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Design and Implementation of Electronic Stethoscope Based on
Piezoelectric Sensor

LIU Jiaqi, CUI Jiangong, ZHANG Guojun’, SHI Pengcheng, ZHU Yaojuan, ZHANG Wendong
(State Key Laboratory of Dynamic Measurement Technology, North University of China, Taiyuan 030051, China)

Abstract: The sensing head of the piezoelectric heart sound sensor is typically packaged with skin-friendly
materials like silica gel because it is a sound-sensitive device. However, due to the significant acoustic
impedance mismatch between silica gel and skin, the heart sound sensor typically exhibits defects such as
a low signal-to-noise ratio and susceptibility to external interference. Aiming to address the issues pre-
sented in piezoelectric sensor packaging, a liquid packaging method is proposed. The packing shell and
packing technique of the electronic stethoscope are designed following the piezoelectric sensor’s construc-
tion and packaging requirements. The attenuation of the sound field in various liquid environments is simu-
lated, and deionized water and silicone oil were used to construct an electronic stethoscope probe with a
transition layer. The cardiac sound signal are tested by the packed sensors and compared to a 3M stetho-
scope. The test results show that the amplitude of the heart sound signal measured by the sensor with the

deionized water package is larger, and its signal-to-noise ratio is much larger than that of the 3M

Y s B E3: 2024-04-01
E4WB: HEARP 5L EE I H (62274149, 52175553) 5 11 74 48 3 &l BF 58 3+ %) % B 1 B (202103021224203,
20210302123027) 5 11764 “1331 T AL " 8 s 24 B -5 e Bh 151 H
YEE A XIEERF(1998—), &, fil-FE, FEMNF LT 0BRGN LB . E-mail: 2685084683@qq.com.
*EEEE: KEENI77—), #47, Wit, FENF MEMSEFRE . K ek %8758 . E-mail: zhangguojun1977@nuc.edu.cn,



636 il

[EVE S S NI S

2024 45 6 )

stethoscope.

Key words: piezoelectric sensor; heart sound sensor; transition layer encapsulation
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Fig.1 Schematic diagram of an electronic stethoscope package
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Tab.1 Acoustic impedance characteristics of different media
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Fig.3 Sound pressure level distribution in the packaging medium

18.700 820 ——————— 12.504 542

18.700 800+ H12.504 540
= <
= 18.700 7801 F12.504 538 2=
= "
jﬁ 18.700 760+ 2.504 536 1
£ N
% 18.700 740 12504 534

18.700 7201 - 112.504 532

18.700 700 12.504 530

0 500 1000 1500 2000 2500 3000

R He
B4 R i 2k

Fig.4 Sound pressure attenuation curve
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Fig.5 Physical picture of the electronic stethoscope probe after

packaging
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Fig. 6 Time domain diagram of signal collected by different

packaging media
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Tab. 2  Signal-to-noise ratio in different package conditions

EE SV {55 WA/ V Ly VAY {FME Lk /dB
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Fig.9 3M stethoscope test data analysis
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