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Healthcare has drawn wide public concern in modern society. Sleep spending one third of the
life is indispensable to support human’s health. Not only for the aging but also for young
adults, more and more people are suffered from sleep-related disorders. The sleep-related
disorders will affect the sleep quality seriously, increase the complications risk of
cardiovascular disease including apnea syndrome, heart failure and so on. They will threaten
peoples’ health and lives. Therefore, the monitoring and analysis for breathing sound and heart
sound during the whole night sleep play a very important role on healthcare at home.

In clinic, polysomnography (PSG) is the golden standard to study and evaluate the sleep
states. At present only PSG can provide exact apnea-hypopnea index (AHI) to diagnose
| obstructive sleep apnea (OSA) which is a typical sleep-related disorder. However, PSG should
be tested in hospital because of the complex and professional operation. It is not suitable for
daily monitoring at home.

This research keeps the ventilation of oxygen and carbon dioxide while sleep in mind and
monitors sleep state with the breathing sound signal. The breathing data is acquired portably
by a smart phone and a wireless earphone. The waveform segmentation method of breathing
cycle and phase is proposed with high accuracy. Based on the segmented breathing cycles, the
apnea and hypopnea identification method is introduced. And the AHI will be detected from
the breathing sound analysis. Moreover the identification method of normal and abnormal
breathing based on the Mel frequency spectrum analysis is proposed. Lastly, the analysis
methods proposed for breathing sound signal are applied for the heart sound signal analysis.
The efficiency is validation by abnormal heart sound analysis.

This thesis is composed of six chapters.

. In chapter 1, the aims and significance, the current studying situation, research key points,
| nodus and studying methods of sleep state and heart state monitoring have been made a basic
| overview. The outline of this thesis is introduced as well.

, There are stable and unstable breathing, snore, apnea during the whole night sleep. To

guarantee the veracity of the sleep breathing signal analysis, the complex sleep breathing
waveforms should be segmented correctly at the beginning. For the breathing signal during
one night sleep, the fast and effective segmentation method is the base of this research. In
chapter 2, the waveform segmentation method based on the moment waveform extraction is
proposed. The time characteristic waveform (TCW) and characteristic moment waveform
(CMW) are extracted. Then the breathing cycles and inspiration/expiration can be segmented
successfully based on the local extremums of CMW and TCW. A set of testers including young
students and a patient suffered from obstructive sleep apnea (OSA) is used to validate the
efficiency of proposed method. The average successful rate can reach to 98.4% with the

manually counting as reference.
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The chapter 3 introduces identification of the apnea and hypopnea based on the results of
the segmentation algorithm proposed in chapter 2. Then the AHI is detected for diagnosing the
severity of OSA. Apnea can be defined by breathing pause lasting more than 10 seconds. But
the hypopnea estimated by ventilation is less than 50% or breathing cycle lasting more than 6
seconds has not clear definition. In this chapter, AHI can be detected by computing the times
of apnea and hypopnea events from the segmented waveforms. And the threshold values used
to identify hypopnea is examined by comparing with the monitoring results of blood
oxygen saturation. The detected AHI value is close to the diagnose result of PSG. The
usefulness of the proposed AHI detection method has been confirmed.

In chapter 4, Mel frequency spectrum is introduced from speech signal processing to
detect the snore and other abnormal breathing states. The Mel frequency spectrum transforms
the linear frequency spectrum to the Mel frequency simulating the acoustic character of human
car. It has high resolution in low frequency part and roughs the high frequency part. For each
frame in time domain, the Mel scale label is extracted to represent the maximum value of
energy in Mel frequency domain. Then the present times of each Mel scale label are counted to
display the frequency energy distribution clearly. The normal breathing component, abnormal
breathing component and snoring component can be identified by the fixed Mel scale label set.
The whole night monitoring results of sleep breathing sound signal are applied to validate the
efficiency of the proposed algorithm. The proportion of the normal and abnormal breathing
states is proposed as a new index to evaluate the sleep quality.

In chapter 5, the proposed breathing waveform segmentation method and Mel frequency
spectrum analysis method are applied for abnormal heart sound signal identification. Heart
sound signal is recorded by a portable acquisition system including stethoscopes, auscultation
cloth and a smart phone or an [C-recorder. The segmentation method proposed in chapter 2
with adjusted parameters is applied to segment the cardiac cycles and systole/diastole. The
proposed segmentation method is confirmed effective again by 99% successful rate for normal
heart sound data and 95% for abnormal cases. Then Mel-scale spectrum is calculated for the
systolic and diastolic murmurs intervals to identify the abnormal heart sound data from the
data set including normal case and one kind congenital heart disease case. The Mel frequency
spectrum analysis method introduced in chapter 4 is useful compared with the clinical
diagnose results. The application will be expanded to all night monitoring for early detection
of heart failure and other heart diseases in the future.

The conclusion is drawn and the future work is discussed in chapter 6.
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