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ABSTRACT 

 

Abstract-To reduce the noise in the heart sound signal, an improved wavelet 

threshold de noising method is proposed in this paper. The method is based on wavelet 

threshold de noising method proposed by Donoho. The author analyzes advantages and 

disadvantages of two traditional threshold function, and propose a new method in order to 

improve their disadvantages. The new method not only improve the discontinuity of hard 

wavelet threshold de noising method but also reduce constant bias of soft wavelet threshold 

de noising method. The simulation shows that the SNR and MSE of the heart sound signal de 

noised by the improved method is superior to by the hard and soft wavelet threshold de 

noising method. 
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___________________________________________________________________________ 

 

1. INTRODUCTION 

Heart sound signal is caused by mainly diastole and systole of the heart. It's the flow 

vibration spreaded to the body surface trans thoracicly ,caused by the impact of blood flow 

against heart valves, wall and large vessels[l] .There is important physiological and 

pathological information in heart sound signal, so doctors can determine the patient's disease 

characteristics by his heart sound signal. However, because of acquisition environment , 

acquisition equipment and other factors, there is must noise in heart sound .So heart sound 

de-noising is essential before it's analyzed.  
Wavelet transformation has s good analysis for the signal of particular frequency band 

and time period ,because of its good localization property in time domain and frequency 

domain analysis. So wavelet transform is widely applied in signal processing including the 

application of wavelet de-noising. In 1994,Donoho proposed the concept of wavelet 

threshold[2][3].It is to achieve the purpose of signal de-noising by setting the threshold to 
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remove small noise figure in the wavelet domain. There are two methods, soft wavelet 

threshold de-noising method and hard wavelet threshold de-noising method in Donoho's de-

nosing based on threshold .Because of the discontinuity of the hard threshold function, the 

de-noised signal will be added some artificial noise point, and this is the Pseudo-Gibbs 

phenomena. While the soft threshold function has better continuity ,so data is easy to 

process. But there is constant bias between the wavelet co-efficient estimated by the soft 

threshold function and the initial wavelet coefficients, so the soft wavelet threshold de-

noising method is limited to further application. In order to overcome their respective 

weaknesses, a new threshold function is proposed in this paper. This function not only 

improve the discontinuity of hard wavelet threshold de-noising method but also reduce 

constant bias of soft wavelet threshold de-noising method. So it is used in heart sound 

signal de-noising. 

 

2.WAVELET THRESHOLD DENOISING ALGORITHM  

 

2.1.Principle of Wavelet Threshold Denosing 

After the wavelet transformation of the noise signal, there are not only wavelet 

coefficients of useful signal but also wavelet coefficients of noise in the wavelet coefficients 

obtained. The amplitude of wavelet coefficients of useful signal is large,while the amplitude 

of wavelet coefficients of noise is small.In the principle ,an appropriate threshold is selected 

at different scales, and then the wavelet coefficients are processed by the threshold function 

based on the appropriate threshold. The wavelet coefficients less than the threshold will be 

set to zero and the wavelet coefficients greater than the threshold will be retained. After then 

process, the noise will be eliminated effectively. Finally, reconstruction of the signal is 

obtained by inverse wavelet transform. fU, j) is supposed a superposition of the noise singal, 

the steps of the de noising are as follows: First, the appropriate wavelet and number of 

wavelet decomposition layers are selected, and then we can obtain wavelet coefficients  (w 

j,k ) after wavelet transform of fU,j); Second, Wj,k is processed by the threshold function, 

and then we can obtain de noised wavelet coefficients ( W j,k ); Finally,after inverse wavelet 

transform,we can obtain 

denoised singal 

 

2.2.Traditional Threshold Function 

There are two traditional threshold function as follows. hard threshold method : the 

wavelet coefficient which absolute value are less than the threshold will beset to zero and the 

wavelet coefficients which absolute value are greater than the threshold will be unchanged ,as 

in (1). 

                            
soft threshold method: the wavelet coefficients which absolute value are less than the 

threshold will be set to 

zero and the wavelet coefficients which absolute value are greater than the threshold will be 

minus the threshold, as in (2). 
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In the above two equations, the threshold  ,in which N is the sampling points 

and a is standard deviation of the noise.lt should be noted that the threshold is obtained based 

on orthogonal wavelet trans form and the best wavelet shrinkage threshold limit, but not the 

best threshold. The two equations have been widely used in practice, and achieved good 

results. But we obviously see that the W j ,k in the first equation is not continuous at A ,so 

there must be some oscillation in the reconstruction signal obtained using the first equation 

.While the reconstruction signal obtained using the second equation has better overall 

continuity .But there are constant bias between W j ,k and W j ,k when the absolute value of 

W j ,k are less than directly affect the approximation accuracy reconstruction signal and the 

original signal.  

 

2.3.Two De noising Methods by Wavelet Transform 

Wavelet transforms can decompose a signal into several scales that represent different 

frequency bands, and at each scale, the position of signal’s instantaneous structures can be 

determined approximately. Such a property can be used for de noising. 

In [2], a spatially selective noise filtration technique was proposed. Based on the direct spatial 

correlation of wavelet transform at several adjacent scales, a high correlation is used to judge 

if there is a significant edge. The choice of noise power reference is very important in 

implementation, and it was not shown in [2]. In this correspondence, we give the noise power 

reference and an estimation of the standard deviation of original noise. In addition, we 

introduce some parameters and extract edges from coarse scales to fine scales to improve the 

filtering performance. 

Another powerful approach to noise reduction was proposed by Donoho et al. [3]–[5]. 

In the case of orthogonal wavelet transform (OWT), Donoho made use of a threshold t = _p2 

logN for all scales to obtain an ideal risk, but partly due to the lack of translation invariance 

of OWT, the results exhibit visual artifacts [9]. In this correspondence, a new threshold t(m) 

= c_m in the case of un decimated discrete wavelet transform (UDWT) is presented, and why 

UDWT can suppress noise better than OWT is briefly illustrated. 

 

2.4. Dyaltic Wavelet Transform And Undecimated Wavelet Transform: 

 

The continuous wavelet transform can be defined as 

                    
where a; b 2 L2(IR), and a 6= 0. To allow fast numerical implementation, we impose 

that the scale parameter a varies only along the dyadic sequence (2j); j 2 Z. A wavelet   2 

L2(IR) is a dyadic wavelet if and only if there exist two strictly positive constants A and B so 

that 

                          
 Equation (2) ensures that f(t) can be recovered from its dyadic wavelet transform. The 

reconstructed wavelet _(t) may be any function that satisfies  
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The dyadic wavelet transform is redundant. A fast discrete algorithm  is shown in Fig. 

1. The filter Fj is obtained by putting (2j � 1) zeros between each of the coefficients of the 

filter F0; therefore, the bandwidth of Fj is 1=2j of the bandwidth of F0. 

If we also want to impose that the translation parameter b varies along dyadic 

sequence (2j), then more constraints must be imposed on constructing the wavelet. See 

Daubechies  for more details about bi-orthogonal compactly supported wavelets. Mall at has 

given the fast pyramid algorithm of (bi-)orthogonal wavelet transform (OWT) (Fig. 2). 

Unfortunately, OWT is translation variant due to sub sampling. If we rotate the input signal 

by one position, then the output signal at the first scale would be different. If the rotation 

were by two positions, then the output at the first scale would be the same except by one 

rotation, but the outputs at the second and higher scales would be different. Several methods 

can be used to overcome 

the dependence on the position of input signal. Here, we use the un decimated discrete 

wavelet transform (UDWT), which was shown in Fig. 3. It is noticeable that UDWT is almost 

the same as dyadic wavelet transform because the (bi-)orthogonal wavelet can also be called 

dyadic wavelet. 

 

3.1.Some Improved Wavelet Threshold Function 
Because of the deficiency of the above two function, in order to improve wavelet 

threshold de nosing method, some improved method are proposed. An improved speech 

enhance cement algorithm based on time-adaptive threshold wavelet packet transform was 

proposed by Tian Lan etc, and this method can improve the excessive threshold processing 

phenomenon A new threshold function with two adjustable parameters was proposed by 

Cheng Yuan-gui etc, and this method can obtain continuous good signal[6].In a self-adaptive 

wavelet threshold de nosing method proposed by Li Dao-ping can self-adaptively decide the 

threshold of wavelet analysis, and make the SNR as a function of the parameter of the filter to 

acquire the optimal threshold parameter using golden section method 
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The Improved Threshold Function in this Paper After research of the above improved 

method, we can fmd that they are all based on soft threshold method. ln these method ,the 

soft threshold function when is restructured in order to improve the deviation 

phenomenon between reconstruction signal and the original signal. By summarizing the 

advantages and disadvantages of the above improved method, a new threshold function is 

proposed in the paper, as in (3). 

                              
In the third equation, value range of a is 0 to l. When a equal to O, the third equation 

will be to the first equation, while when a equal to 1, the third equation will be to the second 

equation.  

The principle of construct the third equation is ,when  the paramount is 

used to change the size of the deviation between reconstruction signal and the original signal. 

When . 

so the deviation will be decrease when  

 

4. SIMULATION 

The author download a range of heart sound signals from Heart Institute, such as 

healthy signal, Flail Mitral Regurgitation signal, Left Atrial Myxoma signal and so on, and 

simulate in MATLAB7.4.Simulation process is as follows. First, t he original signal is added 

white noise of different amplitude. Secondly, the noised signal is decomposed by DB5 

wavelet transformation. Detail coefficients obtained will be processed by the threshold 

function, and the new Detail coefficients will be obtained. While the similarity coefficients 

will be un change. Then the new detail coefficients and the similarity coefficients are 

decomposed by DB5 wavelet transformation. The same process will be repeated four times. 

Finally, after inverse wavelet transform, we can obtain de noised  signal. It's noted 

that the number of wavelet decomposition layers is not the more the better. Although the 

deviation between reconstruction signal and the original signal is decrease in the third 

function,  but it's not zero. Because the soft threshold method is based on pessimistic estimate 

,the details of signal will be reduced as the noise being reduced. So the number of wavelet 

decomposition layers is not the more the better. Figure 1 is the simulation diagram of Flail 

Mitral Regurgitation signal. 
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From figure l, we can come to the conclusion that the de nosing signal by hard 

threshold is not smooth, and has large fluctuation. But the de nosing signal by soft threshold 

and the new threshold is better in this way. We contrast D and E,t hen we can fmd the signal 

in D is biased at 3 X lO s with the original signal in A .But there are not deviation between 

the signal in E and the original signal in A, so the new method reduce constant bias of soft 

wavelet threshold de noising  method. The following table is the comparison of SNR of three 

signals by different wavelet threshold de noising method. From table l, we can see the SNRs 

of the de nosing signal by new method are higher then the de nosing  signal by two traditional 

threshold method. 

                              

 
5. SUMMARY 

An improved wavelet threshold de noising method is proposed in this paper and it's 

used in heart sound signal De noising. The new method not only improve the discontinuity of 

hard wavelet threshold de noising method but also reduce constant bias of soft wavelet 

threshold de noising method. The simulation shows that the SNR of heart sound signal de 

noised by the improved method are superior to by the hard and soft wavelet threshold de 

noising method .. 
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