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Abstract: - Image acquisition techniques introduce various types of artifacts and noise such as additive white 

gaussian noise, salt and pepper noise etc, so image denoising is an essential preprocessing step in digital image 

processing. It is clear from the background study of denoising, conventional methods are not much effective in 

reducing the noise in the image. In this work, a novel approach which integrates the concept of guided image 

filter and coefficient thresholding for the removal of different types of noise. Guided image filter is a spatial 

domain method and coefficient thresholding is a wavelet domain method. Guided image filter has no gradient 

distortion and has better performance near the edges. Inorder to enhance the output of the guided image filter, 

wavelet based edge detection is performed. The output obtained by wavelet based edge detection has better 

visual quality than the one obtained by conventional edge detectors. Also variance of the image has been 

calculated and smooth and texture regions are separated for coefficient thresholding. Threshold values are 

calculated and coefficient thresholding is performed. The tool used for this denoising algorithm is MATLAB 

R2012b.  The denoised output obtained by this method has high peak signal to noise ratio (PSNR). By this 

proposed method, it is possible to get a denoised image which can be used for different applications such as 

haze removal, feathering etc. 

 

Keywords:- Coefficient thresholding, guided image filter,image denoising, peak signal to noise ratio, wavelet 
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I.  INTRODUCTION 
Digital images [7] are very much essential for daily life applications such as satellite television, 

medical imaging etc. It is also essential for the researches in the area of science and technology such as 

geographical information and astronomy. During the acquisition of these images, it is affected by different types 

of noises. Noise may be generated due to imperfect instruments , problems with the data acquisition process 

,interference transmission errors and compressions. All of this interference can degrade the data of interest. 

Hence noise removal is essential in digital imaging applications inorder to recover and enhance the fine details 

that are hidden in the data. Noise in a digital image has low frequency and high frequency components. High 

frequency components can be easily removed and the removal of low frequency component is a difficult task as 

it difficult to distinguish between real and low frequency components.  

During the filtering of random noise [2] , two factors are considered. One is how much of the noise 

granularity has been removed and how well the edges are preserved. Usually noise in digital image is found to 

be additive in nature with uniform power in the whole bandwidth and with gaussian probability distribution. 

Such a noise is referred to as additive white gaussian noise. Usually this additive white gaussian noise is 

suppressed using linear spatial filter such a mean and wiener filter, but low pass filter will not only smooth away 

the noise but also blur the edges in the images. In the case of high pass filtering, which improves the spatial 

resolution but will also amplify the noisy background. Wavelet thresholding is one of the most popular 

denoising method which apply the thresholding shrinkage upon the high frequency component after wavelet 

decomposition for removing blurring effect at the edges. 

This paper is organized as follows: In section II, proposed method is discussed. Section III introduces 

guided image filter. Section IV describes discrete wavelet transform.  Section V explains the wavelet based edge 

detection method. Section VI explains the separation of smooth and texture areas. Section VII explains the 

morphological operation used. In section VIII, threshold selection is explained. Section IX explains coefficient 

thresholding. Section X presents the experimental results and discussion while concluding remarks are given in 

section XI. 

II. PROPOSED METHOD 
Fig. 1 represents the proposed method. In this method, the original image is added with additive white 

gaussian noise, inorder to generate the noisy image. Then the noisy image is passed through a guided image 
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filter (spatial domain method). For enhancing the edges, the guided filter output undergoes wavelet based edge 

detection. After spatial domain approach, wavelet domain method is performed on the guided filter output. In 

the wavelet domain method, coefficient thresholding is performed. Inorder to perform coefficient thresholding, 

the regions of the image is separated as smooth and texture areas, morphological operation is performed, 

variance of the image is calculated and threshold values are selected for each regions. Here the threshold value 

is selected on the basis of stain‟s unbiased risk estimate. Then coefficient thresholding is performed. Finally the 

guided filter output and the thresholded output combined together to obtain the edge preserved denoised image. 

 

 
Fig1.Proposed method 

 

III.  GUIDED IMAGE FILTER  
In the first stage, spatial domain method is performed. So initially, the noisy image under goes guided 

image filtering. Guided image filter[9]  is a spatial filter which generates the filtering output by considering the 

content of a guidance image. The guidance image may be the input image or any other image. It is an edge 

preserved non-iterative filter and it has less gradient distortion near the edges. Since it is a non-iterative filter, so 

it is fast and accurate. It is also independent of the filtering kernel size. Two important parameters of the guided 

image filter are window radius „r‟ and regularization „ɛ‟. Window radius (r) represents the window radius of the 

mean filter used in the algorithm of guided image filter. Regularization (ɛ) is used to provide a balance between 

data matching and smoothing. The value of ɛ never be equal to zero.  

 

 
Fig 2. Guided image filtering 

 

Fig 2 represents the guided image filtering. From the figure it is clear that the input image p is the 

image which we want to filter,  it is not smooth. I represent the guide image which is a smooth image. The 

guided image filter is a linear model between the output image and the guidance image. The filtered output is 

represented by q, which is a smooth image. So, the output of the guided image filter is given by 

                                       Qi = aIi + b                              (1) 

Where a,b are the linear coefficients. 

 a = Cov(I,P)       (2) 

 b= mean(p) – amean(I)                                                            (3) 

 

IV. DISCRETE WAVELET TRANSFORM 
In this work, discrete wavelet transform is used for performing the wavelet based edge detection. Also 

it is used for the selection of threshold values for coefficient thresholding. 

Discrete wavelet transform [1,5,17,13] is a spatial frequency decomposition which provides flexible 

multiresolution analysis of the image. It is calculated by passing the signal through a series of high pass and low 

pass filter. It deals with two set of function : scaling function (approximation coefficient) and wavelet function 
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(detailed coefficient). High pass filtering gives detailed coefficients. Low pass filtering associated with 

approximation coefficient.  

 

 
Fig 3.Discrete wavelet transform 

 

Fig 3 represents the process of discrete wavelet transform. Here the original signal is passed through a 

high pass filter and a low pass filter and down sampling the high pass filter gives the detailed coefficients. After 

low pass filtering, the signal is down sampled and the down sampled signal is again passed through low pass 

filter and high pass filter. This process is continued until the desired output is obtained. The reconstruction is the 

reverse process of decomposition. The approximation and detail coefficient at every level are up sampled and 

passed through low pass filter and high pass filter and then finally added to get the original signal. So this 

discrete wavelet transform is used to separate the low frequency and high frequency components.  

 

 
Fig 4.Generation of wavelet coefficients 

 

Fig 4 represents the generation of wavelet coefficients [12]. Here after first level decomposition, four 

coefficients are generated. First coefficient represents the low frequency component and the remaining three are 

the high frequency component. As the level increases, the information in the image get reduces.  

 

V.  WAVELET BASED EDGE DETECTION 
Guided image filter is an edge preserved filter. In order to enhance the edges of the image in this work, 

wavelet based edge detection [4] is performed. In this method, after wavelet decomposition four coefficients are 

present. One low frequency component and three high frequency component. Edges are the high frequency 

components. In order to detect the edges, make the low frequency component equal to zero. Then take the 

inverse discrete wavelet transform and finally calculate the absolute value. The final output is a edge detected 

output. 

 

VI.   SEPARATION OF SMOOTH AND TEXTURE AREAS 
After wavelet based edge detection, coefficient thresholding is performed [2]. Inorder to perform  

coefficient thresholding, first the smooth and texture areas of the images are separated. For the separation of 

smooth and texture areas, first the variance of the image is calculated. From the variance image, smooth and 

texture areas are separated. 

Variance of the image is calculated using the equation  

𝑣 𝑖, 𝑗 =   (𝑓 𝑖, 𝑗 −  𝑓 𝑚, 𝑛 )2

𝑚 ,𝑛  ∈𝑐

 (4) 
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Where v[i,j] is the variance image, f(i,j) is the original image and f(m,n) represents the mask used. Here a box 

filter is used as mask of size     3 x3. 

The variance image is roughly an estimate of the local variance and in a smooth region contaminated by noise, it 

should be approximately equal to the noise variance σ
2
. Hence the pixel V[i,j] satisfies the following condition 

are labeled SMOOTH: 
1

   (1 + 𝛿)
 ≤  

𝑣[𝑖, 𝑗]

𝜎2
 ≤ (1 + 𝛿) 

The remaining points are classified as TEXTURE regions. The value of δ is different for different images. 

 

VII.  MORPHOLOGICAL OPERATIONS 
After the separation of smooth and texture areas, there occur some errors. Sometimes the smooth areas 

may be wrongly decided as texture areas and vice versa. In order to eliminate these errors, morphological 

operations are performed on the separated output. First dilation is performed on the separated output. On the 

dilated output, erosion is performed. 

Mathematical Morphology[2,7,14] is a method for quantitative analysis of spatial structures that aims 

at analyzing shapes and forms of an object. Mathematical morphology is based on set theory. The shapes of 

objects in a binary image are represented by object membership sets. Objects are connected areas of pixels with 

value 1, the background pixels have value 0. Binary mathematical morphology is based on two basic operations, 

defined in terms of a structuring element, a small window that scans the image and alters the pixels in function 

of its window content: a dilation of set A with structuring element B enlarges the objects, an erosion shrinks 

objects. 

7.1Structuring element : Structuring elements determines exactly how the objects will be dilated or eroded. It 

has both shape and origin. The structural elements are smaller than the processed image. The center pixel of the 

structuring element is called origin and this identifies which pixel is being processed.  

7.2Dilation : Dilation allows the object to expand. So by dilation, the number of white pixel in the image get 

increased. Mathematically, dilation of the image f with structuring element s is given by f ᴗ s. 

7.3 Erosion : Erosion reduces the size of the object. So by this, the number of black pixel in the image gets 

reduced. So erosion of the image f by structuring element s is given by f ∩ s. 

 

VIII. THRESHOLD SELECTION 
After morphological operations, the eroded output and the edge detected output combine together to 

form a single output[2,10,11,15]. On the single output, discrete wavelet transform is performed. After wavelet 

transformation, four coefficients are generated. In each wavelet coefficient, threshold value is selected based on 

SURE shrink. 

8.1SURE shrink: This method is based on Stain‟s Unbiased Risk Estimator. This method is a  combination of 

universal and SURE threshold. In this method, it specifies a threshold value tj for each resolution level j in the 

wavelet transform. This method is also referred to as level dependent threshold. The main objective of SURE 

shrink is to minimize the mean square error. SURE threshold, t* can be calculated using the equation : 

                                                      t* = min(t, σ√2logn)                     (6) 

where t is the value that minimizes stain‟s unbiased risk estimate, σ is the noise variance and n is the size of the 

image. 

IX. COEFFICIENT THRESHOLDING  
Wavelet thresholding [2,15,12] is one of the most popular methods used for image denoising. In this, 

the threshold values are applied on the high frequency component after wavelet decomposition. There are 

mainly two types of thresholding techniques are used. One is soft thresholding and the other is hard 

thresholding. In both cases, the coefficients below a particular threshold are set to zero. In hard thresholding, all 

the coefficients above a particular threshold are remain unchanged. In the case of soft thresholding, the 

coefficient values above  particular threshold are reduced by an amount equal to the threshold value. In the case 

of image denoising, usually soft thresholding is used. It is because soft thresholding yield more visually pleasing 

images than hard thresholding. Coefficient thresholding is a type of soft thresholding. 

 

X. RESULTS AND DISCUSSION 
Experiments using guided image filter and coefficient thresholding are conducted on a set of images 

such as cameraman, peppers, coins, moon, pout  and medical image. Fig 5 represents the original image. 

Different images are of different size. So first resize the image to 256 X256. Fig 6 represents the noise image 

with standard deviation 0.05. Here the noise used is additive white gaussian noise. Fig 7 represents the guided 

filter output with different window size. Window size is one of the Parameter of guided image filter. As the 

window size increases, the blurring of the image also increases. For wavelet based edge detected, first discrete 

wavelet transform is performed on the guided filter output. It is shown in fig 8. First figure represents the 

(5) 
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approximation coefficient which contains the smooth area of the image. Remaining are the high frequency 

component which represents the diagonal, horizontal and vertical components. It contains the edges of the 

image. The output of wavelet based edge dtection is shown in fig 9. Edge detection is performed using 

conventional edge detetctors. It is given in fig 10. It has the disadvantage of yielding poor visual quality when it 

combines with bae ckground information.  

For the separation of smooth and texture areas, first calculate the variance image. The variance image is 

shown in fig 11. From the variance image, the smooth and texture regions are separated based on a condition. 

As the delta value increases, the smooth areas get reduced. In the fig 12 represents the saeparation of smooth 

and texture area with different δ values. After te separaion of smooth and texture aras, performed there occur 

some errors. Inorder to remove these errors, morphological operations are performed on the separated image. 

First dilation is performed on the separated output. On the dilated output, erosion is performed. Morphological 

output is shown in fig 13. Next the morphological output and the edge detected output are combined to form a 

single image. It is shown in fig 14. 

Next, the thresholded values are selected on the wavelet coefficient. So perform the discete wavelet 

transform on the added output. It is shown in fig 15. Threshold values are selected for each region using SURE 

shrink and it is shown in fig 16. With the selected threshold value, coefficient thresholding is performed on each 

wavelet coefficient and it is shown in fig 17. Then take the inverse discrete wavelet transform. It is shown in fig 

18. Finally the thresholded output and the guided filter output are combined to form the final edge preserved 

denoised output. It is shown in fig 19. 

     
Fig 5. Original image         Fig 6. Noisy image 

 

     
Fig 7: Guided filter output with different window size 
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Fig 8: Wavelet coefficients after wavelet decomposition of guided filter output 

 

   
Fig 9: Wavelet based  edge detected output    Fig 10: Conventional edge detetcted output 

 

 
Fig 11: Variance image 

 

        
Fig 12: Separation of smooth and texture areas with different δ values 

 

   
Fig 13: Morphological operation output 

 

 
Fig 14: Addition of edge detected and eroded output 
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Fig 15: Wavelet coefficients of fig 17 

 

 
Fig 16: Threshold values of different regions 

 

 

 
Fig 17: Thresholding of different regions with selected threshold value 

 

 
Fig 18 : Inverse discrete wavelet transform output 

 

 
Fig 19: Final denoised output 

 

The quality of the denoised output is image is analyzed using Peak Signal to Noise Ratio (PSNR). A 

good quality image has high peak signal to noise ratio and low mean square error. The mean square error of an 

image is calculated using the equation (7) 

                                                   𝑀𝑆𝐸 =   
1

𝑛2   (𝑧(𝑥, 𝑦) − 𝑠(𝑥, 𝑦))2𝑛
𝑥 ,𝑦  −1          (7) 

where z(x,y) is the estimate of the image, s(x,y) is the image without noise and n is the size of the image. The 

peak signal to noise ratio of an image is calculated using the equation (8) 



Integrating the Concept of Guided Image Filter and Coefficient Thresholding for Image Denoising 

50 

                                                   𝑃𝑆𝑁𝑅 = 10 log
2552

𝑀𝑆𝐸
      (8) 

 

Table 1: Image quality analysis of different images 

 
 

XI. CONCLUSION 
Noisy image produces undesirble visual quality which will leads to difficulty in image analysis mainly 

in the field of satellite and medical image analysis., where image quality is an important concern. In this work, a 

novel idea is proposed for the better removal of noise while preserving the edges by incorporating the concept of 

spatial and wavelet domain method. The quality of the proposed method is analysed on the basis of peak signal 

to noise ratio.  
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