$43 % B 1Y % #  E£ ¥ R Vol. 43 No. 1

2022 4E 1 H Chinese Journal of Scientific Instrument Jan. 2022

DOI: 10. 19650/]j. cnki. ¢jsi. J2107960

H F ICEEMDAN-MSE By A =73k I fE
EROEFESHIRAFR"

7]‘5] 7-;1,2’;%%5}]1 %Is/ﬁ}ﬁb3’ %1,2
(L ERRFEY TR EK 400044 ; 2. ERTTESFB T LR ADIE PO FK 400044,
3.ERERCEMES —ERe R B 400044)

& B AR (LVDD) INE S S EA EEmA AR N RIS, DT AE ) AS 0T 306 9 B 5 328 J Sy S i 434 B3
AL Sy, RIS LVDD, R SCHE H — Ff 3k F gl 1) 35 0 M 8 2 4 A 4 10 3043 i (ICEEMDAN ) £ ROBE RE 7R 4
(MSE) [0y FRAE 25 G 38 6 1] RS A0 (R TS AG I O i 158, SR P SCHIE 1) /N 25 M b0 B AR 5 AT AR 3, OOk, i
ICEEMDAN i AR .0 B A5 5 4 24 WO AR PRARRAE 19 7 A2 1) [T A 455285 e B (IMLF ), P11 B A G 22 28004 D
P& IMF, - HEEUITf 8 IMF A9 MSE, LA SURRAE 7] Ve A 0 230 0 A . B, B St 3 R 20 A PE AR Lk, 132 i )
A8 T LVDD R, ,u%%%% T BB SR UL S R AE , FOER R R 89. 85% , RALE N 92. 17% % 51 87. 63% , IEH
T RO EESX LVDD #E47 B 012 W i A 550k

K AL E PR TIARIEAG G 1 IS NS S R A SR i s 22 RUEEREAS IR ; 22 8 1m0 5 501

RE4S S TP391.4 TH77 XERFRIRES . A BEXREFERSEKRE.; 520.60

Study on left ventricular diastolic dysfunction heart sound signals
identification based on ICEEMDAN-MSE
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Abstract : The aggravation of left ventricular diastolic dysfunction (LVDD) could lead to left ventricular remodeling, wall stiffness, and
the reduced compliance, which make progression to heart failure with preserved ejection fraction (HFpEF). To achieve early diagnosis
of LVDD, a non-invasive method is proposed, which utilizes the improved complete ensemble empirical mode decomposition with
adaptive noise (ICEEMDAN) multi-scale sample entropy ( MSE) characteristics and the logistic regression model. Firstly, the improved
wavelet denoising method is used for heart sound signals preprocessing. Then, the non-stationary heart sound signals are decomposed into
several intrinsic mode functions (IMF) which reflect the characteristics of heart sound itself by the ICEEMDAN method. The mutual
correlation coefficient criterion is used to select IMF. The MSE values of the selected IMFs are extracted to form the eigenvectors, which
are used as the input into the classifier for identification. Finally, the logistic regression is applied for LVDD identification by the
comparison of performances with other three models. Results show that the proposed method could effectively extract the features of heart
sound with 89. 85% accuracy, 92. 17% sensitivity and 87. 63% specificity, which demonstrate the effectiveness of heart sound signals for
LVDD diagnosis.
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Table 1 The information of heart sound samples

in this experiment
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WA, AR 2 B, DL BORAAE 1) 1 Ry
YA

AR, R0 357 e 50 6 18 9 A 3 IMF 42 1) 22
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Table 2 The mutual correlation coefficient among the IMF

21 5 LVDD £ 2
IMF1 0.045 6 0.033 7
IMF2 0.190 7 0.200 6
IMF3 0.3228 0.3247
IMF4 0.5312 0. 496 4
IMF5 0.618 2 0.593 4
2H 5 LVDD 44 Pt 20
IMF6 0.536 3 0.553 9
IMF7 0.360 9 0.357 1
IMF8 0.194 8 0.1759
IMF9 0.103 4 0.080 4
=IMF10 <0.01 <0.01

AEXTF IMF4 5.6 7051 5 , IMF7 431 1) 2 ROBEFE
AREEER , FRUIEE IMFT7 Zr i 109055 052 4%, FLAR 2k
PEAE AT . IMF6 28 MRUEE 9 JFtf, o (36 A%
PRFEARAR BB ROE A5 5 1 52 A% B FE AR I A 07 5 i
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MR GRS HARIEH P E A E S, tAh, Nk
ARSI A S K ICEEMDAN-MSE F§1iE 4 A K-
4R ( K-nearest neighbor, KNN) | SZHE I E L ( support
vector machine, SVM ) | #% PR %% >J #L ( extreme learning
machine, ELM) Fl LR B8 5E Tl V| R S0 s S
JEFRBRAT A S REUEA TN, 25 SR N 3 B

MR 3 Al g, 5ok MR > 26 d R, T
ICEEMDAN-MSE $5 Ak BIR5IPE BE UL T 5 — MSE $F4E
FRBIPERE ; 24 R FAH [R) i AR i 1) B2 5, LR A2 A0 7 o
TR R B FIRR S X 3 MR iR LRI T
HoAth 3 Fhor RAERL, RIPA SR IR T O & F S W
ICEEMDAN-MSE $$iE, 455 12 5 [0 A48 14 53 28 U0 5
EAES A SO XT LVDD #ET R 12

K3 TRSERBMERENLER

Table 3 Performance comparison results of

different models %
HER R R PR RE
RS SRR Hfie Hfiix Hfi
brifE2z brifE2E b2
MSE 79.85+3. 14 83.40+2.81 76.55+2.95
KNN3
ICEEMDAN-MSE  84.36+2.35 86.07+2.58 82.77+2.46
) MSE 84.73+2. 11 88.17+2.46 81.53+2.38
SvmLo)
ICEEMDAN-MSE  87.21+1.98 90.08+2.15 84.55+2.27
) MSE 85.37+1.74 88.74+1.89 82.24+1.76
ELM[™!
ICEEMDAN-MSE  88.68=1.45 91.79+1.63 85.79x1.53
MSE 87.54+1.26 90.05+1.42 86.34+1.24
LR

ICEEMDAN-MSE  89.85+1.02 92.17+0.95 87.63+1.09
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AW ICEEMDAN fE F 3& I #4015 5, B
IMF BERCAT M S WL 05 15 5 10 R SRR A 5 AR R, 3
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AN, AN [ RUBE TR O 45 9 B & 2t SO AR Ak o
U, AT LVDD (O & 7 AR5 R . b, 38
PEAT T4 HE S8, 45 SR 6 B LR RSN (14 23 S AR 5 v BE AL
T KNN,SVM  ELM #5270 | HC o 1y 5%, 89. 85% , R #{ ¥ .

92. 17% ,F§ 51 : 87. 63% , RUIASCHR i 1y T7 ik REA Rioxd
LVDD JEAT RIS, (HA SO AR I ZRAAEAS s A
g FEIE N — 2 50 Al e o Rl 8 o A 5 T R B IR AR
BCEREAAP B MR A [, AR AR S5 v 1 H 2
20 M B 23 U A 2 A7 sk D RE R 45
TR AR OR A e PREE AL S 4 B2 T,
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