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@ SIGGRAPH 2021

MOTIVATION

WHY WE NEED A NEW INTEGRATION 5CHEME?
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C’?‘OS THE PREMIER CONFERENCE & EXHIBITION IN 3

IECARHLREEHFZ © 2021 TENCENT. ALL RIGHTS RESERVED. COMPUTER GRAPHICS & INTERACTIVE TECHNIQUES



A CASE NN
PRODUCTION

« 93,074 strands
- 7,179,350 Dofs
* Required simulation cost

- ~ 65 per frame [(based on 60
frarne per simulated second]

- ~T1hin total [10s simulation)

Simulate with GPU-IMPIN?
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- PRIOR WORK OF MPIM WITH LAGRANGIAN FORCES (@) siccraph 202

[Jiang et al. 2075] [Jiang et al. 2077] [Guo et al. 2078] 4[/—/an»t ét al. 2079] |
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AN MPM HAIR SIMULATOR

Init time stepping

Particle to grid mapping

Add Lagrangian
Impulses solved from
discrete elastic rods
[DER]

\ 4

Apply stress on grid

\ 4

Grid to particle mapping

\ 4

INPIN for contact

Plasticity projection

: & friction

CROS

I[ECRA#FRZEMGF © 2021 TENCENT. ALL RIGHTS RESERVED.

@ SIGGRAPH 2021

Our IMPIN Hair Simulator
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~ HARIRS S5IIMMNULATED WITH MLS5-MPM + FLIP @ SIGGRAPH 2021
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~ HARIRS S5IIMMNULATED WITH MLS5-MPM + FLIP @ SIGGRAPH 2021
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FLIP INTEGRATOR

[BRACKBILL & RUPPEL 1986]

Position update during grid-to-particle [G2P) transfer:

ntl _ am Atz .| Interpolated from |
Xp Xp T+ : WipVi current nodal velocity

P2l

-
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@ SIGGRAPH 2021

Positions they
end up with

/Nf
«®

LEP

Positions they
should be
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PIC/APIC/POLYPIC INTEGRATORS

PIC grid-to-particle:
[Harlow et al. 1955]

, ) . +1 — *
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C2777,+ — Z Wlpvl (xln xg) (Drpl C;)H'l — argm]ﬂE m:;) v, — z z Sy (xi xg)eacg;(yg
l ¢ i r o a
Position xg+1 = X7 + Atz WiV} x;z+1 = xl + Atz WipV; xgﬂ =xp + Atz Wip Vi
i

Update
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PolyPIC grid-to-particle:
[Fu et al. 2017]

APIC grid-to-particle:
[moving-least-square version)
[Jiang et al. 2075, Hu et al. 2018]
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THE cONTinuum ASSUMPTIONN

* FLIP/XPIC assumes material continuous in the

entire domain.
* Problem:

- Particle position is always interpolated from

deformed nodal positions

- If any movemnent is not capturable by grid, it

would be neither capturable by particles.
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Continuous deformation ¥
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DISCREPANCY @ SIGGRAPH 2021

BETWEEN RENDERING, EXPECTATION AND SIMULATION

~p—— g :'6 . b v 8 v — / \ \V\‘
Joo' P800 3" |
Sand Hairs Clothes

Expected behavior: separate immediately when pulled apart
Rendering: discrete & separated elements
Simulation: continuum that trap particles until they have no shared weights on a node
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@ SIGGRAPH 2021

NFLIP

NATURALLY-MODIFIED FLIP

‘d
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NFLIP: USE PARTICLE VELOCITY FOR ADVECTIONN @ SIGGRAPH 2021

FLIP grid-to-particle: NFLIP grid-to-particle:

Assurne material continuous everywhere. Completely ignore continuity.
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MNFLIP: USE PARTICLE VELOCITY FOR ADVECTIONN @ SIGGRAPH 2021

PIC

APIC

FLIP 0,99
FLIP 0.995
Full FLIP

HrLiF U39

{IFLIP .99

Ground Truth
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- IGNAORING CONTINUITY LEARDS TO ERROR

lgnoring continuity

Wrong deformation gradient

Wrong stress

Wrong contacts and frictions
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@ SIGGRAPH 2021
S5FLIP

A SEPARABLE FLIP ' <
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A SEPARABLE FLIP

CROS
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@ SIGGRAPH 2021

SFLIP grid-to-particle:

xpth = xp + At [2 Wi, Vi + Bpa (vp Z WipV; )]

By: the trap-breaking ratio
FLIP: Vp,B, =0
[FLIP:Vp, B, =1
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- THE TRAP-BREAKING RATIO B, (@) sicorapH 2021

Bp = Pmin, MOStly use interpolated nodal velocity to advect this particle

o
Q L - %]
*@' = - -
o P2G PPy Gop
H T Force
S | X X
Bp = Bmax, MOstly use particle velocity to advect this particle Z
3 Z ¥ X
S A
E ‘ PG pply Gep
o /® Force
o X % 2
[zero when separated)
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~ DETERITINE SEPARATION THROUGH VOLUME RATIO @ SIGGRAPH 2021

1 T2 :
EIREAN Q@\ ‘
» o\ (/>Q,
2.\ g ,
\ T4, To: 5tress
-8
. .
5% Jp: volume ratio
9%
- pp: Dressure
T1
5. k: bulk modulus
\,Q/’,"' " .
’<><<> Jp: critical volurne ratio
o%@?*" i
2B, Yield Surface .
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— DETERITNNE SEPARATION THROUGH VOLUINE RATIO @ SIGGRAPH 2021

A To é&Q/
& O

. :
X 4 3
28N W
0 LI
O 3% T1, T, 5tress
R -
S J»: volume ratio

Y

, | pp: Pressure
v@{f,"' x: bulk modulus

o . J§ critical volume ratio

E Yield Surface

CP_OS THE PREMIER CONFERENCE & EXHIBITION IN

IEGARHEEZEHRFZ © 2021 TENCENT. ALL RIGHTS RESERVED. COMPUTER GRAPHICS & INTERACTIVE TECHNIQUES



A SEPARABLE FLIP - SUINIMARIZED

SFLIP grid-to-particle:

0, in boundary
,Bp = IBmin: ]p <];(9:
,Bmaxr ]p = ]5
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@ SIGGRAPH 2021
S5FLIP

DIDACTIC EXAIMPLES . <
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TWO PERFECTLY 5/NOOTH FINITE ELEMENT SQUARES
N0 FORCE APPLIED FROM ONE SQUARE TO ANOTHER

Ground Truth FLIP

_____

[FLIP

_____
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~ 2D FIBERS

FLIP

[FLIP

CROS
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SSF/ \

APIC

S5FLIP

@ SIGGRAPH 2021

THE PREMIER CONFERENCE & EXHIBITION IN
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2D HOURGLASS

CROS
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SIGGRAPH 2021
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- 2D CLRY FRACTURE (@) sicarapH 201

APIC FLIP

A O A & s &

APIC 2x resolution FLIP 2x resolution SFLIP
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@ SIGGRAPH 2021

ASFLIP

ARFFINE-AUGINENTED 5EPARABLE FLIP

‘C
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> NAIVE MODIFICATION TO IMPROVE APIC

Particle-to-grid transfer:

mivi = ) wim,[vh + Cp(xi - x3)]
p

APIC grid-to-particle transfer:

CROS
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Add positional

adjustment

@ SIGGRAPH 2021

ASPIC grid-to-particle transfer:

0, in boundary or source
ﬂp = ﬁmin» ]p < ]zg
Pmaxr  Jp2Jp

THE PREMIER CONFERENCE & EXHIBITION IN
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ASPIC @ SIGGRAPH 2021

APIC + POSITIONAL ADJUSTIMENT

Assume zero force applied [i.e., v; = v}):

Root cause: PIC-style velocit
pitl = Z Wl y y

update never preserves particle
velocity from previous steps

v+ a5~ Y i )
4

xntl =l + AtZ[(l Bya)wh, v" + Bpawl v

T [Nodal \/@[UC/tg at t" T

ASPIC doesn't work. Only depends on nodal velocity Nodal velocity at t™1

n+1
= xp + At
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AFFINE-AUGMENTED FLIP (AFLIP] (@) siaarapH 2021

AFLIP particle-to-grid transfer [P2G):
miv} = z wipmy,[vE + CH(x! — x7)| —) Preserves affine momentum during P26

AFLIP grid-to-particle transfer [G2P):
vptl = Z WipV; + (vp Z WipV; ) ) ' 05erves high-frequency momentum during G2P

[damped through a < 1]
= 2 wi,v (a8 — x2) (D)™

n+1 —
=Xy + Atz WipV;
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- 2D WEAKLY-COMPRESSIBLE LIQUID (@) sicaraph 202

JT“[E"Q/C -/ Ba

paused s Y e ﬂ\\
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ASFLIP @ SIGGRAPH 2021

AFFINE-AUGMENTED SEPARABLE FLUID-IMPLICIT PARTICLE

ASFLIP particle-to-grid transfer [P20):
= z Wiy, [ve + CH(x] — x7)|  =—) Preserves affine momentum during P26
b

ASFLIP grid-to-particle transfer [G2P):

vptt = z WipV; + (vp z WipV; > ) ~c5crves high-frequency momenturn during G2P

(damped through a < 1)
cpt = Z wipvi (< = xf)" (DF)

AL = x4 AL Z Wi, VUl + Bpa (vp z Wi, V! )] Improves upon cases \/\//’IE’f'E’ Cont/nuqm assumption
no longer applies, preserving sub-grid movements
0, in boundary or source
ﬁp = lgmin: ]p < ]5
Bmax Jp 2 Jp
CQOS THE PREMIER CONFERENCE & EXHIBITION IN
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i
APIC

FLIP 0.99
FLIP 0.995
FUll FLIP
NFLIP 0.99
nFLIP 0885
ASFLIP 0.99
ASFLIP 0.995

Ground Truth

1.5Ax
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~ 2D FINITE ELEMENT 5QUARES

Ground Truth APIC

_____

APIL +
Positional
Adjustment

_____
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HELIH

ASFLIP
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@ SIGGRAPH 2021
MORE EXAMPLES

WRATER, 5AMND, HAIRS AND CLOTHES | ‘
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APIC

S - gSEYP
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APIC




FLIP APIC | 1/8x replay

S5FLIP ASFLIP
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Grid-resolution dependent wrinkling
[Guo et al. 2018]

RASFLIP
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SUIMIMARY @ SIGGRAPH 2021

High- Undamped Handle Eas Energetic
Integrators frequency : pe Boundary g 9
; affine motion " Separation Level
motion Condition
PIC X X v X *
APIC X v v X Ak
FLIP v X v X Ak
[FLIP v X X X Ak
SFLIP v X v v Ak
AFLIP v v v X olatal
ASFLIP v v v v * Ak
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FUTURE WORK @ SIGGRAPH 2021

[Nurnerical volurne gain

Simulators based on Chorin’s projection

Determine separation through fracture mechanics

[TMore accurate [self-) contact resolution

Coupling with principled, discrete physics
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@ SIGGRAPH 2021

" B PRE-PRINT, VIDED, SOURCE CODE
E Tesg SeRC Sent.s E http://yunfei.work/asflip/
E ¥ BaSaen sa® S.o2828.5.2, TENCENT GAME Al RESEARCH CENTER
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