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[ Abstract 1 Sleep posture recognition is the core index of diagnosis and treatment of positional sleep apnea syndrome. In order to
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detect body postures noninvasively, we developed a portable approach for sleep posture recognition using BCG signals
with their morphological difference. A type of piezo-electric polymer film sensor was applied to the mattress to acquire
BCG, the discrete wavelet transform with cubic B-spline was used to extract characteristic parameters and a naive
Bayes learning phase was adapted to predict body postures. Eleven healthy subjects participated in the sleep simulation
experiments. The results indicate that the mean error obtained from heart rates was 0.04 + 1.3 beats/min (+1.96 SD).
The final recognition accuracy of four basic sleep postures exceeded 97%, and the average value was 97.9%. This
measuring system is comfortable and accurate, which can be streamlined for daily sleep monitoring application.

BCG, sleep posture, sleep apnea, wavelet transform, Bayesian classification
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Fig.1 Plan sketch of the proposed mattress
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Fig.2 Front-end circuits & main board of BCG measuring system
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Tab.1 Essential information of all participants and sleep posture predictions in S2 and S3 sections

NEEAFR ME LTI (%)
Zit . N S2B S3E
TE i =/cm H/k, /cm
Mgl | ARl | B R/ | JEH s, T 7 . s, T 7 7
NO.1 5g 26 162 48 76 97.4 96.5 96.9 97.2 94.1 93.8 94.4 95.2
NO.2 5g 28 165 54 80 92.2 96.6 97.8 98.4 91.4 93.1 93.8 95.8
NO.3 u 25 171 60 82 90.8 95.2 96.8 98.1 90.4 93.4 933 94.5
NO.4 i 45 160 57 88 98.6 97.5 97.9 98.6 94.5 93.4 93.8 95.6
NO.5 b’y 61 157 59 85 93.6 96.5 98.0 97.8 93.4 93.2 94.0 94.8
NO.6 = 26 181 72 102 98.3 97.9 98.6 99.1 93.8 93.2 92.5 95.0
NO.7 5B 28 185 81 115 95.2 97.8 96.6 98.9 94.1 94.2 93.6 95.5
NO.8 i) 26 174 62 91 92.4 96.3 96.8 97.6 90.9 92.8 91.8 94.6
NO.9 El 48 170 70 95 93.5 96.7 97.2 97.9 92.2 93.5 92.9 94.2
NO.10 L: 63 165 68 93 92.2 94.5 95.5 96.4 91.1 92.9 93.2 94.4
NO.11 L] 75 169 84 98 91.5 95.6 95.8 97.3 90.6 92.8 92.1 93.0
BE / 41 169 69 91 94.2 96.5 97.1 97.9 92.4 933 93.2 94.8
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Fig.3 BCG signals from a subject in four sleep postures
(amplitude grid is | mV and time grid is 0.05 s)
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Fig.4 Statistical analysis of B,,, measured from BCG signals
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Fig.6 The box plot of segmented correction ('NC' means 'no correction’)
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Tab.2 Comparisons of different sleep posture detecting methods
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