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Abstract Research on the inverse identification of constitutive parameters and mechanical properties of human facial
skin plays a crucial role in early diagnosis of skin lesions, design of biomimetic materials for skin, and establishment of
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facial models in computer graphics. The combination of machine learning and finite element simulation methods can
provide a more efficient and accurate solution to the non-invasive inverse problem of skin tissue constitutive parameters.
In this study, a finite element model of facial skin under multi-directional stretching was established, and the stress
relaxation behavior of skin was separated into hyperelastic and viscoelastic mechanical properties using the multi-step
displacement control method. The sensitivity analysis of the Gasser-Ogden-Holzapfel (GOH) and Prony series
constitutive model parameters was conducted to reveal the key parameters that affect the results of facial skin stress
relaxation experiments. Furthermore, by utilizing Bayesian hyperparameter optimization theory, a random forest (RF)
model and a support vector regression (SVR) model were constructed to inversely determine the constitutive parameters
of human facial skin tissue based on experimental data. Finally, the computed finite element simulation curves were
compared with the experimental stress-strain response curves, and the coefficient of determination (R?) was introduced to
evaluate the predictive accuracy of the two models. The results showed that fiber tissue dispersion coefficient «, shear
modulus related parameters C;, and relaxation modulus g; were the key parameters influencing the results of skin stress
relaxation experiments. The RF model achieved a goodness of fit of 0.98 between the numerical computation curve and
the experimental curve, demonstrating higher accuracy in the inverse identification of skin constitutive parameters.
Machine learning can accurately and efficiently obtain the constitutive parameters of facial skin, thus accurately
describing the mechanical properties of skin tissue. This method can also be further extended to the complex inverse
problem of constitutive parameter identification in other biological soft tissues.

Key words facial skin tissue, parameter inversion, finite element, random forest, support vector regression
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Fig. 1  Skin mechanical model
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Table 1  Subcutaneous tissue and muscle hyperelastic material

parameters

i u/MPa o D/MPa™!

1 3.07 x 107* 0.55 30.43
adipose

2 471 %1078 4345 1.20

1 227 x107* 0.38 88.00
muscle

2 3.60 x 1077 3.60 x 1077 437 x 10°
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Table 2 Subcutaneous tissue and muscle viscoelastic material

parameters

i g k; T/s

1 9.69 x 107! 6.33 x 107! 8.73x 1073
adipose

2 1.38 x 1072 1.61 1073 3.92 x 10!

1 9.49 x 107! 7.06 x 107! 8.73x 1073
muscle

2 1.74 x 1072 1.73 %1073 3.92 x 10!
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Fig. 2 Motion simulation diagram
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Table 3 k& and 7 parameters in dermal Prony series

i 1 2 3 4
k; 0.86 429 %1073 8.59 x 107° 2.60 x 107
z/s 0.379 4.19 6.99 1.80 x 102
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Table 5 Constitutive parameter prediction results

Hyperparameter space  Longitudinal loading  Lateral loading Parameters RF SVR
_ C1y/MPa 1.182 x 1073 1.295 x 1073
n_estimator 375 375
ki/MPa 8.0x 1073 7.387 x 1073
RF max_depth 58 75 k 15.9 19.67048
max_features 0.45 0.42 K 0.28991 0.283 555
c 244 23 g 0.58103 0.426354
2 7.2003 x 102 4704 x 1072
SVR & 0.019 0.008
2 8.7988 x 107 57362 x 107
y 0.087 0.089 <% 9.976 x 102 0.147698
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Fig. 7 The prediction values of the hyperelastic and viscoelastic parameters of the RF model compared with the actual values
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