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Abstract: Colored digital images are exposed to various types of noise, the most important of which is salt and 

pepper noise, which negatively affects the clarity of the image in addition to the negative effects on its characteristics, 

which calls for providing an effective method that mitigates the negative effects of noise as much as possible. The 
two filters average and median are considered two of the best filters used to remove salt and pepper noise or mitigate 

the negative effects of this noise, especially if the noise density is low. However, when this density rises, these filters 

become ineffective in dealing with the noise. 
In this paper research we will introduce two ways of improving the operations of average and median filters, these 

improved filters will be tested and compared with the standard average and median filters, it will be shown how the 

improvements will enhance the value of the quality parameters MSE and PSNR, some recommendation will be raised 

to show when and how to use each of the improvement ways.  
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Introduction 

The digital color image is one of the most important types of digital data in circulation due to its use in vital and multiple 

applications that require ridding it of the negative effects of noise effects, including salt and pepper noise [1-5].  Digital color 

image can be represented by 3 2D matrices (one 2D matrix for each color: red, green and blue) as shown in figure 1 [20-25]. Each 

matrix can be extracted and treated separately, and the processed colors matrices can be combined to form a processed digital 

color image [6-12]. 
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Figure 1: Color image representation 

Salt and pepper noise is one of the most popular noises that can affect the color image making it unclear, this noise changes some 

pixel’s values to 0 (pepper) or to 255 (salt), the negative effects caused by this noise depends on the noise density which is equal 

the number of affected pixels divided by the total pixel in the image, figure 2 shows how the negative effects will be increased 

when increasing noise density [13-19]. 

 

Figure 2: Effects of increasing noise density 
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The quality of the filter operation can be measured by mean square error (MSE) between a source and denoised image, or/and by 

peak signal to noise ratio (PSNR), the quality parameters can be calculated using equations 1 and 2 shown below [30-40]: 

 

The mean-square error (MSE) and the peak signal-to-noise ratio (PSNR) are used to compare image compression quality [26-30]. 

The MSE represents the cumulative squared error between the denoised and the original image, whereas PSNR represents a 

measure of the peak error. The lower the value of MSE, the lower the error, and hence the higher quality, and the higher the value 

of PSNR the higher the quality level, and here the effective filter used to reduce the salt and pepper noise must minimize the 

value of MSE and at the same time maximize the value of PSNR, and acceptable values for the PSNR are above 50 dB [20-25]. 

Related works 

Many filters such as Gaussian, Sobel, Prewitt, Laplacian, Unsharp, log, median and average filter are used to reduce salt and 

pepper noise. In [43] it was shown that all these filters except average and median filter have poor utilization and the calculated 

quality parameters are not acceptable specially if the noise density is high, so we will focus in this paper research on average and 

median filters because they have better performance comparing with other filters [41-43]. 

Median filter operates on each pixel in the noisy image [41], [42]; figure 3 illustrates an example of how this filter operates.  

 
Figure 3: Median filter operations 
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Average filter is also operating on each pixel in the noisy image, it uses a mask to be convoluted with the noisy image to produce 

a denoised image, figure 4 shows an example of how this filter operates [41-43]. 

 

Figure 4: Average filter operations 

Median and average filters can be used to reduce the effects of salt and pepper noise when the noise density is low, here median 

filter gives better results when the noise density is low, this is shown in figures 5 and 6. 

 

Figure 5: Denoising using median filter 
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Figure 6: Denoising using average filter 

The proposed method 

The median/average filter can be implemented applying the following algorithm: 

Input:  

Noisy color image. 

Output: 

Denoised color image. 

Operations: 

- Extract each color from the noisy color image. 

- Apply median or average filter to denoised each color. 

- Combine the three denoised colors to form the denoised color image. 

This algorithm can be improved to enhance the values of MSE and PSNR; the improved 1 algorithm can be implemented as 

follows: 

Improved 1 algorithm: 

Input: 

Noisy color image> 

Output: 

Denoised color image. 

Operations: 

- Extract the color matrices. 

- For each color matrix do the following: 

- For each pixel do the following. 
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- If the pixel not equal zero, or the pixel not equal 255 move this pixel from the noisy image to the denoised image, otherwise  

apply filtering for this pixel. 

- Combine the three matrices to form the denoised color image. 

Improved 2 algorithm: 

This algorithm can be implemented applying the following: 

Input: 

Noisy color image. 

Output: 

Denoised color image. 

Operations: 

- Extract each color matrix. 

- For each color matrix (A). 

-  Create a logical matrix B matrix using A, as shown in figure 7: 

 
Figure 7: Mask index 

 
- Create padding matrix PA and padding index matrix PB matrices based on the mask size as shown in figures 8 and 9: 

 
Figure 8: Padding matrix PA 
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Figure 9: Padding index matrix PB 

 

- For each pixel in A, compare the associated pixel in B with 1, if equal 1 leave the pixel in A without change and proceed 

to the next pixel, else proceed to the next step. 

- If the sum of elements in the window of matrix PB equal zero leave the pixel in A without change and proceed to the next 

pixel in A, else proceed to the next step. 

-  Find the median value in the window in matrix PA excluding the elements with zero and 255 values.  

-  Replace the pixel in A with the median value.  

- Combine the matrices A of the tree colors to form the denoised color image. 

Below are examples of the improved 2 algorithm: 

Example 1: 

The pixel under processing is not a noisy pixel (greater than zero and less than 255) (apply improvement 1), see figure 10: 

 

Figure 10: Improvement 1 example 

Example 2: 

Keep the pixel without change, the pixel under processing is not a noisy pixel and it is surrounded by zero noisy pixels (see figure 

11): 

 

Figure 11: Keep the pixel without change, (improvement 2) 
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Example 3: 

Keep the pixel without change, the pixel under processing is not a noisy pixel and it is surrounded by noisy pixels with value 

=255 (improvement 2) (see figure 12): 

 

Figure 12: keep the pixel without change, (improvement 2) 

Example 4: 

For the created window, and if the condition in figure 13 is satisfied then the pixel value must equal the mean (average) 

 

Figure 13: Change the pixel value (improvement 2) 

Example 5: 

For the created window, and if median (average) value =0 (see figure 14), keep the pixel value without change. 

 

Figure 14: Keep the pixel without change (Improvement 2) 
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Example 6: 

For the Created window, and if median (average) value =255 (see figure 15), keep the pixel value without change. 

 

Figure 15: Keep the pixel without change (Improvement 2) 

Implementation and experimental results 

The proposed two ways were implemented using color image with various noise densities, figures 16, 17 and 18 show an output 

examples of the implementation, from these figures we can see the following points: 

- The quality parameters values obtained by improvement 2 and using high density noise are better [41-43]. 

- Increasing the mask size from 3 by 3 to 9 by 9 will decrease the MSE and at the same time increase the value of PSNR 

making the denoised image closer to the clean color image. 

- For high density noises we recommend using improvement 2, while for lower density noises it sufficient to use 

improvement 2, this will be shown in the next shown tables.   

 

 

Figure 16: Outputs using improvement 2 
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Figure 17: Outputs using improvement 1 

 

Figure 18: Outputs using improvement 2 (expanded mask) 

Noisy image with high densities values were treated using median filter and the two ways of improvements, table 1 shows the 

obtained experimental results, and figure 19 shows an output example. 

 

Table 1: High density noise reduction using median filter 

Noise density % Median filter First improvement Second improvement 

MSE PSNR MSE PSNR MSE PSNR 

20 61.2102 69.6821 29.1936 77.0858 17.9880 81.9282 

30 240.5453 55.9962 148.4377 60.8236 25.6576 78.3769 

40 755.0159 44.5579 507.2030 48.5362 34.2157 75.4984 

50 1.8106e+003 35.8109 1.2942e+003 39.1685 42.1170 73.4208 

60 3.5967e+003 28.9475 2.7447e+003 31.6510 50.7826 71.5497 

70 6.2157e+003 23.4770 5.0372e+003 25.5792 59.8060 69.9142 

80 9.5873e+003 19.1433 8.3364e+003 20.5414 69.7358 68.3781 

90 1.3568e+004 15.6702 1.2642e+004 16.3771 83.1880 66.6142 
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Figure 19: Reduction of high density noise using median filter 

The same experiment was repeated using average filter, table 2 shows the obtained results, while figure 20 shows an 

output example. 

Table 2: High density noise reduction using average filter 

Noise density % Average filter First improvement Second improvement 

MSE PSNR MSE PSNR MSE PSNR 

20 257.6607 55.3088 144.0761 61.1219 18.8691 81.4500 

30 406.7541 50.7432 295.5431 53.9371 27.4922 77.6863 

40 587.9511 47.0588 506.6721 48.5466 36.0591 74.9737 

50 794.1665 44.0523 791.3266 44.0882 44.6033 72.8472 

60 1.0323e+003 41.4300 1.1435e+003 40.4070 53.5593 71.0174 

70 1.3019e+003 39.1095 1.5761e+003 37.1984 62.5282 69.4691 

80 1.6002e+003 37.0463 2.0960e+003 34.3473 71.9359 68.0675 

90 1.9308e+003 35.1682 2.7142e+003 31.7629 83.6681 66.5567 

 

 

Figure 20: Reduction of high density noise using average filter 

Noisy image with low densities values were treated using median filter and the two ways of improvements, table 3 shows the 

obtained experimental results for median filter, while table 4 shows the obtained results for average filter. 

Table 3: Low density noise reduction using median filter 

Noise density % Median filter First improvement Second improvement 

MSE PSNR MSE PSNR MSE PSNR 

2 13.2697 84.9704 0.5476 116.8482 3.5632 98.1188 

4 14.1998 84.2930 1.1508 109.4207 5.1920 94.3540 

6 15.4965 83.4191 1.9658 104.0664 6.7398 91.7449 

8 17.3800 82.2720 2.9108 100.1410 8.3125 89.6476 

10 19.9208 80.9076 4.2725 96.3033 9.8716 87.9287 

12 22.6204 79.6368 6.4146 92.2395 11.3596 86.5246 

16 35.4070 75.1562 13.4715 84.8195 14.6135 84.0058 

19 53.0894 71.1055 25.1055 78.5944 16.6664 82.6913 
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Table 4: Low density noise reduction using average filter 

Noise density % Average filter First improvement Second improvement 

MSE PSNR MSE PSNR MSE PSNR 

2 62.2635 69.5115 6.0751 92.7833 3.5768 98.0805 

4 79.5076 67.0667 13.8724 84.5263 5.2090 94.3214 

6 97.7304 65.0031 23.2278 79.3718 6.9138 91.4901 

8 116.7606 63.2240 34.5672 75.3962 8.6842 89.2103 

10 137.0803 61.6196 48.3416 72.0423 10.3168 87.4875 

12 159.0887 60.1306 62.8458 69.4184 12.0473 85.9369 

16 205.5921 57.5663 99.3395 64.8398 15.5437 83.3887 

19 243.8175 55.8611 132.6606 61.9473 18.1058 81.8629 

 

From tables 3 and 4 we can see the following points: 

- For high density noise reduction, it is recommended to use median filter with two ways of improvements, 

average filter here gave results which are very closed to median filter. 

- For low density noise reduction, it is recommended to use median filter with one way of improvements, this 

is shown in figures 21 and 22.. 

 
 

Figure 21: Filters comparisons for high density noise reduction 
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Figure 22: Filters comparisons for low density noise reduction 

 

Mean and average filters apply noise reduction using a mask with a predefined size, different in sizes masks were used to reduce 

the salt and pepper noise, the filters were implemented using various noise density values, table 5 shows the obtained 

experimental results. 

 

Table 5: Results using different filters with various mask sizes. 

Noise density = 1% 

Mask size Median: Improved 2 Average: Improved 2 

MSE PSNR MSE PSNR 

3 by 3 4.4799 95.8292 4.1775 96.5280 

5 by 5 3.7994 97.4768 3.4416 98.4660 

7 by 7 3.1157 99.4606 2.8432 100.3760 

9 by 9 2.7176 100.8279 2.4746 101.7643 

11 by 11 2.5411 101.4993 2.4701 101.7825 

13 by 13 2.5887 101.3138 2.4852 101.7217 

Noise density = 10% 

3 by 3 21.8366 79.9894 20.3829 80.6783 

5 by 5 16.8368 82.5896 15.7026 83.2870 

7 by 7 13.2712 84.9693 12.1467 85.8547 

9 by 9 10.5504 87.2636 9.9223 87.8774 

11 by 11 9.1784 88.6567 9.2861 88.5401 

13 by 13 9.2097 88.6227 9.4843 88.3289 

Noise density = 70% 

3 by 3 652.0105 46.0247 641.9898 46.1795 

5 by 5 112.8900 63.5611 104.0381 64.3777 

7 by 7 84.4992 66.4578 76.5656 67.4438 

9 by 9 66.7093 68.8218 62.4405 69.4831 

11 by 11 57.4097 70.3231 56.3838 70.5035 

13 by 13 55.5465 70.6531 57.9208 70.2345 

From table 5 we can see that both average and median filters with 2 improvements gave a results closed to each other, and both of 

them can be recommended to deal with salt and pepper noise (see figure 23), from the obtained results we can see that the optimal 

results were obtained when using mask with size 11 by 11. 
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Figure 23; Filters comparisons when increasing the mask size 

 

Conclusion 
The median and average filters are used to partially eliminate the effects of salt and pepper noise on color digital images, 

However, as the noise density increases, these filters become ineffective. The median and average filters were investigated using 

low and high density noises, the first and second improvements of these filters were implemented and it was shown that these 

improvements enhanced the values of MSE and PSNR for low and high density noises. 

Different masks were used using the suggested improvement and it was show that increasing the mask size will enhance the 
values of MSE and PSNR, thus provides more noise cleaning., here the best results were obtained when the mask is 11 by 11 

matrix. From the obtained results we can recommend median filter with second improvement for high density noise elimination 

and median filter with first improvement for low noise density elimination. 
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