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ABSTRACT 

 
Electrocardiogram (ECG) is an important biomedical signal that depicts the 

electrical activity of heart. Analysis of ECG becomes difficult when the noise 

produces hurdle in the system. The augmentation of noise with signal degraded the 

important feature in the ECG signal. A NLM filter de-noises the signal by 

introducing the patches where the patches are averaged and the difference between 

the two regions is evaluated. Depending upon the fact that the neighbors of the 

samples contain repetitive patterns, only the portion of the signal is treated to predict 

out the noisy region. The coefficient of wavelet also determines the high frequency 

component which indirectly defines the noise in that region. The paper explains a 

method that uses the output characteristic non local means (NLM) and wavelet 

feature, which have been fused further to estimate the actual content of ECG signal. 

The experimental results reveal that the proposed method is better than traditional 

wavelet de-noising and NLM methods to estimate the original content of ECG 

waveform having improved (signal to noise ratio) SNR. 
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1.  INTRODUCTION  
 

An electrocardiogram (ECG) describes the electrical activity of the heart that is 

recorded by electrodes placed near the heart of the body. As the cells of the heart contract, 

which causes the voltage variations due to action potentials of the muscle fibres and it is 

collected by the electrode mounted near the heart. It is observed that the ECG represents the 

sequence of waves, which is combination of morphology rhythm, rate, as well as timing that 

convey information which is used for medical diagnosis. 

A proper processing is often required in case of understanding the behaviour of health 

heart and the heart having disease. The quality of this bio-medical signal is degraded mainly 
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in the time of acquisition, transmission and reception. The main sources of noise are power 

line interference (PLI), baseline drift, muscle contraction noise etc. 

Removal of noise from the biomedical signal is still challenging task and a wide 

variety of de-noising filters are proposed to remove the artefacts from the ECG signal.   

Spatial filter is one of the traditional approaches of removing noise from signals. These 

filters usually do the smoothing of the data but also introduces the   blurring the data. In the 

last decade, several new techniques have been used to preserve the edges and reduce the blur 

in the data. One of the techniques is the wavelet transform that treats the non-stationary signal 

using a variable window and preserve the edges of the signal. In this work, it is focussed to 

reduce the impact of noise after the filtering of the baseline wander distortion. Section 2 

describes some of the existing state-of-the art-methods of signal denoising. Section 3 describes 

the proposed denoising techniques based on the fusion of NLM and wavelets method. Section 

4 represents the experimental results analysis on ECG dataset. Section 5 concludes this work. 

 

2.  LITERATURE REVIEW 
 

In this section, some existing works on ECG denoising and its performances is explained 

in brief. In1, authors present a novel approach for the detection of ECG signal from the sample 

data of arrhythmias diseases. The ECG signal is differentiated after the band pass filtering with 

a feature extraction technique PCA and positive results were obtained with the recent methodology. 

In2, authors proposed the principal components of Discrete Wavelet Transform 

(DWT) coefficients as features. These features are classified using feed forward neural 

network (NN) and Least Square-Support Vector Machine (LS-SVM).  

In3, authors selected the mother wavelet basis functions which are applied for 

denoising of the ECG signal in wavelet domain by keeping the peaks to their full amplitude. 

In4, many mother wavelets are used to extract the feature in order to denoised the 

signals. Thereafter, the Support Vector Machine is used to classify the feature extracted from 

input signal and recognize pattern of original signal for better classification of the paper 

provided the brief Survey on Support Vector Machine and Combination of Wavelet Transform. 

In the paper5 author proposed  the window technique and utilizes the higher order 

filter to remove the noise from the signal. The projected filter is found to be stable with a linear 

phase response. It also maintain the sharp attenuation at   high  pass,  low  pass  band. A 

comparative study of the ECG is done between the chebheshef filters, wavelet denoising and 

filter with windowing techniques are proposed in 2. 

In the paper6,  the noise through  the Baseline wander and power-linen interference 

reduction is handled in electrocardiographic (ECG)signal processing.. These two artefacts 

degrade the ST segment. The Nyquist filter and equiripple algorithm have utilized to estimate 

the actual signal from the noisy ECG signal. 

In7, authors implemented adaptive filters by aiding the LMS least mean square 

techniques that minimized the mean squared error between a primary input, and reference input. 

In the paper8, authors proposed ICA approach with the JADE (joint approximate 

diagonalization of Eigen matrices) algorithm This approach has been applied to the 
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processing of real data sets, such  as  telephone, navigational as well biomedical signal, 

that have been proven effective even if  there are a small number of observations. 

In the paper9, author  developed JADE source separation  and  binary  decision  tree  

for  detection and removal of the noise from the   ECG  noise..  Proposed algorithm effectively 

reduces the power line interference, base line wander, EMG, but in case of  uncommon noise 

(electrode cable movement artefact) , the results achieved were comparatively better than 

previous existing state-of-the-art methods. 

In the paper10, authors used the PCA which characterised the data on a set of time 

samples rather than on a data set of variables. The PCA along with the optimal filter such 

as kalman filter is used to enhance the quality of the signal.  The statistical to extracted a 

statistical-based model of the signal and noise, in which the dimension reduction is performed 

for the removal of in-band noise by discarding the dimensions corresponding to noise 

Authors in11, proposed the minimal computation based noise removal Signal-Noise 

residue algorithm. The algorithm is based on Wavelet theory for ECG signal denoising. It is 

based on the assumption that a raw ECG signal is linear combination of noise and ECG signal. 

The symmlet8 mother wavelet with highest number of vanishing movements and multiscale 

decomposition has been utilized to get the accurate estimation of noise. 

In this paper12, author used the Daubechies wavelet in order to remove the power line 

interference and baseline wander from ECG signal. The Daubechies characterized by a 

maximal number of vanishing moments for some given support and the scaling function 

generated an orthogonal multiresolution analysis. 

In the paper13, authors have proposed the NLM algorithm. The true estimate of the image 

is achieved by weighting the sample and finding the degree of similarity between a small patch 

centered on that sample and the small patch cantered round the sample those are being de-noised. 
 

3.  PROPOSED METHODOLOGY 
 

In this work, it is focused to filter the noisy signal through the NLM filtering 

techniques and simultaneously the coefficient having very low value that generally depicts the 

noisy part is discarded through the wavelet filtering. Figure 1 shows the block diagram of 

proposed method. 

 
Figure 1. Block diagram of propose method 

 

 

 

 

 

 

 

 

 

 

 

 

                             Figure 1. Block diagram of propose method 
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The Output of these two methods is fused through the principle component analysis16. 

Initially, the signal is passed through non-local filtering techniques. 

Non-local means is called the statistical neighbouring filter that reduces the problem 

associated with the local smoothening filters.  It reduces this problem by calculating the 

weighted average of samples values in time series. It is based on the fact the how much the 

intensity under current patch is similar to the neighbouring patch. The denoising mechanism 

is executed on the patch which has the significant intensity difference between them13. 

The smoothed value is calculated in the non-local means algorithm is given as below as: 
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The output is an intensity value of the neighbourhood samples, the intensity difference 

between the two patches. Non-local means filters recover the original signal T from a given 

set of noisy observation. Consider a noisy observation is defined as V=T+N, where N 

represents the noise in the system. For an input sample s, the correct estimate T(s) is estimated 

using the weighted sum of sample value at point ‘t’. The bandwidth parameter is defined by λ.  

Δ represent the local patch that surrounds the samples s, while L  the represents the samples 

near the time ‘t’. The parameter d2 is the difference intensity distance between the two samples 

surrounds s and t. To get the smother results at the peak, a centre patch correction is applied 

between the two patches. The efficiency of the NLM algorithms depends on the similarity of 

the patches rather than the samples difference between the two patches13. 

In the second phase, the  DWT is applied to decompose the signal into two part namely 

it  decomposes the signal into approximate and detail information.   

 
Figure 2.  Multistage wavelet decomposition tree. 
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The input signal passed through the two complementary filters through which the 

output emerges as two signals. The resultant signal also consists of same sample at the output. 

In wavelet analysis the approx component signal is broken down into many lower 

resolution components. The above process of decomposition forms a tree as shown in Figure 

3 each time the signal is down sampled  by 2 and the signal length is reduced to 2.  

The output of the wavelet possesses multi resolution and sparstity structure that makes 

this method as a superior denoising techniques than other transform and spatial techniques.  It 

is seen that the wavelet coefficients at the finer scale represent the finer details such as edges, 

noise. By selecting the proper threshold on the basis of scale, a natural filtering can be 

performed to reduce the noise from the signal. 

In the synthesis process, the inverse wavelet transform, the filtering and followed by 

down sampling are performed. The approximate coefficient and the detailed coefficient is 

combined by taking the proper weight to reconstruct the original signal. 

 
Figure 3.  Single stage decomposition and reconstruction 

 

We combine cA and cD by IDWT to get the reconstructed original signal. However, 

instead of combining, we can feed a vector of zeros in place of the detail coefficients vector or 

approximation coefficients as per our requirement. For example, when cD is made zero before 

combining with cA, it yields a reconstructed approximation A1. A1 has the same length as the 

original signal x(n) and which is a real approximation of it. 

In this method, by selecting the proper threshold, the small wavelet coefficient is 

reduced to zero  and the noised component is also eliminated. 

Wavelet transform17 is a tool that effectively represents the signal in time-frequency 

domain. All basis functions are structured using the shifting and scaling of "mother" wavelet 

function: 
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where 𝑑𝑚𝑛 are spectral wavelet coefficients 

   , ,( ), 7m n m nd x n t         (7) 

In this work, we have used daubechies wavelet in the denoising phase. 

The output of above two processes is fused through the principle component analysis 

shown in figure 4. 

 
Figure 4. Fused of the NLM and Wavelet through PCA 

 

The principle component analysis is a reduced set of m components or factors that is 

the collection of most of the variance in p variable. The p variables represent the complete set 

of the data. In this work the data achieved through the wavelet analysis and NLM filter is fused 

through the PCA in order to get the best estimated value at the output. Let consider the two 

vector T1 and T2, which are the output of Wavelet analysis and NLM filter respectively. 

The average of the dataset is calculated using the following equation as follows: 

 Ψ =
1

M
∑ TM

n=1 n                                                                                           (8)                                                                                                            

the difference with the average for each vector of the T1 and T2 is calculated as follows: 

Φi = Ti – Ψ                             (9)     

Finally the Eigen vectors un and Eigen values λk of the covariance matrix is calculated to 

achieve the variability and reduced set of the data. The covariance matrix is given as follows: 

C = 
1

M
∑ Φn

M
n=1 Φn

T                    (10)  

The vector corresponding to high eigen value is retained and the vectors that correspond to 

low eigen value is omitted from the subspace. The low eigen values represents only a small 

part of characteristic features of the signals.  

The final signal is the represented using the equation as follows: 

Y=uTX.                                                                                                                                       (11) 

Where X is the input vectors.  
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4.  EXPERIMENTAL RESULTS 

 
In this section, the effectiveness of the proposed framework is shown on a standard 

MIT-BIH arrhythmia (MITBIHA) database. In this database, two-channel ECG has been 

recorded at sampling rate of 360 H z and it is kept at 11-bit resolution .The performance of the 

denoising methods is evaluated using the real-time acquired ECG signals digitised with the 

sampling rate of 256 Hz and 16-bit resolution.  

In order to compare the performance of proposed algorithm with other existing 

methods, the quantitative analysis parameters SNR (signal to noise ratio), MSE (Mean square 

error) and Cross-correlation is evaluated. 

𝑀𝑆𝐸 =
1

𝑁
∑ [𝑥𝑜

𝑁−1
𝑁=0 (𝑛) − 𝑥𝑟(𝑛)]2                                                                                               (12) 

 

𝑆𝑁𝑅(𝑑𝐵) = 10𝑙𝑜𝑔10(
∑ [𝑥𝑜(𝑛)]2𝑁−1

𝑛=0

∑ [𝑁−1
𝑛=0 𝑥𝑜(𝑛)−𝑥𝑟(𝑛)]2 )                                                                                   (13) 

 

In the above equation 𝑥𝑟(𝑛) is the estimated output signal (denoised signal), 𝑥𝑜(𝑛) is 

the original signal. The more is SNR the better would be the de-noising performance, whereas 

less is the MSE parameter, the distortion would be low in the reconstructed signal. 

 
Figure 5.  (a) Original ECG waveform  (b) ECG with Noise (c)NLM Output (d) Wavelet output (e) Proposed 

Method Output 
 

Table 1. Performance comparison of various denoising techniques with proposed technique 
 

Parameters METHOD15 WAVELET17 NLM Proposed Method 

SNR in dB 15.42db 4.702342 db 10.2798db 22.187075 db 

MSE 0.003902 0.077163 0.0136823 0.000807 

CROSS 

CORRELATION 

0.972669 0.912669 0.931418 0.992669 
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The first step of denoising process starts with a pre-processing of signal that reduces 

the baseline wander distortion. In figure 3.3, the first plot show the original ECG signal. In 

second plot, the noisy signal is shown; the SNR of the noisy signal is noted as -5.35dB. In the 

third subplot, the output signal through non-local mean filtering is shown with SNR 

value10.2798db, while the fourth subplot shows the output through wavelet de-noising filter. 

The SNR ratio is achieved as  

4.702342 db. However, the fifth subplot shows the output through the proposed 

method in which the signal to noise ratio is achieved the value 22.187075 db. It is also observed 

that the MSE is achieved by the proposed method is very low as 0.992669 that shows the less 

distortion available in the reconstructed signal.  

The correlation coefficient is calculated here to evaluate the similarity between typical 

ECG signal beats and the denoised beat, the higher similarity, the better the correlation 

between input and output signal. 

 

5. CONCLUSION 

 

In this work, a wavelet processing is done because it is far better filter than 

conventional filter that minimize the noise at some higher band. The non-local mean filter 

locally corrects the intensity and produces the better estimate at the output. However choosing 

the proper thresholding in wavelet and proper parameters for patches in NLM is a tedious task. 

It is focussed here to fuse these two conventional techniques to achieve the better estimate of 

the signal. The PCA frame work is used here to provide the suitable weight to both the signal’s 

amplitude in order to reconstruct the proper amplitude at the final output. Results further 

demonstrate that the proposed method provide a significant improvement at output over some 

other existing ECG denoising methods. 
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