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Abstract 

A mode filter (MF) is proposed to remove high density salt & pepper noise from images. First stage in this algorithm the pixels 
with noise are detected and in the second stage each noisy pixel has been replaced by the mode value, after reduced range and 
estimate all noise value (0’s and 255’s) from the kernel. The proposed algorithm MF shows significantly better image quality than 
a simple median filter (SMF), adapted mean filter (AMF), Decision Based Algorithm (DBA) and Decision Based Unsymmetric 
Trimmed Median Filter (MDBUTMF). The proposed algorithm is examined with different gray image and it appears better Peak 
Signal-to-Noise Ratio (PSNR) and Image Enhancement Factor (IEF). 
 
Keywords: Median value, mode filter, denoises impulse noise. 

 
1. Introduction 
Noise represent undesired information when destroy image quality, Digital images are often distorted by impulse noise 
during data acquisition, transmission and storage. In the last years there have been very much number of research papers 
published in various journals on the application of median filters for removal of salt and pepper noise from the gray 
images, by various authors [1-4].  SMF are known for removing impulse noise also preserves the edges region at low 
noise density level [5]. And at high noise densities, SMF often show blurring in the edge region for large window sizes 
and incomplete noise suppression for small window sizes. The AMF almost is good at lower noise density levels, due to 
the fact that there are only fewer distortion pixels that are replaced by the median values [3], [6]. But at high noise 
densities the window size is large which may cause to increase blurring the image due to distortion in the edge regions. 
many  techniques first is detect  the  impulse  locations  and  then is  filter  the  noisy pixels without processing the 
uncorrupted ones as  DBA [7] and MDBUTMF [8] algorithms. The Decision Based Algorithm (DBA) is one of the fast 
methods and it is an efficient algorithm capable of impulse noise removal at noise densities as high as 80% [9]. the 
MDBUTMF is eliminate any value of noise in the kernel and then find median value , but the disadvantage of these 
algorithms are streaking at very higher noise densities. The proposed algorithm re-moves this drawback at very high 
noise density depending on mode filter and gives good   PSNR and    IEF values than the existing algorithm. 
 
2. MODE FILTER ALGORITHM 

The mode of a set of data values is the value that occurs most often the proposed method MF is replaced the noisy value 
by the mode value after the data range is reduced and eliminated all noisy pixels from the kernel. Figure (1) illustrated the 
data in the kernel with size (3×3) the direct mode value is 201 and we reduced range by divided the data on scaling value 
(15) and the take the round and the mode is (4) at indexes (2, 7, 8), if we take first index (i=2) this make the mode value  
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Figure 1: Simple example for MF with 3×3 
kernel size. 

 

Figure 2: Flow chart of MF. 
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of the original data is (54). The benefit of reduced range is approximate values with low different and make the mode 
value is more generally. Figure (2) illustrated the flowchart of the MF algorithm. The steps of   this algorithm are 
explained as follows: 

1. A window of size 3x3 is selected. The pixel to be processed being I(i,j). 
2. If 0 < I(i,j) < 255 .The I(i,j) is  an  uncorrupted and  it remains without change. 
3. If the all values in the window equal 0 or 255 or both, Replaced I(i,j) with the value  I(i-1,j). 
4. If the all values in the window not equal 0 or 255 or both, then Eliminate the element with value 0 or 255 in the 

window as a raw vector X(n). 
5. Reduced range of X(n) vector  by using Xr(n)=round(X(n)/15) and then find first mode value with index nm. 
6. Replaced the center value I(i,j) with the value X(nm) . 

 
3. SIMULATION RESULTS     
Gray-scale images like Cameraman, Lena and Baboon of size (256×256 pixel), with type TIF have been used in the 
algorithms. Images have been corrupted by impulse (salt and pepper) noise with different high noise densities, like noise 
(80%), (85%) and very high noise densities like (90%) and (95%). Then the MF algorithm is applied to the distorted 
image to remove the noise, yielding the denoised gray scale image. The efficiency of the restoration process is quantified 
by using   PSNR and   IEF. The results show improved performance of the MF algorithm in terms of these measures. All 
the algorithms are processing in MATLAB R2008. The metrics for comparison are defined as follows: 

 

 

 
  
Where  being original image,  is the restored image and  is the corrupted image.  Figure (3) shows the original 
and distortion cameraman images. and denoised images obtained by the various filters like SMF, which uses 11×11 for 
high noise density (80%), and 13×13 window size for very high noise density (85%, 90% and 95%), AMF which uses 
13×13 for high noise density and 15×15 window size for very high noise densities, in DBA, MDBUTMF and MF which 
uses a small fixed size 3×3 window for all noise levels. Figure (4) illustrate the comparison of different filters, applied on 
cameraman gray-scale image at various noise densities, the first column represents the denoised image using SMF from 
80% to 95% noise densities. Subsequent columns represent the denoised images for AMF, DBA, MDBUTMF 
 

 
Figure 3: Cameraman in (a) Original image and   its images distorted by salt and pepper noise and in (b, c, d and e) at 

densities 0.8, 0.85, 0.9 and 0.95 respectively. 
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Figure 4: Results of different algorithms for cameraman image by using (a) SMF.  (b) AMF.     (c) DBA.   (d) 

MDBUTMF.  (e) MF. Every column shows the denoising images that corrupted with densities 0.8, 0.85, 0.9 and 0.95 
respectively. 

 
 
and MF. From the figure, it is can observe that the quality of the restored image using proposed algorithm (MF) is better 
than the quality of the denoised image using other algorithms. The PSNR and IEF values of the MF algorithm are 
compared against the existing algorithms by varying the noise density from 80% to 95% and are shown in table 1-3 for 
Cameramen, Lena and Baboon,  From  this   tables   it   is   observed    that    the performance of the proposed algorithm 
(MF) is better than the existence algorithms at  both high and very   high noise densities, these data in the table are 
display in the figures (5) & (6) that illustrated the IEF and PSNR versus the noise density for processing images at 
different noise densities.  
 

Table 1: PSNR and IEF for many algorithms for cameraman image with different noise densities. 

 
 

Table 2: PSNR and IEF for many algorithms for Lena image with different noise densities. 
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Table3: PSNR and IEF for many algorithms for Baboon image with different noise densities. 
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Figure 5: Noise density as function of  IEF for (a) 
cameraman,(b)Lena and(c) for Baboon images. 

 

Figure 6: Noise density as function of PSNR for (a) 
cameraman,  (b) Lena and(c) for Baboon images. 
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4. CONCLUSION 
In this paper the MF algorithm is proposed and it gives better results in comparison with SMF, AMF, MF DBA and 
MDBUTMF for salt & pepper noise removal, depending on the IEF and PSNR. The suggested algorithm MF has been 
applied at high and very high noise densities levels; the MF gives better performance in comparison with other existing 
algorithms by using visual and quantitative results. 
 
 
References 
[1] N. C. Gallagher, Jr. and G. L. Wise, “A Theoretical Analysis of the Properties of Median Filters,” IEEE Trans. 

Acoust., Speech and Signal Processing, vol.ASSP-29, pp.1136-1141, Dec.1981. 
[2] T. A. Nodes and N.C. Gallagher, Jr., “The output distribution of median type filte rs,” IEEE Trans Communication., 

32(5): 532-541 , 1984. 
[3] Ho-Ming Lin, "Median Filters with Adaptive Length", IEEE Transactions on Circuits and Systems, Vol. 35, No. 6, 

June 1988. 
[4] H. Hwang and R. A. Hadded, “Adaptive median filter: New algorithms and results,” IEEE Trans. Image Process. , 

vol. 4, no. 4, pp. 499–502, Apr. 1995. 
[5] J. Astola and P. Kuosmaneen , Fundamentals of Nonlinear Digital Fil-tering . Boca Raton, FL: CRC, 1997. 
[6] S.Manikandan, O.Uma Maheswari, D.Ebenezer, "An Adaptive Recursive Weighted Median Filter withImproved 

Performance in Impulsive Noisy Environment",WSEAS Transactions on Electronics, Issue 3, Vol.1, July2004.  
[7] M. S. Nair, K. Revathy and R. Tatavarti, Removal of Salt and Pepper Noise in Images: A New Decision Based 

Algorithm,Proceedings of the International Multi Conference of Engineers and Computer Scientists 2008 (IMECS 
2008), Vol. I, 2008, pp.19-21. 

[8] S. Esakkirajan, T. Veerakumar, A. N. Subramanyam and C. H. PremChand, Removal of High Density Salt and 
Pepper Noise Through Modified Decision Based Unsymmetric Trimmed Median Filter, IEEE Signal Processing 
Letters, Vol.18, No.5, 2011, pp.287-290. 

[9] R. H. Chan, C .-W. Ho, and M. Nikolova, “Salt-and p- epper noise removal by median-type noise detectors and 
detail-preserving regularization,” IEEE Transact ions on Image Processing , vol. 14, no. 10, pp. 1479–1485, 2005. 

 
 
AUTHOR 

Received the B. Sc. in Physics, College of education,  Al-mustansiriyah University, Baghdad, Iraq (2001). 
Received the M. Sc. in Digital Image Processing, College of education, Baghdad University, Baghdad, Iraq  
(2004).  Dissertation title is "color image enhancement by using least square curve fitting". Received the 
Ph.D. In Digital  Image  Processing,  College  of  education,  Al-mustansiriyah University, Baghdad,  Iraq  

(2011).  Thesis  title  is  " Enhancement of Color Images Captured at Different Lightening Conditions ". Is currently 
working as an Lecture at Al-mustansiriyah University Collage of Sciences - Department of Physics.         
 


