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Fig.1 System structure of the electronic fetal heart rate mornitoring
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Fig.2  The original signal of fetal heart rate Fig.3 The autocorrelation signal of fetal heart rate
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Fig.4 The graphy of fetal instaneous heart rate Fig.5 Histogram analysis for fetal heart rate baseline

SV SRIR T I )5 R B SR AT R BT I A3 T AR B SR M SV S G O R I IR I S 5
By e AR AT D AL FE.

WG B, =0. 9758, +0. 0258, ;

MIFTHENE . B, =0. 975B,,, +0. 0258, ;

] J5 g : B, =0.975B,_, +0. 025B, , Hirf1:i=1,2 3.

MR BRI, P W OR AN ERAR, 75 B B K AR 3 i DME TE. B IE SR A AR e — A~
TR EE , 260 SRS R T B B L B B A B 260 SR A T TR e AR R Y B RE A 4R
BT B B AR/, [R1BE 2 6.0 SR /N T 3h B 2 B (L A it [ RE ) 7 vk A7 B 4™ 3
UOERBIESH B 1.

6 1523 W B A RO R IEER Ul Bh A R B AR JE: MO MR R B 4R 500 SRR A MLk 3t 2

ERRE -SSR

180
R1 S FEES ERASHEXE 1707
Tab.1 The parameters setting for fetal 160
heart rate baseline threshold §“ 150
AU ERREE/bpm FEREE/ bpm g oy
1 20 20 130¢
15 15 120+
10 10 110

0 260 4(‘)0 6(‘)0 8(’)0 1 600 1 2.00 1400 1600
I )/s

B 6 5o F R &AM b
Fig.6 The algorithm analysis of fetal heart rate baseline




o8 LELTTIET TS s 2

3.2 BROFEMFEIEIE ST
0 NS LR TF 4R 20 min NORATF 2 YR LRI R K TR0 33 2R 15 bpm DU -, I HEZE#

11 15 s. R0 FRdHE SO < BB AR M BIAR B T I i O R R R IR, A0 4R L 1 B0 A% 58 5 O R AR TR
AL 43 R ANTRIZE TR i AR A B 28 A R 52 Jaopft 28 e [) S W o] R R sl pai g, S G )L A bR 2 D Re Ry
g — IR 2, BT LT I 5 0 R0 o 5532 X I 9 S 0 e LA N B e R L T S

AR G ORI 9 5 ORI S ik, R RS RN

1) RIS 0 ZE L A B4 SRAE A BB iR 0038 FHR H.

2) AT FHR FLR(E 10 bpm YRR , 76 LUS B9 — 2080 P8 3R 85 KA, 10 SRR AN & A A ).

3) Syl EES S 55 s B[R 8 E HE LMK 3 bpm 19,5,

4) 7£3) rPR R RIS LY FHR S5/ MBS, 0 57 2 B e ) Ry iy s R & g

5) WL A7 5 A b 5 A B R (R PR A A 15 s, G, SR IC— RGO SR R, AR
TN A LA R A B ().

R TR G T 3 11 S B A s A 2R A

1) RIS O 38 SL R A B34 SRAE A BB i 00 % FHR .

2) A 4k/NT FHR EZ{H 20 bpm (8 , 76 LUG A— 4380 P38 R fe/IME, AR ic A 8 DA S & A G st ).

3) SRJE A HG (a5 55 s B[R] P8 2R LR R (B /)N 3 bpm (19 5.

4) FREN A0 B (RS FY FHR ARG O RUGE ) |, FEARic T R B A S & A it ).

SEBRASIM AR AN 7 B, X A R AR T vT LAASE B0 23 o R i B E R AR Y
T
3.3 BRUOERELZTR

00 IR AR T 1 5 SO R0 A 64 Ml 7 43 AR AR 1 /NI, BT 43 oA K A8 53 (long term variability

LTV) #5575 5 (short term variablity, STV ). LTV J& PR AT L UL 422 Sf (1 i 2 0, ey 1 st R0 S09 4G 1l 1%
1500 B JLLERG ST BRIN, PR i 28 LS B 7E 10 ~ 25 bpm Z[A] , 40 SR F 26 28 A A W] i 8 458 1k A 3, 3308y
A AESE IR LA I M F BL. STV J&— BB R — U0 Bk 1Y I 18] 79 % A2 0 S80/IN A8 Ak, — A% B0 R 3 b i
6] 2% 4 20 ~30 s, L30E FHR BUE 2805 Bk 3 bpm. 5.0 3878 S 138 32 50 20 S 415 W A 4 3
L HAT Rk R AR B eI FHR L2 Bl | J0 5 — 43 b 9 I 3 26 o0 Ak R 4 22 1) 7 B, B A
BRI F- 2 E SR S5 B A 48 FHR S-S5 E AR, 75 A 40 25 (1 101 77 25 ROAS 31 4550 N AR 57 Y948, B
Jo PR A S AR B (0 A8 AP Ak T e 28 STV (H.
3.4 BEHRELZREHRNSSHT

B R 20 TR B MR AR 5 7= A ) T R 2R R ) B AR b, X B I R R e B R
TR TR H. AR 22 58 v 0B 40 0 2R I BE R A, LR 43 HE A 58 2%, MOR R A G0 % -

1) S 0e Ey 4 28 oA, 1K 308 108 e A A5 3] 4 B0 A filter _ue , 280002 55 A5 21504 diff_uc.

2) A diff_ue BEE—AN F BEIE 3R e /IMEL AR AR, LAIZ A A O R A 1) W48 2840 8 051, 12 A A AR X
filter_uc — WA 1, I FI BT I (R 5 K T3 4 A2k 25 mmHg AR T WA B 46 K A=, R I (H s 67 8 peak.

3) MIEAH peak [ IFUATR H By 4 % Ak 008 A7 B RN JS A B, 45 8 4 % A IR TRDER 1 30 s, 17 HLAS Tk
peak {3/ B 5 LR EIRE AT 60 s, WAk & A — KB 4.

4) YL DNAR RIS AE T AR AR A diff_uc ] J5 48 2R3 2 050, R 3 B 4 U ) A2 0 . IR PR UEAR IR 11 0
(A B R T UL B S G I 3 ] — B i i

MRIBIX R 77325 [0 i S A5 BB 4 i 26 L R ey 4 B2, RV T AR IBOFT A 5 4k, 1 8 kg SRy I 241 1)
AR R, B I RV (E AR - 7 ARSI B 1 B 4 D 1 e R AR AR, T AT S AR AB A PN - T AL E Y
FIF V%) ) B Sy 40 % 2 A s st ] B AT A3 406 U BRI 5 S s 1R 25 S8



55 2 1] FEHEBILETF BRI A b Akt S S 69

1801 il il
* sl ® B

1701
160 |

il
150

Jifi Lo /bpm

1401

130F

120

. . . . . . . : 0200 400 600 800 1000 1200 1400 1600
0 200 400 600 800 1000 1200 1400 1600 s

i)/
) X 8 T4 A AT
T e ROl R AR kA 5 AT . ‘ , ,
i Fig.8 The utering constraction wave analysis
Fig.7 The analysis of FHR acceleration and FHR deceleration

110

4 EHHHHEIHESR

Jia LB 45 18] ( cardiotocography , CTG ) J2 1 T, W 47 5 28 5%F Jif O 8 th Ze AEr 4 He it e ic B R Atk il
PR B EDE . B Rl N I R R R EE T AL 22 0 e 4 R EA T N TR o e 5 — 8 R .
TEAR 258 BRI Z0 T I 0 B 45 B 2R A D6 S 800 8 IR LR B HEAT 1 S5 R0 3 43 TG
AR IS (non stress test, NST) ‘B 45 b 143 56 ( contraction stress test, CST) FIfE = 2 i 1348 ( oxytocin challenge
test,OTC)3 Fhi izl ™' NST S AEBeAT 25 B 4 AN L 46 PRS2 0 B 15 00 X i 0 SRt 28 (99 20 11 AR L=
H NST 55550y 4 FpERY 46 SO AL TS i Y TR A BUFN TE 55 8. CST 248 A 4R B 4R s AN R T %G O
R R Hr. OTC JEF5 i i = R AL Kk T 5 0 dn X IGO 2l e 9 2 M. B A N 24 3 3 F IR0 R M
PRI T 2RO HorP E AN 145 3L T Dawes/Redman H Y Huntleigh 248 SisPorto2. 0 &4t 2CTG £4¢
A E N B ALHE )N =50 RIS, XS RGP 45 R E A — DG — I RLUARE. 7TEA R Gkt
A 3 F NST [ CST F1 OCT M 4P T Bk 4, 18 T T A [m] i il SRR AR i PR b 75 [ A A5 38383 DA 7T (142 NST
Wi 20, AR R Y NST % E B 2 A B ) 32 E 372819522 ( American college of obstetrics and gynaecol-
ogy ,ACOG) $57E 7™ Hi CTG ToRIBL IS0 /32, il € 1 Bof i BUB ) S8R AR : IO 3R B RO iR
R LA RN AT Y 0 3 AR IEH AL (2 43 AEE R (1 4y) ARIEF R0 4). Fm
FEISUETS 1 & S 805 P 0 B R T 1) % G R AR E 25 P s A T 0 1 R R BT . A R 88 R ] Window
Ay MFC HEZR LA T F i B+ A D i S 1.

5 BRSiTR

ARG T — Mo E g2 B S R T IR LR R ST, A IO B 4R A5 S ORI o B S
PEAT G, S8 X AR O B A S S AT AT, R GURIN HR GO B A LA S S, PR S B
PEIMERS NG UK EA T 000, 37 BB A U RE T 45 SR ST AR IO FOTE 7 R, o i PR VAR | D3 3 it
TG LB AR B AR A7 )5 ZE PRI R IE. D Bl A 3R GE il S PEAN R , X RAEAS IR R ZE B UEAT T 1)
ZRG oA (AR SORFN) |, I 2 010 Bl PR B2 AR N TR A0 &5 RAE bR e 2 0. SEBR 45 R A % R4t
It E S S iR O A AR R AR A 0 45 2R 5 N T 8 R 5. AR RG-S G n9 N TR B A L

LR D 224 TR WA T S A 15222 | DA T ASH 380 0y 0 LA L (0 25 5, T 462 T 2= 300 i
Pkt
2%k :

(1] BUEE RSP R.AGILR TRy e[ M. st AR TR 11,2001 :60 -62.



N KFFR(OEFR) 5548 %

[10]
[11]

[12]

ok, X, B, %, —Ft ARtk PCA G L0 ARG S JEIEE [ ], A K24 (B ) , 2009 ,41
(1):99 -103.

WESTERHUIS M, HOREN E V, KWEE A, et al. Inter-and intra-observer agreement of intrapartum ST analysis of the fetal
electrocardiogram in women monitored by STAN[ J]. Bjog an international journal of obstetrics & gynaecology, 2009, 116(4) .
545 - 551.

RESEME, 94 280, 45 iR DR B A RN R G 5 53T ] RO TEHLE & ,2010,26(18) :26 - 28.

SKF WRA, Tk, T AR OCSRIBUE W A i 18] e SRS ik [0 ][5 B TR R 22441, 2015,16(2) :209 - 213.
WRIGEAR , AR, #IEDK, 5. /NEOR BELAY O B 5 5 R0 e RGN [T ], R R R 22 4 H AR
2015, 36(5) :46 -51.

KRUPA N, ALI MOHD M A, ZAHEDI E, et al. Antepartum fetal heart rate feature extraction and classification using empirical
mode decomposition and support vector machine[ J ]. Biomedical engineering online, 2011, 10(1) ;6.

IR R 95 K 2R — i TR R AR i & B B0 V3 B Sk [ ] iR TR 4 (Sl A2 5 T
FERR) , 2010,34(5) ;1065 - 1068.

X TDLL, 25K I, A5 TR AL A A G O 7 B 45 R S5 IR LB n A G HERE SR [T ] AR I B4Rk, 2001, 36
(10) .581 - 584.

WY, TP, — R DA B Ao BE A/ N RE B AR A i [T ] A B T4 2%38,2012,29 (1) 180 - 83.

PARDEY J, MOULDEN M, REDMAN C W G. A computer system for the numerical analysis of nonstress tests[ J]. American
journal of obstetrics & gynecology, 2002, 186(5) :1095 - 1103.

MANTEL R, GEIJIN HP V, CARON F J M, et al. Computer analysis of antepartum fetal heart rate; 1. Baseline determination
[J]. International journal of hiomedical computing, 1990, 25(4) ;261 —272.

TAMAIL N A M, IBRAHIM M, NAIM N M, et al. Nifedipine versus terbutaline for tocolysis in external cephalic version[ J].
International journal of gynecology & obstetrics, 2008, 102(3) ;263 —266.

Design and Implement of Automatic Analysis
System for Electronic Fetal Monitor

SUN Haitao', TONG Lei*, CHEN Chaomin'
(1. School of Biomedical Engineering, Southern Medical University, Guangzhou 510515, China;
2. Guangdong Vocational College of Mechanical and Electrical Technology, Guangzhou 510515, China)

Abstract; The cardiotocography ( CTG) diagnosis was over-depended on manual operation, and the accu-
racy was affected by subjective judgement and random factors. A computer-aided automatic analysis sys-
tem was proposed to forecast the health status of the fetus. The Doppler ultrasound probe was used to ob-
tain the relevant physiological signals. And then signals were calculated by the improved algorithm which
was widely used in the clinical fetal electronic monitoring to identify the fetal heart rate (FHR) baseline,
FHR acceleration, FHR deceleration, FHR baseline variability and other parameter information. The sys-
tem made decisions based on the parameters, and got the score. The experimental results showed that the
automatic system could be more accurate than subjective judgement, the incidence of neonatal asphyxia
and cesarean section could be reduced, and the quality of perinatal monitoring could be improved.

Key words: fetal heart rate; fetal electronic monitoring; cardiotocography (CTG) ; automatic score anal-
ysis
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