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Research and Application of Sleep Saging Method Based on RBF Neural Network

CHEN Yu, YANG Tao", XU Zheng
(School of Design, Fujian University of Technology, Fuzhou 350118, China)

ABSTRACT: The work aims to propose a sleep staging method based on a radial basis function (RBF) neural network
and use it to design an intelligent wake-up system that can adjust the wake-up time according to the user's recovery state,
in order to optimize the user's sleep duration and reduce their discomfort after waking up. Based on theoretical knowledge
of heart rate variability and sleep staging, the electrocardiogram (ECG) signal was collected from the human body through
a low-power heart rate band, and the optimal wavelet transform was selected to precisely denoise the collected ECG signal.
The radial basis function (RBF) neural network was trained repeatedly to filter out 10 key feature vectors, so as to build a
model of sleep staging. The sleep staging information was transmitted to the mobile phone client via a STM32 processor,
and the system woke up the user according to designed optimized wake-up mechanism when the user's body and mind
recovered to the optimal state. The results showed that the algorithm based on the sleep staging model had an average ac-
curacy of 88.9% with a Kappa coefficient of 0.839, which was higher than that of other algorithms. The intelligent
wake-up system has a lower collection cost, a simpler and more efficient algorithm, and a scientific and reasonable
wake-up mechanism, which enables the user to wake up comfortably and is of great significance in improving the user's
state after awakening.

KEY WORDS: sleep staging; heart rate variability; wavelet transform; radial basis function neural network; intelligent
wake-up
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Tab.2 Statistics of sleep staging prediction results for each volunteer
EE MR VIR M4
HERH R 1% MSE {f HEMRI%  MSE{S  McNemar #3458 (P)  Kappa &%
1 92.2 0.4000 86.9 0.5935 0.04 0.813
2 91.8 0.4306 83.5 0.648 4 0.06 0.764
EEE 1L 3 92.7 0.3931 91.5 0.538 3 0.09 0.875
4 94.0 0.369 3 85.8 0.5436 0.07 0.795
5 92.4 0.4431 89.2 0.5741 0.05 0.845
-S4 E 92.6 0.407 2 87.4 0.579 6 0.06 0.818
1 92.5 04221 92.6 0.376 9 0.14 0.893
2 93.6 0.3742 89.8 0.4330 0.17 0.845
w2 3 93.1 0.388 5 90.3 0.516 8 0.06 0.857
4 92.9 0.3838 90.9 0.4395 0.09 0.871
5 94.4 0.3411 87.5 0.5112 0.10 0.822
FHIE 93.3 0.3819 90.2 0.4555 0.11 0.858
1 90.4 0.4513 88.6 0.5330 0.05 0.832
2 90.9 0.4533 85.2 0.564 1 0.06 0.786
HIEH 3 3 93.3 0.3790 92.0 0.464 7 0.28 0.886
4 93.5 0.3908 88.1 0.4707 0.05 0.824
5 94.7 0.3358 93.2 0.4129 0.20 0.901
FHIE 92.5 0.4020 89.4 0.489 1 0.13 0.846
1 91.6 0.413 4 84.7 0.569 1 0.18 0.777
2 94.2 0.3516 93.8 0.384 4 0.20 0.909
HIEH 4 3 93.8 0.364 3 94.3 0.3989 0.07 0.917
4 91.3 0.436 9 86.4 0.661 4 0.05 0.800
5 91.1 0.463 2 84.1 0.6030 0.05 0.761
FEE 92.4 0.4059 88.6 0.523 4 0.11 0.833
S 92.7 0.399 3 88.9 0.5119 0.10 0.839
*3 AEEBRSPAEENEREILE
Tab.3 Comparison of accuracy of different algorithms for sleep staging
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