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Abstract: The aim of the project is to develop FPGA based 

hardware implementation of image processing algorithm. 

The advantage of FPGA devices is their flexibility that 

arises from their programmable nature. Hence FPGAs are 

currently available technology that provides most desirable 

level of hardware re-configurability. This paper focuses on 

Image enhancement and De-noising process, reference to 

point processing methods such as brightness manipulation, 

threshold operation and median filtering operation in 

FPGA with Onboard reconfiguration and partial dynamic 

reconfiguration. When using a Partial dynamic 

reconfiguration, it will increases the performance of FPGA 

and decreases the resource requirements. When using an 

image enhancement technique with parallel process, then 

the pixels can read parallel so the time required for process 

will get reduce compare to series process. 

Index Terms: Partial Dynamic Reconfiguration, On Board 

Reconfiguration, Image Enhancement and De-noising. 

 

I. INTRODUCTION 

Image processing means that process an image so the 

resultant image is better than original image. Digital image 
processing used in many applications such as arts, medicines, 

multimedia services, automated industry inspection etc. 

These kinds of applications ask appropriate resources as 

memory availability. All these are not available on all general 

purpose computers and many times the related work is no 

time efficient due to other additional constraints. Using 

FPGA much efficiency can be obtained compared with 

software implementation. There are many technologies 

available for hardware implementations such as application 

specific integrated circuit (ASIC) and field programmable 

gate arrays (FPGA) are both reconfigurable devices able to 
support techniques such as parallel and pipelining. The use of 

reconfigurable hardware to implement algorithms for image 

processing minimizes the time-to market cost while rapid 

prototyping with simplified debugging and verification stages 

is also possible. Therefore, there configurable devices seem 

to be the ideal choice for implementation of image processing 

algorithms. Field programmable gate arrays have been 

traditionally configured by hardware designers called 

Hardware Description Language (HDL). There are already 

few languages are available that offers different level of 

abstraction but most of ones are verilog .The use of the 

configurable hardware allow direct implementation image 
processing algorithm with improved performances. 

 

 

 

II. BLOCK MEMORY GENERATOR 

The Block Memory Generator LogiCORE™ IP core 

automatically creates the area and performance optimized 

block memories for Xilinx FPGAs. Due to the presence of 

the ISE® Design Suite CORE Generator™ System, the core 

enables users to create block memory functions to suit a 

variety of requirements .The Block Memory Generator core 

uses embedded Block Memory primitives in Xilinx FPGAs 

to extend the functionality and capability of a single 

primitive to memories of arbitrary widths and depths. 
 

A. Single Port Block Memory 

The Single-Port Block Memory module (Fig.1) is generated 

based on the user-specified width and depth. This module for 

Spartan-II and Virtex is composed of single or multiple 4 Kb 

blocks called Select RAM+. 

 
Fig. 1 Core Schematic Symbol 

When the clock input is on active edge then the block 

memory is enabled, all memory operations will occur. The 

Block Memory can be configured to be active on the rising 

edge and the falling edge. When the block memory is 

disabled (enable inactive), the memory configuration and 
output value remain constant. During write operation, the 

data input is stored in memory where the location is selected 

by port’s address input. 

 

B. Dual Port Block Memory 

The Dual Port Block RAM (Fig.2) has two independent 

access ports that can share the data at central pool of 

memory. The data width and memory depth of each access 

port can be independently configured providing 

straightforward dual-port memory functionality. Both ports 

are partial reconfigured. Both ports has ability to write 
access. 
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Fig. 2 Core schematic symbol 

Write the data into memory and simultaneously read from 

same memory location but same location operations should 

be avoided. Simultaneously reading from and writing-to the 
same location results in the correct data being written into the 

memory, but invalid data being presented at the reading port. 

 

III. IMAGE STORAGE 

"Block Memory Generator" is one of the IP cores that are 

provided by the Xilinx IP Core Generator which is present 

under the "Memory and Storage Element". Block Memory 

Generator wizard is launched showing different memory 

types and IP Symbol."Single Port ROM" is selected under 

memory types and the values for read width and read depth 

are specified based on horizontal width and vertical length of 

the Image that is being processed. After defining all of your 
parameters, simply click on the Generate button. The output 

is an optimized CORE for the targeted FPGA device. The 

size of the image that is available is 512x512 and this data is 

stored as .coe file in single port Block ROM using Xilinx 

Core Generator. Mat lab function IMG2coe8 (imgfile, 

outfile) is used to convert bmp, jpeg,png, gif and tif image 

file formats to .coe file format. 

 

IV. DYNAMIC PARTIALRECONFIGURATION 

Partial Reconfiguration has an ability to change a portion of 

FPGA when remainder system remains constant. There are 
two types of partial reconfiguration. 

1. Static Partial Reconfiguration:  It has ability to 

reprogram a portion of FPGA while the rest of 

system in reset state. 

2. Dynamic Partial Reconfiguration: It has ability to 

reprogram a portion of FPGA during the operation 

without affecting the rest of system. 

Dynamic Partial Reconfigurable (DPR) FPGAs offer new 

design space with a variety of benefits: reduce the 

configuration time and save memory as the partial 

reconfiguration files (bit streams) are smaller than full ones. 
reconfigure select areas of an FPGA any time after its initial 

configuration. Dynamic partial reconfiguration is carried out 

to allow the FPGA to adapt to changing hardware algorithms, 

improve fault tolerance and resource utilization, to enhance 

performance or to reduce power consumption. In DPR two 

bit streams are generated, they are partial and full bit stream. 

Full bit stream contains whole main program, partial bit 

stream contains the program which going to be replaced 

while the full stream is processed. In this paper Image 

enhancement and de-noising process done by using dynamic 

partial reconfiguration. Here the Image enhancement and 

denoising programs are partial bit files. When running the 
main bit file we can switch over from one process to another 

process by changing the download process of partial bit files. 

The initial steps in the PR design flow are similar to the 

initial steps in the standard modular design flow. 

 

A. Hardware Description Language (HDL) Design and 
Synthesis 

1) Top-Level design: The top-level module that does not 

contain any logic only contains I/O instantiations, clock 

primitives, static module instantiations, partial 

reconfiguration module instantiations, and signal 

declarations. In addition, the top-level module must define 

bus macros. The based design and each Partial 

Reconfiguration Module (PRM) must be connected through 

the bus macro. 

 

2) Base design: The static modules contain logic that will 

remain constant during reconfiguration. This step is same 
with traditional HDL design method, but the static modules 

cannot contain any clock or reset-related primitives. 

 

3) PRMs design: Similar to the static modules, the partial 

reconfiguration modules must also not contain global clock 

signals, but may use those from the top-level module. When 

designing multiple reconfigurable modules to utilize the 

same reconfigurable area, the component name and port 

reconfiguration of each module must match the 

reconfigurable module instantiation located in the top-level 

module. The proposed system has two PRMs which are 
Image Enhancement and Denoising process. 

 

B. Set Design Constraints 

After the HDL design description and synthesis, Design 

constraints include the area group, reconfiguration mode, 

timing constraint and location constraints. The area group 

constraint specifies which modules in the top-level module 

are static and which are reconfigurable. Each module 

instantiated by the top-level module is assigned to a group. 

The reconfiguration mode constraint is also only applied to 

the reconfigurable group, which specifies that the group is 
reconfigurable. Location constraints must be set for every 

pin, clocking primitive, and bus macro in the top-level 

design. 

 

C. Implement Base Design 

Before the static modules are implemented, the top level is 

translated to ensure that the constraints file has been properly 

created. The information generated by implementing the base 

design is used for PRM implementation phase. The base 

design implementation follows three steps: i.e., translate, 

map and Place & Route (PAR). 
 

D. Implement PRMs 

After the base design is implemented, each PRM must be 

implemented separately and follows base design 

implementation steps: translate, map, and PAR. 

 

E. Merge 

The final implementation phase is the merge phase. During 
the merge phase, a complete design is built from the base 
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design and each PRM. In this step, many partial bit streams 

for each PRM and initial full bit streams is created to 

configure the FPGA. 

 
V. IMAGE ENHANCEMENT METHODS 

One of the most spectacular and interesting image processing 

approaches is the image enhancement. The interest for this 

domain stems from two principal application directions: 

 Improve the human interpretation and enhance the 

pictorial visual information. 

 Modify the data structure of image representation in 

order to optimize it for data storage, transmission or 

other representation for autonomous machine 

perception. 

 
The main goal of any enhancement method is too obtain a 

better result compared with the original image for specific 

application. Any image enhancement procedures can be 

categorized into two approaches methods: spatial domain 

methods and frequency domain methods. The spatial domain 

refers to pixels structure of the image plane itself and this 

kind of enhancement is based on direct manipulation of those 

pixels of an image. Frequency domain processing techniques 

are using Fourier transforms to induce different 

enhancements. Some of the simplest, yet useful, image 

processing operations in the spatial domain involves the 

adjustment of brightness, contrast or color in an image.  
 

A reason for enhancing the image to increase the overall 

brightness of the object of interest and magnify the tiny 

residual variations in contrast across it. This image 

processing operations can provide enough detail to allow 

proper interpretation. Point operations perform a 

modification of the pixel values without changing the size, 

geometry, or local structure of the image. The pixel value is 

given by a=I (u, v) which depends exclusively on the 

previous value a = I (u, v) at the same position. To map the 

original pixel values to the new values a function 
f (a) is used, 

 
The hardware description language Verilog HDL was 

developed to carry out readings and writings of files with 

ASCII characters and it does not allow to process bitmap or 

jpeg files. For that reason, it is necessary to represent binary 

information with ASCII characters in the hex format. 

 

A. Brightness Manipulation 

A dark region in an image may become brighter after the 

point operation, point operation is used to increase and 

decrease the brightness. If the image is lighter then Operator 

will take each pixel values from the image and adds constant 
number to it, then this point operation increases the 

brightness of the image and similar subtraction operator 

reduces the brightness. 

 
Original image 

 
Brightness manipulation 

 
Schematic for Brightness Manipulation 

 

B. Median Filtering 

The median filter is normally used to reduce noise in image. 

Median filter preserves useful details in image. Median filter 

considers each pixel in the image in turn and looks at its 

nearby neighbors to decide whether or not it is representative 

of its surroundings, it replaces it with the median of those 

values. The median filter works by moving through the 

image pixel by pixel, replacing each value with the median 
value of neighboring pixels. The pattern of neighbors is 

called the "window", which slides, pixel by pixel over the 

entire image. The median is calculated by first sorting all the 

pixel values from the window into numerical order, and then 

replacing the pixel being considered with the middle 

(median) pixel value. 

 
Salt and pepper noise 
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Denoised image with median filter 

 

C. Contrast Stretching 

The pixels in a data file that make up an image can have any 

value: negative, positive, integer, or floating point. When the 

image data are visualized on screen, they are displayed as 

brightness values for each screen pixel. A data pixel with a 
larger value is brighter than one with a smaller value. 

However, unlike the image data, screen pixels can only have 

256 unique brightness values, varying as integers between 0 

and 255 (where 0 is black and 255 is white). Stretching the 

image data refers to a method by which the data pixels are 

rescaled from their original values into a range that the 

monitor can display — namely, into integer values between 0 

and 255. For example, if the image data were floating-point 

values that ranged from -1.0 to 1.0, the image might be 

stretched such that data values of -1.0 are assigned a 

brightness of 0 and data with values of 1.0 are assigned a 
brightness of 255.  

 
Contrast stretching image 

 

D. Otsu’s Thresholding 

Thresholding operations are particularly interesting for 

segmentation in the process of isolating an object of interest 

from its background. Thresholding an image means 

transforming all pixels in two values only. This is a special 

type of quantization comparing the pixel values with a given 
threshold value ath that is usually constant. A black and 

white image (binary) image can be obtained from a grayscale 

image through a thresholding operation. The thresholding 

operation will be performed by scanning the values of each 

pixel from the input image and replacing the corresponding 

pixel in the destination image using a0 = 0 and a1 = 255. 

Based on a very simple idea: Find the threshold that 

minimizes the weighted within-class variance. This turns out 

to be the same as maximizing the between-class variance. 

Operates directly on the gray level histogram [e.g. 256 

numbers, P(i)], so it’s fast (once the histogram is computed). 

Otsu’s method for image segmentation is very time-

consuming because of the inefficient formulation of the 

between class variance. 

 
Otsu’s Thresholding 

 

VI. CONCLUSION 

Firstly, the full bit stream (main program) is downloaded to 

initial the device, then, the partial bit streams (Image 
Enhancement or Denoising) are downloaded when the FPGA 

is running. Image enhancements methods offer a wide 

variety of approaches for modifying image to achieve 

visually improve images. The image enhancement operations 

were here described using Verilog hardware description 

language and the Verilog models were simulated using ISIM 

Simulator from Xilinx ISE Design Suite. Verilog can’t 

handle the standard image formats so the images were 

converted to a Coe-file; The Coe-file was applied as vector 

to the Verilog block models. The output file was similarly 

converted and viewed using the same Mat lab tool, to show 

the original image and the results of the enhancement 
methods. The image enhancement methods considered 

include brightness manipulation, threshold operation and 

denoising process. When doing the image enhancement 

process without parallel process then the speed of operation 

is slower, because here the pixels are processed serially. 

When including the parallel process in the image 

enhancement technique then the speed of operation is high 

but the device utilization also increases. 
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