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Abstract: In response to the issue of frequency band mixing caused by energy orientation in the
decomposition of impact vibration frequency bands related to bearing faults using non-negative
matrix factorization (NMF), a multi-constrained robust non-negative matrix factorization method for
adaptive decomposition of impact fault bands is proposed. Firstly, an error function with adaptive
weighted f-divergence is utilized to mitigate risks arising from unknown signal distributions, with
the number of signal frequency bands serving as a reference for selecting the decomposition rank.
Adaptive band division is achieved by imposing orthogonal constraints on the basis matrix.
Secondly, considering the smooth frequency domain of the periodic impact response spectrogram

and the sparse time domain characteristics, physically meaningful smooth and sparse constraints
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are introduced to establish a multi-constrained robust non-negative matrix factorization model

tailored to vibration time-frequency spectra. Finally, a solution algorithm is designed leveraging

regularization techniques and Stiefel manifold optimization methods. Simulation and experimental

results demonstrate that, compared to various NMF methods and typical band selection methods.,

when facing weak impacts caused by defects, the low-frequency range often harbors multiple sources of

interference. The proposed decomposition model accurately extracts the impact response bands in

the high-frequency range, circumventing the shortcomings of traditional energy-oriented band

decomposition methods. The introduction of constraints effectively enhances the solution results

of NMF, reinforcing its discriminative capability when dealing with weak impact characteristic

frequency bands.

Keywords: impulse band; non-negative matrix decomposition; multiple constraints; band decomposition
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