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CEEMDAN adaptive threshold denoising algorithm in
application to seismic direction
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Abstract: An adaptive threshold denoising algorithm based on complete ensemble empirical mode
decomposition with adaptive noise(CEEMDAN) is proposed in this paper. The noisy signal is decomposed
into several modal components(IMF) by CEEMDAN algorithm. Based on the sample entropy theory, the
adaptive selection of high frequency components in IMF components is realized, and the noise figure in high
frequency components is located according to the different correlation between noise and useful information
or the original signal. The main noise interval is selected by energy entropy, and the noise coefficient
variance of the main noise interval in high frequency components is used as the threshold. Threshold
denoising of high-frequency components is carried out to further remove noise and retain useful information
in high-frequency. Finally, high-frequency components and low-frequency components separated from

signal-noise are reconstructed. The denoising of synthetic and actual seismic signals is processed separately
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and compared with conventional denoising algorithms. Data simulation and experimental results show that
when the signal-to-noise ratio of the original signal is 0.5 dB, the signal-to-noise ratio obtained by the
conventional and improved algorithms is 4.55 dB and 9.97 dB respectively, which indicates significant
improvement in the signal-to-noise ratio, achieving the purpose of random noise suppression and realizing
the self-adaptive selection of high-frequency components and the re-extraction of useful information from
high-frequency components.

Keywords: CEEMDAN (complete ensemble empirical mode decomposition with adaptive noise); sample

entropy; energy entropy; denoising; seismic
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Fig. 4 Comparison of noise removal effect

x1 BEFRENERZEIL

Table 1 Comparison of noise removal effect with different noise

e [T

USRS g CFEMPAN e b COEVDAN
2 EL

0.5 3.98 4.55 9.97 0.003 7 0.001 9 0.003 5

1.0 4.70 4.97 10.82 0.003 4 0.001 7 0.003 3

2.0 5.27 6.21 11.20 0.003 2 0.001 6 0.002 9

5.0 7.89 8.48 15.07 0.002 9 0.001 4 0.002 5

ME 3 AT LA H L IMFL HhAg FE B 58 e g e v 3 L i IMF2-IMFS i &3 A AR B M & T
M, ME 4 FTRUE 1 EMD e Mk e ROR AR, RS AR S R IH & A KR EBEVLEE A, CEEMDAN
WA LT EMD & ML L WS {5 ML A BT R T, HR D o BE AL MR RS K IR AR TR SO R
CEEMDAN [ i 7 3] { 25 MR 3k (5 MR A 1 RIE 2 T, SNR=15.07 , Ricker i T - , S MR AR 1 3%
21 XA E S INAGEELE R 0.5.1.0,2.0,5.0 dB Ay MR I, 3 Fl 2 I A 0 25 e 5 15 e L LA e 3 5 iR 25 1
XS g, Gt XL, S J M R AH L T CEEMDAN 22 M2 vk Fl EMD 265 M4 5 8 L 32 7 73 2 4%,
32 AHMERESER

A KA Ricker F il 5 @40 Ricker 7 & BLIE A0 . &l 5 S RHE B2 3N 2 000 m/s, )2
HEN 3000 m/s, IRE N 100 m, B/MFEEEES 10 m,id e A BE 512 ms, B 1, R4 E 30 894
BAFT . B 6~ 9 R AAR offset Ny HLRRIE . INAMGHE L 2 dB A &5 00 11 8 75 44 B0 45 B 78 i e 15 5
mE 6 i, B 70 EMD 2B KBS EM N 2.34 dB bl &l . & 8 5 CEEMDAN 2 B4 ik
FWESAEME LR 3.56 dB LRI MIEL. B9 S0 R BRI LM S (E M L 6.54 dB b AR i A
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