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Objective This study investigates the application of machine/deep learning to classify
snoring sounds excited at single- or multi-levels of the upper airway in patients with
obstructive sleep apnea (OSA) using data from drug-induced sleep endoscopy (DISE).
Methods The snoring sounds of 39 subjects were recorded during DISE procedures
between November 2019 and November 2021. The snoring sounds were later
analyzed and labeled according to the Velum (V), Oropharynx (O), Tongue Base (T),
and Epiglottis (E) (VOTE) classification system based on DISE findings. The dataset,
comprising 5,173 one-second segments, had V (n = 259), O (n =403), T (n=77), E (n
= 13), VO (n = 1016), VT (n = 46), OT (n = 140), OE (n = 39), VOT (n = 30), and
None (n = 3150) labels. We trained support vector machine (SVM), bidirectional long
short-term memory (BiLSTM) networks, and ResNet-50 networks for obstruction site
classification based on the snoring sounds with VOTE annotations.

Results The ResNet-50 showed the best overall performance in classifying snoring
acoustics. The triplets of unweighted precision, recall, and F1-score for the SVM,
BiLSTM, and ResNet-50 models were {0.86, 0.60, and 0.66}, {0.72, 0.67, and 0.69},
and {0.81, 0.71, and 0.75}, respectively.




Conclusion This study emphasizes the potential of integrating snoring acoustics with
deep learning to localize multi-level upper airway obstruction. However, challenges
such as limited sample size, data imbalance, and differences between
pharmacologically induced and natural snoring sounds were noted, suggesting further
research to enhance model accuracy and generalizability.
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