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ABSTRACT

Denoising gray and color images from the effects of salt and pepper noise is a vital issue, because clean images
are needed to implement various computer applications. In this paper research a modified median and modified
average filters will be proposed. These filters are to be used to enhance the quality of the denoised gray or color
image, even if this image is infected by a salt and pepper noise with high noise ratio. It will be shown that the
proposed filters will be efficiently used to reduce the negative effects of salt and pepper noise with any noise
ratio (low or high).

The proposed filters will be used to treat only the infected noisy pixels in the noisy image, a special window will
be created and used to calculate the new optimal value of the noisy pixels. This window can be easily created
using simple data structures which include padded noisy image and index matrices. The index matrices will be
used to simplify the process of covering window creation.

The proposed method will be tested using noisy images with various noise ratio values, the results will be
compared with average and median filters results to show the improvements provided by the proposed filters.
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INTRODUCTION
Digital images [40-43] (gray and color) are very important digital data which are used in many computer
applications. These applications required clean image to operate normally. Digital gray image can be easily
processed, because it is represented by a 2D matrix (see figure 1) [35-40], while the color image is represented
by a 3D matrix (one 2D matrix for each color (see figure 2). Gray and color pixels have an integer values within
the range 0 to 255 [25-30].
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Figure 2: Color image representation

Digital images [30-40] can be affected by various noises which negatively affect the image quality, one of the
most common noises is salt and pepper noise (SAPN), this noise can affect gray and color images replacing
some pixel’s values to Os and other pixel values to 255s, the number of changed pixels depends on the noise
ratio (NR) (number of affected pixel to the image size) as shown in figure 3 [1-11].
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Figure 3: SAPN increases 0s and 255s in the image
Increasing the NR will increase the repetition of zeros and 255s in the image and this will affect the quality of
the image making it un clear and difficult to be used in a computer application [20-25].
Digital median filters (MF) and average filters (AF) are the most popular filters used to reduce the effects of
SAPN, but they have the following disadvantages [12-18]:
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- The two filters process the clean and the noisy pixel, changing the values of clean pixel will negatively
affect the quality of the denoised images.
- Increasing the NR ratio will negatively affect the outputs of these filters, for higher NR (NR>20) these
filters fail to handle the noise and the produced denoised images have a low quality
MF and AF filters use a window to cover the selected pixels in order to find the median value or the average
value, and for high NR value these filters will be inefficient even if the window size was increased.
Figure 4 and 5 show the algorithm of operations implemented by MF and AF [19-25].

(with filter size : 3)
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Algorithm 1: AF operations
11914 Step 1: Get the 2D noisy matrix.
6 2 Step 2: retrieve the matrix size.
718| 5 Step 3: For each pixel in the gray image do

Step 4: Get the set of neighbor's values and the pixel value.
Step 5: Find the set of values average.

Step 6: Replace the pixel value by the average value of the
set.

Step 7: End for

Figure 4: AF operation and algorithm
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Step 2: retrieve the matrix size.
Step 3: For each pixel in the gray image do

1 4 1 4 38 5 Step 4: Get the set of neighbor’s values and the pixel value.
5 Step 5: Sort the set values.

Step 6: Find the mean of the set.

Step 7: Replace the pixel value by the mean value of the set.
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Figure 5: MF operation and algorithm
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OBJECTIVES
The main objective of the study is to enhance the performance of median and average digital filters. These
filters are to be used to enhance the quality of the denoised gray or color image, even if this image is infected by
a salt and pepper noise with high noise ratio. It will be shown that the proposed filters will be efficiently used to
reduce the negative effects of salt and pepper noise with any noise ratio (low or high).

METHODOLOGY

The proposed method is based on MF and AF and it can be used to improve the performance of these two filters.

The proposed method is to be used by treating only the noisy pixels keeping the clean pixels as they are without
changing, this will increase the quality of the denoised image.

Three data structures are used in the proposed method:
- Noisy index matrix which contains zero and ones, zeros point to noisy pixels in the associated noisy
matrix; one’s point to the clean pixels in the noisy matrix.
- Padded noisy matrix, the padding factor depends on the size of the selected window.
- Padded noisy index matrix with zeros and ones.
Figure 6 shows an example of noisy matrix, while figure 7 shows the required index matrices:

Clean matrix Noisy matrix
229 24 176 7e 175 255 24 0 76 175
175 20 116 225 164 173 a0 11e ZZ5 164
(] g0 zZ46 253 139 66 80 245 253 135
227 143 198 a1 =Tn] 255 143 198 o1 20

Figure 6: Noisy image example
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Figure 7: Index matrices
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For the noisy pixel a window must be created, the size of this window will be investigated in the implementation
part. To find the new value of the noisy pixel the summation of index window will be found, if the summation is
not equal zero the new pixel value will equal the median (average) values of all values in padded image window
excluding the noisy pixels, in figure 7 windows of 11 by 11 were shown for the three noisy pixels.

Figure 8 shows how to create 6 by 6 windows to the pointed pixels.

93 225 243 223 145
93 225 243 223 145
163 163 145 25 10z
207 3 91 6z 128
43 100 240 254 146
43 100 z40 254 146
207 3 91 6z 128
145 163 163 | 163 163 145 £5 10z
93 |225 243 223 145 243 225 93 93 225 243 223 145
93 &5 243 223 142 243 225 93 93 225 243 EEZ3 145
163 163 145 £5 102 102 £5 145 183 163 163 183 145 £5 10z
a7 3 91 62 128 128 62 91 3 Zo7  Za7 3 91 62 128
43 100 z40 254 146 146 254 240 100 43 43 100 240 254 146
43 100 240 E54 146 146 254 240 100 43 43 100 240 E54 146

125
163 j1a3 145 £5 10z

Figure 8: 6 by 6 windows for the pointed pixels

Below is an example of using various windows, figure 9 shows the clean and noisy images:

Clean matrix Noisy matrix
229 24 176 76 175 255 24 ] TEe 175
175 20 116 228 164 173 20 116 ZEZ8 164
33 g0 246 E53 139 66 g0 246 253 138
ZZ7 143 196 a1 ag 255 143 196 21 S0

Figure 9: Clean and noisy images

Figure 10 shows two created windows for the noisy pixel P (6,6), using black window the pixel value after
processing will equal 24, while it will be equal 85 after using green window
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Figure 10: Using various created window

20

24

24

20 66

Figure 11 shows another two created windows and the resulting value of the noisy pixel after using each of these

windows; figure 12 shows the final denoised image using the window 11 by 11 shown in figure 11:

a0 91 196 143 255 zZ55] 143 196 91 =10 a0
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Figure 11: Windows examples
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Denoised matrix

139 24 139 76 175
175 20 118 228 164

aa g0 246 53 139
255 143 198 91 90

Figure 12: Denoised image using window 11 by 11

The created window can be used to improve median and average filters, in the implementation part the size of
the window will investigated and the optimal size will be recommended based on the obtained value of the
calculated between the clear and noisy images peak signal to noise ratio (PSNR) [35-40].

The proposed modified median filter (PMMF) will be implemented by applying algorithm 3, shown below.

Algorithm 3: PMMEF operations:

This algorithm can be easily used to de-noise gray and color images, in color image each color matrix must
treated separately, and the denoised matrices must be combined in one 3D matrix to get the denoised color
image, the window size was selected 11 by 11 (This selection will be explained later).

Step 1: Get the noisy image (A).
Step 2: Pad the noisy image 5 by 5 (pA).
Step 3: Get the noisy index matrix (B).
Step 4: Get the index padded matrix (pB).
Step 5: Get the size of pB (m and n).
Step 6: for row equal 6 to m-6 do
Step 7: for column equal 6 to n-6 do
Step 8: If the pixel is not noisy continue.
Step 9: Create a window with size 11 by 11 in pB.
Step 10: if the window summation equal zero continue.
Step 11: From the associated pA get a set of clean pixels.
Step 12: Let the new pixel value equal the median of the set.
Step 13: End for
Step 14: End for
Below is a matlab sequence of operation, which can be used to implement PMMF.
A=ab(:.:.1);
pPA=padarrayv(A.[5 5]."symmetric™);
pB=(—(pA=—=0 | p: 235));
B=(—(A=—0 | A=—=255));
[m.n]=size(pB);
%o First round
tic

for I=6:m-6
for J=6:n-6
if( B(I-5.J-5)—=0)
if( sum(sum{(pB(I-5:I+1_J-5:J+35)))—=0)
Rl1=—pA(I-5:I+5.J-5:J+5); %% WI1P creation
RI=RI1I(R1=-0 & R1<255);mR=median(R1); A(I-5.J-5)=mR;
end
end
end

end

XKz 1v=—=A-

The proposed modified average filter (PMAF) will be implemented by applying algorithm 4, shown below.
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Algorithm 4: PMAF operations:

Step 1: Get the noisy image (A).

Step 2: Pad the noisy image 5 by 5 (pA).

Step 3: Get the noisy index matrix (B).

Step 4: Get the index padded matrix (pB).

Step 5: Get the size of pB (m and n).

Step 6: for row equal 6 to m-6 do

Step 7: for column equal 6 to n-6 do

Step 8: If the pixel is not noisy continue.

Step 9: Create a window with size 11 by 11 in pB.

Step 10: if the window summation equal zero continue.

Step 11: From the associated pA get a set of clean pixels.

Step 12: Let the new pixel value equal the average value of the set.

Step 13: End for

Step 14: End for

Below is a matlab sequence of operation, which can be used to implement PMMF.
A=ab(:.:.1);

pA=padarray(A.[5 5]."'symmetric");
pB=(—(pA=—=0 | pA==2535));
B=(—(A=——0 | A=—=255));
[m.n]=size(pB);

%o First round

tic
for I=6:m-6
for J=6:n-6
ifi B(I-5,J-5)—=0)
ifi{ sum(sum(pB(I-5:1+1_J-5:J+5)))—=0)
R1=pA(I-5:I+5.J-5:J+5); % WI1P creation
RI1I=RI(R1=0 & R1=<255)y;mR=mean (R1l); A(I-5.J-5)=—mR;
end
end
end
end
MNi:: 1 v=Acx

RESULTS AND DISCUSSION
MF and AF have the following disadvantages:

- Both the filters treat noisy and clean pixels. And this will negatively affect the quality of the denoised
image.
- Increasing the NR will rapidly decrease the quality of the denoised image.
- For higher NR (NR greater than 40%) these filter became inefficient by producing a low quality
denoised image (see figure 13).
To overcome the above disadvantages, the proposed modifications of these filter were proposed, figure 14 and
15 show how the quality of the denoised images was improved.
The proposed MMF and MAF use a created window to calculate the new value of the noisy pixels, this window
must have a size, below we will study how changing the window size will affect the quality of the denoised
images, the size which will give a better PSNR value will be recommended to be used in the proposed filters.
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Figure 13: Denoising using MF and AF
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Figure 14: Denoising using PMMF
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Figure 15: Denoising using PMAF
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Table 1: PSNR for denoised image (NR=1%)

Window size PMMF PMAF
6 by 6 87.1595 87.3261
Thy7 89.3918 87.3261
8by8 90.4535 91.4921
9by9 94.6706 90.7617

10 by 10 92.9698 92.4450
11by 11 93.1901 93.3750

Table 2: PSNR for denoised image (NR=10%)

Window size PMMF PMAF
6 by 6 67.4077 68.2925
7hby7 69.7028 69.9928
8 by 8 71.2209 71.3031
9by9 73.3999 72.4834

10 by 10 741617 72.4834
11 by 11 73.9447 72.4298

Table 3: PSNR for denoised image (NR=90%)

Window size PMMF PMAF
6 by 6 39.5729 39.9552
7by7 43.9299 45.1067
8by8 47.0501 47.9231
9by9 49.6029 49.5257

10 by 10 49.6029 49.7746
11 by 11 49.6029 49.6220

From tables 1, 2 and 3 we can see that the window size of 10 by 10 or 11 by 11 will give the optimal
performance by maximizing the PSNR values for various NRs, and the following experiments we will adopt 11
by 11 window.

The image lena.png was affected by SAPN using various NR values, the affected images were processed using
MF, AF, PMMF and PMAF, for each denoised image the PSNR value between the clean and the denoised
image was calculated, table 4 shows the obtained results:

Table 4: Obtained PSNR values

NR % MF AF PMMF PMAF
0.1 79.3291 68.6273 97.6401 92.2662
1 78.9679 65.9888 91.2411 87.4468
5 76.6948 58.4085 80.8621 77.8291
10 72.7974 53.0426 74.6240 71.7734
15 68.8079 49.2783 68.5543 70.6474
20 63.6841 46.1879 65.9001 68.2954
30 52.1895 41.4962 61.7874 64.4530
40 42.2628 37.9330 59.2588 59.1057
50 34.3408 35.1340 59.0407 57.1043
60 27.4585 32.4529 56.8646 55.3528
90 14.6447 26.6507 50.7570 50.3085
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From table 4 we can see that the PMMF optimized the PSNR values giving the maximum values, thus using it
will enhance the quality of the denoised images. PMAF results were closed to PMMF results, figure 16 shows
how the proposed filters enhanced the performance of Denoising SAPN by improving the quality of the
obtained denoised image using various NRs values.
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Figure 16: Filters comparisons

CONCLUSION
Efficient and simple modifications of median and average filters were introduced. The proposed methods were
tested and implemented using noisy images with various noise ratios, it was shown that the proposed method
improved the quality of the denoised images affected with high and low values of noise ratios. The proposed
methods were used to treat only the infected pixel solving one of the median and average filters disadvantage.
To find the optimal value of the noisy pixel a special window was created and used. The size of this window
was investigated and it was shown that using a 10 by 10 or a 11 by 11 window will give the optimal solution.
The proposed method used a simple data structures to create the covering window, and this window can be
efficiently used to treat color and gray images.
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