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Abstract:

Salt and pepper noise is one of the most common types of noise that affects color and gray digital images, as this
noise negatively affects the characteristics of the image and becomes blurred. And since the digital image is used in
vital and important applications, it is necessary to provide an effective method that reduces the negative effects of
noise. An easy and effective method will be presented that reduces the negative effects of salt and pepper noise,
regardless of the noise ratio value in the digital image. In the proposed method, a set of windows will be used that is
generated from the output of the affected image padding process, and these windows will be used to check the pixel
is noise or not to be processed if this pixel is noise, using the specified window and applying the process of the
median filter to this window. The proposed method will be implemented using various color and gray images, the
quality parameters MSE and PSNR will be calculated. The obtained results for the proposed method will be
compared with the results of median, MDBUT MF, MDBPT GMF, AWMF; AAMF filters to show the enhancement
of the proposed method in reducing the negative effects of salt and pepper noise.
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Introduction

Digital images, whether gray or color [12], [13], are considered one of the most widespread types of digital data, as
they have been used in many vital and important applications [24-29].

Digital images are easy to process because the gray image is represented by a two-dimensional matrix, while the
color image is represented by a three-dimensional matrix (a two-dimensional matrix for each of the three colors: red,
green and blue) [14-18].

Digital images are circulated through various social media, and while these images are transmitted, they can be
affected by the noise of salt and pepper (SAPNR), which negatively affects their properties and the image becomes
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unclear to the naked eye. The negative effect increases by increasing the number of affected pixels, or the so-called
noise ratio (NR), which represents the ratio of the affected pixels to the total number of pixels in the image [1-9].

SAPN replaces some pixels in the image by zeros or 255s, thus the repetition of these values will be increased by
increasing NR, and figure 1 shows the how SAPN affects a gray image, while figures 2 and 3 show how SAPN
affects color image[30-37].
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Figure 1. Affected by SAPN gray images
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Figure 2: Clear color image example
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Figure 3: Noisy color image

The efficiency of any digital filter used to reduce the effects of SAPN can be measured by the quality parameters:
mean square error (MSE), peak signal to noise ratio (PSNR) and correlation coefficient between a source clear
image and the treated by the filter image (de-noised image), these parameters can be calculated using equations 1, 2
and 3 [19-24].

MSE of x channel
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Where
T = correlation coefficient

Li = values of first image matrix

o = mean of x matrix
Y; = values of second image matrix
ﬁ = mean of v matrix
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Most of the digital filters used to de-noise images operate with a selected window; in our research paper we will use
the feature of padding the image matrix to create the necessary windows. In our method we will use two kinds of
padded matrices to generate two kinds of windows. The first padded matrix will be called processing matrix (PM),
which will be used in mean finding applying the processing window (PW). The second padding matrix will be used
as a reference matrix (RM), the values of RM will be zeros or 1s, 0 means that the associated pixel in PM is a noise,
1 means that the pixel is not a noisy pixel, RM will be used to generate reference windows (RW), figures 4, 5 and 6
illustrates an examples of these matrices [38-44]
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208 13 213 206 1 1 1 o 1
107 121 45 107 227 |::> 1 1 1 1 1
41 3 [o] z1ie 189 1 1 o 1 1
179 93 13 5 173 1 1 1 1 1
Noisy matrix (A) Reference matrix (B)

Figure 4: Noisy matrix and its reference
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Figure 5: Processing matrix (PM)
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Figure 6: Reference matrix (RM)
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Processing and reference matrices are used to create the necessary processing (PW) and reference (RW) windows as
shown in figures 7 and 8:

46 191 107 107 191 4e 107 227 2z7 107 46
213 13 =208 zZO05 13 213 | 255 =206 206 255 213

0 jl28 138 138 128 ] 14 242 Z4E 14 ]
o j128 133 ESBI 123 a 14 242 | 242 14 0

213 13 j208 EOS 13 | 213 | 255 Z0e | 206 255 213
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Figure 7: Creating processing windows (PW)
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Figure 8: Creating reference windows (RW)
Related Works

A good method of SAPN reduction from gray image or color image is considered to be good if it provides good
values for the quality parameters MSE, PSNR and CC, thus it must:

- Minimize the value of MSE.

- Maximize the value of PSNR.

- Make the value of CC very closed to 1.

Many methods are now used to reduce the negative effects of SAPN, most of these methods are based on median
filter (MF), this filter (as shown in figure 9) uses a mask of a selected size (usually 3 by 3), this mask will use the
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corresponding pixels covered by the mask, these pixels’ values will have arranged in an array, the array then to be
sorted and the denoised pixel will equal the median value of the sorted array.

Median filter has some disadvantages which must be solved such as:

- All the pixels including the clear pixels will be treated by median filters, this will negatively affect MSE,
PSNR, and CC.

- Increasing NR of SAPN noise will negatively affect the performance of MF, making MSE high and PSNR

low.
— Mask: 3 by 3
] 105 | 71 5
\\ a7 200 80
121 | 94 | 150 Sorting
5 47 71 80 - 105 | 121 150 | 200
200 —— 94

Figure 9: Median filter operations

Many methods were introduced and to be used to reduce the negative effects of SAPN, most of the methods were
based on median filter based on median [1-9]. These methods are: Modified Decision Based Unsymmetrical Median
Filter (MDBUTMF) [7], Decision Based Partially Trimmed Global Mean Filter (DBPTGMF) [8], Modified
Decision Based Partially Trimmed Global Mean Filter (MDBPTGMF) [9], Adaptive Weighted Mean Filter
(AWMF) [11] and Adaptive Approach (AAMF), [10]. These methods add an improvement to salt and pepper noise
reduction and increase the filtering efficiency by increasing PSNR between the clear and denoised images.

Proposed Method

The proposed method has the following features:
- Itis based on MF.
- It treats only the affected by SAPN pixels, the clear pixels will not be processed, thus it will enhance the
method performance by decreasing MSE and increasing PSNR.

- It uses a special data structures to handle the process of noise reduction, these structures are not fixed and
the can be expanded to cover windows with big sizes. The strictures maintained by the proposed method
contain a processing matrix (PM) and a reference matrix (RM) as explained earlier. These two matrices are
used to create the needed windows (PWs and RWSs), figures 10, 11, and 12 illustrate an example of how to
create these matrices.
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Figure 10: Noisy ‘image’ example
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Figure 11: Padded processing to create PM
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Figure 12: Padded reference matrix (padding 5 by 5)
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For each pixel P (i, j) and with padding factor 5 by 5 the needed PWs are shown in table 1, while table 2 shows the

reference windows (RFs)in the noisy image extract the processing window from PA matrix.

Table 1: Required processing windows (PWs)

Window Size First dimension Second dimension

PW1 3by3 i-1+5:i+1+5 J-1+5:j+1+5

PW2 5by5 i-1+4:i+1+6 J-1+4:j+1+6

RW3 Thy7 i-1+3:i+1+7 J-1+3:j+1+7

PW4 9by9 i-1+2:i+1+8 J-1+2:j+1+8

PW5 11by 11 i-1+1:i+1+9 J-1+1:j+1+9
Table2: Required reference windows (RW5s)

Window Size First dimension Second dimension

Rw1 3by3 i-1+5:i+1+5 J-1+5:j+1+5

RW?2 5by5 i-1+4:i+1+6 J-1+4:j+1+6

RW3 Thy7 i-1+3:i+1+7 J-1+3:j+1+7

RwW4 9by9 i-1+2:i+1+8 J-1+2:j+1+8

RW5 11by 11 i-1+1:i+1+9 J-1+1:+1+9

Below is the description of the algorithm of the proposed method:

Inputs

Noisy image

Output

De-noised image

Process:

1.

2.

Get the noisy image B.

Retrieve the image size.

3. Create the padded matrix (PM) pA.

4. Create the padded reference matrix (RM) pB.

5. Make the denoised image (A) equal the noisy image.
6. For each pixel in the noisy image do

7. If the pixel not equal O or the pixel not equal 255 move the pixel to the denoised image and continue to
other pixel, else proceed to the next step.

8. Create RWs and PWs and process the steps shown in figure 13:
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if{B(i,j)==0)
iflsum(sum{pB(i-1+5:i+1+5,]-1+5:]+1+5)))~=0) RW1
R1=pA(i-1+5:i+1+5,j-1+5:j+1+5); PW1
R1=R1({R1=0 & R1<255);
mR=median{R1);
Afi,jl=mR;
elseif(sum(sum(pB{i-1+4:i+1+6,j-1+6:j+1+6)))~=0) RW2
R1=pA[i-1+4:i+1+6,j-1+6:j+1+6); P
R1=R1(R1=0 & R1<255);
mR=median(R1);
Alijl=mR;
elseifjsum{sum(pB(i-1+3:i+1+7,j-1+3:j+1+7)))~=0) RW3
R1=pA(i-1+3:i+1+7,j-1+3:j+1+7); PW3
R1=R1(R1>0 & R1<255);
mR=median(R1);
Alijl=mR;
elseiffsum(sum(pB(i-1+2:i+1+8,j-1+2:j+1+8)))~=0) R4
R1=pA(i-1+2:i+1+8,j-1+2:j+1+8); P4
R1=R1(R1=0 & R1<255);
mR=median(R1);
A(i,jl=mR;
elseiffsum{sum(pB(i-1+1:i+1+9,j-1+1:j+1+9)))~=0) RW5
PW5

R1=pAli-1+1:i+1+9,j-1+1:j+1+9);
R1=R1{R1=0 & R1<255);
mR=median{R1);

Ali,jl=mR;
end

Figure 13: Checking RWSs and processing PWs

Implementation and Experimental Results

The proposed method was implemented using gray images affected with SAPN with various noise ratios, figures 14

and 15 shows an outputs examples:
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Figure 14: Denoising gray image with low NR
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Figure 15: Denoising gray image with high NR

The gray image 'pout.tif was affected with SAPN using various values of NR, median filter and the proposed
method were used to reduce the noise in each noisy image, table 3 shows the obtained results:

Table 3: Denoising 'pout.tif' using MF and the proposed filter

NR % Median filter Proposed
MSE PSNR CcC MSE PSNR CC

1 4.6919 92.7745 0.9957 0.0547 137.2899 0.9999
5 6.3801 92.2934 0.9941 0.2611 121.6621 0.9998
10 13.0333 85.1502 0.9879 0.5807 113.6682 0.9995
20 55.5505 70.6523 0.9508 1.7395 102.6970 0.9984
30 240.3579 56.0040 0.8236 2.7291 98.1933 0.9975
40 691.9766 45.4297 0.6431 4.3273 93.5835 0.9960
50 1724.7 36.2970 0.4478 6.4650 89.5689 0.9940
60 3495.6 29.2328 0.2924 9.1017 86.1483 0.9915
70 5760.5 24.2375 0.2077 13.3083 82.3491 0.9876
80 9023.4 19.7495 0.1249 21.2753 77.6575 0.9801
90 1276.7 16.2792 0.0510 39.4573 71.4807 0.9630

From table 3 we can see that the proposed filter is more efficient comparing with MF, the proposed method

increased PSNR and decreased MSE for all images with low and high NR, this is shown in figures 16 and 17.
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Figure 16: MSE for MF and the proposed filter
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Figure 17: PSNR for MF and the proposed filter
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The previous mentioned (in related works) were also implemented and the obtained results for these filters were

compared with the results of implementing the proposed filter, table 4 shows the results of comparisons:

Table 4: Filters comparisons

NR % PSNR
Proposed MDBUT MF MDBPT GMF | AWM F AAMF
10 113.6682 106.0674 104.9845 111.4240 112.4038
20 102.6970 101.2922 102.0092 102.2062 109.6104
30 98.1933 81.2179 82.3682 85.8416 91.9312
40 93.5835 63.9605 65.0165 67.3288 70.7881
50 89.5689 50.3720 51.9859 52.4341 54.1376
60 86.1483 38.7028 40.1875 41.6846 44.4209
70 82.3491 30.1583 30.4933 32.0426 38.5340
80 77.6575 25.6423 27.2584 28.4141 30.3927
90 71.4807 24.5940 26.2044 27.5703 26.5740

From table 4 we can see the following:

- The proposed filter can be efficiently used to eliminate SAPN with low and high NRs.

- The proposed method has the best efficiency comparing with other filters and as shown in figure 18.

The padding factor was expanded to 6 by 6 using 6 RWs and 6 PWs, here for our case the results were not enhanced

as shown in table 5
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Figure 18: PSNR comparisons
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Table 5: Expanding the padding factor

NR % Proposed padding 5 by 5 Proposed padding 6 by 6

5 windows used 6 windows used

MSE PSNR CcC MSE PSNR CcC
1 0.0547 137.2899 0.9999 0.0435 139.5929 1

0.2611 121.6621 0.9998 0.4147 117.0338 0.9996
10 0.5807 113.6682 0.9995 3.5569 95.5439 0.9967
20 1.7395 102.6970 0.9984 7.1574 88.5514 0.9933
30 2.7291 08.1933 0.9975 10.5966 84.6275 0.9901
40 4.3273 93.5835 0.9960 14.6836 81.3656 0.9863
50 6.4650 89.5689 0.9940 19.6633 78.4454 0.9816
60 9.1017 86.1483 0.9915 24,3505 76.3074 0.9772
70 13.3083 82.3491 0.9876 30.3615 74.1012 0.9716
80 21.2753 77.6575 0.9801 35.8083 72.4511 0.9665
90 39.4573 71.4807 0.9630 55.8283 68.0101 0.9478

Using various noisy images with various values of NR can affect the efficiency of the proposed method, and the
efficiency will be better than the efficiency of any other filter, tables 6, 7 and 8 show the obtained efficiency
parameters as a results of Denoising various images with various values of NR.

Table 6: Denoising SAPN with NR =1%

Image number Size(byte) MSE PSNR cC

1 50283 12.7294 85.3862 0.9991
2 25992 9.5343 88.2763 0.9975
3 172800 21.3501 80.2147 0.9973
4 1713600 0.7618 113.5465 0.9998
5 1442070 0.7462 113.0346 0.9999
6 40755 3.0321 99.6542 0.9989
7 172800 57.9675 70.2264 0.9932
8 50325 1.2356 108.7100 0.9999
9 50325 2.1464 103.1873 0.9996
10 50451 7.1549 91.1473 0.9992
11 630000 10.1023 87.6976 0.9990
12 2039752 0.1472 129.6715 0.9999

Table 7: Denoising SAPN with NR =30%

Image number Size(byte) MSE PSNR ccC

1 50283 277.6860 54.5604 0.9794
2 25992 203.6778 57.6599 0.9446
3 172800 530.9132 48.0793 0.9331
4 1713600 30.0606 76.7931 0.9931
5 1442070 30.4923 75.9319 0.9952
6 40755 107.8382 63.9404 0.9618
7 172800 1674.3 36.5935 0.8170
8 50325 18.0317 81.9040 0.9983
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9 50325 0.9869 68.6750 0.9869
10 50451 225.0636 56.6614 0.9734
11 630000 113.5158 63.5059 0.9891
12 2039752 6.0669 92.4806 0.9974
Table 8: Denoising SAPN with NR =90%

Image number Size(byte) MSE PSNR CcC

1 50283 1867.0 35.5046 0.8601
2 25992 1238.1 39.6121 0.6658
3 172800 2157.6 34.0579 0.7393
4 1713600 272.8938 54.7344 0.9372
5 1442070 290.9865 54.0925 0.9543
6 40755 5576.1 24.5627 0.4682
7 172800 5559.9 24.5919 0.4650
8 50325 155.3153 60.3707 0.9849
9 50325 491.0800 48.8592 0.9040
10 50451 1325.4 38.9308 0.8419
11 630000 0.9419 46.7346 0.9419
12 2039752 55.4317 70.6738 0.9763

The proposed filter can be easily used to reduce SAPN from color image, here each color channel is to be treated
alone as a gray image, after Denoising the colors, the colors are to be combined to form the denoised color image.

Figure 19, 20 and 21 show sample outputs of using color image with small size, while table 9 shows the results of
denoising this image.

Clear image

800
600
400
200
0

0 100 200
800 800
600 600
400 400
200 200
0 0

0 100 200 0 100 200

Figure 19: color image with size=150975 bytes
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Noisy image
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2000 2000
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Figure 20: Noisy image with high NR

De-noised image

800
600
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200
0

PSNR= 60.1469 0 100 200
300 800
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400 400
200 200
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0 100 200 0 100 200

Figure 21: Denoised image

Table 9: Denoising color image with size= 150975 bytes

NR % MSE PSNR

0.5 1.5946 106.1593
1 1.7926 104.9884
2 2.2456 102.7357
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3 2.7305 100.7803
4 3.2247 99.1168
5 3.5534 98.1463
10 6.3517 92.3380
30 18.9472 81.4087
50 36.5044 74.8509
70 70.4214 68.2803
90 158.8311 60.1469

Another color image with bigger size (size = 6119256 bytes) was also treated using the proposed method, figures 22,
23, and 24 show sample outputs, while table 10 shows the obtained results

Clear image

4

x 10*
0 100 200
X 104
0 100 200

x 10
4 4
3 3
2 2
1 1
0 0
0 100 200

Figure 22: Color image with size = 6119256 bytes
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5
* 10
0 100 200

Noisy image
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Figure 23: Noisy image
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De_noised image

0 100 200

Figure 24: Denoised image

Table 10: Denoising color image with size= 6119256 bytes

NR % MSE PSNR
0.5 0.4154 119.6114
1 0.5102 117.5555
2 0.6990 114.4063
3 0.8815 112.0863
4 1.0901 109.9621
5 1.2881 108.2938
10 2.3663(see figures 25, 26) 102.2122
30 7.5040 90.6709
50 15.1500 83.6453
80 40.7579 73.7488
90 64.6047 69.1424
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Figure 25: Noisy image with NR=10%
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Figure 26: Denoised image in figure 25
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Conclusion

A simple and highly efficient method of reducing salt and pepper noise was introduced, tested and implemented
using various images affected by SAPN with various values o0 NR. The obtained experimental results showed that
the proposed method can efficiently deal with SAPN with low and high NR. The results were compared with median
filter results and it was shown that the proposed filter made good improvements in the filtering efficiency.
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The well known digital filters (DBPTGMF, (MDBPTGMF), (AWMF) (AAMF), were also implemented, the
implementation results of these filters were also compared with the proposed filter results and it was shown that the
proposed filter provided better efficiency by enhancing the values of MSE and PSNR for various images with
various NRs.

The proposed filter only treat the infected by SAPN pixels, this was done using special created check matrices
(RWs) and processing matrices (PWSs), several matrices were created and used. The number of these matrices
depends on the selected padding factor and the best results were achieved when using a 5 by 5 padding factor.

The proposed filter can be easily used to denoised infected with SAPN color images, and it was shown that the
proposed filter has an excellent performance especially when the noise has a high NR.
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