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ABSTRACT Objective: EEG signal contains a variety of noise and artifacts, it has low SNR. The complex pre-processing must be
done before the feature extraction. It will seriously affect the speed of the sleep staging. In view of this, a sleep staging method based on
the first principal component of singular value is proposed in this paper. This method is robust to noise. The need for pre-processing is
eliminated to reduce the amount of computation and improve the efficiency of sleep staging Methods: By singular value decomposition
(SVD) on the EEG without pre-processing, study the singular spectrum curve. And extracting the first principal component of singular
value on EEG to explore the rule with the change of sleep states. The SVM is used for sleep EEG stage determination. Results: The first
principal component of singular value can not only characterize the sleep states, but also can restrain noise and reduce dimension. Along
with the deepening of sleep, the first principal component of singular value gradually increases its value, but between S1 and S2 in REM.
Be tested on the 5 cases EEG data with the same channel position in the MIT-BIH database (one channel data only), the accuracy that
using the proposed scheme achieves 86.4%. Conclusion: In the case of no EEG pre-processing, the first principal component of the
singular value of the sleep EEG can effectively characterize the sleep states. It is an effective basis for sleep staging. In this paper, only
one channel EEG data is used, and the proposed scheme can get a satisfactory sleep staging result. This scheme can provide a strong
classification performance, and it has the advantages of restrain noise, which requires no complex preprocessing on EEG. Therefore,
small amount of calculation is needed. It is a simple method that can greatly improve the efficiency of sleep staging.
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Table 1 Mean of the first principal component of the singular value during every sleep stage

Channel The first principal component of the singular value
Sample »

position Wake S1 S2 S3 S4 REM
SIp03 C3-01 0.3893 0.4403 0.5892 0.6431 NaN 0.5453
Slp04 C3-01 0.4532 0.4903 0.6057 0.6576 NaN 0.5011
Slp14 C3-01 0.4212 0.5003 0.5994 0.6637 0.6919 0.5578
Slpl6 C3-01 0.4631 0.5011 0.6138 0.7176 0.7544 0.5366

Slp4s C3-01 0.4811 0.5148

0.604 0.746 0.7787 0.5399
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Table 2 Results of sleep EEG staging based on the first principal component of the singular value

Sleep structure category Total WAKE S1 S2 S3 S4 REM
Number of train samples 2100 500 300 800 200 100 200
Number of test samples 1180 300 200 400 100 80 100
Number of correct samples 1020 265 185 333 76 77 84

Accuracy 86.4% 88.3% 92.5% 83.3% 76% 96.3% 84.0%
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