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An Algorithm of Detecting State Anomalies for Rolling Bearings Based on

a Random Matrix with High Dimension

NI Guangxian, CHEN Jinhai, WANG Heng

(School of Mechanical Engineering, Nantong University, Nantong, Jiangsu 226019, China)

Abstract: An algorithm of detecting state anomalies for rolling bearings based a random matrix
with high dimension is proposed to solve the problem that some useful information loss can be
caused by traditional dimensionality reduction methods as the amount of operation condition
monitoring data for operating conditions keeps increasing. Firstly, the multi-domain feature of
the health monitoring data of a rolling bearing is extracted and normalized, and then a random
matrix in high-dimensional is constructed by operations of augmenting, splicing and randomizing.
Secondly, a sample covariance matrix of the random matrix is calculated, and the ratio of the
maximum and minimum eigenvalues of the matrix is used as the anomaly detection indicator of the
rolling bearing state. Mathematical expressions and decision rules of the anomaly detection
threshold are given based on the M-P law and Tracy-Widom first distribution of random matrix
spectrum theory. Finally, an application research is carried out using the bearing test data in the
Experimental Center of University of Cincinnati. Effects of the ratio ¢ of rows and columns of the

high-dimensional random matrix and the false alarm rate on the detection threshold are analyzed.
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Values 0.4, 0.5, 0.6, 0.75, of ¢ and values 0, 0.05, 0.1, 0.2 of the false alarm rate are taken.

The early anomaly detection results of the rolling bearing are given for 0. 05 the false alarm rate

and 0.4, 0.5, 0.6, 0. 75 of ¢ values. Results and comparisons with detection methods such as the

kurtosis indicator show that the proposed algorithm detects abnormal conditions of the rolling

bearing 11 h in advance. The algorithm provides a theoretical guidance for equipment predictive

maintenance.
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