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Abstract: Recent studies have demonstrated the advantages of fetal electrocardiogram (ECG) extraction and 

analysis. In this study, a new approach is proposed for fetal ECG signal extraction using differential evolution 

algorithm and adaptive filtering. The results obtained by the proposed approach are compared with the result of 

the adaptive method based on the least mean square method in the literature. According to the obtained results, 

the proposed approach gives better results in terms of fetal ECG signal extraction. 
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Diferansiyel Gelişim Algoritması Kullanılarak Adaptif Süzgeçleme ile 

Fetal Elektrokardiyogram İşaretinin Çıkarılması ve İncelenmesi 

Özet: Son yıllarda yapılan çalışmalar fetal elektrokardiyogram (ECG) işaretinin elde edilmesinin ve 

incelenmesinin sağladığı avantajları göstermektedir. Bu çalışmada, diferansiyel gelişim algoritması ve adaptif 

süzgeçleme kullanılarak fetal EKG işaretinin çıkarımı için yeni bir yaklaşım önerilmiştir. Önerilen yaklaşım ile 

elde edilen sonuçlar literatürde en küçük ortalama kareler metoduna dayanan adaptif metodun sonucu ile 

karşılaştırılmıştır. Elde edilen sonuçlara göre önerilen yaklaşım fetal EKG işaretini elde etme açısından daha 

iyi sonuç vermektedir. 

Anahtar Kelimeler: Elektrokardiyogram, cenin, adaptif süzgeç, evrimsel algoritma 

 

1. INTRODUCTION 

In recent years, depending on the developing 

electronic and biomedical technologies, 

analyzing the healthy functioning of the heart, 

which is one of our most important organs, and 

diagnosing its diseases are an important issue for 

researchers. Electrocardiography (ECG) signal is 

an electrical signal that is generated by heart and 

contains useful information about all of heart’s 

activities [1]. In addition, the ECG signal is a 

biomedical signal that facilitates diagnosis and 

follow-up of specialists in a wide range of age 

groups, from children to adults. 

Particularly research studies in the last 20 years, 

examination and diagnosis of fetal heart electrical 

activity in mother's womb is possible with fetal 
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electrocardiography. Fetal ECG provides 

meaningful information about the physiological 

state of the fetus and it is also beneficial for 

medical specialists to make correct and 

appropriate decisions during the medical 

examination. Also, fetal mortality rates can be 

reduced by monitoring fetal cardiac activities [2, 

3]. So, when the medical reports in recent years 

are examined, one out of 125 babies is born with 

heart defects that can even cause death [4]. Today, 

several different methods are used to examine 

fetal heart activity. One of the most preferred 

methods is echocardiography that allows 

examining mechanical heart activities. However, 

fetal ECG method is simpler and easier than other 

methods. Compared to other methods based on 

heart rate and heart sound, it is more effective in 

detecting fetal ECG abnormalities and has no 

negative effects on the mother or the fetus. In the 

light of these advantages, extraction and analysis 

of a fetal ECG signal that is meaningful and free 

of disruptive effects have become an important 

issue on the following of fetal health and its 

cardiac activity [5, 6]. 

Although the fetal ECG signal is so important for 

fetal health and preliminary diagnosis, it is more 

difficult and complicated to obtain noise free and 

meaningful ECG signal. The fetal ECG signal is 

extracted from the maternal ECG signals which 

are obtained from the ECG device connected to 

the abdominal and thoracic region of the pregnant 

woman. However, the fetal ECG signal is so weak 

against the maternal ECG signal and affected by 

the influences of many disturbing signals such as 

muscle noise, power line pollution [7, 8]. In 

Figure 1, a general process diagram is showed for 

acquisition, processing and extraction of fetal 

ECG signal [3, 9]. 

According to Figure 1, maternal ECG signals are 

acquired from the probes connected to the 

abdominal and thoracic regions of the pregnant 

woman by using the ECG device and acquisition 

step is successively realized. Then, these obtained 

ECG signals are processed by computer and fetal 

ECG signal is extracted and analyzed. The 

general steps can be briefly represented and in the 

following sections, an extended discussion about 

this steps will be made. 

 

 

Figure 1. General steps for acquisition, extraction and analysis of fetal ECG signal. 
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Several methods for processing and extraction of 

fetal ECG signals have been proposed in the 

literature [10]. Adaptive filtering [3, 11], single 

value decomposition (SVD) method [12], 

artificial neural network (ANN) [13], wavelet 

transform [14], kalman filter [15], fuzzy logic 

approach [16] and independent component 

analysis [17, 18] are most suggested studies in 

literature. Each method proposed in the literature 

has some advantages and disadvantages. For 

example, there are different difficulties and 

complexities problems such as non-convergence 

or function selection of network structures in 

artificial neural networks, complexity of 

statistical modeling of probability distribution 

functions in independent component analysis or 

unwanted distortions in the adaptive filtering. 

In this study, it is aimed to extract and analyze the 

fetal ECG signal that informs about fetal cardiac 

activities from the maternal ECG signals obtained 

from the thoracic and abdominal region of the 

pregnant woman. For this purpose, a differential 

evolution (DE) algorithm, which is used 

effectively in the solution of optimization 

problems in many scientific fields such as 

medicine, electronics, construction and industry, 

is combined with adaptive filtering. A combined 

method is proposed and aimed to effectively 

extract fetal ECG signal. The results obtained by 

the proposed approach are compared with the 

results obtained by adaptive least mean squares 

(LMS) method in the literature and their 

performance is evaluated. 

In addition, the explanation plan of this paper has 

been organized as follows. In Chapter 2, 

differential evolution algorithm and its basic steps 

are explained. In Chapter 3, fetal ECG extraction 

steps and clinical experimental data collection are 

described. The achieved results with the proposed 

approach are demonstrated and compared in 

Chapter 4. In Chapter 5, comments and discussion 

are given. 

2. DIFFERENTIAL EVOLUTION 

ALGORITHM 

The differential evolution (DE) algorithm is a 

population-based metaheuristic algorithm in the 

class of evolutionary algorithms and proposed by 

Storn and Price in 1997 [19]. It has standard 

operators such as mutation, crossover and 

selection. The difference of the DE algorithm 

from the other evolutionary algorithms which 

have the same operators, is based on applying a 

mutation operation that uses the difference of 

randomly chosen solutions while applying each 

operator to the whole population in order to obtain 

better solutions. Through mutation and crossover 

operators, three randomly selected chromosomes 

are selected and new individuals are created. By 

comparing the fitness values of the new 

chromosome and the existing chromosome, the 

individual with better fitness is transferred to the 

next population as the new individual. The 

selection operator is also used here. In addition, 

the basic control parameters controlling the 

performance of the DE algorithm can be 

expressed as population size, scaling factor (F), 

crossover rate (CR), and maximum number of 

cycles. The basic steps of the DE algorithm can 

be given as follows. 

----------------------------------------------------------- 

Step 1: Generate population according to initial values 

Step 2: Evaluate population using objective function 

Step 3: repeat 

Step 4: Apply the mutation operator 

Step 5: Apply the recombination operator 

Step 6: Evaluate population using objective function 

Step 7: Apply the selection operator 

Step 8: until (cycle = maximum cycle number) 

----------------------------------------------------------- 
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3. THE PROBLEM of FETAL ECG 

EXTRACTION 

The problem of fetal ECG extraction has been 

studied and improved in two stages. At the first 

stage, DE algorithm and adaptive filtering were 

combined in harmony and a combined approach 

was developed to ensure that the desired fetal 

ECG signal is obtained quickly and efficiently. At 

the second step, the acquisition of clinical 

experimental data was performed to use in the 

proposed approach. 

3.1 Integration of Adaptive Filtering and DE 

Algorithm 

In Figure 2, a block diagram shows integrating 

and applying the adaptive filtering and DE 

algorithm. As can be seen from this figure, the 

proposed ECG extraction system has two inputs, 

one output and one feedback. ( )d n  is the primary 

input signal (Abdominal ECG Signal) and 

represents the maternal ECG signals from the 

abdominal region. Also, ( )x n  is the second input 

signal (Thoracic ECG Signal) and shows the 

maternal ECG signals from the thoracic region.

( )y n  is the adaptive filter output. In Figure 2, a 

finite impulse response (FIR) digital filter is 

employed in adaptive filtering process and its 

formula is given as 

1

0

( ) ( )
K

k

y n wx n k




                                             (1) 

Here, the input signal ( )x n , the output signal ( )y n

, the degree of the digital filter K, and the filter  

 

 

 

 

 

coefficient vector w  are shown. 0 1 2[ ... ]nw b b b b  

presents coefficients vector of FIR digital filter. 

( )e n  is the feedback signal (Fetal ECG Signal) 

and it feeds the DE algorithm using equation 

( ) ( ) ( )e n d n y n  . Also, it assists the algorithm to 

optimize the coefficient vector of the adaptive 

filter. DE algorithm uses the error signal ( )e n  to 

minimize the objective function that is 

represented as 

   
2 2

1 1

min ( ) ( ) min ( ) ( ) ( )
N N

n

n n

J d n y n e n MSE d n y n
 

   
       

   
   (2) 

In this case, depending on the objective function, 

it evaluates the coefficients vector of the adaptive 

filter through the mutation, crossover and 

selection operators and tries to extract the best 

fetal ECG output signal. 

The aim the block scheme in figure 2 is to obtain 

the fetal ECG signal, which is the difference 

between the two input signals, by adaptive 

filtering and at the same time, the smoothest fetal 

ECG signal is quickly transferred to the output by 

optimizing coefficients vector of the adaptive 

filter using DE algorithm. 

For the performance improvement of the DE 

algorithm, population size of 20, a scaling factor 

(F) of 0.5, a crossover ratio (CR) of 0.9 and a 

maximum number of cycles of 500 were 

experimentally selected.  DE algorithm was run 

50 times with different initial values and the best 

results were evaluated. Furthermore, in the 

adaptive filter structure, a 7th-order finite impulse 

response digital filter was applied.  
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Figure 2. Block diagram for combining and applying DE algorithm with adaptive filtering. 

 

3.2 Clinical Data Acquisition 

In this study, clinical ECG signals have been used 

to extract the fetal ECG signal. These clinical 

signals were derived from a database which is 

called Daisy (Database for the identification of 

Systems) and formed by Lathauwer [20]. Clinical 

signals in Daisy database were obtained from a 

pregnant woman as using 8 channel probes.  8 

channel signals consist of 5 abdominal signals and 

3 thoracic signals. Clinical signals were sampled 

with a sampling frequency of 250 Hz and 

recorded for 10 seconds. Channels 1, 3 and 5 for 

the abdominal region and channels 6 and 8 for the 

thoracic region have been used since the data 

from some channels are not stable. Each ECG 

signal includes 2500 sample points and all points 

were applied in the proposed method. But, 1000 

sample points have been shown for easy 

understanding of graphics. 

4. CONCLUSION and ANALYSIS 

Figure 3 shows 8-channel maternal ECG signals 

from the DaISy database. Channel 1-5 shows the 

ECG signals from the abdominal region, and 

channels 6-8 show the ECG signals from the 

thoracic region. 

In Figure 4, the results of the least mean squares 

(LMS) method, which is previously suggested for 

fetal ECG extraction in the literature, are 

presented [3]. Here, the first and 8th channels are 

used for the abdominal and thoracic regions, 

respectively. In Figure 4, markings on the fetal 

ECG signal obtained by the LMS method 

demonstrate disorders that causes loss of 

meaningful information about cardiac activity. 

Although the LMS method provides a quick 

solution to extract the fetal ECG signal, the 

occurred distortions on the waveforms affect 

negatively the performance and it can cause the 

loss of meaningful information in the fetal ECG 

signal. 

In Figure 5, the extracted fetal ECG signal 

obtained by the proposed approach is shown. 

Although both suggested methods use same 

channels 1 and 8, the distortions occurring in 

Figure 4 are not observed on the obtained fetal 

ECG signal in Figure 5. Also, in Figure 5, the fetal 

ECG signal is efficiently and quickly obtained 
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with the proposed approach and the distortions in 

the LMS method are eliminated. In addition, 

when the fetal ECG signal in Figure 5 is 

examined, it is observed that the R peaks 

belonging to the QRS wave are prominent and the 

heart rate can be easily determined from the ECG 

signal using appropriate techniques. 

 

 

Figure 3. 8 channel ECG signal for pregnant woman (Channel 1-5 abdominal, Channel 6-8 thoracic). 
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Figure 4. Fetal ECG signal obtained by least mean squares (LMS) method. 

 

 

Figure 5. Fetal ECG signal obtained by the proposed approach combining the DE algorithm with adaptive filtering. 
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Figure 6. Error convergence of the proposed approach. 

 

Figure 6 shows the error convergence of the 

proposed approach. Although the maximum cycle 

number of the DE algorithm is selected as 500, the 

algorithm approaches to the minimum values 

without reaching 100 cycles. This shows the fast 

and efficient convergence of the proposed 

method. 

For the multiple runs of the DE algorithm, the 

average error is calculated as 20.6091, the 

standard deviation value is 4.4943 and the best 

value is 17.0460. In addition, coefficients of the 

7th order finite impulse response digital filter 

used in adaptive filtering are given in Table 1 

depending on the best error value. Also, the MSE 

value of the proposed LMS algorithm is computed 

as 18.9137. This value shows that the MSE value 

of the proposed DE algorithm is smaller and its 

performance is about 10% better than those of the 

other algorithm. 

 

Table 1. The coefficients of the 7th order finite impulse response digital filter. 

Coefficients 

0b  
1b  

2b  
3b  

4b  
5b  

6b  
7b  

-0.0388 -0.0195 -0.0149 0.0074 0.0062 0.0034 0.0017 0.0058 

 

 

5. DISCUSSION and CONCLUSION 

In this study, for fetal ECG extraction, a new 

adaptive approach is proposed combining DE 

algorithm with adaptive filtering. The actual 

clinical data were used to assess the performance 

of the proposed approach and the obtained results 

were compared with those of the literature. 

Accordingly, the approach using a metaheuristic 

algorithm showed better performance than the 

ones using classical algorithms. 

In addition, the fetal ECG signal obtained by the 

DE algorithm based approach is an appropriate 

signal to extract important data such as heart beat. 

However, the R peaks of the fetal ECG signal are 

quite clear. In the future studies, the proposed 

method will be realized as hardware and a real-

time fetal ECG acquisition system will be 

designed and the results will be shared with the 

literature. 
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