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ABSTRACT 

Image de-noising is an important part in every image processing technique. At the same time, it can be considered 

as one of the primary challenges in image processing and computer vision. This paper describes wavelet thresholding 

based de-noising technique for color images. In this method the optimal threshold is determined using NeighShrink 

thresholding method with Stein’s unbiased risk estimate (SURE).  Mean square error (MSE) and peak signal to ratio 

(PSNR) are used for the evaluation of image quality after de-noising. 
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INTRODUCTION 

The quality of the raw image always affects the 

performance of image processing algorithm. Noise is one 

of the factors which considerably reduce the quality of 

images. This is the reason; we are using an image de-

noising block in every pre-processing section of image 

processing. Therefore, in this time too, the researchers 

paying attention for the study of image de-noising. Salt & 

pepper noise, quantization or uniform noise, Rayleigh 

distribution noise, Gaussian noise etc. [1] are some noises 

present in the images.  

Different algorithms have been developed for 

image de-noising by many researchers. Algorithms based 

on wavelet transform were developed for eliminating 

Gaussian noises. Wavelet based de-noising methods are 

generally known as de-noising using wavelet shrinkage or 

thresholding. Out of many wavelet thresholding schemes, 

VisuShrink [2] and SureShrink [3] are the basic methods. 

Both these works were carried out by Donoho and 

Johnstone. After Donoho and Johnstone many other 

shrinkage methods also have been proposed by 

researchers. Some such methods available for shrinkage or 

thresholding in the literature are BayesShrink, BiShrink 

[4], ProbShrink [5], SURE-LET [6], and NeighShrink [7], 

[8] 

In 2001, Cai and Silverman proposed [7] a 

thresholding method for one dimensional signals, in which 

they considered neighbor coefficients also for finding the 

threshold value for thresholding a particular coefficient 

obtained after wavelet transform. Later in 2005 Chen et al. 

applied [8] to gray scale image and it was named as 

NeighShrink [8].  In this work, in order to de-noise color 

images, we proposed a method based on modified 

NeighShrink. [9] and [10] are two latest literatures in color 

image de-noising. 

 

RESEARCH METHOD 

In order to improve the performance of image de-

noising techniques, many algorithms have been developed 

so far. Majority of these works are for de-noising gray 

scale images. Comparatively only less number of works is 

available for de-noising color images. In this contest we 

propose color image de-noising technique based on 

wavelet thresholding. In this work we used images 

corrupted with Gaussian noise.  It is noticed that most of 

the noise affecting in communication channel can be 

modeled as Gaussian noise. As per the central limit 

theorem, even though the random variables are not 

normally distributed, it can be represented as Gaussian 

distribution. Because of these reasons, we selected images 

corrupted with Gaussian noise. 

 

Proposed Methodology 

Color image de-noising method based on wavelet 

thresholding is describing in this section. As first step, the 

noisy color image is separated into red, green and blue 

channels. Then each channel is decomposed into 

coefficients using wavelet transform. The wavelet 

decomposition results four sub-bands namely LL, LH, HL, 

and HH. Most of the image details or information present 

in LL sub-band and it is known as low frequency sub-

band. The other sub-bands such as LH, HL and HH are 

usually known as the high frequency sub-bands and hence 

we can assume that noisy components are associated with 

these sub-bands. Since most of the noisy components are 

associated with high frequency bands, the thresholding is 

performed on the coefficients in these sub-bands and not 

disturbing the LL band as it contains most of the image 

details. The proposed thresholding or shrinkage method is 

explained below. 

Let wci,j be a noisy wavelet coefficient which is 

to be thresholded or shrinked. 

 

a) Consider a neighboring window 𝑁𝑖,𝑗 with 𝑤𝑐𝑖,𝑗 as the 

centre of the window as shown in the Figure-1.   

b) Calculate sum of the square of all the coefficients in 

the selected window using the equation 1. We 

selected the window with size 3 𝚇 3 𝑆𝑖,𝑗2 = ∑ (𝑤𝑐𝑘,𝑙)2𝑘,𝑙𝜖𝑁𝑖,𝑗                                                         (1) 

 

c) Compare 𝑆𝑖,𝑗2 with𝜃𝑠𝑢𝑟𝑒2 and apply the thresholding as 
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mentioned. Where, 𝜃𝑠𝑢𝑟𝑒2  is the threshold value 

calculated using SureShrink.  

If  𝑆𝑖,𝑗2 ≤ 𝜃𝑠𝑢𝑟𝑒2 ,  

{ 

 𝑤𝑐𝑖,𝑗 = 0              }                                                            (2) 

 

else 

{ 𝑤𝑐𝑖,𝑗 = 𝑤𝑐𝑖,𝑗 (1 − 𝜃𝑠𝑢𝑟𝑒2𝑆𝑖,𝑗2 )                                                    (3) 

       } 

d) That is, based on the comparison between 𝑆𝑖,𝑗2 and 𝜃𝑠𝑢𝑟𝑒2  mentioned in step 3, the coefficient is 

thresholded by a factor(1 − 𝜃𝑠𝑢𝑟𝑒2𝑆𝑖,𝑗2 ). So the 

thresholding or the shrinkage factor in this proposed 

method is  𝜃𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑 = (1 − 𝜃𝑠𝑢𝑟𝑒2𝑆𝑖,𝑗2 )                                                         (5) 

 

e) Therefore the shrinkage rule can be summarized as; if 𝑆𝑖,𝑗2 ≤ 𝜃𝑠𝑢𝑟𝑒2 , the coefficient 𝑤𝑐𝑖,𝑗 is assigned to zero 

and otherwise 𝑤𝑐𝑖,𝑗 = 𝑤𝑐𝑖,𝑗𝜃𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑 , where 𝜃𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑is the proposed shrinkage factor. 

Using this procedure, all the coefficients of LH, 

HL and HH sub-band of red, green and blue channels of 

color image is thresholded. Then the thresholded 

coefficients of each channels transformed back to image 

using inverse wavelet transform and combine together to 

get the de-noised color image. 

 

 

 

 

 

 
 

Figure-1. 3 𝚇 3 Neighborhood window with 𝑤𝑐𝑖,𝑗 at centre. 

 

RESULTS AND DISCUSSIONS 
The simulation of the proposed method is 

performed using MATLAB. In order to validate the 

performance of this method, we compared the results with 

the results obtained for the de-noising done by MATLAB 

function ‘wdencmp’. The proposed method outshines the 

de-noising using ‘wdencmp’. The performance is analyzed 

using PSNR. In order to compare the results we used 

PSNR for R, G and B channel separately and for all 

channel together.  The PSNR for each channel is 

calculated using the Equation 7. 

 𝑀𝑆𝐸𝛽 = 1𝑀𝑁 ∑ ∑ [𝑃𝛽(𝑖, 𝑗) − 𝑄𝛽(𝑖, 𝑗)]2𝑁𝑗=1𝑀𝑖=1                     (6) 

 PSNRβ = 10log10 2552MSEβ                                                         (7) 

 

Where M = 1, 2, … m are rows, N = 1, 2, …, n 
are columns and 𝛽 ϵ {Red, Green, Blue}are color channel. 

The PSNR for three channels together is calculated using 

the Equation 8. 

 PSNR(RGB) = 1√3 √∑ (PSNRβ)β 2                                          (8) 

 

The experiment was performed for different 

values of noise variance (σ). The experiment results show 
that the PSNR for proposed method is substantially higher 

than that of the de-noising done by ‘wdencmp’. The 

results are tabulated in Table1. Figures 1 and 2 represents 

the results obtained for two different images for σ = 20 
and σ = 30 respectively 
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Figure-2. (a) Original image (b) Noisy Image (σ=20) (c) Denoised Image. 
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Figure-3. (a) Original image (b) Noisy Image (σ=30) (c) Denoised Image. 
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Table-1. Denoising results (PSNR) for car.jpg and elephant.jpg. 
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5 
car.jpg 44.50 43.98 43.93 44.12 44.98 44.04 44.42 44.48 46.36 46.03 45.83 46.07 

elephant.jpg 43.27 43.57 43.28 43.37 43.87 44.02 43.81 43.90 44.21 44.48 44.14 44.28 

10 
car.jpg 38.07 37.36 37.32 37.59 39.94 39.56 39.54 39.68 41.82 41.32 41.25 41.46 

elephant.jpg 37.73 37.95 37.76 37.81 38.66 38.75 38.33 38.58 40.00 40.28 39.98 40.9 

20 
car.jpg 34.98 33.98 33.89 34.29 35.50 35.10 34.87 35.15 37.51 36.78 36.75 37.02 

elephant.jpg 34.77 34.99 34.74 34.83 35.23 35.36 35.21 35.27 36.62 36.84 36.65 36.71 

30 
car.jpg 34.32 33.21 33.05 33.53 34.54 34.10 33.89 34.18 35.83 34.92 34.86 35.21 

elephant.jpg 34.01 34.27 34.00 34.16 34.25 34.89 35.12 34.76 35.20 35.45 35.21 35.29 

 

Table-1 clearly illustrate that the proposed 

method gives better results than the denoising using 

MATLAB function  ‘wdencmp’ and PSNR obtained for 

the proposed method is much higher than that of noisy 

image. Figure-4 depicts the PSNR noise level (σ) curve 
noisy image, denoised image using MATLAB function 

and our proposed method. 

 

 
 

Figure-4. PSNR Vs. Noise Level. 

 

CONCLUSIONS 

A wavelet thresholding method, which is the 

modified version of NeighShrink method is explained and 

successfully simulated. The simulated results shows that 

the proposed method gives better PSNR than that of 

denoising done by MATLAB function  
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