
  

  

Abstract— Twin pregnancies carry an inherently higher risk 

than singleton pregnancies due to the increased chances of 

uterine growth restriction. It is thus desirable to monitor the 

wellbeing of the fetuses during gestation to detect potentially 

harmful conditions. The detection of fetal heart rate from the 

maternal abdominal ECG represents one possible approach for 

noninvasive and continuous fetal monitoring. Here, we propose 

a new algorithm for the extraction of twin fetal heart rate 

signals from maternal abdominal ECG recordings. The 

algorithm detects the fetal QRS complexes and converts the 

QRS onset series into a binary signal that is then recursively 

scanned to separate the contributions from the two fetuses. The 

algorithm was tested on synthetic singleton and twin abdominal 

recordings.  It achieved an average sensitivity and accuracy for 

QRS complex detection of 97.5% and 93.6%, respectively. 

I. INTRODUCTION 

Fetal wellbeing is of great concern in a number of 
pathological conditions, such as gestational diabetes and 
hypertension, fetal hypoxia, placental abruption, and intra-
uterine growth restriction (IUGR). Tracking of fetal health is 
hindered by a lack of monitoring methodologies that could 
alert caregivers to the development of potentially dangerous 
conditions. While fetal heart rate monitoring represents the 
standard of care to diagnose antepartum and intrapartum 
complications, such as fetal distress [1,2], no such monitoring 
methodology is currently available outside of the hospital 
setting.  

The standard in-hospital methodology to monitor fetal 
well-being is cardiotocography (CTG), which is based on the 
recording of fetal heart rate using Doppler ultrasound, and 
uterine contractions using strain-gauges [3]. CTG has the 
advantage to be reliable when used in single pregnancies. The 
main problem of CTG is the high sensitivity to fetal 
movement, as the detection of fetal heart rate mainly relies on 
the correct positioning of the ultrasound probe, which needs 
to be repositioned in case of fetal movement. The use of CTG 
to detect fetal heart rates in twin pregnancies is even more 
challenging [4]. 
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The main alternatives to CTG are the recording of fetal 
ECG using electrodes on the maternal abdomen or the 
recording of magnetocardiographic signals using SQUID 
sensors. Our research group is currently working on a 
compact and wearable ECG monitor to record fetal heart rate 
during pregnancy, in order to detect conditions such as IUGR 
that put the fetus at risk [5]. The device contains nine 
electrodes placed on a wearable garment, which allows the 
acquisition of eight abdominal ECG channels.  

Since growth restriction is often encountered with 
multiple pregnancies, we developed an algorithm to extract 
fetal heart rate from abdominal ECG recordings for single 
and multiple pregnancies. Our algorithm is based on the 
conversion of the detected fetal QRS complexes into a set of 
binary series, which are then cleaned using a recursive 
approach in order to separate QRS complexes belonging to 
different fetuses and to obtain the fetal heart rate series of 
each fetus. The algorithm showed high sensitivity and 
accuracy for detecting and separating the fetal QRS complex 
series, as tested on synthetic singleton and twin ECG 
recordings simulated using an algorithm of signal generation.     

II. MATERIALS AND METHODS 

A. Generation of synthetic ECG signals 

To test our ECG extraction procedure, we generated 
plausible body-surface ECG recordings as superposition of a 
maternal ECG signal and fetal ECG signals. The algorithm 
assumes that eight surface electrodes are placed on the 
mother’s abdomen, arranged as the vertices of an octagon [5]. 
The positions of the fetal hearts are then modeled as one 
(singleton) or two (twins) point sources that are randomly 
picked from a set of allowed positions (Fig. 1). The eight 
electrodes record eight body-surface potentials (time series), 
x1, ... , x8, that are taken to be weighted sums of the maternal 
and (ymat) and fetal (yfet1 and yfet2) ECGs: 
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,,…=  is the (8!N) matrix of body-

surface ECGs, A is an (8!3) matrix of  coefficients (mixing 

matrix), [ ]Tfetfetmat yyyY
21

,,=  is the (3!N) matrix of 

source signals, and N is the number of samples in each  ECG 
signal. In case of a singleton pregnancy, A becomes an (8!2) 

matrix and [ ]Tfetmat yyY
1

,= . The matrix A allows the 

linear mixture of source signals y and can take into account 
several factors such as tissue attenuation and distance of the 
sources from the electrodes.  

The first step of the algorithm is the positioning of the 
fetal heart sources. This is done by randomly selecting a 
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algorithm was tested on synthetic data generated using a 

simple generation model. The algorithm showed high 

reliability in the detection of fetal QRS both in singleton and 

twin recordings. However, the algorithm failed when the 

fetal the QRS complexes were barely visible and their 

amplitude was at or below the noise level. 

The algorithm showed better performance when applied to 

singleton than to twin datasets. Indeed the number of wrong 

or missed beats is bigger when two fetal sources are present 

in the same channel. In these cases, the algorithm can switch 

from tracking one fetus in one data window to the other fetus 

in the subsequent data window. Probably, a control on the 

shape of the QRS would allow us to reduce the misdetection 

but would thus increase the computational load. The 

algorithm has been designed to follow fetal movements. 

Every 10 seconds it detects the 2 electrodes with the 

strongest fetal component and, in this way, a position change 

of the fetuses can be easily handled.  

This algorithm represents the first attempt to realize an 

automatic approach to extract fetal QRS complexes from 

maternal abdominal recordings of twin fetuses without using 

methods based on blind source separation (BSS) [7]. In the 

literature there are only few publications regarding the 

extraction of fetal ECG or fetal MCG in twin pregnancies. 

For example Comani et al. [8] employed fastICA to extract 

twin fetal EMG from 55-channel recording. Kam and Cohen 

[9] employed BSS for the same purpose. Burghoff et al. [10] 

also used Independent Component Analysis (ICA) to extract 

twin fetal EMG from a 37-channel system. The remaining 

examples available in the literature [11] rely on ICA to 

extract twin fetal ECG and detect fetal QRS complexes. 

However, none of those algorithms have been thoroughly 

tested for sensitivity and accuracy of fetal QRS complex 

detection. We quantified the performances of our algorithm, 

getting an average sensitivity and accuracy of 97.5% and 

93.6%, respectively. 

In order to use BSS-based methods a big number of leads 

are required to extract a reliable fetal heart rate. According 

to BSS theory, the number of signals should be at least equal 

to the number of independent sources (which include 

maternal ECG, fetal ECGs, and a broad spectrum of 

different noise sources), while in our approach we only have 

eight channels. Moreover, it is extremely difficult to 

understand which of the extracted sources are noisy signals 

and which are the signals of interest. For those reasons, we 

decided to abandon the blind approaches, proposing a novel 

solution for this problem instead.  

Our study has some limitations. First of all, we did not test 

the performances of the algorithm on real twin abdominal 

recordings. Unluckily, it is really difficult to find in the 

public domain datasets of  maternal abdominal recordings 

from twin pregnancies, and the low incidence of twin 

pregnancies (about 1.1%) reduces the possibility to acquire 

real data. However, testing the algorithm on real data 

remains one of the next steps of our research. Second, our 

algorithm for signal generation considers the maternal 

abdomen as a 2D surface rather than a 3D volume. However, 

we designed all the steps of the generation process in order 

to get plausible signals in terms of amplitude, frequency and 

shape. Finally, the success of the algorithm in the detection 

of twin QRS relies on the hypothesis that at least one of the 

eight leads records only one of the two fetal ECGs. 

However, as explained in Section II.B, this assumption 

should be close to what will be encountered in reality. 

Even if we tested the algorithm only on singleton and twin 

datasets, we believe that its recursive structure might allow 

fetal QRS detection in datasets with more than two fetal 

sources, probably with a progressive decrease in 

performances. We are currently working on generating 

multiple abdominal recordings, in order to test the 

performances of the algorithm on those data by exploiting its 

recursive structure.  
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