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Second Correlation Time Delay Estimation Based on
Empirical Mode Decomposition Reconstruction
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Abstract; For the purpose of enhancing anti —noise capability of time delay estimation, a novel method
named EMD-SC is proposed by applying Empirical Mode Decomposition( EMD ) technique to Second Cor-
relation ( SC) method in this paper. In addition,the cepstrum method and the subtraction of frequency spec-
trum method are used to select the signal-led Intrinsic Mode functions, which are produced by EMD, for
signal reconstruction. Comparison of the simulation results between EMD—-SC method and traditional Second
Correlation method at various signal—to—noise ratio( SNR) levels shows that the proposed method obtains a
much sharper second correlation peak ,and decreases the SNR of precise estimation by 4 dB and 2 dB in
the colored non—Gaussian noise and Gaussian white noise.
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Fig. 2 Signal spectra of pure speech
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Tab. 1 eyyqp of estimation algorithms in the condition of
Gaussian noise, different delay and SNR

At/ SNR/ Epysy/ sample

ms  dB sC GSCC  Wavelet-SC EMD-SC
10 0 0.0000 0.0000 0.0000 0.0000
10 -5 0.2646 0.0000 0.1000 0.1236
10 -10 0.7874 0.5916 0.2828 0.246 4
10 -17 X X 5.0922 1.1576
30 0 0.0000 0.0000 0.0000 0.0000
30 -5 0.2646 0.1000 0.1732 0.1646
30 -10 0.8544 0.5916 0.3742 0.3359
30 -17 X 69.872 7.3743 5.3442
50 0 0.0000 0.0000 0.0000 0.0000
50 -5 0.3162 0.0000 0.1414 0.1236
50 -10 0.6325 0.5657 0.3000 0.3123
50 -17 X 74.859 25.539 10.2470

R2 FSHHEEES FER30 ms AEIEBRILZH
TEERGEITERD o0
Tab. 2 &gy of estimation algorithms in the condition of
colored non—Gaussian noise ,30 ms delay and different SNR

At/ SNR/ &pyse/ sample

ms  dB sC GSCC  Wavelet-SC EMD-SC
30 0 0.2236 0.0500 0.1000 0.1732
30 -4 0.5745 0.4123  0.2646 0.2236
30 -7  1.4663 1.2570 0.9274 0.6782
30 -9 x x 62.438 0 14.091 0
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Fig.3 The average RMSE under the condition of white Gaussian
noise with different SNR and its local amplification figure
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Fig. 4 The average abnormal percentage points under the
condition of white Gaussian noise with different SNR
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