Response

Cloth-Body Collision %

Cloth-Cloth Collision %
(Self-collision)

24 KAIST

Collision detection



Three Parts of Cloth Simulation

3. Collision Handling

e Collision Handling
= Collision Detection + Collision Response

Collision detection

Edge-Edge Collision

Vertex-Face Collision %
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Three Parts of Cloth Simulation

3. Collision Handling

e Collision Handling
= Collision Detection + Collision Response

Discrete CD #{
Continuous CD *

Collision detection
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Three Parts of Cloth Simulation

3. Collision Handling

e Collision and self- collision handling in cloth model
dedicated to design garments

Xavier Provot, Graphics Interface, 1997.

R(to)

(to

a(ty) ¢(to)
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Three Parts of Cloth Simulation

3. Collision Handling

e Collision and self- collision handling in cloth model
dedicated to design garments

Xavier Provot, Graphics Interface, 1997.
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Three Parts of Cloth Simulation

3. Collision Handling

e Collision and self- collision handling in cloth model
dedicated to design garments

Xavier Provot, Graphics Interface, 1997.

R(to)

p(t) = p(te)+ t X7V,
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Three Parts of Cloth Simulation

3. Collision Handling

e Collision and self- collision handling in cloth model
dedicated to design garments

Xavier Provot, Graphics Interface, 1997.
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Three Parts of Cloth Simulation

3. Collision Handling

e Collision and self- collision handling in cloth model
dedicated to design garments

Xavier Provot, Graphics Interface, 1997.

3t € [tg,tp + At] such that
Ju,v € [0,1], u+v < 1, @{ﬂ = uﬁ{t} + -.!,rA_C‘{t]

b(t)
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Sketch of recently developed
methods

GPU-based Geometric Method

Data-driven
32 KAIST



Sketch of Recently Developed
IS

® Adaptive meshing for cloth animation

J. Villard, et al., Engineering with Computers, 2005.

23 “Adaptivity” KAIST
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Sketc h of Recently Developed
Methods

+Ih~ A
U 1Uu

e GPU Based cloth simulation with Moving Humanoids

J. Rodriguez- Navarro, et al., 2005.

fixed iter{20/40) | quasi-feedback
64 = 64 105/86 B8-124
128 x 128 63/43 44-90
236 = 256 22/14 14-42

Table I: Frame rate results for different cloth di-
mensions considering all body parts.

fixed iteri20/40) | quasi-feedback
B < b4 00-144/77-108 107-200
128 = 128 34-77/41-50 40-133
256 = 256 20-24/14-15 14-55

Table 2: Frame rate results for different cloth di-
mensions considering only body parts which can
collide.

" GPU” KAIST



Sketc h of Recently Developed
Methods

+Ih~ A
U 1Uu

® A Data- Driven Approach for Real- Time Clothes
Simulation

Frederic Cordier, et al., Pacific Graphics, 2005.

Global movements Cloth details
[Section 5) (Section 6)
Y Pre-simulated Cloth Animation Sequence ;
E Fans s e i N EEE eI eI S NI EE NI OE® IFEEEEEEEEN EEREEEEEY
o I Pre-processing of the Coarse Mesh Pre-processing
= af the Fine Mash
E_ ET.[h ;Ilillll-lllliflll. 'Ilcla* mEE
] oth-to-joint relation? = arse !
E Collision Hulls .E Mesh . ' "Chetticients of | 115"'
:II-III I-'IIII-II LR IIII-I-II: :l-?!rlll‘c::irlelv; =l-‘l":r;'pikliglllnltIE‘lrFiﬂilla;tlulrI .
s
= Callisian Data-driven Mass-
L; Datection Spring System v
E _.....i....= T i’.........._ Wrinkle Shape
w |& Skeleton : E Coarse Mesh ] Interpolator
E |:Animations Ceometry .
IE lllllllllll l' T It " —II"III"II*"IIIII l
] : Fine Mesh Genmetnr
e ] 00 Jhsssissssisssssssssssss
-------- Data DRSS




Sketc h of Recently Developed
Methods

+Ih~ A
U 1Uu

e A real- time cloth draping simulation algorithm
using conjugate harmonic functions

M. K. Kang, et al., Computers & Graphics, 2007.

“Hybridization of geometric and physically based method”
36 KAIST



Sketc h of Recently Developed
Methods

+Ih~ A
U 1Uu

e Capturing and Animating Occluded Cloth
Ryan White, et al., SIGGRAPH, 2007.

“Capture & Animate”
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Challenging Problem

My works on adaptive simulation
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e Adaptive Cloth Simulation
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e Adaptive Cloth Simulation

S

KAIST

44



L || S
Toll | I~
o || 3
al 0N
ol S
= | k=
o <
cCil e
(D) =
— w
0]
c |l 2
®

KAIST

45



g

e Adaptive Cloth Simulation
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“equilibrium status”
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e Adaptive Cloth Simulation
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Challeanaina Prablem
Challenging Problem

e Adaptive Cloth Simulation

L Untitled - ClothSimulation

‘ De mo File Edit Miew Help

e & %

Grid size = 2
# of grid =10 x 1C
NO refine @

Buy oy to presvent this tag
5 O www.techsmith.com
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e Adaptive Cloth Simulation

i Untitled - ClothSimulation

‘ De mo File Edit Mew Help
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Grid size = 0.5
# of grid =40 x 40
NO refine @

www.techsmith.com
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Challeanaina Prablem
Challenging Problem

e Adaptive Cloth Simulation

‘ De mo (L Untitled - ClothSimulation
File Edit Wiew Help
O g 7

Grid size = 2
#of grid =10 x 10
refine level ; 2 @

By niowy to presvert this tag
www.techsmith.com




Challenaina Problem
Challenging Problem

e Adaptive Cloth Simulation
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Challenaina Proble
Challenging Problet

e Adaptive Cloth Simulation
e Problem
1. T- junction Problem

I >>>

v\
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Challenaina Proble
Challenging Problet

e Adaptive Cloth Simulation
e Problem
1. T- junction Problem

I [>>

“T-junction”

v\
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Challenaina Proble
Challenging Problet

e Adaptive Cloth Simulation
e Problem
1. T- junction Problem

=5

v\

“4-8 subdivision rule”
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Challenaina Problem
Challenging Problem

e Adaptive Cloth Simulation

e Problem
2. Mass distribution
.a ?a ?a
¢ ¢ ¢
a a a

total mass = 6a
57 KAIST



Challenaina Problem
Challenging Problem

e Adaptive Cloth Simulation

e Problem
2. Mass distribution
.a ?a ?a .a ?a Ta ?a
¢ ¢ $a ¢ .- %a $a

total mass = 6a EE

58

total mass = 11a
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e Adaptive Cloth Simulation

e Problem

2. Mass distribution

' ’

MVillard, et al. “

Adaptive Meshing for cloth simulation” , 2002.
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e Adaptive Cloth Simulation
e Problem

2. Mass distribution

Mllard, et al. “ Adaptive Meshing for cloth simulation” , 2002.

KAIST



Challeanaina Prablem
Challenging Problem

e Adaptive Cloth Simulation
e Problem

2. Mass distribution

0.50

61 Villard, et al. * Adaptive Meshing for cloth simulation” , 2002. KAIST



Challenaina Problem
Challenging Problem

e Adaptive Cloth Simulation
e Problem
2. Mass distribution

0.50 0.50

&
*
4
4
&
*

0.50 10 0.50

62 Villard, et al. * Adaptive Meshing for cloth simulation” , 2002. KAIST



Challeanaina Prablem
Challenging Problem

e Adaptive Cloth Simulation
e Problem
2. Mass distribution
0.50 10 0.50 0.50 0.50 0.250 0.1250

0.50 10 0.50 0.50 0.50 0.250 0.1250

total mass = 4 x[] % total mass = 4 x[]

63 Villard, et al. * Adaptive Meshing for cloth simulation” , 2002. KAIST
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Challenaina Problem
Challenging Problem

e Adaptive Cloth Simulation
e Goal

Fast Cloth Simulation Hb Adaptive Cloth Simulation

Adaptive Meshing

N

Crowd Cloth Simulation

View-dependent Multi-resolution
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e Cloth Simulation is popular since 1980s.

e Three Parts of Cloth Simulation is..
e Cloth- Model System
e Numerical Solver
e Collision Handling

e But, still there is some challenging problem
e Crowd Cloth Simulation!
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