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Abstract

In this paper, aiming at the problem that people with sleep problems such as sleep structure dis-
orders and sleep disorders need to obtain real-time sleep states, an intelligent device capable of
collecting dual-channel electroencephalogram (EEG) signals and performing real-time sleep stag-
ing is developed. Based on the ADS1299 analog-to-digital converter, the EEG signals of two channels
are collected, and preprocessing operations such as real-time signal segmentation, filtering, and
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discrete wavelet transform are carried out in the microprocessor. The system extracts time-domain
and frequency-domain features and uses the Support Vector Machine (SVM) to identify sleep states.
The collected data and sleep staging results can be stored in the on-board SD card or transmitted
in real-time to external devices via the low-power Bluetooth module for viewing and analysis.
Through testing, this device can collect dual-channel EEG signals with high quality, and the accuracy
of sleep state recognition reaches 86.4%. The test results show that this device is accurate and prac-
tical in sleep monitoring, providing a solid foundation for subsequent home and clinical sleep mon-
itoring.
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Figure 1. System architecture
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Figure 2. Schematic diagram of the analog front-end circuit
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Figure 3. Circuit module diagram of the processing unit
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Figure 4. Circuit module diagram of the processing unit
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Figure 6. Software flowchart
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Figure 7. Graph of PSD changes in different sleep stages
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#% DOD-H (Dream Open Dataset Healthy), &4 45 445 6 1~ EEG HLH (7 & (FP1, FP2, F3. F4,01 1 02).
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Table 1. Comparison results of the effects of different classifiers

F 1 NESLFBRILLER

R R SVM MLP XGB RF
ACC (%) 88.23 89.45 85.29 87.11
Kappa % i 0.814 0.832 0.718 0.785
MF1 (%) 70.86 71.8 65.4 68.4
RAM (KB) 12.4 16.9 238 16.7
Flash (KB) 19.7 32.4 50.4 313
HEFLES ] (ms) 17.5 245 23.3 28.6
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Figure 8. Schematic diagram of the distribution of electrode positions and the
wearing of the device
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Figure 9. Waveform of the open eyes state
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Figure 12. The importance of each feature for the SVM classification model
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Figure 13. Confusion matrix for the classification results
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