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A method for predicting modal parameters of robotic milling systems
based on the WOA-GPR model

CHEN Zhen' ,DU Xu' ,REN Pengfei®
(1. School of Mechanical Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2. Hangzhou Boomy Intelligent Technology Co., Ltd., Hangzhou 310018, China)

Abstract: To address the strong nonlinear variation of modal parameters with robot posture in robotic
milling systems, as well as the insufficient prediction stability of existing methods under limited sample
conditions and the lack of an adaptive mechanism for hyperparameter optimization, this study proposed a
modal parameter prediction method based on the Gaussian process regression optimized by whale
optimization algorithm (WOA-GPR) model. The dynamic equation of the robotic milling system was
derived, and a functional relationship between modal parameters and posture variables was established. A
multi-task modal hammer impact test was designed to obtain frequency response function (FRF) data for
the training dataset. The WOA-GPR model was trained and tested on the constructed dataset, and its
performance was compared with that of a conventional Gaussian process regression (GPR) model and a
back propagation (BP) neural network model. The results showed that the trained WOA-GPR model
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achieved a maximum coefficient of determination (R*) of 0. 9112. Its prediction accuracy and stability were
both higher than those of the traditional GPR and BP models. The proposed method realizes adaptive

global optimization of GPR hyperparameters and improves the prediction accuracy of posture-dependent

modal parameters. It provides technical support for chatter stability analysis and process optimization in

robotic milling.

Key words: robotic milling; modal hammer impact test; frequency response function (FRF); modal

parameter prediction; whale optimization algorithm; Gaussian process regression
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