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Parameter identification
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Fitting the model response to experimental data (b)

– The most common approach of parameter estimation

– Parameter optimisation (ill-posed problem) – robust optimisation algorithms
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Parameter identification

E. Janouchová et al. |  Probabilistic Estimation of Material Parameters Based on a Set of Experimental Curves

Parameter identification in probabilistic setting (c)

– Bayesian approach combining all available information

– Well-posed identification problem, probabilistic description of parameters
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Parameter identification
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Parameter identification of heterogeneous materials (d)

– The probabilistic description reflecting the actual probability distribution 

of the parameters in the heterogeneous materials
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Bayesian inference
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Bayesian approach

Markov Chain Monte Carlo

– Metropolis algorithm

– Acceptance criterium of a new sample

Likelihood p(d|m)

Prior p(m)

Posterior p(m|d)
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Polynomial chaos expansion (PCE)
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Approximation of a model response

• Respect to probability distribution of random variables

– Hermite polynomials – Gaussian, Legendre polynomials – Uniform

Methods for construction of PCE-based approximation

– Stochastic Galerkin method

– Stochastic collocation method

– Linear regression

E. Janouchová et al. |  Probabilistic Estimation of Material Parameters Based on a Set of Experimental Curves



• Dependence of the system response    on the system parameters

• Investigation of  the system properties on the whole parameters’ domain

Sampling-based SA 

– Spearman’s rank correlation coefficient (SRCC)

– Nonlinear monotonic dependence

– A large number of model simulations 

SA based on ANOVA decomposition

– Sobol’ sensitivity indices

– Nonmonotonic dependence

– Analytical expression from PCE coefficients

, where
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Global sensitivity analysis (SA)
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Cyclic loading test

– Pseudo-experimental data set of 50 repetitions

– Model response is influenced by 6 uncertain parameters with lognormal prior

– Task: Identify the parameters’ probability density functions
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Example

Stress(Time) = M(m)

m = (m1,m2,m3,m4,m5,m6)
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Formulation of likelihood
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Principal component analysis



Identified parameters’ pdfs

Sensitivity analysis
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Results
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Identified parameters’ pdfs

Corresponding model responses
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Results
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Posterior vs. Likelihood
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Results
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Example 02

Cyclic loading test – samples with fixed parameters

– Identification of the fixed samples from optimisation of particular curves

E. Janouchová et al. |  Probabilistic Estimation of Material Parameters Based on a Set of Experimental Curves



14/20

Example 02

Cyclic loading test – samples with fixed parameters

– 3 fixed parameters on optimised values, other are identified by MCMC
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Cyclic loading test – correlated samples

– Identification of the correlation from optimisation of particular curves
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Example 03

E. Janouchová et al. |  Probabilistic Estimation of Material Parameters Based on a Set of Experimental Curves



Cyclic loading test – correlated samples

– 3 fixed parameters on optimised values, m1 is calculated from m2, other are 

identified by MCMC
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Example 03
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Cyclic loading test – correlated samples

– Prescribed correlation 0.9 between m1 and m2, likelihood: 5 PC
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Example 03
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Cyclic loading test – samples with experimental error

– Normal distributed error with STD equal to 2 % of corresponding output STD 
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Example 04
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Parameter identification based on a set of experimental curves

• Sensitivity analysis

• Determination of relevant and irrelevant parameters

• Formulation of likelihood

• Principal component analysis

• Efficient number of principal components

• Optimisation

• Fully correlated or fixed experimental samples

• MCMC sampling

• Uncorrelated and not fully correlated experimental samples

• Experimental errors up to critical size defined by PC variances
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Conclusion
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