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ABSTRACT 

 
In the last decade, unluckily the patient of cardiovascular diseases increases 

in the world that has made (ECG) electrocardiogram an important tool to diagnose 

the normal and abnormal condition of heart. However, detecting the various 

arrhythmias of the heart is not an easy task because the recorded ECG may contain 

like power line noise, baseline noise. But the recorded electrocardiogram often 

contains noise due to power line interference, baseline wander, and muscle artifacts. 

So many conventional filtering approaches has been applied for denoising these 

artifact but the problem arises where the signal and noise lies in same frequency band. 

In this paper, we have reviewed some noble work in the area of ECG signal denoising 

and compared the performance of several state-of-the-arts methods. 

 

Keywords: Wavelet, Empirical mode decomposition, Wavelet packet transform, 

Non-local mean.  

 
1.  INTRODUCTION  

 

The measurement of ECG is interrupted and corrupted by many sorts of noise such as 

Power line interference, Electrode contact noise, Motion artifacts, EMG noise, and 

Instrumentation noise. These artifacts strongly degrade the actual feature of ECG waveform6. 

The noise strongly affects ST segment and minimizes the actual amplitude of the signal7. The 

noise also alters the actual frequency components. Therefore, in order to better diagnose the 

heart condition, these noise should be proper cancelled. Power line interference occurs due to 

the inductive and capacitive coupling between the two conductors. The capacitive coupling 

can be reduced by increasing the separation of the two conductors. The mutual induction 

between two conductors causes the inductive coupling. The power line interference generates 

the frequency about 50 or 60 hz in the signal spectrum8,9. 
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Electrode contact noise is due to the poor conductivity between the skin and electrodes 

that reduces the amplitude of the ECG signal and distort the actual signal at the great extent. 

The electrode contact noise is also influenced due to change of propagation media. It causes 

the baseline drift and affects the low frequency component of the heart signal6. 

Vibration, movement, and respiration of the subject cause the motion artifacts that 

drifts the baseline wander. The electromyography’s noise is caused due to the contraction of 

other muscle near the heart. Denoising the signal with the preservation of edge, peaks and its 

original features is quite a difficult task. Spatial filter is one of the traditional approaches but 

also introduces the   blurring the data and due to this some significant information lost during 

the processing. Since the ECG signal is non- stationary in nature. So, there should be such 

approach that could define this signal in a better way in both time and frequency domain7,9. 

In this work, we have reviewed some important ECG denoising techniques that have 

acquired the good signal to noise ratio at the output than the input. Section .2 reviewed the 

previous existing methods of ECG denoising. Section 3 compares some existing method of 

ECG signal denoising methods. Section 4. concludes our works. 

 

2.  ECG DENOISING AND FILTERING TECHNIQUES 
 

In this section we have explained some transformed domain filtering techniques and 

some statistical filtering method of ECG signal denoising methods. 

Biomedical signal enhancement is one of crucial steps in diagnosis of much type of 

diseases. In this work, author proposed an automated ECG signal enhancement technique 

which is based on noise-aware dictionary learning. The method reduces the computational 

complexity better than the previous sparse representation based on ECG de-noising methods10.  

In this method, the authors recognized the feature turning points, maximum absolute 

difference, zero crossing and auto correlation feature that effectively help to remove out the 

baseline wander, power-line interference and distortion due to muscle artifacts. The method 

effectively preserved the morphological features of local wave namely the QRS complex better 

than the other techniques and provided the proper reconstruction of signal at the output. The 

method presented visually clearer wave at output than wavelet and EMD (Empirical Mode 

decomposition) in respect of amplitude, duration, and shape. The method is applied on 

MITBIHA database and superior signal to noise ratio is achieved than the EMD, Wavelet and 

combined EMD and wavelet methods. In this work, at the initial stage, a noise aware dictionary 

is created and signal is decomposed to represent it in the sparse form. Even the different type 

of noise is eliminated in the pre-processing steps.  

A significant improvement in signal denoising is achieved through patch based 

methods that has been used frequently in the application of image de-noising, inpainiting and 

super resolution interpolation. On such method Non-local mean is proposed in1.  The non-local 

mean filtering process also outperform the traditional wavelet denoising method.  

The problem of the local smoothening filter is achieved through the Non-local means, 

which is also called statistical neighboring filter.  The NLM reduces the noise by calculating 

the weighted average of samples values that comes in the signal over a time interval.  The 
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samples of one patch are compared with the neighboring patch and the patch similarity is 

calculated. It is based on the fact the how much the intensity under current patch is similar to 

the neighboring patch.Since the detection of peak is one of the important concerns in ECG 

signal. As the peak of ECG signal is used to calculate the number of beat over a certain time 

period. A centre patch correction is applied that achieved the smoother peak in the ECG signal.  
The wavelet transform has its capability to find the detail component of the ECG 

signal. That is why it is applied against the conventional denoising filter in the field of signal 
enhancement technique. Coefficient compaction, dilution of noise and redundancy removal is 
the key characteristic of wavelet theory. It has been applied in signal compression, feature 
extraction and denoising. Wavelet based signal enhancement have been harnessed for medical 
data compression and retrieval2.  

Mainly three steps are comprised in wavelet denoising; the decomposition of signal in 
to various sub-band, modification of detail coefficient and reconstruction of signal from the 
refined coefficient. The  signal enhancement in wavelet based filtering depend upon the ability 
to choose the appropriate value  of thresholding. In the wavelet analysis, the signal is passed 
through the two complement filters. The complementary filter separates the approx and detailed 
contents of the signal, which is of having same length. The complementary function 
decomposes the signal at various levels with changing scale factor3. 

The reconstructed signal after the decomposition possesses multi resolution and 
sparstity structure. Due to this characteristic the wavelet is considered as a superior denoising 
techniques than other transform and spatial techniques.  By considering the suitable coefficient 
and selecting a popper threshold, an efficient denoising can be performed. 

In the synthesis of the decomposed signal, the inverse filtering is applied in which the 
approximate and detail coefficient is combined by some weighted value. In3 author used the 
noisy energy and the standard deviation to calculate the threshold value. The noise energy 
depends upon the length of the data sample.  Further, SURE (Stein’s Unbiased Estimate of 
Risk) based approached is used to for the threshold calculation, which has been proved 
effective to bifurcate the actual coefficient from the noisy one3,4. 

The enhancement in signal processing is further improved using the multiscale 
wavelet analysis. In multiscale wavelet analysis, more than one mother wavelet and scale have 
been utilized to represent the signal. In the construction of multi-wavelets, the polynomials 
were used later on the fractal interpolation. Unlike scalar wavelet, the multi-wavelets do not 
possesses the algorithm like Mallet’s pyramid algorithm that helps during the decomposition 
and reconstruction of signal. The Fourier transform fails to analyze the frequency components 
in case of the non-stationary signals. However, wavelet localizes the signal in time and 
frequency. In, multi-wavelets such as the properties orthogonality, symmetry, vanishing 
moments, compact support, and short support can be congregated simultaneously .However 
the generated spikes over the frequency range can make the results confusing. The process of 
continuous wavelet transform is intensive that requires larger computational time. Though, the 
computational efficiency of discrete wavelet transform is god but its frequency resolution at 
higher band is poor. Wavelet can be used in the application of signal compression, denoising, 
feature extraction but not for analyzing the frequency components at higher frequency band. 
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A new method is namely Hilbert huang transform is introduced to reduce the problem 

arises in wavelet transform based filtering3,4. The Hilbert transform is generally a signal 

decomposition technique in time domain that breaks-up the signal into finites number of 

intrinsic mode function. Every IMF must satisfy t some criteria. The first criterion is that the 

number of extreme points and zero crossing should be differed by one. The second is that IMFs 

should satisfy some empirically defined criteria.  However, Hilbert transform also has some 

shortcomings because the EMD (Empirical mode decomposition) generates the redundant 

IMFs (Intrinsic mode function) at lower frequency band that misinterprets the results. The 

proper mono frequency component is not achieved after the first IMF. Moreover, the signal 

that contains the low energy is not separated through EMD process. In order to avoid the 

shortcomings of Hilbert Huang transform, the wavelet packet transform is used. The wavelet 

packet transform uses more filter than discrete wavelet transform. The wavelet packet 

transform gives more sparse representation of the signal under test. In wavelet packet 

transform, the detail as well as the approximate signal is further decomposed. The wavelet 

packet transform uses the pair of high pass and low pass filter that localizes the better 

frequency components. The Hilbert Huang transform with Wavelet Packet Transform is an 

effective approach for the IMF selection. 
 

Adaptive filters have been also used in the denoising of ECG signal and diagnosis of 

diseases. The adaptive filters associate the least mean square algorithm and achieved the better 

estimation of signal at the output11. 
 

The Independent component analysis (ICA) with JADE source separation and binary 

decision  tree  perform a good noise removal approach in ECG signal. It effectively removed 

the power line interference, base line wander, EMG, type noise from the ECG signal12. 
 

The PCA is also an effective statistical technique that enhances the signal quality of 

a variety of ECG signals. It also preserves relevant morphological dynamics in the ECG. It 

also removes the in-band noise by discarding the dimensions corresponding to noise13.  

 

3.  PERFORMANCE OF EXISTING ECG DENOISING TECHNIQUES 

 

In this section, we have compared various techniques of ECG denoising with respect 

to the signal to noise ratio. The signal to noise ration depicts the reconstruction of output signal 

after the removal of the noise. Table 1. Shows the performance comparison of various methods 

in ECG denoising. 

 
Table. 1 Performance comparison of various ECG denoising methods 

 
Method of  

ECG  

denoising 

NLM1 Wavelet 

(Bi-orthogonal)2 

Multi-

wavelet2,3 

EMD4 Wavelet+ 

EMD5 

Adaptive  

filter + 

LMS11 

DFT11 

SNR 10.34dB 9.8dB 13.4dB 11.17 dB 10.81 dB 21.28dB 12.39 
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Figure 1. Base-line wander removal of ECG signal 

 

Table 2.   Comparison of SNR and MSE using different wavelet on ECG signal 
 

S.No. Types of wavelet SNR MSE 

1 haar 10.25 33.76 

2 daubechies 10.26 33.73 

3 symlets 10.27 33.69 

4 coiflets 10.27 33.70 

 nlm 10.2798 33.6823 
 

The above figure 1 shows the base-line wander removal. It reduces the low frequency 

noise content. We have also calculated the beat of the ECG signal which shows the abnormal 

beat of the person. 
 

4. CONCLUSION 
 

In this work, we have discussed some traditional and some recent filtering processing 

which have been used for ECG signal denoising. As seen, traditional filter can de-noise the 

signal but not in complicated condition. Wavelet, EMD, wavelet packet transform deliberately 

changes the outcome of the filter but deciding thresholding and selecting the mother wavelets 
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also a tedious job. Some local processing based signal denoising outperforms the performance 

of the traditional filter but at the rate of computational complexity. PCA and ICA based 

denoised scheme greatly reduce the dimensionality of the data and reduced the redundant 

component from the signal. 
 

REFERENCES 
 

1. Brian H. Tracey and Eric L. Miller, "Nonlocal Means Denoising of ECG Signals," IEEE  

Transactions on Biomedical  Engineering, Vol.59,  No.9, pp.2383-2386 September (2012). 

2. Subramanian, B., Ramasamy, A., & Rangasamy, K. Performance comparison of wavelet 

and multiwavelet denoising methods for an electrocardiogram signal. Journal of Applied 

Mathematics, (2014). 

3. M. M. Goudarzi, A. Taheri, M. Pooyan, and R. Mahboobi,“Multiwavelet and biological 

signal processing,” International Journal of Information Technology, Vol. 24, pp. 264–

272, (2006). 

4. Weng B., Blanco-Velasco M., Barner K.E.: ‘ECG denoising based on the empirical mode 

decomposition’. 28th Int. Conf. IEEE EMBS, pp. 1–4 (2006). 

5. Kabir A., Shahnaz C.: ‘Denoising of ECG signals based on noise reduction algorithms in 

EMD and wavelet domains’, Biomed. Sig. Process. Control, 7, (5), pp. 481–489 (2012). 

6. S. L. Joshi, R. A. Vatti, and R. V. Tornekar, “A survey on ecg signal denoising 

techniques,” in Communication Systems and Network Technologies (CSNT), 

International Conference on. IEEE, pp. 60–64 (2013). 

7. F. Gritzali, G. Frangakis, and G. Papakonstantinou, “Noise estimation in ecg signals,” in 

Proceedings of the Annual International Conference of the IEEE, Engineering in Medicine 

and Biology Society, IEEE, pp. 152–153 (1988). 

8. M. Khan, F. Aslam, T. Zaidi, and S. A. Khan, “Wavelet based ecg denoising using signal-

noise residue method,” in Bioinformatics and Biomedical Engineering 5th International 

Conference on. IEEE, pp.1–4 (2011). 

9. M. Blanco-Velasco, B. Weng, and K. E. Barner, “Ecg signal denoising and Baseline  

wander correction based on the empirical mode decomposition,” Computers in Biology 

and Medicine, Vol. 38, no. 1, pp. 1–13, (2008). 

10. Satija, U., Ramkumar, B., & Manikandan, M. S. Noise-aware dictionary-learning-based 

sparse representation framework for detection and removal of single and combined noises 

from ECG signal. Healthcare Technology Letters, 4(1), 2-12 (2017). 

11. Rangayyan R.M.: ‘Biomedical signal analysis: a case study approach’(Wiley, 2009). 

12. Jakub Kuzilek, Vaclav Kremen, Filip Soucek, LenkaLhotska, "Independent Component 

Analysis and Decision Trees forECG Holter Recording De-Noising," Plos One, Volume 

9,  Issue 6, e98450, (2014). 

13. Francisco Castells, Pablo Laguna, Leif S. Ornmo, “Principal Component Analysis in ECG 

Signal Processing” Hindawi Publishing Corporation EURASIP Journal on Advances in 

Signal Processing, Volume 2007, Article ID 74580, 21 pages doi:10.1155/2007/74580 

November (2006). 


