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Abstract 

The electrocardiogram (ECG) signal processing plays an important role in diagnosing 

cardiopathy. Sparse decomposition provides a new tool for ECG signal processing. 

Matching pursuit (MP) algorithm uses overcomplete dictionary to decompose the signal, 

so it can reflect the properties of the signal. In decomposition process, searching a best 

atom of the dictionary is an optimal problem; Genetic Algorithm (GA) is used to solve this 

problem. This paper proposed an improved MP algorithm based on GA to denoise the 

ECG signal, whose dictionary is composed of Gabor atoms. The experiment simulation 

results show that the proposed method can get a good denosing effect in a shorter time 

than not use GA algorithm.  
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1. Introduction 

Cardiopathy is one of the major diseases of human. The ECG (Electro-Cardio-Gram), 

which shows the Electrophysiological activity in the heart, is a nondestructive, safe, 

essential tool for diagnosing of cardiopathy.It is crucial for doctor to diagnose the cardiac 

diseases accurately by analyzing of ECG signals. So ECG signal processing plays an 

important role in the medical signal processing. Among these signal processing, signal 

denosing is one important part. Because ECG signal is collected from   the body surface 

through the cadioelectric leads, it is very easy to be interfered by instrument and body [1]. 

These interferences are called noise. The main noises sources in the ECG recordings are: 

(1) power line interferences, with frequency being 50Hz, (2) muscle electricity noise, 

which caused by muscle activity, and (3) baseline wander ,which caused by respiration or 

the myocardial excitation. The noises make it difficult for us to analyze and diagnosis the 

real signal. Therefore it is very important to remove these noises before the use. In 

literature, several classical methods have been proposed to solve the problem, such as the 

wavelet transform [2-6], adaptive filtering [7], and independent component analysis [8], 

etc. 

For signal processing, the traditional processing methods for signal expression, such as 

functions of sina function and wavelet base, have good physical meaning and can get 

better expression effect for specific type signal. But these methods are all trying to 

express an random signal by a single, complete and the finite number basis functions, 

which are not flexible enough and may miss some information of the signal especially for 

the signal with wide range of time and frequency shift. The better signal processing 

solution to select the appropriate basis function adaptively according to the character of 

the signal. 

In this paper, we denoise the ECG signal using MP algorithm which was first 

introduced by Mallat and Zhang in 1993 as a technique for signal processing [9], the 

signal can be expanded into waveforms whose time-frequency properties are adapted to 
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its local structures by using the algorithm. While in the process of decomposition, 

searching a best atom of the dictionary is an optimal problem, In order to solve the 

problem and improve the speed of the process, Genetic Algorithm (GA) was used to find 

the best atom from the dictionary [10-11]. The final experiment results show that it can 

maintain the ECG characteristic information well while removing most of the noises. 

The remainder of this paper is organized as follows: In Section 2 presents MP 

algorithm, in which we introduces how to decompose the signal, the detail of MP 

algorithm procedure and the detail constitute of the dictionary we used in our experiment; 

In Section 3, Genetic Algorithm (GA) approach is briefly mentioned; and Section 4 gives 

the detail of simulation experiment, we process the ECG signal using the algorithm we 

proposed.  Then the conclusion is described in Section 5. 
 

2. MP Algorithm 

In order to decompose the signals more effectively, a better way is to select appropriate 

basis function adaptively according to the signal itself. Based on the wavelet analysis, 

Mallat and Zhang proposed an over-complete dictionary sparse decomposition thought, 

which chooses the waveforms that are best adapted to decompose the signal. The 

waveforms are called atoms, and the set of the waveforms is called dictionary. The result 

of decomposition is to get more concise expression (that is sparse expression). 

 

2.1. Signal Decompositions 

In the traditional signal decomposition, the signal can not be decomposed flexibly 

because the base function is unique. Atom decomposition is the expansion of base 

function. Any function s can be represented by (1) based on over-complete base 

waveforms function dictionary. 
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In the above expressions, r
a is the decomposition coefficient; r is the parameter of 

base waveforms function;


 is the family of base waveform function; m
r

 is signal residue. 

The family D 


rr
t ）（ )(

 is the set of the parametric wave functions. D is also called 

dictionary, which is redundant generally. That is to say the number of elements of the 

dictionary is larger than the length of the signal, and some of it can be expressed by 

others. 

The Parametric wave functions ( r
 ) are the atoms of the dictionary. Different signal 

may have its own dictionary. That means any signal can be expressed by the superposition 

of a series of atoms. In order to represent any signal efficiently, an appropriate subset of 

atoms should be selected. 

Atom decomposition should select base waveform functions to best match the signal 

structures from a redundant dictionary of functions. The choice may not be unique due to 

the redundancy of the dictionary, so the signal can be decomposed flexibly depends on the 

specific signal structures. 

Today many dictionaries have been constructed to match the signal structures. For 

instance, Fourier dictionary is a popular dictionary, which is the set of Harmonic 

trigonometric functions and is appropriate to analyze harmonic signals; Dirac dictionary is 
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the set of a series of Dirac functions and is suitable for analyzing the impulse signal; 

Wavelet dictionary is a typical time-scale functionary, which is built by scale expansion 

and translation variation. 

 

2.2. MP Algorithm 

Matching pursuit algorithm is an iterative greedy algorithm. The specific calculation 

steps are described as follows [1, 14, 15]: 

1) Initialization: let the initial residual signal is equal to the original signal, that 

is ssr 
0

, the initial iterative time 0i ; 

2) Coefficient of inner product calculation: calculate the inner product of residual signal 

and all atoms of the dictionary 
r

i

r
sra , ; 

3) Find the maximum of inner product
ri

ar maxarg ; 

4) Update the residual signal  
ii

rr

ii
asrsr 

1
 ; 

5) Stop rule: give a threshold in advance, and compare the residual signal and threshold, 

if the residual signal is less than or equal to the threshold, then stop iteration, 

otherwise turn to step 2). 

6) The residual signal will decrease quickly along with the decompositions. It has been 

proved that the residual signal will be decreased to zero exponentially. The signal can 

be decomposed by the equation (3) after L times: 
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The procedure of MP algorithm proposed in the paper is shown in Figure 1, which is 

repeated until some pre-determined criteria are satisfied: 
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Start

Read the decompostion signal

Set the decomposition Parameters

Form the atom dictionary and find the 

appropriate atom(using GA)

Subtract the component of the best appropriate atom

Save the decompositon result

End

If  the decomposition 

satisify the requirement

N

Y

 

Figure 1. General Block Diagram of MP Algorithm 

2.3. Gabor Dictionary 

Because ECG is a singular signal, and Gabor atom has better expression ability for the 

singular signal, we used the over-complete garbor dictionary in our method [16-17]. The 

Gabor transform is a collection of short time Fourier transforms (STFT). The garbor 

dictionary is composed by the gabor atom, which is a Gaussian window defined by the 

(4): 
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parameters, where s is scale factor, u is displacement factor, v is atom frequency, and w is 

atom phase. In order to process the signal, we have to discrete the time-frequency 
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3. Genetic Algorithm (GA) 

In MP decomposition process, searching a best atom of the dictionary is an optimal 

problem. The search is realized by Genetic Algorithm. It is a stochastic search method 

which can be used to search for an optimal solution to an optimization problem based on 

evolution. Genetic Algorithms (GA) introduced by John Holland in 1975 was inspired by 

the processes observed in natural evolution [10-13]. It simulated the breeding, crossover 

and mutation phenomenons occurred in the process of natural selection and natural 

genetic, and realized the population evolution by the selection, crossover and mutation of 

three basic genetic operators. In general, a population undergoes evolution: choose the 

fittest individuals, recombine them to generate a new population. The paper proposed GA 

parameter optimal approach to find a best atom from the Gabor dictionary in the process 

of MP decomposition. The details of our GA procedure are described as follows: 

1) Initialize parameters (e.g., number of chromosomes, number of generation). 

2) Create initial population randomly (N). 

3) Choose the fittest individual (compute fitness of all chromosomes). 

4) evaluate population 

4.1) select N/2 from N (parent population) 

4.2) crossover 

4.3) recombine new generation 

5) Termination if condition satisfied, otherwise go to step 3 with t=t+1. 

The flow chart of the genetic algorithm is shown in Figure 2. 

 

Randomly generate N strings

Choosethe 

fittest individual

Choose fitter 

string between 

adjacent pairs 

except the fittest.

Place the fittest 

individual in the 

next generation

Generate (N-1)/2 

mutations of the 

fittest

Pass the descendants 

to next generation

Place the (N-1)/2 

winners in the 

matting pool to cross

Randomly 

generate 

N-1 strings 

and place 

them in the 

next 

generation 

together 

with the 

fittest 

individual.

Place the (N-1)/2 

mutations in the 

next generation.

Generation number 

satisfied?

Next generation 

stable?

End
Y

N

Y N

 

  Figure 2. The Flow Chart of GA 
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4. Experiment Study 

In this section, we perform experiment to prove the performance of the MP based GA 

approach. The ECG signal we used in the experiment is obtained from the MIT-BIT 

arrhythmia database [14-15]. In order to simplify the experiment, we used the NO100 

records, and saved the sample of ECG signal as text. The text is read by Matlab software, 

and then processed by the improved MP algorithm. The number of MP algorithm 

iterations is set to be 30. In the searching of the best atom, the number of Chromosomes 

of 21 and the number of generation of 30 are assumed. The experiment results are as 

follows: 

Figure 3 shows the original signal with noises of NO100 record; Figure 4 shows the 

reconstruct signal using MP algorithm based on the GA algorithm, in which we used 

Garbor dictionary; Figure 5 shows one atom of the gabor dictionary; Figure 6 shows the 

residual signal after processing. 

 

 

Figure 3. Original ECG Signal with Noises 

 

Figure 4. Reconstruct ECG Signal 
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Figure 5. One of Gabor Atoms 

 

Figure 6. Residual Signal 

The results of the experiment showed that the MP algorithm which used genetic 

algorithm had an ideal denosing effect and we can get a smoothly reconstruct ECG signal 

with little noises. The most important thing is that the speed of computation which used 

GA is improved from 90 to 100 times than the approach not used GA algorithm. The 

compute speed is also depend on the length of the signal, the longer length of the signal 

can acquire higher speed. 

 

5. Conclusion 

In this paper, MP algorithm has been used to denoise the ECG signals. In the 

decomposition procedure, most of work is spend on selecting the best atom in the 

dictionary suited the signal or the residual of the signal, which is an optimal problem. GA 

approach is considered as a global search method which can be used to search for an 

optimal solution to the optimal problem. Through the proper evaluation strategy, the best 

atom can be found from the dictionary. The experiment results based on GA algorithm 

showed that significant noise can be eliminated from the original signal and we can get a 

good reconstructed signal with most of the useful information maintained in a shorter time 

than the approach not used GA algorithm. In the future work, a more suitable dictionary 

for the MP method, which designed by the structures of the signal need to be studied.  
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