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Background Concepts
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Reduced Stress Analysis

Low resolution mesh
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Rest shapes correlated
Two phase strategy
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Reduced Stress Analysis



Rest shape is edited in a subspace
Strategy: subspace precomputation + runtime estimation

Reduced Stress Analysis
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Reduced Stress Analysis

A! 𝝈 = 𝒃!

Standard FEM discretizes the displacement, 𝒖
Instead, discretizing the weak form w.r.t. stress, 𝝈



Reduced Stress Analysis

A! 𝝈 𝒃!=3NV

9NT

𝜎 = S𝑟

𝝈



Reduced Stress Analysis

𝒓 𝒃!=SA!



Reduced Stress Analysis

𝒓 𝒃!=A!S3NV

Nr

Small-scale least-squares problem



Reduced Stress Analysis

Physically realizable stress?

𝒖 𝝈3NV 9NT

realizable

may be unrealizable
?



Reduced Stress Analysis

Regularization
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Reduced Stress Analysis

Regularization
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Reduced Stress Analysis

Quadratic minimization

min
𝒓

A"S 𝒓 − 𝒃" #
# + 𝛼𝐸$ 𝒓



Reduced Stress Analysis

Quadratic minimization

min
𝒓

A"S 𝒓 − 𝒃" #
# + 𝛼𝐸$ 𝒓

Force term Regularization term

Weight factor
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Construction of Stress Basis

𝜎 = S𝑟
How to compute?



Construction of Stress Basis

B = 𝜎%, 𝜎#, … , 𝜎&



Construction of Stress Basis

S = PCA B



Construction of Stress Basis

S = PCA B 𝑝𝑏 B



Construction of Stress Basis

S = PCA 𝜎%, 𝜎#, … , 𝜎&
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Construction of Stress Basis

Stress tensor pull-back (inspired from the first PK tensor)

𝑝𝑏 𝜎 = 𝐽𝜎𝐹"#



Construction of Stress Basis

Stress tensor push-forward

reference online shape

𝑝𝑓 S

𝑝𝑓 𝜎 = 𝐽+(𝜎𝐹'



Construction of Stress Basis

Efficacy of pull-back and push-forward



Construction of Stress Basis

Efficacy of pull-back and push-forward



Results

Training and test data: 8 groups



Results

Accuracy – L2 errors: max < 6%, average < 2%



Results

Accuracy – visualization

estimation

ground truth



Results

Accuracy – visualization



Results

Efficiency



Conclusion and Future Work

Example-based subspace stress analysis method
Accurate stress estimation

Efficient runtime

Predefined boundary conditions

Valid design scope
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