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Bearing Fault Diagnosis Method Based on Multiple

Dimensional Scaling and Random Forest
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(State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: For quick and accurate recognition of bearing operating condition, a fault diagnosis
method based on multiple dimensional scaling and random forest is proposed. Functional data
analysis is adopted to obtain the fitting coefficients of the auto-correlation function of bearing
vibration signal, and a fault feature set is built. Then grid search method is employed to optimize
the random forest parameters to obtain feature importance ranking, and multiple dimensional
scaling is used to reduce dimension of the fault feature set selected according to the feature
importance ranking. The dimension-reduced features are diagnosed and identified by the random
forest. To verify the effectiveness of the proposed method, bearing vibration experiments under
normal, inner ring fault, outer ring fault and roller fault conditions are conducted. The data
analysis results indicate that the feature extraction method of functional data analysis can
effectively characterize the different features of vibration signals of bearings under different
conditions. Compared with t-distributed stochastic neighbor embedding and principal component
analysis, the multiple dimensional scaling method achieves higher intra-class distance to inter-
class distance ratio, and has more obvious advantages. The classification accuracy of the proposed

method in all conditions is up to 100% , which is 5% higher than the average accuracy of random
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forest using original feature set.

Keywords: functional data analysis; multiple dimensional scaling; random forest;
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