WAz 12 2/ M Fx % W Vol. 43 No. 12
2022 4E 12 H Chinese Journal of Scientific Instrument Dec. 2022

DOLI: 10. 19650/j. cnki. ¢jsi. J2210199

B B 371 AF O 6 P 4R D 5 R 8 B R AEFR B

kO ORRAEEE T 1 HEW
(T DRI HRL K2 T 0K B0 5 R4 A 07 T ACSE B TR 400065)

O ARTUE R (NMEF) AR — B0 R i L AR SR M 4R 2 1] T 5L k)32 F T 2R AR Sl I A003 (%) 4 ifk Gt A LA B
TESREL (A SRR AR SN AT A NMF 4t JGH NMF 23 1] 5 5 R S s 40 5t R SCHOC R M S Z 21T, 3R T SRR A0 13 S
1 5 it R A AR AR B BRI F ST T N S SRR AT 3% 3 3 40 A RRIE 2 B SRR T NIVLE 5 ) 5 1) 38 008 I8k A e
(BFAC) LA K% NMF Zh5 izt 55 A% o i 0 R0 AR ARt 45 1 SR A0 NMF 205 55 ffk 08 10 P AR R AR B BRI s, BV 1
NMEF HE [ 42 08 0 A% R R0 NMEF £ [ 4 48, 8 SC—F BFAC F5BUE AR AL A 400 — Ak i NMF 2 5 00 Ak 24 S0 43 51
FHF NMF {R4E S50 A8 DR BRI (R it B2, K BT 0 i A 05 155 LRSS A8 IR B (5 54097, 6. 4 k KEEUR A4
B 43 i A NME J %R 300 IR 1R 24415 8 T ARIE SR U 29 3. 5 s, I SE 8 T XHE M b - 10 dB I EE S A R ZE
BV RE AR IR 215 5 T B AR A SR B

KEBIA . FRAFSRE B2 s BT ; JE 00 AR B 0 A s SRS 5

E 43S, THI65. 3 TNO11.2 MHFRIRAS: A ERREFRSEKRE: 510.40

Feature extraction using nonnegative matrix coding and
demodulation of single spectrogram
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Abstract ; Negative matrix factorization (NMF) , a tool for matrix factorization and nonlinear dimension reduction, has been widely used
for factorization coding and feature extraction of vibration spectrograms from multiple simples. However, the systematic exploration and
research on the NMF coding of single vibration spectrogram and the relationships between NMF factorization vector and vibration
spectrogram components is still lacking. The basic principles of feature extraction using single spectrogram coding and demodulation are
explained. The ability of the NMF to part-based characterize single spectrogram, the bandpass filtering amplitude-frequency
characteristics (BFAC) of single spectrogram NMF basis vector, and the synchronous change characteristic between NMF coding vector
and spectrogram component are mainly discussed. Two novel feature extraction methods using nonnegative matrix coding and
demodulation of single spectrogram are developed, filtering demodulation based on NMF basis vector and demodulation directly performed
on NMF coding vector. A BFAC index is defined for adaptive selection of NMF low dimensional parameter, likewise an optimal iteration
rule with NMF basis vector normalization for optimization process of NMF coding. The proposed method is applied to analyze the
simulated signal and gearbox vibration signal. Under the conditions of given factorization rank and NMF maximum iterations of 300, it
takes about 3.5 s to extract the features of data with the length of 6.4 k points. Meanwhile, the fault characteristics of the simulated
signal with signal-to-noise ratio of =10 dB and that of the gearbox vibration signal with compound faults are extracted.
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