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ABSTRACT:

An efficient hardware implementation of a median
filter and edge detection is presented. Input samples
are used to construct a cumulative histogram, which
is then used to find the median. The resource usage of
the design is independent of window size, but rather,
dependent on the number of bits in each input sample.
This offers a realizable way of efficiently implement-
ing large-windowed median filtering, as required by
transforms such as the Trace Transform. The method
is then extended to weighted median filtering. The
Median filter is an effective method for the removal of
impulse-based noise from the images. This paper sug-
gests an optimized architecture for filter implementa-
tion on FPGA. A 3x3 sliding window algorithm is used
as the base for filter operation. Partial implementation
is done via soft core processor. The designs are synthe-
sized for a Xilinx Spartan-3 EDK.
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.LINTRODUCTION:

Digital image processing is an ever expanding and dy-
namic area with applications reaching out into our ev-
eryday life such as medicine, space exploration, surveil-
lance, authentication, automated industry inspection
and many more areas. In most of the cases captured
images from image sensors are affected by noise. The
impulse noise is the most frequently referred type of
noise.This noise, commonly also known as salt & pep-
per noise, is caused by malfunctioning pixels in camera
sensors, faulty memory locations in hardware, or er-
rors in the data transmission.
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Median filtering is considered a popular method to re-
move impulse noise from images. This non-linear tech-
nique is a good alternative to linear filtering as it can ef-
fectively suppress impulse noise while preserving edge
information. The median filter operates for each pixel
of the image and assures it fits with the pixels around
it. It filters out samples that are not representative of
their surroundings; in other words the impulses. There-
fore, itis very useful in filtering out missing or damaged
pixels of the image.

The complexity in implementation of median filter is
due to the large amount of data involved in represent-
ing image information in digital format. General pur-
pose processor as an implementation option is easier
to implement on but not time-efficient due to addition-
al constraints on memory, 1/0 bandwidth and other
peripheral devices. Full custom hardware designs like
Application Specific Integrated Circuits (ASICs) provide
the highest speed to application but at the same time
they have very less scope for flexibility.

Digital Signal Processors (DSPs) and Field Programma-
ble Gate arrays (FPGAs) are two choices under the cat-
egory of semi custom hardware devices. These devices
give a balanced solution for performance, flexibility
and design complexity. DSPs are best suited to compu-
tationally intensive applications. FPGA has been chosen
for our application because of its various properties.
FPGAs are reconfigurable devices, which enables rapid
prototyping, simplifies debugging and verification. Its
parallel processing characteristic increases the speed
of implementation. In section 2 details of median filter
algorithm are presented. In section 3 FPGA implemen-
tation of the algorithm is discussed. In section 5 we
provide the simulation results. The discussion of the
implementation is concluded in the last section.

July 2015




ow‘\%"““e"‘"& 7

£
B
o
o

ISSN No: 2348-4845

., International Journal & Magazine of Engineering,
Technology, Management and Research

A Peer Reviewed Open Access International Journal

II.LFILTER ALGORITHM:

An image is stored in the form of 2D matrix of pixel
values. We have referred sliding window algorithm de-
scribed by R. Maheshwari and S.P.Rao [2]. The median
is defined as the middle of a group of numbers when
the numbers are sorted. The group should contain odd
number of elements.

For the 2D image, a standard median operation is im-
plemented by sliding a window of odd size (e.g. 3x3
windows) over an image. A 3x3 window size is chosen
which is considered effective for most commonly used
image sizes. At each position of the window, the nine
pixels values inside that window are copied and sort-
ed.

The value of the central pixel of the window is replaced
with the median value of the nine pixels in the window.
When applied on Grayscale images, pixels are ranked
for their brightness. When applied on Color scale imag-
es, the pixel whose red, green, and blue components
have the smallest sum of squared differences from the
color coordinates of its neighbors is then chosen to re-
place the central pixel of the neighborhood.

The window shifts right by one column after every
clock cycle. Window-l is read in three clock cycles. To
read window-ll, only the fourth column has to be ac-
cessed and column two and three can be retained from
the previous window.

IMPUT CONVERT]
|:

Fig2: block diagram

Ill. ARCHITECTURE:

To build an embedded system on Xilinx FPGAs, the em-
bedded development kit (EDK) is used to complete the
reconfigurable design. Figure 1 shows the design flow.
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Fig 2 Design flow

Unlike the design flow in the traditional software de-
sign using C/C++ language or hardware design using
hardware description languages, the EDK enables the
integration of both hardware and software compo-
nents of an embedded system. For the hardware side,
the design entry from VHDL/Verilog isfirst synthesized
into a gate-level netlist, and then translated into the
primitives, mapped on the specific device resources
such as Look-up tables, flip-flops, and block memories.
The location and interconnections of these device re-
sources are then placed and routed to meet with the
timing Constraints. A downloadable .bit file is created
for the whole hardware platform.

The software side follows the standard embedded
software flow to compile the source codes into an ex-
ecutable and linkable file (ELF) format. Meanwhile, a
microprocessor software specification (MSS) file and a
microprocessor hardware specification (MHS) file are
used to define software structure and hardware con-
nection of the system. The EDK uses these files to con-
trol the design flow and eventually merge the system
into a single downloadable file. The whole design runs
on a real-time operating system (RTOS).

IV.FILTERING CO-PROCESSOR:

There are different ways to include processors inside
Xilinx FPGA for System-on-a-Chip (SoC): PowerPC hard
processor core, or Xilinx MicroBlaze soft processor
core, or user-defined soft processor core inVHDL/Ver-

ilog.
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In this work, The 32-bit MicroBlaze processor is cho-
sen because of the flexibility. The user can tailor the
processor with or without advance features, based on
the budget of hardware. The advance features include
memory management unit, floating processing unit,
hardware multiplier, hardware divider, instruction and
data cache links etc. The architecture overview of the
system is shown in Figure 2. It can be seen that there
are two different buses (i.e., processor local bus (PLB)
and fast simplex link (FSLbus) used in the system [5-6].
PLB follows IBMCore connect bus architecture, which
supports high bandwidth master and slave devices,
provides up to 128- bit data bus, up to 64-bit address
bus and centralized bus Arbitration.

Itis a type of shared bus. Besides the access overhead,
PLB potentially has the risk of hardware/software inco-
herent due to bus arbitration. On the other hand, FSL
supports point-to-point unidirectional communication.
A pair of FSL buses (from processor to peripheral and
from peripheral to processor) can form a dedicated
high speed bus without arbitration mechanism. Xilinx
provides C and assembly language support for easy
access. Therefore, most of peripherals are connected
to the processor through PLB; the DWT coprocessor is
connected through FSL instead.

FPGA Dhvisn

.....

Fig 3 System Overview

The current system offers several methods for distrib-
uting the data. These methods are a UART, and VCA,
and Ethernet controllers. The UART is used for provid-
ing an interface to a host computer, allowing user in-
teraction with the system and facilitating data transfer.
The VGA core produces a standalone real-time display.
The Ethernet connection allows a convenient way to
export the data for use and analysis on other systems.
In our work, to validate the DWT coprocessor, an im-
age data stream is formed using VISUAL BASIC, then
transmitted from the host computer to FPGA board
through UART port.
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V. OPERATIONS OF IMAGE PROCESSING:

Edge detection is the name for a set of mathematical
methods which aim at identifying points in a digital
image at which the image brightness changes sharply
or, more formally, has discontinuities. The points at
which image brightness changes sharply are typically
organized into a set of curved line segments termed
edges. The same problem of finding discontinuities in
1D signals is known as step detection and the problem
of finding signal discontinuities over time is known as
change detection. Edge detection is a fundamental
tool inimage processing, machine vision and computer
vision, particularly in the areas of feature detection and
feature extraction.

Fig4: Input Image

Figs: Edge Detection Image.

SOBEL EDGE DETECTION:

The Sobel operator is used in image processing, par-
ticularly within edge detection algorithms. Technically,
it is a discrete differentiation operator, computing an
approximation of the gradient of the image intensity
function. At each point in the image, the result of the
Sobel operator is either the corresponding gradient
vector or the norm of this vector.
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The Sobel operator is based on convolving the image
with a small, separable, and integer valued filter in hori-
zontal and vertical direction and is therefore relatively
inexpensive in terms of computations. On the other
hand, the gradient approximation that it produces is
relatively crude, in particular for high frequency varia-
tions in the image.

V.EXPERIMENTAL RESULTS:

Experiments are performed on gray level images to
verify the proposed method. These images are repre-
sented by 8 bits/pixel and size is 128 x 128. Image used
for experiments are shown in below figure.

e e T Ut N —

Fig 5 output image
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Fig6 (a): Input Image
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Figé(b): Sobel edge image

The measurands used for proposed method are as
follows:The entropy (E) is defined as Where s is the set
of processed coefficients and p (e) is theprobability
of processed coefficients. By using entropy, number
of bits required for compressed image is calculated.
An often used global objective quality measure is the
mean square error (MSE) defined asWhere, nxm is the
number of total pixels. f (i,j) and f(i,j)’ are the pixel val-
ues in the original and reconstructed image. The peak
to peak signal to noise ratio (PSNR in dB) [11-13] is cal-
culated asAnd the synthesis report is below.

Selected Device @ IaSD0efgiz0-4

Humbes of Slicea: 2645 out of 4655 56k
Humbee of 3lice Flip Flops: 3343 outr of 9312 F5k
Humber of 4 imput LUTa: 3794 out of 9312 0%
Husber used a3 logic! 3118
Haber used as Shift regiscers: 356
Husber used as RLEa: 3z0
Humbes of I0=: 83
Humbes of bonded I0B3: 40 out of 3z 17%
108 Flip Flopa: 55
Humbes of BRAMs: 7 out of o F5k
Humbes of NULTISX183T0a: 3 out of o 15%
Humbes of GCLEs: 7 out of 24 9k
Humbes of DOHa: 2 out of L] 50%

Timing Suwmmary:

Speed Grade: -4

Hinimum period: 12.384ns (Maximum Frequency: 80.745HHz)
Hinimum input arcival time before clock: 41.553ns
Haximum output required time after clock: 13.840ns
Maximum combinational path delay: 3.344ns

Fig. 7 Synthesis report
VI. CONCLUSIONS:

In this paper, a We have presented an alternative im-
plementation of median filtering for arbitrarily large
windows. The architecture is immune to changes in
window size, the area being determined solely by the
bit width. This allows for a flexible window-size that
can change from one calculation to another and we fi-
nally presented the results which are implemented on
the Spartan-3E edk evolution board.
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