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Abstract: This paper deals with developing a efficient VLSI architecture for median filter to remove impulse noise. Median filter is one 
of the important non-linear filters, used in speech and image processing applications. In this paper, four new low complexity and high 
speed architectures are proposed for 5x5 median filters. The main idea of this paper is to employ various techniques Such as, fine grain 
pipelining, pipelining and unfolding to increase speed of the architecture. The proposed 5x5 architecture is developed using five cell, 
three cell and two cell sorters which gives median value with low complexity and high speed.  First architecture is developed using fine 
grain pipelining technique in which registers are introduced in the comparator circuit itself, so that delay is reduced from 164 ns to 
24ns. Second architecture is developed using pipelining technique in which registers were inserted across the feed forward cutest, so that 
delay is reduced from 24 ns to 14ns. Third architecture is developed using unfolding technique, it performs the same operation J 
number of times where J is the unfolding factor. It performs the operation two times (J=2) with delay 23ns. The proposed high speed 
and low complexity architecture will retain original image quality and sharpness.  
 
Keywords: Median Filter, Pipelining, Fine Grain pipelining, carry logic sorter, unfolding. 
 

1. Introduction 
 
In recent years there have been many improvements in 
nonlinear filters. Non linear filtering algorithm, used in 
image processing because images do not produce linear 
characteristics. In previous models, the hypotheses of 
Gaussianity and stationarity were used to produce linear 
signals; however, these filters were not able of removing 
all kind of noise without affecting the signal. For instance, 
impulsive noise can be removed from an image by using a 
linear filter; however, edges and small details in the 
images are blurred in the filtering process. 
 
Channels are used to transmit the images and signals. 
During this transmission, signals are contaminated by 
noise due to faulty communication. Noises are broadly 
classified into additive noise and multiplicative noise. 
There are various filtering techniques, used   to remove 
the noise from the signal.   
 
Initially linear filters which were used in image processing 
problems cannot deal with the nonlinearities of the image 
and the non-linearity’s of human vision model cannot be 
taken into account, because classical linear digital filters 
have low pass characteristics, they have a tendency to blur 
the edges, do not eliminate non additive noise and destroy 
edges and small details of an image. 
 
Multiplicative noise occurs during digital image 
restoration. Linear filtering technique is not useful in these 
cases because this does not satisfy the superposition 
property. Nonlinear filtering techniques are used to 
overcome the limitations of linear filters. Design and 
implementation of the nonlinear filters involves without 
any complex optimization techniques. 
 
A nonlinear filter is a filter whose output is not linear with   
its input. According to terminology the filtering problem 

may refer to the time domain (state space) representation 
of the signal or to the frequency domain representation of 
the signal. 
 
 Nonlinear filters place and eliminate data that is known as 
noise. The nonlinear algorithm is checked at each data 
point whether it is noise or valid signal. If the point is 
noise, the data point is eliminated and replaced by an 
estimated data point based on surrounding data points, and 
parts of the data that are not considered as noise are not 
modified at all. Linear filters, lack in such a decision 
capability and therefore modify all data 
 
1.1. Impulse noise  
 
 Faulty pixels in camera sensors, faulty memory locations 
in hardware, or faulty transmission channel causes 
impulse noise occur. Impulse noises are classified into two 
type’s salt and pepper noise, and the random valued noise. 
Due to salt and pepper noise an image will have dark 
pixels in bright regions and bright pixels in dark regions 
Salt and pepper noise caused by analog-to-digital 
converter errors, bit errors in transmission, etc. Dark 
frame subtraction and interpolating around dark/bright 
pixels are used to eliminate the salt and pepper noise. 
There are many works on the restoration of images 
corrupted by impulse noise. Impulse noise can be removed 
by median filter because of its noise removing capability 
and computational efficiency. 
 
 1.2. Median filter 
 
A median filter is one of the nonlinear digital filter which 
is able to maintain sharp signal changes and eliminate 
impulse noise. While linear filter is unable to remove this 
type of noise without affecting unique characteristics of 
the signal, median filters have significant advantages over 
linear filters for this particular type of noise. Therefore 
median filter is mostly used in digital signal and image 
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 6. Conclusion 
 
In this paper, four architecture were developed using Fine 
grain pipelining, Pipelining and Unfolding techniques. All 
the three architecture are comparatively high in speed. The 
architecture with the combination of fine grain pipelining 
and pipelining involves a delay of 14.55 ns and the 
frequency in 74.35 MHz. The Unfolded architecture with 
J=2 produces two median value with the delay of 23.43 ns. 
The simulation and synthesis of the architecture has been 
carried out in Xilinx ISE 13.2 Vertex 6 family for the 
XC6VLX75T device. 
 
We can state that the developed  Pipelined architecture is 
very useful where the speed is major concern  like Remote 
sensing, Tele medical image processing, Machine Vision 
and Meteorology, where speed is major concern. They  
leads to high speed  architecture for noise removal. 
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