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Abstract—Digital image processing based applications area have
found its presence in most of the today’s world. It includes signal
and image processing, medical field, machine vision, traffic load
computation etc. These image processing algorithms can be
implemented very easily by using Xilinx System Generator. The
use of XSG enables us to use the concept of hardware software co-
simulation which is very essential in low cost but powerful
processing chips. Proposed architecture gives an most efficient
way by using a graphical user interface which is developed by
combining MATLAB, Simulink and XSG tool. Prototype of
Application Specific Integrated Circuit [ASIC] can be obtained by
FPGA based implementation of image processing algorithm.
Comparative analysis using software and hardware is to be done.

Index Terms—XSG, ASIC, FPGA, Image Processing Algorithms.

I. INTRODUCTION

In the last few years, the field of image processing has
undergone a rapid evolution. Image processing has varied
applications in medical field, computer vision, digital
photography, Traffic load computation etc .The main objective
of image processing is to improve the quality of the images for
human interpretation .Image quality can be enhanced by
creating image processing algorithms using Xilinx system
generator such as image negative, contrast stretching, image
segmentation, edge detection etc. This paper particularly
features on developing suitable method for rapid and efficient
way to perform hardware implementation for some of Basic
crucial image processing algorithms that can be used in simple
application specific devices. With advancement in the VLSI
technology hardware implementation has become an attractive
alternative. Assigning complex computation tasks to hardware
and exploiting the parallelism and pipelining features yield
significant speedup in running times. Implementation of image
processing on re-configurable hardware, enables rapid
prototyping of complex algorithm and simplifies debugging
and verification. In recent years FPGAs (Field Programmable
Gate Array) have become superior platform, with high-speed
parallel computing capacity. FPGA is a fine grained device
with large number of Input Output Blocks (IOBs) and
Configurable Logic Block (CLBs) and other logic elements.

FPGA is rich source of high speed multipliers, adder, and
memory; in the design process as they can be directly called.

It is requirement of an efficient rapid prototyping system to
develop an environment targeting the hardware design
platform. The Xilinx System Generator environment allows for
the Xilinx line of FPGAs to be interface directly with
Simulink. In addition there are several cost effective
development boards available on the market that can be
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utilized for the software design development phase. Xilinx
System Generator (XSG) is an integrator design environment
(IDE) for FPGAs, which uses Simulink, as a development
environment, it is presenting in the form of block set. It has an
integrated design flow, to move directly to the configuration
file (*.bit) necessary for programming the FPGA. One of the
most important features of Xilinx System Generator is
possessed abstraction arithmetic, which is working with
representation in fixed point with a precision arbitrary,
including quantization and overflow. XSG automatically
generates VHDL code and a draft of the ISE model being
develop. Xilinx System Generator has created primarily to
deal with complex Digital signal processing (DSP)
applications. The blocks in Xilinx System Generator operate
with Boolean values or arbitrary values in fixed point, for a
better approach to hardware implementation. The connection
between blocks, Xilinx system generator and Simulink Blocks
are gateway blocks.

II. LITERATURE REVIEW

An extensive work is done in the field of edge detection for
real time image processing. In recent years, in September
2009[8] the algorithm implementation for FPGA based design
for various applications using edge detection was proposed.
The hardware processing on an FPGA allows the capture and
online processing in real time on the same chip. External
memory module can be saved using memory from FPGA only.
The rate achieved by PC is greater than FPGA because PC
clock is much higher than FPGA. In another paper [7]
improvement was done by using block RAM and IO interface
on the FPGA. After this in 2010 the improvement [6] was done
by implementing the hardware circuit of the algorithm on ISE
9.1 and simulated in Model sim 6.0.It gave high precision
edge. When the system is validated, it indicates that the video
image edge detection system can detect high precision edge.
This paper realizesa hardware based video edge detection
system on FPGA mainly by the completion of the system IP
core. Next stage was achieved by using A Moving Window
Architecture in MAY 2012[5] which performs the more
computational complex operations of edge detection algorithm
like non maximum suppression and double thresholding. By
using this design results are stored within the FPGA and
eliminates the needs of large memory buffer. Improvement
over this was done using FPGA Accelerated object detection
using edge information. This paper proposes an FPGA based
object detection that utilizes edge information to reduces the
search space involved in object detection.Performance speed
up and energy saving rating compared to traditional Moving
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Window approach. The proposed architecture in this paper [4]
are providing a platform for real time algorithm on application
specific hardware with higher performance than programmable
digital signal processors. In 2011 edge detection algorithm [3]
for prewitt and sobel was presented and compared their result.
After that A methodology [2] for real time architecture for
Edge detection using sobel filter for image processing using
Xilinx System Generator. In this approach a Virtex 5 FPGA kit
is used to achieve higher performance than previous methods.
In 2013 Paulo possa presented [1]a new flexible architecture
for image and video processing with reduced latency and
memory requirements supporting a variable input resolution.
The proposed architecture is optimized for feature extraction
such as the canny edge detector and the Harris corner detector.
Also algorithm simplications are employed to reduce
mathematical implementations on an FPGA based modules. It
has clear advantage in low level power applications, low
latency and portability are required.

III. PROPOSED WORK

A. Software implementation

Image pre and post processing blocks

1. Initially the original digital image which may be color is first
converted into Grey scale image using MATLAB.

2. This 2-D image is then converted into 1-D for further
processing. This 1-D data stream is given to Frame conversion
block.

Pre Processing blocks:
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3. At this point all the image processing algorithms are done
using XSG.

4. The 1-D output of XSG block set are given to image post
processing blocks to obtain original 2-D image with its
required features.

Post Processing Blocks:
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B. Flowchart

Input image

4

Develop Simulink blocks

Start simulation

NO

Software Outputimage

Y

X5G compilation

¥
VHOL code

l

To FPGA kit

4

Hardware output image

IV. IMPLEMETATION

To implement image processing algorithms Xilinx system
generator is used because of its ability to generate HDL code.
Various algorithms like negative generation, image
enhancement, contrast stretching, image thresholding, edge
detection are implemented using XSG. Before going to
implement algorithms, Gateway In and Gateway Out blocks
are connected in between preprocessing and post-processing
blocks. These blocks act as input and output to the Xilinx
portion of Simulink design.
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A. Algorithm for Arithmetic Operations

The arithmetic operations are addition, subtraction, division
and multiplication of a pixels by a constant value. Addition
and subtraction changes the brightness of the image.Fig. 1
shows the XSG blocks involved while adding and subtracting
40 from the image andshows input and output respectively.
Similarly, multiplication and division by different values can
adjust the contrast of the images.
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B. Algorithm for Logical Operation
The Exclusive OR function sets bits that are the same in each
operand to O and bits that are different to 1. All pixels of a
certain value can be found by applying XOR function. Almost
a negative image produced by XOR with 255 to the image is
shown in fig. 2.
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C. Algorithm for Image Negative
The algorithm for gray scale image negative is given in
Fig.3.Here addsub block simply subtracts the constant 255
from pixel value to generate the negation of an input image.
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Figure.3

D. Histogram Stretching (Contrast Stretching)

The contrast of an image is its distribution of light and dark
pixels. To stretch a histogram, contrast stretching is applied to
an image to fill the full dynamic range of the image. We can
stretch out the gray levels in the center of the range by
applying piecewise linear function according to the equation.

new pixel = (12/4) (old pixel-5) + 2

where new pixel is its result after the transformation. Fig.4
shows the XSG blocks involved and input and output blocks
after performing histogram stretching.
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E. .Image segmentation using threshold

Image segmentation can be used to separate pixels associated
with objects of interestfrom the image background. This is an
important step in many imaging applicationsof automated
analysis and robotics.Fig.5 shows the XSG blocks involved

and input and output blocks after performing image

segmentation.
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V. HARDWARE SOFTWARE CO-SIMULATION

JTAG co-simulation is approach wused for hardware
implementation of the design. In this approach normal
simulink blocks are executed in the matlab environment that
generates operation desired. While JTAG co-simulation block
load bit stream file generated (*.bit) in the FPGA in loop. And
further data is accessed clock by clock basis that can be
processed further. Once the data is accessed, filtering action is
performed onto the image pixels. Thus once the JTAG co-
simulation block is encountered in the loop processing of data
is carried out in FPGAhardware. Thus desired results are
generated that are again made available in matlabenvironment
via JTAG cable.

1. Double click on the System Generator block. A dialog
box will show up.

2. This dialog box allows to select the type of the
hardware generated using system generator

3. If the board is supported it will appear and it is
desired to follow the steps below. If the board is not
supported then select new compilation target.

4. It is required to specify details regarding to the

hardware board used.

CONCLUSION

Real time applications are always on hardware platform rather
than software. In this paper low level digital image processing
technique which are image negative, contrast stretching,
arithmetical and image segmentation, edge detection algorithm
over software and hardware platform is proposed. XSG tool of
MATLAB provides simpler and efficient way of FPGA
programming with minimum resource and delay. It provides
friendly graphic interface. The Simulink model obtained here
can be easily combined with other models. All the essential




features required for real time image processing which are
parallelism, speed, area minimization are obtained using XSG.
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