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Abstract— Image denoising can be performed by patch 

matching technique whereas patch-based methods are 

dependent on patch matching but their performance get 

degraded due to find sufficient similar patches. In patch 

matching, as the number of patches grows, performance 

improvement due to more patches is less because of finding 

sufficiently close matches. The effect of patch based 

methods, are better, because they are limited in how well they 

can do for larger images with increasing complexity. This 

paper address this disadvantage by developing global filtering 

where each pixel is estimated from all pixels in the image. 

Method of image denoising is applied in two fold First, The 

proposed filter gives statistical analysis, based on spectral 

decomposition of corresponding operator. Second, to derive 

an approximation to the spectral (principal) components 

using the Nystrom extension. This system demonstrates that 

this global filter can be implemented by sampling a fairly 

small percentage of the pixels in the image. 
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I. INTRODUCTION 

In image processing input is an image, such as a photograph 

or video frame; the output of image processing may be either 

an image or a set of parameters related to the image. Image 

processing is a method to convert an image into digital form 

and perform some operations on it,to get an denoised image 

or to extract some useful information from it. A digital image 

is a numeric representation of a two dimensional image. 

Depending on the image resolution which is fixed, or it may 

be of vector. In mathematical terms, a vector consists of point 

that has both direction and length. Images displays by image 

viewer software. Standard internet image formats including 

GIF,JPEG and PNG can be displayed by web browsers. 

Digital images are nothing but the electronic snapshots taken 

of a scene or scanned from documents, such as photographs, 

printed texts. The digital image is mapped as a grid of dots or 

pixels. Each pixel is assigned a Tonal value like black, white, 

shades of gray or color, which is represented in binary code 

(zeros and ones). In computer binary digits for each pixel are 

stored in a sequence. Subsequently these digits are reduced to 

a mathematical representation. The digits also known as bits 

are then interpreted and read by the computer to produce an 

analog version for available image format. Digital images get 

manipulated by digital computer in digital image processing. 

Digital Image Processing focuses on developing a computer 

system that is able to perform processing on an image. Image 

processing is a subclass of signal processing mainly 

concerned with pictures. Image quality get improved for 

human perception or computer interpretation. 

II. LITERATURE SURVEY 

In previous approach patch based methods are introduced. 

Patch based methods follows patch matching technique. In 

patch based methods, number of similar patches get extracted 

from image and after extraction similarity between that 

numbers of patches is measured. This approach degrades 

performance of the system because as the number of patches 

grows then problem occurs in finding close matches of the 

similar patches. Hossein Talebi and Peyman Milanfar[1], 

proposed a global filter where global image denoising 

approach is defined which develop a global filter where each 

pixel is estimated from all pixels in the image. Objectives of 

this approach are categorized in two-fold. First, Global filter 

is statistically analysed, based on spectral decomposition of 

its corresponding operator. After that the effect of truncation 

of this spectral decomposition has to study. Second, Nystrom 

extension is applied for the approximation of the spectral 

components. Using these, global filter can be implemented 

efficiently by sampling a fairly small percentage of the pixels 

in the image. 

C. Tomasi and R. Manduchi[2], presented a 

systemin which bilateral filtering. In bilateral filtering images 

get smoothen while preserving edges. This method can be 

applied by means of a nonlinear combination of available 

nearby image values. The appliesd method is noniterative, 

local, and simple. In this method the combination of gray 

levels or colors is done based on both their geometric 

closeness and their photometric similarity, and it prefers near 

values to distant values in both domain as well as in range. 

To stand against with this filters that operate on the three 

bands of a color image separately, a bilateral filter can enforce 

the perceptual metric underlying the CIE-Lab color space, 

and smooth colors and preserve edges in a way that is tuned 

to human. Also, in contrast with standard filtering, no 

phantom colors get produced with bilateral filtering along 

edges in color images and it also reduces phantom colors 

where they appear in the original image perception. 

H. Takeda, S. Farsiu, and et al.[3], proposed a 

Kernel Regression for Image Processing and Reconstruction. 

In this system, it makes contact with the field of 

nonparametric statistics. It also present a development and 

generalization of tools and results for use in image processing 

and reconstruction. Kernel regression for image processing 

and reconstruction adapt and expand kernel regression ideas 

for use in image denoising, upscaling, interpolation, fusion. 

Alongwith it, key relationships with some popular existing 

methods is established and it shows how several of these 

algorithms, including bilateral filter, are special cases of the 

proposed framework. 

A. Buades, B. Coll, and et al.[4], suggested that 

image denoising still is a valid challenge, at the view of 

functional analysis and statistics. Despite the fact that, most 

algorithms have not yet attained a desirable level of 
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applicability. All algorithms show an out- standing 

performance when the image model corresponds to the 

algorithm assumptions, but sometimes it may fail in general 

and create artifacts or remove image fine structures. The main 

focus of this paper is, first, to define a general mathematical 

and experimental methodology. In that to compare and 

classify classical image denoising algorithms, second, to 

propose an algorithm (Non Local Means) which addresses 

and presers the structure of digital image. The mathematical 

analysis is based on difference between a digital image and 

its denoised version. It has been proven that The NL-means 

algorithm is asymptotically optimal under a generic statistical 

image model.   

K. Dabov, A. Foi, V. Katkovnik, and et al[5], 

proposed a novel image denoising strategy based on an 

enhanced sparse representation in transform domain. In this 

approach, 2D image fragments get grouped into 3D data 

arrays which are called as groups from which the 

enhancement of the sparsity is achieved. To deal with 3D 

groups collaborative filtering, a special procedure is 

developed. The result displayed in a 3D estimate that consists 

of the jointly filtered grouped image blocks. By disabling the 

noise, the finest details shared by grouped blocks are revealed 

by the collaborative filtering and sequentially it also 

preserves the essential unique features of each individual 

block. After this process, the filtered blocks are then returned 

to their original positions. Many different estimates which 

need to be combined because these blocks are overlapping, 

for each pixel it obtains. Aggregation is performed where a 

particular averaging procedure which is exploited to take 

advantage of this redundancy. By a specially developed 

collaborative wiener filtering, a significant improvement is 

obtained. An algorithm based on this denoising strategy and 

its efficient implementation are presented in detail; 

additionally, an extension to color-image denoising is also 

developed. 

P. Chatterjee and P. Milanfar[6], proposed a image 

denoising method. This methode developed with the 

motivation by previous analysis of the performance bounds 

for image denoising. Insights from that study are used here to 

derive a high-performance practical denoising algorithm. A 

patch-based Wiener filter that exploits patch redundancy for 

image denoising is proposed. Our framework uses both 

geometrically and photometrically similar patches to estimate 

the different filter parameters. We describe how these 

parameters can be accurately estimated directly from the 

input noisy image. Denoising approach, designed for near 

optimal performance (in the mean-squared error sense), has a 

sound statistical foundation that is analyzed in detail. The 

performance of this approach is experimentally verified on a 

various types of images and noise levels of that images. The 

proposed method is exceeding the current state of the art both 

visually and quantitatively is demonstrated in the result 

presented in this paper. 

H. Talebi, X. Zhu, and et al[7],This system propose 

spatially adaptive iterative filtering, (SAIF) a new strategy to 

control the denoising strength locally for any spatial domain 

method. In this approach, local image content get filtered 

iteratively using the given base filter. The type of iteration 

and the iteration number are also automatically optimized 

with respect to estimated risk (i.e., mean-squared error). In 

accomplishment of the estimated local signal-to-noise-ratio, 

it also presented a new risk estimator. And that risk estimator 

is different from the often employed SURE method. This also 

exceeds its performance in many cases. In image denoising 

spatial domain image filters (e.g., bilateral filter, non-local 

means, and locally adaptive regression kernel) have achieved 

great success. Their overall performance, has not generally 

surpassed the leading transform domain based filters (such as 

BM3-D).Spatial domain filters lack in efficiency to 

adaptively fine tune their denoising strength is one of the 

important reason; Use of shrinkage operators it is relatively 

easy to do transform domain method. The pixel domain 

globally control the smoothing strength. 

III. PROPOSED SYSTEM 

Global image denoising approach provides global filter in 

which filtering takes a mean of all pixels in the image, 

weighted by how similar these pixels are to the target pixel. 

This results in much greater post-filtering clarity, and less 

loss of detail in the image compared with local mean 

algorithms. As seen, After applying a pre-filter on the noisy 

image, a small fraction of the pixels are sampled to be fed to 

the Nystrom method. Then, the global filter is approximated 

through its eigenvalues and eigenvectors. The final estimate 

of the image is constructed by means of shrinkage of the filter 

eigenvalues. 

In below diagram, an image which contains some 

noisy signals in it is given as input and in output we get 

denoised image. So for getting denoised image we first apply 

nystrom extension over that image whereas in nystrom 

extension prefiltering and sampling is done and in prefiltering 

image get modify and enhanced and in sampling rate 

determined. The spatial resolution of the digitized image, 

while the quantization level determines the number of grey 

levels in the digitized image. The term sampling refers to take 

samples digitize x axis in sampling. It is done on independent 

variable. Now through nystrom extension we get filtered and 

smooth image. After that filter eigen decomposition 

approximation is approximated. Eigen decomposition is the 

method to decompose a square matrix into its eigenvalues and 

eigenvectors. Finally in filter optimization filter is n x n 

matrix for an image containing n pixels, which obviously 

demands a high computational and storage cost. 

 
Fig. 1: System Architecture 
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Since it only need the eigen-decomposition of this 

matrix, which can be done in previous step, It can 

approximate the first p eigenvectors and eigenvalues of it 

without direct computation of all elements of W. Although 

this idea has not been studied for the purpose of filtering 

before, used it in the context of spectral grouping, where at 

first the matrix K is approximated by means of the nystrom 

method, and then a symmetric normalized version of this 

matrix is used for a data clustering scheme. In short For a 

noisy image first apply a pre-filter to reduce the noise level. 

Then using a spatially uniform sampling, the global kernel is 

approximated by employing the Nystrm extension (A and B 

represent the samples and the rest of the pixels in the image, 

respectively). Using the obtained kernel, the leading 

eigenvalues and eigenvectors of the filter are approximated 

(The eigenvector v1 is not shown because it is constant). 

Finally, the optimal filter is constructed by shrinking 

(iteration and truncation) the eigenvalues. 

Global Image Denoising proposed a global filter, 

based on a spectral decomposition of its corresponding 

operator and the truncation of spectral components. Global 

filter is implemented efficiently by sampling fairly small 

percentage of pixels in the image. Nystrom method was 

introduced as a technique for finding numerical solution to 

eigen decomposition problems. In Global Image Denoising, 

global filter is analyzed based on an iterative shrinkage 

strategy using statistical analysis of filter and after that in 

filter approximation, approximate the symmetric global filter 

by nystrom extension. 

IV. ALGORITHM 

 Algorithm: Spectral Approximation Of filter W. 

 Input: Sub-blocks of the similarity matrix K: 

KA; 

KAB; 

let(p; p) = size(KA)and(p; n - p) = size(KAB) 

 Output: p leading orthogonal eigenvectors eigenvalues of 

the approximated filter W:V,S 

 Nystrom Approximation: 

1) KA = ɸAπAɸA
T 

=> Eigen-decomposition of the sub-block KA. 

2) ɸ = [ KT
AB ɸ ɸAAπ-1

A  ]; 

=>Approximate the m leading eigenvectors of K. 

 Parallel Filtering Algorithm 

 Require 

Image A, a domain decomposition (AΩk)Pk =1,m,d 

 Ensure: Filtered Image 

3) for k=1,....,P,in parallel do 

4) for xi pixel in (AΩk) do 

5) Impulse noise detection: 

6) Calculate Ƥ(xi; d) : 

7) distance = || xi - xj || 

8) if distance < d then 

9) pixel xj  € Ƥ (xi; d) 

10) end if 

11) if (Ƥ (xi; d) > m + 1) then 

12) pixel xi is free of impulse noise 

13) else 

14) Impulse noise reduction: 

15) xi is an impulse and it is replaced with AMFout 

16) end if 

17) end for 

18) end for 

V. MATHEMATICAL MODELING 

Let the system be described by S 

S={FE,F,S,EV,FO,ID} 

Where, 

I: Input Image 

FE: Feature Extraction 

F: Filtering 

S: Sampling 

EV: EigenVector Calculation 

FO: Filter Optimization 

ID: Image Denoising 

Activities which are performed by algorithm are also 

specified below. 

I is a Input  

FE={SURF }  

Fn={f1; f2,......; fn} 

Y={ FE,F,S,EV,FO,ID} 

FE is a Feature Extraction algorithm for extracting 

features of noisy image. 

 F is the set of Function. 

Y is a set of techniques used for Image Denoising. 

Where, 

FE: Feature Extraction 

F: Filtering. 

S: Sampling. 

EV: EigenVector Calculation. 

FO: Filter Optimization 

ID: Image Denoising 

VI. RESULT ANALYSIS 

The experimental results mentioned in this section are carried 

out with a Nvidia GTX 650M CUDA v8.0 compiler and on 

the operating ubuntu. This GPU has 15 SMs and a peak global 

memory bandwidth of 336 GB/s. 

Figure 1 Show the input image provided to the 

system, as it contain minimum noise so we add more noise to 

it. So fig.1 shows the input image with added additional noise 

in it. 

 
Fig. 2: Input Image with additional noise in it 

Figure 3. shows the output results it means noise 

removed by previous algorithm which uses Global Filter and 

noise removed by proposed system algorithm. As we seen the 

result shows much difference between fig(a) and fig(b). 

 
Fig. 3: Output of previous algorithm (a) and Output of 

Proposed algorithm 
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Final results are estimated in Graph as shown in 

figure 4. 

 
Fig. 4: Final results 

VII. CONCLUSION 

This work proposed Global Denoising algorithm. The global 

denoising algorithm works better than non-local patch-based 

processing, which is inherently limited due patch matching 

technique. A practical approach to compute a global filtering 

where it uses all the pixels in the input image to denoise every 

single pixel. In global filtering, global approach will grow 

with increase in image size whereas in patch-based methods, 

performance get degraded as the image size grows. The 

computation complexity, the filter weights hasO(n2), 

whereas the proposed sample based approximation reduced 

the complexity to O(pn), where p is the number of samples 

taken and n is the number of pixels. 

REFERENCES 

[1] Hossein Talebi and Peyman Milanfar, "Global image 

denoising", IEEE Transac- tion on image processing, 

VOL. 23, NO. 2, FEBRUARY 2014. 

[2] C. Tomasi and R. Manduchi, Bilateral filtering for gray 

and color images", in Proc. 6th ICCV, Jan. 1998, pp. 836-

846. 

[3] H. Takeda, S. Farsiu, and P. Milanfar, Kernel regression 

for image processing and reconstruction", IEEE Trans. 

Image Process., vol. 16, no. 2, pp. 349-366 Feb. 2007. 

[4] A. Buades, B. Coll, and J. M. Morel, "A review of image 

denoising algorithms, with a new one",Multiscale 

Model. Simul. , vol. 4, no. 2, pp. 490-530, 2005. 

[5] K. Dabov, A. Foi, V. Katkovnik, and K. Egiazarian, 

Image denoising by sparse 3- D transform-domain 

collaborative filtering", IEEE Trans.Image Process., vol. 

16, no. 8, pp. 2080-2095, Aug. 2007. 

[6] P. Chatterjee and P. Milanfar, Patch-based near-optimal 

image denoising", IEEE Trans. Image Process., vol. 21, 

no. 4, pp. 1635-1649, Apr. 2012. 

[7] Rafael C. Gonzalez, Richard E. Woods, "Digital Image 

Processing", Prentice Hall,ISBN 0-201-18075-82001 


