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Abstract: To address the issue of insufficient adaptability of existing methods in remaining useful
life (RUL) prediction for multi-degradation feature equipment, where static correlation models or
potential assumptions about time-varying correlation forms lead to poor performance under
complex operating conditions, a time-varying Copula-based RUL prediction method is proposed.
First, nonlinear Wiener processes are employed to establish models for individual degradation
features, while time-varying Copula functions are introduced to capture dynamic correlations
among multiple degradation models. Second, parameter identification for both the nonlinear Wiener
processes and the time-varying Copula functions is achieved via Bayesian Markov chain Monte
Carlo Metropolis-Hastings and maximum likelihood estimation. Finally, the optimal time-varying
Copula form is selected using the Akaike information criterion, and the joint distribution of
predicted RUL is derived by integrating marginal distributions. Verification is performed using

numerical simulation data and actual data from a blast furnace wall. Experimental results indicate
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that the proposed method reduces the mean square error of RUL predictions by 8. 62% compared

to independent modeling of three degradation characteristics, 5. 57 % over static Copula function,

and 17. 85% against dynamic Bayesian network methods. The proposed method can accurately

characterizes the impact of time-varying degradation correlations of multiple degenerative features

on RUL prediction, offering a more effective solution for predicting the remaining useful life of

multi-degradation feature equipment.
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