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

Volume 2, Issue 10, October 2013   ISSN 2319 - 4847 
 

Volume 2, Issue 10, October 2013 Page 92 
 

ABSTRACT 
 In the field of digital image processing, two applications of great importance are noise filtering and image enhancement. They 
are an essential part of any image processor whether the final image is utilized for visual interpretation or for automatic analysis. 
Image and video signals are often corrupted by Impulse noise in the process of signal acquisition and transmission. To avoid the 
damage on noise-free pixels, the switching median filters are used which consists of impulse detection and noise filtering. For 
real-time embedded applications, the VLSI implementation of switching median filter for impulse noise removal is necessary. In 
this paper, an efficient very large scale integration (VLSI) and field programmable gate array (FPGA) based impulsive noise 
detection technique is presented. This design uses a 3x3 mask on each pixel in the image in order to determine whether it is 
corrupted by random-valued impulse noise or not. We employ a decision-tree-based impulse noise detector to detect the noise 
pixels. After noise detection, the algorithm reconstructs the noisy pixel by considering the possible edges existing in the mask. 
Due to its lower complexity, the proposed technique is very suitable for hardware implementation. Here we have implemented the 
design using Microblaze processor and XILINX ISE 10.1 Design suite. The algorithm is written in system C Language and tested 
in SPARTAN-3 FPGA kit by interfacing a test circuit with the PC. The experimental results demonstrate that this method 
achieves excellent performance in terms of image quality and requires minimal hardware. 
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1. INTRODUCTION 
 Digital Image Processing is a promising area of research in the fields of electronics and communication engineering, 
consumer and entertainment electronics, control and instrumentation, biomedical instrumentation, remote sensing, 
robotics and computer vision and computer aided manufacturing. For a meaningful and useful processing such as image 
segmentation and object recognition, and to have very good visual display in applications like television, photo-phone, 
etc., the acquired image signal must be deblurred and made noise free. When an image gets corrupted with noise during 
the processes of acquisition, transmission, storage and retrieval, it becomes necessary to suppress the noise quite 
effectively without distorting the edges and the fine details in the image so that the filtered image becomes more useful for 
display and/or further processing. 
 
The digital images are often corrupted by impulse noise due to transmission errors, malfunctioning pixel elements in the 
camera sensors, faulty memory locations, and timing errors in analog-to-digital conversion. An important characteristic 
of this type of noise is that only part of the pixels is corrupted and the rest are noise-free. Impulse noise can be classified 
into two types: fixed-valued impulse noise and random-valued impulse noise. The fixed-valued impulse noise is also 
called salt-and-pepper noise where the gray-scale value of a noisy pixel is either minimum or maximum in gray-scale 
images. When viewed, the image contains dark and white dots, hence the term salt and pepper noise. The gray-scale 
values of noisy pixels corrupted by random-valued impulse noise are uniformly distributed in the range of [0, 255] for 
gray-scale images. In most applications, denoising the image is fundamental to subsequent image processing operations, 
such as edge detection, image segmentation, object recognition, etc. The goal of noise removal is to suppress the noise 
while preserving image details. 
 
2. DECISION TREE BASED DENOISING METHOD 
The noise considered in this paper is random-valued impulse noise with uniform distribution. Here, we adopt a 3×3 mask 
for image denoising. Assume the pixel to be denoised is located at coordinate (i, j) and denoted as pi,j, and its luminance 
value is named as fi,j, as shown in Figure 1. According to the input sequence of image denoising process, we can divide 
other eight pixel values into two sets: WTopHalf and WBottomHalf. They are given as 

 
WTopHalf = {a,b,c,d} 

WBottomHalf = {e,f,g,h} 
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Figure 1 A 3x3 mask centered on pi,j 

DTBDM consists of two components: decision-tree-based impulse detector and edge-preserving image filter. The detector 
determines whether pi,j is a noisy pixel by using the decision tree and the correlation between pixel pi,j and its neighboring 
pixels. If the result is positive, edge-preserving image filter based on direction-oriented filter generates the reconstructed 
value. Otherwise, the value will be kept unchanged. The design concept of the DTBDM is displayed in Figure 2. 

 

 
Figure 2 Data flow of Decision Tree Based Denoising Method 

2.1 Decision Tree Based Impulse Noise Detector 
In order to determine whether pi,j is a noisy pixel, the correlations between pi,j and its neighboring pixels are considered. 
Surveying these methods, we can simply classify them into several ways- observing the degree of isolation at current 
pixel, determining whether the current pixel is on a fringe or comparing the similarity between current pixel and its 
neighboring pixels. Therefore, in our decision-tree-based impulse detector, we design three modules namely isolation 
module, fringe module, and similarity module. Three concatenating decisions of these modules build a decision tree. The 
decision tree is a binary tree and can determine the status of pi,j by using the different equations in different modules. 
First, we use isolation module to decide whether the pixel value is in a smooth region. If the result is negative, we 
conclude that the current pixel belongs to noisy-free. Otherwise, if the result is positive, it means that the current pixel 
might be a noisy pixel or just situated on an edge. The fringe module is used to confirm the result. If the current pixel is 
situated on an edge, the result of fringe module will be negative (noisy-free); otherwise, the result will be positive. If 
isolation module and fringe module cannot determine whether current pixel belongs to noisy free, the similarity module is 
used to decide the result. It compares the similarity between current pixel and its neighboring pixels. If the result is 
positive, pi,j is a noisy pixel; otherwise, it is noise free. The following sections describe the three modules in detail. 
 
2.1.1 Isolation Module 
The pixel values in a smooth region should be close or locally slightly varying. The differences between its neighboring 
pixel values are small. If there are noisy values, edges or blocks in this region, the distribution of the values is different. 
Therefore, we determine whether current pixel is an isolation point by observing the smoothness of its surrounding pixels. 
We first detect the maximum and minimum luminance values in WTopHalf, named as TopHalf_max, TopHalf_min, and 
calculate the difference between them, named as TopHalf_diff. For WBottomHalf, we apply the same idea to obtain 
BottomHalf_diff. The two difference values are compared with a threshold Th_IMa to decide whether the surrounding 
region belongs to a smooth area. The equations are as: 
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Next, we take pi,j into consideration. Two values must be calculated first. One is the difference between fi,j and 
TopHalf_ 
max; the other is the difference between fi,j and TopHalf_min. After the subtraction, a threshold Th_IMb is used to 
compare these two differences. The same method as in the case of WBottomHalf is applied. The equations are as: 
 

 
Finally we can make a temporary decision whether pi,j belongs to a suspected noisy pixel or is noisy free. 

 
2.1.2 Fringe Module 
If pi,j has a great difference with neighboring pixels, it might be a noisy pixel or just situated on an edge. How to conclude 
that a pixel is noisy or situated on an edge is difficult. In order to deal with this case, we define four directions, from E1 to 
E4, as shown in Figure 3. We take direction E1 for example. By calculating the absolute difference between fi,j and the 
other two pixel values along the same direction respectively, we can determine whether there is an edge or not. The 
detailed equations are as: 
 

  
Figure 3 Four Directions of DTBDM 
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2.1.3 Similarity Module 
The last module is similarity module. The luminance values in mask W located in a noisy-free area might be close. The 
median is always located in the center of the variational series, while the impulse is usually located near one of its ends. 
Hence, if there are extreme big or small values, that implies the possibility of noisy signals. According to this concept, we 
sort nine values in ascending order and obtain the 4th, 5th and 6th values which are close to the median in mask W. The 
4th, 5th and 6th values are represented as 4thinWi,j, MedianInWi,j and 6thinWi,j. We define Maxi,j and Mini,j as 
 

 
Maxi,j and Mini,j are used to determine the status of pixel pi,j. However, in order to make the decision more precisely, we 
do some modifications as 

 
 

Finally, if fi,j is not between Nmax and Nmin, we conclude that pi,j is a noise pixel. Edge-preserving image filter will be used 
to build the reconstructed value. Otherwise, the original value fi,j will be the output. The equation is as: 

 
 
3. VLSI IMPLEMENTATION OF DTBDM 
The DTBDM has low computational complexity and requires only two line buffers instead of full images, so its cost of 
VLSI implementation is low. For better timing performance, we adopt the pipelined architecture to produce an output at 
every clock cycle. Figure 4 shows block diagram of the VLSI architecture for DTBDM. The architecture adopts an 
adaptive technology and consists of five main blocks: line buffer, register bank, decision tree- based impulse detector, 
edge-preserving image filter and controller. 

 
Figure 4 Block Diagram of VLSI Architecture of DTBDM 

 
DTBDM adopts a 3x3 mask, so three scanning lines are needed. If pi,j are processed, three pixels from rowi-1, rowi and 
rowi+1, are needed to perform the denoising process. With the help of four crossover multiplexers, we realize three 
scanning lines with two line buffers. Odd-line buffer and even line buffer are designed to store the pixels at odd and even 
rows respectively.  The register bank consists of 9 registers used to store the 3x3 pixel values of the current mask W.  

 
To locate the edge existing in the current W, a simple edge-preserving technique which can be realized easily with VLSI 
circuit is used. The dataflow of the edge-preserving filter is shown below. 

 
Figure 5 Dataflow of the edge-preserving image filter 
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4. IMPLEMENTATION RESULTS 
The proposed algorithm is implemented in the Microblaze processor on a SPARTAN-3 FPGA Kit. It is implemented on 
128x128 8-bit gray scale test images: Lena and Dinosaur. The results are shown in following figures. Figure 6 shows the 
algorithm effect on an 128x128 Lena image and Figure 7 shows the VB module showing the Restored image receiving 
from SPARTAN-3 FPGA kit on PC. 
 

 
(a)            (b)          (c) 

Figure 6 (a) Original Image (b) 20% Corrupted Image (c) Restored Image using DTBDM 
 

 
(a) 

 

 
(b) 

Figure 7 (a) Original Image Sending to SPARTAN-3 FPGA (b) Received Restored image from SPARTAN-3 
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5. CONCLUSION 
In this project, we have presented an efficient decision-based filter for noise detection and image restoration. Because the 
new impulse detection mechanism can accurately tell where noise is, only the noise-corrupted pixels are replaced with the 
estimated central noise-free ordered mean value. As a result, the restored images can preserve perceptual details and 
edges in the image while effectively suppressing impulse noise. The VLSI architecture of our design requires only low 
computational complexity and two line memory buffers hence making it suitable for real-time applications. The 
architectures work with monochromatic images, but they can be extended for working with RGB color images and videos. 
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