CRYET NS 2/ M Fx % W Vol. 44 No. 6
2023 4 6 H Chinese Journal of Scientific Instrument Jun. 2023

DOI: 10. 19650/j. cnki. ¢jsi. J2311061

ETRR ST HRABNBRORESRERERTTIE

ERENE HF RS 5
(1 ETES TR R A R AL TR AR A dbET 100095; 2. I TARKAH S E 8% I 430205)

T E RS EEAI L RS 32 R S T B AR TR, S T e R SR R A v R R R — R IR IR A A R
S G T M BRI . SR A IS A R Sk 45 6 FH O R BUHa A 0t R 75 [0 30 A5 5 64T TOUA 3, 45 3] T B AR A0 1 75 4 i
R A L AR (G BT AR S R % B BRAE 5 4 o — RN AR AL s B, 5 A BAR B AR bRl T A 1
A3 B AR AS B, AR 2 T AR AE AR S bR S UL A 5 A A 26 R B IO AR 2 i, S X A 75 TRT D 15 5 e M i 2R
R EEAE T8 BRSNS RS 5 300 T AR SO ik i R MbERe S 8UA kit T TXT e, SRR AR SOy ik ][R B 7
I66% 68 75 0] A 5 v B8 RN AR MR 7 | E AN [R5 e L1 4542 F EMD . VMD FlAS 307 12 22 e 4% 5 Y SNR 394E 43 510 10. 01.,9. 48
F116. 09 dB, BRiiE T AR SCH7 5% T8 75 [ 815 1 7 T B e L e

KEEWR . BRI (55 A (55 RS T BR

FE5SZES . TB52 TH89 XERARIRED ., A ERREFRHENRE. 140.2 460.4

Noise elimination method of ultrasonic echo signal based on empirical
and variational hybrid decomposition

Wang Chenchen', Yao Zhenjian®, Yang Mengran® , Feng Wei'

(1. Changcheng Institute of Metrology & Measurement, Aviation Industry Corporation of China, Beijing 100095, China;
2. School of Electrical and Information Engineering, Wuhan Institute of Technology, Wuhan 430205, China)

Abstract ; Ultrasonic defect detections are easily disturbed by complex noise in ultrasonic echo signals. To improve the accuracy of
ultrasonic defect detection, an ultrasonic echo signal noise elimination method based on the hybrid decomposition is proposed. The fusion
of empirical mode decomposition and correlation coefficient is used to preprocess the ultrasonic echo signal, and the preprocessing signal
is obtained to eliminate the low-frequency noise components. Based on variational mode decomposition, the preprocessed signal is
decomposed into several band-limited intrinsic mode functions ( BLIMFs ), and the mutual information is introduced to estimate the
optimal mode number. The useful modes are extracted according to the correlation coefficient of the BLIMFs to the preprocessed signal,
and the denoising results are reconstructed. The denoising performance of the proposed method is evaluated by simulation and measured
ultrasonic echo signals. Compared with two existing methods, experimental results show that the proposed method can simultaneously
eliminate high-frequency and low-frequency noises in ultrasonic echo signals. Under different SNR conditions, the mean SNR of the
EMD, VMD and the proposed method are 10.01 dB, 9.48 dB, and 16.09 dB, respectively, which proves the superiority of the
proposed method for noise elimination of the ultrasonic echo signals.
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Fig. 1 The simulated ultrasonic echo signals
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