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Noninvasive analysis of the abdominal ECG signal (aECG) is one of the most
promising methods for fetal monitoring in late pregnancy. The main problems of this
approach are the low amplitude of the fetal electrocardiogram (fECG), significant
overlap of the maternal ECG signal (mECG), motor and electromyographic artifacts
[1]. As a result, the separation of fetal cardiac activity becomes more difficult, and
traditional filtering approaches often prove to be insufficiently robust at low signal-to-
noise ratios [2, 3, 4].

One effective solution is multi-stage signal processing using wavelet analysis,
which provides simultaneous temporal and frequency localization of fetal QRS
complexes, which have a significantly higher frequency than maternal ones [5, 6].

The developed method of detecting fetal cardiac activity is based on the sequential
transformation of the abdominal ECG signal in order to suppress the dominant maternal
ECG and amplify the high-frequency components characteristic of fetal QRS
complexes. The initial signal x(t) entering the system input is described by the mixed

source model:
x(t)=mle)+ f(e)+ nle), (M
where m(f) — maternal ECG signal, f{(¢) — fetal component, a n(¢) — noise and motion
artifacts.
For digital processing, the corresponding representation is used in the form:
xln]=mln]+ f[n]+nln]. @
Since the maternal component has a much larger amplitude, the primary task is to
form the most accurate mECG template and its subsequent subtraction. For this, the
signal is pre-filtered in the range of 0.5-70 Hz, which ensures the suppression of low-
frequency artifacts and high-frequency technical noise. After filtering, the maternal R-
peaks are detected according to the principle of the modified Pan—Tompkins algorithm;
the obtained moments #; are used to construct the averaged maternal template:

T(e)= Yolo, +7), ®)

k=1
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which allows to reproduce the characteristic morphology of the mother's QRS
complex. Since the amplitude of individual cardiac cycles can vary, the template is
scaled individually for each complex by the factor:

iiln]= e T{n—ny]. @)
which ensures that the shape of the template matches the specific cardiac cycle.

After scaling, the template subtraction is performed:

yln]=xln]-riln], (5)
as a result, the maternal component is largely suppressed, and the fetal QRS complexes,
on the contrary, become relatively more pronounced. However, even after this stage,
the signal may contain residual high-frequency mECG fragments, noise and artifacts.
Therefore, the next step is to amplify the frequency range characteristic of the fetal
ECG (20-70 Hz), which further improves the separation between residual maternal
activity and fetal complexes.

At this stage, a signal is formed that is suitable for analysis by multiscale methods,
so a wavelet transform is applied. For this, an orthonormal Daubech basis (db4/db6) is
used, which corresponds well to the morphology of QRS complexes. Continuous or
discrete wavelet transform [7-9]:

W(j,k)=§y[n]w,-,k(n), (6)

allows to distinguish structures localized in time and frequency, concentrated in the
vicinity of sharp changes characteristic of fetal cardiac complexes. To increase the
reliability of detection, a multiscale indicator is formed:
111 7, 1), )

which simultaneously takes into account information from several scales, which
allows to suppress noise and enhance consistent components of the fECG.

In order to separate reliable fetal complexes from noise peaks, an adaptive
threshold is used:

0=u+A1o,, )
where u; Ta g;— indicator statistics in the working interval. Positions of points in which:
I[k]>0, 9)

interpreted as candidates for fetal R-peaks. The final check is based on the
physiological regularity of the intervals between peaks, which should correspond to the
fetal heart rate range:

120 < HR, <180 beats/min, (10)

If the sequence of R-peaks satisfies the regularity conditions, the system forms a
conclusion about the presence of reliable fetal cardiac activity.

Thus, the proposed method provides a smooth transition from filtering and
template-based mECG silencing to wavelet-oriented detection of fetal complexes,
combining several complementary stages into a single holistic algorithm.

A fragment of the abdominal ECG signal before processing is shown in Fig. 1.
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Fig. 1. Abdominal ECG signal before filtering and filtered

The fragment demonstrates the dominance of mECG and low visibility of fetal
complexes.
The signal after template subtraction is shown in Fig. 2
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Fig. 2. Signal after removal of the parent template

It is noticeable that high-frequency fetal QRS complexes become more
pronounced.
The wavelet indicator (VWT) of the fetal ECG signal is shown in Fig. 3.

] Wavelet Indicator
T T T T T T

0.8 - .

Amplitude (V)

0 2 4 6 8 10 12
Time (s)
Fig. 3. Multi-scale fECG detection indicator
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The indicator peaks in Fig. 3 correspond to the positions of the fetal R-peaks.

Fig. 4 shows the set of fetal complexes obtained after a full processing cascade,
including filtering, adaptive maternal complex removal, fetal range amplification, and
fetal peak detection.
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Fig. 4. Fetal complexes: stack (gray), median (red), mean (blue)

The data in Fig. 4 demonstrate the clear presence of fetal cardiac activity: the
processed abdominal ECG clearly reproduces a characteristic and stable fetal QRS
complex, which scientifically confirms the presence of a fetal ECG signal in the
recording.

The algorithm correctly determined the presence of regular fetal activity with an
average frequency: HRf=145 beats/min.

The work developed a method for automated detection of fetal cardiac activity in
abdominal ECG recordings based on template removal of the maternal ECG,
amplification of the fetal frequency band, multiscale wavelet processing and adaptive
thresholding with physiological verification of RR intervals.

The proposed method demonstrates high noise immunity and allows you to
accurately determine the presence of fECG even at a low signal level.
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HIIBUINEHHA ECEKTUBHOCTI ITPOMUCJIOBUX
CUCTEM 3A 1OIHOMOI'O1O ITPOI'PAMOBAHUX
JIOI'TYHUX KOHTPOJIEPIB

IHoranenko MukoJia

K.T.H., JOUEHT

Ilapmwons BitaJiii

CTapIINi BUKJIA1a4

Kadenpa enepreTuku i aBTOMaTUKU

BII HYbill Ykpainu «bepexaHCbkuil arpoTeXHIYHUN ITHCTUTYT», Y KpaiHa

OpHi€ro 3 KIOYOBUX TEXHOJIOTIH, sIKa BIAIIPAa€ BaXKIUBY pOJib B aBTOMAaTHU3allll
BUPOOHMYUX TIpOlleciB, € mporpamoBani Jjorigdi koutposepu (IJIK). TIJIK
npeJcTaBisie COOO00 CHeliali30BAHUN MPUCTPIN, IKUN IPU3HAYEHUH JIJIs1 KOHTPOJIIO Ta
KepyBaHHs pPI3HOMaHITHUMHU mporecamu [1].
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