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The application of VMD-Hilbert transform in loudspeaker
Rub & Buzz detection

ZHOU Jinglei, YAN Ting, FANG Qiaochu
(School of Electronics and Information, Xi’an Polytechnic University, Xi’an 710048, Shaanxi, China)

Abstract: In view of the shortcomings of loudspeaker Rub & Buzz detection based on time-frequency analysis, such as
short-time Fourier transform and wavelet packet transform, a method of loudspeaker Rub & Buzz detection based on
variational mode decomposition and Hilbert (VMD-Hilbert) transform is proposed. Firstly, the time-frequency
characteristics of the VMD-Hilbert transform are studied by simulation signal analysis, and compared with the other
three time-frequency analysis methods. The results show that the VMD-Hilbert transform has better adaptability, energy
focus and time-frequency resolution. Then, the sound response signals of measured loudspeakers are processed with
VMD-Hilbert transform to obtain the feature distances between the measured loudspeakers. The comparative analysis of
feature distances obtained by different time-frequency analysis methods is made. The experimental results show that the
dispersion of the feature distances between classes under VMD-Hilbert transform is larger, which is beneficial for setting
the appropriate threshold. It is verified that the VMD-Hilbert transform can better represent the time-frequency
characteristics of Rub & Buzz, and its superiority in dealing with nonlinear and nonstationary loudspeaker sound
responses is also verified.

Key words: loudspeaker Rub & Buzz detection; time-frequency analysis; variational mode decomposition; Hilbert
transform; feature distance
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Table 1 The center frequency corresponding to different K values of

the simulation signal (Hz)
K VMFl VMF2 VMF3 VMF4 VMF5 VMF6
2 20598 7341 — — — —
3 25046 199.24  69.37 — — —
4 250.80 199.71 12030  59.98 — —
5 25078 199.72 12037  60.49 60.00 —
6 250.76 19995 17722 119.96  60.03 59.88
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Table 2 The center frequency corresponding to different K
values of the measured signal (Hz)

K VMF1 VMEF2 VME3 VMF4 VMF5
2 623081 1189.34 — — —
3 639550 3280.54 1132.71 — —
4 696126 583942 3196.66 1127.40 —
5 7009.67 5923.13 3563.15 2046.61 1055.45
6 7027.57 595696 3770.83 2649.41 1654.49
7 7049.37 600127 4162.64 334551 2395.41
8 705244 6008.00 4200.06 3410.10 2552.03
9 721470 643337 5738.25 4152.85 3385.01
K VMF6 VMF7 VMEF8 VMF9
2 _ _ _ _
3 _ _ _ _
4 _ _ _ _
5 _ _ _ _
6 1017.83 — — —
7 155875  1006.81 — —
§ 181490 127836  965.11 —
9 253422 180 2.82 127 2.22 963.76
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