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Abstract— Image processing is a growing field with tremendous potential and scope for development. With the advent of 
advanced visual technologies, there is a need to have an ultra high speed processing machines to match the quality of the 
high definition domain. The high end DSPs have drawbacks and limitations which can be addressed by implementing a 
processing unit as a hardware design. An optimum architecture can be developed by prototyping it on Field Programmable 
Gate Arrays. An ideal hardware architecture can be designed according to the specific requirement which can outperform the 
more generic processors. 
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I. INTRODUCTION 
 
Image processing is a part of day to day life of every 
individual. High technological advancements in the 
field of image processing have led to many startling 
results. Over several years of development greater 
degree of enhancement of images, real time 
processing along with a large amount of data 
processed due to high resolution images in every 
frame. 
For such large amount of pixel processing, a generic 
processor like will not suffice the speed required. The 
main drawback of a controller or a processor is that it 
is sequential in nature, i.e. it follows a specific path 
for performing various operations. The operation 
flow is non adaptive. This would not be conducive for 
real time processing where speed of processing is the 
most critical factor. Parallel processing of data is a 
need for real time processing. Parallel processing of 
data would increase the data computation rate.  An 
application specific flow of operation should be 
undertaken which would provide real time image 
processing with the desired output and without 
showing any noticeable degradation of quality due to 
any processing delay. Application Specific Integrated 
Circuits are an ideal option provided that is a perfect 
hardware architecture which suffices all for such 
requirements. The data flow and its processing could 
be completely customized to ensure the best of 
quality without any kind of operational delay or error 
that would result in any degradation. The ASICs are 
permanent hardwired devices which are only practical 
if there is a perfect architecture and mass production. 
But for prototyping purposes, to design the ideal 
hardware architecture FPGAs are used.  
Field Programmable Gate Arrays are a hardware 
programmable device that consists of configurable 
logic blocks and interconnects. These CLBs as well 
as interconnects are programmable. Hardware 

descriptive languages such as VHDL and Verilog are 
used to program the FPGA. According to the HDL 
code, the hardware is created on the FPGA. Thus 
FPGAs can create customized hardware according to 
the need and the flow of operation too. Parallel 
processing of data can thus be incorporated into the 
hardware design. 

 
II. PLATFORM USED 

 
2.1. Features 

 
Fig.1. Basys2 board block diagram 

 
The paper was implemented using Basys2 Digilent 
board.  
The Basys2 board is built around a Xilinx Spartan-3E 
Field Programmable Gate Array. [ref5]Atmel 
AT90USB2 Full-speed USB2 port is used for 
delivering both programming interface and power 
supply. The board consists of 4 push buttons, 8 slide 
switches, 8 LEDs and 4 seven segment displays for 
user I/O. It has ESD protection for all I/O signals. 
PS/2 port is available for interfacing PS/2 mouse or 
keyboard. An 8-bit VGA port is available for 
interfacing the VGA monitor. 
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The board has user settable clock speed of 25MHz, 
50MHz or 100MHz. It also consists of 6-pin header 
expansion connectors. 

 
2.2. Resources Utilized: 
The paper aims at demonstrating image processing 
using FPGA. The 8-bit VGA connector was 
connected to a VGA monitor compatible with the 
given pixel resolution. The code was burnt using 
Digilent Adept which can be used to directly program 
the Basys2 board. The USB2 port is used as the 
programming interface and for power supply. The 
code was run using 50MHz in-built clock. 

 
III. IMAGE FILTERING 

  
Image filtering is a method of image enhancement. 
Image filtering is a use of filters to perform a specific 
task by which the entire image or a region of interest 
is enhanced or modified. An image kernel can be 
used for filtering of an image. A kernel is a small 
matrix which can be convolved with the image. There 
are different types of kernels for different purposes 
[ref1]Designing of a kernel is a complex 
mathematical process. Though various readymade 
kernels with predefined values are available for 
various tasks like image sharpening , blurring, edge 
detection, etc. In images a low pass filter, smoothens 
the edges in an image, as edges or a sudden 
discontinuity in an image is taken as a high frequency 
component. Thus low pass filtering would try to 
remove these high frequency components and thus it 
smoothens the edges. On the contrary a high pass 
filter would enhance the edges of the image. 
 
IV. CONVOLUTION 

 

 
Fig.2. Block Diagram for Convolution in images. 

 
4.1. Image storage 
Image filtering was initially performed on an image 
stored in the FPGA memory. The image was of the 
size 16*16. The 256 pixel values were stored in a .dat 
file format. Every pixel value was represented in the 
eight bit pixel format.  
The image was stored in the form of a linear array in 
the FPGA. Each position consisted of eight bit data 
representing the pixel value. The image was created 

using progressive scanning. The first 16 pixel values 
represent the first line of the image from left to right. 
Similarly the next 16 pixel values represent the 
second line of the image. 
 
4.2. Data fetch 
The data fetch unit takes input from the counter. 
[ref2,3]The counter value represents the location of 
the pixel in the memory where the image is stored 
and also the location of the pixel in the processed 
image. According to the counter value, the data fetch 
unit identifies the pixel location in the image and 
fetches the respective neighboring pixels from the 
FPGA memory for convolution along with the pixel 
value pointed out by the counter. 
 
4.3. Counter 
The counter is an eight bit counter used to point out 
the pixel locations in the memory. The same counter 
value can also be used to evaluate the pixel location 
in the processed image. The last 4 bits (least 
significant bits) of the counter value represent the 
horizontal location of the pixel value and the first 
four bits (most significant bits) represent the vertical 
address.  

 
4.4. Image filter 
 

 
Fig.3.Convolution of image and the image kernel 

 
This block is the core of the entire system. The image 
is processed in this block. [ref4]The input to this 
block is the central pixel value to be processed and 
along with its neighboring pixels. The output of the 
image filtering block is the pixel value to be 
displayed. If the image pixels are represented by f(x, 
y) where x and y are the pixel co-ordinates and the 
kernel is represented by h(x, y), F(x, y) is the 
convolved output pixel given by the equation below. 
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4.5. VGA Display  
 
The image was displayed with the help of a VGA 
connector. The pixel value is of the eight bit pixel 
format. This pixel values along with the horizontal 
and vertical address of the pixel is sent to the VGA 
monitor display unit, This unit sends information to 
the monitor for displaying the processed image. 

 
V. RESULTS  
 
Two filtering operations were implemented using 
convolution matrix kernels. 
 
5.1. All Pass Filter 
 

 
Fig.4. All pass filter image kernel 

 
An all pass filter in the spatial domain is fed as input 
to the convolution block along with the image pixel 
values. The output of the processed image will 
completely resemble the original image. 
 
5.2. Low Pass Filter 
 

 
Fig.5.(a).Averaging low pass filter kernel 

 
A low pass filter in general smoothens the edges in 
the images since edges are taken as high frequency 
components in the images. Low pass filtering action 
is achieved by using an averaging filter image kernel. 
Better results can be obtained if more emphasis is 
towards the central pixel during the convolution 
operation. In averaging filter, the filter values 
corresponding to the image have equal values. Thus a 
weighted average filter is used which is shown in Fig 
5.(b). The convolution of filter and the image 
smoothens the edges of the filters. 
 

 
Fig.5.(b)Weighted Averaging low pass filter kernel 

 
Fig.6.(a)Image before convolution 

 

 
Fig.6.(b) Image after convolution 

 
VI. ADVANTAGES  

 
The main advantage of implementing this architecture 
on FPGA is its ability to perform parallel processing. 
Programming in HDL creates separate hardware for 
every unit i.e. the data fetch unit functions are 
independent of the display unit. This parallel 
processing is a very important parameter in image 
processing as it improves the overall speed.  
 
The maximum output time required after clock is 
5.962ns. This allows us to use higher clock rates for 
given image resolution which will result in more 
frames per second for persistence of vision. 
 
Another advantage of FPGA is the flexibility it 
provides in changing the hardware. This flexibility 
can be harnessed for creating the most optimum 
architecture. 

 
VII. LIMITATIONS 

 
The propagation delay was found to be 5.962ns for a 
16*16 image resolution. This delay will increase with 
an improved pixel resolution. Thus, there will be a 
constraint in the clock speed that can be used with the 
increase in resolution. 
The convolution techniques used provide satisfactory 
results for still images. For processing images in real 
time, the processing time should be minimum to 
maintain persistence of vision.. For constructing an 
architecture with minimum delay, the hardware used 
should be minimized as some propagation delay is 
introduced by every hardware component. 
Hence, there was a need for an architecture which can 
support high pixel resolution in real time. 
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VIII. PIPELINING ARCHITECTURE 
 

 
Fig.7. Pipelined architecture 

 
In convolution the kernel mask is made to shift over 
the entire image. Different pixel values are given to it 
as input and the output is computed respectively. In 
pipe-lining shift registers are used to move the pixel 
values sequentially. The kernel position remains 
fixed. This eliminates the supplementary hardware. 
The input to the shift registers comes from the image 
pixel values. After every line, 2 zeros are inserted 
into the shift registers. This is implemented with the 
help of a multiplexer as shown in the figure. This is to 
perform zero padding on the image to enable spatial 
domain filtering on the entire image. 
Due to the insertion of zeros in the shift registers, the 
zeros will also pass through the central position of the 
kernel. Hence a switch is needed to control the output 
going to the display unit. After the display of every 
line the output has to wait for 2 clock cycles.  
Implementation of pipe-lining in HDL will need state 
machines. Two state machines need to be running 
simultaneously for both inserting zeros in shift 
registers and for pausing the filtering unit. With the 
implementation of pipe-lining architecture the overall 
propagation delay is reduced. This allows the use of a 
faster clock for further implementations.  

The difference between time delays of convolution 
architecture with and without pipe-lining is negligible 
for a 16*16 image, but for bigger images with higher 
resolutions, the hardware created with pipe-lining 
would be saving a lot of computational time. 

 
IX. FUTURE SCOPE 

 
9.1. Real Time Image Filtering 
Performing image processing in real time requires 
processing the pixels at a speed high enough to 
maintaining the persistence of vision for the entire 
image. This means to convolve all the pixels within a 
very short time span. This requires architecture with 
an optimum and dedicated hardware. 
The pipelined architecture provides means for image 
filtering using less hardware. An FPGA allows 
parallel processing. Thus multiple units of pipelined 
architecture can be implemented for making it 
possible for processing images in real time. 
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