Volume 5, Issue 5, May 2015

ISSN: 2277 128X

International Journal of Advanced Research in
Computer Science and Software Engineering
Research Paper
Available online at: www.ijarcsse.com

Noise Estimation and Removal from Gray-scale Image using NonLocal Means Algorithm
Sarbjit Kaur1, R. Singh2
Student, M.Tech, 2 Assistant Professor
1, 2
Department of Computer Engineering, Punjabi University,
Patiala, Punjab, India
1

Abstract— Estimation of the level of noise from an image then deviate its variance from each pixel is a challenging
task in image processing. In practice, an effective noise reduction algorithm should give information about type and
level of noise present in the image then remove it without harming the fine details of the image. In this paper a noise
estimation method is applied to know noise standard deviation and then noise variance is calculated. In this paper we
first estimate level of noise present in noisy images by selecting low rank patches in image on the basis of gradient
matrix and its statistical properties. Then remove that noise using non local means denoising technique that will use
estimated noise level as filtering parameter for removing noise from image. This technique is based on weighted
average of similar pixels in an image. Non local means techniques removes noise from images and preserve fine edges
and fine details present in image.
Keywords: NLM, FNLM, PSNR
I.
INTRODUCTION
Image denoising is one of the most important and widely used concepts in various image related applications such as
medical image analysis, object detection, satellite imagery etc. It is very difficult to get useful information from noisy
images.That is why it is necessary to denoise images for accessing useful information from them. But performance of
denoising techniques or degree of removal of noise from noisy images widely depends on the level of noise present in
images. So it is also an important task to know about the true level of noise present in images and then basis on that
standard deviation of noise, noise can be removed from images by using specific image denoising techniques.
Many algorithms [1]–[6] have been proposed for this topic.These approaches are filter-based and patch-based. In filterbased approaches [1 [3] [4] the noisy image is firstly filtered using a high-pass filter to suppress the image structures.
Then the noise variance is computed from the difference between the noisy image and the filtered image. The main
difficulty of filter-based approaches is that the difference of the two images is assumed to be the noise, but this
assumption is not always true, especially for images with complex structures or fine details. In patch-based approaches
[2] [5] [6], images are decomposed into a number of patches. The patches whose standard deviations of intensity close to
the minimum standard deviation among decomposed patches are selected. Then the noise level is computed from the
selected patches. This algorithm is simple and effective, but it tends to overestimate the noise level for small noise level
cases and is underestimated in large noise level cases.
In this paper we use single image noise level estimation for blind denoising [7]. This approach includes the process of
selecting low-rank patches without high frequency components from a single noisy image. The selection is based on the
gradients of the patches and their statistics. Then, the noise level is estimated from the selected patches. After that we
apply Non Local Means Algorithm [8] for the removal of noise from images.Non Local Means Algorithm use standard
deviation of noise as filtering parameter to denoise noise.
Rest of the paper is organized as follow: Noise level estimation is discussed in section II, Removal of noise using NLM
discussed in section III, experimental results are discussed in section IV and finally conclusion is drawn in section V.
II.
NOISE LEVEL ESTIMATION
We use single image noise level estimation for blind denoising [7] for estimation of noise level in noisy image. In this
approach image is divided in number of patches in a raster scan.
yi  zi  ni
(1)
Where i  1, 2,3.....M
Where M is the number of patches, Z i is the i-th noise free image patch with size N  N written in a vectorized format
and each patch is defined by its center pixel,
with zero mean and variance

yi is observed vectorized patch corrupted by Gaussian noise vector ni

 n2 . In this approach xinhao liu et.al propose a texture strength metric which is based on

the local image gradient matrix and its statistical properties to select low rank patches.
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xinhao liu et.al reported that image structure can be measured effectively by the gradient covariance matrix. Assuming an
image patch

2
2
yi , its N  N gradient matrix G yi can be expressed as

Gyi   Dh yi Dv yi 

(2)

Where Dh and Dv represent the matrices of horizontal and vertical derivative operators. The gradient covariance matrix

C yi for the image patch yi is defined[7] as:

cyi  GTyi Gyi

 yiT DhT Dh yi yiT DhT Dv yi 
 T T

T T
 yi Dv Dv y yi Dv Dv y 

(3)

where T denotes the transpose operator. The dominant direction and its energy can be measured using the eigenvectors
and eigenvalues of C yi [7]

 s2
c yi  v  1
0

0 T
v
s22 

(4)

Sum of all Eigen values of the covariance matrix reflects the texture strength of that patch. A larger trace reflects a richer
texture. We define the texture
Strength  i as

i  tr (C y )

(5)

i

To analyze the statistical properties of texture strength, xinhao liu et.al approximate the distribution of
distribution to simplify the problem. The p.d.f. of

 (i)

i

by the gamma

can be derived as shown below:

N 2

 (i)  Gamma  , 2 ,  i2tr ( DhT Dh  DvT D) 
 2 N

2

(6)

To select the weak textured patches, we define the null hypothesis: “the given patch is a flat patch with the white
Gaussian noise”. We select the patches for which the null hypothesis is accepted. The confidence interval that covers the
value of  (i ) is defined

p(0   (i)   )  

(7)
If the texture strength of that patch is less than the threshold  , then the null hypothesis is accepted and that patch can be
regarded as the weak textured patch. The threshold  can be expressed as a function of the given significant level 
and noise level  n , as shown

 N2 2

   i2 F 1  , , 2 , tr ( DhT Dh  DvT D) 
 2 N


(8)

F 1 ( ,  ,  ) is the inverse Gamma cumulative distribution function with the shape parameter  and scale
2
parameter  . Also,  is the confidence level  i is the standard deviation of the Gaussian noise, N represents the
Therein,

number of pixels in the patch, and Dh , Dv

are matrices derived from the gradient filter.In this approach noise is

estimated in an iterative process until the estimated noise level remains unchanged.
Thus using this approach first we estimate level of noise present in image then after that that we denoise the image by
using Non Local means denoising algorithm that will use this estimated noise level as filtering parameter to remove noise
from image.
III. REMOVAL OF NOISE USING NLM
After estimating noise level we remove noise from images using non local means algorithm [8].This algorithm uses noise
level calculated by Noise level estimation techniques [7] techinique as filter parameter to denoise images. This technique
is based on weighted average of similar pixels in an image. In non local means algorithm [8] two windows are placed on
image: one is similarity window and other is search window. In this techniques first of all using similarity window, the
similarity between central pixel and all its neighbors in the region of search window, is calculated. Then calculate the
average weight of similar pixels. After that weight of central pixel is replaced with that average weight. This process is
repeated for every pixel of image.
NL means algorithm given by Buades et al is described as:
Buades et al defined NL means algorithm by a simple formula
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1
NL u  ( x) 

c( x) 

where x 

Ga * u ( x .) u ( y .) (0)
h

2

u ( y ) dy

(9)

2

c( x)   

and



Ga * u ( x .) u ( y .) (0)
h

2

dz

(10)



Ga is a Gaussian kernel and h act as filtering parameter.
h = estimated noise level ( )
This formula amounts to say that denoised value at x is a mean of the values of all points whose Gaussian
neighborhood looks like the neighborhood of x .
Given a discrete noisy image v  {v(i) | i  I ) , the Estimated value NL[v](i) , for a pixel i , is computed as a weighted
is a normalizing constant,

average of all the pixels in the image,

NL v  (i)   w(i, j)v( j)

(11)

ji

where weights

{w(i, j )} j depend on the similarity between the pixels i and j satisfy the following condition
0  w(i, j )  1and  w(i, j )  1

(12)

j

This similarity is measured using Euclidean distance, The Euclidean distance between two points
as:

i and j is measured

n

d (i, j )   (ik  jk ) 2

(13)

k 1

i and j depends on the similarity of the intensity gray level vectors
v( Ni ) and v( N j ) , where N k denotes a square neighborhood of fixed size and centered at a pixel k . Euclidean distance

The similarity between two pixels

of these vectors

N i and N j is measured as:
v ( N i )  v( N j )

2

(14)

2

The application of the Euclidean distance to the noisy neighborhoods raises the following equality:

E v( Ni )  v( N j )
This equality shows the robustness of the algorithm.
The pixels with a similar grey level neighborhood to

2
2, a

 u ( Ni )  u ( N j )

2
2, a

 2 2

(15)

v( Ni ) have larger weights in the average. These weights are

defined as:

1
w(i, j ) 
e
Z (i )
Where



v ( Ni )  v ( N j )

2
2,a

h2

(16)

z (i ) is the normalize constant

Z (i)   e



v ( Ni )  v ( N j )
h2

2
2,a

(17)

j

the parameter h acts as a degree of filtering which is equal to standard deviation of noise which is calculated by Noise
estimation technique[7]. Thus using estimated noise level and applying NL means algorithm we remove noise from
image while preserving structure of image. Results of denoising discussed in next section.
IV. EXPERIMENTAL RESULTS
First of all we take some Lena images of size 512 ×512 that are corrupted with gaussian noise. In these type of images we
don’t have any idea about the noise level ( ) .So first we use noise level estimation technique [7] and calculate the noise
level ( ) present in images. Then we apply Non local means algorithm for removal of noise from images that uses noise
level as a filter parameter for noise removal. Then we calculate mean square error and peak signal to noise ratio of
denoised image. It shows that Non local means provide better results in image denoising.
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We compare results of Non local means technique with Fast non local means technique [9] and another fast non local
means technique given by Zhengguo[10] in terms of MSE and PSNR. Results of NLM[8] and Fast non local means
algorithm by Zhengguo[10] are comparable and also are much better than FNLM[9] . These results are shown by
following tables. Table1. Show results of mean square error of these techniques and table2. Show results of PSNR values
of these techniques.
Table 1. MSE Results in case of Lena images

Table 2. PSNR Results in case of Lena images

Figure 1 & 2 visualize the comparison of MSE and PSNR values of techniques.

Figure.1 Estimated noise level ( ) and mean square
error of denoised Lena image.

Figure2 Estimated noise level

( ) and PSNR of

denoised lena image

Figure.3 (a) Noisy lena image (b) image denoised with NLM (c) Image denoised with FNLM (d)Image denoised with
NLMF_Zhengguo
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We also apply same techniques on other images like Barbara images512×512) and Goldhill images(512×512) that
contains different level of gaussian noise. We first calculate level of noise by using noise estimation technique then
apply Non Local Means technique to denoise them .After that we also apply fast non local means[9] and
NLM_Zhengguo[10] to denoise image and compare their results with the results of Non local Means techniques. This
shows that In case of Barbara image results of Non Local means techniques and NLMF_Zhengguo are comparable and
much better than FNLM . But in case of Goldhill images that are rich texture images results of NLM are better than both
FNLM and NLMF_Zhengguo.
Table 3 and table 4 shows MSE and PSNR results of these techniques in case of barbara image. Fig 4 &5 visualize the
comparison of results of these techniques in case of barbara images.
Table 3. MSE results in case barbara images

Figure 4 Estimated noise level ( ) and mean square
error of denoised Barbara image.(512×512)

Table 4. PSNR results in case barbara images

Figure.5 Estimated noise level ( ) and PSNR of
denoised barbara image(512×512)

Figure.6 (a) Noisy Barbara image (b) image denoised with NLM (c) Image denoised with FNLM
with NLMF_Zhengguo
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Table 5 and table 6 shows MSE and PSNR results of these techniques in case of goldhill image. Fig 7 &8 visualize the
comparison of results of these techniques in case of Goldhill images
Table 5. MSE results in case of Goldhill images(rich texture)

Figure.7 Estimated noise level ( ) and mean square
error of denoised Goldhill image.(512×512)

.

Table6. PSNR results in case Goldhill images

. Figure.8 Estimated noise level ( ) and PSNR values
of denoised goldhill image.(512×512)

Figure.9 (a) Noisy Goldhill image (b) image denoised with NLM (c) Image denoised with FNLM
with NLMF_Zhengguo

(d)Image denoised

V. CONCLUSION
In the end this work meets its goal. Noise level estimation technique estimates noise present in image and Non Local
Means Agorithm removes noise from image using that estimated noise level. Non Local Means algorithm provides
outstanding results in denoising images and also preserves edges, lines and fine details present in image But this
techniques is very time consuming.It takes lot of time for denoising images those have a high level of noise.
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