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A New Technology for Extracting Fetal ECG Signals
from Single—channel Maternal Abdominal ECG Signals

WANG Wenbo', QIAN long
(College of Science, Wuhan University of Science and Technology, Wuhan 430065, China)

Abstract : Aiming at the problems that the fetal electrocareliogram (ECG) signal in the mixed ECG signal of the
mother’s abdomen is weak , contains a lot of noise ,and is difficult to be extracted clearly, this paper proposes a method
based on singular value decomposition (SVD ), smooth window (SW) technology and least square support vector ma—
chine (LSSVM) new method of fetal ECG extraction. Firstly,SVD is used to reconstruct the decomposition matrix
from the single—channel maternal abdominal ECG signal in order to estimate the maternal ECG reference signal ,and
the SW method is used to smooth the estimated maternal ECG reference signal ;then, LSSVM is used to establish a
non-linear estimation model,the maternal ECG component in the abdominal signal is estimated through the model
and the smoothed maternal ECG reference signal , and the cuckoo search algorithm(CS) is used to optimize the hyper—

parameters of LSSVM. Finally, the mixed abdominal signal is subtracted from the maternal ECG component estimated
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by the CS—=LSSVM model so as to obtain the preliminary fetal ECG signal. To further eliminate the interference, the

SW-SVD operation is performed on the initially obtained fetal ECG signal, thereby obtaining a clearer fetal ECG sig—

nal. Experiments with Daisy data set show that the method proposed in this paper is superior to the other three classic

methods in visual comparative analysis and four statistical evaluation indicators,and can extract clearer fetal ECG sig—

nals from the mixed abdominal signals.

Key words:fetal ECG signal ;singular value decomposition;smooth window;least squares support vector ma—

chine; cuckoo search algorithm
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433 JEILS w4z 5 I R G R AT IAR AT
T ERAFIE CS-LSSVM J7 vE 3R U o, A
SR Se PPV ACC A1 F1 DU NSRRI S12, 13].
VEFE DalSy $HRAES chl~ch5 3 5 />3 i 2 i i B
O BRI T T, B RS P SR
A 22 ML QRS , FEMHER AR Bl o A
A 91 QRS I, ALHIF 5 A-EE I 45 MR L
OHL QRS . DU LGS BT A R anER 1 s,
F 1 MOAOBIZEAENGT S

Tab.1 Statistical analysis of four ECG extraction methods

itk TP FP FN ACC/% Se/% PPVI% F\/%
NLMS 40 12 5 70.18  88.89 7692 8247
LST™M 30 13 15 5172 66.67 69.77 68.18
LSSVM 40 11 5 7143  88.89 7843 8333
CS-LSSVM 42 4 3 85.71 9333 9130 9231

H ¢ 1 A1, CS—LSSVM [ Fi 5 B #2 By B 7E
FARE ERIG L O G SR BGCR R AT,
A LAFRERE] 42 MR JLO L QRS P, 1R AG AR AS A
JiE LA BN D, WA 4 4~ QRS B8 546 H
TR ECH 34>, BERIUER 2R ACC ik 85.71%, R

% Se A 93.33% , 45 16 & PPV ik 3 91.30%, H &
EAEZR F1 N 92.31%, PUIR G348 bR ok B i
NLMS J7 i BEEHRECE] 40 A6 LU HE QRS 7, 1246
BN 12 4 ISR IR L HL R 5 4 LR R R
ACC A 70.18% , PAIR AN FRASAS S A SCHEE H ()
e BT NLMS 5 8 6 LG FLAS B PR A
5, JUHAERE AL L 5 G L O B &R 4, SR ) LCs
FE A TR R A LSTM Jy 6 Al AR ECE] 30 MR L
OHL QRS B, 78U R BUMERE SR AR A v,
ACC HA 51.72%, PUITREAR 8 b1 38 A d G, X 2
T LSTM f71eiz Ak fE 1155 , 2 B A et (e, T 80%
RIS ARG R 2. LSSVM J7 0] AR 40 4
L0 HL QRS U, 324 114, Tk 5 4, 3F B ACC
1 71.43% ,Se i 88.89% ,PPV k 78.43% ,F1 N
83.33%. T LSSVM J7 ik S EARXE A T H 3 i
Pl , S 202 AR RE IR T CS-1LSSVM. i |-
R AR AT L, CS—LSSVM 0> H, 42 B 125 78 DU 351 45
b B340 HAl = Fpoe s 2 O . v LR A €S
B SE X LSSVM #8578 (1) & SR 2 Btk 47 - b
B, SRIGHIEE CS—LSSVM BEA.C HL 5 B Al 1A 7
FREnk SW-SVD B AErT LI R4 & iR Lo A S
PR RE.
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HUA X Y,SU B N. A review of fetal electrocardiogram extraction

5 & 'L/If\, method [J]. Microcomputer and Application,2015,34(3):21—23.
=A

TEARSCAGIEFE R, 4R T —FiR) S A
HEEBIR A O LE SR BUIR L O U S 8T ik %
J7 kLA LSSVM B Sy FE il # H CS-LSSVM FE A0
H i SR USSR CS B pext LSSVM B iy 4
SR T A IR AT R = T AT TR B U6
INT N S Es2m. IE HL256 71 F A
RO |-y 55 % N & VA % NIN I = o e Sy & i 57
T E D sE— AR O H AR S 0 R R Seh
VEER DalSy $idls S04 7 %) HL L6, S0 2B AH LT
545 () NLMS . LSTM F1 LSSVM 7, A SCH i %
CS-LSSVM 0> L EEO LR ML B MR, RERS
FEHUH 42 MEW R IR L OIS S QRS B, R4
TEREIRG L O, Ry i i LA A AL T
BIELE , FLA BT I RN A A (L.
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