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Abstract—A new threshold function was proposed to
overcome that hard threshold function is not continuous, soft
threshold function has constant deviation and derivative
discontinuity defects. It will be applied to using different
thresholds denoising method with different decomposition level
based on the D.J global threshold. Experimental results shows
that the denoising result of new threshold function is superior
to the traditional soft and hard threshold function in minimum
mean square error (MSE) and peak signal to noise ratio
(PSNR).

gave the optimalizing threshold denoising method[5], but
there is always a constant deviation between reconstructed
signal and real signal. The reference[6] presents adaptive
threshold denoising algorithm,but the setting of algorithm
parameter is more complex.
In this paper, according to the different image noise level
adaptive changes the contractile parameters of the new
threshold function, we propose a new threshold method.
Using different threshold denoising with the different
decomposition level based on VisuShrink image denoising
method proposed by Donoho. We demonstrate that our
proposed method outperforms the traditional ones in terms of
MSE and PSNR. Simulation results are also given to show
the efficacy of our proposed method. The rest of the paper is
organized as follows. Section 2 explains some basic concepts
used in denoising with wavelet threshold. Section 3 describes
our proposed denoising method. Experimental results and
analysis are given in section 4. Finally, our concluding
remarks are given in section 5.
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I.

INTRODUCTION

Usually there will be various noise in the process of
image acquisition and transmission. In order to improve the
image quality, we must ensure that the denoised image
maintains s many important signal characteristics as
possible. Image denoising are paid more and more attention
of scholars based on the theory of wavelet because wavelet
transform has good local time-frequency, multi-scale and
multi-resolution characteristics.
In 1995, Donoho and Johnstone proposed the concept of
wavelet threshold denoising based on binary wavelet
transform[1,2,3], i.e.the VisuShrink image denoising method.
Wavelet threshold denoising has been widely used in many
fields because it has the advantages of fast calculation speed,
wide adaptability as well as being able to get the best
estimation that any other linear estimates is not able to reach.
However, the discontinuous of hard threshold function cause
oscillation in signal reconstruction, the denoised image has
the Pseudo-Gibbs phenomenon and other visual distortion,
the differential coefficient of soft threshold function is not
continuous and exists a constant deviation between the
estimates of wavelet coefficients and the real wavelet
coefficients as well as denoised image occurs edge blur,
these disadvantages limits its further application. In 2001,
Donoho improved the threshold algorithm[4], L.K.shark et al.

II.

DENOISING WITH WAVELET THRESHOLD

Consider an original image signal of f (i, j ) size M*N
and noisy signal. Add the Gaussian noise to original image
signal in order to get the noisy signal g i , j , i.e.,

g (i, j ) = f (i, j ) + n(i, j )

(1)

The wavelet coefficients of the image signal is composed
of two parts because the wavelet transform is a linear
transformation, Wg = W f + Wn , W f is the original image
wavelet coefficients, Wn is the noise wavelet coefficients,

Wg is the noisy image wavelet coefficients. The image
wavelet coefficients of the signal is greater than the noise
wavelet coefficients after wavelet decomposition, we can
find a suitable value T as a threshold based on wavelet
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threshold denoising method proposed by Donoho , i.e.the D.J
global threshold.
Using the threshold value T processing the wavelet
coefficients, get the estimated wavelet coefficients, i.e.,
a)Hard threshold function
^
Wi , j
W i, j = 
 0

(2)

Wi , j < T

b)Soft threshold function

(

)

(6)

where j =1,2,…, J . J is the scale, i.e. the number of
decomposition, the Tnew is called Multi-threshold in the
paper.

Wi , j ≥ T

sgn (Wi , j ) Wi , j − T
^
W i, j = 
0


 1
Tnew = σ 2 log M 1 + 
j


Wi , j ≥ T
Wi , j < T

(3)

Where Wi , j is the high frequency coefficients of wavelet

III.

DENOSING WITH NEW THRESHOLD FUNCTION

Finding the optimized threshold function is a major
problem. Hard threshold function is not continuous on the
threshold value T , so the Pseudo-Gibbs phenomena was
prone to appear in the signal reconstruction. Soft threshold
method processing wavelet coefficients is continuity on the
whole , but there are still large deviation between the original
wavelet coefficients and the estimated wavelet coefficients, it
will directly affect the approximation degree between the
reconstructed image and the original image. So, we try to
find out optimum threshold function:

decomposition, when Wi , j is less than the threshold
^

Wi , j = Wi , j * β i , j

value T ,this is mainly caused by noise, discarded and
replaced by zero, When Wi , j is greater than the threshold
value T , Wi , j is mainly caused by the image signal, this part





retained(hard threshold function) or contracted to zero
according to a fixed value (soft threshold method), and then
take inverse-wavelet transform to get the denoised image

β i , j = 1 − m *

^

f (i, j ) .
In their landmark paper, Donoho and Johnstone have
discussed a simple but powerful wavelet-based denoising
scheme called VisuShrink , it uses the universal threshold
value T which is proportional to the standard deviation of the
noise, is defined as:

T = σ 2 log M

^

(4)

, C = 0.6745

(5)

The results of VisuShrink are very smooth with a
pleasant visual appearance. However, it is known that
VisuShrink tends to over-smooth the signal, thereby losing
some details (e.g. sharp edges) of the original signal that
results in the increased estimation error. Because different
subband and different decomposition level have different
distributions, the reference[10] has usd different threshold
denoising method with different decomposition level:

(8)

it is and the negative value should be replaced by zero. W i , j
is the estimation of the wavelet coefficient after using the
new threshold shrinkage. The type of m value is crucial,
according to the reference[11,12], the estimation of noise
variance can be defined as:
^ 2

σ n (s , J ) =

(

)

Median Wg i , j (s )

i, j

where

σ = median( HH1 (i, j ) ) / C

2
Tnew 
+
2
Wi , j 

here “+” means that the positive value should be kept as

Where M is the total number of image pixels, σ is the
noise standard deviation, estimating through the HH1
subband of the wavelet transform[7,8,9], which is defined as:
^

(7)

C

Wg i , j (1) ∈ {LH J } ,

(9)

Wg i , j (2) ∈ {HLJ } ,

Wg i , j (3) ∈ {HH J } , C =0.6745, s =1,2,3; J =1,2,… l , l

is the number of decomposition.
Because Wg i , j obeys Gauss distribution, the estimation of
noisy variance can be defined as:
^ 2

σW

gi , j
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(s, J ) =

1

N (J )

Wg2 (s )
N 2 ( J ) i , j =1 i , j

(10)
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The value m of type (7) takes for

i, j

^ 2

σW

gi , j

Simulation experiment is carried out for in various image
different
levels of noise, for example, the noisy Lena
images (pixel value is 512*512, gray level is 256). The
results of our proposed methods that use the threshold
value Tnew and the new threshold function for image
denoising have been compared with that of the VisuShrink
soft threshold method, Multi-threshold soft threshold method
and Multi-threshold hard threshold method. in order to get
the better effect, not only need to select the suitable wavelet
basis function, but also choose a suitable decomposition
level. The high frequency information reflects the changes of
image details, the edge contour caused by gray mutation , it
may lead to the loss of edge information if the wavelet
decomposed layer is too high. 'Db8' wavelet has the
advantage of length compactly supported ,high regular, large
number of vanishing moments and wavelet energy
concentration. In our experiment, we have used the 'db8'
wavelet and decomposition level is four .

, using the

(3,2 )

estimation of noise variance on the HH 2 subband to
remove the estimation of noisy image wavelet coefficients
variance on the HH 2 subband, adaptive changeing the
values of parameters m , we calculate β i, j as follows:

βi, j


  2


  ^

2
(
)
σ
3
,
2
Tnew 
  ni , j

+
= 1 − 2
S 2
^
i, j

  σ Wgi , j (3,2 ) 


 

EXPERIMENT RESULTS AND ANALYSIS

IV.

^ 2

σ n (3,2 )

(11)

(a)

(b)

(c)

(d)

(e)

(f)

Figure 1. Lena Image:(a)Original (b)Noisy image with noise level 20 (c)Denoising using VisuShrink soft (d)Denosing using Multi-threshold soft
(e)Denosing using Multi-threshold hard (f)Denosing using proposed method.

In Fig.1 (c) and Fig.1(d) the denoising image is clear, but
the edge details are smoothed out and have a certain
deviation with the original image. The denoising image is
fuzzy and has the presence of ringing effect in Fig.1(e) . In
figure 1, the denoising image Fig.1(f) is clearer and better to
retain the image edge details than Fig.1 (c), Fig.1(d) and
Fig.1(e) at the same time.
The purpose of this paper is to find out the estimated
^

value of the image signal f (i, j ) and the minimum mean
^

square error ( MSE ) between f (i, j ) and original image

signal f (i, j ) . In addition, we have the quantitative analysis

comparison using the peak signal to noise ratio and mean
square error on the denoised image. type (12) and (13)
respectively mean square error(MSE) and peak signal to
noise ratio(PSNR) as follows:
^

1


MSE  f (i, j ), f (i, j ) =

 M *N



i=M , j = N



i , j =1

 255 2 

PSNR = 10 log 
 MSE 
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2

^

 f (i, j ) − f (i, j ) (12)



(13)
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(a)

(b)

Figure 2. Lena image:(a)MSE gains, (b)PSNR gains in proposed and Visushrink soft, Multi-threshold soft,Multi-threshold hard method with noise levels of
image.

In Fig.2 (a), it shows the curve changes of four different
denoising methods with different noise levels under the
minimum mean square error (MSE), the MSE of denoising
image in proposed method is smaller than the other three
methods, and the difference of MSE is bigger with the
increase of noise variance. In Fig.2 (b), it shows the curve
changes of four different denoising methods with different
noise levels under the peak signal-to-noise ratio (PSNR), the
PSNR of denoising image in proposed method is larger than
the other three methods, and the difference of PSNR is
bigger with the increase of noise variance. The simulation
results shows that, the proposed method is superior to the
traditional soft and hard threshold function, and that the
effect of Multi-threshold is better than VisuShrink global
threshold .
V.

CONCLUDING REMARKS

This paper uses different thresholds for different noisy
image based on the VisuShrink, and it is applied to the new
threshold function. The experimental results show that the
proposed threshold function can effectively remove the
image noise, preserve the image edge details, obtain good
denoising effect as well as denoising result in minimum
mean square error ( MSE ) and peak signal to noise ratio
( PSNR ) is superior to the traditional soft and hard threshold
function.
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