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Sleep is an essential physiological process for the human body. People spend about one-third of their lives sleeping.
Both sleep duration and sleep quality are essential to human health. Sleep quality describes how restful and restorativq
the sleep process is. Over 80 sleep disorders are known to affect sleep quality. Among them, sleep-related breathing
disorder (SRBD) is the second factor. Sleep-related breathing disorder is a sleep disorder in which abnormal breathing
occurs during sleep. Abnormal snoring, respiratory arrest, or abnormally low breathing during sleep can lead to 4
decrease in oxygen concentration in the blood, leading to depression, heart disease, et al., Increased risk of vascular
disease, stroke, and even death. Therefore, monitoring and analyzing respiration during sleep is increasingly importan
in healthcare.

Polysomnography (PSG) is regarded as the gold standard for diagnosing sleep disorders. However, PSG is usually
performed in an unfamiliar sleep laboratory under the supervision of a medical technician and is equipped with many
sensors to monitor sleep quality. Therefore, it is often a hindrance. This research develops a breathing sound
imeasurement system that monitors sleep quality in a general home environment. This system can easily measure breath
sounds during sleep all night with high accuracy without disturbing sleep. The purpose of this research is to develop 4
technique to classify patterns of breathing sounds and to analyze the quality of breathing to analyze the state of slee
from breath sound information more accurately. There are various patterns of sleep breath sounds, such as norma
breath sounds and snoring and abnormal breath sounds and snoring. This research develops a method to classify thesg
patterns and an algorithm to calculate ventilation from breath sounds. The classification and ventilation are used t
estimate the sleep apnea index (AHI) and to assess the quality of breathing during sleep.

Specifically, the time characteristic waveform (TCW) is calculated after partly removing the noise of the breathing

b

sounds of sleep with a band-pass filter. Based on the time-characteristic waveform, a respiratory signal effective for
analysis is extracted from low-level signals and phase-divided into a respiratory phase and an apnea or low signal|
Mel-frequency cepstrum coefficients (MFCC) were then obtained for the respiratory phases. An agglomerativg
hierarchical clustering (AHC) algorithm was used to determine normal/abnormal breathing and normal/abnorma
snoring and categorize them as less relevant to breathing, such as rolling over. In addition, the classified breathing
pattern is analyzed every 30 seconds to calculate the respiratory tidal volume. In addition to verifying the effectivenes
and accuracy of these proposed methods, a method for estimating the index of apnea syndrome (AHI) and converting
the ventilation volume into a level to estimate the quality of breathing during sleep are presented. The effectiveness of

the proposed method is evaluated on an open dataset.
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