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A good sleep is important for a healthy life. Recently, several consumer sleep devices have emerged on
the market claiming that they can provide personal sleep monitoring; however, many of them require
additional hardware or there is a lack of scientific evidence regarding their reliability. The objective
of our research is to develop a more practical and economical approach that provides acceptable accuracy
of sleep study. We have achieved two major achievements.

Firstly, we propose a method to discover sleep patterns via clustering of audio events recorded during
sleep. The proposed method extends the conventional self-organizing map algorithm by kernelization and
sequence—based technologies to obtain a fine—grained map that visualizes the distribution and changes of
sleep-related events. We introduced features widely applied in audio processing and popular kernel
functions to the proposed method to evaluate and compare performance. By visualizing the transition of
cluster dynamics, sleep—related audio events were found to relate to the various stages of sleep. In
addition, we calculated the conditional probabilities of an audio event given the current sleep stage
quantified the correlation between sleep—related sound events and sleep stages. The conditional
probabilities demonstrate that snore events have the strongest relationship with deep sleep and body
movement is more related to rapid eye movement (REM) and light sleep than deep sleep. Teeth grinding most
frequently occurs during Non—-REM sleep. The proposed method provides a new aspect of sleep monitoring
because the results demonstrate that audio events can be directly correlated to an individual’ s sleep
patterns, and empirically warrant future study into the assessment of personal sleep quality using audio
data.

Our second research topic is assessing the sleep quality through audio events. We used subjective sleep
quality as training label, combined several machine learning approaches including kernelized self-
organizing map, hierarchical clustering and hidden Markov model, obtained the models to indicate the
sleep pattern of specific quality level. We found there is no significant difference on sleep stage
sequence HMMs between different sleep quality, on the contrary, the HMMs of sound events from different
sleep quality level have obvious difference. This evidence is interesting that sleep stage sequence is
useless for assessing sleep quality. Therefore, the HMMs of sound events from good and poor sleep quality
were used to model the sleep quality. The likelihoods between an input audio event sequence and HMMs are
calculated as input vectors, then several classification methods are applied, including support vector
machines (SVM), adaptive Boosting (Adaboost), majority decision, etc. According to the experiment, the
classifier by HMMs obtained a feasible result, which empirically warrants our approach on the assessment
of personal sleep quality by audio data
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