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Thin fouling ultrasonic detection signal denoising based on improved CEEMD
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(1. Engineering Laboratory of Energy Conservation & Measure-Control Technology, Northeast Electric Power University ,
Changchun 132012, China; 2. School of Automation Engineering, Northeast Electric Power University, Changchun 132012, China)

Abstract ; Effective feature extraction of the heat exchange tube fouling signal is the essential step for fouling thickness detection. In view
of the echo energy decentralizing and model aliasing, a signal processing method based on CEEMD wavelet adaptive threshold is pro-
posed. Firstly, the similarity between intrinsic mode function (IMF) and original signal is calculated by the angle cosine method. The
signal and noise mode segmentation point is determined and evaluated combining with the energy spectrum. Besides, the wavelet adap-
tive threshold is used to collect detail information in noise modes. Finally, all of the remained IMFs are reconstructed to obtain a noise
suppressed signal. The results show the accuracy of segmentation point is high. Improved CEEMD has better de-noising performance than
wavelet threshold. The numerical simulation matches the test results, proved that the proposed method is significant to extracting the fea-
ture of the thin fouling signal.
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Table 1 Performance comparison

. ANBR B N AR ARICT5
RIS 5 SNR/dB
SNR/dB RMSE SNR/dB RMSE SNR/dB RMSE
10 6.5392 0.117 6 8.353 1 0.098 7 11.491 9 0.065 1
5 3.956 2 0.180 8 5.858 1 0.1439 7.8377 0.099 2
3 2.772 0 0.215 1 3.992 1 0.181 4 6.1452 0.1205
-1 1.373 6 0.3220 2.5382 0.2752 4.9232 0.138 8

-5 0.541 5 0.467 7 0.733 5 0.478 5 1.591 1 0.201 3
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Table 2 Performance comparison

H/mm SNR,/dB SNR,/dB SNR,/dB H/mm SNR, /dB SNR,/dB SNR,/dB
0.1 5.600 3 9.468 5 11.852 4 0.55 6.153 4 9.038 7 12.419 3
0.15 6.127 8 8.336 1 11.301 1 0.6 6.802 4 8.473 0 12.108 0
0.2 5.793 3 8.369 8 12.916 9 0.65 6.582 1 8.270 0 12.793 5
0.25 5.6195 8.4353 12.035 3 0.7 6.243 8 9.122 1 12.220 6
0.3 5.3224 8.8629 12.995 0.75 6.899 8 8.940 6 12.728 6
0.35 5.719 1 8.3395 12.529 8 0.8 6.857 1 9.210 3 11.192 0
0.4 5.770 8 8.4435 12.448 8 0.85 6.3555 8.6399 11.913 7
0.45 6.542 1 9.502 7 12.883 2 0.9 67 386 8.295 4 11.739 1
0.5 6.339 2 9.244 1 12.801 7 0.95 6.3870 7.600 0 12.472 8
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Fig. 9 Changing of SNR and RMSE( 10 dB)
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