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Fig.1 The block diagram of a measurement system
used in this paper
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case,

EARTFLERTY H208H25 (1951 £6 R)

(b) DEMBHOLFET»5b05 L 3iT, LEAK
DL FEER AN O R T2 IRRY DIREHFER T/
v, Ld-T, MEROKE L - REROOF
DFFTiZ, —HMESSCHELL{SIREMT: L
DLROGCRABEH(  T) 2 LBAEECbh -
THETIZ ERUOTFLLLI LBbh3, —4, B
2E(a)OMIBREOBETIZ, B2 H(a-2)DMRE
% (=60 Hz OIEXH) x(¢) L T, H2E(a-3)
ORBACERY v 2 7 v 7HH n(t) ZORRELE
THOLNTVWR I ESby s, LaL, IR, |
EERCTROBRICYL, ChLoOEBICE, WREL
WOBERSESEENI IS, IHH6DERNEE
IRTILENRD D,

FWX T, CTheOMERERRT 50, B
1R L2E S, Mess () TIHMEEITY, M
M- LRMENLTRENTRELAER () 2b L
w, LEBPORM T) 2 &0 LROERBE (/)
T)2RDE, CHiZE>TLEFOBIBONEWEM
TOERBUELBE L BTES, Ll, HELS
MR T 2 BE I RNMOEERE (/) b8 3,
LicdioT, ZOMBORKEERET 220, £
OIERO BB WA T, KIMROPESOME LLF
Z() EREALE () bVEWT, BHNoERRYE
Hif) OO EREYE H(F T) ¥ 2ML TRD
3, KT ZOBITEORKEED RS,

B 1EOMEROAEREEF ML TR IE (a-
DRT, PERAEAE U ThnE, WNOERGE
BROEHC LT —~ETHR e ELENDE, £IT,
HERA B () (FDARZ A% X)) ETD) Ioxd
T 28 EOIMER A 5.0 (K B) ¥ TOMKO
BB E H(f) b8l, &, LEEE W (D)(20D

v I BRATOR

=(¢) 5(t)
PICKUP

C’jST

H(HT)

| H,(f) ]
'(t) W'(1)

-ty (i) HEART

SOUND ‘
/ E

3 MEL L MEMONRLELT 2 A HOFENE
BRET N

Fig.3 The acoustic transfer models for describing the
relation between the detected signals
(a) excitation case, and (b) non-excitation
case,



&H ¥iEd LEMICLILRERROBE (117}

ARZ AR U T) T 3) OREFRIELANC
LRERR (R0 T&L, ABH5ACADLMED
TREMEE I T), ACH»5HB 3 RMAlO
GREAE (R D) g TomdBEEr ' (f . T 8
{. BHRIDORDHLEREARLY (KE) 2TD
8L I T) 8L, ThsoEER GRS
i, —HPOLOELIZ L > TET 205, LM
Hho i ZEORM T bkEL B3, &
SLTREATHREENLELT W OANZ M
Yilf i T)id, WATRTI =HTR3,
Yiif s T=H:(f: THH"(f: T)
X {HY(f + TOHHX)+ U T}
(1)
LIT, EERRNTRTEBTHE LEEL, Fr
A TEBENIH T U T)eRAT
3,
H{(f To=H"(f: TOH'{f: T\) (2)
H(f TYU  T)=U(f: TV) (3)
()R (DAE(VDARCKRALT, H'(F: T,
H U T), U T) 2 =T,
Y/ T=H:f: TOH(Sf : THHLAHX)
+U(f: T}
ST, H{f T wBIL T2 100 Hz AT O B %
W TIIZRERE [ H( ) T RETHE L1 D
WA RHH 0V, k7, D-E MOERE L, EMEEE
BTOMEENNERTE 2 BRI/ DAV EEET
B, LithioT, LAMAOTATORM T exdL
Ty H{f 2 T)=1 LERIL, INREEOREA.LHED R
N7 b LERRNTERT.
Yilf : T=H(f: THHAX(N+U T}
(4)
IOROBT 7oy 7HEE I (a-2)ITR T, (3)
ATEALL: Ul(f ) T) ORFRFIBE u(s) 12,83
(a-DDECTRET D LIEAML 0T w'(H) i,
H(f ) T 0S80 TE IR (- )D& B T
ETILEBRNCELLLBEBS 22T, &5,
H{f:ToR, E3B@-DicBWwT, H (. T,
H'(f . TYEHET 3 Ba5MDAOEBKBO D
DEARBOMERL T3,
FRCEMBEOREOE EDLF 2(t) (FDAAN
ZMNBZFITY)ET ) b, REALE n(t) (%
DARZ P E V(I T) &1 3) 2RATRT,
Z(f; T)=H{NU: T) (5 a)
Y/ To=H{(f: TOU( : TV (5h)
CORDFRT 7oy 7EEHEIR(D) T, (4)R,
(5)RD25HT, MIMOEREM H(F) i2F COPmR

BTHhNI—ETHILEETERY, A/ TH i’
LEEPOEETH L L ELT 5,

ZRXOEMNIT T3 L5, WAESTH
2 z(8), y(t), 2(8), () DBDBDITOWT, HLD
bR 37— 05, MO H(f) &.0A8
BhDRM 7 ZLoLROERBE I T) 245
MEETD I LEHB,

(4YROMT X(f) DM@ X*() 287 T,
XA N TOMD 20X ARZ MU Gonlf
T K3, 5, LANMGORURM T, cpL
T, HOWOTF—FE0ERL Gonlf TV) 2K
T i k-2 THBENEZ O AARY b AEY
B, E[Gon(f ' W] TERT PN T XY D7 —
AL A IX(f)lz 2®L, G TaTUS: T
EX(DIZORARARY PSR, XM T BT
2z p(t)MO 270 RARARZ P LEYK
E[Gan(f: TH B, KATEEN S,

E[Gan(f . T)I=H\(f : TOH(NE[P:(f)]

+H(f: TYE[Gul(f; T)) (6)

IIZT, EHrLEM T VIV T I A 2 v /Ul
REWT, WHRES 2(t) T 3 w(t) OhBEIR S
YILARERT S, LiedioT, +ALMEEE L
i, ERXERB2Hu() L 2()D2ORARD b
NDOITMRISE E[Guslf ¢+ T 13, H1EICHBEL T
ERTE S, LEve, MEROREELE,SRE
RLE~DOEREE Hon(f : T) O EME B
T, ERBCEROE S icESESNS,

ﬁmn(f: T)= E %}l)‘r;‘ T

=H({f: ToH{f) (7)

—%, BMEROMEDEFALTHLBa)REGD)
NOWAT Z5(/ : T) 2By TR oS 2(8) DY
—2RZ bk, A} E ()OI aR A2 A
B, BOBD P 1 T), Guelf : T) TERT, ZhHR
oT, LRAMRORUCRM T: L T, HDBEAD
F—FEIDERLECALODANY P LOHIKEY
B, ROE5EEND,

E(PAf: T)=Hd)E[Gulf : T)))
E[Gualf : T)]I=H\(f : TYE[Gulf : T))]
ID2RANS, E[Gulf: T RET B LI »
Ty 2t 2o () NOEREM Haof | T DHEE
M Hoo(f  T) W, WO & 3EMEIIER SRS,

ks s T ELGRAL
=H{(f : THH(f)™ (8)

Te72 L, Hol(f)' i3 Ho(f) Dt 5 285,

— 21 — J



(118) EHRFLSETY B0BR2E (19146 8)

Ho(/f) ' Ho(f}=1
IIT, (8)RDb iR TWARIE(D)IZEM
ROBETHH, S, CHRZEICRLTRITIO
Ti3% 40T w(t) OIRBOA ZWEMCHL TOA
RUITE, LiedoT, (B)RADOHEICB WV T,
wATHIN 2D L (MO —v AN
ral(f ) T0) OWEHEEELZ S,

1ot § )= gl REA T ToT ¢
L, Balf ) T) 3, BRSO SERNGE vl ©
WD —ARY PVERT., 2O yalf(f: T &, x(t)
Ep(OMO e — 1 AR (S ToHED

2, SHAREHETICEE L ORMebhE, £

(1) ECG :

1(2) w{t) l

(3} y1(%)

{4) b{t)
\»—-\ A

O

[=)

TIME 0
(s) (s)

(1) ECG

MMM

[(2) 2(t)
] T O e P i b

L=]

(3) ya{t)

““‘“’"‘W MISPSTRTRTRPS

(4} b{t) :

C)

0 //, e
/

0

) TIME(s)

WAE 51 HOHHY A7 L THRIES L FRRIGEES

b(¢)
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Fig.6 Estimated coherence functions and estimated
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Estimation of Acoustic Transfer Function of the Heart by Analyzing the Heart Sounds
Simultaneously Detected on the Chest Wall and in the Esophagus*
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This paper proposes a new method to estimate a time varying acoustic transfer function of a heart by using the
two acoustic transfer functions. One is a transfer function from the wall surface of a chest to the esophagus through
a chest and a heart, The transfer function is estimated by calculating the cross spectra between the applied vibration
signal and the heart sound detected in the, esophagus, each of which is picked up while the vibration is applied to the
wall surface of a chest. The other transfer function also indicates the transfer characteristics from the wall surface
of a chest to the esophagus through a chest and a heart. However, this transfer function is estimated from the two heart
sounds simultaneously detected on the chest wall and in the esophagus while the vibration is not applied. By using these
signals and the transfer functions between them, we obtain a transfer function of a heart by removing the influence due
to the transfer function of a chest. This time varying transfer function of a heart obtained by the proposed method
is available in various fields such as non-invasive measurement of internal pressure of a heart and medical treatments
of hypertrophic cardiomyopathy and myocardial infarction.
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