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A de-noising method for laser ultrasonic signal based on EMD
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2. The 41st Research Institute of China Electronics Technology Group Corporation, Qingdao, 266555, China)

Abstract: Based on the criterion of consecutive mean square error, a de-noising method for laser ultrasonic signals based on em-

pirical mode decomposition(EMD) was proposed. This method can divide the intrinsic mode functions (IMFs) derived from EMD

into signal dominant modes and noise dominant modes, then the modes reflecting the important structures of a signal were com-

bined together to form partially reconstructed de-noised signal. Simulations were conducted for simulated signals and a real laser

ultrasonic signal using this method. Experimental results indicate that this method can efficiently and adaptively remove noise,

and this method can not be affected by subjective parameters.
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Table 2 Result comparison of different de-noising methods( SNR =3 dB)
“Blocks” “Bumps” “HeaviSine” “Doppler” “ECG”
SNR MSE SNR MSE SNR MSE SNR MSE SNR MSE
Noisy 3.00 1.06 3.00 1.06 3.00 1.06 3.00 1.06 3.00 0.50
Average 10.18 0.20 11.57 0.15 11.57 0.15 11.11 0.16 11.64 0.07
Median 9.43 0.24 9.97 0.21 9.99 0.21 9.48 0.24 9.88 0.10
Wavelet-1 10.34 0.20 12.78 0.11 17.34 0.04 13.03 0.11 13.85 0.04
Wavelet-2 9.16 0.26 9.59 0.23 17.46 0.04 11.99 0.13 15.31 0.03
EMD 9.87 0.22 10.36 0.19 18.46 0.03 10.93 0.17 14.03 0.04
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Table 3 Result comparison of different de-noising methods (SNR= - 3 dB)
“Blocks” “Bumps” “HeaviSine” “Doppler” “ECG”
SNR MSE SNR MSE SNR MSE SNR MSE SNR MSE
Noisy -3.00 1.06 -3.00 1.06 -3.00 1.06 -3.00 1.06 -3.00 1.99
Average 5.19 0.16 5.64 0.15 5.59 0.15 5.49 0.15 5.62 0.28
Median 3.69 0.23 4.12 0.21 4.03 0.21 3.93 0.21 3.97 0.40
Wavelet-1 6.39 0.12 6.40 0.12 11.76 0.04 8.17 0.08 10.50 0.09
Wavelet-2 6.73 0.11 6.31 0.13 11.79 0.04 8.39 0.08 10.53 0.09
EMD 6.75 0.11 6.23 0.13 15.44 0.02 7.98 0.09 9.89 0.10
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Fig.6  Original laser ultrasonic signal
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