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Abstract

Heart sound classification is one of the important methods to diagnose heart disease, and its iden-
tification accuracy enables medical staff to provide more accurate treatment for patients. In view
of this, in order to improve the recognition accuracy, this study proposes to generate classification
boundary curve based on support vector machine (SVM). Considering the shape of classified
boundary curve, a least square elliptical model based on classified boundary curve is established,
which optimizes the complexity of heart disease diagnosis. Firstly, the classification boundary
curve based on support vector machine is generated according to the frequency characteristics of
the heart sound signal, and then the least square elliptical model based on the classification
boundary curve is established to perform ellipse fitting on the classification boundary curve. To
verify the effectiveness of elliptical model in heart sound recognition, an experimental analysis of
online heart sound database and clinical heart sounds was carried out. 188 cases of atrial fibrilla-
tion, 181 cases of aortic regurgitation, 257 cases of mitral regurgitation, 325 cases of normal
sound and 150 heart sounds of pulmonary stenosis were detected, and the classification accuracy
was 91.7%, 98.8%, 99.8%, and 98.7%, proving that its classification has high precision.
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Figure 1. The main cause of death in rural and urban residents in China in 2018
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Figure 2. Overall structure flow chart
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Figure 3. Comparison of heart sound signal before and after processing
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Figure 4. Heart sound signal feature map
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Figure 5. Feature [yy,y,] scatter diagram
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Figure 6. Optimal separation hyperplane
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Figure 7. SVM classification boundary curve
& 7. SVM 3388 F ik
3.3. BT &/ _FEHHERBE X
N T A > FEL T IS HA, 5 & 230 F i LRI R R (EMs), B AASHIE TSt 7 —Fhdik
TR/ IR BRI
M1 — M T FE

F(YuY2)= Y+ AVY: + AY; + AY +AY, + A (20)
FRERE 71532 RN
EM (A[Y0¥,]) = [ ¥ ¥i¥0 V3. Y0, Vo L [ < [L AT =0 (11)
HA Ry E MR 2901
A —4A, <0 (12)
o A=[ A, Ay, AL AL AR EM RS [y,,y,] 20 EM L — Ak, Bt AR A3)H 5 4
@ngEM%A{mJJJ (13)

[y, y,] (1=12,-, 1) KL G F BRI O TR 2 A8 A AR 1) AU fe MU L, R
M MATLAB 1At b %t fmincon AT, XHOCAL IREUBEAT SRAE, JFREORMPEF R E VN R 5. IRYE L L
AR(0)~(12)FAF IR Lo E B E 5 5 IR, FEX R4 7(B) Rl i RIA A2k . BT
N ZIARASR BT 1A 7(B) UM AR R AU 5 SRR T 1 rp, e By BOR BRI AE T AR

Type

Table 1. Ellipse model optimization results
=1 HEERMHESR

o T ] 7 3 5t 2 P A A R AR A 25 SR
EM :y +AyY, +AY.+Ay,+AYy,+A =0

EMg y? —0.097176y,y, +0.79601y? +5.0586, +0.15736Y, +5.9105=0

il

DOI: 10.12677/aam.2020.93052 434 N E A


https://doi.org/10.12677/aam.2020.93052

T 2

Continued
EMag y2 —0.066649y,y, +0.57374y? + 7.815y, — 2.60321y, +15.8407 =0
EMym y2 —0.049832y,y, +0.41581y? —3.6507y, — 0.005841y, +3.0193 =0
EMyr y2 —0.304642y,y, +0.57816Yy> + 7.0621y, +1.8328y, +14.3707 =0
EMps y2+0.131112y,y, +1.26492y? +1.5956Yy, +1.7412y, + 0.32955 =0

|

4. SR SHR

T I 6 E 20035 B PRI PG 0o 35 B S B8 40 AT, 6 188 1 5 B, 181 9 Sk IR it 257 B 2R3
IR 325 151 TEH 7 A 150 491t 20 ok R B A O AT 20 A I, 38O T R (14) 2K SR ARG 25 SR 7 S A
R, Hop TP RIRKEIES, F£RFPRIES, Fom FN 7L, TN EHAZE, AR HAR 7R3 H s
R AL BT AR A B R B B /R ] AL (PCA-DHMM) 772 [12] 1 2 4 kit 1k £ (MLBS) 77
VE[LBHAT T H, S5k 2, ARG IHARA 54 th A ik ik i e B B4

TP+TN

CA(%) = (14)
TP+FP+FN +TN

Table 2. Classification accuracy comparison

=2 DEREMBELR

IR =

THER (%)
AF AR MR NM PS
PCA-DHMM 91.1 81.1 92.0 96.6 97.0
MLBS 90.3 90.2 97.8 98.0 91.8
SVM 90.3 83.4 96.6 96.3 83.0
LS-EM 91.7 98.8 98.4 99.8 98.7

~
5. &g

AT U I /s ARIR IR R 40 G SR D SRy ) BALBT SR 70 2K e B SR R . DA% R
GUATATIE, AWTFOS 188 B H5EH. 181 i EZNBKMER AT 257 B “IMEIRR . 325 ] 1EH 7 A 150 171
N BRSO BEAT RN, 5 2 Wi R B FE T SVM K173 K30 R 4770k . B BE & S /R vl A
A2 PBERAE P HAT T LU SRR I LE A 2 SR R 050, AUt MR R R e 00 5 12
Wiy A TS B 2 WA R T e RO e DR P T2 A RS B i AT TH S LA BT 2, JF
ZEE T N TIREIMERI A R, ATUME N FRIRER . TR0, BERS B AR IO U E O (2 T
Tl

S 3k
[1] ®HEAE, S, X4, & ChEO ERRE 2018) MEED]. - EEHRZE, 2019, 34(3): 209-220.
[21 VrHiFD, 2 FET RN ISR SN O SR AL ] T EERST 4, 2017, 32(4): 38-41.

[3] Sun, S. (2015) An Innovative Intelligent System Based on Automatic Diagnostic Feature Extraction for Diagnosing
Heart Diseases. Knowledge-Based Systems, Elsevier, 75, 224-238. https://doi.org/10.1016/j.knosys.2014.12.001

[4] Amiri, AM. and Armano, G. (2013) Heart Sound Analysis for Diagnosis of Heart Diseases in Newborns. APCBEE

DOI: 10.12677/aam.2020.93052 435 N E A


https://doi.org/10.12677/aam.2020.93052
https://doi.org/10.1016/j.knosys.2014.12.001

T 2%

(5]
(6]
(7]

(8]
(9]

[10]

(11]

(12]

[13]

Procedia, 7, 109-116. https://doi.org/10.1016/j.apcbee.2013.08.020

Sengur, A. (2012) Support Vector Machine Ensembles for Intelligent Diagnosis of Valvular Heart Disease. Journal of
Medical Systems, 36, 2649-2655. https://doi.org/10.1007/s10916-011-9740-z

Lubaib, P. and Muneer, K.V.A. (2016) The Heart Defect Analysis Based on PCG Signals Using Pattern Recognition
Techniques. Procedia Technology, 24, 1024-1031. https://doi.org/10.1016/j.protcy.2016.05.225

Li, J., Ke, L. and Du, Q. (2019) Classification of Heart Sounds Based on the Wavelet Fractal and Twin Support Vector
Machine. Entropy, 21, 472. https://doi.org/10.3390/e21050472

https://www.littmann.com

Sun, S., Wang, H., Chang, Z., et al. (2019) On the Mahalanobis Distance Classification Criterion for a Ventricular
Septal Defect Diagnosis System. IEEE Sensors Journal, 19, 2665-2674. https://doi.org/10.1109/JSEN.2018.2882582

WESE, o, PNEK, T, BRI ORI ENL R RIS AT R[], KL K224k (H B, 2018,
15(17): 48-53.

Sun, S., Wang, H. and Jiang, Z. (2014) Segmentation-Based Heart Sound Feature Extraction Combined with Classifier
Models for a VSD Diagnosis System. Expert Systems with Applications, 41, 1769-1780.
https://doi.org/10.1016/j.eswa.2013.08.076

Sarac, R. (2012) Hidden Markov Model-Based Classification of Heart Valve Disease with PCA for Dimension Reduc-
tion. Engineering Applications of Artificial Intelligence, 25, 1523-1528. https://doi.org/10.1016/j.engappai.2012.07.005

Safara, F., Doraisamy, S. and Azman, A. (2013) Multi-Level Basis Selection of Wavelet Packet Decomposition Tree
for Heart Sound Classification. Computers in Biology and Medicine, 43, 1407-1414.
https://doi.org/10.1016/j.compbiomed.2013.06.016

DOI: 10.12677/aam.2020.93052 436 N E A


https://doi.org/10.12677/aam.2020.93052
https://doi.org/10.1016/j.apcbee.2013.08.020
https://doi.org/10.1007/s10916-011-9740-z
https://doi.org/10.1016/j.protcy.2016.05.225
https://doi.org/10.3390/e21050472
https://www.littmann.com/
https://doi.org/10.1109/JSEN.2018.2882582
https://doi.org/10.1016/j.eswa.2013.08.076
https://doi.org/10.1016/j.engappai.2012.07.005
https://doi.org/10.1016/j.compbiomed.2013.06.016

	Least Squares Method-Based Ellipse Model for Heart Sound Classification Research
	Abstract
	Keywords
	基于最小二乘法椭圆拟合在心音识别中的应用研究
	摘  要
	关键词
	1. 引言
	2. 心音特征提取
	2.1. 心音信号的采集与预处理
	2.2. 心音信号的特征提取

	3. 基于最小二乘法建立支持向量机椭圆模型
	3.1. 支持向量机
	3.2. 分类边界曲线的生成
	3.3. 基于最小二乘法的椭圆模型算法

	4. 实验分析
	5. 结论
	参考文献

