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Abstract

In this thesis, the study of non-contact measurement of breathing and heartbeat using airborne
ultrasound is described.

In chapter 1, background and introduction of this research is described.

In chapter 2, the method of measuring body-surface velocity using ultrasound was proposed,
and the basic measurement system was constructed. In this system, ultrasound is transmitted to
body continuously, and body-surface velocity is estimated by measuring arrival time difference
of reflected signals from body-surface. M-sequence-modulated signal is used as the transmitted
signal. The signal-to-noise ratio of received signals is improved by pulse compression tech-
nique. In addition, to enable measurement of arrival time difference of signals much smaller
time resolution than wavelength, phase difference of reflected signals is used. The spatial reso-
lution and processing error of the proposed system was evaluated by numerical simulation and
model experiment.

In chapter 3, measurements of breathing and heartbeat of subjects using proposed system
were tried. First, the measurement was performed in a supine position without clothes. Body-
surface velocities by breathing and heartbeat could be measured with high accuracy when sub-
jects were breathing and holding the breath. In addition, using window functions in frequency
domain, velocities by breathing and heartbeat could be separated from measured velocity of
breathing subjects. Secondly, to evaluate the effect of clothes, velocities were measured in a
supine position with clothes. It is found that velocities can be measure using phase difference
of received signals at appropriate arrival time. Then, the measurement was performed in a
standing position without clothes. The measurement in a standing position, measured veloc-
ity includes components by body motion. Therefore, it was difficult to measure velocity by
breathing and heartbeat stably with single measurement point.

In chapter 4, measurement of vibrational distribution of body surface by breathing was tried
using received signals at multiple measurement points and synthetic aperture processing. Syn-
thetic results of vibrational distribution agree well with the measurement pattern using 3-D
scanner.

In chapter 5, conclusion and future work of this research are described.



