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Abstract:  The denoising  of  a natural image corrupted by the Random valued desire noise is a classical
problem in image processing. In this paper, we propose an efficient restoration method for the deduction of
random-valued impulse noise. On the way to achieve the goal of better rebuilding, we employ a decision-tree-
based impulse noise detector to identify the corrupted pixels and an edge-preserving sort out to rebuild the
concentration values of corrupted pixels. To improve the quality of the digital images, a median based adaptive
concept is used in reduction of random valued impulse noise. The results show that the proposed technique
can achieve enhanced performances in terms of both quantitative estimate and image eminence than the prior
methods. Furthermore, the performance can be enhanced by iterative median filter methods. For performance
analysis the PSNR (dB) value resultant to original and reconstructed image is compared and edge preservation
will be proved with edge detection methods.
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INTRODUCTION its modifications [5], however, these methods may blur the

Medical imaging, scanning techniques, face pixels are customized. To avoid the noisy pixels in a
recognition, license plate recognition, printing skills and damaged image, switching median filter has been
so on  is the  fields are widely used in image processing. proposed in the literature [6]. In the switching median
In general, images are corrupted by impulse noise due to filter have the two steps: 1) noise filtering and 2) impulse
the transmission and image acquisition. The severe noise detection. Impulse detector locates the corrupted pixels
can be affected by the performance of imaging and filters are to avoid the damage on noise-free pixels.
techniques. Hence, an efficient denoising technique is an The denoising algorithms are most on the memory buffer,
important issue in image processing [1]. According to the window size and iteration times.
distribution of noisy pixel values, two broad types of The multiple variable analyses are a powerful form of
impulse noise: random-valued impulse noise and fixed decision tree [7]. A collection of simpler decisions can
valued impulse noise [2]. The impulse noise is otherwise break down a complex decision-making method; it can
called as salt-and-pepper noise because the minimum or provide easier to understand [8]. Impulse noise is dealt
maximum value in gray scale images in the pixel value of with using a decision-tree [9], Based on the above
a corrupted pixel. The range of uniformly distributed methods, we proposed a new decision-tree-based
impulse noise of (0, 255) the gray scale images in the detection   method   for   removing   random-valued
noisy pixel value. There have been many techniques for impulse noise. In order to enhance the image, impulse
removing impulse noise and some of them perform very noise can be removed and then printed back of input
well [3]. The random distribution of noisy pixel values is image.
more difficult to hand over the impulse noise. In this The  rest  of  this  paper  is  organized  as  follows.
paper, we focus on removing the random-valued impulse The proposed DTBDM is described in section III. Section
noise from the noisy images. IV shows the MATLAB implementation of DTBDM

Recently, most of the impulse noise detection output and comparisons. The conclusion is provided in
methods are proposed [4], the standard median filters or section V.

image since both the corrupted pixels and uncorrupted
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Related Works: H. Hwang and R.A. Haddad introduced
two types of image models corrupted by pulsation
disturbance; here they propose two new algorithms for
adaptive median value filters. They have variable star
windowpane sizing for removal of impulses while
preserving sharpness. The first one, called the ranked-
order based adaptive median filter (RAMF), is based on a
test for the mean of impulses in the center pixel itself
followed by a test for the presence of residual impulses in
the median filter output. The second one, called the
impulse size based adaptive median filter (SAMF), is Fig. 1: A 3X3 mask centered on f .
based  on  the  detection of the size of the impulse noise.
It is shown that the RAMF is superior to the nonlinear W  = {a, b, c, d}. (1)
mean LP filter in removing positive and negative impulses
while simultaneously preserving sharpness; the SAMF is W  = {e, f, g, h}. (2)
superior to Lin's (1988) adaptive scheme because it is
simpler with better operation in removing the high density Two components of DTBDM: edge-preserving image
impulsive noise as well as non-impulsive noise and in filter and decision-tree-based impulse detector. The
preserving the fine details. detector finds out the p  is a corrupted pixel by taking the

S. Zhang and M.A. Karim introduced new impulse decision tree and the correlation pixel of p  and its
sensing and filtering algorithm is proposed for restoration surrounding pixel. The result is correct, edge-preserving
of images that are highly corrupted by impulse filter is based on the direction filter to be generated and
disturbance. It is based on the minimum absolute value of the values are reconstructed. If not, the pixel value should
four convolution obtained by the one-dimensional be unaffected.
Laplacian manipulator. The proposed algorithmic program
can effectively remove the neural impulse interference Decision-Tree-Based Impulse Detector: To determine the
with a wide range of noise compactness and produce corrupted pixel p(i, j), the correlations between p(i, j)and
better results in terms of the qualitative and the its surrounding pixel value are denoted, Surveying these
quantitative bar of the epitome even at noise density as process, we should simply divide them into several
high as 90%. Extensive simulations show that the process observing the degree of isolation at present pixel,
proposed algorithm provides better performance than finding the present pixel value is on a fringe [11] or
many of the existing switching median filters in terms of differentiating the similarity between present pixel value
noise suppression and detail preservation. and its surrounding pixels [12]. In this proposed method

R.H. Chan, C.W. Ho and M. Nikolova introduced a three modules are used to detect the impulse noise in an
two-phase theme for removing salt-and-pepper impulse image:- isolation(IM), fringe module(FM) and similarity
noise. In the first phase, an adaptive median filter is module (SM). These three modules are built in the
employed to identify a pixel which is contaminated by decision tree.A binary tree cab is determining the status
noise (noise candidates). In the second phase, the image of p(i, j) using the different modules in the decision tree.
is restored by a specialized regularization method that First, we can use the isolation module to decide the pixel
applies to the selected noise candidates only. In terms of value is in the smooth area. If the result is false, we
edge preservation the images obtained after restoration conclude that the present pixel value is a corrupted image.
shows a significant enhancement when compared to Otherwise, if the result is true, the present pixel value to
nonlinear filters. be placed in the edge. The fringe module is used to decide

Proposed Method: A random-valued impulse noise with present pixel value is located on the edge, the resultant
uniform distribution of noise is considered in this paper, fringe module will be noisy free; otherwise, the result to
as practiced in [10]. Here, a 3X3 mask is taken for be true. If the isolation module and fringe module should
denoising the noisy image. A pixel to be detected is not find out the present pixel to be corrupted image, the
placed at coordinates p , theluminance value is named as similarity between present pixel value and its surroundingi,j

f  as shown in Fig. 1. The input sequence of image pixel values. If the output to be true p(i, j) is a corruptedi,j

denosing method, we can divide into eight values of pixel pixel; if not, it is considered as uncorrupted. The following
into two steps: W  and W . They are given as: sections describe the three modules in detail.TopHalf BottomHalf

i,j

topHalf

BottomHalf

i,j

i,j

the conformed result of the isolation module. If the
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Isolation Module: Isolation module is the region should
be closed or slightly varying the smooth surface. In these
modules, we find out the present pixel is an isolation point
by the smoothness of its neighbouring pixels. The pixel
with noise having the shadow surface with low similarity
with  the  surrounding  pixel is called as isolation point.
The  maximum  neighbouring  pixel value should be high.
In these concepts, we can first detect the high and low
luminance values in W , named as TopHalf_max,TopHalf

TopHalf_min and their difference is calculated as name
TopHalf_diff. In W , we can apply the same conceptBottomHalf

to get BottomHalf_diff. The two sets of values are
compared with a threshold Th_IM  to choose whether thea

neighboring area belongs to be soft region. The
corresponding equations are as:

TopHalf_diff =TopHalf_max-TopHalf_min. (3)

BottomHalf_diff=BottomHalf_max-BottomHalf_min. (4)

Decision I = (5)

Next, we can take p , into coniseration. The twoi,j

values must be found out first. One of the most
differences between the f  and the TopHalf_min. After thei,j

subtraction, a threshold is to compare with two FME  = (9)
differences. The same concepts in case of being W  isTopHalf

placed.

Decision II = (6)

Finally, we can construct a temporary decision
whether p  belongs to an assumed corrupted pixel or isi,j

noisy free.

Fringe Module: To deal with the four decisions, from the
Fig. 2. E  to E  we have to take the direction E  for1 2 1

example. In order to calculate the absolute difference of f Similarity Module: In an uncorrupted-area the luminancei,j

and the two pixel values with the same direction to values in mask W placed very close. The impulse is
determine the edge is correct or not.The equations are as: mainly located at the end of the median series. Therefore,

FME  = (7) values in decreasing order and get the median value with1

Fig. 2: Four directions of proposed method

FME  = (8)2

3

FME  = (10)4

Decision III = (11)

the pixel values are at maximum and minimum values, that
implies the noisy images. In this method, we sort the nine

mask W. Here, we define the Max  and Min  as the fourthi,j i,j

and sixth value to be obtained as:



,î jf

,î jf
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Fig. 3: Differences of eight directions

Max  = 6  in W  + Th_SM , (12) modify the corrupted pixel. Otherwise, we can take thei,j i,j a
th

Min  = 4  in W  - Th_SM . of d, e, f, g and h are too noisy in that order.i,j i,j a
th

To determine the status of pixel Max  and Min  are e and g to preserve the edge in the input image. Thei,j i,j

used to make the decision more accurately, we finally values of the median of four surrounding pixel can be
conclude the decision IV is given by: replaced of  can be expressed as:

Decision IV = (13)  = Median (f , b, d, e, g). (14)

In the proposed algorithm the thresholds Th_IM , RESULTS AND DISCUSSIONSa

Th_IM , Th_IM , Th_FM , Th_FM , Th_SM  and Th_SMb a b b a b

are taken as the threshold values as 30, 35, 50, 90, 25 and In this section, the results of the proposed method
80, respectively. are presented and compare them with those of the original

Edge-Preserving Image Filter: A simple edge-preserving effectiveness  of  the proposed modifications over the
method can be easily implemented in MATLAB to place non-iterative median filter algorithm for monochrome
the edge in the present mask W. In this paper, we have images.  The  comparison  and  discussions   are  based
taken the eight directional differences, from D  to D , to on  visual  evaluation  and  different   objective  measures.1 2

Max and Min  Similarity module, to calculate the valuesi,j i,j

In the f  get the correct values of the median of b, d,i,j

i,j

non-iterative median filter. The results discuss the
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Fig. 4: Results of Noniterative median filter outputs with preserved edges in restoring 50 percent noisy images “five
images.” (a) InputImages (b) Noisy Images (c) Denoised Images (d) Edge Preserved Images

Fig. 5: Results of Iterative median filter outputs with preserved edges in restoring 50 percent noisy images “five images.”
(a) Input Images (b) Noisy Images (c) Denoised Images (d) Edge Preserved Images
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Table 1: Edge Preserved Psnr Values Of Lena Image Produced By Filters At Different Noise Levels
Noise Density
----------------------------------------------------------------------------------------------------------------------------------------------

Image Name Parameter 10% 20% 30% 40% 50% 60% 70%
Lena Image PSNR 24.47 24.71 24.92 24.63 24.62 24.66 25.23

SSIM 0.848 0.851 0.847 0.847 0.847 0.838 0.846
Barbara Image PSNR 25.01 24.92 24.97 25.20 25.06 25.14 25.21

SSIM 0.800 0.799 0.809 0.806 0.798 0.803 0.860
Building Image PSNR 23.82 24.31 24.09 24.06 24.26 24.32 24.43

SSIM 0.841 0.832 0.838 0.837 0.839 0.830 0.831
Lady Image PSNR 23.86 23.71 23.37 23.61 23.40 23.46 23.80

SSIM 0.860 0.860 0.860 0.866 0.860 0.862 0.864

Fig. 6.1: Lena Image (a) PSNR plot (b) SSIM plot

Fig. 6.2: Barbara Image (a) PSNR plot(b) SSIM plot
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Fig. 6.3: Building Image (a) PSNR plot (b) SSIM plot

Fig. 6.4: Lady Iamge(a) PSNR plot(b) SSIM plot

Also, we investigate and discuss the effect of the new The  Figure  4  shows  the existing non-iterative
modification on the 3X3 filtering window under different median  filter  results  and the Figure 5 shows the
noise densities. In all experiments, it is assumed that proposed  DTBDM  iterative  median   filter.  The image
corrupted pixels are identified by the detection step of the can be  preserved  by  using   the   edge  preserving
median filter. To verify the quality of the denoised image, image  filtering  methods.  The  results  for   four  gray
a different size of the test image in the type of gray scale scale images that are corrupted by 50% random-valued
images: Barbara image, building image, lena image, lady impulse noise are presented here, namely: Barbara,
image. The test images can be generated in the MATLAB Building, Lena and Lady. The original and corrupted
implementation in order to remove the random-valued images as well as the filtering results of the iterative
impulse noise and the edges can be preserved using the median filter and the proposed modifications are shown in
edge preserving techniques Fig. 5.
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Gray scale Images: Several tests were conducted for 5. Ko, S.J. and Y.H. Lee, 1991. “Center Weighted
evaluating the proposed modifications on the Median Filters and Their Applications to Image
monochrome images. In this section we present the Enhancement,”  IEEE  Trans.   Circuits  Systems,
examples, which are: Barbara, building, Lena and Lady 38(9): 984-993.
image. Fig. 4 and Fig. 5 shows the original test images and 6. Abreu, E., M. Lightstone, S.K. Mitra and K. Arakawa,
the images are corrupted by the 50% of noise in that 1996. “A New Efficient Approach for the Removal of
image. The filtering resultant images and the preserved Impulse Noise from Highly Corrupted Images, ” IEEE
edges are shown in Fig. 5(d). Whereas these results are Trans. Image Processing, 5(6): 1012-1025.
restoring the original images using the two approaches 7. De Ville, B., 2007. Decision Trees for Business
effectively. The values of the PSNR are supported under Intelligence and Data Mining. SAS Publishing.
noise density ranges from 10 to 70% are shown in Fig. 6.1, 8. Rasoul,  Safavian    S.    and   D.   Landgrebe,  1991.
Fig. 6.2, Fig. 6.3, Fig. 6.4. The PSNR values and the SSIM “A Survey of Decision Tree Classifier
analysis values for different test images which are: Methodology,” IEEE Trans. Systems Man,
Barbara image, building image, Lena image, Lady Image is Cybernetics, 21(3): 660-674.
shown in PSNR and SSIM analysis plot. Table 2, 2, 3, 4 9. Tsai, H.H., X.P. Lin and B.M. Chang, 2009. “An Image
shows the proposed iterative median filter output of four Filter with a Hybrid Impulse Detector Based on
images with 10% to 70% noise level. Figures: 6.1, 6.2, 6.3, Decision Tree and Particle Swarm Optimization, ”
6.4 1 (a) and (b) shows the PSNR plot and SSIM analysis. Proc. IEEE Int’l Conf. Machine Learning and

CONCLUSION 10. Sun, T. and Y. Neuvo, 1994. “Detail-Preserving

An efficient detection of the random-valued impulse Recognition Letters, 15: 341-347.
noise is proposed in this paper. The techniques use the 11. Yu, H., L. Zhao and H. Wang, 2008. “An Efficient
decision-tree-based detector to remove the corrupted pixel Procedure for Removing Random-Valued Impulse
and employ an effective to place the edge. The Noise  in  Images,  ” IEEE Signal Processing Letters,
reconstructed image can be improved with the use of 15: 922-925.
adaptive skills. The extensive experimental results 12. Dong, Y. and S. Xu, 2007. “A New Directional
demonstrate that the performance of the proposed method Weighted Median Filter for Removal of Random-
is better than the existing and comparable complexity Valued Impulse Noise, ” IEEE Signal Processing
process in terms of visual quality. Experimental evaluation Letters, 14(3): 193-196.
shows the modifications improves the performances of 13. Matsubara, T., V.G. Moshnyaga and K. Hashimoto,
the edge preserving median filter. 2010. “A FPGA Implementation of Low-Complexity
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