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Sleep is traditionally divided into five repeating stages:
consciousness, rapid eye movement (REM) sleep, non-rapid eye
movement (NREM) sleep stage N1, NREM stage N2, and deep sleep
(NREM stage N3 and NREM stage N4). In this study, We established a
sleep-stage identification model based on the autonomic heart rate
variability data (HRV) acquired by electrocardiogram (ECG). Five
different features in HRV duration time and eight features in its
frequency were recorded during each stage of sleep and analyzed by the
backpropagation artificial neural network to establish a quantitative
sleep-quality evaluation standard. It is composed of 1) sleep duration, 2)
sleep latency, 3) sleep efficiency, 4) arousal times during sleep, 5)
duration of REM and deep sleep.

The model was developed through the following logic: 1) evaluating
the effectiveness of selected features in distinguishing stages of sleep by
one way analysis of variance (ANOVA) test (statistic significance was set
to p<0.001). 2) Fine adjustment of the parameters including learning rate,
mean squared error and so on. 3) Diminishing the dimension of the neural
network. The results showed that the best architecture of neural network
has 8 input nodes and 30 nodes in hidden layers. The sum squared error is
set as 20. The distinguishing accuracy of deep sleep is 81.75%. The
accuracy of NREM stagel, stage2, REM and wake are 93.33%, 77.79%
59.43% and 62.83% respectively, training time in the artificial neural
network is 1350.7 second. Retained features of time domain include

SDNN, RMSSD, SDSD, NN50 and pNN50. The HF norm, VLF% and



5mins total power are three retained features in frequency domain.



