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Abstract—Heart disease is one of the major problems 

that needs to be addressed using the latest methods of 

signal processing. Different measuring parameters are 

used to identify heart disease. Electrocardiogram (ECG) 

plays an important role in diagnosis of heart disease. 

Practically it is not possible to acquire ECG signal without 

noise. For analysis and interpretation of ECG signal, it is 

very important to diagnose this signal. In this paper, 

different kinds of noise present in the ECG signal are 

illustrated, and several techniques for their removal are 

discussed.  

Index Terms— Artifact, baseline wander, high frequency noise. 

I. INTRODUCTION  

       Biomedical signal processing and analysis are one of 

the most challenging research areas since, last 4 decades. 

Different types of biomedical signals are generated by a 

human body. One of the important biomedical signals is an 

ECG (electrocardiogram) signal. ECG is the recording of 

electrical activity of the heart. Different kinds of noise are 

also present in this signal. For analysis of ECG signals, the 

first step is to remove these noises, because these noises can 

lead to inaccurate diagnosis. Power line interference, 

baseline wander, motion artifacts, muscle contractions, 

electrode contact noise and instrumentation noise generated 

by electronic circuit are various noises present in the ECG 

signal. For the past 40 years, many researchers, engineers 

and doctors have tirelessly investigated and designed 

different techniques to diagnose the ECG signal. Wavelet 

transform, mathematical morphology, moving average 

filter, different adaptive filter algorithms, artificial 

intelligence methods and many other techniques play an 

important role in removing noise. However, an absolutely 

noiseless ECG signal, especially in the ambulatory 

environment still remains a challenge   

      The aim of this review paper is to discuss several 

techniques, to a great extent eliminate noise from the ECG 

signal to provide useful diagnostic information.  
     In view of the above the present study is organized into 3 
parts. First (Section II), brief discussion of ECG signal is 

presented. Secondly, several techniques used to remove 
noise in ECG signal are briefly discussed and thirdly, 
important conclusions are drawn. 

II. THE ECG SIGNAL  

ECG signal is one of the most important biomedical 
signals, that represents the electrical activity of the heart 
governing the entire cardiovascular circulation cycle. ECG 
signal represents the process of polarization and repolarization 
of atria and ventricles of the heart [1]. The normal ECG wave 
is illustrated in Fig.1, that depicts different components of ECG 
waveform, viz., P wave representing the atrial de-polarization, 
QRS complex representing ventricular de-polarization and 
hidden atrial repolarization and T wave representing  
repolarization of ventricles. From the onset of one  PR interval 
to the onset of the next PR interval is one cycle of ECG signal, 
However, R-R interval is considered as one cardiac cycle, since 
R peaks are easily recognizable. 

 

 

                          Fig 1. Normal ECG wave [2] 

III. LITERATURE REVIEW 

    An efficient method to clean the ECG signal has been 

presented by Ahlstrom and Tompkins [3], in which they 

propose a set of real time digital filters to denoise ECG 
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waveform. Hanning filter is used to remove 60Hz power line 

interference. After removing 60Hz frequency, high pass filter 

is designed to remove dc offset. These researchers also used 

band pass filter for detection of the QRS complex.  Linear 

phase filters to remove baseline drift during exercise designed 

by Alsti et al. work in real time ECG signal processing [4]. 

Finite Impuls Response (FIR) filters used as a linear phase 

filter, are represented by Eqn 1. 
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where, ( )y nT , ( )h kT , ( )n kT and N express respectively, the 

output signal, impulse response of the filter, input signal and 

number of coefficients.  

       Impulsive noise is removed, using morphological 

operator [5]. In this study, researchers used basic 

morphological operator such as erosion and dilation for 

removing impulsive noise, they also, removed baseline drift  

by applying opening operation followed by closing operation. 

Further, background normalization has been carried out using 

drifting and subtraction. The mathematical expressions for 

erosion, dilation, opening and closing operation are 

expressed, respectively, by the following Eqns. 2-3.  
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Where, f and k are two discrete functions with N and M 

number of sequences, respectively [5]. 

         Adaptive filtering is also used to reduce the noise in a 

biomedical signal. The technique [6], is used for baseline 

wander drift elimination. Also, these researchers employed 

adaptive recurrent filters for noise cancellation of ambulatory 

ECG data, which includes environmental noise, power line 

noise, radio frequency noise and other noises. After cleaning 

the signal, arrhythmia detection was done, accomplished with 

the specialty of QRS-T complex and ectopic beat detection, 

P-wave and atrial fibrillation detection. The cascaded 

structure of adaptive filter has been used to remove baseline 

wander [7]. A new technique employing IIR notch filter that 

not only suppresses the transient state(s) in the output, but 

also improves the performance in noise reduction as 

compared to other methods is proposed by Pei et al. [8]. 

Hamilton has compared adaptive and non-adaptive filtering 

methods to remove noise in the ECG signal,  has applied 

adaptive and non-adaptive notch filter to remove 60Hz signal 

and concluded that the adaptive filtering technique is less 

complex [9]. Mathematically, the adaptive filtering function 

can be represented using Eqns. 4 and 5.  

                    ( ) ( ) ( 2 )e t Ne t nT e t nT                       ….. (4) 
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   where, e(t) is noise estimated, N can be calculated using 

Eqn 6. 
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 T is the sample period. The transfer function of non- adaptive 

filter is expressed by Eqn 7 below;  
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Where,  r is the radius of the unit circle [8]. 

          A low frequency noise of 0.44Hz is eliminated using a 

moving average filter [10] having a transfer function 

expressed as follows:  
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In the expression above r represents the beginning and the end 

of the sample points in the raw or unfettered data and m stands 

for the length of the window.  In Fig 2, the moving average 

operation is depicted. 

        
 Fig 2. The moving-average operation as a high pass filter [10]  

   Wavelet transform is very often used to denoise ECG 

signals, since the past 2 decades. In the same context, 

Tikkenen used  wavelet transform to denoise the ECG signal 

using a new wavelet packet based algorithm [11]. The 

research involved the quantitative comparative study of 

several denoising approaches by means of visual inspection 

and optimized error measures and the error signal of the 

denoise ECG data.  In Fig 3, is shown an optimized wavelet 

packet decomposition tree of depth 6 for noise removal. 
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Fig 3. Wavelet transform, optimum wavelet packet 

decomposition tree of depth 6 [11] 

        Statistical threshold estimator is used to completely 

eliminate noise from ECG signal by Agante [12]. Motion 

artifact in stress is removed from ECG signals by Raya et al. 

by using adaptive noise cancellation [13], the stress being 

created by accelrometer. Modified morphological function 

(MMF) is used for conditioning the ECG signal [14], where 

the aim of the research is to improve the performance of signal 

conditioning to achieve reliable ECG signal analysis in terms 

of low computational burden, low distortion ratio and good 

signal  to noise ratio. In another study, 60Hz noise is reduced  

using notch filter [15]. The authors first, design FIR filter 

using the Parks-McClellan method and they also compare 

different notch filter results. A new approach to remove 

baseline wander is proposed by Zhang [16]. Discrete wavelet 

transform (DWT) is used to remove the baseline wander noise 

and the high frequency noise component is eliminated using 

the wavelet shrinking method. In another approach, the 

nonlinear filter bank is used to remove noise components from 

the ECG signal [17]. Nonlinear filtering improves the 

performance in terms of less distortion and less computational 

complexity. 

   In yet another study researcher employed Elliptical filter for 

elimination of noise [18]. The transfer function of Elliptical 

filters being expressed as: 
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where,  is the pass band ripple ratio, c is the cut of edge 

frequency, (_)NU  is thN order Jacobian elliptic function and 

N is the order of filter, that can be calculated as following;  
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where, k is ratio of pass band edge frequency and stop band 

edge frequency and expressed as: 
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     Blanco-Velasco et al. proposed a new method to enhance 

the diagnostic value of ECG signal. This method is based on 

Empirical Mode Decomposition (EMD) to remove baseline 

wander and high frequency noise [19]. 

     A novel method to suppress noise based on Unbiased and 

Normalized Adaptive Noise Reduction (UNANR) has been 

proposed by Wu et al. [20] the performance of this method is 

better in terms of SNR in the range of 5–20 dB over the 48 

ambulatory ECG recordings tested, and analyzed using the 

standered MIT-BIH Arrhythmia database. In another 

Independent component analysis (ICA) and principal 

component analysis (PCA) are investigated to denoise ECG 

signal [21]. The author has applied 8- channel PCA & ICA to 

eliminate the unwanted signal. Chang et al. proposed an 

algorithm that is an improvement of EMD algorithm to 

remove Gaussian white noise [22]. The authors also used FIR 

Wiener filter for performing the task. A hybrid scheme 

consisting of Genetic algorithm and wavelet transform has 

been used by El-Dahshan for ECG signal denoising [23]. The 

performance of this hybrid scheme is evaluated in terms of 

SNR and Percentage Root Mean squire Difference method 

(PRD). In yet another study [24] researchers have presented 

and compared diffrent technique viz. IIR high pass filter, IIR 

zero phase, FIR filter, moving average, wavelet, polynomial 

filter etc. for removal of baseline wander from the noisy ECG 

data.  
A hybrid method is introduced by Kabir and Shahnaz to 

denoise ECG data [25]. Authors combine two mass valuable 
algorithms that is wavelet transform and EMD to improve the 
processing of ECG signal. Comparative analysis is made in 
terms of PRD and SNR. In another technique, authors 
improved principal component regression (PCR) approach for 
processing maternal ECG [26]. The aim of this paper was to 
remove maternal ECG signal from the abdomen signal with 
high accuracy. The non-stationary nature of noise 
contaminating the ECG signal and the spectral overlapping of 
the noise with diagnostic ECG wave complexes, prompted 
researchers to undertake another study [27] based on an 
adaptive filtering approach taking into account two major 
techniques viz, discrete wavelet transform and artificial neural 
network (ANN). They developed a new combination of 
multiresolution property of wavelet decomposition with the 
rationale of adaptive learning ability of ANNs. The study could 
provide significant SNR improvement as compared to other 
algorithm that is capable of only removing fewer number of 
noise. Another comparatively simple, effective and 
computationally undemanding method has been proposed that 
performs noise reduction to increase the accuracy of ECG 
interpretation [28]. In this work, the researchers have computed 
the Discrete Fourier series of sampled ECG data, and 
calculated the Fourier coefficients for the segmented signal. 
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Eventually, the coefficient corresponding to the noise 
frequency are eliminated, and by using an inverse operation the 
processed coefficients are transformed back to time-domain to 
retrieve the original ECG signal, noiseless and reliable for 
analysis and interpretation. The method yielded suitable SNR 
improvement for high frequency noise. Liu and Luan proposed 
a novel integrated adaptive algorithm to separate the fECG 
(fetal ECG) from the maternal ECG data [29]. The adaptive 
integrated algorithm is based on ICA, ensemble empirical 
mode decomposition (EEMD) and wavelet shrinkage (WS) 
denoising criteria, denoted by the authors as ICA-EEMD-WS 
technique for fECG separation and noise reduction. 
Researchers concluded that the integrated adaptive algorithm 
gives better result in terms of high SNR, R wave amplitude and 
smaller mean square error values as compared to the 
conventional algorithm in signal denoising. 

A new methodology is proposed by Mirza et al. to suppress 
impulsive noise [30]. In this work, an enhanced adaptive 
impulsive noise cancellation technique based on State Space 
Recursive Least Square (SSRLS) algorithm is used to eliminate 
the impulsive noise that causes catastrophic effects in 
electrocardiography. The method exhibits better results, as 
regards impulsive noise cancellation in ECG signal, in 
comparison to Normalized Least Mean Square (NLMS) and 
Recursive Least Square (RLS) techniques. The proposed 
scheme not only demonstrates fastest convergence but also 
excellent tracking characteristics leading to desired and 
effective results  

In another study, by Goel et al. [31], white noise has been 
removed for obtaining diagnostic information in the ECG 
signal acquired from MIT/BIH data base. The authors used 
Welch and Blackman Nuttall window functions to design low 
pass FIR filters. The performance of the two window based 
FIR filters is compared by computing Total Harmonic 
Distortion (THD) and energy levels of the signal. Finally, the 
authors concluded that Blackman Nuttall window performed 
better.  Another efficient technique based on VHDL (VHSIC 
hardware description language) implementation is introduced 
by Belchandan et al. [32]. In this research work, researchers 
used FIR filter and IIR filter for reducing artifacts in ECG data.  

IV. CONCLUSION 

Noise present in the ECG signal leads to inaccurate analysis 
and diagnosis. Different types of noise and different techniques 
developed to remove the noise from ECG data has been briefly 
discussed in this paper. The various type of noise present in the 
ECG signal are baseline wander, high frequency noise, power 
line interference, muscles contraction, instrumentation noise 
etc. The methods reviewed in this study are listed as follows; 
(1) linear filtering, (2) nonlinear filtering, (3) adaptive filtering, 
(4) mathematical morphology, (5) wavelet transform, (6) ICA, 
(7) PCA, (8) PCR, (9) ANN based techniques, (10) EMD, (11)  
EEMD, (12) SSRLS, (13) NLMS, (14) RLS, (15) VHDL based 
technique (16) multirate filterbank, (17) MMF and some hybrid 
methods. In one way or another, each of these methods have 
created their impact in denoising ECG signals. 
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