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Abstract

The aim of this study is to design a classifier for sleep stage analysis and select important feature set which shows
sleep stage well based on physiological signals during sleep. Sleep has a significant effect on the quality of human life.
When people undergo lack of sleep or sleep-related disease, they are likely to reduced concentration and cognitive
impairment affects, etc. Therefore, there are a lot of research to analyze sleep stage. In this study, after acquisition
physiological signals during sleep, we do pre-processing such as filtering for extracting features. The features are used
input for the new combination algorithm using genetic algorithm(GA) and neural networks(NN). The algorithm selects
features which have high weights to classify sleep stage. As the result of this study, accuracy of the algorithm is up to
90.26% with electroencephalography(EEG) signal and electrocardiography(ECG) signal, and selecting features are alpha and
delta frequency band power of EEG signal and standard deviation of all normal RR intervals(SDNN) of ECG signal. We
checked the selected features are well shown that they have important information to classify sleep stage as doing
repeating the algorithm. This research could use for not only diagnose disease related to sleep but also make a guideline
of sleep stage analysis.
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Fig. 2. Flowchart of GA-NN algorithm.

At 3. GA—NN(Genetic algorithm—neural networks)
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Table 1. Performance by NN conditions.
Hidden node layer 1 1 1 1 1 1 1 1
Hidden nodes 4 4 3 5 8 10 4 4
Epoch 500 3000 500 500 500 500 500 500
Activation function (Hidden) sigmoid | sigmoid | sigmoid | sigmoid | sigmoid | sigmoid | sigmoid | sigmoid
Activation function (Output) sigmoid | sigmoid | sigmoid | sigmoid | sigmoid | sigmoid linear tangent
Time[sec] 9.31 51.15 794 10.11 12.12 14.23 815 8.16
Accuracv(% 76.69 7793 75.34 7865 4944 8514 87.10 66.81
Hidden node layer 1 1 2 2 2
Hidden nodes 4 4 4 | 4 4 | 3 4 | 3
Epoch 500 3000 500 500 500
Activation function (Hidden) linear tangent | sigmoid ‘ sigmoid | sigmoid ‘ sigmoid | sigmoid ‘ linear
Activation function (Output) sigmoid | sigmoid sigmoid sigmoid sigmoid
Time[sec] 1.63 9.80 871 863 9.9
Accuracy(%) 70.63 75.14 58.07 66.12 82.41
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F(NN; Neural networks)
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ER BAX FASEES A9t AARS TAYR  RES 396 g 4o 2 WaeA ekAu
A Rae 025%F WANAF, Wel: e W AFY FuEW A A3 wusel JFEst ¥
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Table 4. Selected features by GA conditions.
Population Generation Selection Elite Crossgver Crossgver Muta‘gon Accuracy( Selected Features
function fraction function %)
) _ . 5, 0, a, B frequency power
10 50 roulette 1 random 0.25 feasible 89.08 SDNN, NN&0, LE/HF
) _ . . 5, 0, a, B, Yy frequency power
30 50 roulette 1 random 0.25 feasible 90.52 SDNN, NN50
] _ " 8, 0, a, y frequency power
50 50 roulette 1 random 0.25 feasible 90.80 SDNN, NN50
- . - 5, a, B, y frequency power
50 100 roulette 1 random 0.25 feasible 90.52 Mean, SDNN, NN50
_ . 5, a, y frequency power
50 50 tournament 1 random 0.25 feasible 89.96 SDNN, NN5O
- - . 5, a, B, y frequency power
50 50 roulette 5 random 0.25 feasible 90.23 Mean, SDNN, RMSSD
. _ . 6, a, y frequency power
50 50 roulette 1 one point 0.25 feasible 89.94 Mean, SDNN, NN50
. _ . _ 6, 0, a, B, Yy frequency power
50 50 roulette 1 two point 0.25 feasible 90.52 Mean, SDNN, RMSSD, NN50
. _ S, a, y frequency power
50 50 roulette 1 random 0.5 feasible 90.52 Mean, SDNN, NN50
_ . - 8, 0, a, B, y frequency power
50 50 roulette 1 random 0.75 feasible 90.52 Mean, SDNN, RMSSD, LF/HF
_ 5, a, B, y frequency power
50 50 roulette 1 random 0.25 gauss 90.23 Mean, SDNN, LE/HF
5 =u ABolM MelE 53
Table 5. Selected features from EEG.
] ] . . Crossove | Crossove | Mutation || Accuracy
Population | Generation | Selection | Elite . . . Selected Features
r function | r fraction | function (%)
10 50 roulette 1 random 0.25 feasible 8.34 5, a, B, y frequency power
30 50 roulette 1 random 0.25 feasible 8.34 5, a, B, vy frequency power
50 50 roulette 1 random 0.25 feasible 87.64 5, 0, a, B, y frequency power
50 50 tournament 1 random 0.25 feasible 86.21 65, 0, a, B, y frequency power
50 50 roulette 5 random 0.25 feasible 86.21 §, 0, a, B, y frequency power
50 50 roulette 1 one point 0.25 feasible 85.92 §, a, B, vy frequency power
50 50 roulette 1 two point 0.25 feasible 86.49 5, 0, a, B, y frequency power
50 50 roulette 1 random 05 feasible 87.64 5, a, B, y frequency power
50 50 roulette 1 random 0.75 feasible 8.64 §, 0, a, B, y frequency power
50 50 roulette 1 random 0.25 gauss 85.92 §, a, B, vy frequency power
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Table 6. Selected features from ECG.
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] ) ) ) Crossove | Crossove | Mutation || Accuracy
Population | Generation | Selection | Elite . . . Selected Features
r function | r fraction | function (%)
10 50 roulette 1 random 0.25 feasible 67.81 Mean, SDNN, LF/HF
30 50 roulette 1 random 0.25 feasible 68.11 SDNN, RMSSD, NN50
50 50 roulette 1 random 0.25 feasible 69.54 SDNN, RMSSD, NN50
50 50 tournament 1 random 0.25 feasible 68.97 SDNN, RMSSD, NN50
50 50 roulette 5 random 0.25 feasible 69.83 SDNN, RMSSD, NN50, LE/HF
50 50 roulette 1 one point 0.25 feasible 69.83 SDNN, RMSSD, NN50
50 50 roulette 1 two point 0.25 feasible 70.11 SDNN, RMSSD, NN50, LF/HF
50 50 roulette 1 random 05 feasible 69.83 SDNN, RMSSD, NN50
50 50 roulette 1 random 0.75 feasible 70.11 SDNN, RMSSD, NN50
50 50 roulette 1 random 0.25 gauss 70.40 SDNN, RMSSD, NN50
E 7 BF AT Y 2580z Mug 53 glete] W M3 A5 JEAOR AHERS el
Table 7. Mean accuracy and common selected features. 3 2= ot} ¥ swalele] wet tE Fopds 99
_ Average 2 A7) W fE ARE YER| T o RE 0%
Signal accuracy (%) Common selected features ol el AREZ A AL Fold 2 o wal
J|Ee gq_ = i /‘\_];o ,\Zl.oﬂoﬂo ExOo =
EEG, ECG 9096 8, a frequency power, |59 Aol HTk 25 AIRE 999 5AES F
— e o Fohe A% Ao ARF 9o AEe FA9 W
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