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¥ = Wo(F) + 5 M>(F)

Linear elasticrty

U = pllell + 5t (e)

Corotated linear elasticity

¥ = u|[F - R|} + 5t°(S - T)

Neohookean elasticity

K
¥ = Z(IF|% - 8) — plog() + 5 log” ()

Raise K to enforce
iIncompressibility.

K — OO

Implies complete
iIncompressibility

— —
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17



CONDITIONING

SSIBILITY

INCOMPR

Configuration Space

18



CONDITIONING

SSIBILITY

INCOMPR

Configuration Space

18



CONDITIONING

SSIBILITY

INCOMPR

Configuration Space

18



CONDITIONING

SSIBILITY

INCOMPR

18



CONDITIONING

SSIBILITY

INCOMPR

= Wo(F)

)

U(F,p

18



CONDITIONING

SSIBILITY

INCOMPR

o ()

)

U(F,p

18



CONDITIONING

SSIBILITY

INCOMPR

o ()

)

U(F,p

18



CONDITIONING

SSIBILITY

INCOMPR

o ()

)

U(F,p

18



CONDITIONING

SSIBILITY

INCOMPR

o ()

)

U(F,p

18



INCOMPRESSIBILITY: CONDITIONING

Implemented at PDE level
More flexiblity at energy level

Limited set of materials

[Zhu et al. 2010]
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Interpolation
discontinurties can be
avoided by using
tricubic interpolation

—
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Importance

Objects are not made of cubes

Visible gricartifacts<(discantinuities)

Challenges

How accurate are we!

Can we make 1t go fast!
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Fractional cells are tricky.
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Li4+1 541
o

Li4+1 4

—

-ATMENT

Compute analytically

Very simple U's only
Monte-Carlo
Expensive

Our solution:
Efficilent quadrature scheme

32



BOUNDARY C

oo R

Li4+1 541

Li4+1 4

-ATMENT




BOUNDARY C

—LL TREATMENT

Li4+1 541 j ok
C

Li4+1 4

/Q U (F)9X




BOUNDARY C

—LL TREATMENT




BOUNDARY CELL TREATMENT




BOUNDARY C

Lg 541

Li4+1 541
o

oo R

Li4+1 4

-ATMENT

el :/ U(F)oX
2

C

k
~ ) 6 U(X;)
1=k

Z c; = vol (£2.)

Note:

k = 4 suffices for

second order accuracy!
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Continuous Distribution Average = Discrete Distribution Average
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Compute 4 representative points

Ensure interior to the material

Li41 4
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|dentical positions

|dentical weights

Preprocessing procedure
done once for all cells

Same data for all cells
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Produces 2nd order accuracy
Fixed work per cell (4 pts max)

X Need to compute 4 sets of forces
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[McAdams, et al. 201 |]

Alternative

Uses whole cells

x L ess accurate

Stabilization allows |-pt evaluation

We extended this to arbitrary materials
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Extract
blocks of
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Thread

Note: Intel AVX
provides SIMD width

of 8. Thus we use
blocks of 2x2x2 cells.

ﬂz XY

Thread

Thread
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1 core (AVX)
1 thread

PERFORMANCE

2 cores (AVX)
2 threads

4 cores (AVX)
4 threads

4 cores (AVX)
8 threads

[
5]
@)
=
c
qV)
=
=
I

(101K cells)

Force Differentials

0.041

0.023

0.015

0.015

One QMR lteration

0.067

0.037

0.025

0.024

Newton lteration
(including 100 QMR
iterations)

7.035

4.066

2.127

2.645

Typical frame
(4-6 Newton iterations)

31.825

18.186

12.193

11.919

Human model

(13.5K cells)

Force Differentials

0.005

0.003

0.002

0.002

One QMR lteration

0.007

0.005

0.003

0.003

Newton lteration
(including 50 QMR iterations)

0.422

0.244

0.184

0.177

Typical frame
3-5 Newton iterations

1.466

0.842

0.640

0.626
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