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Unsupervised tensor-based deep transfer learning for online early fault
detection of bearing

MAO Wen-tao™*', SHI Hua-dong', ZHANG Yan-na', ZHONG Zhi-dan®

(1. School of Computer and Information Engineering, Henan Normal University, Xinxiang 453007, China; 2. School
of Mechatronics Engineering, Henan University of Science and Technology, Luoyang 471000, China; 3. Engineering
Lab of Intellgence Business & Internet of Things, Henan Province, Xinxiang 453007, China)

Abstract: With the merit that tensor decomposition can represent high-dimensional essential information of signal
effectively, this paper proposes an unsupervised tensor-based deep transfer learning approach. First, a tensor
representation-based deep multi-task anomaly detection model is built. This model utilizes core tensor to construct the
representation of one-class anomaly detection rule and establishes hypersphere rule adaptation mechanism. By running
with an alternative optimization of tensor decomposition and common feature extraction, this model can conduct
effective transition of anomaly detection rule from offline bearings to online target bearing and realize anomaly detection
of online unlabeled data. Second, a nonparametric alarm threshold setting method is designed based on sequential
accumulation of anomalous probability. This method can adaptively determine online threshold only requiring the
confidence level of false alarm. Moreover, a theoretical analysis about the threshold’s rationality is provided.
Experimental results on the IEEE PHM Challenge 2012 dataset show that the proposed approach can obtain real-time
detection performance and lower number of false alarm. The proposed approach is believed to supply a solution with
better deployment and robustness.

Keywords: early fault detection; deep learning; transfer learning; anomaly detection; rolling bearing
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