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Analysis of Condition-based Maintenance Strategy for Stochastic Degradation Devices

Under the Influence of Quantization and Measurement Errors

HU Chang-Hua' DONG Qing' PEI Hong' ZHENG Jian-Fei' ZHAO Xiao-Li®* ZHANG Jian-Xun'

Abstract As a prerequisite for implementing devices’ condition-based maintenance (CBM), remaining useful life
(RUL) prediction has garnered significant attention from both scholars and engineers. Existing CBM strategies
based on predictive information primarily address the effects of nonlinearity and time-varying uncertainty in the
device degradation process, while rarely considering the influence of lifetime prediction information with quantiza-
tion and measurement errors on maintenance strategies. To address this issue, this paper proposes a CBM strategy
for stochastic degradation devices that incorporates the influence of quantization and measurement errors. Firstly, a
nonlinear degradation model framework is developed that incorporates quantization and measurement errors, en-
abling the calculation of RUL prediction information for degraded devices at the first hitting time. Secondly, by ad-
opting the average cost rate of devices as the decision objective, the influence of different error parameters on the
CBM strategy is investigated, and the optimal maintenance timing and dynamic inspection intervals of devices are
determined through solution. Finally, the effectiveness of the proposed method is validated through a case study of
gyroscope degradation in a certain type of inertial navigation system.
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