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ABSTRACT 

Noise in digital images has become one of the important issues in vision applications. Many vision based applications produce 
poor results when noise is present in images. Lot of research has been done so far to reduce or remove noise from digital images. 
Different kind of filters has been proposed so far. But most of filters put artifacts while doing their work. Some filters fails when 
noise density is very high. Some filters results in over smoothed image when input image comes up without any kind of the noise. 
This paper proposes a new improved relaxed median filter which has ability to reduce the high density of the noise and also when 
image is noise free. The proposed method also preserves edges as compared to the available methods. The proposed algorithm 
also uses DCT based compression to improve the speed of the proposed method. The proposed method has been designed and 
implemented in MATLAB using image processing toolbox. Different kinds of the images are taken to validate the performance of 
the proposed algorithms. Comparative analysis has shown significant improvement over the available methods. 
Indexing terms/Keywords: Salt and pepper noise, Median filter, Smoothing and Sharpening. 
 
1. INTRODUCTION  
In image processing, noise reduction and restoration of image is expected to improve the qualitative inspection of an 
image and the performance criteria of quantitative image analysis techniques. Digital image is inclined to a variety of 
noise which affects the quality of image. The main purpose of de-noising the image is to restore the detail of original 
image as much as possible. The criteria of the noise removal problem depend on the noise type by which the image is 
corrupting. In the field of reducing the image noise several types of linear and nonlinear filtering techniques have been 
proposed. Different approaches for reduction of noise and image enhancement [1] have been considered, each of which 
has their own limitation and advantages. 
Image de-noising is a vital image processing task i. e. as a process itself as well as a component in other processes. Many 
ways to de-noise an image or a set of data and methods exists. The important property of a good image denoising model is 
that it should completely remove noise as far as possible as well as preserve edges. Traditionally, there are two types of 
models i. e. linear model and non-liner model. Generally, linear models are used. The benefits of linear noise removing 
models is the speed and the limitations of the linear models is, the models are not able to preserve edges of the images in 
a efficient manner i. e. the edges, which are recognized as discontinuities in the image, are smeared out. On the other 
hand, Non-linear models [2] can handle edges in a much better way than linear models.  
 
2. Related work 
S. Esakkirajan et al. (2011) [1] described a new algorithm Modified Decision Based Unsymmetric Trimmed Median 
Filter (MDBUTMF) which gives better performance in comparison with existing noise removal algorithms in terms of 
PSNR and IEF. The performance of the algorithm has been tested at different noise densities on both gray-scale and color 
images. Even at high noise density levels the MDBUTMF gives better results in comparison with other existing 
algorithms. Both visual and quantitative results are demonstrated. The algorithm is effective for salt and pepper noise 
removal in images at high noise densities.  
PriyankaKamboj et al. (2013) [2] described that Enhancement of a noisy image is necessary task in digital image 
processing. Filters are used best for removing noise from the images. Various types of noise models and filters techniques 
have been described. Filters techniques are divided into two parts linear and non-linear techniques. After studying linear 
and non-linear filter each of have limitations and advantages.  
Shanmugavadivu et al. (2012) [3] proposed a filter which is more effective in restoring the images corrupted with fixed-
value impulse noise. As the proposed filter is computationally simple, the restoration rate is faster. This filter finds 
application in eliminating noise from various scanning images, used in the study of surface morphology, because these 
images are invariably degraded by fixed value impulse noise.  
Shanmugavadivu P et al. (2011) [4] defined a newly devised noise filter namely, Adaptive Two-Stage Median Filter 
(ATSM) to denoise the images corrupted by fixed-value impulse noise. The performance of the proposed filter has proved 
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to be better in terms of Peak Signal-to-Noise Ratio and human visual perception. This filter is effectual in denoising the 
highly corrupted image.  
K. S. Srinivasan et al. (2007) [5] discussed a new decision-based algorithm for restoration of images that are highly 
corrupted by impulse noise. The new algorithm shows significantly better image quality than a Standard Median Filter 
and various nonlinear filters. The proposed method, unlike other nonlinear filters, removes only corrupted pixel by the 
median value or by its neighboring pixel value.  
V. Jayaraj et al. (2010) [6] described the new method which introduces the concept of substitution of noisy pixels by 
linear prediction prior to estimation. A novel simplified linear predictor is developed for this purpose. The objective of the 
scheme and algorithm is the removal of high-density salt and pepper noise in images.  
K. Aiswarya et al. (2010) [7] described a new algorithm to remove high-density salt and pepper noise using modified 
sheer sorting method. The new algorithm has lower computation time when compared to other standard algorithms. 
Results of the algorithm are compared with various existing algorithms and it is proved that the new method has better 
visual appearance and quantitative measures at higher noise densities. 
GnanambalIlango et al. (2011) [8] introduced various hybrid filtering techniques for removal of Gaussian noise from 
medical images. The performance of Gaussian noise removing hybrid filtering techniques is measured using quantitative 
performance measures such as RMSE and PSNR. The experimental results indicate that the Hybrid Max Filter performs 
significantly better than many other existing techniques and it gives the best results after successive iterations. The 
method is simple and easy to implement.  
P. E. Ng et al. (2006) [9] proposed a novel switching median filter incorporating with a powerful impulse noise detection 
method for effectively denoising extremely corrupted images. To determine whether the current pixel is corrupted, the 
algorithm first classifies the pixels of a localized window, centering on the current pixel, into three groups-lower intensity 
impulse noise, uncorrupted pixels, and higher intensity impulse noise.  
ZinatAfrose (2012) [10] described a method to remove Salt & pepper, Gaussian and Speckle noise from compound 
images using median filter, relaxed median filter, wiener, centre weighted median and averaging filter. The performance 
of the different filters with the applied noises using compound images are compared and analyzed according to PSNR 
value. 
 
3. Problem Formulation 
A. Problems in existing Work 
Image restoration is the process of eliminating or reducing noise from a degraded image with an objective to recover, the 
original image. Noise is a quality degradation factor that is measured as unwanted/unrelated information present in the 
image. Several nonlinear filters have been proposed for the restoration of images contaminated by salt and pepper. The 
Modified Decision Based Unsymmetrical Trimmed Median Filter (MDBUTMF) algorithm removes impulse noise at high 
noise density and gives better Peak Signal-to-Noise Ratio (PSNR) and Image Enhancement Factor (IEF) values but by 
time complexity theory it is time consuming and also it does not preserve edges in an image. 
 
B. Problem Definition 
Removal of noise in an image is a very important task. Denoising finds extensive applications in many fields of image 
processing. Image Denoising is an important pre-processing task before further processing of image like segmentation, 
feature extraction, texture analysis etc. The purpose of denoising is to remove the noise while retaining the edges and 
other detailed features as much as possible. In the present work effort are made to remove impulse noise(salt and pepper 
noise).Impulse noise frequently corrupts the images due to the limitations and defects in the process and/or media of 
acquisition and transmission. This noise gets distributed over the image in terms of non-correlated neighboring pixels. 
The proposed method will effectively remove noise using hybrid median technique and produce better quality image.  
 
C. Justification of Problem 
Image filtering is used in order to remove noises in images and improve the quality of images. The proposed method will 
decrease the time consumption by using the technique of DCT compression and also it suppresses the impulse noise with 
higher degree of edge preservation by combining the hybrid median filter and relaxed median filter. The combination of 
these two filters is possible as both of them are non linear spatial filters possessing the same category i.e. median filter 
and moreover both the filters produce best result in improving edges and preserving lines in image after filtering. 
 
4. Experimental Setup and Proposed Algorithm 
A. Proposed Algorithm 
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This section consists proposed algorithm’s steps. It has given the different steps which are required to implement the 
proposed algorithm. The main difference here is to use Integrated Median Filter to reduce the effect of the salt and pepper 
noise in efficient manner as shown in figure 1. 

 
Figure 1 Block diagram of proposed Integrated Median Filter 

 
Step 1: Select image from computer memory into current program. Any given digital image is represented as an array 
size M*N pixels. 
Step 2: Apply DCT compression which will help in reducing number of bits in an image. 
Step 3: Select the dimension size of an image in order to calculate the values of pixel in a current image which will also 
help in obtaining end of file. 
Step 4: Repeat the following steps until all the pixels of an image is not checked and end of file is not conquered. 
Step 5: Collect all the pixels from mask following different size 3*3, 5*5, 7*7 in order to obtain pixels values in a 
selected mask. 
Step 6: Check whether value of center pixel is 0 which represent pepper noise or 255 which represent salt noise is present 
or not. 
Step 7: Eliminate all pixel values 0 or 255 and collect the remaining pixels which are uncorrupted.  
Step 8: Apply integrated median filter which is the combination of hybrid and relaxed median filter to calculate value of 
median of remaining pixels which will be used to replace center corrupted pixel in a mask. 
Step 9: Move mask on each pixels of an image in order to remove all salt noise and pepper noise from current image. 
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Step 10: When all the corrupted pixels are removed we will obtain the filtered image. 
 
B. Experimental set-up 
In order to implement the proposed algorithm; design and implementation is done in MATLAB using image processing 
toolbox. In order to do cross validation the proposed algorithm is compared with the existing standard median filter and 
relaxed median filter. Table 1 is showing the various images which are used in this research work. Images are given 
along with their format and size. All the images are of different kind and also the filtering evaluation is different for each 
image.  

Table 1: Description of Images Used 
ImageNo. NAME FORMAT SIZE 

1. Barbara JPEG 474 KB 
2  House Bitmap  3.82 MB 
3 Dragon Bitmap 2.91MB 
4 Flowers Bitmap 2.91MB 
5 Football Bitmap 4.28MB 
6 Lady JPEG 209 KB 
7 Lena Bitmap 3.79KB 
8 Mandrill Bitmap 3.43KB 
9 Pens Bitmap 2.00 MB 
10 Peppers PNG 3.29 MB 

 
5. Experimental results 
Figure 2 has shown the input image which is passed to the simulation. 

 
Figure 2 Input image 

Figure 3 has shown the noisy image with density =.8. It is clearly shown that the noise has degrades the visibility of the 
image. 

 
Figure 3 Noisy image 

Figure 4 has shown the filtered image using the traditional median filtered image. It is clearly shown that the image is 
somehow filtered but has not shown the accurate results. 
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Figure 4 Median filtered image 

 
Figure 5 has shown that the noise has been reduced using the relaxed median filter but results are not much effective. 

 
Figure 5 Relaxed median filtered image 

 
Figure 6 has shown that the results are quite effective and has much more better results than the available methods. Thus 
the proposed algorithm has shown quite significant improvement over the available methods. 

 
Figure 6 Proposed algorithm’s filtered image 

6. Performance evaluation 
Table 2 and Figure 7 are showing the comparative analysis of the Mean square error (MSE). As MSE need to minimize; 
so our goal is to reduce them MSE as much as possible. Table 2 and Figure 4 is clearly shown that MSE is less in our case 
therefore proposed algorithm is providing better results.  
 

Table 2 MSE evaluation table 
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Images Noisy  
Image 

Median 
Filter 

RMF Proposed  
Filter 

Barbara 15463 10308 7809 414 
 House 16890 11383 8709 482 
Dragon 18983 12606 9513 513 
Flowers 18302 12273 9313 371 
Football 18276 12083 9045 87 

Lady 16743 11181 8407 103 
Lena 17111 11505 8745 134 

Mandrill 15426 10375 7907 496 
Pens 16496 10966 8280 282 

Peppers 14994 10042 7611 155 
 

 
Figure 7 MSE Evaluation 

Table 3 and Figure 8 is showing the comparative analysis of the Peak Signal to Noise Ratio (PSNR). As PSNR need to be 
maximized; so our goal is to increase PSNR as much as possible. Table 3 and Figure 6 is clearly shown that PSNR is 
maximum in our case therefore proposed algorithm is providing better results. 
 

Table 3 Peak signal to Noise Ratio 
Images Noisy 

Image 
Media

n 
Filter 

RMF Propose
d 

Filter 
Barbar

a 
6.237
9 

7.999
1 

9.204
8 

21.9608 

 House 5.854
5 

7.568
2 

8.731
1 

21.3003 

Drago
n 

5.347
4 

7.125
0 

8.347
6 

21.0296 

Flower
s 

5.565
8 

7.241
3 

8.439
9 

22.4371 

Footbal
l 

5.512
0 

7.309
1 

8.566
7 

28.7356 

Lady 5.892
5 

7.646
0 

8.884
4 

28.0024 

Lena 5.798
0 

7.521
9 

8.713
2 

26.8598 

Mandri
ll 

6.248
3 

7.970
9 

9.150
7 

21.1760 
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Pens 5.957
0 

7.730
3 

8.950
5 

23.6283 

Pepper
s 

6.371
6 

8.112
6 

9.316
4 

26.2275 

 

 
Figure 8 PSNR Evaluation 

 
Table 4 and Figure 9 are showing the comparative analysis of the Maximum Difference. As Maximum Difference needs 
to be minimized; so our goal is to reduce them Maximum Difference as much as possible. Table 4 and Figure 7 are clearly 
shown that Maximum Difference is less in our case therefore proposed algorithm is providing better results.  
 
 

 
Table 4 Maximum difference 

Images Noisy 
Image 

Median 
Filter  

RMF Proposed 
Filter 

Barbara 255 253 253 227 
 House 255 255 255 255 
Dragon 246 246 246 209 
Flowers 255 255 255 220 
Football 255 255 255 154 
Lady 255 255 255 188 
Lena 255 255 255 232 
Mandrill 254 255 251 211 
Pens 239 239 239 219 
Peppers 238 238 238 200 
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Figure 9 Maximum Difference Evaluations 
 

Table 5 and Figure 9 are showing the comparative analysis of the Mean Difference. As Mean Difference needs to be 
minimized; so our goal is to reduce them Mean Difference as much as possible. Table 5 and Figure 8 are clearly shown 
that Mean Difference is less in our case therefore proposed algorithm is providing better results.  
 

Table 5 Mean difference 
Images Noisy 

Image 
Media

n 
Filter 

RMF Propose
d 

Filter 
Barbar

a 
1.9490 1.9730 1.8227 0.0381 

 House 10.758
9 

7.6803 6.0599 0.0699 

Dragon 56.637
2 

37.290
7 

27.732
4 

0.0427 

Flowers 22.964
6 

15.215
8 

11.394
7 

0.0423 

Footbal
l 

46.685
4 

30.479
3 

22.586
9 

0.0497 

Lady 42.310
2 

28.050
7 

20.910
5 

0.1147 

Lena 41.829
5 

28.462
4 

21.797
0 

0.0153 

Mandri
ll 

0.8708 0.8823 0.9845 0.0965 

Pens 21.613
2 

14.057
5 

10.294
8 

01732 

Pepper
s 

17.014
9 

11.859
5 

9.2563 0.0203 

 
Figure 9 Mean Difference Evaluation 

 
Table 6 and Figure 10 describe the comparative analysis of edge preservation ratio. As edge preservation ratio should be 
maximize, so our aim is to increase the edge preservation ratio as much as possible. Table 6 and Figure 9 clearly show 
that edge preservation Ratio is greater in our case so the proposed method is providing better results. 
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Table 6 Edge Preservation Ratio 
Images Noisy 

Image 
Median 

Filter  
RMF Proposed 

Filter 
Barbara 0.0089 0.0126 0.0163 0.1568 
 House 0.0159 0.0013 0.1345 0.2411 
Dragon 0.0110 0.0069 0.0127 0.1309 
Flowers 0.0108 0.0046 0.0093 0.1303 
Football 0.0090 -0.0018 0.0011 0.1432 
Lady 0.0160 -0.0115 -0.0117 0.3028 
Lena 0.0196 -0.0160 -0.0193 0.4822 
Mandril 0.0161 0.0120 0.0147 0.2118 
Pens 0.0182 -0.0075 -0.0066 0.2638 
Peppers 0.0174 -0.0068 -0.0086 0.3707 

 

 
Figure 10 Edge Preservation Evaluation  

 
Table 7 and Figure 11 describe the comparative analysis of Execution Time Evaluation. As Filtering Time should be 
minimize, so our aim is to decrease the edge preservation ratio as much as possible. Table 7 and Figure 10 clearly show 
that Filtering Time is lesser in our case so the proposed method is providing better results. 
 

Table 7 Execution Time Evaluation 
Images Without DCT With DCT 

Barbara 175.8384 111.9157 
 House 116.9914 89.5028 
Dragon 95.6925 50.5695 
Flowers 131.9260 88.3020 
Football 136.1283 92.0918 
Lady 115.0719 72.2982 
Lena 125.1340 72.1168 
Mandril 112.6037 78.4559 
Pens 70.7765 45.0583 
Peppers 122.7767 77.7981 
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Figure 11 Execution Time Evaluations 

 
7. Conclusion and Future work 
Image restoration is the process of eliminating or reducing noise from a degraded image with an objective to recover, the 
original image. Noise is a quality degradation factor that is measured as unwanted/unrelated information present in the 
image. Several nonlinear filters have been proposed for the restoration of images contaminated by salt and pepper. The 
Modified Decision Based Unsymmetric Trimmed Median Filter (MDBUTMF) algorithm removes impulse noise at high 
noise density and gives better Peak Signal-to-Noise Ratio (PSNR) and Edge preserving ratio values but by time 
complexity theory it is time consuming and also it does not preserve edges in the image. This paper has proposed a new 
improved relaxed median filter which has ability to reduce the high density of the noise and also when image is noise 
free. The proposed method has also preserves the edges than available methods. The proposed algorithm has also used 
DCT based compression to improve the speed. The proposed method has been designed and implemented in MATLAB 
using image processing toolbox. Different kind of the images has been taken for experimental purpose. Comparative 
analysis has shown significant improvement of the proposed algorithm over the available methods. 
 
In near future this work will be extended to enhance the results further using tree based decision tree algorithm which 
will give more faster results and also will improve the way to select the replacement value when the window contain all 
noisy pixels i.e. 0 or 255 or 0/255 each. 

 
REFERENCES 
[1] S. Esakkirajan, T. Veerakumar, Adabala N. Subramanyam, and C. H. PremChand. 2011 Removal of High Density 

Salt and Pepper Noise Through Modified Decision Based Unsymmetric Trimmed Median Filter.IEEE SIGNAL 
PROCESSING LETTERS, VOL. 18, NO. 5 

[2] PriyankaKamboj, Versha Rani. 2013 Image Enhancement Using Hybrid Filtering Techniques. International Journal 
of Science and Research.Vol 2, No. 6, June 2013. 

[3] Shanmugavadivu, EliahimJeevaraj. 2012 Laplace Equation based Adaptive Median Filter for Highly Corrupted 
Images. International Conference on Computer Communication and Informatics  

[4] Shanmugavadivu P and EliahimJeevaraj P S. 2011 Fixed–Value Impulse Noise Suppression for Images using PDE 
based Adaptive Two-Stage Median Filter. ICCCET-11 (IEEE Explore), pp. 290-295.  

[5] K. S. Srinivasan and D. Ebenezer. 2007 A new fast and efficient decision based algorithm for removal of high 
density impulse noise.IEEE Signal Process.Lett, vol. 14, no. 3, pp. 189–192 

[6] V. Jayaraj and D. Ebenezer. 2010 A new switching-based median filtering scheme and algorithm for removal of 
high-density salt and pepper noise in image.EURASIP J. Adv. Signal Process.  

[7] K. Aiswarya, V. Jayaraj, and D. Ebenezer. 2010 A new and efficient algorithm for the removal of high density salt 
and pepper noise in images and videos. Second Int. Conf. Computer Modeling and Simulation, pp. 409–413. 

[8] GnanambalIlango and R. Marudhachalam. 2011 new hybrid filtering techniques for removal of Gaussian noise from 
medical images.ARPN Journal of Engineering and Applied Sciences.  

[9] P. E. Ng and K. K. Ma. 2006 A switching median filter with boundary discriminative noise detection for extremely 
corrupted images. IEEE Trans. Image Process. vol. 15, no. 6, pp. 1506–1516 

[10] Afrose. 2011 Relaxed Median Filter: A Better Noise Removal Filter for Compound Images. International Journal on 
Computer Science and Engineering (IJCSE) Vol. 4 No. 07 



International Journal of Application or Innovation in Engineering & Management (IJAIEM) 
Web Site: www.ijaiem.org Email: editor@ijaiem.org, editorijaiem@gmail.com  

Volume 3, Issue 1, January 2014   ISSN 2319 - 4847 
 
 

Volume 3, Issue 1, January 2014 Page 129 
 
 

[11] Rafael C. Gonzalez, et al., 2005. Digital Image Processing using MATLAB, second Ed, Pearson Education, India.  
[12] Median Filtering, [Last Visited] 18 June 2013 [Online] [Available] www.mathworks.com.  
[13] Chan, R. H. Salt and pepper noise removal by median-type noise detectors and detail-preserving regularization. IEEE 

Trans. on Image Processing, Vol. 14, no. 10, pp 1479-148 
[14] H. Hwang and R. A. Hadded. 1995 Adaptive median filter: New algorithms and results.IEEE Trans. Image Process, 

vol. 4, no. 4, pp. 499–502, Apr. 1995. 
[15] J. Astola and P. Kuosmaneen.1997 Fundamentals of Nonlinear Digital Filtering.Boca Raton, FL: CRC, 1997. 
 

 

 

 

 

 

 

 

 

 

 

 

                              
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


