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ABSTRACT 

Image algorithm throughput, costs, and time quality are the criteria and key factors to failure or success for every 
image enhancement system. In this paper, the spatial parallelism mechanism using the field programmable gate array 
(FPGA) platform is applying to build embedded real time system   to achieve this goal. The spatial parallelism can provide 
the ability to speed up image processing. It includes design and implementation a system that select many algorithms to 
enhance image features. An FPGA development board DE2-115 is used as vehicle system. Configuring phase-locked loop 
(PLL) is used to increase the operating frequency to 1GHz to avoid the master clock limitation of the development board 
DE2-115 board. The results of implemented design show that the throughput is increased in term of coarse-grain scale. 
Furthermore, an acceptable image enhancement is obtained by applying tuning process on using these algorithms. 
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INTRODUCTION 

Digital image processing has grown dramatically 
in recent years because of its usage in many applications 
in different aspects of our life. Varieties of algorithms 
have been proposed to enhance images in spatial domain 
which differ in their efficiency. The processing of these 
algorithms may be sequential or parallel.  In hardware 
technology design, there are two classes available: full 
custom hardware, known as application specific integrated 
circuits (ASIC) which its design cannot change, and 
hardware. Semi-custom hardware design techniques such 
as parallelism and pipeline can be developed using 
(FPGA) which is not possible in designing the dedicated 
(DSP). The FPGA has good features like; configurable, 
low power consumption, work in real-time, minimize the 
product cost, and able to perform complex algorithms. 
Due to several reasons, the applications of image 
processing are suited for implementations on configurable 
computing hardware [1]. There is a need to design and 
implements many of algorithms to enhance the in real- 
time.  

These algorithms perform on spatial parallelism 
techniques to exploring the parallelism features on FPGA. 
FPGA is a general purpose silicon device composed of 
programmable gates, interconnection resources and other 
configurable modules that can be used to suit needs of a 
particular application, FPGAs can be reprogrammed 
several times based on design and logic gates and memory 
bits. FPGAs have ability to perform multiple tasks using 
the same hardware, only need to reconfigure the hardware 
devices [2].  

The design makes use of the advantage of the 
hardware characteristics such as execution, robustness, 
and accuracy. In other hand, the development and 
education board (DE2_115) is suitable to implement real-
time image processing system to enhance images. 

There are two essential hardware design 
languages that are used to configure: verilog HDL and 

very high speed integrated circuits (VHSIC). The VHDL 
is hardware description language used to design digital 
circuits that permit designers to design an application at 
diverse abstraction levels [3].  

The criteria and the key factor of success or 
failure any system are its performance, cost, and power 
consumption. Decreasing or increasing the performance of 
system is relative issue since the system can be achieved 
via various approaches and mechanisms [4].  

This paper tries to design and implement real 
time image enhancement system that  make the use of 
parallel functional unit to invest the parallelism on FPGA 
by execution the instructions in parallel in spatial domain. 
The implementation goals take less time consuming for 
the enhancement processing. The development and 
education board (DE2_115) will used to implement 
proposed system for image enhancements [5]. 
 
RELATED WORK 

Varied efforts that have been made in several 
areas in the processing of image to implement the related 
algorithm related using hardware, especially where there is 
possibility of existing highly optimized and parallel 
algorithms. The paper in [4] used the Altera FLEX FPGA 
family utility to execute different types of algorithms , 
using VHDL, Other endeavour have been made to 
implement a median filter as a hardware, which deal with 
the image as a whole rather than dealing  with the values 
of individual pixel and windows. 

In [6] proposed a video image and image 
enhancement on FPGA system. Design and simulation is 
done using hardware design language VHDL. 
Implementations of the chosen approaches are done on 
MATLAB and Xilinx Virtex- 2 Pro FPGA. 

The paper in [7] introduced the results of 
implementing the equalization of image histogram by 
using Xilinx ISE 11.1i and VHDL code. It focused of the 
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family of Spartan3 and Virtex II pro. In addition to 
optimizing the maximum clock speed.  

In [8] implemented some algorithms on Spartan-
3E FPGA development kit to image enhancement 
processing on FPGA, to get high performance digital 
signal processing applications. They used the used 
MATLAB, Xilinx ISE, Verilog HDL, and MODELSIM. 

This paper focused on using Verilog in simulate 
and implement the selected algorithms.  Spartan-3E from 
Xilinx was selected a device for implementation. [9] Used 
the VHDL to design and develop the chip for image 
enhancement algorithms using intensity transformation to 
enhance the size of image pixels. It used Xilinx 14.2 
software for2D and 3D image enhancement.  

In [10] implemented system for many image 
enhancement algorithms techniques on FPGA.  System 
generator tool and modular construction methods are used 
to build an image algorithm platform in MATLAB. The 
Spartan-3E development board is used. In [11] this paper 
produced a system for image enhancement and DE noising 
process using some point processing methods using  a 
partial dynamic reconfiguration performance of FPGA to 
increases  the performance and the resource requirement is 
decreased.  

In [12] suggested image enhancement methods by 
a hardware custom processor implemented on FPGA, to 
enhance gray scale image, using VERILOG hardware 
description language and some filters. These methods 
achieves image enhancement in spatial domain using 
neighbourhood processing operations using parallel 
processing to speed up operation.  The paper in [13] gives 

a review of the some histogram equalization methods, and   
a comparative study on the results of implementation of 
these methods for gray scale images on FPGA.   
 
EMBEDDED IMAGE PROCESSING SYSTEMS 

Embedded imaging processing algorithms can be 
implemented either using a microcontroller/ DSP-
processor or using an FPGA. The microcontroller is 
considered as a minicomputer embedded system that 
perform specific task in one chip. The execution of 
program instructions are sequentially, burned into the chip. 
These instructions decoded to control signals. In other 
hand, the FPGA is a collection of logic elements that can 
be rewired electrically and the designs are inherently 
parallel. 

Using FPGAs to implement an application is 
done by develop separate hardware to every functionality 
[14]. Each instruction will be transform to a separate 
hardware component that performs its task. Therefore, 
such a design is convenience for image processing 
algorithms, which has a significant amount of parallelism 
in them. 
 
PARALLEL PROCESSING PLATFORMS 

For exhaustive parallel signal processing data, 
there are different available architectures; the most used 
today are: DSP, GPU, ASIC and FPGA. All of these 
architectures are different and each is used for a different 
purpose [15]. Table-1 presents a comparison between 
parallel processing platforms.  

 
Table-1. Comparison of different type of signal processing technologies. 

 

Technology Performance Power Flexibility Price 

ASIC Excellent Good Poor Excellent 

DSP Excellent Excellent Excellent Excellent 

FPGA Excellent Fair Excellent Poor 

 
SYSTEM SPECIFICATIONS 

This section highlights the enhancement 
implementation of image processing functional unit and 
the related principles and concepts that have been 
designed and implemented in this paper. The basic 
objective was to design and implement image processing 
functional unit which used the spatial parallelism 
mechanism for processing. The design covers multiple 
related issues such as the VGA controller; static random 
access memory (SRAM) and on chip memory, distribution 
functional and others to ensure improving the system 
performance. Figure-1 shows the top level design. 
 

 
 

Figure-1. System top level design [4]. 
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We’ll segment the system design into multiple 
stages. The following in this section will illustrate the 
design as well as the system modules and the functionality 
of these modules. 
 
a) Clock generator 

It is a clock signal generator unit inside the 
design and it is responsible for receiving the master clock 
which provided by the board (50 MHz). The clock 
generator can generate a clock signal reaches up to 1GHz 
by using the PLL that provided in the chip which will 
multiply the frequencies more than 50 MHz. 
 
b) Address generator 

It is a unit which is responsible for generating the 
input data addresses that is used for storing like an array 
inside the IDB, and the output data addresses after 
processing 
 
c) SRAM and on chip memory 

It is a unit of memory which is used for data 
storing in order to read it by the input unit manager as it 
need. 
 
d) Input/output data buffer module 

It is a unit of memory that is used to store the 
input data. The IDB unit is a memory with dual port that 
has capability for writing and reading the data 
simultaneously. This feature is provided by mega core 
which it has been used in the project that is proposed. 
 
e) Control sub-system 

It is a unit used to display on the VGA the output 
data after receiving it from the output unit manager via a 
special filed stored in it. 
 
f) Image processing functional unit 

Image processing functional unit is the core of 
system top level designs, which include the algorithms that 
can be used to enhancement the image that stored in the 
memory through the distribution which can execute the 
spatial parallelism functional units synchronously and 
display the image enhancement on the VGA. 
 
SYSTEM STRUCTURAL APPROACH OF THE 

IMPLEMENTATION IMAGE ENHANCEMENT 

PROCESSING 
This paper divides the implementation of the 

proposed image enhancement system into three phases 
which are shown in Figure-2, phase 1 concerns with how 
to preparing the image data which consist of multiple 
stages; explain who read the image from the source and 
resize the image to the 640*480 after that save the image 
with bitmap type and transfer the image to the SRAM in 
the DE2-115, where the phase 2 describes the spatial 
parallelism functional unit, during this distribution can be 
executed multi algorithm on the image such as contrast, 
brightness, threshold, and invert .  

Finally, phase 3 show the image after completes 
the enhancement process display on VGA. These phases 
are illustrated in Figure-2. 
 

 
 

Figure-2. System implementation phases. 
 
IMPLEMENTATION OF IMAGE PROCESSING 

ALGORITHMS USING VHDL CODE 

The operation of point processing is performed to 
improve the quality of image and the details with unclear 
vision in the original image may become clearer. In this 
technique, the pixel value is determined depending only on 
the value of the corresponding pixel in that image. Only 
information that concerned with vector of RGB for every 
pixel of the input image is putting in the Hex-file. This file 
does not comprise information about image similar or 
dimensions.  

The Hex-file data was supported as the stimulus 
to the blocks of point operations that described in VHDL 
language. The algorithms implantations include: 
manipulation of contrast, manipulation of brightness, 
images inverting and operations of threshold. 
 
A. MANIPULATION OF CONTRAST 

The way to expand the range of contrast in 
manipulation through transfer the brightest pixel value to 
white, while the darkest pixel value to black. , if the pixel 
value greater than the threshold value the result go straight 
to the contrast add, else execute the contrast sub. As 
shown in Figure-3. 



                                VOL. 13, NO. 15, AUGUST 2018                                                                                                     ISSN 1819-6608 

ARPN Journal of Engineering and Applied Sciences 
©2006-2018 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 
                                                                                                                                                     4559 

 
 

Figure-3. Flowchart for manipulation of contrast. 
 
B. MANIPULATION OF BRIGHTNESS 

Brightness is the process that is used to increase 
the gray level value of each pixel by adding a constant 
value to the pixels of image which its brightness is poor. 
The adding of constant value will shift the histogram 
towards the brighter side. The addition operation must 
cover the all the range of gray values that lies within 0-
255. As shown in Figure-4. 
 

 
 

Figure-4. Flowchart for manipulation of brightness. 
 
C. IMAGES INVERTING 

The negative of the digital image can be created 
by using the transformation function: shown in Equation 
 
 J(r) = (L-1)-I(r) 
 

Where J(r) is output transformed gray level, L is 
the number of gray levels, I(r) is input pixel gray level. As 
shown in Figure-5. 

 
 

Figure-5. Flowchart for images inverting. 
 
D. OPERATIONS OF THRESHOLD 

An image can be enhanced by using threshold 
value, as in Equation (1). Image thresholding refer to 
transforming all pixels in two values only 0 and 255. 
Figure-6 shows the algorithm of thresholding. 
 

                       … (1) 
 

 
 

Figure-6. Flowchart for operations of threshold. 
 
RESULT 

This section highlight on the performance of our 
proposed system (Enhance Implementation of Image 
Processing Functional unit using Special Parallelism on 
FPGA).  The VHDL hardware description language is 
used as a hardware design.  
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Hardware design is implemented includes many 
image enhancement algorithms; after implementing, the 
enhanced images display using DE2_115 board, the 
outputs obtained from the board testing have been 
displayed on VGA and shows all required results. The 
Figure-7 shows steps of operating the image enhancement 
system. 
 

 
 

Figure-7. Steps of operating the image  
enhancement system. 

 
The Figure-7 show in CAD tool is one a block 

which consists of six logarithms: brightness add 
manipulation, brightness sub manipulation, contrast add 
manipulation, contrast sub manipulation, inverting image 
and threshold operation which are implemented in real- 
time. This block must be send to the (DE2-115) board. 
Then FPGA board should be connected to the VGA. At 
this stage, the project is ready for operation. The results 
will be displayed on the VGA .This is the decision stage; 
researcher has to take the decision to gets the appropriate 
image 

Figure-8(a) and (b) shows the original image and 
the result obtained from contrast algorithm. The result 
obtained by applying tuning process on implemented 
algorithms until got it the acceptable image. 
 

 
 

Figure-8. (a) Original image (b) Contrast image 
algorithm. 

The Figure-9 (a) and (b) shows the original image 
and the result obtained from brightness algorithm. The 
result obtained by applying tuning process on 
implemented algorithms until got the acceptable image. 

 

 
 

Figure-9. (a) Original image (b) Brightness algorithm. 
 

Figure-10 (a) and (b) shows invert image which 
is obtained when the distribution executes the invert 
algorithm on the image will be reversing the arrangement 
from black to white. As a result, where the intensity of the 
input increases, the intensity of the output image 
decreases. The result of the point operation is reversing 
only a portion of the brightness range.  
 

 
 

Figure-10. (a) Original image (b) invert image algorithm. 
 

Figure-11 (a) and (b) shows the threshold 
algorithm, this segmentation can be obtained through 
comparing with the threshold value. If the pixel value 
more than the threshold value, then the output pixel 
becomes white, and if it is less than the value it will be 
black, an example of one of the school wall images at 
Unimap which has been taken by the researcher. This 
example shows another application of threshold algorithm 
such as giving a clear image of cracks to engineers at the 
time of checking the cracks of the building. 
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Figure-11. (a) Original image (b) Threshold image 
algorithm. 

 
It’s very important to point out that the efficient 

capacity of the used board, through highlighting the 
amount of the used logic elements and compare it with 
that available on the board. The DE2-115 board was 
enough for yield the design with the needed resource. 
 
CONCLUSIONS 

The paper is concerned with the design and 
implements many of algorithms to enhance the image   in 
real- time, by using spatial domain techniques. It explores 
the parallelism features on FPGA. The FPGA software has 
the reusability and re- configurability features. 
Development and education board (DE2_115) is used to 
implement real-time image processing system to enhance 
images. The system has ability to perform multiple 
algorithms using the same hardware, only need to 
reconfigure the hardware devices. The results obtaining 
from the proposed design has high throughput and much 
faster for image enhancement in comparing with general 
purpose systems.  

This system has full benefits of the FPGA chip 
both in terms of the ability to reconfigure the system, as 
well as, the ability to perform multiple tasks using the 
same hardware, only need to reconfigure the hardware 
devices. The design makes use of the advantage of the 
hardware characteristics such as execution, robustness, 
and accuracy. 
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