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Abstract: Sleep Apnea Hypopnea Syndrome (SAHS) is a common chronic sleep-related breathing disorder that
affects individuals’ sleep quality and physical health. This article presents a sleep apnea and hypopnea detection
framework based on multisource signal fusion. Integrating millimeter-wave radar micro-motion signals and pulse
wave signals achieves a highly reliable and light-contact diagnosis of SAHS, addressing the drawbacks of
traditional medical methods that rely on PolySomnoGraphy (PSG) for sleep monitoring, such as poor comfort
and high costs. This study used a radar and pulse wave data preprocessing algorithm to extract time-frequency
information and artificial features from the signals, balancing the accuracy and robustness of sleep-breathing
abnormality event detection Additionally, a deep neural network was designed to fuse the two types of signals
for precise identification of sleep apnea and hypopnea events, and to estimate the Apnea Hypopnea Index (AHI)
for quantitative assessment of sleep-breathing abnormality severity. Experimental results of a clinical trial
dataset at Shanghai Jiao Tong University Affiliated Sixth People’s Hospital demonstrated that the AHI
estimated by the proposed approach correlates with the gold standard PSG with a coefficient of 0.93, indicating
good consistency. This approach is a promiseing tool for home sleep-breathing monitoring and preliminary
diagnosis of SAHS.

Key words: Millimeter-wave radar; Photoplethysmography; Multimodal signal fusion; Deep neural network;

Sleep apnea hypopnea syndrome; Apnea hypopnea index
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in 2D spectrogram
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Tab. 5 Comparison experiment between radar signals and pulse wave signals
N A H
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PPG 0.834 0.971 0.897 0.816 0.681 0.742 0.652 0.462 0.541
Radar 0.909 0.902 0.906 0.714 0.826 0.766 0.506 0.549 0.527
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Tab. 7 The results of control experiment
A2 RE% HRNMARRH LWTEE (VX /h) BUBE (%) ReRE(%) TR (%) KappaZ#{
5 74.07 89.83 84.88 0.6455
15 89.13 90.00 89.53 0.7901
PPG 0.89
30 95.00 80.77 90.69 0.7746
5 66.67 89.83 82.56 0.5825
15 91.30 92.50 91.86 0.8367
Radar 0.93
30 95.00 88.46 93.02 0.8346
Radar 5 96.29 93.22 94.19 0.8690
+ 0.98 15 97.83 92.50 95.35 0.9062
PPG 30 96.67 96.15 96.51 0.9182
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