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Abstract

Hard threshold function is discontinuity in the threshold paintl soft threshold function have a constant
error between the estimated coefficient of wavelet &edoriginal coefficient of wavelet. To solve this
problem, an improved threshold function is presented, wkiclomtinuous and high-order-differential |in
the threshold point. The experimental results show tleatiéhnoising effect of this function is better than
the soft threshold function, the hard threshold functionthaeanodular square function.
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1 Introduction

Image signal is often mingled with noise in transmisgimtess, which has impact to the subsequent signal
processing in a way, so image signal de-noising is vergnimgful. Common de-noising methods are
mathematical morphological method, adaptive smoothing, randetmoh, filter method, wavelet de-noising
method. Because wavelet has characteristics of lowwmntmulti-resolution, decorrelation and flexibility of
the selection, wavelet de-noising has become the most widety method in the application [1,2]. Wavelet
de-noising method is generally divided into three categotige first method is correlation de-noising
method [3], that is, to calculate the correlation of trevelet coefficients between adjacent scales, then
eliminate unqualified coefficients, finally reconstrubetsignal; The second method is wavelet modulus
maxima de-noising method [4]. The propagation characteristicsgofl and noise are different in each
scale of wavelet transform, so as long as remove thdulaomaximum value from noise, and keep the
corresponding modulus maxima of signal, and then reconstreicivélvelet coefficients, we can recover
signal and remove noise. The third category is wavelestimid method [5]. The wavelet coefficients of
signal contain important information and its amplitude isdatgut the number of wavelet coefficients is
less. Instead, the wavelet coefficients of noise arfoumiy distributed and its amplitude is low, but the
number of wavelet coefficients is major. So if thedibi® value of the smaller coefficient is set to zénen
retain the absolute value of larger coefficient, andmetuct signal to de-noising.

Nowadays, there are many traditional methods in the fielstnafje de-noising. Traditional methods can
filter noise, but at the same time they make the indegails blurred. Therefor, it is significant to funthe
improve the existing method. Different algorithms have déifi mathematical basis, and the effect of image




de-noising is also different. By studying the different dtbans to improve the de-noising effect is very
meaningful too. Based on the above situation, this papémlynstudied the wavelet threshold de-noising
method.

The main structures of this article are as follows: thacjple of wavelet threshold de-noising will be
introduced in second section. In third section, the method dfthegshold and soft threshold method will be
presented, and their disadvantages will be discussed. Intordeive the problems existing in traditional
threshold function, an improved threshold function is presentédIMB simulation experiment is used to

prove the effectiveness and superiority of improved fonctn fourth section. The fifth section is the
summary.

2 Wavelet Threshold De-noising

Wavelet threshold method is a typical noise suppression chdiased on non-parametric model. After
wavelet decomposition, the energy of image itself is maligiributed in the low resolution scale function,
and the energy of noise is still distributed evenly in the tegolution scale function and all the wavelet
coefficients. In the transformational domain, the spatatelation of image is reduced and energy is more
concentrated, and energy distribution of noise is cahstdased on this feature, wavelet de-noising
technology retains or shrinks large wavelet coefficgemd remove small wavelet coefficients, which called
the wavelet threshold method.

Signal based on wavelet threshold de-noising processecdivided into the following steps [6-8]:

Stepl. Select the appropriate wavelet basis and wadelstmposition layers, the calculation of
wavelet decomposition coefficient with noise signal.

Step2. Select the appropriate threshold, for the high érexyucoefficient threshold processing.
Step3. According to the processed wavelet coeffisiegtonstruct signal.

The specific processes are as shown in Fig. 1.
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Fig. 1. Process of signal threshold
2.1 Traditional threshold function

It is one of the most important problems in wavelet deingiglgorithm that how to select threshold
function, which is related to the quality of signal de-magsiThe traditional threshold de-noising method can
be divided into the hard-threshold de-noising method and dffiethseshold de-noising method. The
expression is shown as following.

The expression of hard-threshold function is
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The expression of soft-threshold function is
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WhereW,  stands for the wavelet coefficienﬁ!j,’k stands for the wavelet coefficients after treatménis
the threshold.

Although hard and soft threshold de-noising metpazposed has been widely used in the actual prafess
image de-noising, but it is still insufficient [B]L In the hard threshold method, the wavelet ¢cieffits
processed by the threshold are discontinuous atheoints A and—A , therefore, which may lead to the
reconstructed signal prone to Pseudo-Gibbs phenomand a certain degree of oscillation will dirgddad
to the increasing error. In soft threshold functitive continuity of estimated wavelet coefficieistgood on

the whole and doesn't produce additional shocksthrre is a constant deviation betwe&ﬂ( and W,

when|\ivj,k| > A . This will cause a deviation between the recorstai signal and the real signal. In addition,

the derivative of soft threshold function is distobnous. But in actual applications, it is ofteropessed by
the first derivative and even higher order deriatiso soft threshold function has some limitations

2.2 Threshold selection

The selection of wavelet threshold is related weffect of de-noising. If the selection of thrdshealue is
too low, the de-noising effect is not ideal; On tmmtrary, if the selection of threshold is toolég some
important edge detail characteristics of image badllfiltered to remove while removing noise andithage
is too smooth [11].

The expression of Traditional threshold selectiamction (see [12]) is

A=02logN (2.3)

Whereg is the standard deviation of the noise, and N stdodimage size.

3 The Improved-threshold Function

Soft and hard threshold de-noising methods, althdulyas been widely applied and achieved wellltesua
practice, but these two kinds of method itself hawme potential disadvantages. For example, higarer
differential does not exist in the soft threshalddtion at the threshold point, the hard thresliofdttion is

not continuous at the threshold point, and theskehaie a certain impact on the de-noising effactorder

to overcome the shortcomings of the two methodv@ban improved method based on them is proposed.
The function can be adjusted by 3 parameters, wtdcheffectively reduce the constant error betwieen
signal and the original signal. It not only inhsrthe advantages of the soft and hard thresholdalbo
overcomes their shortcomings, and achieves theedkgurpose.

Its function is as followed:
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Wherea. ﬁand b are variable parameters, the function is continwdube threshold, and the high order

derivative of the function is continuous Wl'iml].k| >A. \/A\IJ «Will be more and more close W, when

‘Wj_k‘ continues to increase.

Proof :

(1) 1w, =1, we get
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This function is continuous a&t, and the same can be provee-at that is, the function is continuous at the
threshold.

(2) Ifw;, >4, we have
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The derivative of the function is continuous wmn( > A, and the same can be proved ww?m <-A,
that is, the derivative of the function is contiuscwhedwjd > A. Obviously the high order derivative of

the function is continuous Wh*mj‘k| >A.
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Fig. 2. Threekinds of threshold function curves

Fig. 2 is the hard threshold function, soft thrédHanction and the improved threshold functiortto$
curve. Whered =1, =1a= 2p= 1.

As we can see from Fig. 2, hard-threshold functioes not have continuity in the threshold poinghhi
order-differential doesn’t exist in soft-threshdidhction at the threshold point, but the improvedeshold
function is continuous and high-order-differentilthe threshold point, which overcomes the shamiogs
of the traditional threshold function, and achiethesdesired results.

4 Experimental Results

In order to show the new threshold function de4ngi€ffect, this article used the hard thresholakcfion,
soft threshold function , modular square functisee( [13]) and the improved threshold function based
Matlab to remove the noise of images of devil, €dtle and wflower which contained 0.1 Gaussianenois
by simulation experiments. We all choose “rbio6waivelet to 2 layer wavelet decomposition that cionta
noise image, andA V2logN, B =1
Experimental results are shown in Figs. 3, 4, ® data in experimental simulation are shown in &dbl
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Fig. 3. Devil de-noising effect chart (a=-0.8, p=1, b=20)
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Fig. 4. Catherine de-noising effect chart (a=-0.8, p=1, b=7)
Table 1. Comparison of four kinds of threshold function de-noising

Date  Signa Soft threshold  Hard threshold  Modular sqguare  Proposed threshold
MSE  Devil 402.2432 383.8176 385.3568 243.7073
Catherinc  195.640i 191.414 190.959! 155.140:.
Wflower 482.2878 445.7197 453.2064 270.6761
PSNF  Devil 22.085¢ 22.289¢ 22.272: 24.262:

Catherine  25.2162 25.3110 25.3214 26.2236

Wrflower 21.2977 21.6402 21.5678 23.8063
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Fig. 5. Wflower de-noising effect chart (a=-1.8, p=1, b=22)
The devil signa)3 value de-noising effect comparison are show in @bl

Table 2. p comparison of the parameters

B 0.5 1 15 2 2.5 3
MSE 456.2730 243.7073  308.3281 280.6986 308.4620 296.9577
PSNF 21.538¢ 24.262: 23.233¢ 23.688: 23.238¢ 23.403¢

The devil signala value de-noising effect comparison are show in &&bl

Table 3. acomparison of the parameters

a -1.2 -1 -0.8 -0.6 -04 -0.2
MSE 245.6282 245.3365  243.5469 249.7632 250.0588 251.7874
PSNF 22.228( 24.233. 24.265( 24.155! 24.150: 24.120¢

The devil signalb value de-noising effect comparison are show in &bl

Table 4. b comparison of the parameters

b 14 17 20 23 26 29
MSE 253.6766 246.7555  244.3815 245.6854 247.4836 248.0187
PSNF 24.088( 24.208: 24.250: 24.227( 24.195! 24.186(

As we can see from Figs. 3-5, the new thresholdtfon image on the visual effect is better thart sof
threshold function, hard threshold function and olad square function. This function preserves more
details of original images too. Table 1 quantitaiyvdescribes the superiority. The new threshotettion
has been improved by 8.97% compared to the othegtiins when de-noising signal is devil. The new
threshold function has been improved by 3.84% coeth#o the other functions when de-noising sigeal i
Catherine. And the new threshold function has begroved by 10.5% compared to the other functions
when de-noising signal is wflower. It can be veruitive to get that the PSNR is the highest, dmdNMISE

is the least.



Through Table 2, we can see that the PSNR is tigebt, and the MSE is the least wh@nis equal to 1.
That is to say, the optimal values of the pararsetérthe devil signal i =1.In the same way ,we can
know that the optimal values of the other two partars of the devil signal ia =—-0.8,b =20.In a word,
we can determine the optimal values of the threamaters of the devil signalas=-08, 5 =1b =20.

In summary, new threshold function is not only efifeely removed Gaussian noise, but also is bétter
keep the image edge information, improving the pegkal to noise ratio of the image.

5 Conclusion

A novel wavelet threshold de-noising function prepd in this article which can adjust its parameter.
Through mathematical analysis, we demonstrate ther®rity of this function. And the experimental
results show that the de-noising effect of thiscfion is better than the soft threshold functidre bard
threshold function and the modular square functibimerefore, the improved method is a practical and
effective method to remove the noise of the images.
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