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ARERICTHE, T4 EE R % AWM « DO FEEEfREHRL 1IC oW T T 2R 2 DT 5.

B1E IR T, AFEONE R, IEOEE, BRI OV TRRITWS, FEE, ki, MEREEVWo7z
NABZNY A DE=FD 7 HNE, BRSO, KERGSERE ORBIREONREZR E OBl LE
ERHDH. LL, TNETECHOONRTOWDFHAITFEL, o2 WIici, 208 T0h2 588N
HY, FRFERROLND D, HRFE=F ) 70w U2, EHSE5 2 O TERVIRELTOM A
WL 70D, ZO10, AIEOLT LB, BRER A Z VA ORI TFEEIFOBRBNEENLTND.
BB A T 2 W= FREMERENTWVADR, REMEPUHa 2 M PORBESARDH 5. AHXT
i, ZEMEREL, LB X hO&Y, BERZ RV ET 2R dEE G FE O Z BRI E LTV 5.

W28 [FHREROEARABMEB G TEORSE L AR <, BERE RO IREEOBINEE O
I FEAIRE L, BRI AT LA EME LT, 22 BE IR A ETEER CHEMT 5 720I21E, BRE
HMEFORBEEETINENDD. 22T, BEFIETIE, "OLAEMHICLY SNEEZB ESELZZE0TE SN
RINERE S EFHES L LTHY, FHISRIGERAICHE L, &V SN TREmD S O K 2 i L.
£70, EEREOEE - LI ZREHE m A —F =05 pn A — X — Db T RESRETH D, KIESD
NAZBRTZZ LT, WEUTOSMETHIREMZEELZRD, AEREELZRH L. o0 FEEZRHVWE
FHHIS AT A EEICHEEL, MNEETESH L TWEZ—Fy b2 AVWTETVEREIT, ZEM ML
HERZEIZOWTHRETL, REEFOX v U TREEE, o7V v 7ENEk, SRR E L Vo il T 2 —
HEWRE Lz, £z, MICLD2FHOBEREZFHIIL, FLORE TOFHUIA~DEEIZ OV TR L 72

H3E [FHICE A ERREIEBIOIHEME) T, MELZV AT A, WEHEEZ AV, ERICEROR
FHOMNE - D OFZRA T, FHINE, BLACREE &L EAGREE, EML & i, ZNENOEEIZ OV TRAT
BT - BACIRIED S A, Mk %2 L CW AR T, RREOMRIC X2 ESHEESFER IS, £,
MR % 1k 6D TV DA, DS L ANl EE b FBERSFHIIT 2 2 &3 TE, IBEV AT ADIERE
il TEE LCHEATHD Z EBbhotz. Fiz, FERIFIEMRIC X 2EEEES KX <, M/h20m ol
TR OIRENCFEN T L E 5 728, LPIEEOMENREECTH 7228, MR EAOFRBOEW D, FHilllE
TR & DRSS L TV A RREHEEN D, WEE T 272007 « V2 2555t L, EERICHERRC
FHllE N AREEEEICH LEA LI E 25, MBEPRBIFICHBECE 22 ENbholz. HWT, KRICE D
BIZOWTERT LD, MEML. BERRETOFNEZRA T, ARIRETIE, RIROPIZLD2EREOMNZAR L
WL FREDNEHE R R %2 L, BACKEE & e~ O KSR DRIE L T\ 5720, (B RR EOE SR 21T
IRANEETHD. ZNOLOESHRIBEZEINCIT) &, BERRETHIEE - LHZFHHITE 2 2 En8bhnolz.
I 52, ML TOFHNZR A=, S TOFHTE, FHIlSN2EEIZ, MR - DAIZ L DI %, (RENC
EARANSLEENTNATZD, W - DHOFIIZESICHELL 2 Y, B— RS TR0 2 5
TEXRWEERH D Z ERbhoTz.

¥4 MEREOEE A OFEREMRGH TIE, BEOFHHARTE O Z AV, (KEmEOIEENAMAO
R, AREOEENMEFLZ LT, BT TIEFHHOE LW AERIRIERLNAL & W o 7RI T
HEHUAAREE 72D Z EDNHIRFCE D, BHOZET —F AT 56K NIECL Y, PRI X DEESHD
Ve R T=, BONI-HEN A, 3D A% v F 2 AW E R R LR R L et L= & = A, AEomEm %
ot hREOEESMEH/DL ZENTER. AEROVAT LTI, BAORRIEHDOZIET —F DEKT
BTN, EEOEZ WA AW FEFHAA EH ST, DIROMICOWNTS, BIIC X 2 IEBMMEHIFEIC &
DEHAIACTE D ATREMENR B 5.

HowE s T, KRXONEEE LD, 5%OFEICHON TR TN D,

%5 FSCE R IX, RIS 2000 57 & B3 300 3E% 19 DHRHT 57, & L <IFHEIL 800 35% 1M LT EE 0,
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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 technique. 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 resolution 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 subjects 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 velocity 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.
Synthetic 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.
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