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This paper is concerned with the development of a wireless electric stethoscope system and
cardiac sound analytical method for cardiovascular disease diagnosis. This system consists of an
electronic stethoscope, data acquiring amplifier/filter circuits, wireless transmitter and receiver
modules, and a notebook computer. The cardiac sound acquired by the electronic stethoscope and
can be easily transmitted to the computer by wireless transmitter and receiver modules. The input-
output characteristics of the electronic stethoscope and wireless modules are investigated in detail.
Furthermore, one-DOF analytical model based on the consideration of the eardrum property is
proposed for abnormal cardiac sound analysis. With the analytical model the original heart sound
signal can be converted to a simple characteristic waveform which fits the behaviors of some
cardiovascular diseases. Some case studies using the characteristic waveforms show that the normal
sound can be distinguished visually from the abnormal cases such as the mitral regurgitation, aortic
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incompetence, allorhythmic pulse and so on.

Key Words: Cardiac Disorder Diagnosis, Wireless Electronic Stethoscope System, Audio Wireless
Module, Characteristic Waveform, Abnormal Sound Analysis
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Fig, 1. Diagram of wireless electric stethoscope system.
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Fig. 2. Picture of wireless electric stethoscope system.
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Fig. 11. Basic concept of cardiac abnonmality diagnosis using

the proposed sound characteristic waveform.

Fig. 12. Characteristic waveforms and parameter distribution map
when the analytic model is set at £=0.707 and p = [5Hz, 20Hz].
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Fig, 13. Healthy young volunteer, study case 1.
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Fig, 14. Healthy young volunteer, study case 2.
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Fig. 15. Case of the mitral regurgitation, analyzed by data from
(@), (c) web training material and (b), (d) CD text book.
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Fig. 16. Case of the allothythmic pulse by data from CD text book.
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Fig. 17. Case of the aortic regurgitation, analyzed by data from
(a), (¢) web training material and (b), (d) CD text book.

Amplitude

o o

Amplitude

15
TI& T2
% 1112 © @
- ol
L1 3 TI2
o 510 Jm
" 3 .
SPERONRE ¥ g
O o Ll
0 ollln o
0 05 1 15 0 05 1

TLT1{s) T1, T2, T11. T12 [s]
Fig. 18. Case of the aortic regurgitation, analyzed by data from CD
text book with the analytical model parameter £=:0.3.

[ 16 1= CD #o oGS RNBNROIER] 7 — 4
ERTUICRERET T, 1 B IO 5 A—
H[TI-T2HXIEFFEIRICHHH8, DR LETRT /352
—& TI1{Z iéii‘oo’a%dt%b\ EMTIHB.

1

o
@

Amplitude

Amplitude

Time [s]
15 26
¥ T1-T2 C TI& T2
- o1l 9
& 1 >
o~ 2 l Tll
= %10
;05 g
: £,
o2
0 0.5 1 15 o
T1,T11 [s) T, T2 TH T12{s]

Fig, 19. Case of the normal cardiac sound with the analytical model
parameter £= 0.3 for comparison with Fig, 18,

£ 17 IC KBRS A 2O — S & fET Uz
fRETT. B 17@iE Web Sibhicigsni-BiE
KIRFFAET20ERAT—F, B 170} CD #bt
WISV IBRE R BT — 5 Chd. &, B 17(eXd)
I ENENZ @I T B[TI-T2) L TH-T12)D 55
Rz79. K 17@ TR F i kBiRS SR £
I EBHEE DR ETE > TODBIEN DS,

— 75, WA (R 170003 I I ek BRA R
BRI IDHE N E L HELOD, [TI-T2)[T1H-TI2]
D5 EHDHEETEEDFTEITHEIEDLYIR.
FIT, AT NVOBR R E L= 03 LKL,
REMRAEHHTROMEEE U 24 18 IR
T Eie, A, IEEOFT —FHURRER
MEEHEUICRRAER 19 1089, KRGS RE
DEEGICH, TEEKEEORBBER LFOL
DEHADPTLYKESHILTCOBIEDHERTED. fo
T, AW CIRE U OB T IR AT e T 003
T A—BEP S B LTI R ORI Bk
(SR L) =i

BRI, ATHECHR U MRE B REAWT
R DR EAGOR e 74 [ 20 ITiHEiEs
SR E(EE)DOH), [ 21 IXEE KBRS
LLPREOCEIBF SR 2R SO A IHES]

— 146 —



7 A Y VAT Y AT 4 L RELEFEORMTE

3253

2Ry B 20 OFEEI CD Ebial i oR-H{Eia R
EREOFEFRMBERMERLTHS. F2, 1 21 1
AT OFRSERIZE, K17 @O XKBIRGEETRS
EE 15 OfEEF AR S ORFSERIE L L TR
B&, TOPRH LIRSS TS,

o
@

o o
S

’S

Amplitude

o
by

Fig, 20. Volunteer study suffered with mitral incompetence (Female, 56).

Amplitude

Time [s]
15 20
* T1-T2 o p T1,T2 & T12 ©
- O T1-T12 15
b 3
o~ .
g 10 TI1 & T12
o 05 @ f 4
. -0 N 1 I I S
1S [l
[) 05 1 15 % 05 1
T1, 711 (s} T1, 72, T11, T12 (s}

[}

05

1

1.5

Time [s]
20
® ©
c & L8 T1, T2, TI1 & TI2
et o g o
2 510
[ o 3
o3 05 [} g
A &5
0 E} lh
05 1

=

0

T1LTHs) TLT2TILT12 ()
Fig 21. Volunteerstudy suffered with both aortic incompetence and
mitral incompetence.
5. # &

AT Tl R CA S IR H 250
L, By 7 2P Ik B A0 ER S R
RALELICEDREE TR /TR HEELT,
DAYV ABE TR AT 2R L. Bhhi-
FEREELDBERDINTILB.

D) TAVVAS—FT 44 F o7 i Bk ET

Va—/VERIEL, TORMER IR~
2) 18HEROLERNTET VERREL, TEREH5

BT AR O T — DR OS2

HAZ LT U, S, 1 FLIFIiEh5E

BRI R L, BELEORMFIERPREUL

3) LFRBIER T — 2R U TRREE ATV, ARFET
PRI O SR T IR TS EE 30
DR~ OB PRI,

728, AWIEOBITIZSHTZD, HIEO—ENITRL 13-
15 4F B U AE B 5 T 95 2 0 AR 4 LB W g
(BXN0.13555064Y2 5 UNC IR 12 4REERAETR A Shokak
ZERESHEMEOBRS: 22 UToleidd
RFEL, EE R L b,

2 EF XM

(1) HHIERE, 1 6 4 BRI 500 Ea—¥ OISHVE -
LR B TERE Vol.22, pp. 40-46, 1973,

(@) MIERLEEBEEEE RS ORI R O
B BRI LORRER, &R Vol.21, pp. 695699, 1972.

(3) BEFIESE, th7 & 0FRBIRBE — R0 V)= VRS
LADIEH—, #AFIHR Vol.23, pp. 180-188, 1974.

@ HmEOF RO R —-SIET ke £ S0 — ER
T & AT Vol 17, pp. 185-192, 1979,

&) AREERE, 7 V4 NBEIC X B LFR T A5 O ER
BRI Vol.1, pp. 918, 1971,

(6) TR ORI & BB REHE 05 X Vol1, pp. 1-7,1971.

(7) A Iwata, N. Suzumura, and K. Tkegaya, Pattern Classification
of the Phonocardiogram using Linear Prediction Analysis, Med
and Biol Eng and Comput 15(4), pp. 407-412, 1977.

(8 R.J. Adolph, JF. Stephens, and K. Tanaka, The Clinical Value
of Frequency Analysis of the First Heart Sound in Myocardial
Infarction, Circulation X1.I 41, pp. 1003-1014, 1970.

(9 AP. Yoganathan, R. Gupta, and et al, Use of the Fast Fourier

Transform Hr the Frequency Analysis of the First Heart

Sound in Normal Man, Med and Biol Eng 14, pp. 49-73, 1976.

M. Akay, Automated Noninvasive Detection of Coronary

Artery Disease using Wavelet-based Neural Networks, Intell

Eng Syst Artif Neural Netw Vol4, pp. 517-522, 1994,

(I H. Kanai, A Timevaring AR Modeling of Heart Wall
Vibration, Proc IEEE Int Conf Acoust Speech Signal Process
Vol.2, pp. 941-944, 1995.

(12) CH. Wy, CW. Lo, and J.F. Wang, Computer-Aided Analysis
and Classification of Heart Sounds Based on Neural Networks
and Time Analysis, Proc TEEE Int Conf Acoust Speech Signal
Process, pp. 3455-3458, 1995.

(13) JR. Bulgrin, BJ. Rubal, CR. Thompson, and JM. Moody,
Comparison of ShortTime Fourler, Wavelet and Time-
Domain Analyses of Intracardiac Sounds, Biomed Sci Instrum
Vol.29, pp. 465472, 1993.

(14) D. Barschdorff, Phonocardiogram Signal Analysis in Infants
based on Wavelet Transforms and Artificial Neural Networks,
Proc Annu Sci Meet Comput Cardiol, pp. 753-756, 1995.

(15) - S. Ester, U. Fernmer, E. Most, Heart Sound Analysis Utilizing
Adaptive Flter Technique and Neural Networks, Tech Mess
62(3), pp. 107-112, 1995.

(16) P. Varady, L. Wildt, and et al,, An advanced method in fatal
phonocardiography, Comput Methods Programs Biomed 71()
pp. 283-296, 2003.

(17 RL Watous, J. Bedynek, and et al, Computer-Assisted
Detection of Systolic Murmurs Associated with Hypertrophic
Cardiomyopathy, Tex Heart InstJ 31(4), pp. 168-375, 2004.

(18 RIMER, CDICLDIER M L—=r 7 OFIE, B

(19 PROA, AT VEEREY : LEOREB] .
http/fwww.medic.mie-u.acjp/student/sinnzou.html,

10

— 147 —





