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Abstract. Electrocardiogram (ECG) is a crucial tool in the detection of cardiac arrhythmia. It 
is also often used in a routine physical exam, especially, for elderly people. This graphical 
representation of electrical activity of heart is obtained by a measurement of voltage at the 
skin; therefore, the signal is always contaminated by noise from various sources. For a proper 
interpretation, the quality of the ECG should be improved by a noise reduction. In this article, 
we present a study of a noise filtration in the ECG by using an empirical wavelet transform 
(EWT). Unlike the traditional wavelet method, EWT is adaptive since the frequency spectrum 
of the ECG is taken into account in the construction of the wavelet basis. We show that the 
signal-to-noise ratio increases after the noise filtration for different noise artefacts.   

1.  Introduction 
The Electrocardiogram (ECG) shows characteristic of the electrical activity in hearts used for 
diagnosis of heart functions. ECG measurements possibly contain different noises such as power-line 
interference (PI), baseline wander (BW), muscle artefacts (MA) and electrode motion artefacts (EM). 
They can potentially cause ambiguous diagnosis. Normal ECG signals have low frequencies similar to 
BW, EM and MA so that they are difficult to be removed. Various methods of noise removal have 
been applied to reduce the noises e.g. wavelet transform, discrete wavelet transform (DWT), Empirical 
mode decomposition (EMD) [1-5].  

Recently, Gilles proposed a new method called empirical wavelet transform (EWT) [3] which is an 
adaptive wavelet method. In this article, we present a study on removal of three different types of 
noises (BW, EM and MA) from the ECGs by using EWT.  

2.  Methods 
The EWT is fully adaptive base on the design of a filter bank which consists of a low-pass filter and a 
high-pass filter, called scaling function and wavelet function, respectively. As proposed by Gilles [3], 
the scaling function and wavelet function are defined as in equations 1 and 2:  

∅ (ω) =
1																														, 			if				|ω| ≤ (1 − γ)ω 	

cos β( (|ω| − (1− γ)ω )) , 			if				(1 − γ)ω ≤ |ω| ≤ (1 + γ)ω
0																														, 			otherwise

                     (1) 
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1																																								, 		if			(1 + γ)ω ≤ |ω| ≤ (1− γ)ω 	

cos β (|ω| − (1 − γ)ω ) , 		if				(1 − γ)ω ≤ |ω| ≤ (1 + γ)ω

sin β (|ω|− (1− γ)ω ) 									 , 		if				(1 − γ)ω ≤ |ω| ≤ (1 + γ)ω

0																																								, 		otherwise

     (2) 

which depend on boundaries selected by considering the frequency of the signal. As a result, the EWT 
algorithm is considered adaptive.  

       

        
Figure 1. ECG signal and noises: (a) clean ECG (b) baseline wander (BW) (c) electrode motion 
artefacts (EM) and (d) muscle artefacts (MA). 
 

       

        
Figure 2. FFT of ECG signal and noises: (a) clean ECG (b) BW (c) EM and (d) MA. 
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In this article we use database from MIT-BIH Normal Sinus Rhythm Database and MIT-BIH Noise 
Stress Test Database [6] for testing the noise cancellation algorithm for different situations. The used 
ECG signal (clean ECG) and different noises: BW, EM and MA and their corresponding frequency 
spectra, i.e., Fast Fourier Transform (FFT), are shown in figures 1 and 2, respectively.  

Figure 3 shows a construction of the scaling function and the wavelet function in the case of BW. 
The boundary is computed by using equation 3:    

ω = 2π(1 + γ)                                                   (3) 

where  = 0.75, the limit of noise frequency (f) = 0.72 and the sampling rate of the signal (Fs) = 128 
sample/sec so that the boundary of BW is 0.06715 [figure 3(a)]. This boundary result in the scaling 
function and wavelet function vs frequency as in figures 3(b) and 3(c), respectively. For EM and MA 
noise, the boundaries are 0.157 and 0.054, respectively, which give different scaling function and the 
wavelet function.       

                           
Figure 3. Empirical wavelet construction: (a) FFT of BW noise and boundaries, (b) Scaling function 
and (c) Wavelet function for BW noise. 
 

To study the noise cancellation using EWT, we add a noise to the clean ECG. The noisy ECG 
signal is decomposed into two modes by using the EWT. Since the used noises are low frequency 
signals, the high frequency component of the EWT is taken as the denoised ECG.  

3.  Results 
The three noisy ECGs, constructed by adding each noise to the clean ECG, have different forms 
depending on the type of noises as shown in figures 4(a)-4(c). After the noise cancellation, the 
denoised ECGs are improved as shown in figures 4(d)-4(f), i.e., They are looked more similar to the 
clean ECG [figure 1(a)] in comparison to the noisy ECG.     

The detailed results of this study are shown in Table 1. We test the three types of noises for 
different magnitudes by multiplying a magnification ratio and the noises, i.e., the ones in figure 1(b)-
1(c) have the magnification ratio of one.  

While the magnification ratio is increased, the Signal-to-noise ratio (SNR) of both the noisy and the 
denoised ECGs decrease. For all magnification ratios, the noise cancellation causes an improvement of 
the SNR in all cases of noises. Note that the increment of SNR after the denoising is quite large for the 
case of BW but it is moderate for EM and MA.  
 

 
 
 

Boundary (0.06715) 
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Figure 4. Removal of different noises by using EWT: ECG with different noises (a) BW, (b) EM and 
(c) MA. (d)-(f) denoised signals corresponding to (a)-(c), respectively. 
 
Table 1. Signal-to-noise ratio (SNR) of noisy ECG and denoised ECG for different types of noise.   
 

Magnification 
ratio 

SNR of noisy ECG (dB) SNR of denoised ECG (dB) 
BW EM MA BW EM MA 

0.5 7.9207 6.1565 17.2073 19.1938 9.8259 18.9446 
1.0 3.5818 2.4849 11.4248 17.8040 7.3305 16.4543 
1.5 1.9358 1.2673 8.2747 16.1797 5.3459 14.1177 
2.0 1.1778 0.7489 6.2490 14.6235 3.9450 12.1811 

4.  Discussion and Conclusion 
We have presented an investigation on a noise cancellation using an adaptive method called empirical 
wavelet transform. The improvement of the signals depends on the type of noise. Similar to earlier 
study [1], the SNR increases very much for BW. Furthermore, our results show that EWT denosing of 
BW case has a better performance in comparison to EM and MA cases. This comes from the fact that 
the magnitude of the high-frequency components of BW noise is much lower than that of EM and MA 
[see figures 2(b)-2(d)] so the residue noise after the low-pass filtration is still high in the two latter 
cases. Therefore we suggest further studies on these two kinds of noise in ECG. 
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