558 1 S F oo Vol. 50 No.8
2022 4E8 H ACTA ELECTRONICA SINICA Aug. 2022

{1 {0 1L TE AL Light GBM A4 IE 5835 1A L,
TINEER =23 TR

HoORLREAELVERE S TRE R
(1. TPt T 530 5 TR T K 400044 2. A A58 5 AL TR D A 60 %, T 400044)

B E: KRILLHEIES (Fetal ElectroCardioGram, FECG ) BE st Wt Jif JL AR BRSO . (E02: , i T A5 M2 LU AR I
FECG AR REAE IR IR AR 3N 12 R . Anfo] 46 2P B ot i 1Y FECG AT 2 —A~ B R BRAR . it , A8 42 th—Fi (i A
Mg L E D)4k LightGBM (Light Gradient Boosting Machine ) #57 (1Y) FECG $£ U 2 . XTI IG R AR IR B IR A5 5, i de i
FHAL SR UE D Iy B A7 W s P, A% J5 FE-050 ) HRs 4 37 143 43T (Fast Independent Component Analysis, FastICA ) M\ H1 43
B REARL HLE S (Maternal ElectroCardioGram , MECG )i i1 F1 FECG A 1, FECG A H 5% B 1) MECG i/ MECG
B —FP IRt 4 . MR 4 Light GBM AT | 7E H AR SRS IN FECG A9 56T ELAH DG R B0 A5 W LU AR Sy 1E T 30T, g
{5 % HE I DU A LightGBM B3 | I (o A IZ AR TR &3 — AR e AR B . MECG A 1128 by BT #0619 I 28 PR AR e 15 21
MECG A7 B e At it , 46 HAmihl , $2 305 2 5 R 2 (0 FECG. 2R JH S RO i A S B 48 EAT 526, 45 R R
AR SCHE ) 7 25 0 RAHUE R 99.9% , FHPE T K 99.1% , F\ 535U 99.5% , 56T H AR5 RS 36 T HEAEAE S04 9 15 e
4351k 6.0 dB F16.1 dB. SEHG 45 SR A SCHR A9 R A A0 H A AP i Mg

K@ BRILOHEIES; FastCA; BEFEMXREBMEM; ENfk; LightGBM

RES%S: TN911.72;TH701 MERFRIRAD: A XEHE: 0372-2112(2022)08-1793-08

F F 23R URL:http://www.ejournal.org.cn DOI:10.12263/DZXB.20211472

Method on Abdominal Electrode-Sourced FECG Extraction Utilizing the
Improved LightGBM with Signal-to-Noise Ratio Regularization

HAN Liang'?, CAI Wen-tao', PU Xiu-juan'?, LUO Tong-jun', HUANG Qian'
(1. School of Microelectronics and Communication Engineering , Chongqing University , Chongqing 400044, China;
2. Chongqing Key Laboratory of Bio-perception & Intelligent Information Processing , Chongqing 400044, China)

Abstract: The fetal electrocardiogram(FECG) reflects health status of fetus. However, the FECG has not been wide-
ly used in clinical practice due to its relatively low signal-to-noise ratio(SNR). How to effectively extract high-quality fetal
ECG signal remains a great challenge. In this paper, FECG extraction method utilizing improved LightGBM(light gradient
boosting machine) with SNR regularization is proposed. Firstly, the raw maternal abdominal mixed signals are denoised by
conventional filtering method. Then, FastICA(fast independent component analysis) is used to separate the maternal electro-
cardiogram(MECG) estimation and FECG estimation. The residual MECG component in FECG estimation is non-linear
transform of MECG and the non-linear transform is fitted by the improved LightGBM with SNR regularization, which is
constructed by adding a regularization term, the SNR of extracted FECG, to the objective function of conventional LightG-
BM. The SNR is estimated using cross correlation. By MECG estimation undergoing the fitted non-linear transform, the re-
sidual MECG component in FECG estimation is obtained. At last, the high-quality FECG is extracted by suppressing the es-
timated MECG component. The real data are adopted to verify the proposed FECG extraction method. The sensitivity, posi-
tive predictive value and F', score of the proposed FECG extraction method are 99.9%, 99.1%, and 99.5%, respectively, and
the SNR based on cross correlation and singular value decomposition are 6.0 dB and 6.1 dB, respectively. The experiment
results indicate that the proposed method is effective and has better performance.
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Ttk SNR,,/dB SNR,,/dB Sel% PPV/% F\/%
TFBSS 2.0 2.3 94.5 77.8 84.2
RobustICA 2.1 2.8 93.1 81.0 86.3
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