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Abstract - There are various steps in image processing, which are used to improve visual standard of an image. Image 

segmentation is one of the most important step of them. The main objective of image segmentation is to extract various 

features of an image. This paper proposed the novel design of segmentation process for salt-and-pepper noise reduction by 

using median filters. The proposed design also describes the method for finding more median values in an image. The 

proposed structure has been designed and simulated on XILINX 8.1 tool in VHDL language. 

 

Index Terms - Median filter, Salt-and-Pepper noise, Image segmentation, Multilayer sorting. 

________________________________________________________________________________________________________  

I. INTRODUCTION 

Image segmentation is a very important image processing step and it has been used everywhere if we want to analyze what is 

happening inside the image. Image segmentation basically provides the meaningful objects of an image.  

Image segmentation is a process of partitioning of an image into group of pixels which are homogeneous with respect to some 

criterion. Different groups must not intersect with each other and adjacent groups must be heterogeneous. The main objective of 

image segmentation is to extract various features of an image which can be merged or split in order to build objects of interest on 

which analysis can be performed. Image segmentation represents the first step in image analysis. 

Basically noise in an unwanted thing which is directly affects the visual standard of an image. In many image processing 

application, it is necessary to smooth the noisy signals while at the same time preserving the edge information. The most 

commonly used smoothing techniques are liner filtering, average filtering, and median filtering. The linear filters smooth the noisy 

signals but also the sharp edges. In addition, the impulsive noise components cannot be suppressed sufficiently by linear filtering, 

and digital implementation of the linear filters can be bulky and slow. The averaging filters have some desirable features like 

outlier points that distort the filtered signal, and edge information loss. The median filters have proved to be good alternatives 

because they have some very interesting properties:  1) they can smooth the transient changes in signal intensity (e.g., noise); 2) 

they are very effective for removing the impulsive noise from the signals; 3) they can preserve the edge information in the filtered 

signal; and 4) they can be implemented by using very simple digital nonlinear operations. Because of these properties of the 

median filters, they are frequently used in various signal and image processing applications, such as seismic signal processing, 

speech processing, computerized tomography, medical imaging, robotic vision, pattern recognition, peak detection, coding, and 

communication [1].  

In this paper we present an architecture based on local segmentation process for salt-and-pepper noise reduction by using 

median filter. The approach is implemented efficiently in hardware. It is based on partitioning of an image matrix in homogeneous 

mask. After that with the help of median filter we get the median values. These median values are different from the actual values. 

The size of these values (pixels) is nearly of the same as that of the remaining elements of the matrix. Now, these values are 

passed to a 4×1 MUX, with the help of MUX operation one can take single output at a time which is used to set the threshold of 

an image. The motivation of our design is to gets good visual standard of an image.   

The paper is organized as follows: in Section II, concept of median filter is reviewed. Subsequently, in section III, the proposed 

design of local image segmentation process for salt-and-pepper noise reduction by using median filter is presented.  In section IV, 

the simulation results are given and discussed. Finally a conclusion will be made in the last section. 

II. MEDIAN FILTER 

A median filter is a type of non-linear filter and is efficient in removing impulsive noise. Median tends to preserve the 

sharpness of image while removing noise. Median filters are now widely used in image processing because they are effective at 

smoothing out noise while preserving various important root signals which frequently occur in typical two dimensional images. A 

median filter smoothens the image by utilizing the median of the neighborhood values. The impulsive noise commonly also 

known as salt & pepper noise is, caused by malicious pixels in camera sensors & in images absurd memory location in hardware,  

or errors in data transmission & in many other forms affected by environment conditions. In fig. 1 we can see the effect of salt-

and-pepper noise in an image. Here, salt corresponds to the maximum gray value (white) and pepper corresponds to the minimum 

gray value (black). Random occurrence of black and white pixels in an image is generally termed ‘salt-and-pepper’ noise. A 

median filter is an effective tool to minimize salt-and-pepper noise. 
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Median filters perform the following tasks to find each pixel values in the processed images: 1) all pixels in the neighborhood 

of the pixel in the original image which are identified by the mask are sorted in ascending (or) descending order. 2) the median of 

the sorted value is computed and is chosen as the pixel value for the processed image. 

There are various structures for implementing median 3×3 median filter [2-7]. We used the multilayer sorting algorithm 

structure [2] in our work. Multilayer implementation method has been proposed based on removing non-median pixels.  

 

 
Figure.1-Salt-and-Pepper noise in an image 

Each of the sorting blocks in fig. 2 is constructed from 3 comparators, as shown in fig. 3 [7].  

 
Figure 2: Multilayer sorting of pixels [2] 

Figure 2 contains 7 blocks and each block is assigned with three inputs. For block 1, the inputs are P1, P2, and P3. Now this 

block compares the inputs and gives low, medium and high value as output. For block 1, the outputs are L1, M1, and H1. The 

functionality of all the blocks is same. For block 2 and 3 the outputs are L2, M2, H2 and L3, M3, H3 respectively.  

Block 4 feeds the low value of all the three previous blocks (B1, B2, and B3), compares them and drives the output as L4, M4,  

and H4. Block 5 feeds the medium value of three previous blocks (B1, B2, and B3), compares them and gives output as L5, M5, 

and H5. Block 6 feeds the high value of three previous blocks (B1, B2, and B3), compares them and drives output as L6, M6, and 

H6. The final block, block 7 is fed by three input i.e. high value of block 4 (H4), medium value of block 5 (M5) and low value of 

block 6 (L6). This block compares all of these values and extract out median value among them among all inputs applied. 

Figure 3 consists of three comparators which are interacted to each other. Comparator circuit 1 compares the value of P1 and P2 

and gives highest and lowest value as output. High value goes to comparator circuit 2 where it is compare with P3 and gives 

highest and lowest value among them. The highest value output of comparator circuit 2 is the highest value among P1, P2, and P3. 

The lowest value output of comparator circuit 1 and comparator circuit 2 is compared in comparator circuit 3. The lowest value 

output of circuit 3 is the lowest value among P1, P2 and P3 while the highest value output of circuit 3 corresponds to median 

value of P1, P2 and P3. 
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Figure 3:  Structure of a 3 pixel sorting block [7] 

III. PROPOSED ARCHITECTURE 

Many kind of segmentation techniques have been presented previously [8-14]. However, they have a theoretical analysis of 

segmentation process. In this paper we proposed a local segmentation process structure for salt-and pepper noise reduction by 

using median filter. The structural diagram of this approach is shown in fig. 4. 

 

 
Figure 4: Proposed architecture based on segmentation for noise reduction by using median filter 

 

Figure 4 shows our proposed architecture of local segmentation process by using median filter and MUX operation. The 

phenomenon of this approach is discussed as: let we have an image of pixels (3×6) array. And we want to compute 4 median 

values of this array. Our goal to compute the median value of P8, P9, P10, and P11 pixels which is shown in figure 5  and replace 

the pixels by their median value. For solving these type problems we used to partitioning or local segmentation process and after 

that compute the median value. We used to local segmentation because this segmentation deals with segmenting sub-images 

which are small windows on a whole image.  
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Figure 5: Problem matrix 

We mentioned here this problem algorithm steps:- 

Step 1: Read an input image. 

Step 2: To compute the median value of P8, we take 3×3 mask 1.  

Step 3: To compute the median value of P9, we take 3×3 mask 2. 

Step 4: To compute the median value of P10, we take 3×3 mask 3. 

Step 5: To compute the median value of P11, we take 3×3 mask 4. 

(These 5 step process is called image partitioning or segmentation process) 

Step 6: We feeds all masks in median filters 1, 2, 3, and 4 and finally we gets four median values through multilayer sorting 

process.  

According to architecture (figure 4) here we have two options: 1) we replaced all median value in original image; 2) Or we can 

replace one median value in whole image according to threshold. 

If we apply option 1 means all four median values, the pixel values which are very different from their neighboring pixels are 

replaced by equal to the neighboring pixel value. Hence, this process is capable of reducing salt-and-pepper noise.  

Option 2 tells one more new concept in fig. 6. If user wants  to set the threshold of an image matrix and wants a fix median 

value which is not greater than one value and not less than one value then with the help of MUX operation we can take one 

median value at one time among all four medians. The MUX operation is based on selection line conditions. This is shown in 

figure 6.  

 

 
Figure 6: MUX operation of figure 4  

We feed four median values in MUX, when S0 and S1 are at (00), the output M will be (M1) i.e. median value of first mask. 

When S0 and S1 are at (01), the output M will be (M2) i.e. median value of second mask. When S0 and S1 are at (10), the output 
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M will be (M3) i.e. median value of third mask. When S0 and S1 are at (11), the output M will be (M4) i.e. median value of fourth 

mask. 

With the help of this concept, we can take one median value at one time among all four median values, in order to set the fix 

range threshold of an image which is required by the user. 

 

IV. EXPERIMENTAL RESULTS 

In this paper, we proposed a new structure and algorithm for salt-and-pepper noise reduction by using segmentation process and 

median filter. This algorithm exhibits suitability and simplicity for VLSI implementation due to regular architecture. We 

implement this proposed architecture in XILINX by using VHDL code. The RTL design hierarchy and simulation environment is 

summarized below:-  

(A) RTL design hierarchy of proposed structure 

  The RTL design hierarchy is shown in figure 7. 

 

 
(a) 

 

 
(b) 

 

 
(c) 
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(d) 

Figure.7: (a) RTL design hierarchy for full structure, (b) RTL design hierarchy of 4×1 MUX block, (c) RTL design hierarchy of 

multilayer sorting structure, (d) RTL design hierarchy of comparator block. 

 

(B) Simulation results  

The simulation result is shown in fig. 8. When we feeds mask 1 in median filter then we get the median value of this, similarly 

the process remains same for mask 2, 3 and 4. Finally we get four median values and we get the final output with the help of 

selection line conditions. Figure 8 shows condition wise simulation results. 

 

 
(a) 

 

 
(b) 
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(c) 

 

 
(d) 

Figure 8 Simulation results (a) when selection line condition is (00), (b) when selection line condition is (01), (c) when selection 

line condition is (10), (d) when selection line condition is (11) 

 

User can set one median value for full image by following selection line condition, or one can directly replace original value by 

median value. According to problem matrix in figure 5 we gets the median value of mask 1 = 24, median value of mask 2 = 

31,median value of mask 3 = 31 and median value of mask 4  = 26. This is shown in fig. 11.  When we take the median value, the 

pixel values which are very different from their neighboring pixels are replaced by a value equal to the neighboring pixel value. 

Hence, this approach is capable of reducing salt-and-pepper noise by using median filters.  

 
Figure 9: Problem matrix with median values 

CONCLUSION  

In this paper, we proposed a new approach by local segmentation process for reducing salt-and-pepper noise reduction by 

using median filters. The new approach is based on partitioning of an image, median filters, and 4 × 1 MUX operations. We used 

the 4×1 MUX operation to gets a special threshold value of an image. With the help of this concept user set only one median value 
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as a threshold. The threshold value expresses image brightness and darkness. In this paper we also described salt-and-pepper noise 

reduced by image partitioning. This new proposed structure is very effective for finding more median values in an image.  
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