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Data-driven approach to regress
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Previous Work

Data-driven approach to regress
the coarse elastic model

Rely on data set and
% parameter tunning
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 Matrix-valued shape functions N(X) PR B
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e Geometric & physical conditions Inter-element
continuity
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Geometric conditions

- Translational invariance
» NI(X)=I
- Rotational invariance
> NI(X) X« = [X]«

- Node interpolation
N (X57) = 03
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Physical condition

- Reconstruct global “representative” deformation

ZNH ab XH)
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Numerical conditioning

Smooth regularization
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Numerical conditioning

Smooth regularization

AT a7l o v H
/Q tr (V)T M} vNHT) ax

| | rank-4 tensor
e [Two Options of metric

- Harmonic: M =
- W-harmonic: M = 0°¥ /O F*

(WU-constitutive model, F-deformation gradient)
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summary

* FINdINg pasIs ->
Solve a constrained quadratic programming per element

/tr ((VN;")' : M : VN")dX
sty NI(X) =
ZNH XMy = [X]«

ZNH hat (X)) = hap(X)

Ni (XJH ) = 8,1




Basis discretization

o Qur basis functions are discretely represented
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plecewise bilinear function

Nq;H(X) — Z”ijNgh(X)



Balance

» Our optimized basis function does not guarantee C°-continuity
Np,i(X;'L) # Nq,i(X?) — up(Xgh) A uq(Xgh)




Balance

» Our optimized basis function does not guarantee C°-continuity

 Coarse element generally appears to be “stiffer”.

 Discontinuous basis functions make system “softer”.



Viake palance

107 10
x

W 6
Local
4
2
O 4 w

Global

P p— DO N

0 10 20 0 10 20 30

trilinear on Q"

harmonic on Q

trilinear on Q¥

¥-harmonic on Q¥



Viake palance

Fine w harmonic Y-harmonic




Simulation

» Calculation of deformation gradient
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Simulation

» Calculation of deformation gradient

Vxz=Vxu+I=(Re—1)+)» Re®(Rlw;—X;): 1 +1

H NG -
:Re—l— (ZRQ(X)(RZZEZXZ) X ag\g ) (Z 82;? )

J

* Quadrature: standard Gaussian quadrature
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Relation to |Kharevych 2009

200 [
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Our method

| [Kharevych et al. 2009]
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Diagonal basis Far boundary vanishing

Translation invariance Node interpolation
Rotation invariance Psi-harmonic
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d

Such conditions prohibit gl

a proper balance
[FE—— Nt

Diagonal basis Far boundary vanishing

Translation invariance Node interpolation
Rotation invariance Psi-harmonic

& ®
[Nesme 2009]
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Relation to DDFEM

Results of DDFEM will be likely impacted by ...

A =0.02

Our method Is free of such issue

I: representative of
P A =0.02 =0

element sample

Training set Parameters for regression



—02

Dynamics L

0 50 100 150 200
trilinear at Q" trilinear at QX harmonic on Qf

--.- e e - .... - ;
v B——— - -
A - o
- o . : .. g
. / " . . —
o — : et e : fotaa ) e .
x * D - - — -
) >

R L mmEE
'm 4.3 L I"¥T
S TS

KT




—02

Dynamics -l L

0 50 100 150 200
trilinear at Q" trilinear at QX harmonic on Qf

--.- e e - .... - ;
v B——— - -
A - o
- o . : .. g
. / " . . —
o — : et e : fotaa ) e .
x * D - - — -
) >

R L mmEE
'm 4.3 L I"¥T
S TS

KT




Dynamics




Dynamics




Acceleration

gradient norm
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Future work

e Varying shape functions for very large deformation.
o Coarsening of dynamical system with inhomogeneous mass distribution.
* Applied to other problems like acoustics.

e Problem-aware basis construction.
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