


 
 

SIGNAL PROCESSING: AN INTERNATIONAL 
JOURNAL (SPIJ)  

 
 
 
 
 
 
 

VOLUME 8, ISSUE 1, 2014 

 
EDITED BY 

DR. NABEEL TAHIR 

 
 

 

 

 

 

 

 

ISSN (Online): 1985-2339 

International Journal of Computer Science and Security is published both in traditional paper form 

and in Internet. This journal is published at the website http://www.cscjournals.org, maintained by 

Computer Science Journals (CSC Journals), Malaysia.  

 

 

SPIJ Journal is a part of CSC Publishers 

Computer Science Journals 

http://www.cscjournals.org  

 

 

 



 
 

SIGNAL PROCESSING: AN INTERNATIONAL JOURNAL (SPIJ) 
 

Book: Volume 8, Issue 1, January 2014 

Publishing Date: 22-01-2014 

ISSN (Online): 1985-2339 

 

This work is subjected to copyright. All rights are reserved whether the whole or 

part of the material is concerned, specifically the rights of translation, reprinting, 

re-use of illusions, recitation, broadcasting, reproduction on microfilms or in any 

other way, and storage in data banks. Duplication of this publication of parts 

thereof is permitted only under the provision of the copyright law 1965, in its 

current version, and permission of use must always be obtained from CSC 

Publishers.  

 

 

 

SPIJ Journal is a part of CSC Publishers 

http://www.cscjournals.org  

 

© SPIJ Journal 

Published in Malaysia 

 

Typesetting: Camera-ready by author, data conversation by CSC Publishing Services – CSC Journals, 

Malaysia 

 

 

 

CSC Publishers, 2014 

 

                              



 
 

EDITORIAL PREFACE 

 
This is First Issue of Volume Eight of the Signal Processing: An International Journal (SPIJ). SPIJ 
is an International refereed journal for publication of current research in signal processing 
technologies. SPIJ publishes research papers dealing primarily with the technological aspects of 
signal processing (analogue and digital) in new and emerging technologies. Publications of SPIJ 
are beneficial for researchers, academics, scholars, advanced students, practitioners, and those 
seeking an update on current experience, state of the art research theories and future prospects 
in relation to computer science in general but specific to computer security studies. Some 
important topics covers by SPIJ are Signal Filtering, Signal Processing Systems, Signal 
Processing Technology and Signal Theory etc. 

 
The initial efforts helped to shape the editorial policy and to sharpen the focus of the journal. 
Started with Volume 8, 2014, SPIJ appears with more focused issues related to signal processing 
studies. Besides normal publications, SPIJ intend to organized special issues on more focused 
topics. Each special issue will have a designated editor (editors) – either member of the editorial 
board or another recognized specialist in the respective field. 
 
This journal publishes new dissertations and state of the art research to target its readership that 
not only includes researchers, industrialists and scientist but also advanced students and 
practitioners. The aim of SPIJ is to publish research which is not only technically proficient, but 
contains innovation or information for our international readers. In order to position SPIJ as one of 
the top International journal in signal processing, a group of highly valuable and senior 
International scholars are serving its Editorial Board who ensures that each issue must publish 
qualitative research articles from International research communities relevant to signal processing 
fields. 
   
SPIJ editors understand that how much it is important for authors and researchers to have their 
work published with a minimum delay after submission of their papers. They also strongly believe 
that the direct communication between the editors and authors are important for the welfare, 
quality and wellbeing of the Journal and its readers. Therefore, all activities from paper 
submission to paper publication are controlled through electronic systems that include electronic 
submission, editorial panel and review system that ensures rapid decision with least delays in the 
publication processes.  
 
To build its international reputation, we are disseminating the publication information through 
Google Books, Google Scholar, Directory of Open Access Journals (DOAJ), Open J Gate, 
ScientificCommons, Docstoc and many more. Our International Editors are working on 
establishing ISI listing and a good impact factor for SPIJ. We would like to remind you that the 
success of our journal depends directly on the number of quality articles submitted for review. 
Accordingly, we would like to request your participation by submitting quality manuscripts for 
review and encouraging your colleagues to submit quality manuscripts for review. One of the 
great benefits we can provide to our prospective authors is the mentoring nature of our review 
process. SPIJ provides authors with high quality, helpful reviews that are shaped to assist authors 
in improving their manuscripts. 
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Abstract 
 

One of commonest problems in electrocardiogram (ECG) signal processing is denoising. In this 

paper a denoising technique based on discrete wavelet transform (DWT) has been developed. To 

evaluate proposed technique, we compare it to continuous wavelet transform (CWT). 

Performance evaluation uses parameters like mean square error (MSE) and signal to noise ratio 

(SNR) computations show that the proposed technique out performs the CWT. 

Keywords: Continuous Wavelet Transform, Denoising, Discrete Wavelet Transform, 

Electrocardiogram Signal.

 

1. INTRODUCTION 
Electrocardiogram gives information from generation and propagation of electric signals in the 
heart. This activity is measured and recorded for more than a hundred years [1]. One cardiac 
cycle in an ECG signal consists of the P, Q, R, S, and T waves, and gives important information 
on diagnosing cardiac diseases. Most of the clinically useful information in the ECG is found in 
the amplitudes and intervals defined by its features. ECG signal are characteristically corrupted 
by noise from electric interference, baseline wandering, and electromyography [2]. Processing is 
necessary to cancel these noises while conserving information. Therefore the development of 
accurate and quick method for automatic ECG denoising is of major importance.  
 
In this paper, we propose a denoising technique using discrete wavelet transform (DWT), to 
evaluate proposed technique we compare it to continuous wavelet transform. The method 
described is robust and simple to implement. Finally, the ECG signals used in the experiments 
are obtained from MIT-BIH arrhythmia database. 

 
2. MATERIAL 
2.1 Wavelet Transform 

The Fourier transform is a useful tool to analyze the frequency components of the signal, but it is 

well suited only to the study of stationary signals where all frequencies have an infinite coherence 

time. But the wavelet transform replaces Fourier transform’s waves by a family generated by 

translations and dilations of a window called a wavelet, it take two arguments: time and scale. 

The original wavelet transform is called mother wavelet and is employed for generating all basis 

functions [3]. A set of functions is constructed by scaling and shifting the mother wavelet  ψ�t�. 
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Those functions are expressed as follow: 
 

ψ�,��t� = 	
√�   ψ �
��

� �                                                              �1�                 

                   

Where    a ∈ R� − �0�, b ∈ R. 

 

2.2 Continuous Wavelet Transform 
The original signal can be reconstructed by an appropriate integration and this is performed after 
projecting the given signal on a continuous family of frequency bands. A continuous wavelet 
transform (CWT) is used to divide a continuous-time function into wavelets. Mathematically, the 
continuous wavelet transform of a function x(t) is defined as the integral transform of f(t) with a 
family of wavelet functions, ψ�,��t�:  

 

CWT(a,b)= 	
√� � x�t� .  ψ∗��

�� �
��
� � dt                                                     �2� 

 
Were the superscript * is the complex conjugate and  ψ�,�∗ represents a translated and scaled 

complex conjugated mother wavelet. 
 
The mother wavelet ψ is invertible when it verifies the condition of admissibility which is stated as 
[4]: 
 

            " #ψ$�ω�#
ω

��

��
 dω < ∞                                                                                  �3� 

 

2.3 Discrete Wavelet Transform 
The Discrete Wavelet Transform (DWT), which is based on sub-band coding is found to yield a 
fast computation of wavelet transform. It is easy to implement and reduces the computation time 
and resources required [5]. 
 
The DWT is defined by the following equation: 
 

                                      ω�j, k� = ∑ ∑ x�k�. 2�, -.  ψ�2�,./ n − k�,                                             �4�                       
  
Where ψ�t� is a time function with finite energy and fast decay called the wavelet. The DWT 
analysis can be performed using a fast, pyramidal algorithm related to multirate filter banks [6]. 
 
The goal of using DWT in an algorithm of filtering biomedical signals is the possibility of choosing 
the signal’s coefficients with a significant energy and discards the others that have a very low 
percentage of all energy. 
 
Many mother wavelets are used for computing the wavelet transform and Morlet is one of them. It 
is expressed as follow [7]. 
 

                                         φ�t� = 	
√� ∙ exp 6− � 


78
�-9 exp�jω:t�                                                 �5� 

 
This analytic wavelet contains a central frequency and having an exponentially decaying time 
support, while the orthonormal wavelet frequency support of discrete wavelet transform and WPT 
covers a broader bandwidth. Therefore the proposed Morley’s wavelet is more “frequency 
focused” along each scale [8].  
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2.4    Database 
The preliminary tests of the two denoising techniques application were mad on the ECG signals 
of MIT-BIH Arrhythmia Database. This Database contains many data sets of electrocardiogram 
signals, mostly abnormal or unhealthy electrocardiograms, but it also contains normal 
electrocardiograms that can be used as a reference base [9]. 

 
3. THE PROPOSED DENOISING TECHNIQUE 
The objective is to apply the technique of discrete wavelet transform and the technique of 
continuous wavelet transform on electrocardiograms signals and compared the obtained results 
to decide that these two techniques gives a better result. In order to evaluate the performance of 
these proposed techniques, we used the: 
 

• signal to noise ratio (SNR) improvement measure: 

                        imp>dB@ = SNRCD
ED
 − SNRFGED
                                      (6) 

 = 10 × log L∑ |NO�F��N�F�|PQ
∑ |N�F��NR�F�|PQ

S 

Where xd and x represent respectively the denoised and the clean ECG signals and xn denotes 

the noisy ECG one. 

• Mean Square Error (MSE) expressed by the following equation is also used: 

 

   MSE = 	
V ∑ Ws�n� − sY�n�Z-V�	G[:                                               (7) 

Where s�n� and sY�n� are respectively the clean and the denoised signals. 

Figure 1 shows the block diagram of the proposed technique and they will be detailed in the next 

paragraph. 

 

 

 

 

 

 

 

FIGURE 1: The Two Methods Chosen For Dinoising. 

The ECG signals taken from MIT-BIH arrhythmia database are converted in to Matlab format 

(.mat files) and are sampled at 360 Hz with a resolution of 11 bits. 

Input ECG signal 

Discrete Wavelet Transform Continuous Wavelet Transform 

Heursure Minimaxi Rigrsure Sqtwolog 

mln sln one mln sln one mln sln one mln sln one 
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• 'Rigrsure' uses for the soft threshold estimator, a threshold selection rule based on Stein's 

Unbiased Estimate of Risk (quadratic loss function). One gets an estimate of the risk for a 

particular threshold value t. Minimizing the risks in t gives a selection of the threshold value. 

 

• 'Sqtwolog' uses a fixed-form threshold yielding minimax performance multiplied by a small 

factor proportional to log(length(X)).  

 

• 'Heursure' is a mixture of the two previous options. As a result, if the signal to noise ratio is 

very small, the SURE estimate is very noisy. If such a situation is detected, the fixed form 

threshold is used.  

 

• 'Minimaxi' uses a fixed threshold chosen to yield minimax performance for mean square error 

against an ideal procedure. The minimax principle is used in statistics in order to design 

estimators. Since the de-noised signal can be assimilated to the estimator of the unknown 

regression function, the minimax estimator is the one that realizes the minimum of the 

maximum mean square error obtained for the worst function in a given set. 

 

• 'One' for no rescaling. 

 

• 'Sln' for rescaling using a single estimation of level noise based on first-level coefficients. 

 

• 'Mln' for rescaling done using level-dependent estimation of level noise. 

 

4. RESULTS AND DISCUSSION 
Table 1 gives the average results of calculation of SNR applied to 30 ECG signals using the 
technique DWT. 
 
 

 Mean Results of 30 ECG Signals Tested  

Input 

SNR 

(dB) 

                                                 Output SNR (dB) 

Heursure Minimaxi Rigrsure           Sqtwolog 

Mln sln One Mln Sln One mln sln one mln sln One 

-5 2.28 2.5 1.55 2.7 3.04 1.55 3.38 -0.11 2.01 2.3 3.11 2.01 

0 5.9 7.16 3.16 6.64 7.25 3.14 7.63 3.44 3.63 4.17 6.8 3.61 

5 11.46 10.34 3.82 10.41 11.41 3.82 11.98 8.91 4.32 7.91 8.35 4.32 

10 15.01 14.47 4.07 13.92 15.38 4.07 15.93 13.78 4.57 11.02 14.2 4.57 

 
TABLE 1: Comparison Improvement SNR vs SNR (DWT Technique). 

Table 1 shows that this method achieves a very good performance when we use the 'rigrsure' 

and 'mln' argument.  Then we use these results when we will make a comparison with the 

results of the second method (CWT). 
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Table 2 gives the average results of calculation of SNR applied to 30 ECG signals using the 
technique CWT. 
 
 

 

 

 

 

 

 

 
 

TABLE 2: Comparison Improvement SNR vs SNR (CWT Technique). 

 
Figure 2 illustrate the comparison between the improvement values of SNR obtained by discrete 
wavelet transform denoising technique and those obtained by the second technique based on 
continuous wavelet technique. 

 

 

FIGURE 2: Output SNR Improvement vs SNR. 

Table 3 gives the average results of calculation of MSE applied to 30 ECG signals using the 
technique DWT. 
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Mean Results of 30 ECG Signals Tested  

Input 

SNR 

(dB) 

                                                 MSE*(10
-4

) 

heursure Minimaxi rigrsure           Sqtwolog 

mln sln one mln Sln one mln Sln one mln sln One 

-5 11.21 10.52 12.91 10.45 9.48 12.91 8.78 22.4 11.5 10.88 9 11.5 

0 5.07 3.64 9.04 4.21 3.55 9.04 3.32 7.38 8.12 5.86 3.94 8.12 

5 1.35 1.55 7.84 1.78 1.37 7.84 1.21 2.47 7.02 3.1 1.64 7.02 

10 0.61 0.68 7.32 0.81 0.55 7.32 0.48 0.71 6.72 1.52 0.72 6.74 

 
TABLE 3: Comparison Improvement SNR vs SNR (DWT Technique). 

 
Table 3 shows that this method achieves a very good performance when we use the 'rigrsure' 
and 'mln' argument.  Then we use these results when we will make a comparison with the 
results of the second method (CWT). 
 
Table 4 gives the average results of calculation of MSE applied to 30 ECG signals using the 
technique CWT. 
 

 

 

 

 
 
 
 
 

 

 
TABLE 4: MSE variation vs SNR (CWT technique) 

 
Figure 3 illustrate the comparison between the improvement values of MSE obtained by discrete 
wavelet transform denoising technique and those obtained by the second technique based on 
continuous wavelet technique. 

 

Mean Results of 30 ECG Signals Tested 

Input SNR (dB) MSE 

-5 0.0331 

0 0.0192 

5 0.0160 

10 0.0154 
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FIGURE 3: MSE versus Input SNR of the Two Methods. 

The obtained values show that the discrete wavelet transform denoising technique gives better 
results than continuous wavelet technique. 
 
Figure 4 and Figure 5 show some examples of denoised of ECG signals corrupted by white 
Gaussian Noise at 5db.   

            

FIGURE 4: (a) Original ECG signal, (b) Filtered ECG signal by DWT, (c) Mean Square Error. 
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FIGURE 5: (a) Original ECG signal, (b) Filtered ECG signal by CWT, (c) Mean Square Error. 

 
5. COMPARATIVE STUDY 
In this part benchmarking research with other authors was provided to strengthen the results 
found in this work. 
 
Burhan Ergen [10] proves in their work that the rigresure method has showed a better 
performance than the other methods in terms of SNR level especially when the decomposition 
level is higher than 6. 
 
Vijay S. Chourasia et al. [11] shows that the developed wavelet “fetal” along with rigresure and 
soft threshold provides the best performance for denoising the fetal phonocardiography signals. 
 
Zhang xizheng et al.[12] shows, four threshold denoising and default threshold denoising 
methods (rigrsure, minimaxi, sqtwolog and heursure) are improved SNR, and have removed 
some noise. From the denoising effect, the principle of rigrsure threshold and minimaxi threshold 
denoising are better than the other methods, because the two denoised SNR higher than 
heursure and sqtwolog denoising methods and its RMSE are smaller. 

 
6. CONCLUSION 
ECG signals are corrupted by noise from electric interference, electromyography, and baseline 

wandering. In this paper we propose a denoising technique based on smoothing of discrete 

wavelet transform coefficients. To evaluate the proposed technique, we compare it to smoothing 

of continuous wavelet transform. The results obtained from the SNR computation show that the 

SNR improvement values obtained by the proposed technique outperform the denoising 

technique based on continuous wavelet transform. Results obtained from MSE computation, also 

show that the MSE improvement values obtained by using the proposed technique are better 

than those obtained by second technique and this is by reducing the difference between the 

original and denoised signals. 
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