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Remaining Useful Life Prediction for Mixed Stochastic Deteriorating Equipment Based on

Fractional Brownian Motion Process

GAO Xu-Dong' HU Chang-Hua' ZHANG Jian-Xun' DU Dang-Bo' YU Yong®

Abstract As a result of the interactive influence of a variety of internal random degradation processes, the overall
performance of industrial equipment composed of multiple types of components usually deteriorates with its usage.
Unlike most of the existing methods which describe the actual degradation of equipment via a single linear or non-
linear stochastic process model without memory effect, a new mixed stochastic degradation model based on Frac-
tional Brownian motion (FBM) is proposed in this paper. Firstly, FBM is adopted to reflect the memory effect and
long-term dependence of the degradation process. Then, double random effects are integrated into the degradation
model to depict the variability between different units. Under the concept of the first hitting time (FHT), an ap-
proximate analytical expression of the probability density function (PDF) of the remaining useful life (RUL) is de-
rived based on the weak convergence theory. Besides, a strategy of offline estimation of universal parameters and
online update of random parameters is given to further realize real-time RUL prediction. Finally, numerical simula-
tion examples and a case study of the degradation data of the gyroscope are provided to verify the effectiveness and
potential engineering application value of the proposed method.
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