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Traditional vibration fault diagnosis methods include wavelet transform, modal analysis and so on. It is found that the
instantaneous impact components associated with the fault in the engine bearing vibration signals are sparse in the time-
frequency transform domain. For this property, a sparse signal representation using dictionary learning based on EMD
decomposition and a sparse signal reconstruction method based on orthogonal matching pursuit (OMP) algorithm are proposed
in this paper. Firstly, empirical mode decomposition (EMD) and wavelet denoising methods are used to pre-process the vibration
signal to eliminate the harmonic and noise interference; Secondly, a super complete dictionary is constructed by using singular
value decomposition algorithm to achieve the sparse representation of the signal; Finally, the sparse reconstruction of fault
features is realized by using orthogonal matching pursuit algorithm. Simulation and experimental results show that the proposed
method can reduce the interference of background noise and impurity frequency more effectively, and verify the effectiveness
and applicability of the proposed method for aero-engine bearing fault feature extraction.

1.Introduction
A new bearing fault diagnosis method based on EMD dictionary learning 
is proposed in this paper.Firstly, empirical mode decomposition (EMD) 
and wavelet denoising are used to pre-process the vibration signal, 
eliminate harmonic and noise interference, and improve the signal-to-
noise ratio of fault acquisition signal; Then the super complete dictionary 
is constructed by using the classical algorithm and the pre-processed 
signal; Finally, the sparse representation of impact fault characteristics is 
realized by using orthogonal matching pursuit algorithm. Compared with 
the classical algorithm, the proposed method can effectively reduce the 
interference of background noise and impurity frequency at the same 
time, which verifies the effectiveness and applicability of the proposed 
method for aero-engine bearing fault feature extraction.
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4.Conclusion
This method has strong ability to extract the periodic impact characteristics of 
rolling bearing vibration signals in strong noise and harmonic environment. 
Numerical simulation experiments show the effectiveness of this method.
•The classical wavelet threshold denoising and empirical model decomposition 
are combined. Under low signal-to-noise ratio, the performance of wavelet 
denoising algorithm is better for noise interference, while empirical model 
decomposition can effectively eliminate harmonics and reduce harmonic and 
noise interference.
•Compared with classical K-SVD dictionary learning, in the dictionary trained by 
the proposed method, the matching degree between dictionary atomic 
morphology and fault impact morphology is higher, and the irrelevant atoms 
similar to harmonic interference and noise morphology are reduced.
•3) Simulation results show that the proposed algorithm has high feature 
extraction accuracy and obvious noise reduction effect. Compared with the 
classical K-SVD dictionary learning algorithm, it has high fault diagnosis accuracy.
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This paper studies the elimination of harmonic interference in vibration
signal and the screening of atoms in dictionary, and proposes an impact
feature extraction method of K-SVD dictionary learning based on EMD,
which is described as follows:

Comparison of signals Comparison of envelope spectra

comparison of SNR improvement 
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