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3 Debug mode
4 Outliers
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2 Moving Average Filter
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° Feature Encoder
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Abstract

Non-contact heart rate monitoring using Wi-Fi Channel State
Information (CSI) has emerged as a promising approach in
biomedical sensing, enabling continuous physiological monitoring
without physical contact or wearable devices. However, significant
inter-subject variability in CSI patterns and the scarcity of labeled
data pose major challenges to developing accurate and generalizable
deep learning models. In this paper, a few-shot learning—based
framework is proposed for heart rate estimation from CSI signals,
leveraging both similarity-based (Siamese) and relation-based
learning paradigms. Within this framework, convolutional neural
networks including SE-DenseNet, SE-ResNet10, and MobileNetV2
are employed as feature encoders to extract discriminative
representations from temporal CSI signals and frequency-domain
CSlI spectrograms. Using only a limited number of support samples,
the proposed model is able to rapidly adapt to the data distribution of
unseen subjects while effectively mitigating overfitting. Performance
evaluation under the Leave-One-Subject-Out (LOSO) protocol
demonstrates that the similarity-based model with an SE-DenseNet
feature encoder achieves the lowest mean absolute error of 1.38 bpm.
This study highlights the critical role of aligning network
architecture, CSI representation (temporal or spectral), and few-shot
learning strategy in the design of robust and non-contact heart rate
monitoring systems.
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