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dx =

(
I +

u(X + dX)− u(X)

dX

)
dX = (I +∇Xu)dX
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Ê =



∂
∂X1

0 0

0 ∂
∂X2

0

0 0 ∂
∂X3

∂
∂X2

∂
∂X1

0

0 ∂
∂X3

∂
∂X2

∂
∂X3

0 ∂
∂X1


 u1

u2

u3

+



1
2

3∑
k=1

( ∂uk

∂X1
)2

1
2

3∑
k=1

( ∂uk

∂X2
)2

1
2

3∑
k=1

( ∂uk

∂X3
)2

3∑
k=1

( ∂uk

∂X1
)( ∂uk

∂X2
)

3∑
k=1

( ∂uk

∂X2
)( ∂uk

∂X3
)

3∑
k=1

( ∂uk

∂X1
)( ∂uk

∂X3
)



= PXu+ P̄X(u)

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

��5AÛ�§

PXu + P̄X(u) ≈ PXFTu = Pxu

[Fij ] =

[
∂xi
∂Xj

]
=


∂x1
∂X1

∂x1
∂X2

∂x1
∂X3

∂x2
∂X1

∂x2
∂X2

∂x2
∂X3

∂x3
∂X1

∂x3
∂X2

∂x3
∂X3



Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

AÛ�§

÷* �*

²ï'X
Ñ\µ	å =⇒ Aå

⇓ ⇓Ôn'X

AÛ'X
ÑÑµ £ ⇐= AC

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

Ôn�§

÷* �*

²ï'X
Ñ\µ	å =⇒ Aå

⇓ ⇓Ôn'X

AÛ'X
ÑÑµ £ ⇐= AC

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

Ôn�§

AåµS

S ∝ E

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

�5Ôn�§

��Ó5
σ = Cε

σ = λ(tr(ε))I + 2µε
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Neo-Hookean Mooney-Rivlin
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Mü + Du̇ + f = r

⇓

Mün + Du̇n + fn = rn

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

ÄåÆ²ï�§
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t+∆tun = γ1M
−1
n×n(

trn −t fn) + γt2un + γt−∆t
3 un

Ù¥ γ1 = 2∆t2/(α∆t+ 2) §γ2 = 4/(α∆t+ 2)§γ3 = 1− γ2 "
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1. A master-slave robotic simulator based on GPUDirect.
2. Fall over or sliding down?
3. A Survey on Simulation of Soft Tissue Deformation in Virtual
Surgery.
4. Surface Contact Deformation of Soft Body with Nonlinear
Finite Element Method.
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