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Abstract

This study proposes a criterion based on the Mahalanobis distance for diagnosing three-type ven-
tricular septal defects (VSDs). The three stages corresponding to the diagnostic method are gener-
ally summarized as follows. In the first stage, the heart sound is collected via an electronic ste-
thoscope and preprocessed using the wavelet decomposition. The time-frequency features are ex-
tracted in the second stage. And finally, the third stage describes the Mahalanobis distance classi-
fication criterion-based diagnostic method used to diagnose the VSD. The performance of this pro-
posed method is evaluated by comparing with other well-knows classification methods in diag-
nosing sounds from patients with VSDs. The classification accuracy of three-kind of VSDs and
normal heart sound are 95.2%, 94.4%, 97.1%, and 99.1%, respectively, which are greater than
other well-known classifier methods. Therefore, the proposed method can provide an efficient
way to diagnose VSD for medical staff or patients.
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Figure 1. Trend chart of global prevalence of five congenital heart diseases from 1970 to 2017
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Figure 2. Flow chart of Mahalanobis distance classification criterion algorithm
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Figure 3. Heart sound auscultation
E 3. LErSX

(a)
2
=
2
=
g 5 E
< - E
® ]
3 05F -
= - ]
“0sF 3
) P R I A I I EEE AP SR | B R
0 0.2 0.4 0.6 0.8 Time[s] 1 1.2 1.4 1.6 1.8
Figure 4. Preprocessing experimental results
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Figure 5. Frequency domain feature extraction
result diagram
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Table 1. Time frequency characteristic table of principal components
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2 0.3601 0.6662 0.6551 —-0.0312
t 0.5131 0.4501 —-0.7216 —0.0759
fq —-0.5327 0.4520 —-0.1821 0.6901
fu -0.5723 0.3836 -1123 —0.7226
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Figure 6. PCA result chart
& 6. R TIERE

YT E R T (PCA)Z — PR VE RS AERR, ATy iy 4E A 347 B 4 A BEIRBUHT 1) F2 1oy, 72K B
FHHE Tz BT W RS W 6T NI REE, RE T S FRHE, HEE HER Ny, f
¥y o T 6(D)AEE—F Lo FEE — A IS, v B R E 5, By, B0 A5 X R PUAS X3, o i
tITHEARK SVSDs, ZRta R 5K MVSDs, % ([5 [E {83% LVSDs, s AR IER LE(NM). ME
HRT AR, SROEETREZ G —@Z0 X a0, B FER p My, Bt A 0E R S5
SR 92.75%, W] DIRREEALERHE, Bk, By My, A ERGY, BRSNS KRB 52K
WM o 2R JE AR, FE AT R — 1 o 1 57 = VR S B ) DA R By S T 4%

2.3. ZEfREIRICHET

PERN—FBN 7572, AR A B (GMMS)TEGu i 2 T B EEAE A, b V2 H 140 U iR
R HriE[19] [20]. HfEH] GMMs AT R, SEFR E A2 RE 70 FE X AL R 9 BLAS KT T KA
WEFAEAE ] s oA, i T T s B B R B S H b S — 4R IES A AT IR, ROk
SCIERR EE X BT B IREEE AP TR 22 7340 [21], WA Bl GMMs S B A5 X [RD Rl A 2E 4T
K, REFTLIER T GMMs FIR L EAS X IE LR A HES . FRATREE SO 5 R 73 JHE N i) HE 3
R RERES >R 2 HES 2 LT AP IR

b FEATEEARREL (X)), KRBT BRI R & S 5. BERE1E D n ibritEim
Wor AR A, SRR AR O BN, SR o BT S UG T R AS() (2):

f(X)=kia)kp(x|,uk,2k) 1)

0

L) (-

(X4 %) = ——e 2 @
v(2n7W2k

Horbp(x| e, 2y ) RENBAHERMER, K RESHE, o MNNTH k MEABAM I RHH
Yo =1, A SRR kA R A BRI I 2B R . MR 14 6(0) TR IS I, T R
SENH WA 1 XARME A (L) QFTR, FIEE SRS B3R K = 4, FF|H Matlab2017b 1)
B, RH fitgmdist B4 RIORHERLS, B2 —A GMM 458, RAE&% % IENk{E R 0.01,
AR E A 1000. A SRS ST o v g M2, BESESENE 2 fos. HHEX U4
Bo3 W R S S8l T SRR R B A 19 7 B, Hed g s 1~4 43 00 R SVSDL MVSD., LVSD
NM. B B AR Y ASBEHLRR 35 E & Xk, R R R 2 DA BN . i 7E 4P T
ERT DU I E6T RN T B ) ) TR P O B — A AC B, R 4 AT .

DOI: 10.12677/md.2020.101007 46 [Z2E12 W


https://doi.org/10.12677/md.2020.101007

PMRF 45

Table 2. Gaussian mixture parameter estimation table

*2 SENREMASHMGITER

Gaussian mixture parameter estimates

Components Components number
Wi ik x
0.2770 0.1244
SVSD Classifier k=1 0.1213 —2.1707 2.3246
0.1244 0.3301
0.1841 0.1166
MVSD Classifier k=2 0.1332 —1.6615 0.3677
0.1166 0.1793
0.3230 0.2118
LVSD Classifier k=3 0.1326 —1.6764 —2.1499
0.2118 0.4625
0.3043 0.1617
NM Classifier k=4 0.6129 1.0554 0.0838
0.1617 0.3875
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Figure 7. Grid diagram and contour diagram
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Table 3. Ventricular septal defect diagnostic results

3. E(EFRRISETLER

e MDCC CA (%) Se (%) Sp (%)
SVSD 7.01 95.2 96.7 94.9
MVSD 7.38 94.4 95.1 94.3
LVSD 6.54 97.1 97.7 96.5

NM 5.99 99.1 98.8 99.5
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Figure 8. Classification of ventricular septal defects
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