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A failure can be caused by different fault modes. Timely detection of accurate fault mode is essential for the successful
implementation of condition-based maintenance (CBM). Although deep learning models are often used in multi-class
classification problems, their challenges in the context of CBM are to quantify confidence in the classification result and
alert for human intervention when the result is not confident.

In this work, we propose a Bayesian deep learning model that estimates the posterior probability of being at a fault mode,
and a condition-based maintenance policy to decide when to intervene with human inspections to confirm the true fault
mode. First, we develop a maintenance model of bearing that integrates a physics-based simulation and a delay time
model with multiple fault modes. This model generates synthetic data for training the Bayesian deep learning model, but
the training data do not cover all fault modes, considering a realistic scenario in real-world maintenance. The proposed
condition-based maintenance utilizes the confidence level of the diagnostics to determine whether to undertake
preventive replacement, expert inspection, or take no action.

Compared to the time-based maintenance and the naive condition-based maintenance, the proposed approach
demonstrates a lower probability of unexpected failures and unnecessary maintenance interventions.
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