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Abstract
An Image has been often corrupted by different kinds of noises 
when it is processed, compressed and stored which degrades its 
quality and becomes an obstacle to image analysis and extraction 
of image feature. Efficient noise suppressing image de-noising 
technique is still a big challenge in image analysis and processing. 
In spatial domain filtering techniques filters can tackle the 
denoising problems without affecting the significant features of 
an image and gives us better results in restoring an image. This 
paper presents practical aspects of various types of filters that have 
been used for suppression of noise. Experiment was performed 
on 12 standard test images that have been corrupted by different 
Gaussian noise levels and results has been compared in terms of 
peak signal-to-noise ratio(PSNR), mean squared error(MSE) to 
quantify the performance of denoising techniques.
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I. Introduction
An important concept of image denoising or restoration is to 
suppress the noise while preserving the significant features, 
edges, texture, fine and sharp image details. The techniques used 
in denoising of an image are oriented towards degradation and 
then using an inverse procedure to recover an approximation of 
the original image. “Filtering” the pixel value of the filtered image 
at a particular location is a function of the values of the input 
image in a sub image window of that location Spatial domain 
filtering, transforms domain filtering and combination of both are 
the three important techniques that have been used to deal with 
denoising problem.
Noise can be additive or it can be multiplicative noise. There are 
three main categories of noises in image processing [1].
1. Gaussian noise
2. Salt and pepper noise
3. Speckle noise
In Gaussian noise, every pixel of an image changed by a small 
amount from its original pixel value. Gaussian noise is additive 
noise represented as:

g (i) = f(i) + n(i)     (1)

where g(i) shows the noisy pixel value, f(i) is the “true” pixel 
value of an original image and n(i) is the additive noise at a pixel 
i with zero mean and σ2 variance.
Salt and pepper noise is also called substitutive noise. A gray 
scale image contains bright and dark pixels. Substitutive noise 
will have black pixels in bright regions and white pixels in dark 
regions. Dust that is present in the camera is the main cause of 
spike noise. An effective suppression method for this type of 
noise is a median filter.
The speckle, a form of locally correlated multiplicative noise, 
is caused by the interference of the energy from the randomly 
distributed scattered structure. Speckle noise degrades the contrast 
of an image and obscures important details in ultrasound image 

becomes obstacle for extraction of features [4] so speckle noise 
difficult to remove as compared to Gaussian noise. 
In spatial domain based filtering techniques many filters have 
been proposed to restore the original image from an image having 
noise. Spatial domain filters such as smoothing linear filter [10 ] 
Lee filter [15], Kaun filter [14] Median filter [16], bilateral filter 
[13], non local mean filter [13], Wiener filter, adaptive filter etc.

The median filter is one of most important non-linear spatial 
domain based filter to suppress the noise because it provides us 
excellent noise-reduction capabilities. In Bilateral filter denoising 
technique restored value of every pixel is the weighted average of 
the values of all pixels in a window of the image [13]. The Most 
efficient technique called non-local mean (NLM) in which instead 
of using the single pixel intensity it uses the patch based similarity 
to preserve the fine details of an image more effectively [12].
In this article we discuss about the different kinds of noises and 
filter based technique used to restore an original image from a 
noisy image. The paper is organized in sections: second section 
deals with the more description about filters; in third section we 
discuss about the performance evaluation metrics used to evaluate 
the performance of denoising techniques; in fourth section we 
represent our experimental results and analyze these results; last 
section gives us the conclusion of the whole presented paper.

II. Filter Based Denoising Techniques
In denoising techniques main challenge is to reduce computational 
complexities and achieve best results. Spatial domain filters 
provides the good results to suppress the noise and restore the 
original image. 

A. Median filter
The median filter is a non linear operator often used to remove 
salt and pepper noise because of its good denoising capability 
[16]. It replaces the value of a pixel in a sub image window by 
the middle value in the neighborhood of that pixel. The median 
filter is as follows [10]:

  (2)
Here g(s,t) is neighborhood of corrupted image and Sxy is the set 
of coordinates in a rectangular sub image window having center 
at point (x,y) and f ̂(x,y) is the obtained denoised image.
Although it has good performance, but in case of other noise 
such as Gaussian noise they can produce a blurred and smoothed 
image with poor feature localization and incomplete noise 
suppression. 

B. Bilateral Filter
Bilateral filter combining both domain and range filters. In bilateral 
filtering, filters to do in the range of an image while traditional 
filters do in the domain. It uses the concept that image content is 
to repeat itself in its neighborhood so denoising of every pixel 
is done by taking averaging of all the pixels in its neighborhood 
[13]. This filter is as [9]:
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   (3)

Where N(k,l) shows for the neighborhood of the pixel (k,l), and 
the term w[k,l,i,j] is the weight for the (i,j)th neighbor pixel. (k,l) 
is input pixels in neighbor, and the X̂[k,l] is output result. 
The weight for the bilateral filter kernel is product of two sub 
kernels:

• Photometric kernel (gray level)
• Geometric kernel (distance).

Weight is computed as follows [9]:

  (4)

σr is the intensity-domain standard deviation controls the gray- 
level difference between two pixels and function f is the geometric 
distance may take many forms, such as a Gaussian, a box function, 
and a constant [9].
Bilateral filter provides the good denoising results at the boundary 
of an image due to its domain component and crisp edges are 
preserved due to its range component of filter provides better 
results than median filter.

C. Non-local Means Filter
In 2005 denoising technique in spatial domain non local means 
(NL-means) which restore the original image by using the patch 
similarity and the similarity does not depends upon the its own 
pixel value, but it depends on the neighborhood of the pixel [6]. 
In this algorithm, discrete noisy image g is given then the estimated 
value of NL[g](i), for pixel i, is computed as [9]:

   (5) 
 
Where i is the pixel being processed, j represents the neighborhood 
of pixel i in the noisy image, the family of weights {w(i,j)}j 
depends on the similarity between the pixels i and j and satisfy 
the conditions 0 ≤ w(i,j) ≤ 1 and ∑ j w(i,j)=1. 
The weight w(i,j) depends on similarity between the neighborhoods 
Ni and Nj of pixel i and j, where Ni denotes as a square neighborhood 
of size Rsim*Rsim, centered at the pixel i. 
The neighborhood similarity is measured as a decreasing function 
of the weighted Euclidian distance

   (6)

Where, Gρ is a normalized Gaussian weighted function with zero 
mean and ρ standard deviation.

Then, w(i,j) is calculated as

    (7) 
where Z(i) is defined as

   (8)
Here Z(i) is Gaussian normalized constant. The h parameter acts 
as a degree of filtering.

III. Performance Evaluation Metrics
To evaluate the performance of denoising technique we used the 
important evaluation factors called peak signal-to-noise ratio 
(PSNR) in decibels (dB) and mean squared error (MSE). This 
PSNR ratio is used as a quality measurement between the original 
image and restored image. The quality of restored image is better 
if it has the higher PSNR value [1].

PSNR is computed as follows:

   (9)

MSE (Mean Squared Error) represents the error between the 
original image and restored image. It is the sum of all squared 
value differences between the original and restored image divided 
by image size. The quality of restored image is better if it has the 
lower MSE value. 

   (10) 

IV. Experimental Results and Discussion 
Here, we evaluate the performance of denoising Techniques 
used in the paper. To compare the quality of denoised images 
we performed our experiments on 12 standard test images of 
size 256*256 have been corrupted by Gaussian noise of standard 
deviation (σ = 10,15,20,25,30). For median filter we have taken 
a sub-image window of 3*3 sizes. To implement bilateral filter 
σd (spatial- domain standard deviation) and σr (intensity-domain 
standard deviation) are taken in the ratio of 1:3 (σd=σ, σr=3σ) on 
window size of 3*3. The NL-means filter was performed with 
filtering parameter h=5σ using 5*5 similarity patches.
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Fig. 1: Performance Comparison of Median, Bilateral, Non Local Mean Filter of Denoised Image in Terms of [PSNR in dB, MSE] 
Using Standard Images (a) Noise- Free Image (b) Noisy Image (σ = 20) (c) The Results of Median Filter (d) The Results of Bilateral 
Filter and (e) The Results of Non Local Mean Filter
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Table 1: Average PSNR and MSE Values of 12 Standard Images at Different Gaussian Noise Levels 

  Guassian
          Noise Levels

Median filter Bilateral filter NLM filter

PSNR MSE PSNR MSE PSNR MSE

σ=10 29.37 76.69 31.34 50.88 32.52 38.40

σ=15 27.75 115.35 29.29 80.57 30.46 62.30

σ=20 26.56 148.11 27.83 111.05 29.11 84.96

σ=25 25.44 189.09 26.64 144.29 28.01 108.95

σ=30 24.59 230.57 25.79 175.34 27.12 133.42

Fig. 2: Represents PSNR Average Values of 12 Standard Values at Different Gaussian Noise Levels

Fig. 3: Represents MSE Average Values of 12 Standard Values at Different Gaussian Noise Levels



IJCST  Vol. 6, ISSue 2, AprIl - June 2015  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 262   InternatIonal Journal of Computer SCIenCe and teChnology

V. Conclusion
All the experiments have been performed on 12 standard test 
images to evaluate the performance and results are summarized in 
terms of Peak Signal-to-Noise Ratio (PSNR) and Mean Squared 
Error (MSE). Table represents the average PSNR and MSE 
values of 12 standard images at different Gaussian noise levels 
and figure 1 shows the results of denoising techniques and graphs 
1,2 represents the average PSNR and MSE values of 12 standard 
images. From Results we find that NL-means filter preserves the 
more significant details, texture, edges of an original image from 
the noisy image. Based on all the experimental results it can be 
seen from tables, graphs and images the NL-means filter has the 
higher PSNR value and the lower MSE value provides better 
performance in both PSNR and visual quality of an image out of 
all the three filters.
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