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Abstract: A novel diagnostic approach for bearing faults using regularized locally maintaining
projections (En-LLPP) is proposed to solve the problems of high dimension and strong relevance
caused by feature fusion in bearing fault detection domains. Firstly, the entropy normalization
method is used to combine a similarity matrix into the optimization function of the traditional
locality preserving projections (LPP) algorithm, and to solve it along with the projection vector
to obtain a regularized LPP algorithm with reduced dimension. Then, the original bearing
vibration signal is decomposed into ten signal components through wavelet transform and
empirical mode decomposition, and 12-dimensional statistical features for each component are
extracted. Final high-dimensional feature vectors are generated by combining and normalizing
these statistical features of all components. These feature vectors are then inputted into the

proposed algorithm, and iteration is performed to obtain the similarity matrix and the projection
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vector that satisfy termination conditions. Finally, the reduced dimension feature set is used to

train an extreme learning machine model for determining the final working state of a bearing to

achieve fault detection. Experimental results and comparisons with the traditional LPP algorithm

and other dimension reduction algorithms show that the proposed En-LPP algorithm has better

performance for bearing fault diagnosis. The classification accuracy is improved by more than 7%

on average under the 72-dimensional feature set of the wavelet transform and 48-dimensional

feature set of empirical mode decomposition, and the averaged classification accuracy of the

regularized LPP algorithm with combinations of 4 classifiers is about 17% higher than those of

other dimension reduction algorithms. The proposed approach has better ability to distinguish

dimension-reduced features, which makes its fault diagnosis performance robust under different

combinations of conditions.

Keywords: fault diagnosis; locality preserving projections algorithm; dimension reduction;

entropy regularization
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