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Abstract

Congenital heart disease is the most common congenital defect in China. In order to screen, diag-
nose, and treat it as early as possible to reduce neonatal mortality, a multifunctional screening
device specifically designed for newborns with congenital heart disease is designed in this study.
This instrument integrates signal acquisition, communication, processing, and analysis, including
four groups of high-performance electronic stethoscopes, a three-lead electrocardiogram, a blood
oxygen sensor, and an FPGA embedded system. It can synchronously collect heart sounds from
four major auscultation areas and combine them with electrocardiographic signals for heart
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sound segmentation. The MFCC technique is employed to extract features from heart sound sig-
nals, and the classification and recognition are conducted through a convolutional neural network.
The experimental results show that the accuracy of the instrument designed in this paper is 96.7%,
which has a high recognition rate for abnormal heart sounds and can assist medical staff in the
screening of congenital heart disease.
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Figure 1. System diagram
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Figure 4. PCG conditioning circuit
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Figure 6. Filter circuit
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Figure 8. Audio power amplifier circuit
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Figure 10. The time-domain and frequency-domain characteristics of the original ECG
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Figure 11. The signal after baseline drift removal and power line interference elimination
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Figure 12. The time-domain and frequency-domain characteristics of the original PCG
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Figure 13. Wavelet denoising process
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