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Short Abstract

Obstructive sleep apnea (OSA) is a common sleep-related breathing disorder that can have significant negative effects on people's quality of life and
daily functioning. Currently, polysomnography is the gold standard for diagnosing sleep apnea which cannot provide the expectations of a fast and
economical diagnosis by analyzing several signals simultaneously. In this regard, the development of automatic, reliable and cost-effective diagnosis
algorithms is important. Therefore, in this study, with the aim of diagnosing obstructive sleep apnea events, an automatic diagnostic algorithm based
on single-lead Electrocardiogram (ECG) signal has been proposed. For this purpose, a new adaptive method based on Empirical Fourier Decomposition
(EFD) and extraction of statistical and fractal dimension features from the Fourier Intrinsic Band Functions (FIBF) of the signal along with the ReliefF
feature selection algorithm and Random Forest classification has been used. Empirical Fourier Decomposition can be a new tool for signal
decomposition, which can provide a suitable capability in extracting oscillations related to non-stationary components of the signal. In order to evaluate
the proposed algorithm, the Apnea-ECG database, which contains 70 recordings of single-channel ECG signals, has been used. The results have shown
that the proposed algorithm is able to detect obstructive sleep apnea events with %88.03 accuracy, %83.44 sensitivity, and %90.84 specificity. The high
accuracy of the obtained results along with the number of suitable features indicates a compromise between the accuracy and the number of extracted
features, which leads to a suitable computational load for the proposed algorithm, which makes it possible to use it in clinical applications.
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Short Introduction

Sleep apnea is a sleep-related breathing disorder characterized by repeated pauses in breathing for at least 10 seconds during sleep. The most common
type of sleep apnea is known as obstructive sleep apnea, which occurs due to physical obstruction of the upper airway. Currently, polysomnography is
the gold standard for diagnosing sleep apnea, which is based on the simultaneous recording of different physiological variables during sleep.
Polysomnography requires expensive hospital equipment and technical expertise to interpret different physiological data, which makes it very expensive,
complex and time-consuming. The evaluation of ECG signals during sleep, considering the effect of respiratory changes in the morphology of the ECG
signal, as well as the effect of changes in the autonomic nervous system activity caused by apnea events on the heart rate, can enable the reliable
diagnosis of sleep-related breathing disorders.

Proposed Work and Methodology

In this proposed algorithm, the Empirical Fourier Decomposition method is used to decomposition the ECG signal and then a combination of statistical
and fractal dimension features of Fourier Intrinsic Band Functions obtained from this decomposition have been extracted. Finally, the ReliefF algorithm
was used to select the effective features and Random Forest classifier was used for the classification. In order to evaluate the proposed algorithm, the
Apnea-ECG database which contains 70 recordings of single-channel ECG signals, has been used. The results have shown that the proposed algorithm
is able to detect obstructive sleep apnea events with %88.03 accuracy, %83.44 sensitivity, and %90.84 specificity.

Conclusion

Obstructive sleep apnea syndrome is associated with a wide range of physical and cognitive disorders that can affect a person's personal and social life.
Due to the time-consuming and expensive screening system that exists to diagnose this disease, most cases of this disease are not diagnosed. Therefore
in this research, in order to solve these problems, an automatic detection algorithm based on the decomposition of the electrocardiogram signal by the
Empirical Fourier Decomposition method has been used. The use of all the data in the database along with the suitable results obtained shows the
provision of an effective method with high generalizability, which makes it possible to use it in clinical applications.
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