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Research on removal of EOG artifacts from single-channel EEG signals
based on WSST-CEEMDAN algorithm
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Abstract; Current electrooculogram ( EOG) artifact removal methods cannot effectively remove electroocular artifacts while
preserving the original characteristics of the EEG signal, and the existing methods for removal of single—channel EOG artifacts often
lead to low—frequency distortion. A method for removing EOG artifacts from single —channel Electro Encephalo Gram ( EEG)
signals based on Wavelet Synchro Sequeezed Transform ( WSST ) and adaptive noise Complete Ensemble Empirical Mode
Decomposition (CEEMDAN) is proposed. Firstly, WSST is used to extract the § frequency band and high—frequency components of
the contaminated EEG signal. Secondly, CEEMDAN is used to further decompose the 6 frequency band signal to extract the Intrinsic
Mode Functions ( IMFs ), and the multi —scale fuzzy entropy is set to automatically remove the EEGS artifacts. Finally, the
deartifacts signal and high-frequency components are reconstructed to obtain the EEG signal after removing the electrooculogram
artifacts. The experimental results show that the Correlation Coefficient ( CC) of the method on the semi-simulated dataset is as high
as 0. 842, and the Root Mean Square Error (RMSE) is 11. 727. On the real data set, the energy change ratio of the deartifacts in the
frequency band is 72. 86% , and the distortion power of Alpha wave and Beta wave is as low as 0. 02 and 0. 09, respectively. These
results show that the proposed method can effectively remove EOG artifacts and better retain the original characteristics of EEG
signals, and significantly improve the accuracy and reliability of single—channel EEG noise reduction.
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Fig. 8 WSST decomposition results of real data
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Table 3  Comparison of algorithm performance on real — world
datasets
AR ERs /% Alpha SR EINR  Beta R HIIR
EISERS 72. 86 0.02 0.09
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DWTL! 10. 67 3.86 2.99
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Fig. 9 Noise reduction results for real datasets

ZWESAFS XS L& 10 FR , L5 IS =
55 D05 MR S A I S R b R B R — B
WA, 28 Dl 25 R 114 I HEL A5 5 7 v 0 200 B
AR ARG A RSRE P 7 T 2 R B €, G52 TR
SCHIF 3R T3 VA AEAN 0835 DRORE IR R A 5 k[ A ) i 2
L REE A RO IR B A5 S MR IR . %07 R T
HUE S OCHEE B RE Wos il T R &R,

ZEOG Hhilii5 M EEG {54
50 LMES

17.0 175 180 185  19.0
5 ) /s

B 10 ZBREESHET

Fig. 10 The signal comparison after denoising
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