Accepted Manuscript

Multi-fault diagnosis study on roller bearing based on multi-kernel support vec-
tor machine with chaotic particle swarm optimization

Fafa Chen, Baoping Tang, Tao Song, Li Li

PIL: S0263-2241(13)00380-1

DOI: http://dx.doi.org/10.1016/j.measurement.2013.08.021
Reference: MEASUR 2447

To appear in: Measurement

Received Date: 1 October 2012

Revised Date: 27 July 2013

Accepted Date: 14 August 2013

Please cite this article as: F. Chen, B. Tang, T. Song, L. Li, Multi-fault diagnosis study on roller bearing based on
multi-kernel support vector machine with chaotic particle swarm optimization, Measurement (2013), doi: http://
dx.doi.org/10.1016/j.measurement.2013.08.021

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.measurement.2013.08.021
http://dx.doi.org/http://dx.doi.org/10.1016/j.measurement.2013.08.021
http://dx.doi.org/http://dx.doi.org/10.1016/j.measurement.2013.08.021

Multi-fault diagnosis study on roller bearing based on multi-kernel support vector
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443002, P.R. China
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Abstract: A novel intelligent fault diagnosis model based on multi-kernel support vector machine (MSVM) with
chaotic particle swarm optimization (CPSO) for roller bearing fault diagnosis is proposed. Multi-kernel support
vector machine is a powerful new tool for roller bearing fault diagnosis with small sampling, nonlinearity and
high dimension. Chaotic particle swarm optimization is developed in this study to determine the optimal
parameters for MSVM with high accuracy and great generalization ability. Moreover, the feature vectors for fault
diagnosis are obtained from vibration signal that preprocessed by time-domain, frequency-domain and empirical
mode decomposition (EMD) and the typical manifold learning method LTSA is used to select salient features.
The experimental results indicate that this proposed approach is an effective method for roller bearing fault
diagnosis, which has more strong generalization ability and can achieve higher diagnostic accuracy than that of
the single kernel SVM or the MSVM which parameters are randomly extracted. '
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1. Introduction

In modern industry, fault diagnosis plays an important role in accident prevention, human safety, maintenance
decision-making, and cost minimization. Roller bearing is a crucial component in mechanical transmission
systems that find widespread industrial applications. Any defects occur to one of its component during its
operation will lead to serious damage for the entire mechanical system. Therefore, it is essential to develop the
reliable condition monitoring and fault diagnosis method to prevent the roller bearing from malfunction. Vibration
analysis is the most commonly method for detecting roller bearing failures. Nowadays, based on vibration signal,
various fault diagnosis and condition monitoring systems have been proposed in actual roller bearing detection [1].
These systems can provide the necessary sensor and data capture capability required for monitoring. Though
some advanced signal processing methods, such as wavelet, Wigner-Ville, correlated transform and so on, have
been applied in these systems, fault diagnosis yet needs the operators’ decision in practical applications. This kind
of diagnosis is not autonomous, nor is it always accurate because it is based on experts’ experience. Artificial
neural network (ANN) is the artificial intelligence method which is commonly used for machinery fault diagnosis.
ANN uses historical data instead of human experience and has strong robustness of data analysis that can get
better diagnostic accuracy than conventional method. However, the diagnostic accuracy of ANN cannot be high
enough due to the limitations of ‘over-fitting’, slow convergence velocity and relapsing into local extremum
easily [2].

Support vector machine (SVM) is a novel machine learning method first proposed by Vapnik in early1990s
[3]. SVM can achieve automatic recognition for roller bearing complex faults. Based on statistical learning theory,
SVM has strong robustness and great generalization abilities. This property is very important for roller bearing
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