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Abstract- This paper presents Hardware Accelerated Image Enhancement Filters using an efficient FPGA.  For 
implementing Real Time Image processing applications generally FPGA are used. Simulation of Image Enhancement Filters 
is done using Modelsim Altera. Generally, general purpose processor used by image filtering system are PC based. Filtered 
output obtained, from this type of implementation takes more time. Because, this type of system executes instructions in step 
by step manner. Parallelism is supported by FPGA. Hence after simulation Image Enhancement Filters are realized using 
Spartan 3E FPGA to get output in minimum time.  JTAG programmer is used to download program in to Spartan 3E FPGA 
kit. RS232 is used for serial communication. Results are displayed on PC. 
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I. INTRODUCTION 
 
Adjust digital images, to make results more suitable 
for analysis or display of an image, the process of 
adjusting digital images is called as Image 
Enhancement. To detect chosen features of image 
easily, this process helps to increase the dynamic 
range of features. Image Enhancement Filters are 
Median filter, Histogram equalization filter, Contrast 
stretching filter, Negative Image Transformation 
Filter, etc. Among them two image enhancement 
filters are designed here, such as Contrast stretching 
and Histogram Equalization Filter.  For Image 
Enhancement a transformation function is necessary, 
which will take input image pixel intensity value and 
produce a new value of intensity for corresponding 
pixel to produce Enhanced Image.  FPGA does not 
have a fixed hardware structure. It can be 
programmable according to applications of user. 
Modern applications of digital image like Image 
filtering used a FPGA [6].  
 
FPGA’s have a good flexibility. It can be 
reprogrammable. FPGA have a reconfigurable 
structure of GATE. FPGA consumes large amount of 
power. FPGA is used to do many signal processing 
and image processing challenges. It also has a 
parallelism. FPGA have a highly configurable 
hardware. Now a day, image filtering operations are 
implemented on PC. But operations executed by PC 
is in step by step manner. To get output, it require 
large amount of time. Because parallelism is 
supported by FPGA[6]. FPGA gives rapid output 
response so speed is better compared to PC. Xilinx 
platform is one of the tool of software environment.  
Image filtering operation is realized on FPGA using 
Xilinx platform studio (XPS) and visual Basic (VB), 
by using VHDL language of Image filters. Xilinx 
studio platform includes three main parts, which are 
connectivity, system assembly and project 

information. The project information part gives 
information of a project and offers control over the 
project. And it also provides the tabs of IP catalogue 
and applications. Where you can view and configure 
system block elements is system assembly part. 
Interconnection of hardware platforms graphical 
representation shows by connectivity panel. By using 
these three parts Bit File is generated. Download the 
generated Bit file On FPGA. RS232 serial cable and 
JTAG cable is connected to the Target board using 
PC. 
 
II. RELATED WORK 
 
No. of efforts are done in many areas  of image 
processing in order to realize Image Enhancement 
Filters Using FPGA, where large no. of highly 
optimised and parallel filters are possible. The work 
presented in [3] employs use of Cyclone III on 
development kit (DE0) FPGA chip, to implement 
Image Enhancement filters using VHDL. Other 
efforts have been did to implement Image 
Enhancement filters, which do not did with single 
pixel values and windows rather than with the whole 
image.  
 
In [1] S. Vidya Dharan, Mohamed Khalil-Hani, Nasir 
Shaikh Husin includes face detection algorithm 
implemented in hardware accelerators using stream-
oriented hardware architecture. Hardware results take 
71ms to resolve the face detection algorithm for a 
single frame. Compare to the time taken by software 
implementation. Speed was increased around 250 
times.  Utilization of hardware is less than 2 % of 
total resources of CYCLONE IV E FPGA.  
Resources of this FPGA includes 2344 units of Total 
combinational logic blocks, 1457 registers, and 6966 
bits of total memory. 
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Author in [2] discussed about Hardware 
Implementation of Modified Weighted Median 
Filtering on FPGA. It also describes, why FPGA is 
particularly selected for the implementation of image 
filtering and various existing image filtering 
techniques. It also check the working of different 
algorithms of image filtering such as adaptive median 
filter algorithm, modified weighted median filter 
algorithm, weighted median filter algorithm. They 
first checked in environment of MATLAB and then 
generated equivalent C code after verification or 
simulation is dumped on the Xilinx platform from 
studio. 
 
In [3], Tarek M. Bittibssi, Gouda I. Salama, Yehia Z. 
Mehaseb, Adel E. Henawy addresses the 
implementation of Image Enhancement filters like 
Histogram Equalization and Contrast stretching Filter 
on FPGA. These two filters are studied and hardware 
is realized for them using Cyclone III on development 
kit (DE0) FPGA chip. 
 
In [4] Ramakrishna M, Kishore Kumar M, Addanki 
Purna Ramesh, describes Custom instructions which 
were added to accelerate hardware. Such that, SAT 
(P), CLR_HIST (Addr), INC_HIST (Addr), 
GET_HIST (Addr). Resource utilization of 
Histogram computation without using custom 
instructions in hardware includes 6491 logic 
elements, 3959 combinational logic blocks, 4745 
registers, 97792 memory bits and 111 IO pins. 
Resource utilization of histogram computation with 
custom instructions in hardware which includes 63 
logic elements, 49 combinational logic elements, 14 
logic registers, 4864 memory bits and 0 IO pins.     
 
In [5], Miguel A. Vega-Rodriguez, Juan M. Sanchez- 
Perez, Juan A. Gomez-Pulido shows a hardware 
realization for median filtering using FPGA to meet 
the requirements of real time of automated image 
inspection system. To remove flaws and blemishes 
present in the image it makes use of it. Otherwise it 
reduces accuracy of system. It describes in which 
way filter can be use to remove impulse noise present 
in the image still it maintains its sharp edges. Result 
of practical shows advantages and capabilities of 
these techniques. 
 
III. IMAGE ENHANCEMENT FILTERS 
 
This section describes the theory of implemented 
Image Enhancement Filters like contrast stretching 
Filter and Histogram Equalization filter. 
A. Contrast Stretching Filter 
Contrast Stretching is used to improve appearance of 
an Image by stretching intensity values range that 
image contains to use all possible values. Contrast 
stretching is only limited to linear mapping of input 
to output values. The steps included in contrast 
stretching filter implemented shown below: 

1. Read pixel by pixel whole image. 
2. Calculate lower and upper limit of image 

intensity values called as a and b respectively 
(for standard grey scale 8 bit image limits are 
generally 0 and 255). 

3. Calculate min=c and max=d value limit in 
unmodified image. 

4. After that for each pixel, output pixel value 
Pout to input pixel value Pin is mapped using 
below function: 

푃표푢푡 = (푃푖푛 − 푐)
푏 − 푎
푑 − 푐 + 푎 

 
B. Histogram Equalization Filter 
Histogram equalization is a technique which is 

used to enhance visual appearance of an image. 
Suppose we have an image which is already dark. 
Then its histogram will be distributed towards lower 
end of grey scale of an image. Then all details of 
image are squeeze in dark end of histogram. If we 
stretch grey scale values of image at end, which is 
dark to generate more uniformly spread histogram 
then image see much clearer. Histogram values 
stretches across spectrum of pixels (0 to 255) which 
is done by Histogram equalization. It improves 
contrast of image to increase visual appearance of 
image. It is used to normalize value variations in an 
image to understand problems. The steps for 
histogram equalization which is implemented are 
given below: 

1. Read pixel by pixel whole image. 
2. Counts the presence of each value of pixel in 

an image (256 value). 
3. Determine cumulative no. of pixels. 
4. Multiply by scaling factor [G-1/MxN] with 

each  unscaled value to get new scaled value. 
Where  
G=maximum grey level 
M=no. of rows of image 
N=no. of columns of Image 

5. Available nearest value of brightness assign to 
new scaled value. 

 
IV. HARDWARE IMPLEMENTATION 
 
The hardware implementation of Image Enhancement 
filters is shown by following block diagram which is 
given below. FPGA kit which is used in hardware 
implementation of Image Enhancement filters is 
Spartan 3E FPGA kit. An Input image is taken from 
webcam in to PC. That taken image is transferred to 
FPGA serially through RS 232 cable. JTAG 
programmer is used to download VHDL program for 
Image Enhancement Filters in to FPGA. LCD display 
is used to display memory values while transferring 
Image pixel values to FPGA. Then Image is 
processed in VHDL program for Contrast stretching 
filter and Histogram Equalization filter which is 
downloaded in FPGA. Processed image is again 
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transferred from FPGA to PC by using RS 232 serial 
cable to show  resulting Image on PC. 

 
Fig.1. Block diagram of Hardware Implementation 

 
A. Contrast Stretching Filter: 

 
Fig 2. Contrast Stretching Filter Block Diagram 

 
Contrast Stretching Filter block diagram is shown in 
above fig. Input Image initializes ROM block. Image 
maximum and minimum pixel value is count by using 
Max-Min block given in fig. “IF” condition will 
apply by using Contrast compare block shown in 
above fig. , Image pixel value is equal to 255 if it is 
greater than maximum value, else it is equal to 0, If it 
is smaller than minimum. It is equal to (Image pixel 
value- minimum value) if pixel value is in between 
maximum value and minimum value, then stored that 
value in RAM output Block shown in fig 2. 
 
B. Histogram Equalization Filter: 

 
Fig 3. Block diagram of Histogram Equalization filter. 

 
Histogram Equalization filter block diagram is shown 
in above fig. Input image initialized by ROM block. 
Each pixel value present in the image of 1D array is 
count by using Histogram of Grey Level Block. 
Individual value in the array with its prior value is 
determined by using cumulative block. Multiply 
constant value with CDF array by using multiplier 

shown in above fig 3. Unmodified image each pixel 
will mapping with equivalent value in new matrix. 
 
V. RESULTS 
 
A. Simulation Results: 
Simulation results of Implementation of Image 
Enhancement Filters using MATLAB and Modelsim 
software are shown below. In simulation first 
generate a input image ASCII text file in MATLAB. 
Image pixel values are stored in 1D array to apply 
Image Enhancement Filters on Image data. Output 
Image text file is generated after Image Enhancement 
filters such as Contrast Stretching filter and 
Histogram Equalization filter VHDL programs are 
applied on input image text file using Modelsim. The 
output image text file generated in Modelsim is 
accessed in MATLAB to display Output Image after 
applying Image Enhancement Filters. 
Input Image Text file generation is done in MATLAB 
which is shown in below fig 
 

 
Fig. 4. Input Image Text File generation 

 
Image Enhancement Filters in VHDL are applied on a 
input Image text file in Modelsim after that output 
Image text file is generated in Modelsim. Simulation 
waveform of Image Enhancement Filters in 
Modelsim are shown in Fig. 5 
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Fig 5. Simulation waveform of Image Enhancement filters in 

Modelsim 
 

Clock is an input clock used in Simulation. IDh and 
IDt used as signals in simulation for Image 
Enhancement filters implementation. Id is a array in 
which input image is stored. IDh is array in which 
Histogram filter output is stored. IDt is array in which 
Contrast stretching Filter output is stored.  IDh is 
Output Image text file is generated in Modelsim after 
applying Image Enhancement Filters such as Contrast 
stretching filter and Histogram Equalization filter is 
accessed in MATLAB to display output image in 
MATLAB. Output Image generated from Text file 
displayed in MATLAB as shown in Fig. 6. 
 

 
Fig 6. Output Image of Enhancement Filters. 

 
B. Hardware Results: 
In Hardware implementation first check COM 

PORT of PC to which FPGA kit is connected. Serial 
Cable connected to which COMPORT is sown in Fig. 
7.  

 
Fig 7. COM PORT detection 

 
Compile the program for serial communication, LCD 
display, JTAG programmer connection in Xilinx 
software. Then connection is done between FPGA kit 
and PC using RS 232 serial cable and JTAG 
programmer. Bit file is formed after compilation. 
That Bit file generated is downloaded in FPGA Kit 
using JTAG programmer as shown in below 
screenshot. 

 
Fig 8. Downloading of VHDL program in to FPGA. 

 
Gave input Image using MATLAB in which input 
image is converted in to binary file and that binary 
file is sent serially to FPGA through RS 232 serial 
cable. Then that binary file of image is processed 
using VHDL program. In VHDL program Image 
Enhancement filters are applied cyclically and got a 
final enhanced image binary file. The generated 
output file is sent serially to PC using RS 232 serial 
cable.  Hardware setup for Implementation of Image 
enhancement filters using VHDL is shown in Fig. 9. 
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Fig 9. Hardware Setup 

 
Implemented Image Enhancement Filters VHDL 
program synthesized in Xilinx software to generate 
Bit File which is used to program FPGA kit. After 
compiling VHDL program in Xilinx software it 
shown Device utilization summary, which includes 
Combination logic blocks, Processing time required 
and Processing frequency required. Device utilization 
summary is shown in Table 1. 
 

Table 1. Device Utilization summary 
Logic 

Utilization 
Used Availab

le 
Utilizati

on 
No. of Slices 192 960 20% 
No. of CLBs 48 240 20% 
No. of 4 input 

LUTs 
231 1920 12% 

No. of Slice 
Flip Flops 

193 1920 10% 

 
Timing Summary and required frequency summary is 
shown in Table 2. 

Table 2. Timing Summary 
Maximum Time 

required 
58 secs 

Maximum frequency 
Required 

137.697Mhz 

 
Image Enhancement Filters such as contrast 
stretching filter and Histogram Equalization filters are 
applied on a number of images using FPGA. Output 
Images are shown in Fig. 10. 
 

 
 
 
 
 
 
 
 
CONCLUSION 
 
This paper presents the Hardware implementation of 
Image Enhancement Filters using Spartan 3E FPGA 
kit. The main goal of this paper is to increase 
computational speed of Image Enhancement Filters 
using Spartan 3E FPGA kit.  Simulation results were 
obtained by using MATLAB and Modelsim 
Software. Image Enhancement Filters were 
successfully realized using Spartan 3E FPGA kit. The 
advantages of this system is that it is simple and 
having adaptable development prise. 
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