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Research on the influence of ECG signal length and sampling rate
on sleep staging algorithm performance
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Abstract: In response to the issue that there is no uniform standard for the sampling rate and length of electrocardiogram signals in
many current sleep staging algorithms based on ECG signals, this paper uses the Random Forests and eXtreme Gradient Boosting
Decision Tree sleep staging models as examples to study the impact of different ECG signal sampling rates and lengths on the
performance of sleep staging algorithms. Under different sampling rates (50 Hz, 100 Hz, 150 Hz, 200 Hz, 250 Hz) and signal
lengths (30's, 90 s, 150 s, 210 s, 270 s, 330 s, 390 s, 450 s, 510 s, 570 s, 630 s, 690 s), the sleep staging results of the
Random Forests and XGBoost models show that, when the sampling rate is fixed, the classification accuracy of both models
generally increases as the signal length increases from 30 seconds to 630 seconds, but the accuracy decreases when the signal length
extends to 690 seconds. When the signal length is fixed, the reduction of the sampling rate from 250Hz to 100Hz has a small impact
on the algorithm’s performance, but a significant decrease in classification accuracy is observed when reduced to 50 Hz.

Key words: ECG signal; sleep staging; sampling rate; signal duration; Random Forests; XGBoost
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Table 2 Frequency domain features
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Table 4 Accuracy of ECG signals for sleep staging using Random Forests at different sampling rates and signal lengths

REES R/ HERKE/s
Hz 30 90 150 210 270 330 390 450 510 570 630 690
250 0.6326 0.6820 0.7259 0.7561 0.7889 0.8054 0.8109 0.8197 0.8343 0.8394 0.8396 0.8375
200 0.6300 0.6737 0.7137 0.7502 0.7718 0.7919 0.8054 0.8145 0.8201 0.8328 0.8390 0.8386
150 0.626 8 0.6627 0.7014 0.7336 0.7600 0.7808 0.7956 0.808 1 0.8177 0.8257 0.8363 0.8324
100 0.6161 0.6531 0.6892 0.7264 0.7528 0.7742 0.7854 0.7983 0.8130 0.8133 0.827 1 0.8317
50 0.6090 0.6381 0.6662 0.6964 0.7186 0.7415 0.7556 0.7695 0.7824 0.7904 0.803 1 0.8020
x5 [ERARREEERAREHAITERS N ECC ESEARREEZMARESKE THERE
Table 5 Accuracy of ECGignals forleeptaging using XGBoost at differentampling rates andignal lengths
B/ i /s
Hz 30 90 150 210 270 330 390 450 510 570 630 690
250 0.6401 0.7027 0.7652 0.8015 0.8296 0.8501 0.8548 0.8628 0.8667 0.8732 0.8745 0.876 1
200 0.6370 0.6929 0.7547 0.7925 0.8138 0.8390 0.8444 0.8613 0.8580 0.8668 0.8732 0.8730
150 0.6255 0.676 8 0.7351 0.7794 0.8097 0.8265 0.8394 0.8545 0.8578 0.8629 0.8722 0.8719
100 0.6110 0.6683 0.7217 0.7717 0.7933 0.8230 0.8307 0.8429 0.854 1 0.859 4 0.8648 0.869 2
50z 0.6101 0.6464 0.6917 0.7302 0.7689 0.7925 0.8087 0.8188 0.8249 0.8366 0.8495 0.850 4
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Fig. 3 Results of Random Forests and XGBoost with different sampling rates and signal lengths
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