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Abstract— Various methods are used to remove the noise 

from the digital images, such as Median filtering, mean 

filtering, Gaussian filtering anisotropic filtering, Vectorial 

total Variation (VTV), etc. Many of the algorithms removes 

the fine detail and structure of the noise along with the noise 

because assumption are made about frequency content of an 

image. In this paper, non-local means algorithm is proposed 

to overcome the drawback of existing methods. Non-Local 

means algorithm take the value of group of pixels 

surrounding the target pixel to smooth an image. The 

performance of non-local means algorithm compared with 

the existing method. 
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I. INTRODUCTION 

The main objective of image denoising is to improve the 

quality of an image. The image quality is degraded due to 

noise present in an image. Noise reduction is very important 

process in image denoising. Several techniques are used to 

denoise the image. For example, Genetic algorithm is used 

to denoise the image [ 16]. Genetic algorithm solved the 

problem with mulitiple solution and this method is easy to 

understand. But, drawback of this method is the certain 

optimization problem cannot be solved. Then, Two Stage 

Image denoising is done by Principal Component Analysis 

With Local Pixel Grouping method is used [9]. In this 

method, image structure is preserved during denoising but, 

PSNR value is low. Then, image denoising using Adaptive 

Decision based Median Filtering Algorithm is used [17]. 

This method provided better filtering than the method 

without adaptive median filtering and clarity of image is 

also good. But, the main disadvantage of this method is 

sometimes uncorrupted pixels are filtered. 

II. PROPOSED METHODOLOGY 

Non-Local means algorithm take mean value of group of 

pixels to smooth an image. This method provided good 

clarity to an image and loss of information is very low when 

compare with the another methods. Non-Local means 

algorithm is extended to other applications such as de-

interlacing and view interpolation. 

 
Fig. 1: Flowchart for Non-Local Means Algorithm 

1) Step 1 

Input image is a grayscale image. Grayscale image has 

simply shades of gray without obvious colour. A grayscale 

also have a red, green and blue component but all have 

equal intensity and it is necessary to specify a single 

intensity value for each pixel. The grayscale image 

intensities stored as an 8-bit integer which gives different 

shades of gray from black to white. Grayscale images are 

sufficient for many tasks. 

2) Step 2 

Noisy image is added with the input image, which is 

denoted as ‘n’. Gaussian noise is used because; probability 

density function is equal to the normal distribution. The 

noisy image can be written as, 
nuf                               (1)

 

f – Noise added with true image. 

u – True image. 

n – Noisy image. 

3) Step 3 

Non-Local mean algorithm is applied to the noisy image f. 

The estimated value can be calculated as weighted average 

of all pixels in an image, which can be written as, 
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  jiw , Weight of two pixels 
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yxf , Pixels of noisy Image 

Formula for weight can be written as, 
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)(iz Normalized constant 

h Proportional to noise deviation 

Where, the weight w(i,j) depends on similarity 

between two pixels i and j. Similarity between two pixels 

depends on the similarity of the intensity grey level. 

Similarity is determined by calculating the Euclidean 

distance. Euclidean distance of two pixels can be written as, 
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4) Step 4 

After applying Non-Local Means algorithm (NLM) to the 

noisy image, denoised image is produced. Then performance 

of Non-Local Means algorithm is analysed by calculating 

the Peak Signal to Noise Ratio and Mean Square Error. 

These parameters are calculated by using original image and 

denoised image. 

III. PARAMETER MEASURES 

Peak Signal to Noise Ratio and Mean Square Error are 

measured to evaluate performance of proposed method. 

A. Mean Square Error 

Mean Square Error is the difference between reconstructed 

image and original image. 
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  jiI , Reconstructed Image 

  jiI ,ˆ
Original Image 

m - Number of rows in an image 

n - Number of columns in an image 

B. Peak Signal to Noise Ratio 

PSNR value is used to calculate the quality of an image after 

reconstruction. PSNR also defines how the original image is 

affected by the added noise. PSNR value is calculated by 

taking the peak value square of an image and which is 

divided by the Mean Square Error value 
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IV. RESULTS AND DISCUSSION 

Input image is a gray-scale image. Size is 512×512. 

 
Fig. 2: Original Image 

Noisy image is generated by adding Gaussian noise 

to an input image. Because probability density function is 

equal to normal distribution. 

 
Fig. 3: Noisy Image 

The original image is taken as a input image. Then 

Gaussian noise is added with the original image. After 

adding Gaussian noise Non-Local Means algorithm is 

applied to denoise the image. Fine details are preserved 

correctly and the obtained quality of image is good. 

 
Fig. 4: NLM based denoised Image 

V. PERFORMANCE MEASURES 

To analyse the performance of Non-Local Means algorithm, 

the parameters such as Peak Signal to Noise Ratio (PSNR) 

and Mean Square Error (MSE) are calculated. Then these 

parameters are compared with the previous methods. 

Methods PSNR MSE 

Non-Local Means (NLM) Algorithm 29.9991 64.0180 

Vectorial Total Variation  

(VTV) algorithm 
24.4231 236.6855 

Bivariate Pearson 

Distribution 

Hard 

Thresholding 
21.9997 295.319 

Soft 

Thresholding 
21.9162 301.0309 

Table 1: Comparison of PSNR and MSE 

From the comparison table observed that Non-

Local Means algorithm gives high PSNR value and low 

MSE value when compared with the other methods. 

VI. CONCLUSION 

In this paper, Non-Local Means algorithm is compared with 

the existing method. The non-local means algorithm is 

performed well to denoise the image.  The non-local means 

algorithm preserved the edges.  Non-Local Means algorithm 

improved the Peak Signal to Noise Ratio Value and Visual 

quality of an image and also Mean Square Error Value are 

reduced. 
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