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Abstract- Images captured with both digital cameras and conventional film cameras will gather in some noise from a 
variety of sources. Many further uses of these images require that the noise must be removed. So image denoising is vital 
both as a process itself and as a pre-processing stage in other operations. It basically means the process of removing noise 
from a signal. Image denoising has been a well studied problem in the field of image processing. Yet researchers continue to 
focus attention on it to better the current state-of-the-art. It involves manipulation of the image data to produce a visually 
high quality image. The main property of a good image denoising model is that it will remove noise while preserving 
edges. Keeping this in mind, we have presented a robust method for image denoising. The input image characterised by 
Gaussian noise is pre-processed where in the color image is converted to gray scale. 1st level haar wavelet decomposition is 
performed on this image to convert it from time domain to frequency domain signal. Further in adaptive scaling stage the 
frequency signal is manipulated according to the trained co-efficients. The trained co-efficients are generated according to 
the procedure explained by Roth for modelling image priors. Once this process is complete, inverse wavelet transform is 
applied to convert the signal back to time domain and the resulting image would be a noise free image.  
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I. INTRODUCTION 
 
Images are produced by many means: cameras, x-ray 
machines, electron microscopes, etc. These images 
are further fed to machines to extract useful 
information about a scene.  But the images are often 
characterised by noise caused due to sensor 
imperfection, circuitry of a scanner or digital camera, 
poor illumination, or communication errors, which 
are often not possible to avoid in practical situations.  
Image noise is random variation of brightness or 
color information in images. Removing such noise is 
one of the fundamental challenges in the field of 
image processing and computer vision. Therefore, 
image denoising plays an important role in a wide 
range of applications such as image restoration, 
visual tracking, image registration, image 
segmentation, and image classification, where 
obtaining the original image content is crucial for 
strong performance. It is still a challenge for 
researchers because noise removal introduces 
artifacts and causes blurring of the images. 
  
The work presented here is an effective method for 
removing noise from an image. The input to this 
system is natural image characterised by noise. This 
image undergoes pre-processing where the image is 
resized to 512x512 and converted to YCbCr color 
space, and further haar wavelet transform is applied 
on this to convert it from time domain to frequency 
domain signal. Haar transform is performed in many 
stages; here we are applying level1. This will be the 
input to the adaptive scaling, which forms the next 
step. This step also needs trained co-efficients. The 
procedure of training co-efficients is also known as 
modelling image priors. This task is challenging due 
to the high dimensionality of images, their non-

Gaussian statistics, and the need to model 
correlations in image structure over extended image 
neighborhoods. It has been often observed that, for a 
wide variety of linear filters, the marginal filter 
responses are non-Gaussian, and that the responses of 
different filters are usually not independent.  Here the 
co-efficients are generated according to the 
procedure explained by Roth for learning generic. 
Once this procedure is done inverse wavelet 
transform is applied to convert it back to time domain 
and the resulting image is the de-noised image. The 
block diagram of the proposed system is as shown in 
figure 1. 

 
Figure 1: Block Diagram of the Proposed System 

 
II. METHODOLOGY 
 
The input to the system is a noisy image. Figure 2 is 
one of the images considered.  

 

 
Figure 2: Original image 
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Noise may be of different types like salt and pepper, 
Gaussian, speckle and white. Our system handles 
these four types of noise efficiently. The flow chart 
of the work presented is illustrated in figure 3. 
 

 
Figure 3: Flow Chart of the Presented Work 

 
Salt-and-pepper noise is a form of noise sometimes 
seen on images. The salt-and-pepper type noise (also 
called impulse noise, shot noise or spike noise) is 
typically caused by malfunctioning pixel elements in 
the camera sensors, faulty memory locations, or 
timing errors in the digitization process. An image 
containing salt-and-pepper noise will have dark 
pixels in bright regions and bright pixels in dark 
regions. Figure 4 shows the original image affected 
by salt and pepper noise. 

 
Speckle noise is a random and deterministic in an 
image. Also it is an inherent noise in an image. 
Generalised model of the speckle is represented as,  
                

                   
where,  is the observed image,  is the 
multiplicative component and  is the additive 
component of the speckle noise. Here  n and  m 
denotes the axial and lateral indices of the image 
samples.  
 

 
Figure 4: Original Image affected by Gaussian Noise 

Gaussian noise is statistical noise that has a 
Probability Density Function (pdf) of the normal 
distribution (also known as Gaussian distribution). It 
is a major part of the read noise of an image sensor 
that is of the constant level of noise in the dark areas 
of the image. Mathematical formulation of Gaussian 
noise shown in equation 2.2, and the Gaussian 
distribution is shown in figure 5. 

 
 

 
Figure 5: Gaussian Distribution 

 
Random noise is a problem that often arises in 
fluorescence microscopy due to the extremely low 
light levels experienced with this technique, and its 
presence can seriously degrade the spatial resolution 
of a digital image.  
 
A. Haar wavelet 
Haar functions are used since 1910. Considering that 
the Haar functions are the simplest wavelets, these 
forms are used in many methods of discrete image 
transforms and processing. The original haar 
definition is as follows, 
 

 

 
and 
h

  
and at the points of discontinuity within the interior 
(0,1) 

. 
The Haar transform is performed in several stages, or 
levels. The first level is the mapping  defined by 

 
from a discrete signal f to its first trend  and first 
fluctuation .  
 
When DWT is applied on the noisy image it 
generates four sub bands-LL, LH, HL and HH. The 
output image will be decomposed in the form as 
shown in the figure 6. 
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Figure 6: 1st Level Haar Wavelet Decomposition 

 
B. Adaptive Scaling 
The input to this stage is the frequency co-efficients 
and the trained co-efficients (image priors). Trained 
co-efficients are generated by following Roth’s 
procedure of modelling image priors. Both 3x3 and 
5x5 filters have been used for modelling the image 
priors. The outputs from the training procedure are 
weight matrix ‘W’, de-noising parameter ‘a’ and 
basis filter. These three parameters are updated for all 
the four sub bands and the procedure is as shown in 
the pseudo code. The below 2 equations are used to 
update the parameters. 

 
 

function [basisNew, WNew, aNew] = 
adaptiveCall(N, basis, W, a, sig, I) 
  
% I- Original Image 
% N- Noisy Image 
% W- Weight Matrix 
% a- De-noising parameter 
  
% Initialization 
noise = (1 ./ (sig ^ 2)) * (((I(:,:,1) - N(:,:,1)) ./ 255) .^ 
2); 
Wout = resize noise matrix to the size of W 
dEPrev = empty matrix of the size Wout 
  
Wout = convolution of W and Wout 
dECurr = dEPrev - conv2(W, (Wout ./ (1 + .5 * Wout 
.^ 2)), 'same'); 
  
% Upgradation 
while(dEPrev ~= dECurr) 
    Wout = convolution of W and Wout 
    dECurr = dEPrev - conv2(W, (Wout ./ (1 + .5 * 
Wout .^ 2)), 'same'); 
end 
% Refinement 
WNew = Wout * W; 
basisNew = WNew * basis; 
aNew = WNew * a; 
 
III. RESULTS AND DISCUSSION 
 
The presented work is flexible and we have obtained 
appreciable results. The measurement is all made in 
terms of PSNR. Along with this noise distribution in 
the original image is also calculated. The computed 

value of noise distribution is represented in the form 
of plot in figure 7. 

 

 
Figure 7: Histogram Representation of (a) Original Image,(b) 

Noisy Image, (c) De-Noised Image. 
 
Figure 8 is the denoised version of the noisy image. 
The results of 5 images for four different noises, 
according to our method are expressed in the table 1 
and according to Roth’s procedure are expressed in 
table 2.  

 
Figure 8: De-noised Image 

 
Table 1: PSNR measurement of 5 images for four 

different noises according to our method 

 
 

Table 2: PSNR measurement of 5 images for four 
different noises according to Roth’s procedure 

 
 

Figure 9 displays different images and their 
respective gaussian noise affected images and also 
their results after the de-noising process was carried 
out. The PSNR measurement shown in the table 
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1,2,& 3 are the results obtained when 3x3 filter was 
applied during the training of Field of Experts model 
with the sigma value as 40.  
 
Figure 9: Test cases of different images (a) Original 
Image (b) Original Image affected by Gaussian noise 
(c) Denoised Image 
 
Table 3 display the PSNR values of lena image for 
both Roth’s method and our procedure for different 
values of sigma(σ).   
 

Table 3: PSNR comparision b/w Roth’s work and 
Proposed Work 

 

 
 
CONCLUSION 
 
Image denoising is important both as a process itself 
and as a pre-processing stage in a system. It is still a 
field of research since the researchers are still 
working for the betterment of the current systems. 
After making a wide literature survey, we have 
presented a vigorous method for image de-noising. 
Our system has considered four different noises- salt 
and pepper, gaussian, random and speckle. The noisy 
image undergoes 1st level Haar wavelet 
decomposition. The resulting co-efficients are 
updated based on the trained co-efficients (using 
Roth’s procedure) in the adaptive scaling stage. With 

our method we have obtained significant results 
compared to the customary methods.    
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