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Degradation Modeling and Remaining Useful Life Prediction with

Bivariate Time Scale

ZHANG Zheng-Xin' HU Chang-Hua! SI Xiao-Sheng' ZHANG Wei?

Abstract Degradation modeling based remaining useful life (RUL) prediction is currently a research hotspot in the
field of reliability. However, almost all the existing models consider the degrading equipment with one time scale, and no
particular approach has been developed for deteriorating equipment whose degradation process involves more than one
time scale. To fill this gap, a bivariate-time-scale degradation model, in which the uncertain relationship between the
two time scales is depicted through a stochastic proportional coefficient, is presented based on Wiener process. Under
the concept of the first hitting time, a bivariate-time-scale RUL distribution is derived and its relationship with the RUL
distribution under single time scale is discussed. Besides, a maximum likelihood estimation method is introduced to
estimate unknown parameters using historical degradation data. A case study of degradation data from gyroscopes in an

inertial platform demonstrates the effectiveness of the proposed method.
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Table 1  Estimated parameters based on degradation path #3
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