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Abstract- Image Enhancement plays a vital role in image processing in order to make image more usable. Usually, the 
image captured from camera are dull in contrast. So, to equalize and enhance the contrast in the image Histogram 
equalization (HE) method is widely used. But this method results in the change of brightness of image due to flattening of 
the original histogram. Thus, it is rarely utilized for dull contrast and long distance captured images. An extension of HE 
algorithm along with edge enhancement to overcome the drawback of HE is proposed in this paper. This algorithm uses HE 
algorithms such as Global histogram equalization (GHE) and Dynamic histogram equalization (DHE) along with edge 
enhancement using low pass filter implementation and laplacian filtering using Zedboard FPGA. This algorithm preserves 
the brightness of image significantly as compared to typical Histogram Equalized image, it also enhances the contrast and 
edges in the image. 
 
Indexterms- Image Enhancement, Histogram Equalization, Edge Enhancement, spatial filtering, Field Programmable Array 
(FPGA). 
 
I. INTRODUCTION 
 
Captured images are many times not suitable for 
analysis or investigation [6]. Thus, to improve the 
image quality and make these images useful image 
enhancement algorithms are applied on them. Image 
Enhancement area is widely used in research in image 
and video processing applications. Images obtained 
from camera in many situations like at nighttime, 
daylight, infrared, under poor visibility conditions, 
over a long distance, etc. are often unclear. The 
image’s content can be enhanced by using standard 
camera settings like contrast, diaphragm, brightness 
and shutter time.  Image enhancement problem can be 
stated as: given an input low quality image and the 
output image of high quality. The Contrast stretching 
and Histogram Equalization are quite widely used 
techniques. These techniques are useful in field of 
contrast enhancement, removal of noise etc. In 
Contrast enhancement technique, contrast of an 
image is improved such that the image’s overall 
contrast is increased which makes the image better 
for human vision [2]. 
 
HE is a commonly used method since it’s quite easy 
to use. HE works as follows: first it does the 
flattening of the histogram of original input image, 
then it does mapping of the gray levels in the image. 
This mapping is based on PDF i.e., the probability 
distribution function of the input gray levels of the 
image. It flattens and also it stretches the dynamics 
(changing) range of the image's original histogram 
which results in the overall contrast improvement of 
the image. The HE stretches the dynamic range of the 
gray levels of the input image’s histogram by using 
the CDF i.e., cumulative density function.It is very 
necessary in many of the image processing 
applications to recognize the boundary between the 
objects in an image and in some cases also to separate 

the objects from each other. The edges in the image 
represent discontinuities of image intensities in an 
image.To enhance the edge of significant objects in 
an image is image edge enhancement which makes 
the objects in the image more prominent as compared 
to the background.  
 
The main purpose of image edge enhancement is to 
make the image sharp at the edges so as to make 
image more impressive in visual perception. To 
suppress either the high frequencies in the image 
which means to smooth the image, or the low 
frequencies in the image to enhance or detect edges in 
the image, image processing filters are mainly used. 
Basically, there are two types of the domain in which 
image can be filtered, either in the frequency domain 
or spatial domain. Filtering in the spatial domain is 
accomplished by convolving the input image i(m,n) 
with the filter function f(m,n) and the obtained the 
filtered image is called o(m,n). The filter function 
f(m,n) is also known as the kernel and is also referred 
to as mask. Various different standard kernels exist 
for specific applications, in which the form of the 
kernel its size determine the characteristics of the 
operation that needs to be performed. Kernels of 
different sizes containing different patterns of 
numbers give rise to various different results under 
convolution. 
 
The Reconfigurable architectures i.e., RCs’ can be 
more efficiently used than instruction set 
architectures if the algorithm used has a significant 
degree of regularity and also if this has a high degree 
of scope to exploit data parallelism. The field of 
Image processing holds a very important class of 
applications that deal with data parallelism and high 
degree of computational applications. Thus, these 
applications are becoming quite dominant in reducing 
computations. Also, these applications operate on the 
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data which is used to extract image features for 
several different tasks such as tracking, classification, 
object detection or the data that needs to be to be 
presented visually [7]. 
The paper describes the implementation of the 
contrast Enhancement techniques based Histogram 
Equalization algorithms along with Edge 
Enhancement using Zedboard FPGA by using VHDL 
code. The paper is organized as follows: Section II 
gives a brief description of HE algorithms and Edge 
enhancement in spatial domain, the proposed system 
of Contrast Enhancement of HE based algorithms is 
described in Section III, results for both standalone as 
well as real time Contrast Enhancement are 
delineated in Section IV, and lastly the paper is 
concluded. 
 
II. RELATED WORK 
 
Based HE has been widely studied by many 
researches and many different methods have been 
already been proposed. The HE methods are broadly 
classified in two main categories – global and local 
histogram equalization [2]. The Global Histogram 
Equalization (GHE) takes into account the histogram 
information of the whole input image to perform its 
transformation. This GHE approach is quite suitable 
for all-round enhancement of the image. But the 
drawback of GHE is it doesn’t adapts with the local 
brightness of the input image. For example, suppose 
the image contains some gray levels with extreme 
high frequencies, then these frequencies prove 
dominating to the other gray levels which have lower 
frequencies in the image. In such a case, GHE does 
the remapping of the gray levels. This mapping is 
such that the contrast stretching gets limited in some 
of the dominating gray levels which are having 
greater number of image histogram components. This 
problem is tackled by using Local histogram 
equalization (LHE). LHE method uses a small 
window. This window slides over each and every 
pixel of the image. This sliding is follows sequence 
and only that block of pixels are taken into account 
which fall under this window for HE. After this 
mapping of gray levels for enhancement is done. This 
gray mapping of the gray levels is done only for the 
middle most pixel of the window. This leads to a 
noticeable use of local information. But, LHE require 
higher number computations and also may cause 
extra enhancement in some of the portions of the 
image. This method enhances the image features 
significantly but it also sometimes also magnifies the 
noises present in the input image. The other method 
that gives a desired histogram is Histogram 
Specification (HS). By this method the expected 
output image histogram can be manipulated. But this 
is not an easy task as it changes from image to image. 
Dynamic Histogram Specification (DHS) [3] is the 
next method, it generates a specified histogram 
dynamically from the given image. This DHS method 

preserves the characteristics of the original input 
image histogram but the enhancement achieved is not 
much noticeable. The advantage of this method is that 
it is free from removing the chances of the lower 
histogram components being compressed [1]. 
 
III. PROPOSED METHODOLOGY 
 
Since image processing has to deal with a lot of 
processes to process image and get an enhanced 
image at the output the data-parallel operations are a 
need now a days. These reduce computational costs. 
Reconfigurable platform offers high degree data 
parallelism which reduce computations and an 
enhanced image can be obtained which should be 
good enough for visual perception as compared to the 
input image. 
 

 
Figure 1: Implementation Flow of the System 

 
For implementation VHDL code is written for both 
real-time contrast enhancement and contrast 
enhancement of standalone images together in one 
code. For real time image enhancement the image is 
taken thorough ov7670 CMOS camera module. For 
standalone image enhancement the image is taken 
thorough MATLAB and then used by FPGA form 
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.coe file. That VHDL code is synthesized in the 
Xilinx Design Suite 14.2 and then that .bit file is 
downloaded to the Zedboard FPGA for standalone 
images as well as for real time processing through 
JTAG cable and the contrast enhanced image is 
displayed on VGA monitor.The algorithm will be 
transferred from computer to FPGA board using 
JTAG cable.  
The FPGA implementation of image consists of the 
following steps as shown in fig.1.Before the actual 
implementation of the proposed algorithm using 
VHDL the algorithm is implemented in MATLAB. 
The entire algorithm is divided five parts – Color to 
Gray conversion of the input image, partitioning the 
histogram, applying HE, edge enhancement by using 
Laplacian filter and the edge enhancement by using 
LPF and lastly Gray scale to color conversion of the 
image. 
Since the work is carried on color images, these 
images first need to be converted to the gray scale 
images. The proposed system’s dynamic histogram 
equalization (DHE) based HE method employs a 
partitioning (dividing) operation on the input image’s 
histogram [6]. This will part the original histogram 
into sub histograms. Due to this the dominating 
component in them is reduced. After this the parted 
sub-histograms go through HE and is it gains a range 
of specified gray levels. This range of gray levels 
generates the contrast enhanced output image. This 
thus produces a better overall contrast enhanced 
image. This method overcomes the drawback of the 
HE where higher histogram components in the input 
image dominate the lower histogram components. 
After this edge enhancement algorithm will be 
applied [7]. The laplacian mask will be applied. It 
will generate an edge enhanced image. Another type 
of output will be generated by using Low Pass Filter 
(LPF). The output image of the previous step (i.e., 
before applying laplacian mask) will be blurred by 
applying LPF on it. Then this image will be then 
subtracted from the previous image. Now this new 
image will be multiplied with multiplying factor and 
then added with the blurred image. This edge 
enhancement method generates edge enhanced image 
with less computations as compared to the edge 
enhancement method using High Pass Filter (HPF). 
Thenagain the image is converted to color image at 
the output stage. 
 
The second proposed algorithm implemented is based 
on global histogram equalization and it is 
implemented in MATLAB. Which means that the 
contrast enhancement in the second proposed 
algorithm is based on global histogram equalization 
method. In this second algorithm the edge 
enhancement part applied is same as that applied in 
the first algorithm. The drawback of GHE is 
overcome by the proposed algorithm. The proposed 
algorithm also provides edge enhancement which is 
not provided by GHE. 

IV. IMPLEMENTATION AND RESULTS 
 
Many experiments were conducted on over a dozen 
varieties of images and consistently good results have 
been obtained for the proposed algorithm. As 
examples, a poor contrast 24-bit color images of 
Airplane of 31.6 Kb of size 693 × 441pixels taken 
form Caltech dataset have been enhanced using the 
proposed hardware approach. The proposed FPGA 
implementation of histogram equalization algorithm 
is initiated in MATLAB R2012a first in order to 
confirm the correct working of the algorithm before 
hardware implementation. The aim of this algorithm 
is to improve contrast of the image along with edge 
enhancement in order to make the image more 
viewable and understandable. 
The input image is taken for processing in MATLAB 
using the command “imread”. The image are resized 
to resolution of 256*256 using “resize” command. 
And the input image is displayed in the MATLAB. 
First the input image is resized into image resolution 
of 256*256. Then the calculations are done for 
converting color image to gray image, histogram 
partitioning, histogram equalization, laplacian edge 
enhancement, blurring of image, edge enhancement 
using LPF. Then the contrast enhanced image is 
displayed of laplacian edge enhanced image, LPF 
edge enhanced image. The output is displayed both in 
gray scale as well as colored format using two 
different algorithms that is one displaying gray output 
and other displaying colored output. 
Result Verification in Gray Scale outputs for 
Airplane image: The input image is Airplane. The 
Airplane image is 24-bit color image of 31.6 Kb of 
size 693 × 441pixels. 

 

 
Figure 2: MATLAB results of the proposed system generating 

Gray output for Airplane image for no. of partitions = 2 
 

 
Figure 3: MATLAB results of the proposed system generating 

Gray output for Airplane image for no. of partitions = 4 
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Figure 4: MATLAB results of the proposed system generating 

Gray output for Airplane image for no. of partitions = 8 
 
For fig.2,fig.3 and fig.4 the first column displays the 
original test image and corresponding histogram of 
the image. The original image has to be passed 
through the histogram equalization for enhancing the 
image in terms of brightness and contrast. The second 
and third columnillustrates the histogram equalized 
image by using local contrast based HE and Global 
HE along with respective histograms of the image. 
The fourth and the fifth  column illustrates the LPF 
based edge enhancement and Laplacian edge 
enhancement, which are enhanced images in terms of 
improved contrast as compared to the original image . 
When the number of partitions of the histogram are 
two, it does the minimum local contrast enhancement. 
When the number of partitions of the histogram are 
increased to four, it increases the local contrast 
enhancement. The contrast enhancement is further 
increased when the number of partitions of the 
histogram are increased to eight. Thus, the contrast 
enhancement gets increased in better manner in the 
whole image part by part in case of local contrast 
enhancement. But for global it is for the overall 
image which does the extra contrast enhancement of 
the high contrast areas in the image. This is 
undesirable. So, results are far better in the no. of 
partitions equal to eight than that in minimum no. of 
partition. This results in proper contrast enhancement 
that is low contrast enhancement in the original high 
contrast regions in image and high contrast 
enhancement in the original low contrast regions in 
image. 
Result Verification in Colour outputs for Airplane 
image: The input image is Airplane. The Airplane 
image is 24-bit color image of 31.6 Kb of size 693 × 
441pixels. 

 
Figure 5: MATLAB results of the proposed system 

generating Color output for Airplane image for no. of 
partitions = 2 

 
Figure 6: MATLAB results of the proposed system 

generating Color output for Airplane image for no. of 
partitions = 4 

 

 
Figure 7: MATLAB results of the proposed system 

generating Color output for Airplane image for no. of 
partitions = 8 

 
For fig.5,fig.6 and fig.7 the first column displays the 
original test image and corresponding histogram of 
the image.The original image has to be passed 
through the histogram equalization for enhancing the 
image in terms of brightness and contrast. The second 
and third columnillustrates the histogram equalized 
image by using local contrast based HE and Global 
HE along with respective histograms of the image. 
The fourth and the fifth  column illustrates the LPF 
based edge enhancement and Laplacian edge 
enhancement, which are enhanced images in terms of 
improved color contrast as compared to the original 
image . 
 
When the number of partitions of the histogram are 
two, it does the minimum local contrast enhancement. 
When the number of partitions of the histogram are 
increased to four, it increases the local contrast 
enhancement. The contrast enhancement is further 
increased when the number of partitions of the 
histogram are increased to eight. The contrast 
enhancement is further increased in case of no. of 
partitions of the histogram are increased to eight. 
Thus, the contrast enhancement gets increased in 
better manner in the whole image part by part in case 
of local contrast enhancement. But for global it is for 
the overall image which does the extra contrast 
enhancement of the high contrast areas in the image. 
This is undesirable. So, results are far better in the no. 
of partitions equal to eight than that in minimum no. 
of partition. This results in proper contrast 
enhancement that is low contrast enhancement in the 
original high contrast regions in image and high 
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contrast enhancement in the original low contrast 
regions in image. 
 
FPGA Implementation Flow for Standalone as well 
as Real Time Contrast Enhancement: The VHDL 
program is written for standalone image and real time 
contrast enhancement. The implementation for the 
algorithm is done on Zynq 7000 (XC7Z020) board. 
 
Input Image: For standalone image the input image in 
the form of .coe file format with the help of Xilinx 
ipcore generator version 7.2. And for real time 
implementation the input image is taken from ov7670 
CMOS camera. 
Implementation of Algorithm on Input Image: 
Calculated Histogram, perform partitions of 
histogram for local contrast enhancement, perform 
Laplacian Enhancement and lastly performs Edge 
Enhancement using LPF. 
Display Result: Generate the .bit file and program the 
.bit file in FPGA board using JTAG boundary scan 
Display the result on VGA monitor. 
 

 
Figure 8: Results in Gray Scale for (a) Standalone Input 

Airplane Image, (b) Laplacian Enhanced Image and (c)LPF 
based Enhanced Image. 

 

 
Figure 9: Results in Gray Scale for (a) Real time Input Image, 
(b) Laplacian Enhanced Image and (c)LPF based Enhanced 

Image. 
 

 
Figure 10: Results in Gray Scale for (a) Real timeInputImage, 
(b) Laplacian Enhanced Image and (c)LPF based Enhanced 

Image. 
 

 
Figure 11: Results in Color for (a) Standalone Input Airplane 

Image, (b) Laplacian Enhanced Image and (c)LPF based 
Enhanced Image. 

 
Figure 12: Results in Color(a) Real timeInput Image,  

(b) Laplacian Enhanced Image and (c)LPF based Enhanced 
Image. 

 

 
Figure 13: Results in Color for (a) Real timeInputImage, (b) 

Laplacian Enhanced Image and (c)LPF based Enhanced 
Image. 

 
Fig.8 and Fig.11shows the contrast enhancement of 
standalone image with a resized dimensions of 
128*128, images are taken in the form of .coe file 
format with the help of Xilinx ipcore generator 
version 7.2. The input image is first converted to gray 
scale then contrast enhancement is performed from 
proposed algorithm. Switches on FPGA are used for 
viewing different images. The input image and 
laplacian edge enhanced image can be shown by 
using first switch. The LPF based edge enhanced 
image can be seen with second switch. The third 
switch is used for real time.In case of Color output 
the gray scale output i.e., after applying the algorithm 
is reconverted back to color in order to get color at 
the output enhanced image. Fig.9 and Fig.10 shows 
the real time contrast enhancement for gray input and 
output. Fig.12 and Fig.13shows the real time contrast 
enhancement for color input and output. 
 
The Table 1 gives resource utilization summary for 
image contrast enhancement implemented using 
Zync-7000 evaluation board for the gray output. The 
number of totally used LUT-FF Pair is 33% and 
Number of Slice Registers used is 1%. 

 
Table 1 Resource Utilization of Zedboard FPGA for Gray 

Output Image 
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The Table 2 gives resource utilization summary for 
image contrast enhancement implemented using 
Zync-7000 evaluation board as well as color output. 
The number of totally used LUT-FF Pair is 33% and 
Number of Slice Registers used is 1%. 

 
Table2 Resource Utilization of Zedboard FPGA for Color 

Output Image 

 
 
CONCLUSION 
 
An effective image contrast enhancement algorithm is 
proposed in this paper. It is a combination of 
Dynamic Histogram Equalization along with edge 
enhancement algorithm. The edge enhancement 
algorithm used here is based on Laplacian filter and 
LPF. Another algorithm proposed using MATLAB is 
a combination of global histogram equalization along 
with edge enhancement algorithm same as the first 
algorithm. The DHE based algorithm has more 
computations since it divided histogram into sub 

histograms but it generates better results than the 
GHE based algorithm. Also this DHE based method 
is consistent in preserving details in the image and is 
also free from any major side effects. The proposed 
algorithms performance is compared with that of the 
Adaptive Histogram Equalization (AHE) method 
[4],the Contrast Limited Adaptive Histogram 
Equalization (CLAHE) method [5] and the contrast 
enhancement algorithm [1] in case of FPGA’s 
hardware implementation. 
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