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Abstract— Electrocardiography is the measure of the 

electrical signal activity of heart. Any Heart 

abnormalities can be easily identified through the 

Electrocardiography. Fetal Electrocardiogram is used to 

analyze fetal heart beat and its health during the pre-

natal period. Fetal Electrocardiogram is measured from 

Abdominal Electrocardiogram which is a composite 

signal consisting of both Maternal Electrocardiogram 

signal and Fetal Electrocardiogram signal recorded from 

Abdomen of mother. Millions of Still Birth occur every 

year because of Fetal Heart Defect. Many Methods like 

ICA and PCA methods are there but they were not 

useful in identifying the cardiac abnormalities and 

morphological characteristics of Electrocardiogram. 

Hence we propose a method for Fetal Electrocardiogram 

extraction using Extended Kalman Filter. In this method 

we are applying Fourier transform(FT) for removing 

Baseline Wander noise(BWN) and scanning window 

method for R-Peak detection of maternal 

Electrocardiogram signal. Differential Evolution(DE) 

algorithm for estimation of optimum parameters and 

Extended Kalman Filter(EKF) Framework for 

extraction of Fetal Electrocardiogram. 

 
Keywords— Fourier Transform(FT), Baseline Wander  

Noise(BWN),Scanning Window(SW) for R-peak 

detection,(DE)Differential Evolution algorithm for parameter 

estimation using Extended Kalman Filter(EKF). 
 

I. INTRODUCTION 
 
Abdominal Electrocardiogram is available as a composite 

signal containing Maternal Electrocardiogram signal and Fetal 

Electrocardiogram signal. It is usually recorded from the 

abdomen of the Pregnant women. The Maternal ECG is usually 

recorded from the chest of the pregnant mother. Many noises 

gets mixed up with the Electrocardiogram recording like skin 

noise, muscular noise, electrode contact noise, Baseline Wander 

Noise(BWN). Therefore for accurate extraction of Fetal 

Electrocardiogram signal from abdominal signal requires 

effective noise cancellation process. There are several methods 

for recording fetal Electrocardiogram such  
as carditocography, Echocardiography, 

magnetocardiography,phonocardiography,ScalpElectrocardi 

ography. Various signal denoising algorithms like Bandpass 

Filtering, Ensemble average, adaptive filtering, Weiner filter, 

wavelet denoising, Principal Component Analysis(PCA), 

Independent Component Analysis(ICA) and Extended 

 
 

 
kalman filter. Ensemble averaging technique cannot eliminate 

because beat interval variation. Bandpass Filter technique is not 

able to completely eliminate all the noises from the ECG 

signal. Adaptive filter cannot remove the motion artifacts and 

baseline wander noise of the signal. Adaptive Filtering process 

requires a reference signal for noise cancellation. Weiner Filter 

does not give any proper results because of random behavior of 

Electrocardiogram signal. Wavelet denoising approach does not 

preserve the waveform characteristics. ICA and PCA methods 

does not provide complete wave characteristics if only one lead 

is used for measuring ECG.It needs two or more leads since it 

provides results upon only correlation values. The NLM 

denoising technique is based on the standard deviation values 

and hence unreliable. The Extended kalman Filter(EKF) 

framework that we use here is more effective. It filters the 

signal in both forward and backward direction. EKF filters the 

signal in the forward direction .EKS perform the filter 

smoothing in backward direction.Non linear least square 

method is used for filtering the signal determination of 

optimum parameters and deriving a state equation for EKF. 

 
. 

 
II. PROCEDURE 

 
In this framework the noise components and maternal ECG 

signal gets eliminated from abdominal ECG signal and fetal 

ECG signal is --extracted.. The framework consists of five 

stages ,the first stage is Maternal ECG R-peak detection and 

Baseline Wander Noise(BWN)removal, the second stage is 

Calculation of phase components of maternal ECG signal, the 

third stage is template extraction such as mean, standard 

deviation and mean phase of the maternal ECG signal. The 

fourth stage is optimum parameter estimation using Differential 

Evolution algorithm. The optimum parameters are amplitude, 

width and phase of the ECG signal. In the Fifth stage the 

optimum parameter values are given to Extended kalman filter 

framework for the extraction of fetal ECG.  
 
 
 
 
 
 
 
 
 
 
 

Fig.1.Block diagram representation of proposed methodology 
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III. R-PEAK DETECTION   
The inputs are selected from the Dalsy database. The 

abdominal ECG signal and maternal thoracic ECG signal is 

obtained from the database. Each ECG cycle consists of Five 

waves such as P wave,Q wave,R wave,S wave,T wave. The 

R-peaks of the Maternal ECG signal is detected by applying 

the scanning window algorithm for the given data set. The 

window size is set according to the length of the data set. 

The scanning window searches for the R- Peaks in the first 

half of the signal. Then the sliding window mechanism 

moves over the second dataset searching the R-Peaks. The 

same procedure is repeated until the signal is fully scanned. 

The signal is fourier transformed for eliminating Baseline 

Wander Noise(BWN).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

FIG. 2:DETECTION OF R-PEAKS FOR MATERNAL ECG SIGNAL TAKEN FROM 

DALSY DATABASE  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3: Comparitive ECG R-Peak plot 

 

IV. PHASE CALCULATION 
 
Based on R-peak locations the ones and zeroes of the peaks 

are stored into an array. Based on the array data the Phase 

values are calculated by the phase calculation function. 

Based on the phase values the template of the maternal ECG 

signal is estimated in the next stage. Hence the phase 

calculation for the given signal is very much essential. The 

normal phase values vary between -Π to +Π. The phase 

positive values vary between 0 to 2∏ in radians.  
. 
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Fig 4:Normal Phase Plot 

Fig 5: Phase positive plot 

V.   ECG FEATURE EXTRACTION 

Based on the phase values obtained in the previous stage the 
Mean Amplitude ,Mean phase, Standard deviation for a 
particular signal is estimated. The mean amplitude is 

measured by considering the number of samples per time at 
that instant and consecutive sequences of time. In the same 
way the mean phase and standard deviation of the signal is 
estimated. These values are very much important for 

optimum parameter estimation in next stage . 

The amplitude of p-wave,onset and offset time of p-

wave,amplitude of q-wave ,onset of q-wave,PQ time 

interval,QRS time interval,R-Peak amplitude ,RS time interval.It 

stores all the points in the location of an ECG wave 

VI.  PARAMETER ESTIMATION USING 

DIFFERENTIAL EVOLUTION ALGORITHM 

The optimum parameter estimation refers to the measurement 
of amplitude α, width β, phase θ of the five segments of the 
ECG such as P,Q,R,S,T. The parameter estimation usually 
involves the four major stages like initialization, mutation, 
crossover and selection of optimum parameters. αi,βi,θi refers 
to the amplitude, width and phase of the P,Q,R,S,T of each 

cycle and the i={1,2,3….N}. 

Amplitude OF ECG SIGNAL 
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smoothing is Xeks .The final output is the denoised Fetal 

Electrocardiogram. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.6.. Parameter Estimation of ECG 

 

VII. EXTENDED KALMAN FILTER FRAMEWORK 

 

The Extended Kalman Filter algorithm consists of two levels 

of operation. The first stage is the forward filtering and 

backward recursive smoothing operation. The First step is to 

determine the state Equation and Measurement Equation. It 

involves the calculation of state Vector X0, state vector  

covariance matrix P0 , ,Q is the process noise covariance  
matrix, Observation vector Y, R is the observation noise 

covariance matrix, measurement vectors.The dynamic ECG 

modelling equation is as follows: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.7.: Combined plot of original signal and extracted fetal ECG 

signal by EKF and EKS methods.  
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The process noise covariance matrix, measurement noise 

covariance matrix X0,P0,Q,R,Y respectively. vmean is the  
observation noise vector mean,wmean is the process noise vector  
mean. Inits specifies the initial parameters, InovWlen is the 

innovation monitoring window length, RadaptWlen is the window 

length for observation covariance adaption. 
 

SK=[θK,Zk]
T 

AK=αP, αQ, αR, αS, αT, βP, βQ, βR, βS, βT, θP, θQ, 

θR, θS, θT,ω. 
Q=E[AKAk]

T 
 

R=E[YKYK]
T 

 
Based on that the Maternal ECG extracted by EKF method 

is Xekf.,the maternal ECG estimated by backward recursive 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 8: Separate plots of Abdominal ECG ,Fetal ECG by EKF 

,Fetal ECG by EKS methods. 
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VIII. RESULTS AND DISCUSSION 

 

The fetal ECG is obtained by the Extended kalman filter 

after forward filtering and backward smoothing process. 

Thus the results obtained from the above process has the 

SNR values between -5 to +20Db(decibel). 
 
The performance of the system is measured in various 

parameters like Signal to noise ratio, for guassian noise 

colored noise and muscle artifacts noises and the results are 

appreciative when compared to other denoising techniques. 

 

IX. QUALITATIVE ANALYSIS 

 

Figure 2 represents the Baseline Wander Noise removed 

Maternal ECG followed by Maternal R-peaks obtained by 

Scanning window algorithm whose R -Peaks are obtained. 

Figure 3 represents comparative ECG plot for obtained R-

Peaks. Figure 4 represents the phase calculations of ECG. 

Figure 5 represents the optimum parameter selection from 

the dataset for the calculation of amplitude, width and phase 

of the signal. Figure 6 represents combined plot of 

abdominal ECG and EKF applied maternal ECG and EKS 

applied Fetal ECG. Figure 7 represents the individual plot of 

abdominal ECG and fetal ECG obtained by EKF method 

and Fetal ECG by EKS method. 

 

X. CONCLUSION 

 

In this technique synthetic DE is used in the model for 

denoising the abdominal ECG. The performance of the 

method is tested with different snr. According to the results 

they are tested with different SNR.As long as the R-Peaks 

are correctly detected the framework denoises the signal 

effectively.The application of Fourier Transform for the 

signal helps to remove the baseline wander noise in two 

stages which helps in Effective R-Peak Detection. The 

proposed method shows the less value of MSE,PRD 

compared to other techniques. 
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