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Thesis Summary

Heartbeat is one of the essential biological signals, and the continuous monitoring of cardiac activity
such as the heart rate (HR) enables detecting life and disease of humans. As a typical method to detect
heartbeat, wearable sensors such as Electrocardiogram (ECG) have been used in the past. However,
device attachment is sometimes unsuitable for long-term HR monitoring. In contrast, a Doppler radar
could be a key device to enable remote sensing of heartbeat without privacy invasion, and various
Doppler radar-based heartbeat detection methods have been investigated. However, it is challenging to
exploit heartbeat components from received signals of a Doppler radar because the signal-to-noise ratio
(SNR) of heartbeat components is lower than those of breathing and body movements. To deal with this
issue, this thesis first proposes a Doppler radar-based heartbeat detection method by using heartbeat
signal reconstruction with a deep learning technique. Furthermore, we propose an ECG signal
reconstruction method from Doppler radar-related data. Through some experiments, we show the
performance of our proposed methods.

Chapter 1 introduces the background of cardiac activity sensing using a Doppler radar, including some
typical methods and these limitations. We also explain the fundamental principle of cardiac activity
sensing using a Doppler radar for a better understanding of our proposed methods. We then explain the
conventional Doppler radar-based heartbeat detection methods, the motivations and positioning of our
research. We then give a brief explanation about the proposed method. We finally describe the
contributions of the proposed methods and the outline of this dissertation. In Chapter 2, we describe
related work, including the conventional heartbeat detection methods using a Doppler radar, the existing
ECG signal reconstruction methods, and deep learning techniques related to our proposed methods. In
Chapter 3, we present a heartbeat detection method based on heartbeat signal reconstruction with deep
learning, for accurate heartbeat detection with robustness to the degradation of the SNR of heartbeat
components. Specifically, we first explain the idea of our proposed method, and then we present the
proposed algorithm in terms of (i) noise-robust heartbeat component extraction and (ii) heartbeat signal
reconstruction based on deep learning. Through the experimental evaluation, we show that our
proposed method can detect heartbeat even in the condition where the SNR of heartbeat components is
low. In Chapter 4, we propose an ECG signal reconstruction method based on deep learning via a
Doppler radar. We first explain the idea of our proposed method, and then we describe the proposed
algorithm based on the results of heartbeat detection. Through some experiments, we show that the
proposed method can reconstruct an ECG signal from a Doppler radar signal even without any wearable

devices. Finally, we conclude this dissertation and discuss future work in Chapter 5.




