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Multi-response robust parameter design based on uncertainty of model
response
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(School of Economics and Management, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: A new optimization model, integrating maximum a posteriori (MAP) estimation of the Bayesian approach and
the linear weighting method for multi-objectives in the framework of Gaussian process regression (GPR) modeling, is
proposed to solve the problem of robust parameter design for the uncertainty of response. Firstly, optimal hyperparameters
are obtained by using a MAP method, and the Gaussian regression model is constructed. Then, a multi-objective
optimization model is constructed by using the linear weighting criterion. Finally, the optimal parameter solution is
obtained by cluster analysis. The proposed method considers the effect of output response uncertainty on the optimization
results and balances the relationship between the optimal factor level and the multivariate quality characteristics. The
effectiveness of the proposed method is verified through a practical industrial example combined with a simulation
example. The results show that the proposed method can give good consideration to the optimal and the robust of
response, so as to achieve the robust parameter design.
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2 0.796 5 —0.8136 0.7915 33.4408 0.6032 1.0246 0.004 6
s 3 02129 —0.3043 0.7776 38.2376 03765 0.7199 0.0050
4 -0.2942 0.9799 0.8149 44.9856 0.5784 0.5700 0.0055
5 0.4126 —0.8080 0.8932 349273 0.5324 0.7757 0.005 1
6 0.2109 0.009 0 03312 40.6368 0.3543 0.689 1 0.0045
BHME 39.1681 0.4798 0.740 8 0.0049
1 0.1697 02754 0.1192 422701 03564 0.6649 0.0044
2 —0.2615 0.9848 0.9279 44,5428 0.6487 0.569 1 0.0059
n 3 0.1950 —0.1014 0.6550 39.4111 0.3565 0.7062 0.004 8
4 0.8370 —0.9868 0.9916 31.9745 0.9290 1.0526 0.0063
5 02212 —0.5667 0.9875 36.5657 0.4914 0.7295 0.005 6
6 0.4471 —0.9856 0.9921 33.7189 0.7355 0.7871 0.006 3
BBME 37.5360 0.646 3 0.780 4 0.0057
1 0.2136 —0.6936 0.9884 36.0659 0.5259 0.7311 0.0055
2 0.0114 0.7147 0.9479 42.1438 0.5002 0.6610 0.0052
- 3 0.5402 —0.9931 0.9965 33.2589 0.7749 0.8315 0.0064
4 0.2073 —0.1845 0.5229 39.4434 0.3490 0.707 1 0.004 8
5 —0.2742 0.9912 0.9863 44,5104 0.7023 0.563 8 0.006 4
6 0.8560 —0.9944 0.9937 31.8535 0.9553 1.0709 0.0065
BHME 36.8488 0.6806 0.8016 0.0059
1 0.4827 —0.9937 0.9918 33.5266 0.7524 0.803 1 0.006 4
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1 3 02131 —0.5414 0.9954 36.6872 0.491 1 0.7288 0.0056
4 0.8628 —0.9915 0.990 1 31.8458 0.9540 1.0777 0.0065
5 0.0211 0.9242 0.9876 42.4802 0.6345 0.6427 0.0059
6 —0.2827 0.9894 0.9679 44.600 1 0.6863 0.5637 0.0062
H¥HE 37.0034 0.6842 0.796 8 0.006 0
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