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Abstract:  For the computer-aided heart disease diagnosis, this paper proposes a method of heart sound analysis
based on the mixed structure of one-dimensional convolutional neural network and recurrent neural network. The proposed
structure uses the convolutional neural network to learn the representation of heart disease on the heart sound signal, and
then processes the time sequence information in the heart sound signal through the recurrent neural network for classifica-
tion, which greatly reduces the network parameters while improving the accuracy of heart sound classification. The experi-
mental results show that the proposed method can achieve the accuracy of 92.56% on the classification of 3153 cases of nor-
mal and abnormal heart sounds for adults, and 97.48% on the classification of 528 cases of normal and abnormal heart
sounds for infants and children. The parameter of the proposed method is 0.05M, which is suitable for portable application
situations.
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Se 0.760 8 0.826 6 0.8150 0.88 0.862 1 0.83 — — 0.799 2
Sp 0.928 2 0.9516 0.9102 0.82 0.951 6 0.96 — — 0.963 7
Score 0.844 5 0.889 1 0.862 6 0.85 0.906 9 0.90 — — 0.881 4
Params 0.19M 1241 M 0.24 M 0.19M — — — 0.05M

3.3.3 EEHILLEHESE LR3I

R T RIEAS AR A L B RS LA
ROPE , ASO 3. 1. 2 R A R B G Lo S R T S
HAWFET CNN AL E I2WOr T 17X L2 . AdaBoost-
CNN,DGRE,SS-PLSR Fl1SS-TD 255 R A6 B A A,
PR MR 4y Lo 5 B 4 (A HE SE 38 R A I AL 3 A8
R NER 3 R T FE AR, AT RIS T e fias R

F3 EBRHILOEHIRE FHT OSSN LR R

IEMEFR | 1-D CNN | MFCC | PSD-NN | 1-D lique | Proposed
Ko i 2 i & i

ACC 09110 | 09233 | 0.8566 | 09168 | 0.9748
Pr(iEH) | 09258 | 09114 | 0.8882 | 0.8896 | 0.9735
Pr(54) | 09092 | 09322 | 0.8422 | 09366 | 0.9854
Se 0.9609 | 0.9558 | 0.9597 | 0.9340 | 0.9948

Sp 0.8106 | 0.8825 | 0.6644 | 0.8917 | 0.9514
Score 0.8858 | 09192 | 0.8121 | 09129 | 09731
Params | 0.19M | 1241 M | 024M | 0.19M | 0.05M

3.4 FMiEfREEZ4ILEBRRBRAOCE ST
AR B AT AR R 14

P T AN T3 180 JUEE B 3 1) B i 2 AN ] 9, Sk 48
A SCHR A BORAE O B R AR ) 3 T A R0

A R BEARAE A SCHEBE T A S8 R AR O MRS v o
Pl A R ) 25 1] o SR 400 95 9 ke 1A 7 T figp R 43 A . T 1]
B4y L2 () B BB O 3 AT RS ALAE 3. 3. 3 795 il 4k
AR EL A b T IR R o) R T RR S5 3. 1. 371y
(2L 4y L2 [ B e bt 0 2 B5CHE A1 . Tt g A g
TP Z ML O 2 W AT T A L SE5, 1-D
Clique BRI 52 2% , 4 % 4l )13 R) I SR 590 1) O
B4 R T LA B e X EE S5 R A A
1-D Clique. M3 4 Ff7m X} HL S50 45 S m LA B4
TR AE R A W SRR LA AT b L BB EUS T b
14 &5 S, 7 A I 5 R0 A0 3K R 41 46 A b B IR A
F4 EBYILEERBIRER O S HIRE T 0SS

BoxF b SEI6 45 R
izt N 1-D CNN MFCC PSD-CNN | Proposed
it & 2 g &
ACC 0.9226 0.962 4 0.905 1 0.967 6
Pr{(IEH) 0.8917 0.957 8 0.876 9 0.978 9
Pr(53) 0.969 7 0.959 1 0.9357 0.969 3
Se 0.963 7 0.953 1 0.9379 0.957 8
Sp 0.890 2 0.9613 0.8824 0.978 5
Score 0.926 9 0.9572 0.9102 0.968 1
Params 0.19M 1241 M 0.24 M 0.05 M
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