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Abstract

Recently, monitoring oxygen saturation (SpO,) has become necessary for the diagnosis of obstructive sleep apnea. Prior studies
have proposed algorithms using radar sensors to estimate SpO, by extracting vital signals such as chest displacement, respiratory
rate (RR), and cardiac rate. However, the estimates obtained using these methods differ from the ground truth (GT) of SpO, in
abnormal respiratory patterns. To address these challenges, this study analyzed the relationship between the estimated RR and the
GT. Several experimental results for three adults demonstrated that a time delay existed, with an average (avg) of 21.20 s and a
standard deviation (SD) of £6.7 s, to maximize the correlation coefficient between the RR and the GT. When stopping breathing,
the GTs were decreased along the gradient with an avg of —0.036 s and SD of +0.199 s. When restarting breathing, the GTs
were increased along the gradient with an avg of 0.355 s and SD of +0.399 s. By exploiting the analyzed results, we developed
an algorithm to estimate the SpO, in abnormal respiratory patterns.
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Fig. 2. Experimental environment with three targets.
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Table. 1. Specifications of FMCW radar sensor.

Parameter Symbol Value Unit Remarks
Carrier frequency f. 60.2084 GHz It enables vital sign sensing
Bandwidth B 1356.8 MHz This results in a resolution of 0.11 m
Number of chirps N, 512 - These chirps exist within a frame
Sweep time T. 25 ms Linear frequency sweep time within a frame
Sampling frequency S 40 Hz Resolution in a Doppler freq. domain
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Table. 2. Definition of major indices for correlation analysis between R(f) and GT of SpO,.

Indices Symbol Equation Unit Remarks

Delay T Lirop — Leut s SpO, descent delay after apnea onset
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SpO, at At (Negative: decrease, Positive: recovery trend)
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Fig. 7. Distribution of time delay between estimates and GT after abnormal breathing.
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