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 Electrocardiogram signal represents the functioning of the heart ,the ECG signal 

plays a major role in detecting and analyzing the cardiac issues and ECG also 

plays a crucial role in analyzing heart disease diagnostics and also human 

computer interface ,stress and human emotional states assessment ,the ECG 

signal with its time varying morphological characteristics need to be extracted by 

signal processing methods because the content that are not present in the clearly 

visible graphical ECG signal in general ECG signal are  affected by various types 

of noises such as baselinewander(BLW), electromyograph noise (EMG), motion 

artifacts, power line interface (PLI),electromagnetic interface and high frequency 

noises during the data acquisition and thus it is difficult to preserve the 

morphological characteristics of the ECG signal and thus made difficulty in order 

to provide treatment to the patient , in recent trends different researches are going 

to preserve original and extract a noise less ECG signal in a noisy environment , 

in this paper we have implemented the  discrete wavelet transform (dwt) based 

denoising method have included different thresholding methods such as SURE, 

minimax, and Donoho and Johnstone's universal threshold to remove noises from 

the different ECG signals namely random noise(white noise), baseline wander 

(BLW) and power line interference ,the wavelet functions(“DB”, 

“Coif”, ”Bior”, ”Rbio”,”Sym”) and, three thresholding methods are used to de-

noise the noisy (corrupted )  ECG signals. The experimental result obtained have 

shown the significant reduction in the above noises and preserve original 

characteristics of the ECG signal effectively, the performance has been calculated 

in terms of SNR (signal to noise ratio) for this study we have acquired ECG 

signals from (MIT-BIH) data base. The experimental results shows that the 

proposed method is better than the conventional adaptive filters such as NLMS, 

LMS, SDLMS, RMLS, in terms of removing noise from the original ECG signal 

and provide better improvement in terms of SNR (signal to noise ratio) 
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I. INTRODUCTION 

 

Our human body will acts like a machine made by 

different systems consists a group of organs that tend 

to work together to produce a happy and long lasting 

life each system has their own contribution to 

maintain and balance our life and in some cases our 

human body system will coordinate with each other 

to function properly as heart is one of the organ in 

our body that is included in cardio vascular system 

the main functioning of the heart is to circulate blood 

through our entire body by carrying the oxygen , 

hormones and nutrients throughout the body and 

eliminate the carbon dioxide and other metabolic 

wastes and in recent years we have seen a rapid 

increase in the rate of heart failure heart-attacks 

cardiac arrythmia and cardiac arrest due to irregular 

diet and food habits and less physical activity and by 

studying and analysing we will prevent the death rate 

that’s caused by heart failure in our present day world 

technology is evolving in every field including bio 

medical field as early identification of cardiovascular 

diseases will minimize  death rate as in order to study 

and , in order to make out  working of the heart we 

require a device called electrocardiogram and in 

German it is spelled as Elektrokardiogramm (EKG) 

and ECG is also one of the tests that’s done in our 

body and ECG is a medical test in which the electrical 

activity of our heart over a period of time is recorded 

by placing the electrodes on outer surface of our skin 

to capture and approximate the electrical signals that 

are produced by our heart an ECG test is common and 

painless test to quickly detect patient heart problem 

and monitor heart health so any unusual activity of 

heart function can be easily detected by using ECG. 

     As ECG signal is a low frequency signal and it has a 

lower amplitude value and during the process of 

acquiring the ECG signal from the patient it is 

suspectable to different types of noises and it is 

difficult to analyse the acquired ECG signal from the 

noisy environment and the corrupted noisy ECG 

signal may lead to misinterpretation of heart’s 

function and therefore it is difficult to provide 

diagnosis to the patient by the cardiologist and in 

order to preserve the original ECG signal without the 

noise different signal processing techniques and have 

been introduced to preprocess a noisy ECG signal in 

return convert it into a noiseless ECG signal. As ECG 

signal is a representation of cardiac muscle activity 

and it is very easy to contaminate the original signal 

with different types of noises while gathering and 

recording and it is very easy to interfere with 

different kinds of noises the most common and 

maddening and irritating noise resources are 

instability of electrode-skin effect the power line 

interreference with 50/60 Hz baseline wandering 

electromyogram signal all these noises are very typical 

due to their non -stationary in nature and it is very 

difficult to remove these noises by employing 

conventional filtering techniques the 

Electromyogram(EMG)  is a high frequency 

component noise and it is caused by random 

diminution of muscles while the sudden drifter are 

due to sudden movements of the body. The baseline 

wandering is a low frequency component arise due to 

the rhythmic inhalation and exhalation of muscle 

cavity during respiration. 

 

 As noisy ECG signal has been de-noised by using 

Adaptive Filtering Techniques such as LMS, NLMS, 

SDLMS, RLS algorithms and their performance has 

been evaluated in terms of performance parameters 

such as SNR, MSE, and within the adaptive filtering 

techniques NLMS(Normalized Least Mean Square) has 

shown better performance in terms of SNR,MSE,PRD. 

NLMS algorithm has advantages over the other 

Adaptive signal processing algorithms such as 

Adaptability ,Low Computational Complexity , 

Robustness ,simplicity  so in spite of having 

advantages , NLMS also have some disadvantages such 

as slow convergence speed specially when signal 

colored , and it also difficult to estimate the higher 

order statistics , As we all know the wavelet transform 

as not like the adaptive filtering algorithms and it 
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exhibits Faster Convergence Speed , though not in a 

direct manner , by using wavelet transform we will 

analyze signal in both time and frequency domain . So 

in this proposed method we employed wavelet 

transform and different thresholding techniques to 

de-noise and extract the original ECG signal  

 The organizational framework of this study 

divides the research work in the different sections. 

The Literature survey is presented in section 2. In 

section 3 discussed about wavelet de-noising and In 

section 4 discussed about Performance Evaluation and  

In section 5 discussed about results and Further, in 

section 6 shown Comparative Results is discussed and 

Conclusion and future work are presented by last 

sections 7. 

 

II. LITERATURE SURVEY 

 

The techniques mentioned below have been 

developed for removal of noise from noisy ecg signal 

 “ECG Denoising Using Wavelet Transform and 

filter” by N .Rashmi and Ghousia Begum and 

VipulaSingh IEEE Wisp net 2017 Conference , this 

paper will give brief elaborative explanation on 

different types of noises that contaminate the ECG 

signal and different methods used to remove noise 

from the contaminated ECG Signal in this paper they 

mainly focus on the removal of noise by using an 

effective denoising method using wavelet transform 

of “sym8” and in other hand they use windowing 

technique such as “Blackman Window”. The 

performance is evaluated in terms of SNR ,And by 

using wavelet transform for denoising we achieved 

better SNR  and we can remove such as baseline 

wander , powerline interference [1]. 

 “Electro cardiogram Baseline Noise Estimation and 

Removal using Cubic Splines and State Space 

Computation Technique “  by  C .R Meyer and  H .N . 

Keiser  Computers and Bio Medical research 1977 in 

this research they proposed a method for estimating 

and removing the noise from the baseline of 

electrocardiograms  using cubic splines generated 

segments of  P-R segment samples and noise is 

estimated from the same P-R segment location in 

every beat and low frequency content is treated as 

estimate so it is not removed by the system [2]. 

 Suppression of Noise in the ECG Signal Using 

Digital IIR Filter “by MAHESH S , CHAVAN , 

RAAGARWAL,M.DUPLANE,8thINTERNATIONAL

CONFERENCEonMULTIMEDIASYSTEMSand  

SIGNAL PROCESSSING(MUSP) on 2008 in their 

research work they  have used digital IIR filter to 

remove the noises that are present during the 

acquisition of ECG  signal , they have used filters such 

as Butterworth and elliptic notch and high pass 

filter ,their performance has been compared to each 

other , and during their research it is  found that 

elliptic filter remove more noise.[3] 

 WAVELET TRANSFORM APPLIED IN ECG 

SIGNAL PROCESSING “ By Brikena Xhajia , Dr 

Eglantina Kalluci , Prof A.s Ligor Nikolla, European 

Scientific Journal April 2015 Edition  vol.11 ,No.12 

ISSN : 1857-7881 in this paper they focus on the 

compression of the ECG signal and they used 

Matched filter in order to remove and preserve the 

shape of the ECG signal ,matched filter is used to 

detect the position of the heart beats and they have 

conclude that wavelet transform is a obvious 

technique in order to remove the noise , and it also an 

alternative of ECG signal compression and the non 

stationary property of wavelets allow us to signals at 

different resolutions[4].   

 “ECG Signal Denoising Using Wavelet 

Thresholding Techniques in Human Stress 

Assessment “ by P. Karthikeyan ,Murugappan M ,and 

S.Yaacob, International Journal on Electrical 

Engineering and Informatics Volume 4 ,Number 

2,July 2012. In their research they  have stated that 

ECG signal is most important to determine stress and 

emotional states , in this work they have Incorporated 

the discrete wavelet transform (DWT) based wavelet 

denoising using different thresholding techniques and 

they have removed the noises such as baseline 

wandering ,EMG, Powerline interference(PLI). The 
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experimental results obtained have shown an effective 

reduction in noise and the Rigresurethresholding rule 

have shown an optimal reduction of noise in the real 

time ECG signal in terms of SNR.[5]. 

 “Fast multi -scale feature fusion for ECG Heart 

beat Classification “ by Danni Ai ,Jian Yaung ,Zieu 

Wang ,Jingfan Fan ,Changboin Ai and Yongtian 

Wang  EURIASIP Journal on Advances in Signal 

Processing 2015 , ECG heart beat classification is most 

significant one in the Computer Aided Diagnostics 

(CAD) . A study of feature fusion method based on 

multi learning sub space learning algorithm called 

GND – ICA  for heart beat classification has been 

proposed .Wavelet Packet Decomposition is used to 

analyze the relationship that exist between the time 

and frequency information and it is also used to 

extract information regarding about features that 

present in the ECG signal ,at desired level we will 

extract the wavelet decomposition coefficients for 

feature fusion and subspace learning methods (PCA) 

and Support Vector Machine (SVM) classifier in heart 

beat classification . GND -ICA based strategy is used 

to provide enhanced ECG heart beat classification and 

therefore large redundant features are removed and 

classification time is minimized. [6] 

 “A Survey on ECG Signal Denoising Techniques” 

by L.Sarangjoshi , A.Vatti Rambabu, 

V.RupaliTornekar  International Conference on 

Communication Systems and Network Terminologies 

2013  in this paper they have performed a quick 

survey on different surveying techniques that aim to 

remove various types of noises that may degrade the 

ECG signal and they find Equiripple notch filter is the 

best choice to remove Power Line Interference(PLI), 

and to remove the motionarti fact (ma) and EMG 

noise they have selected discrete meyer wavelet and 

applied improved thresholding function which is a 

combination of both hard and soft thresholding and in 

order to remove the baselinewander they have 

suggested empirical mode decomposition (EMD) 

based approach.[7]. 

 “Wavelet Based ECG Signal Denoising “ by 

Chitrangi sawant , T. Harishchandra patil   , First  

International Conference on Networks and Soft 

Computing (ICNSC) 2014 , In this paper wavelet 

denoising method has been performed to eliminate 

noise from the ECG signal by using hard, soft 

thresholding process and the desired noisy wavelet 

coefficients are denoised original signal is then 

recovered by applying the inverse discrete wavelet 

transform and performance has been evaluated in 

terms of SNR[8]. 

 “Analysis of ECG Signal Denoising using Discrete 

Wavelet Transform “ by  P.M. Shemi , E.M. Shareena , 

2 nd IEEE  International Conference on Engineering 

and Technology (ICETECH), 17 th& 18 th March 

2016 ,in this work  they mainly focus on the 

denoising of the  corrupted ECG signal, as the 

frequency and noise the content that present in the 

ECG signal may vary due to the addition of noise , and 

this may cause further problem in  detection of the 

abnormality of the heart , in this paper a comparison 

of  denoising of ECG signal based on the different  

DWT(Discrete Wavelet Transform ) has done . The 

Discrete Wavelet Transform (DWT) and it expansion 

such as double -density discrete wavelet transform 

(DDDWT) , dual tree discrete wavelet 

transform(DTDWT) ,double density dual tree discrete 

wavelet transform(DDDTDWT) employing 

thresholding algorithms have been used  and double 

density dual tree discrete wavelet transform is more 

effective in terms of SNR and RMSE .[9]. 

 “ECG Signal Denoising using Adaptive Unscented 

Kalman Filter “ by Agnivi Dutta , Manasi Das IEEE 

Conference on Interdisciplinary Approaches in 

Technology and Management for Social Innovation 

2022 ,  in this paper adaptive unscented Kalman filter 

was used , noise covariance matrix  is varied 

adaptively , the filtered output that acquired from the 

Adaptive Unscented Kalman filter will have better 

performance improvement in terms of SNR when 

compared to other existing filtering algorithms.[10].  
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 “Wavelet Based ECG Denoising Using Signal Noise 

Residue method “ by Mashud Khan , Faizan Asalam , 

Tahir Zaidi , A. Shoab Khan,   IEEE 5 th international 

Conference on Bioinformatics and Biomedical 

Engineering (ICCBE)  2011 , 

DOI :10.1109/icbbe.2011.5780263 , in this paper 

different approaches has used including wavelet based 

techniques ,adaptive filtering ,neural networks model 

based filters have used, obviously wavelet transform 

offers advantages over other approaches used for 

analyzing the non-stationary signals such as ECG ,due 

to its multi-scale decomposition of the signal and the 

proposed signal noise residue method is a novel 

wavelet based ECG signal denoising Algorithm that 

offers enhanced performance compared to standard 

wavelet based techniques [11]. 

 

III. WAVELET BASED DESNOISING 

 

The block diagram for reducing the noise from the 

ECG signal are mentioned below , first we will add 

the different noises such as baseline wander, channel 

noise, white noise to the ECG signal and then we will 

deploy the conventional wavelet transform , and we 

will apply the wavelet transform technique on the 

ECG signal , and as result we will obtain the de-

composed version of the ECG signal. And when we 

will transform we will decompose the signal to our 

desired level up to when we will achieve a better 

tradeoff between the noise and signal ,then we get the 

decomposed version of signal a set of wavelet co-

efficient are obtained such as Detail, Approximation. 

And thresholding rules based on hard or soft will be 

applied on these coefficients and as a result we will 

obtain the ECG signal with negligible amount of noise. 

 

A. THE STEPS INVOLVED IN DE-NOISING OF 

THE ECG SIGNAL ARE 

 

1. In the first step we will impose noisy ECG into 

wavelet domain to find noisy wavelet coefficients 

at individual level 

2. In the second step we impose thresholding rules 

on the noisy estimated wavelet coefficients 

which we get by decomposing of the ECG in 

wavelet domain 

3. In the third step we are gone reconstruct the 

noiseless or original ECG by applying inverse 

wavelet transform to these tempted noisy 

wavelet coefficients 

 

B. THRESHOLDING  

 

In the recent trends word thresholding is one strategy 

that prominently used for reduction of noise in both 

signal and images the thresholding technique mainly 

focus to kill or suppress the undesired thing that is 

noise and thereby we will keep the content that is 

present in the signal. 

 

C. THRESHOLD CALCULATION RULES  

 

A Proposed a method for denoising of the signals 

based on fixed thresholding and the value of 

threshold is calculated as  

T =  𝜎  x  √
2 log (𝑛)

𝑛
   ……………… (1) 

There are various kinds of thresholding rules are 

there and some of the thresholding rules discussed 

below  

 

1. Universal thresholding 

A universal threshold is one method of fixed 

thresholding method it can be computed as  

 

T = 𝜎 𝑥 √2 log (𝑛)  ………….. (2) 

 

2. Mini-Max thresholding 

 

A Mini-max threshold gives mini-maxi performance 

for MSE against the existing ideal procedures it also 

behaves like fixed threshold the main aim of this 

method is to obtain a minimum error between 

original signal and the wavelet coefficients of the 
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noise signal depending on this it selects threshold 

value  

3. Rigresure thresholding 

 

A Rigresure thresholding mainly based on steins 

unbiased estimate of risk in Rigresure thresholding 

estimation of risk for specified threshold value can be 

done it is proposed by Donoho and Johnstone and it is 

manly based on the steins unbiased likelihood 

estimation principle heursure thresholding when Sure 

and global thresholding methods are combined 

together it will result a new thresholding technique 

named as heursure threshold rule this method become 

useless if the signal to noise ratio of signal is very less 

and it will show more noises in this situation fixed 

form thresholding is selected by means of global 

thresholding method 

 

IV.  PERFORMANCE EVALUATION 

 

A.  DETERMINATION OF SNR CRITERIA 

 

Basically the term signal to noise ratio in 

engineering refers to power ratio between the signal 

and noise , and it is expressed in terms of logarithmic 

decibels scale ,where x(m) is termed as input signal 

and y(m) expressed as de-noised ECG signal 

 

      𝑆𝑁𝑅 = 10𝑙𝑜𝑔
∑ [𝑥(𝑚)]2𝑀−1

𝑚=0

∑ [𝑥(𝑚)−𝑦(𝑚)]2𝑀−1
𝑚=0

   ………. (3)                               

 

B.   DETERMINATION OF  MSE  CRITERIA 

 

          MSE =  
1

𝑀
∑ [𝑥(𝑚) − 𝑦(𝑚)]2𝑀−1

𝑚=0   …… (4) 

 

V. RESULT AND ANALYSIS 

 

In order to main the excellence of the above 

recommended approach of   wavelets and 

thresholding based de-noising method; here a set of 

ECG records in MIT-BIH data base is intercepted to 

be the original signal. Here the length of the signal i.e, 

(Number of sample points is N = 3600, the Gaussian 

white noise and baseline wander, channel noise are 

then added to the original ECG signal, the noisy ECG 

signal are shown in the figures. Noise elimination 

procedures are implemented in the MATLAB R2021b.  

The effectiveness of de-noising process for different 

wavelet families have been tested for the Daubechies, 

coiflets , Biorthogonal at the decomposed scale of 5. 

The de-noising is performed by choosing wavelets and 

thresholding rules to recover the information from 

the noisy ECG signal. 

The de-noising of the different ECG records such as 

(100m.mat, 102m.mat, 104m.mat, 105m.mat, 

106m.mat, 107m.mat, 109m.mat, 111m.mat, 

115m.mat, 117m.mat, 123m. mat) obtained from the 

MIT-BIH (MITDB), when they are corrupted noises 

such as random noise, base line wander, channel noise 

involves wavelet based thresholding techniques. And 

thresholding rules are mainly based on the hard and 

soft thresholding techniques; In this work we have 

selected hard thresholding because it will preserve the 

geometrical characteristics of the ECG signal with 

good smoothness  

The proposed method is to minimize noises like  

white Gaussian noise ,baseline wander, channel noise 

by minimizing the error between the noise signals  

and original wavelet sub signal (coefficients), by this 

we will accomplish the high quality de-noised signals , 

and our study is to particularly preserve the 

geometrical characteristics of the ECG signal , non -

stationary clinical information. To preserve distinct 

ECG waves and low pass frequency shapes  

 
Figure 1: 100 m.mat ECG record 
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Figure 2:  White Gaussian Noise 

 
Figure 3: ECG signal (100m.mat) with noise 

 

 
Figure 4: ECG signal (100m.mat) de-noising with db2 

wavelet by using sure, mini max, Donoho -Johnstone 

thresholding 

 
Figure 5: ECG signal (100m.mat) de-noising   with 

(db5) using sure, mini max, Donoho-Johnstone 

thresholding 

 
Figure 6: ECG signal (100m.mat) de-noising with 

db19 wavelet using sure, mini max, donoho -

johnstone thresholding

Figure 7: ECG signal (100m.mat) de-noising with 

coeif1 wavelet using sure, mini max. Donoho-

Johnstone thresholding 

 

 
Figure 8: ECG signal (100m.mat) denoising with 

coeif2 wavelet using sure, mini max, Donoho-

johnstone thresholding 
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Figure 9: ECG signal (100m.mat) de-noising with 

coeif4 wavelet using sure, mini max, Donoho-

johnstone thresholding 

 

 
 

Figure 10: ECG signal (100m.mat) de-noising 

withbior3.1 wavelet using sure, mini max, Donoho-

Johnstone thresholding 

 
Figure 11: ECG signal (100m.mat) de-noising with 

bior3.5 wavelet using sure, mini-max, Donoho-

johnstone thresholding 

 
Figure 12: ECG signal(100m.mat) de-noising with 

sym2 wavelet using sure, Mini max, Donoho-

Johnstone thresholding 

 

 
Figure 13: ECG signal (100m.mat) de-noising with 

sym8waveletusing sure, min max, Donoho-johnstone 

thresholding 

 

 
Figure 14: ECG signal (117m.mat) 
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Figure 15: Baseline wander (BLW) noise 

 

 
Figure 16: ECG signal corrupted with BLW 

 
Figure 17: ECG signal (117m.mat) de-noising with 

db5 wavelet using sure, mini max, Donoho-Johnstone 

thresholding 

 

 

Figure 18: ECG signal (117m.mat) de-noising with 

coief5 wavelet using, sure, mini max, rigrsure 

thresholding 

 

 

 
Figure 19: ECG signal de-noising with bior3.5 wavelet 

using sure, mini max, Donoho –John stone 

thresholding 

 
Figure 20: ECG signal de-noising with sym2 wavelet 

using sure, Minimax, Donoho-Johnstone thresholding 

 

Figure 21: ECG signal and signal corrupted PLI 
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Figure 22 : ECG signal (117m.mat) denoising with db5 

wavelet   using Sure, Minimax, Donoho-Johnstone 

thresholding 

 
Figure 23: ECG signal(117m.mat) de-noising with 

coief5 using sure, mini max, Donoho-johnstone 

thresholding 

 
 

Figure 24: ECG signal (117m.mat) de-noising with 

bior3.5 using sure, minimax, Donoho-Johnstone 

thresholding 

 
 

Figure 25: ECG Signal (117m.mat) de-noising with 

sym2 wavelet using Sure, Mini max, Donoho-

Johnstone thresholding 

 

VI. COMPARATIVE ANALYSIS 

 

The comparative analysis was done on the different 

ECG records from MIT-BIH data base, and for each 

data base the noises are added and then they are de-

noised by using the wavelet and thresholding 

techniques the below tables(i.e:1,2,3 & 4,5,6) 

summarizes the obtained SNR and MSE values for 

different thresholding rules this will ensure the 

performance of the de-noised signal by using the 

thresholding techniques. The Db and Coiflets and 

Rbior   are showing better results suitable for de-

noising of the ECG signals. 
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TABLE I 

  SNR VALUES FOR ECG SIGNAL (100M.MAT) 

CORRUPTED BY WHITE GAUSSIAN NOISE 

 

TABLE II 

SNR VALUES FOR ECG (117M.MAT) CORRUPTED BLW 

 

 

 

 

 

 

 

 

 

 

 

TABLE III 

SNR VALUES FOR ECG SIGNAL (117M.MAT) CORRUPTED 

BY    PLI 

 

TABLE IV 

MSE FOR DE-NOISED SIGNAL (100M.MAT) CORRUPTED 

BY WHITE GAUSSIAN NOISE 

 

TABLE V 

MSE FOR DE-NOISED ECG SIGNAL (117M.MAT) 

CORRUPTED BY PLI 
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TABLE VI 

MSE VALUES FOR DE-NOISED SIGNAL CORRUPTED BY 

BLW

 

 

VII.  CONCLUSION AND FUTURE SCOPE 

 

 In spite of having many studies on wavelet 

transform our agenda is to show the traditional 

method of signal de-noising by using wavelet 

transform is very effective technique. In this research 

work have taken different ECG records by using 

different wavelet functions and different thresholding 

techniques by introducing three new  Thresholding, 

techniques, Rigresure, Mini max, Universal 

thresholding. The de-noising process we performed 

along with these thresholding functions with various 

wavelet families , we discovered that the Rigresure 

have given better result when compared to their 

thresholding techniques, during this research work 

we have found that one type of technique is not 

effective for all type of signals , so it plays a very vital 

rule to select a particular wavelet thresholding 

technique , all the techniques which we have 

included in this work are very effective for de-noising 

but we have to be careful by taking precaution when 

we are choosing the type of signal and for what 

application it being used 

 

VIII. FUTURE SCOPE 

The Research work is being on-going to develop new 

thresholding techniques, thresholding techniques 

which have incorporated in this research work have 

better potential to de-noise the signal , but in future 

by developing any  new thresholding techniques will 

yield better results with good efficiency. 
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