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Introduction  

Digital images are usually transmitted through satellites, 

wired and wireless networks. An additive noise process may 

corrupt these digital images in both the acquisition and 

transmission stages. Image noise is the random variation of 

brightness or colour information in images produced by the 

sensor and circuitry of a scanner or digital camera. Due to the 

imperfections of image sensors, images are often corrupted by 

noise. The impulse noise is the most frequently referred type of 

noise. Two common types of impulse noise are the salt and 

pepper noise (commonly referred to as intensity spikes or 

speckle) and the random-valued impulse noise. For images 

corrupted by salt and pepper noise, the noisy pixels can take 

only the maximum (i.e. 255) or minimum (i.e. 0) values in the 

dynamic range. It is very difficult to remove this type of noise 

using linear filters because they tend to degrade the image 

quality of the resulting images. 

Impulse noise removal in image processing often involves 

the removal of salt and pepper noise from images and it is a very 

important pre-processing step for most other subsequent 

processing tasks such as edge detection, segmentation and 

classification. Linear filters became the most popular filters in 

image signal processing. But, there exist many areas in which 

the nonlinear filters provide significantly better results. The 

advantage of nonlinear filter lies in their ability to preserve 

edges and suppress the noise without loss of details.  

Impulse Filters – An Overview 

Impulse noise is removed by a median filter which is the 

most popular nonlinear filter. The hardware implementation of 

median filter does not require many resources. But, the standard 

median filter gives a poor performance for images corrupted by 

impulse noise with higher intensity. A simple median filter 

utilizing 3x3 or 5x5-pixel window is sufficient only when the 

noise intensity is less than approx. 10-20%. When the intensity 

of noise is increasing, a simple median filter remains many shots 

unfiltered. Thus more advanced techniques have to be utilized.  

Various approaches proposed to overcome this shortage are 

Switching Median Filter [1], Weighted median filters [2] and 

Adaptive Median filters [3]. The switching median filter, 

weighted median filter and weighted order statistic filters do not 

use the concept of a small filtering window. Therefore, their 

hardware implementations do not bring any benefits for a 

reasonable cost. 

All alternatives to median filters have already been 

implemented in hardware [4], [5], [6], [7], [8], [9]. But, their 

performance is poor compared to AMF and AROF.  

Proposed Method 

 
Fig.1 Block Diagram of Proposed Method 

The proposed method adapts the filter based on the level of 

noise intensity in the image as shown in Fig.1. The proposed 

method provides hardware implementation of AROF if noise 

intensity is greater than 60% in Noise Intensity detection unit. 

Otherwise, the proposed method provides hardware 

implementation of AMF if noise intensity is within 60%. The 

Adaptive Rank Order Filter provides better filtering properties 

for images corrupted with higher noise intensity (>60%), while 

the Adaptive Median Filter provides better filtering properties 

for images corrupted within 60% noise intensity.  

Adaptive Rank Order Filter 

The AROF [11] provides better filtering properties than it is 

possible with AMF for images corrupted with high noise 

intensities. This method not only removes salt and pepper noise 

but also improves the visual quality of an image even at higher 
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noise densities. The improved performance of the AROF is 

measured by Peak Signal to Noise Ratio (PSNR) and Image 

Enhancement Factor (IEF). The goal is to provide a filter 

suitable for a high performance real-time processing of images 

corrupted by impulse noise of various intensities. 

The proposed scheme overcomes the drawback of the AMF. 

The reconstructed images using AMF are generally not 

satisfactory for higher noise densities. For a fixed window size, 

there may be some pixels which are not noisy, when the median 

is noisy. In such case, if the centre pixel is replaced by some 

non-median pixel, then the filter becomes a kind of adaptive 

rank orders. The reconstructed image using this method provides 

better visual quality than that possible with AMF. 

In AROF, the window adapts itself for two cases: (i) If all 

pixels within the current window are noisy. (ii) In order to 

replace centre pixel with non-median pixel if the median is 

noisy. 

The proposed algorithm for AROF is as follows: 

1. Read the image. 

2. Select a window of size 3x3 at top left corner of the image. 

3. Check if the centre pixel within the window is noisy. If yes, 

then go to step 4. Otherwise, slide the window to next pixel and 

repeat step 2. 

4. Sort all pixels within the window in an ascending order and 

find the minimum pmin, median pmed and maximum pmax. 

5. Determine if pmed is noisy by pmin<pmed<pmax. If it is true, pmed  is 

not a noisy pixel and go to step 6. Otherwise, pmed is noisy pixel 

and go to step 7. 

6. Replace the corresponding centre pixel in output image with 

pmed and got step 9. 

7. If pmin<pmed<pmax is false, check if all other pixels are noisy. If 

yes, then expand the window size by 2 and go back to step 4. 

Otherwise, go to step 8. 

8. Replace corresponding centre pixel in output image with the 

noise free pixel which is the closest one to the median. 

9. Reset window size and centre of window to next pixel. 

10. Repeat the steps until all pixels are processed. 

In order to apply AROF for colour image, the image is 

separated into red (R), green (G) and blue (B) colour 

components. The above algorithm is repeated for each of R, G 

and B colour components. 

Adaptive Median Filter 

 The AMF [3] provides significantly better results especially 

for images corrupted with noise intensity less than 60%. The 

main advantage of AMF is that it modifies only corrupted pixels. 

But, the standard median filters modify almost all pixels of the 

image. Adaptive median filters can also be used as detectors of 

corrupted pixels.  

AMF starts with an initial window size of 3x3 pixels with the 

following steps: 

(1) Check if the centre pixel within the window is noisy or 

not. If the centre pixel is noisy, then sort pixels within window. 

Otherwise slide the window to next pixel and repeat this step. 

 (2) Check if the median is noisy or not. If the median is noisy 

then expand the window size and sort pixels within the window. 

This process is repeated until non-noisy median is found.  

(3) Replace the centre pixel with the median value computed in 

step (2).  

As the noise density increases, AMF employs a larger 

window to clean up the noise. But, the quality of the restored 

image degrades when larger window is employed. The hardware 

implementation of AMF [10] with filtering window 7x7 exhibits 

a very good performance/cost in comparison to standard median 

filters. But, this filter occupies approximately 30% of the chip 

area and is able to remove noise level up to 60%.  

Hardware Implementation of AROF 

 
Fig.2 Hardware Implementation of Adaptive Rank 

Order filter 

The hardware architecture of AROF as shown in Fig.2 

comprises of five basic functional units – sliding window, noise 

detection, sorting network, median computation and the output 

selection unit. The image input data is placed in Random Access 

Memory (RAM) and placed into the sliding window module. 

Sliding Window Module 

Spatial filters operate with pixel values in the 

neighbourhood of the centre pixel called as filter window or 

observation window. The local neighbourhood function is 

implemented and it is called as a sliding window module. This 

sliding window module as shown in Fig.3 is applied 

independently on all pixel locations and is typically invariable 

for all locations (i.e. spatially invariant). 

 
Fig.3 Implementation of 3x3filter window 

The pixel values of the input image of width 8-bits are 

imported serially into the sliding window module. The hardware 

architecture of the sliding window module uses the row buffers. 

In this approach, one image pixel is read from memory in one 

clock cycle. The pixels are read row by row in a raster scan 

order. For a 3x3 sliding window, two First-In-First-Out (FIFO) 

buffers are used. The FIFO buffers are used to reduce the 

memory access to one pixel per clock cycle. The depth of the 

FIFO buffer is chosen as (W-3), where W is the width of the 

image. In order to access all values of the window for every 

clock cycle, the two FIFO buffers must be full.   

The architecture places the lowest demand on external 

memory bandwidth, but the highest demand on internal memory 

bandwidth. This approach does not cause problems, as FPGA 

devices contain large amount of embedded memory. 
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Noise Detection Unit 

The pixels from the sliding window are placed into the 

noise detection unit. The noise detection unit checks for noisy 

pixels within the window. If the pixels within the window are 0 

or 255, then it is considered as salt and pepper noise. The noise 

detection unit generates output as zero for noisy pixel input. The 

output of the noise detection unit is fed into the sorting network. 

Sorting Network 

Sorting network consists of compare & swap elements 

called as comparators, that sorts all input pixels. A compare & 

swap unit of two elements (A,B) as shown in Fig.4 compares A 

and B and exchanges the elements in order to obtain the sorted 

sequence.  

 
Fig.4 Symbol for a Comparison element 

A sequence of compare & swap operations depends only on 

the number of elements to be sorted, not on the values of the 

elements. The main advantage of the sorting network is that the 

sequence of comparisons is fixed. Sorting networks are best 

suitable for parallel processing and pipelined hardware 

implementation. In hardware, sorting network is implemented 

using the Median Sorter module as shown in Fig.5. 

The Median Sorter module uses the compare and swap 

elements to sort the input pixels. The Median Sorter module is 

based on the parallel sorting strategy. The Median Sorter module 

arranges the pixels in the descending order.  

 
Fig.5 Median Sorter Module 

The number of compare and swap operations depends on 

the number of elements to be sorted. The Median Sorter module 

requires 36 comparators (9 stages of 4 comparators each stage) 

for a 3x3 region, 300 comparators (25 stages of 12 comparators 

each stage) for a 5x5 region, 1176 comparators (49 stages of 24 

comparators each stage) for a 7x7 region and 3240 comparators 

(81 stages of 40 comparators each stage) for a 9x9 window. 

Median Computation Unit 

The task of the median computation unit is to compute the 

median value from noise free pixels. The noise detection unit 

discussed above converts all noisy pixels into 0 if its value is 

equal to 255. However the pixels with 0 value remains as zero. 

The median computation unit operates after the sorting unit, 

therefore the noisy pixels or pixels with 0 values are ignored by 

this module and computes median from the noise free pixels. 

The Output Selection Unit 

The output selection unit is implemented in the hardware to 

replace the corrupted pixel with the median value and to retain 

the original pixel value if the pixel is uncorrupted. 

 

Hardware Implementation of AMF 

The hardware architecture of AMF is similar to the 

architecture of AROF. The hardware implementation of AMF as 

shown in Fig.6 consists of sliding window, sorting network, 

median computation unit and output unit. The AMF provides 

best results only for images corrupted with noise intensity less 

than 60%. The main difference between AMF and AROF lies in 

the computation of median value. The AMF uses all pixel values 

within the window to compute the median value while the 

AROF uses only the noise free pixels within the window. 

 
Fig.6 Hardware Implementation of Adaptive Rank Order 

filter 

The Adaptive Median Filter operates with a kernel of Smax 

x Smax pixels. Let Sxy denote the centre pixel to be processed. 

The kernel is processed by a set of SNs with 3x3, 5x5, 7x7 and 

9x9 inputs. Each Sorting network provides the minimum, 

maximum and median value. Buffers are used to synchronize the 

outputs of all Sorting Networks and Sxy. The implementation is 

pipelined and tries to minimize the number of stages. The output 

block (which is a simple combinational circuit) selects the 

output value according to the algorithm of Adaptive Median 

Filter. 

Experimental Results 

The proposed Adaptive filter is implemented in Verilog, 

simulated using Xilinx ISE Simulator and synthesized using 

Xilinx ISE tools version 9.2i to Vertex XC2VP50-7 FPGA 

device. Fig.7 shows the AMF and AROF results for Lena image 

corrupted with 70% noise intensity.  

 
Fig.7 Results of filtering with adaptive median filter 

and adaptive rank order filter. First row : Original image, 

noisy image; Second row : Adaptive median filter, Adaptive 

Rank Order filter 

The AROF and AMF filters are implemented in FPGA and 

the simulation results for 3x3 window is as shown in Fig.8  

 
Fig.8(a)  Median Sorter Module for 3x3 window 



  B.Elizabeth Caroline et al./ Elixir Elec. Engg. 93 (2016) 39672-39675 
 

39675 

 
Fig.8(b) Median Computation for 3x3 window 

        Objective comparisons on the performances of the 

proposed filter on image corrupted to various levels of impulse 

noise ratios are made with the Mean Absolute Error (MAE) 

values, the Peak Signal to Noise Ratio (PSNR) and Image 

Enhancement Factor (IEF) of the image restored by them. 

The PSNR is given by 

    PSNR = 10log10[255
2
/MSE]                    (1) 

The Mean Square Error is given by 

                 MSE =               (2) 

Where E(x,y) is the enhanced gray pixel at position (x,y), I(x,y) 

is the original gray pixel at position (x,y) and, p and q denote the 

size of the gray image. 

The IEF is expressed as: 

                    IEF =               (3) 

n(x,y) is the noisy image, I(x,y) is the original image and f(x,y) 

is the filtered image. 

 
Fig.9 (a) PSNR analysis for AMF and AROF 

 
Fig.9   (b) Image Enhancement Factor analysis for AMF and 

AROF 

The objective improvement of the proposed AROF is 

established by comparing the restored images of AROF with 

AMF as shown in Fig.7. The better PSNR and IEF for the 

restored Lena image is obtained for images corrupted with high 

noise intensity as shown in Fig.9. 

The implementation costs are expressed in terms of number 

of slices. Table I provides synthesis results for AROF and AMF. 

Conclusion 

In this paper, a new FPGA implementation of AROF and 

AMF for removal of impulse noise is proposed. The filter logic 

is implemented on a novel reconfigurable device. The 

architecture provides the capability of implementing the 

reconfigurable fabric in a pipelined fashion and also includes the 

implementation of the pipelined version of the filter for 

improved speed. Adaptive Rank Order Filter provides better 

filtering properties than AMF for higher noise densities. The 

experimental results show that the restored images with higher 

noise densities based on AROF are better in visual quality than 

that is achieved using AMF.  

Table I : SYNTHESIS RESULTS 

Number of Inputs Number of Slices 

AMF AROF 

9 268 446 

25 1506 2568 

49 4815 8468 

81 10315 15590 

The performance of the proposed method is verified by 

applying peak signal to noise ratio and image enhancement 

factor. Future work involves implementation of AROF and AMF 

filters on XUPV5-LX110T, a feature-rich general purpose 

evaluation and development platform with on-board memory 

and industry standard connectivity interfaces. 
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