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Sensitivity Analysis for Dynamic Parameters of High—Speed Train Based on Multimodal-Optimization
Improved Kriging Model and Distance Correlation
JIANG Jie, YANG Xufeng , DING Guofu
(School of Mechanical Eng., Southwest Jiaotong Univ., Chengdu 610031, China)

Abstract: There are many parameters that affect the dynamic performance of high-speed trains, and there are many evaluation indexes that can be
used to assess this performance. Comprehensive consideration of these dynamic indexes while conducting a sensitivity analysis of the parameters
is a very significant approach for optimizing high-speed train performance. It is difficult to measure the sensitivity of vehicle dynamics to its para-
meters comprehensively and accurately using existing single-output sensitivity-analysis techniques. To avoid the limitations of existing methods,
this paper introduces a multivariant sensitivity-analysis technique based on distance correlation. By solving the distance-correlation coefficient
between a single input and multiple outputs, the proposed method achieves global sensitivity analysis for multiple outputs. To improve the effi-
ciency of this sensitivity analysis, Kriging models between multiple dynamic indexes and input parameters are established. To improve the accur-
acy of the approximation model, a novel multimodal optimization algorithm is introduced to globally optimize the hyperparameters of these Kri-
ging models. Contrasting with traditional single-objective intelligent optimization algorithms, the algorithm presented here transforms a single-ob-
jective optimization problem into a double-objective optimization problem by introducing the population-diversity index. As a result, the di-
versity of the offspring population is enhanced and the problem of getting stuck in local minima of the optimization space is avoided. Based on the
proposed method, the CRH1 electric multiple unit is taken as an example to investigate the parameter sensitivity of multiple dynamic indexes. The
results show that the proposed hyperparameter-optimization technique can significantly improve the accuracy and stability of the Kriging models
because it enhances the population diversity. In addition, the described sensitivity-analysis method can more reasonably identify those parameters
that have large and small impacts on the vehicle’s overall dynamic performance.

Key words: evolutionary multimodal optimization; Kriging model; multivariant sensitivity analysis; distance correlation
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