GAMES 401: ;Zz18|% (PeriDyno) YB{5EEES LK

ﬁﬁﬂ]ﬁsﬁ (Peridynamics)
HiTRIZSSEE
{Rl)vE

FREFF BRI R TR
2023.5.7




ISCAS
AN
o if3AEN71F (Peridynamics) ZEAf
e =i IATN 71F (Projective Peridynamics)

o HEATIELEIEIE (Semi—implicit Successive Substitution
Method)

IR




150AS

1T3InEN 715 (Peridynamics) ZLfif

e Local vs. Nonlocal

Oy

A

> VX

yz

y

ZX

Continuum Mechanics (Local) Peridynamics (Nonlocal)



150AS

1T3InEN 715 (Peridynamics) ZLfif

« I, (Deformation)

Y(&) Deformation State:




5eAS

1T3InEN 715 (Peridynamics) ZLfif
« ## (Bond) FO7S (State)

A ($)
/\

S»

Bond: é=x"—x
State: A(&): H > L,,, L,: miiK=E



T357)715% (Peridynamics) i AR

d= =

= FH State

« Scalar State

a(®: H->R R:se¥z=)g] 2450 NEERK
a (&) = W)
* \ector State
VE: H- R3S R3: =48k /REg TS




113750715 (Peridynamics)

- SRR BEE

I
p=p|
E=

=

HABeA , AFIBHF (Sum)

HAcA BeA,AFB#iZEE (Composition)

HAcA BeA ,AFIBRSEF (Point product)

RAecA,. . BeA , AFIBAKNIR (Dot product)

% AcA, AMKE (Magnitude) |A|<§>:\/ AA)(E)
wAecA, AR (Norm) |A|=VAeA
B A A, , ARIFT(E (Direction) E X 7 (DirA)(£) = {A@ ?\A\@ ’ ﬁﬂ%gjfﬁo

KA, BeA K NAS5B HZRKikKE

A*B=| o(£)A()®B(S)dS




135N 715 (Peridynamics)

150AS

2y

o« N EELs (Deformation Vector State)

[e]l=|¢e, &, &

Continuum Mechanics (Local)

Y[x,t1(E)=y' (x+ &, 1) -y (1)

Peridynamics (Nonlocal)




150AS

1T3InEN 715 (Peridynamics) ZLfif

e 1B =7S (Force Vector State)

O, Ty Ty
O = Cg [O-] — z-yx Gy Tyz T:T(Y’ A)
_sz Ty Oy i

Continuum Mechanics (Local) Peridynamics (Nonlocal)



1T3InEN 715 (Peridynamics) ZLfif
o =MHEBIRIEFZERN /]

£ et
i@/ T(-£)

Bond based

Ordinary state based Non-ordinary state based



150AS

1T3InEN 715 (Peridynamics) ZLfif

s HIEFTiE

oy = jm (TIX, () - TIX (=€) aV, +9

-
p¥; = D (TIX(E) - T, [X (=E))V, +0

J

f =T[xt](&)-TIX, t]{-¢&)



=135 715 (Projective Peridynamics)

» ZYRLALIE) R

n+1

yn+1 _ yn + hV
v =v"+hM™ (fint (y””) +fext)

v

min = M2 (y—=s")| + D Wi(y), s"=q"+hv" +h’M™f,,

y 2h?




“ilS 4’ @fw mwﬁmm

RS TNIELSIAE (SISSM) Y i, e syt

« &1;% (Newton's method)

II'

f(x)=0 Y s f(x)
S
f(xo) + f'(xo)(x — xO) =0 i xo, f (%)
S
X, = x f(xg)
A
;C

f'(x) B9 B [ 4




150AS

|-

SRRICEELLANE (SISSM)

« &1;% (Newton's method)

Energy Hessian:

. (oW oW oW\,
of; " of; 0Fy _ z 0 (Ud‘ag (fmo A, (’Mz) v ) _ya,ZH
an 1 aFkl BX] I aFkl l (')x]

From Wang’ slides



SC 4’ ®# S meNMEH

“FETVELLAIRIA (SISSM)

o FZF 1AL (Successive Substitution Method)

II'

y

flx) =0
-

=g(x) & f(x)=0
-

x = g(xo)

WS |g(x0)] <1




II'

2BaTCIEEE K E (SISSM)

o FZF 1AL (Successive Substitution Method)

o IIELLUTS R B 4 B A8 2 y

y = g(x)

gx)=x% —  g'(x) =05x79°
gx)=x* — gkx) =2

gx)=x> — g'(x)=3x’




\ ISCAS to#gmetmin
n;; iﬁﬁj]jj (PI’OJ ective Per| dynam I'(t:té5ﬂware'Chmesemademydsmemes

v(y)

« =B 1F (Projective Dynamics)

[Bouaziz et al. 2014] Y (Y) = ZW| (y)
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 Limitation with projective dynamics
 Global solve cannot handle nonlinear problem
« Local solve cannot handle the diversity in problem stiffness
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IPC [Li et al. 2020]



ISCAS to#saadnyn

¥e=21kta5h715F (Projective Peridynamics)

)

Level setof (E + ¥ + B)(")

(a) Solve original problem. (b) With constraint projection.
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e Limitation
 Convergence rate
* Only suitable for problem x = g(x — x")
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so = 8000
ko =0

so = 8000
ko = 24

| so = 8000 so = 8000
#Vertex: 40.0K kb = 240 kb = 2400
#Face: 79.2K

dt = 1e-3

Gravity = 1.0 X default
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Dress design

#Vertex: 32.8K

#Face: 64.8K

dt = 2e-3

Gravity = 0.1 X default
Average single frame

time cost: 1/8 s.
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#Vertex: 14.3K

#Face: 28.3K

dt =1e-3

Gravity = 1.0 X default

Average single frame

time cost: 1/22 s.
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