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dx =

(
I +

u(X + dX)− u(X)

dX

)
dX = (I +∇Xu)dX
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ε =
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(∇u +∇uT )

ε̂ =


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γxz
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 = Pu
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σ = Cε

σ = λ(tr(ε))I + 2µε

σ̂ =



λ+ 2µ λ λ 0 0 0
λ+ 2µ λ 0 0 0

λ+ 2µ 0 0 0
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sym µ 0
µ

 ε̂ = Cε̂
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S =
∂W (E)

∂E

Neo-Hookean Mooney-Rivlin
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Mü + Du̇ + K(u)u = r

⇓
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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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Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

Kernel 2

�.�¿©¤Nn�!:§uå3×Nn��§

t+∆tun = γ1M
−1
n×n(trn −t fn) + γt2un + γt−∆t

3 un

Mn×n rn fn

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

Kernel 2

�.�¿©¤Nn�!:§uå3×Nn��§

t+∆tun = γ1M
−1
n×n(trn −t fn) + γt2un + γt−∆t

3 un

Mn×n rn fn

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

DÕÝ
�Ü¤

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

-E?n

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

-E?n

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Theory
GPU method
Collision
Algorithm

�{6§

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

8000gS�§zgS�Ú�0.025ms"

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

(J©Û

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

ó�o(

1. æ^Ü·��{é�.��?1{z![©±9¿©§��
·Üu�©k���{�N��"
2. �ék��¥�AÛ��5�¹§JÑ�«òÙ=z¤�5
¼ê��{§±·AGPU\�"
3. �ék��¥�Ôn��5�¹§JÑéfÝÝ
�¦)?
1=�§±·AGPU\�"
4. JÑ
�«¯�-Euÿ�{§�±�[ØÓ��Þ�¹"
5. r��5k��¦)�L§^GPU¿1z\�§¢y�¯�
O�¦)"

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

Øv�Ð"

1. vkÚÙ¦�{�'�§�)O(5Ú�Ý¶���±�Ä
�ý¢�¢�^u(J�O½öëê�["
2. -E�.Lu{ü§ØUéÐ��[ý¢�¹¶���±Ú
\�
p?-E�."
3. vk��ýÏ�g·A[©§ØUéÐ�òC/L¡�[!
ÐyÑ5¶�±�Ä^LOD��ª§½ödisplacement
mapping��{"

Guo Yu GPU Nonlinear Deformation



Outline
Basic
FEM

Conclusion

Results
Future

uLØ©�.�Ø©�'X

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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