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Abstract: We all know for a fact that various denoising algorithms have already been proposed. However, there is a keen interest of 

researchers to develop more effective techniques for image denoising. The proposed mechanisms have not been able to attain the 

desirable results. It is inevitable to stop the noise introduction while acquisition or transmission of the image. The majorly found noise 

in images is the Gaussian noise. The corruption of image with Gaussian noise is a classical problem till date. This paper can be called 

an extension to my previous work in which I have proposed a method for the removal of Gaussian noise using a hybrid of Neigh and 

Bayes thresholding techniques and Discrete Wavelet Transform. Here, we have extended it to more effective modified fast haar 

transform and applied a hybrid of post filters for better results. The main aim is to minimize the noise as much as possible. The results 

have been compared on various quality parameters such as PSNR, CNR, Standard Deviation and Entropy.  
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1. Introduction 
 

It is nearly impossible to have an image without the 

incorporation of noise. All devices have traits that make them 

susceptible to noise. The unwanted signals mainly called the 

noise simply degrades the quality of the image and makes it 

visually unlikable. The major requirement of denoising the 

image is to retain the quality of image by eliminating the 

noise and preserving the main features like edges of the 

image [4][15]. The fact is undeniable that there have been 

developed various methods regarding this concept. However, 

it is essential to note that these methods must not alter the 

details of image. Yet many of the denoising methods corrupt 

or take away the fine details and texture of the image being 

processed[7]. It was then, when wavelet transforms emerged 

during the last decade[12]. There are presently two kinds of 

wavelet transformations that is continuous and discrete 

wavelet transform. The Discrete Wavelet Transformation is 

of utmost consideration over methods like Fourier and 

Cosine transforms. Wavelets provide a framework for signal 

decomposition in the form of a sequence of signals[14]. 

That may be known as approximation signals with decreasing 

resolution supplemented by a sequence of additional touches 

called details[10]. The major feature of DWT is to 

decompose the signal into different frequencies and then 

analysing them comparing to the resolution according to the 

scale. The proposed methodology deals with the Gaussian 

noise only, that is also known as additive white Gaussian 

noise.  

 

2. Neigh Shrink 
 

The neigh shrink technique for thresholding was proposed by 

Chen et al. It is a technique that incorporates neighboring 

coefficients because wavelet transform produces correlated 

wavelet coefficients[3]. The wavelet is accomplished by 

applying the low pass and high pass filter on the same set on 

low frequency coefficients. That means wavelet is correlated 

in a small neighborhood. A large coefficient will probably 

have large coefficient at large wavelet coefficient as its 

neighbours. The window size variable, it can be 3 X 3, 5 X 5, 

7 X 7 etc. However, according to Chen et. al., 3 X 3 is the 

most appropriate window size[3].  

 
Figure 1: Example of neigh shrink neighbouring window, 

size 3x3 

 

Let 

 =                      (1) 
The corresponding terms are omitted in the summation when 

it has pixel indices outside the wavelet sub band range. The 

wavelet coefficient is thresholded according to the following: 

                               (2) 

where the shrinkage factor can be expressed as: 

 =                             (3) 

Here, the + sign indicates to hold the positive value and if its 

negative, change it to zero.  

 =                            (4) 
is the universal threshold and  is the length of the signal[3]. 
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3. Bayes Shrink 
 

Bayes shrink is considered one of the most proficient method 

of wavelet thresholding in the field of image denoising[18]. 

Bayes shrink was proposed by Chang, Yu and Vetterli[4]. It 

was proposed to minimize the Bayesian risk[21]. It is 

different from other thresholding techniques as the results 

come from the Bayesian approach but not from soft or hard 

thresholding. 

=                     (5) 
 

where  is the variance of the signal[20]. 

 

The threshold value proposed in Bayes shrink is a function of 

noise variance and variance of noiseless data and is 

independent of the shape parameter[18]. The bayesian rule 

directly estimates the γ k without using soft or hard 

thresholding for a specific level[9]. A generalized gaussian 

distribution for the wavelet coefficients in each sub band is 

assumed. Then a threshold T is tried to find, that minimizes 

the Bayesian risk. 

 

4. Modified Fast Haar Transform 
 

These days the non linear methods based on thresholding the 

Discrete Wavelet Transform (DWT) coefficients have 

become very popular. The coefficients being generally 

affected by additive white Gaussian noise[12]. The DWT is 

basically the decomposition of the signal that provides better 

spatial and spectral localization[20]. Further, there exist 

different kind of wavelets for the decomposition in DWT. 

These can be haar, daubechies, symlets and so on. But 

nowadays, haar transform is popular among researchers. The 

haar transform was developed by a Hungarian mathematicien 

named Alfred Haar in 1910[23]. The Haar wavelet is also 

known as db1. It decomposes each signal into two 

components, one is called approximation and the other is 

known as detail[25]. It is known to be the earliest compact 

and orthonomal wavelet transform[23]. The haar function can 

be represented as[24]: 

 

 
 Figure 2: Haar wavelet. 

 
The Haar wavelet uses translations and dilations of the function, 

i.e. the transform make use of following function: 

 ( )=  ψ ( )                    (6) 

where a is the scaling parameter and b is the shifting 

parameter. 

 

Haar transform uses  nodes at n level. By taking average 

and difference from two nodes from previous level, 

approximate coefficients and detail coefficients for next 

level, n-1, n-2, n-3 and so on decomposition nodes are 

counted, which is known as fast haar transfrom[24]. 

In 2007, Chang et. al presented the MFHT technique[24]. 

The MFHT however takes four nodes at one time rather than 

two nodes as in case of haar transform and fast haar 

transform[25]. The values of approximation and detail 

coefficients are one step ahead of FHT as the intermediate 

coefficients are ignored. For approximation (w + x + y + z)/4 

is applied instead of (x + y)/ 2 and for detail, (w + x - y - z)/4 

is applied instead of (x - y)/ 2. This helps to reduce the 

unwanted movements of haar coefficients and also reduces 

the memory requirement[24]. 

 

5. Proposed Method 
 

The proposed method is basically a combination of 

techniques. Firstly, instead of commonly used haar transform, 

its modified version is being used that is known as modified 

fast haar wavelet transform (MFHT/MFHWT). The MFHT is 

used for the decomposition of the image. It is a more efficient 

method for decomposition as it reduces the computation time 

and requires less memory for the transformation. Afterwards, 

the hybridization of the Neigh shrink and Bayes shrink is 

done for thresholding the wavelet coefficients. The neigh and 

bayes shrink being two of the most proficient methods for 

thresholding provide a much more productive result after 

being hybridized. Furthermore, in the last step, a hybrid of 

post filters is applied that comprises of adaptive intensity 

transformations and average (mean) filter. These filters 

intend to improve the quality of the output image by 

improving the contrast of the image, improving its texture 

and smoothening the image. The adaptive intensity transfer 

function is computed in three decomposed layers using the 

dominant brightness level, the knee transfer function and the 

gamma adjustment function. Then, the adaptive transfer 

function is applied for color preserving and high-quality 

contrast enhancement. The flow of the work is shown below:  

 
Figure 3: Flow chart for the proposed method 

The stepwise functioning of the proposed method is 

explained below: 

 The original grayscale image is first corrupted by Gaussian 

noise.  
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 The image is then decomposed. For the decomposition, the 

modified fast haar transform is used.  

 The MFHT reads the image as a matrix. To all the rows 

and columns, MFHT is applied. From the average and 

difference of nodes of previous level, the approximate and 

detail coefficients are counted. The process is called 

wavelet decomposition and the detail coefficients are 

called wavelet transform coefficients. 

  The decomposed image is then passed through neigh 

shrink and bayes shrink which convert the image into a set 

of frequencies by taking a threshold value and changing 

the values above this threshold to 0. This cleans out the 

unnecessary details, that are considered as noise.  

 For the reconstruction of the image, the inverse of MFHT 

is considered that is also called wavelet reconstruction. It 

changes the set of frequencies into a proper image.  

 Here, we get two images, one from neigh and another from 

bayes after reconstruction. So to merge these into a single 

image, alpha blending is used. 

 Further to enhance the quality of image, a hybrid of the 

intensity transformations and mean filter is used as post 

filter. Goal is to modify pixel intensity to improve the 

visibility of objects of interest in the image and smoothen it. 

And hence, we get the denoised image.  

The results are compared on various quality parameters like 

PSNR, CNR, entropy and standard deviation. 

 

6. Results and Discussions 
 

The proposed method has been executed over different 

images. Each image is corrupted by gaussian noise. MFHT 

has led to fast computation of the denoising process. The 

hybrid of two very good denoising methods i.e. Neigh and 

Bayes shrink gives better output than the result given by 

them solely. The post filters being the other highlights 

provide the image in such a way that it becomes visually 

more pleasant. The tables below show the results for 3 

different test images. 

 

Table 1: Results for test image Boy 

Type of 

method 

Quality parameters  

PSNR CNR Entropy Standard 

Deviation 

Neigh 23.553 57.420 0.388 61.220 

Bayes 25.007 39.704 0.354 60.810 

Hybrid 27.664 81.549 5.633 65.005 

 

Table 2: Results for test image Charlie Chaplin 

Type of 

method 

Quality parameters  

PSNR CNR Entropy Standard 

Deviation 

Neigh 23.677 74.807 1.096 65.867 

Bayes 24.873 54.165 1.032 64.067 

Hybrid 30.094 98.457 6.549 69.442 

 

Table 3: Results for test image Dog 

Type of 

method 

Quality parameters  

PSNR CNR Entropy Standard 

Deviation 

Neigh 24.463 87.068 0.148 55.872 

Bayes 26.059 59.027 0.142 54.569 

Hybrid 29.780 95.751 5.802 59.629 
 

 
Original image                   Noisy image 

 

 
Neigh Shrink                      Bayes Shrink 

 

 
Hybrid 

Figure 4: Example of test image boy when tested with 

proposed method. 

 
Original image                  Noisy image 

 

 
Neigh shrink                Bayes shrink 
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Hybrid 

Figure 5: Example of test image Charlie Chaplin when 

tested with proposed method 

 

 
Original image               Noisy image 

 

 
Neigh shrink                     Bayes shrink 

 

 
Hybrid 

Figure 6: Example of test image Dog when tested with 

proposed method. 

 

7. Conclusions and Future Scope 
 

In this paper, a new technique has been introduced in order to 

overcome the image denoising problem. The technique deals 

with removing the most common gaussian noise. The results 

clearly prove that the proposed method is way better than the 

techniques compared to it. The hybridization of the post 

filters provide an edge to the work.  

 

However, there is no denial to the fact that the study 

regarding this concept is never ending. In order to get more 

better results, we can always try for new techniques. In future, 

we can try to merge some other thresholding techniques with 

this proposed method to check for better results. 
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