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ABSTRACT

Nowadays is the era of highly updated medical technology but the mortality rate
of intrauterine fetus is still high. The important reasons of the fetal mortality rate are from
common complications in pregnant women e.g. prematurity, intrauterine growth retardation,
preeclampsia and low amniotic fluid (oligohydramnios). From the mentioned pregnant
complications it is essential to check the fetus to improve survival. Nowadays there are some
methods to measure the fetal electrocardiogram including the signals from mother for analyzing
the readiness of delivery. However, to measure the abdominal electrocardiogram, there are quite
interrupting signals coming in such as electromyogram, interrupting 50 Hz signals of the
measured algorithm. These interrupting signals make more difficult for direct measure of signals.
This research instrument presents the method to differentiate the fetal electrocardiogram from
other interrupting signals. The presented method compares signal separation using Finite Impulse
Response (FIR) adaptive filter with adaptive filter. Moreover, the analytical technique to examine
the principal component analysis (PCA) and independent component analysis (ICA) are
examined. These can be presented for 7 experiments. When FIR filter combined with adaptive
filter,they would effectively differentiate the interrupting signals from the fetal electrocardiogram
with the 41.219 dB. When used together with the Independent component analysis part, the
effectiveness will be increased to 50.624 dB. However, the fetal electrocardiogram which was
differentiated from the interrupting signals still had some interrupting signals left, thus these

needed to be developed further.

Keyword: Fetal electrocardiogram The mother’s electrocardiogram Finite Impulse Response

(FIR) adaptive filter Adaptive filter.
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Amplitude
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SNR. : After Summation (Sum[X]) m J
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4.1.2 NaM3NATOUDAND3 BT AN INTOITANAULULSUA U (Adaptive filter)
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.5ummation (Sum[X]) mJ
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SNR :After 2 summation (sum(x) ER¥Y |
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Summation (Sum[X]) m 1
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SNR(dB)
Experimental
Data Channel
4.2 4.3 4.4 4.5 4.6 4.7 4.8
1 11.07 11.13 29.38 1.84 3.83 8.81 41.76
ecgcea
2 5.67 8.41 28.29 1.99 12.54 9.52 41.76
244
3 243 6.76 32.52 7.05 2.24 12.24 41.78
1 8.23 18.76 40.31 242 6.44 9.98 52.76
ecgcea
2 8.29 17.42 28.89 2.29 5.07 10.09 52.70
384
3 10.07 25.97 30.82 1.51 11.35 10.17 52.78
1 4.95 24.17 51.22 491 3.84 46.14 60.88
ecgca
2 6.81 11.14 65.57 7.34 12.25 33.92 60.91
886
3 8.01 20.24 26.41 7.05 5.10 23.95 60.97
1 2.20 41.24 61.80 23.63 17.09 18.35 35.52
ecgcea
2 9.56 43.25 39.52 10.50 0.95 16.58 35.45
473
3 6.51 52.03 40.37 12.05 8.89 21.50 35.40
1 4.95 24.17 51.22 491 3.84 46.14 60.88
ecgcea
2 6.81 11.14 65.57 7.34 12.25 33.92 60.91
896
3 8.014 20.239 26.408 7.051 5.102 23.949 60.97
naY 6.91 22.41 41.22 6.79 7.39 21.68 50.36
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for t=1:32
i=6;
data=load(['fecg' int2str(t) ".txt']);
datal=(data(:,i)-mean(data(:,i)))/std(data(:,i));
[n,xout]=ksdensity(datal,[-4:0.08:4]);
plot(xout,n,'Color',[.7 0.7 0.7])
hold on
load('gaussian_value.mat")
[n2,x2]=ksdensity(gaussian_value,[-4:0.08:4]);
hold on
end
plot(x2,n2,":k','LineWidth',1.4)
load('laplace value.mat’)
[n3,x3]=ksdensity(laplace value,[-4:0.08:4]);
hold on
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Investigation of Transcutaneous Fetal Electrocariogram Classification
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filter) Taol¥n1500nuuua19s0iIT
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Abstract

Nowaday, fetal electrocadiogram
(FECG) is involved to diagnose both mother
and fetus during labor by placing
transcutaneous electrodes on the maternal
throracic and abdomen. But, the FECG is often
degraded by interferences. This paper aims to
investigate the classification of the FECG
employed on finite impulse response filter (FIR)
and adaptive filter. The LabVIEW is applied to
classify 10 FECG data from SISTA/DAISY and
Physionet. The experimental result shows that
the proposed algorithms are agreed to extract
the FECG whereby the adaptive filter is
effectiveness. Finally, the proposed algorithm
can provide the advantage for further research
and clinical assessment.
Keywords: fetal electrocariogram finite impulse

response filter adaptive filter
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Abstract: Electrocardiogram (ECG) is external
monitoring. It is applied for fetal monitoring and
called fetal electrocardiogram (FECG). The
FECG is involved to diagnose both mother and
fetus during labor by placing transcutaneous
electrodes on the maternal thoracic and
abdomen. But, the FECG is often degraded by
interferences. This paper aims to investigate the
FECG classification employed on finite impulse
response filter (FIR filter). Besides, adaptive filter
(adaptive noise cancellation) has worked
effectively in an unpredictable environment. The
LabVIEW is applied to classify data from
SISTA/DAISY and Physionet database[l]. The
results show the effectiveness of the algorithm in
classifing FECG. It is FIR filter cascading with
adaptive filter. It gives average SNR about
25.655.

Keywords: electrocardiogram/ fetal
electrocardiogram/ finite impulse response
filter/ adaptive filter.

1. INTRODUCTION

The present day has modern medical
technology but the death rate of fetus has
increase. In 2006, Thailand statistics show all
fetus 799,478, they were alive 793,623 (13% of
1,000 fetus) while babies died 5,833 (7% of 1,000
fetus). The number of mothers were died 93
people (12% of 1,000 mothers)[2]. Causes of
death are complication of pregnancy women.
These are intrauterine growth retardation (IUGR),

prematurity, oligohydramnios and
preeclampsia[3]. The standards of medical
diagnosis are internal and external monitoring.
Internal monitoring involved a small scalp

electrode place on the fetal head through the
cervix. However, there may be a risk of
complication[4]. External monitoring is more
safety because of noninvasive method[4]. The
electrodes are placed on the maternal’s abdomen

that can sense fetal heart rate and uterine
contractions signals[4]. This paper aims to
investigate the FECG classification employed on
finite impulse response filter (FIR filter)[5]. It is
non recursive filter and can easily be designed to
be linear phase. Besides, adaptive filter (adaptive
noise cancellation) has worked effectively in an
unpredictable environment[5]. The LabVIEW is
applied to classify data from SISTA/DAISY and
Physionet database.

2. THEORY
2.1. Electrocardiogram (ECG)

R, R Interval R’

T Peak
b Amplitude
P Complex

PR Segment | T Complex

PE Interval 7 ST Segment

QRS Complex (" "+ " ST Waveform

Fig.1. Electrocardiogram

2.2 Fetal Heart Rate monitoring (FHR
monitoring)

FHR has become a routine physiological
measurement both during labor and delivery.

2.2.1 Internal monitoring [6]

volnternal monitoring inlplacement of a ved
small plastic device through the cervix. However,
of infection with there may be a slight risk
internal monitoring .External monitoring is meant
invasive. Electrodes are placed on the -to be non
heart rate that can sense fetal maternal’s abdomen
as shown in Fig.2.
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- Fetal scalp
electrode (FSE),
an internal fetal

heart monitor

Intrauterine
pressure catheter
(IUPC), an internal
contraction monitor

Fig.2. Internal monitoring

2.2.2 External monitoring [6]

External monitoring is done through the skin
and is not meant to be invasive. The method
consist of

X Fetoscope or pinard is used for
listening to the fetal heartbeat from
mother’s abdomen.

X  The nonstress test(NST) is another way
of externally monitoring the baby. The
NST can be done as early as the 27th
week of pregancy and it measures the
FHR accelerations with normal
movement.

X Doppler ultrasound device is small
device that is pressed against mother’s
abdomen. This device uses a form of
ultrasound to convert sound waves into
signals of fetal heartbeat.

2.3 Placement of leads [7]

The most convenient acquisition of the
FECG signal is by means of surface, abdominal
electrodes, a technique first reported in 1906 as
shown in Fig.3. However as mentioned above, it
is strongly contaminated by the MECG signal
and other noises.

2.4 Finite Impulse Response filter(FIR filter)
(8]
The major advantage of FIR filters are :

X Linear phase: FIR filters can have an
exact linear-phase response, resulting in
a constant group delay over the
frequency range of interest. Therefore,
no phase distortion is introduced by the
filter.

X Guaranteed stability: FIR filters are
always stable due to nonrecursive
realization.

X Fewer finite-precision errors: FIR
filters are less sensitive to finite-
wordlength effects such as coefficient
quantization errors and roundoff noise.

X Efficient implementation: FIR filters
can be implemented efficiently using
DSP processors with hardware MACs,
circular addressing and special
instructions for FIR filtering.

2.5 Adaptive filter [5]

An (adaptive filter(adaptive noise cancellation
is a self- optimized system to make itself suitable
for our requirementss as shown in Fig.4. Here the
noisy abdominal signal is given an input and a
thoracic electrode output signal is given at
reference input.

Thorax Leads

~E

Abdominal Leads

Fig. 3. Placement of leads.[9]

Desired Signal Source

1 M1
A Path1l = Output
L/ ’\./1 i

\
ot
/\_ pathy =~ Filter
M2

Noise Signal Source L

Fig.4. Block Diagram of Adaptive filter

2.6 Signal-to-Noise Ration(SNR)[10]

SNR is a measure used in science and
engineering to quantify how much a signal has
been corrupted by noise, as

§Asignal '
10~

P.
signal

SNR 20log

(M

s
9
noise noise 1

where, Pggnal, Proise Of signal and noise are Electric

power (watt),Agignal and Apise Of signal and noise
are  amplitude, respectively.
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3. METODOLOGY METHOD o T

The ECG is external monitoring. It is applied 1
for fetal monitoring and called the FECG signal.
The FECG signal is involved to diagnose both
mother and fetus during labor by placing

Amplitude

transcutaneous electrodes on the maternal thoracic '1" 200 000 a0 so0  eooo s000 10600
and abdomen[11]. In addition, we will indicate R =E

the performance of algorithm by SNR.The

experimentis to examine performance of FIR Fig.7. The AECG signal

filter and adaptive filter combination.

fECG ET ]

Specifications of AECG data
X The gestation period varies from 22 to

Amplitude

40 weeks o5
X 2 thoracic signals =
X 3 Or 4 abdominal Signals 0 1000 2000 3000 4000 j‘ﬂ’:i 6000 2000 10000

X  Electrode position was varied in order to
improve SNR.

Fig.8. The FECG signal after classification
X Bandwidth: 0.01 Hz-100 Hz

X Sampling rate: 1kHz as shown in Fig.4. Table 1. Performance of SNR measures.
4. RESULT FIR filter+Adaptive filter
The proposed classification was assessed by D Sional SNR(dB)
using real composite signal comprising of MECG ata 1gna before after

as shown in Fig.6 and FECG. The noise is to due 1 5.239 29.375

to mother’s electromyogram activity. Fig.7 shows 2 1.327 28.289
the AECG signal before classification. Fig.8 show | fecg244 3 2171 32,520
the result for the FECG signal after classification. 4 4579 18.328
Table. 1 shows performance of SNR measures. 1 5.940 26.576
— 2 47.337 16.125

T - fecg392 3 12.926 | 27.059
onn 4 0.221 26.970

4 10000-

5 0]
5 L
& -10000-]

e 5. CONCLUSION AND DISCUSSION

e The  resultsshow the effective FECG
T classification. It is FIR filter cascading with
=R adaptive filter. It gives average SNR about 25.655
dB. The proposed classification agree to suppress
Fig.5. The signals from SISTA/DAISY and noise due to maternal signals, uterine contractions
Physionet and external electrical interference. Furthermore, it
can assist clinicians for diagnosis during labor and

can be developed for commercial instruments.

Amplitude
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