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ABSTRACT
Images are often corrupted by impulse noise in the procedures of image acquisition and transmission. In this
paper, an efficient VLSI implementation of Adaptive Rank Order Filter (AROF) for removal of impulse noise
is proposed. The algorithm removes noise without degrading the image information. The AROF VLSI
architecture implements pipelining with parallel processing in order to speed up the filtering process. The
performance of proposed algorithm is compared with Decision Tree Based Denoising Method (DTBDM).
Key Words: Impulse noise, VLSI architecture, filtering process

I.

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. It is very
difficult to remove this type of noise using linear filters because they tend to degrade the quality of the resulting
images. To avoid the damage on noise-free pixels, an efficient switching strategy has been proposed in the
literature [6],[7],[8]. In general the switching median filter consists of two steps: 1) impulse detection and 2)
noise filtering. It locates the noisy pixels with an impulse detector, and then filters them rather than the whole
pixels of an image to avoid causing damage on noise-free pixels. Decision-Tree-Based-Denoising Method
(DTBDM) and its VLSI architecture is employed in [9] which also use the switching strategy to avoid damage
on the noise-free pixels. A novel Adaptive Rank Order Filter (AROF) is presented here which provides better
filtering properties than it is possible with the median Filters for images corrupted with high noise intensities.
This method not only removes the salt and pepper noise but also improves the quality of the image the improved
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performance of the AROF is measured by Peak Signal to Noise Ratio (PSNR). The goal is to provide a filter
suitable for a high performance real time processing of images corrupted by impulse noise of various intensities.
II.

EXISTING METHOD

Here the previous paper DTBDM [9] and its VLSI implementation is considered. The architecture of
DTBDM shown in Fig.1. consists of five main blocks1)Linebuffers,2)registerbank,3)DTBID, 4)Edge preserving
image filter and 5)Controller.
A.

Line Buffer

DTBDM adopts a 3×3 mask, so three scanning lines are needed. Therefore mask contains 9 pixels. The
centre pixel i.e 5th pixel is processed.
B.

Register Bank
It consists of nine registers to store the 3×3 pixel values of the current mask.

C.

Decision Tree Based Impulse Detector

In order to determine whether the centre pixel of the current mask is noisy or not, the correlations
between the centre pixel and its neighbouring pixels in the mask are considered. This DTBID consist of three
modules namely i) Isolation module, ii) Fringe module and iii) Similarity module.
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Fig.1.VLSI Architecture of Decision Tree Based Denoising Method

Three concatenating decisions of these modules build a decision tree. The decision tree is a binary tree
and can determine the status of centre pixel of the mask as noisy or noise-free. If the result is positive then the
pixel is noisy. Otherwise if the result is negative the pixel is considered to be noise free. Isolation module is
used to decide whether the pixel is in smooth region or not. The Fringe module is used to decide whether the
pixel is situated at the fringe or not. Finally if both isolation and fringe module fails to detect the noise the
similarity module is used to decide the result.
D.

Edge Preserving Image Filter

The pixel value of noise-free pixel is unaltered. whereas the pixel value of noisy pixel is reconstructed
using the Edge Preserving Image Filter. It consist of two modules i) minED generator and ii) Average
generator. The minED generator generates the edge with minimum value out of eight directions. Then the pixels
in minimum value direction is used to reconstruct the value of a noisy pixel. The median value is used for
reconstruction of noisy pixel if all other pixels in mask are also noisy.
E. Controller
It sends control signals to control pipelining and timing statuses of the VLSI DTBDM circuit. It also
sends signals to schedule reading and writing statuses of the data that are stored in register bank or in line
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buffers. The VLSI DTBDM involves too many architecture for detection of noise as well as for reconstruction
of noisy pixel value. Which makes it very complex to realise and to use for real time applications.
III.

PROPOSED METHOD

The proposed scheme overcomes the drawback of DTBDM. The reconstructed image from DTBDM is
not satisfactory for higher noise densities. For Fixed window size, there may be some pixels which are not
noisy, when the median is noisy. In such cases, 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 any other method. In AROF, the window adapts itself for two cases : i) if all pixels within the
current window are noisy, ii)In order to replace the 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 3×3 at top left corner of the image.
3. Check if the centre pixel within the window is noisy. If yes, then go to step4 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
), median (
), and
maximum (
).
5. Determine if
is noisy by
<
<
.If it is true ,
is not a noisy pixel and go to step6. Else
is noisy pixel and go to step7.
6. Replace the corresponding centre pixel in output image with
and go to step9.
7. If
<
<
is false,check if all other pixels are noisy.If yes,then expand the window size by 2 and
go back to step4.Otherwise,go to step8.
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. The hardware architecture of AROF shown in Fig.2 comprises of five basic
functional units-1)sliding window,2)noise detection unit,3)sorting network,4)median computation and 5) output
selection Unit.
A. 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. 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). 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.

Fig. 2 VLSI Architecture of AROF
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The pixels are read row by row in a raster scan order. For a 3×3 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.
B.

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.

Fig. 3 Implementation of 3x3 Filter Window

C.

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.

a
a

Max(a,b)
Comparator

b

Min (a,b)

Fig. 4 Comparator 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
parallel sorting strategy. The Median Sorter module arranges the pixels in the descending order. 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 3×3 region. 300 comparators (25 stages of
12 comparators each stage) for a 5×5 region, 1176 comparators (49 stages of 24 comparators each stage) for a
7×7 region and 3240 comparators (81 stages of 40 comparators each stage)for a 9×9 window.
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Fig.5 Median Sorter Module

D. 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.
E. 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.
IV.

IMPLEMENTATION RESULTS AND COMPARISIONS

To verify the characteristics and the quality of denoised images of various denoising algorithms, a
variety of simulations are carried out on the six well-known 512 x 5128-bit gray-scale test images: Lena,
Peppers. For a single test image, the corrupted versions of it are generated in Mat lab environment with randomvalued impulse noise at various noise densities from5 to 20 percent with increments of 5 percent. Then, we
employ different approaches to detect impulse noise and restore the corrupted image. Thus, we can easily
compare the restored images with the source image for various denoising methods. Totally, 5 denoising
methods Median Filter [3], ACWM[7], DRID [8], DTBDM[9] and proposed method AROF are compared in
terms of objective testing (quantitative evaluation)and subjective testing (visual quality). We employ the peak
signal-to-noise ratio (PSNR) to illustrate the quantitative quality of the reconstructed images for various
methods. Table 1 lists the restoration results in PSNR (dB) of test images corrupted by 10 percent impulses.
Whereas Table 2 lists the mask size, line buffer, and iteration times of each methods. Since most methods are
software implementation and some have complex operations, it is hard to list the detailed operations, such as the
numbers of adder, subtraction, multiplication and division. Generally, the cost of VLSI implementation depends
mainly on the required memory and computational complexity. The proposed design requires only few
computations. Hence, we use line buffer and iteration times to prove that our design requires lower cost.
TABLE 1
Comparative Results in PSNR ( dB) of images Corrupted by 10 percent Impulses

Method
Noisy
Median[3]
ACWM[7]
DRID[8]
DTBDM[9]
Proposed
(AROF)
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Lena Image
19.18
32.53
37.29
36.84
38.22
39.13

Peppers Image
18.99
33.04
36.93
36.55
37.18
38.21
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TABLE 2
The Mask Size, Line Buffer, and Iteration Times of Each Method

Method
Median[3]
ACWM[7]
DRID[8]

Mask Size
3x3
3x3
5x5

DTBDM[9]
Proposed(AROF)

3x3
Adaptive

Line Buffer
2
2
Whole
Image
2
2

Iteration Time
0
0
4
0
0

To explore the visual quality, we show the reconstructed images of different denoising methods in
restoring 10 percent corrupted image “Lena” and “Peppers” in Figs. 6 and 7. Since the quantitative quality of
[3], [7],[8], [9] and our method are better than others, we take them for visual comparisons only. The images
restored by ACWM, DRID, DTBDM have some obvious noise. The reconstructed image of our method can
preserve more details Clearly, the proposed AROF produces visually pleasing images. The VLSI architecture of
our design was implemented by using Verilog HDL and simulated using Xilinx ISE Simulator and synthesized
using Xilinx ISE

(a) Isolation module

(b) Fringe module

(c)Similarity module

(d) Final DTBDM result
Fig 6 Simulation Results of DTBDM

(a)Original Image
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(b)Noisy Image

(c) ACWM
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(d)DRID

(e)DTBDM

(f) Proposed

Fig7 Results of Different methods in restoring 10 percent corrupted image “Lena”

V.

CONCLUSION

The Simulation results obtained shows that the DTBDM VLSI Implementation requires more area and it is
complex too. Thus the VLSI implementation of DROF consumes less area and also the architecture is simple
when compared to DTBDM. Also the user defined Threshold values degrade the quality of the image. 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 other methods
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 other methods.

(a)Original Image

(d) DRID

(b)Noisy Image

(e)DTBDM

(c)ACWM

(f)Proposed

Fig 8 Results of Different methods in restoring 10 percent corrupted image “Peppers”
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