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Development of a Personal Auscultation System
Based on Multimodal Biosignal Measurement Technology

for Heart Condition Analysis

Lee, Soo Min

Department of Biomedical Engineering
Graduate School

Keimyung University

(Supervised by Professor Park, Hee Joon)

(Abstract)

Auscultation 1s the method of listening to the heart sound using a
stethoscope and is a commonly used examination method to check the
cardiovascular condition of a subject. However, accurate heart sound
observation 1s difficult at the auscultation stage due to respiration,
movement of other organs, and vital blood vortex. In addition, because
the results measured by the experience and subjective judgment of
specialists are interpreted, it can negatively affect the diagnosis
process. Therefore, in this paper, we proposed a personal auscultation
system based on the measurement and analysis of complex
bio-signals related to heartbeat to solve these problems and enable

non-experts to monitor heart conditions easily. An automatic heart
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sound analysis algorithm was developed for heart condition analysis

using simultaneously measured heart sound and pulse waves to

implement the proposed system. The developed algorithm is designed

in a parallel structure for simultaneous signal measurement and data

processing, and noise generated by the user’s motion or surrounding

environment is removed through filtering. The time points of heart

sounds and the systolic period of pulse waves were extracted using

the energy change from noise-removed heart sound and pulse wave

signals. Afterward, the first heart sound (S1) and the second heart

sound (S2) are identified through an automatic heart sound analysis

algorithm developed based on the pulse wave propagation time

calculated using the characteristics of the circulatory system. The

developed algorithm was installed in a device designed as a computer

mouse that is easy for users to use with one hand. The device uses

a low-power Bluetooth—enabled microcontroller for data processing,

system control, a digital microphone, and an optical hemodynamic

sensor for simultaneous heart sound and pulse wave measurement.
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The measured signal is automatically analyzed through a built-in

algorithm, and the processed data is transmitted to a dedicated

application  through  Bluetooth communication. A  comparative

experiment was conducted with a professional bio-signal collection

device to evaluate the bio—signal collection performance and algorithm

accuracy of the developed personal stethoscope system. As a result, it

was confirmed that the heart sound and pulse wave were collected

with the same performance as the professional bio-signal collection

device. The automatic heart sound analysis also showed high

accuracy.
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