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 Image denoising is a common pre-processing step in many Magnetic Resonance 
(MR) image processing and analysis tasks, such as segmentation, registration or 
parametric image synthesis. Image denoising remains a challenge for researchers 
because noise removal introduces artifacts and causes blurring of the images. In this 
paper four different methods are proposed to reduce the image artifacts and noise in 
the MRI images. These methods use Partial Differential Equations (PDE) to get 
better results in MRI images. The proposed methods are compared and evaluated 
based on the error rate and their quality of the image. The performance of the 
proposed denoising method is measured using quantitative performance as well as in 
terms of visual quality of the images. 
 
 

© 2013 AENSI Publisher All rights reserved. 

 
INTRODUCTION 

 
In medical image processing, medical images are corrupted by different type of noises. It is very important 

to get precise images to help exact observations for the given application (Nobi, M.N., M.A. Yousuf, 2011). 
Image denoising is an active area of interest for image processing researchers for a long period. The use of 
partial differential equations (PDEs) in image processing has grown over the past years and many of PDE based 
methods have particularly been proposed to tackle the problem of image denoising with a good preservation of 
edges, and to explicitly account for the intrinsic geometry (JenyRajan, K., M.R. Kannan, Kaimal, 2008). There 
have been several published algorithms and each approach has its assumptions, advantages, and limitations 
(Mukesh, C., Motwani, Mukesh C. Gadiya, 2004). 

Image denoising is a procedure in digital image processing aiming at the removal of noise which may 
corrupt an image during its acquisition or transmission, while retaining its quality (Kavitha, S., Dr.V.S.Jayanthi, 
2012). All denoising methods depend on a filtering parameter h (Buades, A., B. Coll, et al., 2005). The filtering 
value measures the degree of filtering applied to the image. For most methods, the value h depends on the 

estimation of the noise variance
2 . One can define the result of a denoising method hD as a decomposition of 

any image  as 
 

  ,hh DnDv   

where, 

1. hD is more smooth than . 

2.  ,hDn  is the noise guessed by the denoising method. 

In order to get a high quality MRI image, many filtering techniques had introduced in image denoising 
field.  

The rest of this paper is as follows: In section 2, the overview of methodologies and technical details of 
image filtering is described. In section 3, the experimental results and discussions made. Finally, the conclusions 
are given in section 4. 

 
Methodology: 
Non Local Means Filter: 

Non-Local (NL) means algorithm is based on the natural redundancy of information in images to remove 
noise (Pierrick Coupe, Pierre Yger, Christian Barillot, 2006). The non-local means filter averages all observed 
pixels to recover a single pixel. The weight of each pixel is calculated by depending the distance between its 
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intensity gray level vector and that of the target pixel (Antoni Buades, Bartomeu Coll, et al., 2005). The NLM 
filter is a neighborhood filter which achieves denoising by averaging similar image pixels according to their 
intensity similarity.  

The key idea of the non-local means filter is that a given noisy image f: RR 2  has filtered by  
 

      yf dyfyxxu ,                      (1) 

 

where Ru :  is the denoised image and 
 Rwf :  is a normalized weight function 

written as  
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where eqn (2) is the differences of xf  and yf , weighted against a Gaussian window G  with standard 

deviation . The map  yxd f ,  measures the different patches of f  centered in x and y. If two patches are 

similar, then the corresponding weight  yxwf ,  will be high. Otherwise, if the patches are dissimilar, the 

weight  yxwf ,  will be small (but positive) (Yifei Lou, et al., 2009). While the parameter   defines that 

the dimensions of the patch where it is used to measure the similarity between two patches, the parameter h 
regulates how strict or relaxed to consider the patches similarly. Finally, the result of the non-local means filter 
has several (similar) patch used to reconstruct another one. 

 
Anisotropic Diffusion Filter: 

The anisotropic filter is non-optimal for MR images with spatially varying noise levels of such sensitivity-
encoded data and intensity inhomogeneity corrected images (Alexei, A., Samsonov, and Chris R. Johnson, 
2004). The main aim of anisotropic diffusion filtering in image processing is to remove noise via a Partial 
Differential Equation (PDE), with respect to the image function is as follows: 

 ukdiv
t

u





                                                 (3) 

                                    

where  tyxuu ,, the image is enhanced in the continuous domain in an instant t . 

The initial condition for this equation of the input image is given by  0,, yxu (Larrabide, I., A.A. 

Novotny et al., 2005). By applying values for this equation, it produces blurred image edges of the input image. 
 

Bilateral Filtering: 
The bilateral filter is an edge-preserving and noise reducing smoothing filter. This filtering technique is 

achieved by the combinations of two Gaussian filters: one filter works with spatial domain and the other one 
works with intensity domain (Devanand Bhonsle,Vivek Chandra,G.R. Sinha, 2012). The intensity value of each 
pixel in an image is replaced by a weighted average of intensity values from nearby pixels. The weight is mainly 
based on the Gaussian distribution. 

Bilateral filtering is a non-linear filtering technique for removing noise without degrading important 
structures such as edges.  

Several qualities of bilateral filter are listed below (Joakim Rydell, 2007):  
1. It is simple to formulate it. Each pixel is replaced by a weighted average of its neighbors. 
2. It depends only on two parameters that indicate the size and contrast of the features to keep. 
3. It is a non-iterative method. This makes the parameters easy to set for their effort is not cumulative over 

several iterations. 
This filtering is better than many techniques.  
One of the advantages of the bilateral filter is that it smoothes the areas where the pixels are similar. This 

allows us to leave relatively unaffected edges in the image (Oliver, A. Nina, Bryan S. Morse). 
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ROF Filter: 
ROF denoising method is based on total-variation, originally proposed by Rudin, Osher, and Fatemi. The 

total variation model is one of the most popular models. The total- variation method (Charles, A., Micchelli, 
Lixin Shen, 2011) is sensitive to geometric features of images but the lack of multiscale representation, which is 
crucial for developing efficient computational algorithms. This method can be iterated which generally results in 
a partial differential equation formulation the denoised image function are given as follows:  
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This model preserves the edge of the image very well, whereas produces the block effect when dealing with 

the flat areas, thus the local details characteristics of the original image misplaced. 
 

RESULTS AND DISCUSSIONS 
 
In order to measure the image quality and performance of the algorithm, metrics such as PSNR, RMSE and 

SSIM to be calculated. PSNR is defined as the ratio of peak signal power to average noise power  
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for 1010  NjandMi , where D is the maximum peak-to-peak swing of the signal  

(255 for 8-bit images). Assume that the noise    jiyjix ,,   is uncorrelated with the signal.  

 
RMSE is often used to measure the difference between values predicted by a model or an estimator and the 

values actually observed. It has a good measure of accuracy 
(www.gabormelli.com/RKB/Root_Mean_Square_Error). These individual differences are also called residuals. 
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EMSERMSE                   (6) 

The RMSE of an estimator 


  with respect to the estimated value   is defined as the square root of the 
mean square error. 

Structural Similarity Index Metric is a method for measuring the similarity between two images. It is 
calculated on various windows of an image. This metric is designed to improve the methods like PSNR and 

MSE. The measure between two windows x and y of common size NN   is (Sathya, S., R. Manavalan, 
2011):  

MN=size of the reference image and filtered image. 
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 where, 

x - the average of x; 

y - the average of y; 

2

x - the variance of x; 
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2

y - the variance of y; 

xy - the covariance of x and y 

 
In this section, the performance of various de-noising techniques such as Non Local Means filter, 

Anisotropic Diffusion filter, bilateral filter and ROF filter are analyzed for the MRI images. The resultant 
images for various de-noising methods operated on original images are shown in Fig.1 and the corresponding 
performance metrics obtained such as Peak Signal to Noise Ratio (PSNR), Root Mean Square Error (RMSE) 
and Structured Similarity Index Metric (SSIM) values are tabulated in Table1. In general the PSNR for any filter 
should be high whereas the RMSE is very low. The value of SSIM for any filter should be high with respect to 
RMSE.  

 
Conclusion: 

MRI denoising is an important step, used to increase image quality and to improve performance for image 
analysis. The various denoising algorithms are applied to remove noise from MRI brain images. For obtaining 
the better denoising method in MRI images the performance metrics are evaluated. From the above table, the 
average value of performance metrics for the ROF denoising technique gives a higher quality of PSNR value, 
which is 39.4693 and gives lowest error rate 3.6091 and the SSIM is evaluated to measure the similarity 
between two images, which gives higher value compared to the other three algorithms for MRI brain images. 
The simulation result shows, the ROF algorithm has better denoising performance for the MRI images. 

 
Table1: Performance Metrics for denoising methods 

Methodology/Performance Metrics PSNR RMSE SSIM 
Non Local Means Filter 27.7361 8.3942 0.8526 
Anisotropic Diffusion Filter 30.5399 7.3287 0.9201 
Bilateral Filter 35.8799 4.7531 0.9650 
ROF Filter 39.4693 3.6091 0.9852 

 
Fig. 1: Resultant Images for denoising methods 



205                                                        S. Jansi and P. Subashini et al, 2013 
Australian Journal of Basic and Applied Sciences, 7(11) Sept 2013, Pages: 201-205 

 

 
REFERENCES 

 
Alexei, A., Samsonov, and Chris R. Johnson, 2004. “Noise-Adaptive Nonlinear Diffusion Filtering of MR 

Images with Spatially Varying Noise Levels”, Journal of Magnetic Resonance in Medicine, pp: 798-806. 
Antoni Buades, Bartomeu Coll, et al., 2005.“A non-local algorithm for image denoising”, IEEE Conference 

on Computer Vision and Pattern Recognition, 2: 60-65. 
Buades, A., B. Coll, et al., 2005. “A Review of Image Denoising Algorithms, with A New One”, Society 

for Industrial and Applied Mathematics, 4(2): 490-530. 
Charles, A., Micchelli, Lixin Shen, 2011. “Proximity Algorithms for image models: denoising”, IOP 

Science Journals, 27: 4. 
Devanand Bhonsle,Vivek Chandra,G.R. Sinha, 2012. “Medical Image Denoising using Bilateral Filter”, 

International Journal of Image, Graphics and Signal Processing (IJIGSP), ISSN: 2074-9082. 
Frank Lenzen, Florian Becker, 2012. “Variational Image Denoising with Solution-Adaptive Constraint 

Sets”, Proceedings of the 3rd conference on Scale Space and Variational Methods in Computer Vision 2011 
(SSVM), LNCS 6667. 

JenyRajan, K., M.R. Kannan, Kaimal, 2008. “An Improved Hybrid Model for Molecular Image Denoising”, 
Journal of Mathmetical Imaging and Vision, 31(1): 73-79. 

Joakim Rydell, 2007. “Advanced MRI data processing”, Link¨oping University PhD, Thesis 1140. 
Kavitha, S., Dr.V.S.Jayanthi, 2012. “A Method for Denoising and Compression of Medical Images”, 

International Journal of Communication and Engineering, 03(04).  
Larrabide, I., A.A. Novotny et al., 2005. “A Medical Image Enhancement Algorithm based on Topological 

Derivative and Anisotropic Diffusion”, Proceedings of the XXVI Iberian Latin-American Congress on 
Computational Methods in Engineering. 

 Mukesh, C., Motwani, Mukesh C. Gadiya, 2004.“Survey of image denoising techniques”, Proceedings of 
Global Signal Processing Expo and Conference, Santa Clara, Calif, USA.  

Nobi, M.N., M.A. Yousuf, 2011.”A New Method to Remove Noise in Magnetic Resonance and Ultrasound 
Images”, Journal of Scientific Research, 3(1): 81-89. 

Oliver, A. Nina, Bryan S. Morse, “Interactive Smoothing of Handwritten Text Images Using a Bilateral 
filter”, Professor of Computer Science, BYU. 

Pierrick Coupe, Pierre Yger, Christian Barillot, 2006.“Fast Non-Local Means Denoising for 3D MR 
Images”, International Conference on Medical Image Computing and Computer-Assisted Intervention, 2: 33-40. 

Sathya, S., R. Manavalan, 2011 “Analysis of Background Detection and Contrast Enhancement of MRI 
Images”, International Journal of Computer Applications (0975-8887), 36. 

www.gabormelli.com/RKB/Root_Mean_Square_Error. 
Yifei Lou, Paolo Favaro, Stefano Soatto and Andrea L. Bertozzi, 2009. “Non-local Similarity Image 

Filtering”, Proceedings of the International Conference on Image Analysis and Processing (ICIAP). 
 


