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Abstract: Denoising is important pre-processing tasks for various image processing. Image noise is the random variation of 
brightness and color information in images produced by the scanner and digital camera. This paper presents a novel 
approach for simultaneously removing the speckle and Salt-n-pepper noise from a single image by using the median filter. 
This paper proposes an adaptive, data-driven threshold for image denoising via wavelet soft thresholding. The threshold is 
derived in a Bayesian framework and also using the MAD (mean absolute difference) value of fast multidirectional filter 
bank which improves the radial frequency resolution of the image by addition decomposition in the high frequency band. 
Denoising performance of median filter will be compared with discrete wavelet transform and wiener filter. The 
performance of median filter using parameter metrics PSNR (Peak Signal to Noise Ratio) and coefficient of correlation 
(Coc) is also analyzed. 
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I. INTRODUCTION 
 
Noisy image consist of unwanted data which may 
reduce the shape and size of objects in the image and 
blurring of edges or dilution of fine details in the 
image. Denoising is an important pre-processing task. 
Traditionally, there are two types of models i.e. linear 
model and non-liner model. Generally, linear models 
are used because noise removing speed is more but 
not able to preserve edges efficiently. Non-linear 
models can handle edges in a better way than linear 
models. The aim of eliminating noise is achieved by 
inverse transformation, like wavelet transform. 
Successful exploitation of wavelet transform might 
lessen the noise effect or even overcome it 
completely. An image containing salt-and-pepper 
noise will have dark pixels in bright regions and 
bright pixels in dark regions. This type of noise can 
be caused by dead pixels, analog-to-digital converter 
errors, and bit errors in transmission. This error can 
be removed in large part by using dark frame 
subtraction.  
 
II. LITERATURE REVIEW 

 
Some related key researches are discussed in this 
section. Leavline and Sutha developed a novel 
approach for Gaussian noise removal using 
Multiscale Filter Banks for the Contourlet Transform 
for improving the radial frequency resolution of the 
Contourlet Transform and reducing the computational 
complexity. Patidar et al. Used Gaussian noise, Salt 
& Pepper noise, Speckle noise and Poisson methods 
for de-noising performed for different noise by Mean 
filter, Median filter and Wiener filter. Ilango and 
Marudhachalam proposed different hybrid filtering 
techniques for removal of Gaussian noise by  

 
topological approach. The quality of the image is 
measured by RMSE and PSNR ratio. Mandala and 
Sarkar proposed a novel Modified Weighted Based 
(MWB) filter based on the weighted differences 
between the current pixel and its neighbors aligned 
with four main directions. Simulations showed that 
the MWB filter provides optimal performances of 
suppressing impulse with high noise level as 
compared to conventional filters. Karthikeyan and 
Chandrasekar proposed a technique to reduce speckle 
noise from ultrasonic devices. Experimental results 
prove that the proposed method is efficient as 
compared to existing methods in reaching 
convergence quickly and producing quality denoised 
images. Arivazhagan et al. proposed Discrete 
Wavelet Transform (DWT) method for denoising of 
images experimentally for four levels of DWT 
decomposition, for Speckle noise added two facial 
and two CT images. Maheswari and Radha proposed 
median filtering technique for removing salt & 
pepper noise from various types of compound 
images. Several examples were conducted to evaluate 
the performance of the median filter on noise. 
 
III. FILTERS USED FOR DENOISING 
 
Median Filter [2]: This filter sorts the surrounding 
pixels value in the window to an orderly set and 
replaces the center pixel within the define window 
with the middle value in the set.  The main idea of the 
median filter is to run through the signal entry by 
entry, replacing each entry with the median of 
neighboring entries. Median filters are widely used as 
smoothers for image processing, signal processing 
and time series processing. A major advantage of the 
median filter over linear filters is that the median 
filter can eliminate the effect of input noise values 
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with extremely large magnitudes. The main 
disadvantage is the extra computation time needed to 
sort the intensity value of each set. Wiener Filter [2]: 
Wiener2 low pass-filters an intensity image that has 
been degraded by constant power additive noise. 
Wiener2 uses a pixel wise adaptive based on statistics 
estimated from a local neighborhood of each pixel.J = 
wiener2 (I, [m n], noise) filters the image ‘I’ using 
pixel wise adaptive Wiener filtering, using 
neighborhoods of size m-by-n to estimate the local 
image mean and standard deviation. The additive 
noise (Gaussian white noise) power is assumed to be 
noise. [J, noise] = wiener2 (I,[m n]) also estimates the 
additive noise power before doing the filtering. 
Wiener2 returns this estimate in noise. 
 
Filters used in Proposed Model 
Fast Multi-scale Directional Filter Bank (FMDFB): 
Fast multiscale filter banks is used to obtain the 
transformed coefficients. In this filter, multiscale 
decomposition is performed prior to the directional 
decomposition. In the first level of Laplacian Pyramid 
each sub bandis split into two radial frequency ranges 
by low pass filtering and subtraction. By using 
Wavelet filtering the decomposition of directional sub 
band can also beimplemented. Further, Directional 
Filter Bank of desired level ‘l’ is applied to each band 
pass image which results in ‘2l’ sub bands.  Laplacian 
Pyramid: Laplacian Pyramid (LP) is basically a low 
pass filter. In the LP, the input image is first 
processed by a lowpass filter and a down sampler to 
generate a lowpass image. A coarse prediction of the 
original image is computed by up sampling. By 
subtracting the coarse prediction from the input 
signal, a bandpass image is obtained. The process can 
be iterated (Fig 1) on the low-pass image to generate 
other bandpass images in lower frequency range.  

 
Fig 1: Iterative structure of the Laplacian Pyramid [1] 

 
Here gL[n] is the time reversed version of hL[n], i.e., 
gL[n] = hL[- n]. hL[- n] is realized using separable 
filtering with 1-D filter hL[n].The main feature of the 
LP is that decimation is performed only on the 
lowpass image. Thus, there is no frequency 
scrambling. In this, the input image is first processed 
by a lowpass filter and a down sampler to generate a 
low-pass image. 
Directional Filter Bank (DFB) 

Directional filter bank (DFB) is a critically sampled 
directional decomposition. The DFB partitions a 
frequency plane into a set of wedge-shaped region is 
shown in Fig. 2. 

 
Fig 2: Partitioning of the frequency plane in a three-level 

DFB [1] 
 

DFB partitions the frequency plane into a set of 
wedge shaped passband regions as shown in fig 3. 
The multidirectional analysis is achieved through 
using a tree structure implementation. Each stage in 
the tree consists of a two-band filter bank that splits 
the input image into two subband images by two 
complementary fan filters. 

 
Fig 3: Two Channel DFB [1] 

 
A resampler is deployed before the two channel filter 
bank. Its function is to shear the desired frequency 
partitions into diamond shape so that the two-channel 
filter bank can give the desired frequency bands. 
Because of sampling, subbands would suffer from 
spatial distortion. Spatial distortion results from 
resampling used in the tree construction. This 
problem can be solved by adopting backsampling at 
the output of the DFB. 
 
IV. WAVELET TECHNIQUE USED 

BAYESSHRINK METHOD TO 
CALCULATE THRESHOLD VALUE 

 
The goal of BayesShrink method is to minimize the 
Bayesian risk. It uses soft thresholding and is sub 
band-dependent, which means that thresholding is 
done at each band of resolution in the wavelet 
decomposition. This process is smooth as well as 
adaptive. The Bayes threshold is defined as  

 , 0                  … (1) 

            ... (2) 
Where σ2 is the noise variance and σx is the standard 
deviation. The noise variance σ2is estimated from the 
sub band HH1 by the median estimator. 
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Discrete Wavelet Transform Discrete Wavelet 
Transform (DWT) is introduced to overcome the 
redundancy problem of CWT. Discrete analysis 
ensures space-saving coding and is sufficient for 
exact reconstruction.  The approach is to scale and 
translate the wavelets in discrete steps: 

     
(4) 
 Where   is the scaling factor    is the translating 
factor, k and j are just integers. Subsequently, we can 
represent the mother wavelet in term of scaling and 
translation of a dyadic transform as: 

 

 
Fig 4: Two Level Image Decomposition [4] 

 
Discrete Wavelet Transform is identical to a 
hierarchical sub band system where the sub bands are 
logarithmically spaced in frequency and represent 
octave-band decomposition. These four sub bands 
arise from separable applications of vertical and 
horizontal analysis filters for wavelet decomposition. 
To obtain the next coarse level of wavelet 
coefficients, the   sub band LL1 alone is further 
decomposed and critically sampled using similar 
filter bank shown in fig 6. By use of MATLAB, the 
noisy image is decomposed. The filters are one-
dimensional Low Pass Filter (LPF) and High Pass 
Filter (HPF). Thus, decomposition provides sub 
bands corresponding to different resolution levels and 
orientation. A Low-pass filter is used to smooth the 
image. This is good for removing noise, but blurs the 
image and high-pass filter to sharpen the edges. This 
is good for edge detection. These sub bands labeled 
LH1, HL1 and HH1 represent the finest scale wavelet 
coefficients i.e., detail images while the sub band 
LL1 corresponds to coarse level coefficients i.e., 
approximation image. To obtain the next coarse level 
of wavelet coefficients, the sub band LL1 alone is 
further decomposed and critically sampled using 
similar filter bank. Similarly, to obtain further 
decomposition, LL2 will be used. This process 
continues until some final scale is reached. The 
decomposed image can be reconstructed using a 
reconstruction (i.e., Inverse DWT). 

Thresholding 
According to wavelet technique, the most effective 
ways to remove noises without smearing out the 
sharp edges of an image is to threshold only high 
frequency components while preserving most of the 
sharp features in the image. The approach is to shrink 
the high frequency coefficients whose amplitudes are 
smaller than a certain statistical threshold value to 
zero while retaining the smoother detailed 
coefficients to reconstruct the ideal image without 
much loss in its detail. This process is sometimes 
called wavelet shrinkage since detailed coefficients 
are shrunk towards zero. 
Hard Thresholding 
In the hard thresholding, the input is kept if it is 
greater than the threshold λ, otherwise it is zero. The 
hard thresholding procedure removes the noise by 
thresholding only the wavelet coefficients of the 
detailed sub-band, while keeping the low-resolution 
coefficients unaltered. 

 
Fig 5: Hard Thresholding [4] 

 
Soft Thresholding [4] 
In soft thresholding, if the absolute value of the input 
X is less than or equal to λ then the output is forced to 
zero. If the absolute value of X is greater than λ the 
output is   |y| = |x – λ|. Soft thresholding reduces the 
abrupt changes that occurs in hard thresholding and 
provides more visually pleasant recovered images as 
compared to hard thresholding. 

 
Fig 6: Soft Thresholding [4] 

  
V. PARAMETER METRICS 
 
We used PSNR (Peak Signal to noise ratio) and Coc 
(Correlation coefficient) metrics to analyze the 
performance of denoised images. PSNR is an 
engineering term for the ratio between the maximum 
possible power of a signal and the power of 
corrupting noise that affects the originality of the 
image. PSNR is calculated as: 
PSNR=10log10 (2552/MSE)  …. (3) 
Where MSE is the mean square error between the 
original and the denoised image. (Coc) stands for 
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Coefficient of Correlation. It is used for high quality 
pixel form image Coc is used for high quality pixel 
form image. Lower the value of Coc, the quality of 
the compressed or reconstructed image is the better. 
Coc is calculated as: 

   … (4) 

Where   is the mean of original image and   is 
mean of denoised image.  
 
VI. RESULTS & DISCUSSION 
 
To analyze the performance of the denoising model, a 
set of standard gray scale images had been taken. The 
performance metrics PSNR ratio and Coc (correlation 
coefficient) parameter are used to analyze the result. 
PSNR is a quality matrix between the original and a 
denoised image. The higher the value of PSNR and 
lower the value of Coc shows the quality of 
compressed or reconstructed image is the better.   
  
Analytical & Graphical results 
Table 1 presents the performance of image using 
wiener filter, median filter and proposed technique by 
PSNR value with variance 0.02 for soft thresholding.  

 
Table 1: PSNR output for variance =0.02 for Soft 

Threshold 

 
 
Wavelet transform gives better result for PSNR as 
compare to wiener and median filter due to higher 
PSNR. Fig 7 shows that the green bar shows the 
maximum value of PSNR that is associated with 
wavelet transform. 

 
Fig 7: PSNR Value Graph of soft thresholding for Variance = 

0.02 
 
Table 2 lists the performance of image using wiener 
filter, median filter and proposed technique by Coc 
value with variance 0.02 for soft thresholding. 

Proposed method gives better result due to lesser Coc 
value than wiener & median filter.  

Table 2: Coc output for variance =0.02 for Soft 
Threshold 

 
In Fig 8, it can be concluded that the green bar shows 
the lower value of Coc that is associated with wavelet 
transform means according to our result and graph 
wavelet transform gives better result. 

 

 
Fig 8: Coc Value Graph of soft thresholding for Variance = 

0.02 
 
Table 3 and fig 9 present the performance of image 
using wiener filter, median filter and proposed 
technique by PSNR value with variance 0.02 for hard 
thresholding. Proposed technique gives better result 
for PSNR output as compare to wiener and median 
filter. 

 
Table 3: PSNR output for variance =0.02 for Hard 

Threshold 

 
Proposed technique gives better result for PSNR as 
compare to wiener and median filter due to higher 
PSNR. Fig 9 shows that the green bar shows the 
maximum value of PSNR that is associated with 
wavelet transform. 

 

 
Fig 9: PSNR Value Graph of Hard thresholding f or Variance 

= 0.02 
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Visualization results of images 
Result of image 1.png 
The output of image 1 with PSNR and Coc value is 
visualized in fig 10. Firstly the original gray scale 
image is taken and two noises, Gaussian and salt-n-
pepper noise are added. The noises are removed 
simultaneously using wiener, median and proposed 
technique (Fig 10(a,b,c)). The proposed technique 
gives better image quality.  

 
Fig 10: (a) Wiener filter (b) Median Filter (c) Wavelet 

Transform 
 
Result of image 2.png 
The output of image 2 with PSNR and Coc value is 
visualized in fig 11. Firstly the original gray scale 
image is taken and two noises, Gaussian and salt-n-
pepper noise are added. The noises are removed 
simultaneously using wiener, median and proposed 
technique (Fig 11(a,b,c)). The proposed technique 
gives better image quality 

 
Fig 11: (a) Wiener filter   (b) Median Filter  (c) Wavelet 

Transform 
 
Result of image 3.png 
The output of image 3 with PSNR and Coc value is 
visualized in fig 12. Firstly the original gray scale 
image is taken and two noises, Gaussian and salt-n-
pepper noise are added. The noises are removed 
simultaneously using wiener, median and proposed 
technique (Fig 12(a,b,c)). The proposed technique 
gives better image quality 

 
Fig 12: (a) Wiener filter (b) Median Filter (c) Wavelet 

Transform 
 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 
Denoising is the concept of removing the noises by 
using the various types of filters and techniques. For 
this purpose, a new method based on discrete wavelet 
transform using the bayesshrink method was 
proposed and the results were compared with already 
established median and wiener filter. By using 
proposed technique, two noises, namely Salt &Pepper 
and Gaussian noise, were reduced simultaneously 
from a single image were removed successfully and 
results were found to be better than wiener and 
median filters due to better PSNR ratio and Coc 
value. Results revealed that the proposed method was 
very efficiently able to remove noise from ultrasound 
gray scale images then others images so this proposed 
technique perform better result on ultrasound images. 
Wavelet based denoising algorithms uses soft and 
hard thresholding to provide smoothness and better 
edge preservation.  
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