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Abstract 

This research presents a new approach in modeling and implementing a framework for linear 

image change detection using Field Programmable Gate Arrays (FPGA) based implementations. 

Detecting changes between digital images of the same location or region of interest have attracted 

huge interest in research due to its wide range of applications such as medical diagnosis, 

astronomy and forensics. In recent years, the steady increase in the use of hardware 

implementation in image processing, especially the FPGA architecture that has proven to be 

superior in performance and cost-efficiency when compared to the conventional computer 

systems. The problem addressed by this research is the lack of an FPGA based generic and 

standardized change detection framework that executes image change detection at a low 

computational cost, using low processing resources like memory and power consumption. 

The framework proposed in this research work is focused on the image differencing, which is an 

algebra change detection technique. Image edge detection, image enhancement and restoration 

methods were employed in the framework implementations using MATLA/Simulink and the Xilinx 

system generator. The success of the framework implementation proved that the objectives of 

the thesis were achieved and has been verified by the experimental results. While the 

implementation was successful in producing expected results, there is a need for more 

experiments to explore different filtering algorithms that could improve the results. Statistical  

forms of data interpretation such as Machine Learning algorithms could improve complex image 

difference results analysis. 
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Chapter 1: Introduction 

 

1.0 Overview  

The motivation for creating and implementing an FPGA-based change detection framework 

comes from the steady increase in the use of hardware implementation in image processing, 

especially the FPGA architecture that has proven to be superior in performance and cost 

efficiency when compared to the conventional computer systems. The lack of a generic framework 

for image change detection has also motivated the creation of a standardized method for 

implementing efficient image change detection process.  

This thesis presents the research on an image change detection framework that is based on Field 

Programmable Gate Array (FPGA) architecture. It highlights the major topics in, change detection, 

FPGAs, and the related subjects in digital image processing. This chapter includes a discussion 

of factors that have motivated the research that are different from the status quo. The problem 

statement, the objectives of the research and the significance of the research are also discussed 

at length and lastly, the organization of this thesis is outlined with a brief description of each 

chapter of the thesis. 

 

1.1 Digital Image Processing 

An image is defined as a two-dimensional light intensity function 𝑓(𝑥, 𝑦), where (𝑥, 𝑦) represents 

the spatial coordinates and the value of 𝑓 (magnitude) at any point (𝑥, 𝑦) is proportional to the 

brightness or gray levels of the image [1]. When the spatial coordinates and amplitude values are 

all finite (discrete values), the image is referred to as a digital image. Images are made up of 

picture elements or pixels, which are the smallest addressable elements of a digital image [4]. 

Digital images are processed by a computer using a process referred to as digital image 

processing and for this process to take place, an image has to be digitized both spatially and in 

amplitude.  

The two principal application areas of digital image processing are the improvement of pictorial 

information for human visual interpretation, and processing of image data for storage, 
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transmission and representation for autonomous machine perception [4]. In order to prepare 

digital images for improved human interpretation and further processing and analysis, they have 

to be subjected to low-level processing operations where the images go through noise reduction, 

blur removal, color correction, image sharpening, contrast stretching and other image 

enhancement and restoration processing. 

 

1.2 Change Detection and Field Programmable Gate Arrays  

Detecting changes between digital images of the same location or region of interest has attracted 

huge interest in research due to its wide range of applications such as medical diagnosis, 

astronomy, forensics and background segmentation [2], [3], [4]. Change detection is a digital 

image processing technique that plays a vital role in image analysis and interpretation. This image 

processing technique involves both two-dimensional and multidimensional images. However, 

these processes demand a lot of computation due to their complexity and high performance. In 

the last decade, the world has experienced the move or shift in image resolutions from Standard 

Definition (SD) to High Definition (HD) [5]. This shift represents six times increase in data that 

needs to be processed by image devices. This trend is common in video surveillance, medical 

imaging, and the entertainment field in particular where the 4k resolution has become popular. 

The current trend is that very large high-resolution imagery from equipment like drones, satellites, 

medical scanners and astronomy are becoming very useful, but the challenge has been the speed 

at which the high-resolution data is processed and analyzed. This trend calls for image analysis 

systems and algorithms that can handle this data. Digital Signal Processor (DSP) requires 

multiple processors or a single and very expensive high-end processor. But a single FPGA 

embedded device is capable of delivering exceedingly more computing power at cost-effective 

operation than the multiple core DSP system [6]. For this reason, the FPGA systems have 

continued gaining preference from researchers as a cost-effective alternative image-processing 

platform in high performance computing. 

This thesis presents an approach for developing a generic framework for change detection based 

on an FPGA, a computing technology that has superior performance and high-speed parallel 

computing capacity [7]. By virtue of their high degree of parallelism and low energy consumption, 

FPGAs are especially well suited for the acceleration of compute-intensive image and signal 
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processing [7]. FPGA was first developed in 1984 by Ross Freeman, a co-founder of Xilinx Inc 

[8].  Several brands of FPGAs exit in the market and the leading companies in design of FPGAs 

are Xilinx Inc and Altera Corporation [9]. 

In recent years technology advances in image processing tends to focus on custom hardware 

implementation of computationally intensive algorithms to achieve high-speed performance. The 

computer systems taking the lead in speed are the programmable logic device embedded 

systems, in particular the FPGA [9]. Therefore, FPGA systems have become viable platforms for 

the implementation of high-performance frameworks suited for image processing applications. 

The field-programmable property of an FPGA allows the functionality of the circuit to be altered 

to suit any specific application. Unlike the traditional computer architectures such as general-

purpose processors, a user can configure and reconfigure them any time after manufacturing. 

The implementation of a generic framework for change detection algorithm using an FPGA 

architecture has not been fully explored. For this reason, the research has dwelt on real-time 

change detection FPGA-based framework to leverage the high performance, field re-

programmability and re-usability the FPGA technology possesses. To the best of this researcher’s 

knowledge and far as literature has been surveyed as described in Table 2.1, there is no generic 

real-time framework for executing change detection at a low computational cost, using low 

processing resources like memory and power consumption. The frameworks that exist are not 

fully generic, they only address change detection for a specified application or image-processing 

project.  

 

In formulating the framework, this research has focused on the common and widely used algebra 

change detection techniques, which include image differencing, image ratioing, background 

subtraction, image regression, and change vector analysis. In this approach change detection 

framework will be formulated to encompass the algebra change detection [10]. One of the 

common techniques in change detection technique is image algebra, and it can be classified into 

two types: the band subtraction and the band ratio methods [11]. 

The generic FPGA-based framework is presented and illustrated in the context of common 

change detection methods focusing on the algebra change detection techniques, such as image 

differencing, image ratioing, background subtraction, image regression and vector analysis (CVA) 

[11]. These change detection methods were selected for the framework because they are closely 
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related. They possess a shared feature of picking thresholds to establish and identify the regions 

that have been affected. The key factor in these algorithms is identifying suitable image bands 

and thresholds. However, the vector analysis has an exceptional characteristic in that it can pick 

detailed changes that are over the fixed thresholds. 

 

 

Figure 1. 1 Proposed Fundamental Steps for image Change Detection 

 

Figure 1.1 depicts the processes of the proposed fundamental procedures or steps that are 

necessary in implementing image algebra change detection algorithms; image acquisition, image 

pre-processing, image processing and post-processing. For each of the image processing stages, 

there are several operations that are implemented as described later in the Chapter 3. 

The final step within the design process is system implementation or image processing. This is 

where the change detection algorithm is mapped onto the chosen FPGA resources as defined by 
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the architecture. In this processing stage, specific hardware has been designed and made 

architecturally compatible to perform the change detection operations. Within the system 

implementation image manipulating algorithms are implemented and consequently the processes 

of detecting changes are performed. 

 

1.3 Frameworks for Change detection 

This subsection discusses factors that have motivated the research undertaken in this thesis 

which are different from the status quo. There exist several image change detection framework 

design approaches in the image processing literature, and none of them outlines a generic 

procedure for image change detection. The literature that substantiates the need for a generic 

and standardized framework for change detection is discussed in the sections that follow. The 

other factor that motivated this research is the sequential order of the image pre-processing 

operations that has a significant influence in the accuracy of the final output of the change 

detection process. 

 

1.4 Generic and Standardized Framework 

The literature on change detection frameworks shows that most frameworks are not generic; they 

are designed for specific systems. Therefore there is a need for an FPGA-based framework that 

can be applied to most image change detection applications 

According to literature in Benkrid et al. [12], the framework’s library contains optimized 

implementations tailored for a single FPGA embedded system, which greatly limits its use on 

other FPGA systems. The framework implemented by Salcic et al. [13], improves the image 

enhancement using FPGA but does not go further to include image change detection, it is also 

limited to X-ray image processing. In the framework designed by Rao et al. [14], the 

implementation is not scalable and is less generic in that it uses a Xilinx generator, proprietary 

library that is not available in other FPGA systems, hence giving a limitation for other systems. 

Given these limitations and constraints, the proposed framework design is more generic, closing 

the gaps in the previous works.  
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The literature in change detection and image processing frameworks show that the frameworks 

employ a series of image processing algorithms, image enhancement and image restoration 

processes [15]. These processes are implemented on various image formats for varying 

applications.  

In the literature reviewed, there is a lack of a generic and standardized framework for image 

change detection. According to [16], for change detection process to yield accurate results, they 

ought to be a proper procedural image enhancement processes and image registration that 

prepare the images for change detection. These factors have motivated the design of a framework 

that uses an image pre-processing sequential procedure or steps for change detection. Some of 

the frameworks that do exist in the literature do not implement image change detection 

procedures but address other image processing implementations such skin detection and motion 

detection algorithms[17]. The pros and cons of such frameworks have been discussed in the 

literature review section described in Table 2.1. 

 

 

1.5 Order of Image Enhancement and Restoration Processes 

The sequential order of image processing and pre-processing have also motivated the proposed 

framework. The order of the image operations is crucial and the literature renew has showed 460 

that when a carefully ordered steps are not followed, the performance of the change detection 

461 process is compromised and cannot show all the actual changes between two images. It is 

recommended that noise removal be applied the earliest in image enhancement since it is 

detrimental to subsequent image analysis. If further image enhancement is done on images that 

contain noise, the accuracy of the results is significantly affected [18].  According to [19], order of 

enhancement matters, and one of the enhancement processes that influence the accuracy of 

image analysis is the image sharpening. This process must be implemented after the removal of 

blur has been performed.  When an image is sharpened before motion blur is removed, the 

frequencies get amplified during the sharpening process causing inaccurate results. Therefore in 

this thesis, a careful consideration has been taken into account when creating a design flow for 

the framework. The image pre-processing steps have been arranged such that the output of a 
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process does not in any way adversely affect process in the subsequent steps. In this way, the 

framework achieves optimal results. 

 

 

1.6 Use of FPGA in Image Processing  

As the world’s demand for use images for various applications steadily increases, recent research 

studies indicate that demand comes with the challenge of processing this data in an efficient and 

less costly way.  A key motivation is the use of FPGA systems in image processing 

implementations, which is becoming increasingly prevalent in image processing applications. 

Energy efficiency and parallelism are the main features of FPGA that make it the preferred 

platform for performing arithmetically intensive algorithms [20]. The other factor that makes the 

use of an FPGA system a very useful phenomenon is the speed at which FPGA implements 

image processing on raw images and high-resolution images, which are normally huge in size.  

The processing of huge image data on FPGA systems is extremely fast compared to the speed 

in general purpose computer systems, executing operations instantly [21]. The FPGA 

computational architecture can be configured to suit a specific algorithm instead of adapting an 

algorithm to a fixed architecture [22]; this feature makes it possible for the whole chip to be used 

all the time since operations run every clock cycle. In the proposed framework, some image 

processing operations will be performed in parallel to harness the FPGA power of parallelism to 

speed up execution. 

The FPGA system has unique characteristics, which include cost effectiveness in handling 

computationally intensive processes [22]. Image processing algorithms are computationally 

intensive especially when pixel-based change detection implementation is performed.  

The motivation in using FPGA-based image processing in this research also comes from 

pipelining. Pipelining is a technique for improving system performance and throughput [23]. This 

FPGA structure leverages the inherent parallelism in instructions that are divided into subtasks. 

These instructions are executed at the same time thereby increasing the throughput [24]. In image 

processing, some of the operations for image scaling and transformation can be executed 

simultaneously using pipelining [25].  A computationally heavy section of a program is identified 
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and reprogrammed in a pipelined and parallel fashion, a technique that is either impossible or not 

efficient in other computer system 

An FPGA system outperforms the multi-core and CPUs in image processing and its efficiency is 

501 higher. An FPGA system is also the most flexible amongst the three systems [26].  Though 

GPUs are comparatively fast, the major disadvantage of GPUs is the cost, which is very high, 

compared to the FPGA system. Therefore the FPGA has become the preferred system because 

of its advantage of re-programmability, and cost effectiveness [26]. 

The framework proposed in this thesis is characterized with image enhancement and image 

processing algorithms that require very high computational power and the FPGA system is the 

system deemed to be better suited to tackle the challenge of execution time.  

When using multi-core CPUs to process huge image data such as very high-resolution images, 

satellite images and raw format images, the execution time increases due to the low processing 

speed; on the other hand the effect of size and format of the image data in FPGA implementation 

is negligible, because images are converted to binary rendering image format constraint irrelevant.  

 

1.7 Problem Statement 

Image change detection is compute-intensive and takes a long time to execute especially when 

pixel-based algorithms are performed. The problem addressed by this research is the lack of an 

FPGA based generic and standardized change detection framework that executes image change 

detection at a low computational cost, using low processing resources like memory and power 

consumption. An FPGA based image change detection framework is proposed, where different 

configurations are tailored for specific applications, resulting in fast computational speed, low 

memory and power consumption. 
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1.8 Objectives  

1.8.1 General Objective 

To develop a generic and standardized image change detection framework that leverages the 

FPGA technology to perform image processing at fast speed and low computational cost. 

 

1.8.2 Specific Objectives 

• To develop suitable procedures for image enhancement and restoration algorithms 

required for effective image change detection 

• To implement and deploy an FPGA based framework for an image change detection  

• To test and evaluate the FPGA-based image change detection framework 

 

 

1.9 Research Questions 

In addressing the objectives, the following questions were answered by this study: 

(i) What FPGA implementation is suitable for a change detection framework? 

(ii)  Which are the most applicable image processing algorithms and hardware 

implementations that can be well matched on an FPGA system for image change 

detection? 

(iii)  What are the common change detection operations? 

(iv)  How can FPGA implementations be generalized for change detection? 

(v) How can a generic framework for different change detection implementations be 

constructed? 

(vi) How effective are the various types of image enhancement and restoration in 

improving the quality of image change detection? 

(vii) What effect does the use of sequential order of image processing and pre-
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processing have on the difference image? 

(viii) When image change detection is implemented, how do results from enhanced 

images and from those that are not enhanced compare? 

 

1.10 Significance of the Study 

The implementation of a generic and systematic change detection using an FPGA-based 

framework has not been fully researched. Performing complex image processing algorithms is 

computationally intensive and implementing this process on a central processing unit (CPU) or a 

graphical processing unit (GPU) based system takes a long time and consumes lot of power and 

memory. In comparison, the implementation process in FPGA-based hardware architecture is 

superior because of its features of parallelism, shared memory and low power consumption. The 

parallel processing capabilities make it possible for all processes to be executed or run at the 

same time in parallel, hence achieving short execution time. So this research will contribute in 

opening more opportunities for further research in field programmable gate array FPGA-based 

generic frameworks. 
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1.11 Organization of the Thesis  

The organization of this thesis is as follows: 

• Chapter 1 provides the introduction of the Image change detection, field programmable gate 

arrays (FPGA) and related technologies. This chapter also covers the problem statement, the 

research motivation and the objectives of the research. 

• Chapter 2 presents the theoretical background, detailed literature survey and it also reviews 

different techniques that are used for image enhancement and restoration, edge detection, 

change detection, FPGA and hardware-based image processing related frameworks. The other 

subjects this chapter covers are image subtraction, MathWorks/Xilinx development and testing 

environment. 

• Chapter 3 discusses the framework modeling and implementation in great detail. The chapter 

provides the framework design model and stages making up the framework. The topics covered 

in this chapter are; image enhancement and restoration steps that include image acquisition 

where images are acquired using digital equipment. The image filtering techniques include 

denoising, deblurring and the sharpening algorithms. Other subjects include the edge 

detection/extraction using Sobel edge detection algorithm, and contrast stretch process for 

improved image contrast and quality. The last topic on image processing discussed in this chapter 

is the change detection algorithm, which covers image subtraction using the exclusive-OR 

operation. The framework modeling and implementation is covered here, and it is all based on 

the MathWorks/Xilinx integrated environment in which MATLAB/Simulink and Xilinx system 

generator is used for all the image processing algorithms implementations. 

• Results and discussions of the framework implementation are provided in Chapter 4. 

• Chapter 5 closes the thesis with overall conclusion derived from the current work, along with an 

outlook on the future work. 
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Chapter 2: Literature Review 

 

2.0 Overview 

Chapter 2 provides a review and discussions of performance, relative merits and limitations of the 

research fields related to FPGA-based change detection framework design approaches.  The 

relevant fields that are surveyed include; image enhancement and restoration techniques, field 

programmable logic devices, change detection and edge detection algorithms. This review also 

evaluates the different frameworks and design approach techniques used in this research subject 

with the intent of determining if standardized methodologies do exist. 

 

Image change detection is a subject with a wide range of image processing techniques that can 

be classified into several categories and sub-categories. There are many change detection 

framework design approaches for these change detection categories and their sub divisions that 

are provided in the literature. 

The scope of this review is limited to FPGA-based change detection frameworks and the review 

will not explore image-processing frameworks that are based on other computing architectures 

such as the implementation of multi-core CPU and graphic processing unit (GPU) based change 

detection frameworks. 

 

 

2.1 Background 

2.1.1 Field Programmable Gate Arrays 

An FPGA is a high-capacity field-programmable device (FPD), also referred to as programmable 

logic device (PLD). A FPGA is a circuit design that can be reconfigured by a 609 customer in the 

field for a specific function after manufacturing [28]. The other two field-programmable 

architectures that are commercially available are the simple programmable logic devices (SPLDs) 
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and complex programmable logic devices (CPLDs) [27]. The digital designs of recent years have 

largely adopted the PLD architecture as the core technology used to build electronic systems. 

This has led to high-density devices dominating most of the digital designs in the market.  

However, in most cases the cost of development or non-recurring engineering (NRE) and the 

manufacturing costs of PLD based designs are lengthy and relatively very expensive especially 

for low-volumes and prototyping purposes [28]. These high costs of production have given rise to 

FPGA based designs due to their lower production costs and their suitability for prototyping. The 

FPGAs have a wider potential applications than other programmable logic devices due their 

flexibility of being field programmable, giving users the capability to tailor processors to meet their 

own specific needs. 

 

2.1.2 Change Detection 

Despite the numerous advances made in previous decades toward developing systems that could 

handle image change detection in real-time, programmable logic devices remain the primary 

focus for most real-time systems. A design of a generic change detection framework that 

combines a linear type of change detection technique and its hardware implementation is rarely 

achieved, this is because algorithms development typically focuses on achieving functional 

correctness while implementation focuses on achieving maximum efficiency or minimal 

computational resources. It is not enough to port an algorithm from software onto FPGA 

architecture. The algorithm and the computational architecture implementation must be well 

matched though there is no unique solution [29].  

Even though programmable logic devices especially FPGA hardware architecture is not a typical 

implementation in such frameworks, there has been tremendous research going on in this filed. 

FPGA embedded systems have emerged as important systems for applications such as digital 

image processing and image analysis due to their flexibility and high-performance capabilities in 

comparison with other systems such as general-purpose computers and Application Specific 

Integrated Circuits (ASICs).  

Image change detection methods can be classified in two distinct categories: supervised and 

unsupervised [30], or pixel-based and object-based change detection depending on the 

applications [31]. Image change detection techniques are implemented using various 

hardware/software applications and high-performance computing, which has been steadily 



 

 

 

14  

attaining popularity in recent years. The FPGA based architecture is one of the high-performance 

computing technologies that is used in image processing implementations. FPGA is attracting a 

lot of research and it is rapidly gaining great favor in many applications due to its many advantages 

over other systems. 

The implementation of change detection involves other image processing processes especially 

image pre-processing techniques and these techniques can be classified into enhancement and 

restoration processes. The principal purpose of image pre-processing is to improve the quality of 

the image for improved human visual interpretation and to recover images from the degraded 

status. Image enhancement and image restoration is a very wide subject and it covers very many 

image filtering algorithms such a denoising, deblurring, contrast stretching, image sharpening, 

etc. Every one of the image filtering algorithms can be classified into several image-processing 

techniques that find use in various. In this research the image pre-processing techniques and 

other image processing algorithms were all implemented as part of the FPGA-based framework 

for change detection.  

 

2.1.3 Image Pre-processing 

Image pre-processing can be defined as a series of image operations at a lower level of 

abstraction that aims at improving image data for further processing [32]. Image pre-processing 

dramatically improves results of image analysis and the image quality for feature extraction. The 

process manipulates and converts digital images, which are acquired from various imaging 

modalities as raw data into relevant data for further image processing and analysis. In this thesis, 

the focus is on two-dimensional (2D) image processing techniques such as image noise removal, 

image blur removal, image sharpening and image registration. 

Image pre-processing enhances the images by removing impurities or unwanted signals in 

images and makes the output image suitable for further image processing or analysis. A raw 

digital image that has been affected by motion blur or noise does not give true representation of 

the original image of an object due to the undesired impurities such as motion blur or noise, [33]. 

Undesired elements must be removed in order to obtain an image that closely resembles the ideal 

original image. There are two image pre-processing categories: image restoration and image 

enhancement.  
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2.1.4 Image Restoration and Enhancement 

Image restoration is a sub field of digital image processing that attempts to obtain a close estimate 

of the original image from a corrupted image [34]. Image restoration algorithms are based on 

models for the degrading process of the noisy blurred image and for the original image [35]. The 

main goal of image restoration is to obtain a very close estimate to the ideal image when given a 

degraded image, the noise, the blurring function and other quality attributes of the original image. 

The poor quality of the original image is usually caused by blur due to out of focus of the camera, 

and also the motion blur that can be a combination of geometric transformations (rotation, scaling 

and translation) [35]. Image enhancement refers to processing techniques that attempts to 

improve a given image or highlight certain features of interest. 

 

 

 

2.2 Related Work 

2.2.0 Overview 

The section provides a description of FPGA-based implementations and some of the related 

technologies that are implemented into this thesis. These include discussions of FPGA based 

frameworks, image enhancement and restoration, edged detection, Xilinx system generator, 

image subtraction and change detection. 

 

2.2.1 Edge Detection 

The research works that have been published in the recent years that associate image processing 

with re-configurable hardware devices and high throughputs were designed for computer vision 

applications including image edge detection operation. Various image approaches are reviewed 

in this sub-section. Edge detection extracts the points in images which correspond to sudden pixel 

intensity variations or discontinuities [36].  

Boo et al [35], designed and implemented the Sobel operator using the ASIC. The parallelism and 

pipelining features of the ASIC were exploited through systolic array implementation thus allowing 
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an efficient exploitation of the design. However, this edge detection implementation is limited to a 

single design unlike an FPGA-based design, which is re-programmable application-specific basis.  

Their overall performance was satisfactory and could be applicable in a change detection 

framework if it was not for the high cost and the limitation to the user’s customization. The ASIC 

devices cannot be reconfigured after manufacturing to suit the user’s specific needs or a specific 

functionality.  

Smach et al [37] proposed an approach that uses Simulink/Xilinx system generator design 

environment and Xilinx Spartan 3A DSP 3400 XC3SD3400A-4FGG676C (FPGA) to implement 

Sobel edge detection. A hardware implementation of the algorithm targeting the Xilinx Spartan 

3A FPGA system was done using model-based block design approach. The image (Lena 

512*512) was used as the input image to the Simulink pre-processing unit, and then it was fed to 

the Xilinx black box via gateway-in. The system generator black box contains a VHDL code for 

Sobel operator that gets executed and performs edge detection, thus extracting edges in the 

image.   

Basheer et al [38] used Xilinx FPGA to implement Sobel edge detection.  The implementation 

was performed using VHDL on Spartan3E (XC3S1600E) and Xilinx Integrated Software 

Environment (ISE).  The Sobel operator was used to detect edges on an 8-bit gray scale image 

by applying the horizontal and vertical convolution masks. The MATLAB/Simulink environment 

was used to generate the bit file to target the Spartan3E FPGA. This approach did not use any 

image enhancement and restoration techniques. The results obtained in the implementation could 

have yielded a more superior quality if the input image had gone through denoising and deblurring 

prior to edge detection. Similarly Yinglin Qin et al [39] implemented a Sobel edge detection using 

TERASIC FPGA DE 1 -SoC development board and OpenCL programming which allows the use 

of C-based programming language for developing code for FPGA. Intel FPGA SDK for OpenCL 

is adopted in this implementation. The Sobel filters are convolved with the whole input image to 

compute both the horizontal and vertical edges while the Intel FPGA software development kit 

(SDK) compiles the kernel file.  

Another study was done by Anusha et al [40] who also implemented edge detection using Sobel 

operator using an FPGA based architecture, an approach that is better compared to software 

implementation due to its higher processing speed. Here the design is implemented by applying 

a 3 by 3 convolution kernels to process a 640x480 gray scale image. In addition to the common 

FPGA based Sobel edge detection, the binary segmentation process was applied.    
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In a different approach to Sobel edge detection Swain et al [41] proposed an optimized Sobel 

edge detection. The approach used a histogram stretching to enhance the edges of the image. 

This edge detection implementation was employed the SPARTAN 3A DSP 3400A development 

platform FPGA kit. This edge detection design was model based and used hardware co-

simulation with the Xilinx system generator. This approach is similar to the proposed edge 

detection in this thesis though it did not employ all the steps proposed here. The image 

enhancement and restoration processes performed prior to the Sobel edge detection were the 

salt and paper noise, and blur removal using the Gaussian filter. Contrast enhancement was used 

for image smoothening and image sharpening. 

Similarly Dixit et al [42], proposed model based Sobel Edge Detection Implementation using 

Spartan 3 FPGA and Xilinx System Generator. The Sobel edge detection was built using the Xilinx 

blocks in MATLAB/Simulink environment where VHDL code is generated by the XSG. Image 

filtering for image enhancement and restoration, which is a pre-processing step for image noise 

and blur removal, preceded the edge detection implementation. The approach used by Dixit et al, 

resembles the procedure used in the framework proposed in this thesis, however the authors did 

not explicitly give a description of the specific image filtering algorithms that were used prior to 

the Sobel edge detection implementation.  

In a different approach Patial et al [43], proposed a Sobel edge detection using parallel 

architecture based on FPGA. The design was implemented on a binary image in MATLAB 

generated Verilog code using the Xilinx ISE and Modelsim programs for the synthesizing and 

simulating the design. The approach used parallel implementation of the horizontal and vertical 

edges to detect the overall edges of the image for an increased computational speed. A combined 

pipelining and parallel implementation is recommended for a performance improvement of this 

approach. 

When considering the other type of edge detection; the Canny method, the author Mahalle et al 

[44] proposed an efficient design for Canny edge detection design using the Xilinx system 

generator. The edge detection design was implemented using a hardware co-simulation 

compilation within the MATLAB and Simulink/Xilinx design environment. This approach used the 

Simulink and Xilinx block sets for model-based design of the edge detection. The design was 

compiled using a hardware co-simulation compilation driven by the system generator token. The 

generated bit file from the hardware co-simulation compilation got transferred to the FPGA system 

(Spartan-3E kit) using the JTAG cable. This approach was efficient in its implementation; 
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however, the results can be improved if a systematic method of image enhancement and 

restoration was employed. Gaussian filtering was performed for the removal of image noise prior 

to Canny edge detection implementation but that was not adequate for a total restoration of 

degraded images without additional filtering. 

Vassiliadis et al [45], proposed a parallel design for real-time Canny edge detection 

implementation. In this design, the Canny edge detector implementation was performed using 

parallel architecture on a Spartan 6 FPGA where 4-pixel parallel computations achieved high 

throughput. The image enhancement and restoration process that was implemented prior was 

the Gaussian smoothing, which performed image noise and blur removal. Although this Gaussian 

filtering performed image noise removal, the authors did not use the systematic procedure for 

denoising, deblurring and image sharpening as outlined in the framework proposed in this thesis.  

Martins et al [46], implemented a high-level design for data-flow image processing systems, which 

targeted a FPGA based platform. The design is a model-based implementation that is built on the 

MATLAB/Simulink modeling and simulation environment, and the synthesis phase is employed 

on hardware using Verilog code. The edge detection process implemented in this approach as 

described by the authors, was successful. However, the image enhancement and restoration 

operations that are necessary in enhancing the quality of the image through the image noise and 

image blur removal were not performed. The exclusion of the image restoration and enhancement 

operations leads to less accurate results since the image blur and other impurities such as image 

noise affect the image quality. In such a case where the image edges are the features of interest, 

they will lack contrast and sharpness. 

 

In a somewhat different approach the authors Nguyen et al [47] used a hardware/software co-

simulation based system to implement an image edge detection. The Prewitt edge detection 

operator was performed on the Lena image by using the Xilinx system generator targeting the 

Xilinx Spartan 6LX FPGA. The design simulation and output waveforms were generated in the 

Xilinx ISE. The approach used a model-based design in the MATLAB/Simulink development 

environment. The hardware/software co-simulation utilized by the authors was useful in reducing 

the validation and verification time, which is an advantage over the FPGA implementation that 

used VHDL or Verilog code only. The FPGA-based Prewitt edge detection implementation using 

the Xilinx system generator improved the efficiency and performance of the edge detection. 
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However, the absence of image filtering had compromised the quality of the output image due to 

lack of systematic image enhancement and restoration implementation in this approach. 

In [48], Tian et al proposed a fast FPGA-based image processing technique that uses two 

separate parallel operations to increase the speed of median filtering and image edge detection. 

The parallel architecture is made up of two separate levels of parallelism: the image and the 

operation level parallels that are used to perform image-processing operations that are highly 

parallel. The double-parallel architecture improved the performance of the median filter. It also 

improved the performance of the Prewitt edge detection operation in edge extraction. The authors 

implemented image smoothing using a median filter and this operation is not adequate to filter 

both image noise and blur. The filter performs very well only in noise removal, but image 

deblurring is better achieved by deconvolution algorithms. Image sharpening operations which 

extract more image details was also excluded. The omission the critical image filtering operations 

prior to edge detection implementation has was a limitation to the performance of the double-

parallel approach. 

Tripathi et al [49], proposed an edge detection algorithm using FPGA to extract features of aerial 

digital images. However, the hardware implementation for feature extraction was based both on 

the Sobel and Prewitt operators. The model-based design was implemented and verified using 

Xilinx system generator integrated with the MATLAB/Simulink design environment. In the 

proposed approach, a color aerial image was converted to grayscale and pushed into the design 

for feature extraction. The hardware/software co-simulation implementation using the Xilinx 

system generator increased the performance of the edge detection operation. However, an image 

enhancement and restoration implementation was not performed for image noise and blur 

removal. The lack of these image-filtering operations compromised the quality of the output 

image. A systematic approach for filtering is proposed for a better edge detection output in this 

thesis. 

Selvathi et al [50], proposed the beamlet transform, a robust and efficient transform technique for 

the edge detection algorithm. The beamlet transform for edge detection was performed on a 

model-based design that was built in MATLAB/Simulink design environment using Xilinx and 

Simulink block sets. The implementation was done using the Xilinx system generator, targeting 

the Virtex5 starter kit (FPGA). The image pre-processing operations were performed, however no 

carefully ordered and systematic procedure was outlined for these operations. In this approach 

the authors did not pay attention to the order of the image pre-processing operations. This 
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limitation may adversely affect the output of edge detection implementation. This is caused by the 

fact that, when some algorithms are performed in a particular order, the output is adversely 

affected.  

In [51], using a somewhat similar method as in [50], authors Shanshan et al implemented a vehicle 

image edge detection algorithm using hardware implementation targeting an FPGA. The model-

based design was created in a MATLAB/Simulink design environment using the Simulink and 

Xilinx block sets which was then mapped to the Spartan-3E development board. The approach 

utilized the Xilinx Integrated Software Environment (ISE), Xilinx system generator for simulation 

and synthesis. The authors did employ image enhancement and restoration operations that are 

necessary prior to the edge detection implementation. Exclusion of these operations imposes a 

limitation in the performance of the edge detection algorithm hence a compromised output quality. 

The proposed framework in this thesis suggest an created and systematic image enhancement 

and restoration procedure that enhance and restores a digital images that are in some manner 

inherently plagued with image noise and blur from acquisition procedure.    

Just like the research work in [51], Kavitkar et al in [52], demonstrated an FPGA based 

hardware/software co-simulation implementation of image feature extraction using the Xilinx 

System Generator for system modeling and generating a bitstream file to be loaded into FPGA. 

The edge detection was modeled in MATLAB/Simulink design environment using Simulink and 

Xilinx block sets. The Sobel and Prewitt edge detection algorithms were implemented on Spartan-

3E FPGA development board using the Lena image. The authors Kavitkar et al did implement 

image enhancement and restoration processes prior to the Sobel and Prewitt edge detection. This 

omission of image filtering for image noise and blur removal poses a limit on the effectiveness of 

the edge detection operations hence an output image with compromised quality. This thesis 

proposes a sequential and systematic procedure for image enhancement that can bring a drastic 

improvement to the quality of the edge detection operation. 

 

2.2.2 FPGA-based Frameworks 

Salcic and Sivaswamya [13], Benkrid, Crookes and Benkrid [12], and Lingg et al [53] created 

frameworks that use FPGA hardware for implementing image processing. The change detection 

framework designed by Bruzzone and Bovolo [54], models the occurrence of distinctive 

radiometric changes on the basis of the properties of multi-temporal images. This framework also 
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defines guidelines for the development of a new generation of change-detection methods that can 

properly analyze multi-temporal, very high resolution (VHR) images. This framework involves pre-

processing techniques that may not be used on images that are non-remote sensed. The process 

of radiometric correction is not required for surface acquired images. The framework limits its 

model to very high-resolution images, hence cannot be applied to low-resolution images and 

those that are not sensitive to radiometric changes.  

Salcic and Sivaswamya [13], developed a framework to advance the computational speed of 

image contrast enhancement process using low-cost FPGA, focusing mainly on X-ray images. 

Their image enhancement method considered and used filtering via a high boost filter (HBF) and 

a histogram modification using histogram equalization (HE). This framework which is referred to 

as image enhancement co-processor (IMECO), enabled efficient image enhancement 

implementation using hardware/software co-design to achieve high performance using low-cost 

solutions. IMECO only deals with improving image enhancement using the two mentioned 

techniques, and some enhancement algorithms were not explored. It only targets medical 

imaging, especially X-ray images.  The framework is not generic and could not be used for other 

image processing applications, which do not necessarily have to use the histogram equalization 

algorithm. However, the high boost filter (HBF) algorithm is adopted and incorporated in this 

research for the generic image enhancement processes that is applicable to other applications 

besides medical imaging. 

 Benkrid, Crookes, and Benkrid [12], present a framework for FPGA-based image processing. 

This framework uses the Hardware Skeleton Library that includes high-level instructions 

optimized exclusively for the XC4000 FPGAs. The authors introduced the concept of hardware 

skeletons, which is a set of specific instructions with different parameters. For instance, distinctive 

skeletons for the same operation can be assigned to different arithmetic representations. This 

makes various implementation alternatives available for users. The hardware skeletons make it 

possible for a user to provide parameters such as values and functions. This framework targets 

a single-chip FPGA system and it is not generic in nature hence its use on other FPGA systems 

is greatly limited. The framework is not flexible, and its hardware skeleton library does not contain 

configurations that allow dynamic reconfiguration. This image-processing framework cannot 

handle the many image processing techniques with differing requirements for various algorithms. 

The change detection approach proposed by Lingg et al [55], is based on the use of multiple 

image pairs of the area of interest or same scene in a sequence instead of a single pair of images.  
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The main purpose of this image sequence approach is to improve the accuracy of the change 

detection by using more image pairs. Change detection performance is improved with additional 

measurements as more image pairs are analyzed and data is updated continuously.  

The limitation of the framework is the use of a sequence of image pairs which is not very 

applicable in many applications such as product inspection, surveillance, X-ray and other medical 

diagnosis processes, a single pair is adequate to implement a change detection process on it. 

The research carried out with regard to the proposed framework was focused on a single pair of 

images to detect change. The nuisance or insignificant changes such as sensor noise, camera 

motion, illumination were taken into account because the research work for this FPGA-based 

change detection largely covers the usage of image pre-processing algorithms as a pre-requite 

stage prior to performing change detection processes. The literature in the work by Abdul Manan 

[56], describes a generic framework for image processing based on FPGA. This literature 

discusses FPGA hardware implementation but only focuses on using MATLAB and FPGA to 

perform morphological image processing algorithms that transform the geometric structure of an 

image. This framework also lacks the systematic image enhancement steps that form a vital pre-

processing stage in image processing, particularly change detection. 
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Table 2. 1  Literature review for change detection frameworks 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 Author, Year  Title  Approach  Pros  Cons  Gap/Limitations  

1
  

Lorenzo Bruzzone, 
Francesca Bovolo, 2013 
 

A Novel 
Framework for the 
Design of Change 
Detection Systems 
for Very High 
Resolution Remot
e Sensing Images 

Framework models the 
presence of different 
radiometric changes on the 
basis of the properties of 
multi-temporal images 

Extracts the semantic 
meaning of radiometric 
changes, identifies 
changes of interest with 
strategies designed on the 
basis of the specific 
application. 

This framework involves 
preprocessing techniques that 
may not be used on images 
that are non-remote sensed. 
The process of radiometric 
correction is not required for 
surface acquired images 

Framework tailored for 
multitemporal images. The 
framework is not generic so 
cannot be used on other types 
of images. 

2
  

Z.Salcic, J.Sivaswamy, 
2008 

IMECO: A 
Reconfigurable Fp
ga-Based Image 
Enhancement Co-
Processor 
Framework 

Developed a framework to 
improve the computational 
speed of image contrast 
enhancement using low-
cost FPGA based hardware 
primarily targeted to X-ray 
images 

The high boost filter (HBF) 
algorithm is adopted and 
incorporated in this 
research for the generic 
image enhancement 
processes that is 
applicable to other 
applications besides 
medical imaging. 

Framework is not generic and 
could not be used for other 
image processing 
applications, which do not 
necessarily have to use the 
histogram equalization 
algorithm. 

Other contrast enhancement 
techniques for X-ray images 
can be explored. 

3
  

K Benkrid, D Crookes, 
A Benkrid, 2002 

Towards a 
General 
Framework for 
FPGA Based 
Image Processing 
using Hardware 
Skeletons 

Hardware Skeleton Library 
which contains a set of 
high-level descriptions of 
task-specific architectures 
specifically optimized for 
Xilinx XC4000 FPGAs. 

Skeletons are 
parameterizable, and 
different skeletons for the 
same operation can be 
provided, giving the user a 
range of implementation 
choices. 

This library contains optimized 
implementations tailored for 
Xilinx XC4000 FPGAs 

This framework it is optimized 
for a single FPGA embedded 
system, which greatly limits its 
use on other FPGA system 
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Table 2. 1 Literature review for change detection frameworks, continued … 

 
 

 
 
 
 
 
 
 
 
 

 Author, Year  Title  Approach  Pros  Cons  Gap/Limitations  

4  Andrew J. Lingg, 
Edmund Zelnio, Fred 
Garber, Brian D. Riglin, 

2014 

A Sequential 
Framework for 
Image Change 
Detection 

Change detection is 
performed on multiple 
image pairs of the area of 
interest or same scene in 
a sequence instead of a 
single pair of images. 
This approach also 
catches changes that 
occurred between the 
passes. 

Change detection 
performance is improved 
with additional 
measurements as more 
image pairs are analyzed 
and data is updated 
continuously 

The framework cannot be 
implemented in applications 
where a sequence of images 
or video frames is not required 
such as in medical images 
where a single pair of images 
is adequate. 

The framework is not 
generic in that many 
applications need a single 
image pair for change 
detection. The main 
purpose of the sequence 
is to improve the accuracy 
of the change detection by 
using more image pairs. 

5  Javier López-Fandiño, 
Dora B. Heras, 
Francisco Argüello· Mauro 
Dalla Mura, 2017  

  

GPU Framework 
for Change 
Detection in 
Multitemporal 
Hyperspectral 
Images  

Graphic Processing Unit 
(GPU) based change 
detection framework 
tailored for change 
detection in remote 
sensed images using 
object-based algorithms  

The integration of the CUDA 
GPU implementation in the 
framework provides parallel 
computation for increased 
processing speed. The 
framework uses a multi-GPU 
system that can be 
implemented for various 
change detection 
techniques  

The framework is not genetic 
but tailored for hyperspectral 
images whose time frame is 
normally in several months. 
This framework is not suitable 
for other image types that me 
be produced in short time 
frames like the video frames.  

The segmentation 
process used is suitable 
for hyperspectral images 
and cannot be used for 
generic image 
processing.  

6  Abdourrahmane M. Atto , 
Gr´egoire Mercier , 
Dominique Pastor, 2009 

  

General 
Framework On Ch
ange Detection In 
A Sparse Domain  

A turbo-median based 
framework for change 
detection in remote 
sensed images.  

The use of the turbo-median 
filtering technique greatly 
reduces noise especially 
speckle noise in the SAR 
data.  

The framework works for the 
remote sensed images and 
was not implemented on other 
types of digital images. The 
process for removing blur and 
image registration for SAR 
images were not implemented 
in this framework.    

The approach is tailored 
for a specific type of data 
and there is no systematic 
pre-processing procedure 
that can be applied to 
other types of data.  



 

 

 

25  

Table 2.1 Literature review for change detection frameworks, continued … 

 

 
  

 Author, Year  Title  Approach  Pros  Cons  Gap/Limitations  

7  Nicolas Seiller, Nitin 
Singhal, and In Kyu Park, 
2013 

Object Oriented 
Framework For Re
al-Time Image 
Processing 
On Gpu  

A GPGPU-based image 
processing framework 
that uses object 
oriented programming. 
This approach uses 
both the graphic 
processing unit and 
central processing unit 
systems programming 
resources  

 OpenGL Shading Language 
(GLSL) and NVIDIA 
Compute Unified Device 
Architecture (CUDA) are 
incorporated in the GPU-
based framework for image 
processing algorithms that 
demands high processing 
power  

The framework uses object-
oriented implementation on 
GPU and performance is 
affected by the 
overhead   function calls.  

Sequential programming 
procedure limits the GPU 
performance on image 
processing algorithms.  

The framework lacks 
hardware 
implementation computati
onal intensive processes  

8  Abdul Manan, 2006 Implementation of 
Image Processing 
Algorithm on  

FPGA  

A generic framework for 
image processing 
based on FPGA  

A systematic image 
processing framework using 
MATLAB and FPGA  

A morphological image 
processing might not be 
necessary in other image 
processing applications since 
algorithm changes the 
geometric makeup of an input 
image  

No systematic pre-
processing steps are 
described for image 
processing.  

9  Philippe Guermeur, 1998 A  
New FPGA Archite
cture For 
Image Processing 
: Cyclop  

A multi-FPGA board 
architecture designed 
for real-time hardware 
implementation of 
image processing.  

FPGA system comprising a 
general-purpose computer 
and multiple FPGA boards, 
all integrated into a single 
system for improved image 
processing speed.  

Need to partition image 
processing algorithms for 
multiple FPGA boards. If high 
performance is required, 
a pipeline processing has to be 
implemented by the user.  

The limitation is that a 
synthesis process for a 
hardware implementation 
was not included.  
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Table 2. 1 Literature review for change detection frameworks, continued … 

 

 
 
 
 
 
 
 
 
 

 Author, Year  Title  Approach  Pros  Cons  Gap/Limitations  

10
  

Jayalakshmi S Nair, Bibin 
Binu Simon, 2014  

An FPGA Based 
Image Denoising 
Architecture with 
Histogram  

Equalization for 
Enhancement  

An efficient denoising 
technique and hardware 
implementation for the 
removal of noise  

Denoising affects only the 
noisy pixels of the image, 
and all other pixels are left 
untouched. This technique 
preserves the edges of the 
image and improves the 
quality of the images before 
change detection algorithms 
can be applied.  

 Programming logic devices 
involves complex power 
requirement configuration and 
the hardware description 
languages (VHDL and Verilog) 
have a steep learning curve. 
These factors pose as 
disadvantages to this 
approach 

The only VLSI 
architecture 
implemented is the low 
complexity; low 
complexity could not be 
implemented.   

11
  

M Rao, P.R kumar, A 
Mallikarjuna, 2016 

Image Processing 
using FPGAs: A 
framework  

A MATLAB based 
framework implementing 
image processing 
algorithms  

This framework provides a 
general approach that gives 
a systematic procedure for 
processing images including 
pre-processing.  

The framework is not scalable 
and is less generic in that it 
uses a Xilinx generator, 
proprietary library that is not 
available in other FPGA 
systems.  

The hardware 
implementation is 
tailored for Xilinx system 
and giving a limitation for 
other systems. 
Processes such as 
conversing data to 1D 
could be done in a 
generic architecture.  

12
  

J. Fegan, S. A. Coleman, 
D. Kerr. B. W. Scotney  

2-017  

An Implementation 
Framework for 
Fast Image 
Processing  

A fast image processing 
approach based on the 
Spiral Addressing 
Scheme in place of the 
common 2D Cartesian 
address  

When a one-dimensional 
structure is represented as a 
2D structure with the use of 
spiral addressing scheme, 
convolution is performed in 
the vertical direction rather 
than in the horizontal 
direction. This provides fast 
algorithm computation.  

This is a new technique that 
showed high performance and 
effectiveness on image 
processing, but it has not 
thoroughly test with many 
algorithms that are applied in 
various image-processing 
applications.  

  

Some algorithms are 
limited and cannot be 
fully implemented where 
in some cases Linear 
approach can perform a 
convolution of operators 
of size 3×3 only  
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Table 2. 1 Literature review for change detection frameworks, continued … 

 
 
 

 
 

 Author ,Year  Title  Approach  Pros  Cons  Gap/Limitations  

13
  

Mohammad 
I. Ali, Khaldoon M. Mhaidat
, and Inad A. Aljarrah, 
2013  

Implementing 
Image Processing 
Algorithms in 
FPGA Hardware  

Implementation image 
processing Algorithms 
and filtering techniques 
using FPGA  

Generic preprocessing 
techniques that are 
applicable to both video and 
images are discussed. The 
implementation process 
utilizes the generic 
Windowing Operations for 
calculating the pixel out.   

The preprocessing techniques 
are not all covered to cater for 
images in general. Image 
processing techniques like 
deburring, sharpening, color 
and contrast adjustments were 
not included in the pre-
processing stages  

The preprocessing 
procedure is incomplete 
and needs to include 
more enhancement 
techniques  
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 Mohammad R Mohmoodi, 
Sayed M. Sayedi , 2016  

A Low Cost High 
Speed FPGA-
Based Image 
Processing 
Framework 

Developing a MATLAB-
FPGA communication 
link that provides a point-
to-point FPGA-PC 
communication which 
can be directly utilized in 
implementation of 
hardware-software co-
designs 

 

The FPGA-PC interface is 
proposed that can be used in 
developing and prototyping 
many FPGA based DSP 
algorithms and it provides a 
remarkable solution to 
FPGA-MATLAB 
communication for variety of 
applications. 

Framework is not generic and 
does not provide a systematic 
image processing procedure 
for image change detection. 
The proposed framework was 
then used for implementing a 
skin detection algorithm and 
motion detection 

The framework is not 
tailored for image 
processing methods 
such as image 
enhancement, image 
restoration, edge 
detection that are 
necessary for image 
change detection 
process.  
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2.2.3 Chapter Summary 

Some research studies have been done on field programmable gate arrays based change 

detection frameworks and various image-processing methods have been implemented. Although 

the literature is extensive and covers various techniques, and a wide range of frameworks, this 

literature review has focused on generic techniques that use field programmable gate arrays for 

implementing image processing. These include image enhancement processes, image 

restoration and change detection techniques. Although most literature studies present change 

detection frameworks for vendor-specific and frameworks tailored for specific applications, this 

research has primarily focused on generic FPGA-based change detection framework. Several 

researchers have implemented change detection frameworks using FPGA with the aim of 

realizing results in the fastest time possible, at low power and with reduced cost in image 

processing operations. The frameworks published in literature do not present any adequate 

generic and systematic procedure for implementing image change detection using FPGA-base 

framework. 
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Chapter 3: Framework Modeling and Implementation 

3.0 Overview 

This chapter discusses the modeling of the generic framework for FPGA-based change detection 

proposed in this research. In this chapter, the methods developed for performing image 

processing are presented and detailed descriptions of the major components of the image-

processing framework are given. The proposed framework is built from model-based block sets 

in the MATLAB/Simulink design environment targeting the FPGA system. The implementation of 

the modules of the change detection framework targeting the Xilinx FPGA system was done using 

model based block design approach. The MATLAB M-codes for algorithms and VHDL 

programming were used for implementation of the framework.  

 

 

3.1 Proposed FPGA-based Change Detection Framework 

The design flow of the proposed FPGA-based framework is presented in Figure 3.1. The generic 

framework consists of six main phases, which are image restoration and enhancement, image 

registration, edge detection, image change detection, contrast stretching and post processing. 

The image registration stage is optional and can be omitted except for the input images require 

alignment. The image processes for the change detection framework require a lot of 

computational power for the several image processing algorithms involved, especially the edge 

detection and image change detection. The level of computational power increases tremendously 

when high-resolution images and raw images are involved. A reconfigurable computing 

technology, which is field programmable gate array (FPGA) based has become a viable platform 

for the implementation of algorithms suited for image processing applications. The reconfigurable 

property of the FPGA is its ability to alter the functionality of the circuit to suit any specific 

application. For this reason, the FPGA system is incorporated in this framework to cater for these 

computationally intensive operations by exploiting its parallelism and high digital processing 

performance properties.  
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The key phases of the proposed generic change detection framework are shown in Figure 3. 1. 

The framework takes two inputs, the first-date image (1st date image) and the second-date image 

(2nd date image). The first phase is the image restoration and enhancement, this is where the 

image quality is enhanced and restored to their original state. When images are acquired, there 

are impurities such as noise and blur that get included into the acquired images due to various 

environmental conditions such the quality of the camera lenses, the position of the lenses, and 

the shaking of the equipment in use. The aim of this phase is to remove the noise and other 

impurities that might affect the success of other operations in the framework. The second phase 

is the image registration which is very important in some applications where some regions or 

objects in the input images need to be aligned. This phase is optional when the input images are 

in good alignment. 

The third phase in the framework is the edge detection process where the lines, corners and 

edges in input images are extracted. Edge detection increases the effectiveness of image change 

detection, which is the next stage in the framework. The change detection is the core of the 

framework, and its main purpose is to spot the differences between two input images. The change 

detection phase has a single output, which is the difference image. Following the change 

detection is the contrast-stretching phase whose main function is to extract the fine details of the 

output image. This process prepares the output to suite visual interpretation. The last phase of 

the framework is the image post processing, which is mainly, image display.  
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Figure 3. 1  The proposed FPGA-based change detection framework 

 

 

3.2 Components of the Proposed Framework 

The proposed framework comprises six components or phases of image processing operations 

and these are image acquisition, image enhancement and restoration phase, image edge 

detection, image subtraction and lastly the contrast stretching operation. In section addresses 

and answers research questions (iii), (iv) and (v). A generic block diagram showing all key image 

processing design blocks connected together in a sequential order is depicted in Figure 3. 1. The 

modules that make up the image change detection framework have a specific order of 

arrangement within the framework. The first module or phase of the framework is the image 
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enhancement and restoration, which is divided into three phases; the image denoising, image 

deblurring and image sharpening. These operations are implemented in this respective order 

starting with denoising, followed by deblurring and then image sharpening. Denoising or noise 

removal is performed before other operations since image noise prevents progress the most in 

image processing and can affect the effectiveness of other algorithms when it is removal last. This 

process is then followed by blur removal which restores the image to a close estimate to the 

original and it works better when the image has less noise. Blur removal improves the quality of 

the image and when image sharpening is performed on the image, finer details are extracted, 

making the image sharpened. Adherence to this order of image processing operations is pivotal 

in this framework because the sequential order of operation of the image processing modules 

crucial for retaining and preserving the image quality. 

The module that follows immediately after enhancement and restoration is the edge detection, 

which then connects to the image subtraction phase, and the last phase is the image contrast 

stretching as illustrated in . All these key stages of image processing operations are linked and 

connected together to form the proposed change detection framework. 

The two inputs to the framework are 1st date image and 2nd date image. Each image is passed 

through the restoration and enhancement steps of the framework. The first step is the denoising, 

where an appropriate algorithm is performs noise removal. The step that follows is the deblurring 

stage where image blur is removed. The images then go through the sharpening process where 

the fine details of the images are revealed. The stage that follows is edge detection where the 

image lines, corners and edges are extracted. This is the last process in the image restoration 

and enhancement phase. 

The next stage is the binary conversion process that highlights the key details in the image to aid 

in further image processing operations. The image data is now in binary format and passed to the 

change detection process. This image process takes the two inputs, the image data for the 1st 

date image and 2nd date image and a change detection technique is applied to detect the 

differences between the image data. The out of this stage is a binary format image data which is 

converted to two-dimensional format and then passed to the image contrast stretching process 

which improves the image for easy visual interpretation. 
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Figure 3. 2  Key stages of the proposed generic change detection framework 

      

             

3.2.1 Image Acquisition 

Image acquisition is one of the fundamental steps in digital image processing. It is a process of 

creating digital images, usually from a hardware based source [57]. 

The images or video acquired from a digital camera are already in digital form, and video files can 

be processed just like still images by decoding their frames and processing them as still images. 

Images acquired from other pieces of equipment such as scanners, must be digitalized both 

spatially and in amplitude for them to be suitable for analysis and computer processing. These 

images 𝑓(𝑥, 𝑦) and ℎ(𝑥, 𝑦)  are the inputs to the image pre-processing stage in the FPGA change 

detection system as shown in Figure 3. 2 
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3.3 Image Enhancement and Restoration 

The main purpose of image enhancement and restoration is to improve the quality of images in 

ways that will increase the chances for success of other image processing operations that follow. 

Image enhancement and restoration processes are also popularly referred to as image pre-

processing and they take place over several steps. In order to achieve a high-level efficiency in a 

change detection process, it is necessary to perform image enhancement and restoration in the 

input image data. There are some overlap properties that exists between image enhancement 

and image restoration. Image enhancement is mostly a subjective process and image restoration 

is an objective process and has a quantifiable goal. The primary goal of image restoration is to 

recover an image that has been degraded and it involves the modeling of degradation and 

applying the inverse process in order to recover the image. There are numerous reasons for 

performing image enhancement and restoration on images stipulated below as: 

(i) Highlight regions of interest in the images 

(ii) Noise removal  

(iii) Make images more appealing for visually purposes 

(iv) Extract hidden features in images 

(v) Filter discarding less important features in the image 

Image enhancement and restoration processes can be described either as spatial domain 

techniques or frequency domain techniques [58]. In the frequency domain, the image 

enhancement processing techniques involve the manipulation of the Fourier transform of an 

image; there is no direct processing of intensity of each image pixel. The spatial domain 

techniques are performed on image plane itself and deal with direct manipulation of the image 

pixels. In this work the spatial domain processes are denoted by the expression  

 𝑔(𝑥, 𝑦) = 𝑇[𝑓(𝑥, 𝑦)] 

 

3.1 

where 𝑓(𝑥, 𝑦) is the input image, 𝑔(𝑥, 𝑦) is the output image, and 𝑇 is an operator on 𝑓, defined 

over some neighborhood of (𝑥, 𝑦) [59]. 
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There are three classifications for the spatial domain; the point processing, spatial filtering and 

image coloring. Point Processing refers to all processing that can be done based on a single 

image pixel. This image enhancement technique applies a transformation to individual pixels to 

produce new images [60]. Some of the techniques that use point processing are histogram 

modeling, contrast enhancement and image averaging. Image coloring refers to pseudo coloring 

or false coloring, a technique used to assign color a gray scale image or to modify an existing 

color image giving it a new color. This image restoration technique improves the visual quality of 

the image by highlighting specific features in the image [60]. The third classification is the spatial 

filtering, which is defined as a technique that performs discrete implementation of convolution 

filtering by placing a window or a kernel on a pixel and process only the image pixels that fall 

within the neighborhood. This process is repeated over the whole image to compute new intensity 

values for all the pixels, and the main purpose of the filtering algorithms is to enhance the image.  

A filter kernel is a set of coefficients w(s, t) where (s, t) runs over small neighborhood N of the 

origin: 

  𝑁 = {(𝑠, 𝑡) : − 𝑎 ≤ 𝑠 ≤ 𝑎, −𝑏 ≤ 𝑡 ≤ 𝑏} 

 

3.2 

 

 

𝐺(𝑥, 𝑦) =  ∑ ∑ 𝑤(𝑠, 𝑡)𝑓(𝑥 + 𝑠, 𝑦 + 𝑡)

𝑏

−𝑏

𝑎

−𝑎

 

3.3 

𝑓(𝑥, 𝑦) is the input image. The output image 𝐺(𝑥, 𝑦) is the product of summation of the pixels 

vales and filter coefficients. 

Spatial filters can be classified as linear and non-linear filters [61], [62]. These two types are 

utilized in creating the change detection framework depending on the type of noise; therefore the 

image enhancement and restoration operation stages of the framework are performed using both 

linear and non-linear spatial filtering techniques. The framework is tailored for a change detection 

procedure that involves small size, large size and high-resolution images. Since there are many 

image enhancement and restoration processes that perform similar enhancement functions, a 

few have been carefully selected to suit a wide range of applications for the FPGA-based change 

detection framework. 
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In this image change detection framework, image enhancement include; denoising, deblurring, 

and sharpening as shown in Figure 3. 3. Image enhancement and restoration, and the change 

detection algorithms are performed by the FPGA system in the order depicted in Figure 3. 3. The 

first three Image enhancement and restoration steps described in this framework perform image 

noise removal, blur removal and sharpening. The image registration process is optional, it can be 

used when need be, to filters out common “unimportant” intensity changes before a change 

detection process could take place.  

The order of operations and the techniques applied in image enhancement are very crucial and 

can have a profound impact on the output. Therefore, the arrangement of the image enhancement 

and restoration steps in the flow diagram Figure 3. 3, is the exact order in which the image 

enhancement and restoration should be executed in the framework. The same order also follows 

in the detailed description of the framework in this document as outlined in this chapter. The 

proposed order of image enhancement operations for image enhancement, presented in this 

chapter focuses on an order of operations for images that require multiple image enhancement 

techniques. However, the effectiveness of these techniques is determined by different aspects, 

for instance the spatial resolution of the image, and not all images require all these techniques to 

be performed. In some cases, it would not be required to apply specific enhancement algorithms 

depending on the type and quality of the image file. In such an event, an image enhancement 

technique in the operations order may be skipped and the next technique would be carried out.  
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Figure 3. 3  Key steps of image enhancement and restoration 

 

3.3.1 Digital Image Denoising  

Denoising is a process used for noise removal in digital images. Noise is any unwanted signal 

present in the original signal [63]. Noise brings a lot of problems in image preprocessing because 

it interferes with background scenes of the image and creates image-degrading effects such as 

blurred objects, artifacts and unrealistic edges.  

The denoising phase describes impulse noise and its removal from digital images. It exits in 

several forms and it is caused by different environmental conditions and image acquisition 

equipment. Impulse noise formation in most cases occurs during image acquisition period, during 

transmission or storage.  Image noise is an undesired signal in digital image processing due to 

the fact that it adversely affects the quality of the output images produced by digital image 
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processing algorithms. This noise poses a serious challenge in digital image restoration, and its 

removal is achieved by implementing either spatial domain or frequency domain techniques.  

Noise has very adverse effects on image compression and image analysis. For this reason, the 

denoising process is implemented before the other three enhancement operations because when 

an image is not denoised, the noise in the image interferes with other processes such as image 

sharpening and deblurring where high frequency signals are amplified [64]. In such a case, the 

noise will also be amplified together with the high frequency signals, therefore lowering the quality 

of the image.  

The process of denoising can be performed using image-filtering processes. There are two image 

denoising methods; the spatial filtering and the transform domain filtering [66].  The Spatial filters 

can be classified into two types; the linear and non-linear filters. There are several linear and non-

linear filtering algorithms that have been developed to remove all kinds of noise from corrupted 

digital images to enhance the image quality.  Some of the common image noise types are the 

Gaussian noise, salt and pepper noise, Poisson noise, and Speckle noise. 

The selection of the image filtering methods and algorithms depends on the type of noise that has 

to be removed from the digital images. For instance, non-linear filters are commonly used to 

remove impulsive noise, which can be classified as random valued noise or “salt and pepper 

noise. 

 

3.3.2 Image Deblurring 

Deblurring is a process of removing image blur by recovering a sharp image from the 

corresponding degraded image. Image blur is usually caused by scene or subject movement, 

shaking of the camera and inaccurate focusing, depending on the depth of field [66]. This pre-

processing technique is necessary for enhancing the images so that further image processing 

algorithms can be more effective without being limited by blur effects. In this framework, a 

deblurring process (high-pass filtering) will be demonstrated on a blurred image. When an image 

is distorted, any changes that had occurred in the image cannot be properly detected. When an 

image is affected by a blur, other image enhancement techniques such as sharpening and colour 

adjustments cannot be effective; therefore blur removal must be performed before sharpening to 

avoid amplifying the blur in the image.  
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Image blur can be classifieds in three types: average blur, which is usually removed using the 

average filter. The second type of image blur is the Gaussian blur, which is generated through 

Gaussian function; it is dense at the centre and lighter at the edges. The third type of blur is the 

motion blur, caused by movement of the camera and the scene [67]. Image deblurring techniques 

can be classified into two categories, the blind deconvolution and non-blind deconvolution [68], 

as depicted in Figure 3. 4.  

 

 

Figure 3. 4  Image deblurring techniques 

 

 

Blind deconvolution refers to a more practical approach where the blur kernel is unknown. In this 

case either the sharp image or the kernel or both have to be estimated from the deblurred image 

[69]. The non-blind deconvolution can be further classified into three categories; a deconvolution 

that uses the Wiener filter, a deconvolution that uses the Lucy-Richardson method and a 

deconvolution that uses a regularized filter. In non-blind deconvolution a pre- determined blur 

kernel value is used, and a sharp image can be induced from both the blurred image and the 

kernel. In this image enhancement step, the deblurring discussion is limited to the deconvolution 

that uses the Wiener filtering. A clear and sharp image can be obtained from a blurred image by 

using the common filtering methods; a modified inverse filter and the Wiener filter. A blurred image 

is a type of degraded image and caused by additive noise. 
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Image blur diagram is shown in Figure 3. 5 and it can be modeled as  

 

  𝑔(𝑥, 𝑦) = ℎ(𝑥, 𝑦)  ×  𝑓(𝑥, 𝑦) + 𝑛(𝑥, 𝑦) 3.4 

where ℎ(𝑥, 𝑦) is the blurring or degrading function, the distortion operator commonly known as 

point spread function (PSF) [70].  

𝑓(𝑥, 𝑦)  is the original non-blurred source image, 𝑔(𝑥, 𝑦)  represents the blurred image and 

𝑛(𝑥, 𝑦) is additive noise introduced during image acquisition.   

This method requires an estimated or prior knowledge of the parameters of point spread function 

and if the PSF is known, then the reverse process can be performed to remove the blur. The 

sharp image 𝑓′(𝑥, 𝑦) is derived from 𝑔(𝑥, 𝑦). 

 

 

Figure 3. 5  degradation model of image 

 

 

Expressing equation 3.4 in the frequency domain:  
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 𝐺(𝑢, 𝑣) = 𝐹(𝑢, 𝑣)𝐻(𝑢, 𝑣) + 𝑁(𝑢, 𝑣) 3.5 

 

If we let 𝑇(𝑢, 𝑣) be a reconstruction filter, 

 𝐹′(𝑢, 𝑣) = 𝐺(𝑢, 𝑣)𝑇(𝑢, 𝑣) 3.6 

Where filter 𝑇(𝑢, 𝑣) finds the best approximation of the original non-blurred image.  

 𝑇(𝑢, 𝑣) = 𝐻−1(𝑢, 𝑣) 3.7 

where 𝐻(𝑢, 𝑣) is the sensor function 

Using the inverse filter for deconvolution produces an image that is distorted due to lot of noise 

which is caused by a very frequency gain where 𝐻(𝑢, 𝑣) is small. However, an inverse filter is 

improved to prevent the image distortion. The high-frequency gain is reduced hence lowering the 

noise amplification. In the modified filter, Butterworth response is used. In order to avoid distorting 

the output image, an appropriate Butterworth response was picked [71]. 

   

       

 
𝐵(𝑢, 𝑣) =

1

1 + (
𝑢2 + 𝑣2

𝐷2 )
𝑛 

3.8 

   

 
𝑇(𝑢, 𝑣) =

𝐵(𝑢, 𝑣)

𝐻(𝑢, 𝑣)
 

3.9 

 

 𝐹̌(𝑢, 𝑣) = (𝐹(𝑢, 𝑣)𝐻(𝑢, 𝑣) + 𝑁(𝑢, 𝑣))𝑇(𝑢, 𝑣) 3.10 

 

 
= 𝐹(𝑢, 𝑣)𝐵(𝑢, 𝑣) +

𝑁(𝑢, 𝑣)𝐵(𝑢, 𝑣)

𝐻(𝑢, 𝑣)
 

3.11 
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3.3.3 Image Sharpening 

Image files from cameras are always slightly blurred because every process of image capturing 

introduces some type of blur. Image sharpening accentuates image features and improves the 

focus making details appear much clearer. It is normally achieved through the use of high pass 

filtering [72]. A spatial high-pass filter removes blurring, extracts edges and other discontinuities 

from images, thus making image details come out clearly. It also passes only lets through the high 

frequencies while reduces low frequency components such as lines, edges and points without 

disturbing high frequency information [73]. The high pass filter skips the regions in the image that 

are not edges and apply the sharpening algorithm on those regions with edges. Some of the 

sharpening algorithms used in sharpening digital images are the Laplacian filtering unsharp 

masking and high boost filtering. For illustrating the sharpening process, unsharp sharpening 

method was used. 

Unsharp masking can be described as a method for sharpening images. It uses a slightly blurred 

version of the original image to create a mask, and then the blurred image is subtracted from the 

original image itself [74]. The image difference is then added to the original image to obtain a 

sharpened image, shown in Figure 3. 6. 

If the original image is denoted by 𝑓𝑜(𝑥, 𝑦), with x coordinate and y coordinates.  

 And the blurred version of the original image is denoted by 𝑓𝑏(𝑥, 𝑦), 

Then the image difference between the original and the blurred image, which gives the mask, is 

calculated using equation 3.12 [75]. The weighted portion of the mask is denoted by 𝛺 

 

 𝑓𝑑(𝑥, 𝑦) = 𝑓𝑜(𝑥, 𝑦) − 𝑓𝑏(𝑥, 𝑦) 3.12 

 

𝑓𝑠(𝑥, 𝑦)  is the sharpened image 

 𝑓𝑠(𝑥, 𝑦) = 𝑓𝑜(𝑥, 𝑦) + 𝛺 ×  𝑓𝑑(𝑥, 𝑦) 3.13 

 



 

 

 

43  

Equation 3.13 gives the unsharp masking when the weighted mask equals 1, and when the mask 

is greater than 1, high boost filtering (unsharp masking) is achieved by adding part of the original 

image back to the high pass image. The high-boost image looks very close to the original image 

with details of the edges improved, [81]. 

 

 

Figure 3. 6  Image sharpening using unsharp masking 

  

 

3.3.4 Image Registration 

Image registration is the process of aligning two or more images of the same object or scene 

taken at different times, from different sensors, or from different viewpoints into a single integrated 

image for better observation. The practical applications areas of image registration can be 

categorized into four classifications; multi-temporal analysis, multi-view analysis, multimodal 
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analysis and the scene to model analysis [76]. Image registration provides mapping of 

corresponding points between two images, hence aligning the images geometrically, or 

expressing the images in the same coordinate system. In this phenomenon, each pixel position 

corresponds to the same part of the scene in the other image. At times when the points do not 

coincide, the images are distorted in order for them to match. Image registration is used to resolve 

problems such as image skew, rotation and scale in overlaying images. Image registration is a 

significant pre-processing technique, which usually finds its application in environmental 

monitoring, astronomy and medical imaging [77]. In these applications, input images have to be 

in the same reference coordinate system for accurate image processing and analysis purposes. 

In this change detection framework, image registration is optional more especially when the scene 

or object of interest is stable with little camera movement. If it happens that an unstable or shaking 

imaging equipment for instance causes image intensity changes, an image registration process 

must be performed because such changes cannot be regarded as real changes in a change 

detection process. However, image registration is not an option and is very crucial when this 

framework is to be applied in multimodal analysis because image alignment is critical in areas 

such as image mosaicing. The implementation of image registration can be done using four steps 

namely; transform model estimation, resampling and transformation, feature detection and 

feature matching. 

There are various criteria used in selecting an image registration technique and there are three 

approaches: feature-based matching, intensity-based matching and the hybrid approach. These 

criteria largely depend on the kind of features or type of image degradation, radiometric or 

geometric deformations and application areas [78].   

 

 

3.4 Edge Detection  

Edge detection detects sharp discontinuities or sudden changes in image pixel intensity and 

highlights boundaries of objects in a gray scale image. The edge detection process produces line 

features of the image that are then used by advanced image processing algorithms for further 

processing of the image [79]. Edge detection algorithms can be classified into two categories; the 
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first-order derivative edge detection algorithm (gradient based operators) and the second-order 

derivative edge detection algorithms (Laplacian based operators) [79]. 

Some of the practical edge detection operators are the Robert Detector, Prewitt Detector and 

Sobel Detector. These are first order derivative operators and they use different kernels. The 

focus of this chapter is on the Sobel edge detection operator, which is commonly used mainly for 

its advantages on being less sensitive to noise and having a smaller mask compared to the other 

two operators. The Sobel operator is an edge detection algorithm that performs a directional 

smoothing conjugate with a gradient calculation in the orthogonal direction [80]. The Sobel 

operation performs both edge detection and binary conversion. There are two convolutions used 

by this Sobel operator, the 0 and 90 degrees convolution kernels and gradient magnitude at each 

point is calculated by adding the absolute individual kernels (𝑘𝑥, 𝑘𝑦) [81] 

In this thesis, edge detection process comes at the end of the image enhancement and restoration 

phase of the framework. There are two main purposes of the edge detection process in this 

framework; edge feature extraction and thresholding, which converts the gray scale input images 

to binary format. The binary conversion is also a necessary process that prepares the input 

images for XOR operation, which performs image subtraction in the FPGA system. 

The algorithm implemented at this step produces binary versions of images 𝑓(𝑥, 𝑦) and ℎ(𝑥, 𝑦). 

These binary images appear as a combination of horizontal and vertical line drawings depicting 

all edges in the images. 

The first-order derivative is calculated using a pair of 3 × 3 convolution masks or filters, one for 

the x-direction gradient (for detecting horizontal edges) and the other for the y-direction gradient 

(for detecting vertical edges). 

The Sobel convolution kernels for the vertical direction (𝑘𝑦) and horizontal direction (𝑘𝑥) are 

expressed as follows; equation 3.14 and 3.15 respectively. 

 

 
𝑘𝑦 =

−1 −2 −1
  0   0   0
 1   2   1

 
3.14 
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kx =

−1 0 1
−2 0 2
−1 0 1

 
3.15 

 

Edge detection with a Sobel operator is implemented by filtering a gray scale image with the 

𝑘𝑥  kernel and the 𝑘𝑦 kernel, then the pixels values of each filtered image are squared. The edge 

magnitude is then estimated by taking the root of the total sum of the squared values [82].  

Therefore, the edge magnitude can be estimated as 

 

 
𝐺 = √(𝑘𝑥

2 + 𝑘𝑦
2) 

3.16 

 

 And it can also be calculated as 

 𝐺 = |𝑘𝑥| + |𝑘𝑦| 3.17 

Edge gradient direction is estimated as    

 
θ = atan (

𝑘𝑦

𝑘𝑥
) 

 

3.18 

If we let I be the original image, kernels 𝑘𝑥  and 𝑘𝑦  are used to calculate the corresponding 

derivative approximations 
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Figure 3. 7 Original source image 

 

3.4.1 Vertical Edge Detection 

The Sobel edge operator uses the 𝐺𝑦  kernel to convolve with the original image to calculate 

approximations of the derivative for vertical changes [49]. 

If the image with the vertical edges  Figure 3.8, is denoted by 𝐺𝑦 then this image can be expressed 

as; 

 𝐺𝑦 = 𝑘𝑦  ×  𝐈 

 

3.19 

Where 𝐈 is the original image Figure 3. 7, [83] and 𝑘𝑦 is vertical kernel. 
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Figure 3.8 Image with vertical edges 

 

3.4.2 Horizontal Edge Detection 

The approximations of the derivative for the horizontal edges are calculated by the convolution of 

the original image with the 𝐺𝑥  kernel. 

If the image with the horizontal edges  Figure 3.9Figure 3.8, is denoted by 𝐺𝑥 then this image can 

be expressed as; 

 𝐺𝑥 = 𝑘𝑥 ×  𝐈 

 

3.20 

Where I is the original image and 𝑘𝑥 is vertical kernel [49]. 

       

Figure 3.9 Image horizontal edges        

 

3.4.3 Binary Conversion 

The process of converting a color or a gray scale image to a binary format is referred to as 

thresholding. The method used in this process is a point transformation technique, which creates 

a binary image from a color or grayscale image on the basis of different pixel intensities. There 

are several methods for thresholding and this chapter focuses on the fixed threshold method for 

illustration where the pixel values are assigned the binary value 1 or 0 depending on whether the 
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pixel values are higher or lower than the intensity threshold value; equations 3.21 and 3.22. The 

binary value 1 could represent white pixels and binary value 0 could represent black pixels or vice 

versa [4].  

Binary conversion highlights the key details in the image by separating objects in the image or 

foreground pixels from background pixels to aid in image processing [83], it also reduces the 

computational complexity. After the two images have gone through the enhancement processes 

in the pre-processing stage, they are then converted to binary using a thresholding technique.  

The input images 𝑓(𝑥, 𝑦) and ℎ(𝑥, 𝑦) have already been gray scaled in the enhancement stages, 

therefore at this stage the images will just be converted to binary format before image subtraction 

could take place.  In the thresholding process, different values are used to obtain suitable images 

to be operated on by an XOR circuit, which preforms image subtraction.  

Binary conversion operation on an image 𝑓(𝑥, 𝑦) is expressed as: 

for each pixel p(𝑥, 𝑦) of image 𝑓(𝑥, 𝑦) 

 𝑝(𝑥, 𝑦)   = 1          if  𝑝(𝑥, 𝑦)  > threshold, 𝑇 3.21 

 

  = 0 , 𝑂𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒          3.22 

 

 

3.5 Image Change Detection  

After the images have gone through the image enhancement stages, the process that follows is 

the edge detection. Image enhancement and edge detection processes precede image change 

detection for the purpose of attaining optimal performance of the algorithm in identifying changes 

between the input images.  When image noise has been reduced, blur removed and edges 

extracted, the change detection process can easily pick the differences between seemly identical 

images. The final process of the change detection framework is contrast stretching which further 

enhances the features of the output image. 
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 There are several change detection algorithms for image processing and their application 

depends on the type of images and the fields of application. Some of common generic change 

detection algorithms applied in image processes to detect changes in digital images are; Image 

subtraction, background subtraction, Image Log Ratio and the Image Mean Ratio algorithm [84], 

[85].  In this paper, image subtraction (spot the difference) which is an image processing technique 

used to detect changes is discussed and then implemented. 

 

3.5.1 Image Subtraction Using Exclusive-OR Operator 

The logical exclusive-or (XOR) is a bitwise operator that performs image subtraction between the 

two image binary data. Image subtraction implementation uses the bitwise logical XOR operator 

which is a Boolean operator that works on binary data. The binary input images have only two 

colors (black and white). The bitwise XOR logical operator returns 1 if both bits are different, and 

returns 0 if both bits are the same, in this experiment considering the pixel value 255 (11111111 

binary) representing white pixels and pixel value 0 (00000000 binary) representing black pixels. 

When the pixel values are the same, the out is (0) and when the pixel values are different, the 

output is (255), therefore when two pixels are different, the output is a white pixel, and else the 

output is a black pixel[86] [87]. 

The XOR bitwise operation preserves any corresponding image pixel pair if the pixels have 

different values and this operation help to highlight differences in a binary image. 

 

Image subtraction is a process whereby the digital numeric value of one pixel or whole image is 

subtracted from another image to detect changes between two images. The difference between 

two images taken at different time is expressed as: 

 𝑔(𝑥, 𝑦) = 𝑓(𝑥, 𝑦) − ℎ(𝑥, 𝑦)        3.23 

where 𝑓(𝑥, 𝑦) is the first date image,  ℎ(𝑥, 𝑦) is the second date image and 𝑔(𝑥, 𝑦) is the difference 

image [84], [88]. Image subtraction operation takes two images as input and the pixel values of 

the output image are the pixel values of the first date image 𝑓(𝑥, 𝑦) minus the corresponding pixels 

from the second date imageℎ(𝑥, 𝑦). Digital image subtraction is performed by an exclusive OR 

(XOR) logic operator, which is a circuit built from logic gates. The XOR function is only true if just 

one, and only one of the input values is true, and false otherwise. The XOR operation typically 
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processes binary images produced through a thresholding method. The logic operation-taking 

place between the images is a pixel-by-pixel transformation. This bitwise operator manipulates 

gray-level values at the bit level. The pixel values where the two images differ have a high value 

(binary 1), representing white pixels and where the two images are the same; the pixel values 

have a lower value (binary 0), representing black pixels. 

 

 

Table 3. 1 Truth table for the Exclusive-OR operator 

TRUTH TABLE 

Inputs Output 

A  B C 

0 0 0 

0 1 1 

1 0 1 

1 1 0 

 

 

The XOR operator takes two input images, image 𝑓(𝑥, 𝑦) and image ℎ(𝑥, 𝑦) as shown in design 

flow in Figure 3.10. It is implemented with four NAND gates (digital logic circuit) [89],[96], a Boolean 

algebra equation 3.29 and a truth table as shown in  respectively. 

 

3.5.2 Exclusive-or (XOR) Operation 

The XOR logic operation on two input images is expressed as: 

 

  𝑔(𝑥, 𝑦) = 𝑓(𝑥, 𝑦) ⊕  ℎ(𝑥, 𝑦)       3.24 

Where 𝑔 is the output image  
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𝑓 is the reference input image ( first date image) 

ℎ is the input image (second date image) 

 

 

Figure 3.10 Flow diagram for image subtraction using XOR operator 

 

 

 

 Figure 3.11 XOR gate implemented with four NAND gates 
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The circuit in  represents the exclusive-OR (XOR) operator, which performs image subtraction to 

produce a difference image C, given two input images A and B. There are four connected logic 

gates that make up the XOR operator circuit.  As an example, the XOR operator circuit takes input 

image A and input image B and produces a single out, image C depicted in Figure 3.12 (a), (b) 

and (c) respectively. The mathematical equations for the input and out images can be expressed 

with a truth table and Boolean equations as shown in equation (3.29). 

 

                      

        Figure 3.12  (a) Input image A,    (b) Input image B                   (c) output image C (difference 

image) 

 

3.5.3 Implementations of Boolean Equations  

The output equation for the image subtraction is derived from equations of the 2-input, 4-NAND 

gate XOR operator Figure 3.11 as shown below: 

 NAND gate 1 =  𝐴𝐵̅̅ ̅̅ = 𝐴̅  + 𝐵̅     3.25 

 

Applying DeMorgan’s theorem as derived from Figure 3.11 

 

 NAND gate 2 = 𝐴̅  + B     3.26 
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  NAND gate 3 = A + 𝐵̅     3.27 

 

 NAND gate 4 =  𝐴̅ 𝐵 + 𝐴𝐵̅    3.28 

 

 Therefore output C = A B =  𝐴̅ 𝐵 + 𝐴𝐵̅   3.29 

 

3.5.4 Contrast Stretching 

The quality of output image is very important, and the contrast enhancement technique is applied 

in order to enhance this output for improved visual interpretation. Contrast is defined as the 

difference in the pixel intensity values of pixels which are in close proximity to each other [90]. An 

image with more contrast appears clearer with more details and an image with less contrast can 

have a huge impact on human visual interpretation of the image and can lead to less accurate 

interpretation or representation of the output image.  

When the difference in the image intensity is high, then the image is regarded as a high contrast 

and if the difference in intensity is low, we a low contrast image. High contrast gives better clarity 

of an image in terms of local details while low contrast gives poor clarity [90].  

Contrast stretching is an image enhancement technique that provides a contrast improvement in 

an image by increasing the range of intensity values it contains to span a desired range of values 

[91]. In this framework, when the output of the change detection operation is an image with a 

contrast that is too low for human visual interpretation, the process of image contrast stretching 

is implemented to enhance its quality. The contrast stretching process is followed by the display 

stage where the difference image is displayed on an image viewer. Therefore the principal 

purpose of the contrast stretching operation is to enhance the quality of the image and to reveal 

more details of the image. 

The two commonly used contrast-stretching techniques are the linear and nonlinear.  The linear 

contrast enhancement can be classified into three categories, the min-max linear contrast stretch, 


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percentage linear contrast stretch and the piece-wise linear contrast stretching [92]. In this paper, 

the min-max linear contrast stretch will be discussed and demonstrated in FPGA implementation. 

 

3.5.5 Min-Max Linear Contrast Stretching 

In this contrast stretching technique new gray level values are assigned to an output image by 

assigning to the lowest and highest gray level values in the input image values of 0 and 255 

respectively. The target gray levels for contrast stretching are 0 and 255 where value 0 is the 

minimum intensity value and 255 is the maximum intensity value [93].  

Linear contrast stretching using min-max mapping can be expressed as  

 

 
g(x, y) = (

(f(x, y) − min)

(max − min)
) x 255 

3.30 

where f(x, y) is input image. 

g(x, y) is the transformation function for the image, that produces the gray level of the output image 

from the contrast stretching process. The gray level range of the output image is determined by 

the “min" and "max", which represent the minimum intensity value and the maximum intensity 

value in the current image respectively [94]. 

In an 8-bit gray scale image, the linear contrast stretching process maps the minimum gray level 

value to 0 and the maximum gray level value to 255 with the rest of the gray level values remapped 

linearly between 0 and 255 to generate a high contrast image. The output image (high-contrast 

image) has intensity values that extend across the whole image gray level spectrum, Figure 3.14 

depicts a contrast stretching of the image Lena Figure 3.13, [95].  
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             Figure 3.13 Original image (low contrast) 

 

              

             Figure 3.14  Image with high contrast after contrast stretching 

 

 

3.6 Design and Modeling of the Framework 

The first step in the development of the FPGA-based change detection framework was the 

framework design, which included building models, creating diagrams, writing source codes and 

creating schematics. The schematics were designed on the Xilinx Integrated Software 

Environment (ISE). The source codes were created in MATLAB and in VHDL, a Hardware 

Description Language. The model-based designs were created in the Mathworks environment 

using both the Xilinx system generator (XSG) and Simulink platforms. The design stage was 

followed by the design verification (functional simulation). This is the stage where the validation 

that the functionality of the design blocks complies with design block requirements is performed. 
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For targeting Xilinx FPGAs, the XSG engine performs cycle accurate and bit precise simulations 

and generates synthesizable files from the model-based designs that serve as input to the FPGA 

implementation. 

In this thesis, the simulation was performed in the Xilinx ISE and MATLAB/Simulink programs. 

The design synthesis of the Mathworks model-based image change detection design was 

performed in the integrated software environment of the Xilinx system generator and Simulink 

platforms, Figure 3.15. This process was automatically executed specifically by the system 

generator unit. The entire Simulink/ XSG model-based design of framework implementation is 

composed of the following three phases; Image Pre-Processing Blocks unit, Xilinx system 

generator unit, and the Image Post Processing Blocks unit. 

 

 

 

Figure 3.15  Simulink/Xilinx system generator design flow 
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Figure 3.16   1st date Original image    

   

 

 

     

 

Figure 3.17  1st date image (gray scale) 
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 Figure 3.18   2nd date Original image       

      

 

 

 Figure 3.19   2nd date image (gray scale) 
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3.6.1 System Implementation 

This section discusses and describes the implementation of the proposed FPGA-based change 

detection framework that guides the image change detection process using FPGA system. The 

implementation method presented in this chapter is the concept of hardware/software co-

simulation for image processing using high-level prototyping software tools; MATLAB/ SIMULINK, 

Xilinx Integrated Software Environment (ISE) synthesis platform, and finally the Xilinx FPGAs 

system. The hardware implementation of the image processing algorithms targeting the FPGA 

architecture is done using model based block design approach. The implementation of image 

enhancements processing techniques was performed using the Xilinx system generator and the 

MATLAB/Simulink environment. The Simulink HDL coder was used to generate VHDL codes for 

targeting implementation in an FPGA.  The design flow depicted in Figure 3.20, shows the image 

pre-processing stages of the framework. The edge detection and image change detection 

algorithms were then performed using VHDL for both simulation and synthesis. This procedure 

creates a code in the form of bit stream, suited for hardware implementation. The bit stream could 

then be executed in the FPGA. The framework design flow depicted in, shows image processing 

stages for the FPGA-based implementation of the framework.  

 

Figure 3.20 Design flow for Framework Implementation 
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The inputs to the framework implementation process are the two images Figure 3.16 and Figure 

3.18. These two similar images were obtained from the NASA observatory data set [96]. The 

images were converted to a gray scale format ( Figure 3.17 and Figure 3.19 respectively), which 

is a suitable format for the implementation process. These images are of exactly the same 

region and were taken at different time periods. The latest image Figure 3.18 was acquired on 

April 13, 2003. A river with some water, small streams and few patches of snow can be noticed 

in the image. The first image, Figure 3.16 was captured on May 12, 2002. The most prominent 

parts of this image are the river, the level of water and the patches of more snow on the ground. 

These images are suitable for application in this research and used in implementing image 

change detection in the proposed framework to find the differences between the two images. 

 

3.6.2 MATLAB/Simulink 

It is a mathematics software that is used for manipulating matrices and visualizing data. Within 

MATLAB, there exists the image processing toolkit, which provides extra functionality for 

specialized applications that include image enhancements functions such as image filtering and 

feature detector operations. Simulink is a model-based design environment for modeling, 

simulating and analyzing designs.  Simulink has customizable set of block libraries and can be 

integrated with the Xilinx system generator environment. The block sets are compatible with the 

system generator blocks and interconnect to form a single block-based design. 

 

3.6.3 Xilinx System Generator (XSG) 

The Xilinx system generator is a highly optimized Digital Signal Processing (DSP) library that 

enables the creation of Mathworks model-based design, VHDL codes, and MATLAB derived 

functions. These designs can then be simulated within the Simulink/XSG environment and then 

compiled for FPGA implementation. The XSG contains a library of Simulink blocks, memories, 

DSP functions. The XSG also automatically generates VHDL or verilog code from the block model 

that can be synthesized and be implemented in Xilinx FPGAs [86]. 

The system generator comes with a predefined block set along with MATLAB/SIMULINK software 

package that is used for implementing algorithms for FPGA design. The gateway blocks 
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(gateway-in, and gateway-out), which are the basic elements of the Xilinx block set, provide the 

connection between the Xilinx system generator and Simulink blocks. The purpose of the 

gateway-in is to convert the Simulink input of type format (integer, single or double) to the Xilinx 

data type. The gateway-out converts the Xilinx data type format (fixed point or floating point) into 

Simulink data type format. 

 

The system generator also consists of a VHDL code generator, which automatically generates 

hardware description language (HDL) code for models within the program. In this thesis, the 

implementation of the last two stages of the proposed framework, the system generator was used 

to create models for edge detection and change detection. One of the most important features of 

the XSG is the bit and cycle accurate floating and fixed-point implementation [86]. This 

phenomenon implies that the output data that is observed in the simulation precisely matches the 

output data that is generated in the FPGA hardware [87]. The framework implementation diagram 

Figure 3.15, shows the connection of the pre-processing unit, the XSG (FPGA engine) and the 

post-processing unit.  

 

 

Figure 3.21  Image Pre-Processing Blocks unit 

 

 

3.6.4 Pre-processing for FPGA Implementation Using XSG 

The input to the block-based design change detection framework is a pair of gray scale image, 

Figure 3.17 and  that are pushed through the blocks of the pre-processing unit, Figure 3.21. The 

first entry is through the transpose block, which transposes MxN matrix to NxM matrix form. Then 

the Convert 2-D (NxM) to 1-D block converts the input data that is in two dimensional to one-

dimensional format. The Frame conversion block sets the output signal to frame based set the 
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one-dimensional signal to a frame-by-frame based data. The unbuffer block converts this frame-

based data to digital samples at a higher sampling rate. The block is then connected to the 

gateway-In block where Xilinx system generator implementation. 

 

3.6.5 Post Processing for Image Enhancement Processes 

The post processing block unit connects to the Gateway-out, which is the output block of the 

system generator, Figure 3.22. The post-processing unit recreates the output from the FPGA and 

restores it to a 2-D format data. The output at Gateway-out is a floating point and it has to be 

converted to unsigned integer of 8-bit. The first block in this unit is the buffer block, which converts 

digital samples to frame-by-frame data at a lower sampling rate. The data then goes to through 

the Convert 1-D to 2-D block, which convert the data to one-dimensional format. The output is 

then passed through the transpose block, which translates the data to back to MxN matrix. At this 

stage, the output image can be displayed on an image viewer. 

 

Figure 3.22  Image Post-Processing Blocks unit 

 

3.6.6 Framework Design and Experimental Setup 

The change detection framework was designed within a design environment whose main 

components are the Mathworks MATLAB, Simulink, Xilinx system generator and Xilinx ISE. The 

framework design in this thesis is a model-based design that utilizes the Simulink and Xilinx block 

sets to build the different image processing operation modules that make up a complete model-

based change detection framework. This design and experimental setup is a hardware/software 

co-simulation developed within the MATLAB/Simulink modeling and simulation environment, and 

the synthesis phase is employed on FPGA hardware using VHDL. Various Xilinx and Simulink 
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block sets; including the pre-processing block unit and the post processing block unit connect 

together to form a complete change detection framework. 

The model based block diagram in Figure 3.23 shows image enhancement and restoration phase 

of the framework, while the block sets for edge detection and change detection operations are 

shown in Figure 3. 24. 

The enhancement and restoration unit comprises two sets of the gateway-in block, denoising, 

deblurring and the sharpening blocks. Each set of this unit performs image enhancement and 

restoration processes to the input images 1st date image and 2nd date image. The image output 

of each of the sub units is passed to the image edge detection phase for further processing. The 

functions of the block sets in these diagrams are explained in the framework implementation 

section 3.7. 
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              Figure 3.23 Image enhancement and restoration phase 
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Figure 3. 24 Image change detection phase
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3.7 Framework Implementation 

3.7.0 Overview 

The implementation of the framework involves the execution of all the image processing 

operations corresponding to the Simulink and Xilinx block sets that make up the whole change 

detection framework. The implementation follows the sequential ordered as described in the 

design flow, Figure 3.20. The image enhancement and restoration operations form the first phase, 

which is then followed by the edge detection operation. The last phase is the image subtraction 

operation, which executes the change detection and the contrast stretching. This chapter answers 

the research questions (i), (ii) and (iv) 

 

3.7.1 Implementation of the Image Change Detection Framework 

The framework design was compiled using a hardware co-simulation compilation driven by the 

system generator token. The generated bit file from the hardware co-simulation compilation got 

transferred to the FPGA. The framework components produce output data from individual 

components and this output data is pushed as input data to the next image processing operation. 

This framework model-based design was implemented and verified using Xilinx system generator 

integrated with the MATLAB/Simulink design environment.  

The principal goal of this framework is to generate an image difference between two images, by 

detection changes that exist between them. The pair of gray scale images Figure 3.17 and Figure 

3.19 (courtesy of NASA) [84], [85], acquired at different time periods were used as the input 

images to the change detection framework. The detection of changes between two images 

involves several processes. This image change detection framework implementation addresses 

the research questions (i) and (ii) listed in Chapter 1. 

• Preparing input images for framework implementation 

The implementation of the image change detection framework was performed using the images 

from the NASA observatory data set. Since these images do not show any obvious image blur 

or noise, some impurities were added to these input images.  Salt and pepper noise was 

introduced in the image data to create random black and white pixels. Image blur was added to 

the input image data to create a blurry effect. The images were then transformed to gray scale, 
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and this procedure was used to check whether the image processing techniques that follow 

would produce the results as expected. A noise free and blur free output images were expected 

after the each denoising and deblurring stage respectively. 

 

   

Figure 3.25 1st date image (blurry and noisy) 

 

 

Figure 3.26 2nd date image (blurry and noisy) 
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The blurred and noisy input images are shown in Figure 3.25 and Figure 3.26Figure 3.26. The 

black and white spots that depict the presence of salt and pepper noise on the surfaces of the 

image in Figure 3.25Figure 3.25 and the image in Figure 3.26Figure 3.26 are not visible to the 

naked eye because the images are blurred.  

 

• Image enhancement and restoration phase 

The image enhancement and restoration operations form the initial stage, where denoising, 

deblurring and image sharpening take place in this sequential order. The first step is noise 

removal, which is performed by a denoising algorithm embedded in the denoising block set. The 

image data is then pushed to the deblurring operation block set which is the next process in the 

framework. This operation performs image blur removal. The image data is now pushed to the 

image-sharpening phase of the enhancement and restoration stage where fine details of the 

images are extracted. The image data then gets pushed to the next stage in the framework, which 

is binary image conversion. 

• Binary conversion and edge detection phase 

In this phase of the framework, the gray-scaled images which are noise and blur free at this stage 

are converted to binary format using a thresholding operation in Simulink block. The output of the 

binary image conversion module is pushed to the edge detection MATLAB/Simulink block set. 

This edge detection model performs edge extraction on the image data and pushes the data to 

the image subtraction phase.  

• Image subtraction phase 

After edge detection operation, the next stage is the image subtraction operation that makes the 

core process of this framework. The image subtraction block which is directly linked to the two 

image data outputs block set of the edge detection module via the Xilinx gateway-out block 

performs a bit-wise change detection operation on the image data. The image subtraction block 

performs change detection using the Xilinx exclusive-OR logical. This operation produces an 

image difference and this output is pushed to the contrast stretching block module, the final image 

processing stage of the framework.  

• Contrast stretching phase 
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The phase of the frameworks comes at the later stage and its main purpose is to improve 

the contrast of an image by increasing the dynamic range of intensity pixel values, causing the 

image to utilize entire range of values available to it. The image contrast stretching block unit, 

which immediately follows the image subtraction unit performs a stretching operation on image 

data (difference image). The image difference that has a low contrast is then transformed into a 

high-contrast image by remapping or extending the pixel values. This contrast stretching 

operation produces an image that has high contrast with pronounced features that reveal the fine 

details of the image. 

 

3.7.2 FPGA Implementation of Image Denoising 

The Simulink/XSG model-based design for noise removal comprises mainly the median filter 

(Mcode Block), the Xilinx gateway-in and gateway-out blocks as shown in Figure 3.29. The noisy 

and blurry images Figure 3.27Figure 3.27 and Figure 3.28Figure 3.28 were fed as inputs to the 

denoising blocks where they went through the noise removal process to produce noise free image 

data. The median filter function through the Mcode block performed a noise removal process by 

calling the denoising M-file, Listing 2. The outputs went through the post processing blocks where 

they got transformed back to 2-D images with salt and pepper noise removed. The salt and pepper 

noise is the only impurity removed at this stage. The image blur is removed in the deblurring 

stage.  

 

      

Figure 3.27  1st date image (noisy and blurry)     
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 Figure 3.28  2nd date image (noisy and blurry) 

 

 

 

 

Figure 3.29  Image noise removal Xilinx/Simulink model design 

 

 

3.7.3 FPGA Implementation of Image Deblurring 

Image deblurring implementation on Simulink/XSG environment is performed using model-based 

design that is made up of the Xilinx gateway-in, gateway-out block sets and the denoising Mcode 

Block, Figure 3.32. The Mcode block implements the deblurring algorithm by calling the deblurring 

M-file, Listing 3 which uses the Wiener filter for removing the blur. The input image data is passed 

to the pre-processing block, here the data got converted into a one-dimensional array and was 
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passed into the Xilinx gateway-In block, then to the Xilinx Mcode block for blur removal. At this 

stage the image data was blur free and was then pushed through the post processing stage where 

was it transformed back to 2-D dimension. 

 

        

  Figure 3.30 1st date image (blurry, no noise) 

 

 

           

 Figure 3.31  2nd  date image (blurry, no noise) 
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Figure 3.32  Image blur removal using Xilinx/Simulink model design 

 

 

3.7.4 FPGA Implementation of Image Sharpening Using XSG 

Image sharpening was implemented using Simulink and Xilinx system generator model-based 

design. The block design comprises the Xilinx gateway-in and gateway-out block-sets and the 

Mcode Block.  

 

 

Figure 3.33  Image sharpening using Xilinx/Simulink model design 
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Figure 3.34  1st date image (blur free and noise free) 

 

 

 

 

 

             

Figure 3.35  2nd date image (blur free and noise free) 
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The output images from the deblurring stage, Figure 3.34 and Figure 3.35 were taken as inputs to 

the image sharpening phase. The Xilinx Mcode Block in Figure 3.33Figure 3.33 performed image 

sharpening process by calling the unsharp-masking filter embedded M-file, Listing 4. The images 

were pushed to the Xilinx output (gateway-out) and then passed to the post processing blocks 

where they got transformed to 2-D images with crispy edges and fine details.  

 

3.7.5 FPGA Implementation of the Sobel Edge Detection Using XSG  

The edge detection operation was performed in the images to extract edges so that the change 

detection process (next stage in the framework) can be more effective in revealing the changes 

between the images. Then the images were taken as input to the edge detection operation. These 

two grayscale images have passed through the image enhancement and restoration stages of 

the framework, and they are all denoised, deblurred and sharpened. 

 

          

Figure 3.36  1st date image (sharpened) 
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Figure 3.37  2nd date image (sharpened) 

 

The Sobel edge detection operation was implemented using Simulink and Xilinx system generator 

model-based design, Figure 3.38. This model-based block design unit consists of the Virtex2-5 

Line Buffer, 5x5 filter, Delay and the binary converting block: The Xilinx Virtex2-5 Line Buffer block 

is made up of four virtex2 line buffers all connected in series. This block buffers a sequential 

stream of pixels, constructing five channels of output data. Each channel is delayed a specified 

buffer depth (N) samples. Line 1 is delayed 4*N samples, each of the following lines are delay by 

N fewer samples, and line 5 is a copy of the input data. The Virtex2-5 Line Buffer connects to the 

Xilinx 5x5 Filter block that uses nine different 2-D FIR filters; the Edge, Smooth, Sharpen, SobelX, 

Sobel Y, Sobel-XY, Blur, Gaussian and the Identity. 

In this edge detection implementation, the Sobel-XY filter was used for edge detection which 

implemented convolution operation with input pixel values in the horizontal (𝑘𝑦 ) and vertical 

direction (𝑘𝑥).  

The first image, 1st date image, Figure 3.16 was fed as input through the Simulink pre-processing 

blocks where it went through the pre-processing stages to produce an appropriate input to the 

gateway-In. The model-based block design unit connected between the Xilinx gateway-In (input 

to FPGA) and the gateway-out (output of FPGA) performed the Sobel edge detection on the 

image.  
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The output data via, Xilinx gateway-out went through the Simulink post processing block unit 

where the image was transformed back to a 2-D image with pronounced edges. The second 

image data, 2nd date image Figure 3.18 went through the same process of edge detection. The 

image output data Figure 3.36 and Figure 3.37Figure 3.37 from the Edge detection unit is passed to 

the binary conversion unit, which converts the gray scale image data to a binary format. The 

image data was then fed to the image subtraction phase (logical XOR block) that performed 

change detection between the image data from 1st date image and 2nd date image. 
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        Figure 3.38 Image Edge Detection using Sobel Operator  
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3.7.6 Implementation of Change Detection Using ISE 

Change detection between two images was implemented using image subtraction, a process 

whereby the digital numeric value of one pixel or whole image is subtracted from another image 

to detect changes between two images [97]. This process as explained in Chapter 3.6 is carried 

out by the exclusive-OR (XOR) operator, which performs image subtraction to produce a 

difference image C, given two input images A and B. The XOR operator schematic for image 

subtraction Figure 3. 39, was designed and simulated using Xilinx Integrated Software 

Environment (ISE) and VHDL code, Listing 1. The waveform in Figure 3. 40 shows the output from 

ISE simulation.  

 

         

Figure 3. 39 Schematic for image subtraction using XOR operator 
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Figure 3. 40 Simulation of image subtraction using XOR operator 
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3.7.7 FPGA Implementation of Image Change Detection Using XSG  

The change detection process was implemented using Simulink and Xilinx system generator 

model-based design. The two images Figure 3. 41 and Figure 3. 42 show extracted edges and they 

are the output images from the preceding framework phase (Sobel edge detection stage).  

       

 Figure 3. 41 1st date image (edges detected)   

 

 

 

 Figure 3. 42  2nd date image (edges detected) 
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Figure 3. 43  Binary 1st  date image               

                 

 

  

Figure 3. 44  Binary 2nd date image 
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These two images were pushed as inputs through the Simulink pre-processing block units, each 

image went through its own pre-processing unit via a Xilinx Gateway-In block. In the Simulink pre-

processing unit, the input images Figure 3. 41 and Figure 3. 42 were converted to binary images 

Figure 3. 43Figure 3. 43 and Figure 3. 44 respectively, a format that is suitable for the FPGA logical 

unit. The FPGA engine in this case is the Xilinx logical block (XOR gate unit). The two input blocks 

(Gateway-In, and Gateway-In2) connect directly to the XOR logical model block. 

 The FPGA engine received two binary image inputs images 1st date image and 2nd date image, 

performed an image subtraction operation thus extracting the differences between the input binary 

image Figure 3. 43 and binary image Figure 3. 44Figure 3. 44. The output of this unit via the gateway-

out, was passed to the Simulink post processing unit that transformed the difference image to a 

2-D output.  

     

Figure 3.45  Design flow for image change detection implementation 
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3.7.8 FPGA Implementation of Contrast Stretching 

Contrast stretching was implemented using Simulink and Xilinx system generator model-based 

design shown Figure 3. 46. The block design is built from the Simulink pre-processing, post 

processing block-sets and the Xilinx contrast block whose purpose is to perform image contrast 

stretching. The output image from the change detection processing stage was fed as input 

through the pre-processing block design to produce suitable input to the gateway-In. The Xilinx 

contrast block which takes in a single input connects to the input and output blocks. This block 

performed image contrast stretching process by calling the linear contrast stretching m-file. The 

image data was then pushed to the post processing blocks via gateway-out where it got 

transformed to a 2-D image. The expected output is an image that has enhanced quality for 

improved visual interpretation. 

                      

 

 

Figure 3. 46  Contrast stretching block design 
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Chapter 4: Discussion and Analysis of Results 

 

4.0 Overview  

Chapter 4 presents discussion and analysis of experimental results of the modelled FPGA-based 

change detection framework with reference to the objective of the research study, which was to 

design and develop a framework for FPGA-based change detection. The discussion is in two 

parts, the results from the individual modules of the framework and the ultimate results of the 

framework as a whole. 

 

4.1 Results from Components of the Proposed Framework 

4.1.0 Overview 

The implementation of the individual components of the change detection framework was 

performed in the sequential order as described in Chapter 1. This procedure was critical in 

providing high quality input data to the image subtraction detection phase, which is the core 

operation of the change detection framework. The discussion of results described in this section 

of the thesis comes from every stage of the framework and they show vital role played by every 

stage of the framework. 

 

4.1.1 Results for Image Denoising 

The aim of the implementation of noise removal was to get rid of the salt and pepper noise (white 

and black spots) in the images. The 1st date and the 2nd date image had salt and pepper noise 

added to them but the black and white spots that indicate the presence of image noise are not 

visible due to the image blur present in the images. 

The Xilinx/Simulink design in Figure 3.29Figure 3.29 executed denoising process using median 

filtering to remove the salt and pepper noise from images Figure 4. 1Figure 4. 1  1st date image (noisy 



 

 

 

86  

& blurred image) and Figure 4. 3, which are now represented below as Figure 4. 2 and Figure 4. 4 

respectively. 

 

 

 

Figure 4. 1  1st date image (noisy & blurred image) 
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Figure 4. 2  1st date image restored image (noise removed) 

          

 

 

Figure 4. 3  2nd date image (noisy & blurred image) 
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 Figure 4. 4  2nd date image (noise removed)  

 

 

The restored images Figure 4. 2 and Figure 4. 4 are the output images that are noise free. The 

image noise on both images have all been removed by the median filter, but the image blur that 

still exists in the images and makes it difficult for the naked eye to pick the difference between the 

input and the output images.  

The experimental results from the denoising model design show that the implementation using 

the Xilinx system generator has performed and generated the expected outcome, hence 

validating the denoising algorithm. The output of this phase of image restoration indicates that the 

median filtering process is very effective in removing salt and pepper noise. This phenomenon 

confirms the critical need for placement and inclusion of this operation in the image pre-

processing phase of the change detection framework. It can then be concluded that this phase of 

image restoration is necessary and indispensable in the framework, otherwise without it the noise 

in the input images would be carried to the next phase of the framework and end up compromising 

the quality of the next output image in the operations that follow. 

According to the design flow of the framework, the output image from this implementation is an 

input data to the next phrase in the framework (image sharpening stage). Therefore, these output 

images were passed to the next stage for image deblurring process. 
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4.1.2 Results for Image Deblurring 

The section discusses and analyses the experimental results for removal of image blur that was 

achieved by recovering a sharp image from the corresponding blurred images. 

 

          

Figure 4. 5  1st date image (blurred)  

 

 

Figure 4. 6  1st date image (Restored image) 
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Figure 4. 7   2nd date image (blurred)          

  

 

Figure 4. 8     2nd date image (Restored image)  

 

 

Given the blurred images, Figure 4. 5 and Figure 4. 7Figure 4. 7 the goal of the experiment was to 

restore the degraded images by generating for each image an approximate as close to the original 
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image as possible. These blurred images show a lot of distortion, and the shape of objects or 

regions within the image are distorted to a state that is not recognizable. This state of distortion 

or blur render the images unusable for most applications especially computer vision. The 

deblurring operation has removed the blue, restoring the original images. The regions and objects 

in the images are now very clear and recognizable by visual interpretation. The lake, the snow 

and all other parts of the images stand out clearly. The output images are close estimates of the 

original images and this indicates that the deblurring operation was very effective in removing the 

blur.  

The deblurring algorithm applied on the blurred images, produced the best estimate of the original 

images shown in Figure 4. 6 and Figure 4. 8Figure 4. 8 respectively. The results also show that the 

output images were noise free; there is no salt and pepper appearing on both images. This is an 

indication that the previous stage (denoising) has adequately removed the image noise though 

this result could not be observed due to the presence of image blur at that stage.  

The experimental results of the deblurring process indicate that the deconvolution process in this 

framework was successful in producing the expected results. The satisfactory success of this 

experiment validates the deblurring algorithm performed in the Xilinx model-based design. The 

results in this experiment lead to the conclusion that the deblurring process is a necessary and 

required image restoration operation for removing the image blur. For this reason, this operation 

merits to be placed in the framework, and the omission of the deblurring process in the framework 

can lead to inaccurate results in the change detection framework due to blur impurities. 

 

4.1.3 Results of Image Sharpening Process 

This section discusses the experimental results obtained from the FPGA implementation of the 

image sharpening using XSG in Chapter 3. The aim of this implementation is to produce sharp 

images by performing blurring and masking techniques. 
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Figure 4. 9  1st date image  

 

 

Figure 4. 10  1st date image (slightly blurred) 
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Figure 4. 11  Mask (1st date image)  

 

 

              

 Figure 4. 12  2nd date image  
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Figure 4. 13  2nd date image (slightly blurred)  

 

 

Figure 4. 14   2nd date image (Mask) 

 

 

 

In this image sharpening implementation, images Figure 4. 9 and Figure 4. 12 (representing outputs 

from the deblurring stage) were slightly blurred to produce images Figure 4. 10 and Figure 4. 13 
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respectively. These blurred images were then subtracted from the respective original images to 

obtain the mask (1st date image) Figure 4. 11 and mask (2nd date image)  Figure 4. 14. 

 

                                                 

Figure 4. 15  Sharpened image  

 

 

Figure 4. 16  Sharpened image 
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The mask images (difference images) were then added to the corresponding original images and 

generated sharpened images. 

The results of the FPGA implementation indicate that the image sharpening process using 

Xilinx/Simulink model-based design was successful and produced satisfactory outputs, Figure 4. 

15 and Figure 4. 16. The addition process of the mask image to the original image has produced a 

more sharpened image than the original, thus validating the image sharpening algorithm; 

𝑓𝑠(𝑥, 𝑦) = 𝑓𝑜(𝑥, 𝑦) + Ω ∗ 𝑓𝑑(𝑥, 𝑦) 

 In this implementation the weighted mask value Ω, is 1 from the Xilinx constant block. 

The output images or sharpened images showing the lake, streams, rocks, vegetation and some 

white patches are visually clear and they are of a superior quality. The areas or objects in the 

image stand out distinctively and can be easily identified. The sharpening operation made the 

details of the images to be well-defined in their extensive range of gray shades and white color. 

This high-quality output is good for visual interpretation and further image processing. The next 

stage in this framework is the edge detection, and this good quality image data made the 

extraction of lines, corners and edges in the images to be much easy for the edge detection 

algorithm. 

 

4.1.4 Results for the Sobel Edge Detection 

The principal purpose of the Sobel edge detection was to prepare input images for further 

processing in the change detection phase. The input data to this phase is the two sharpened 

images from the image sharpening stage of the framework. The experimental results from edge 

detection operation indicate that the implementation of the Sobel edge detection model-based 

design was successful in extracting edges in the two images.  
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Figure 4. 17 1st date image          

 

        

 

Figure 4. 18   2nd date image  
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 Figure 4. 19  1st date image (Output image with edges detected)     

 

 

 

   

 Figure 4. 20 Binary 1st  date image                    
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The edges were extracted from the input (1st date image) shown in Figure 4. 17. The output image 

is Figure 4. 19Figure 4. 19 and the extracted corners, edges and lines are highly noticeable. This 

output was then converted to binary format, Figure 4. 20. In this format, the image was now binary 

data and its contents were classified as black or white representing bit 1 for white and 0 for black, 

Figure 4. 20Figure 4. 20. This output indicated that the binary conversion was successful. The 

result was a verification that the input data to the next stage (image subtraction) was appropriate 

and suitable for change detection by an XOR operator. 

The output image corresponding to 2nd date image is shown in Figure 4. 21 with its edges extracted. 

The edges, lines and corners were revealed, clearly showing the outline or bounds of the 

corresponding objects or areas in the input images. The edge detection operation has left no part 

of the image untouched, every visible object in the input images such as the contours, the small 

patches of snow and the streams have their outlines extracted. The lines are predominately white, 

and the background of the image has a variation of gray. The edge detection output, which was 

converted to binary data, Figure 4. 22Figure 4. 22 was successful, and its contents appeared as 

black or white representing bit 1 for white and 0 for black. The success of the binary conversion 

on the 2nd date image provided a confirmation that the input image data to the next stage was 

appropriate, meeting input requirements of the XOR operator. 

 

 

Figure 4. 21  2nd date image (Output image with edges detected)      
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Figure 4. 22 Binary 2nd   date image             

                   

 

The pronounced extracted edges, corners and lines in the output images indicate that the Sobel 

edge detection implementation was a success, thus validating the Sobel edge detection algorithm. 

When the input unit to the image subtraction block receives the images with such pronounced 

edges, corners and lines, then the quality of the out-image data from the subsequent operation is 

expected to be extraordinary.  

 

4.2 Results for Image Subtraction Simulation Using the ISE 

In Chapter 3.6.5 change detection was implemented using binary image subtraction. This process 

as explained in previous chapter is carried out by the exclusive-OR (XOR) operator. The XOR 

operator schematic for image subtraction was designed and simulated using the ISE.  

The simulation output from the ISE is presented in the form of waveforms. The following screen 

shots show the output waveforms from the ISE simulator. The operator takes two input discrete 

signals with value pairs of 0 1, 0 0, 1 0 and 1 1 and the period set for this schematic is 10ns. The 

two inputs are designated at A and B, while the output is designated as C. The upper edge of the 



 

 

 

101  

waveform indicates the magnitude of value ‘1’ and the lower edge of the waveform indicates the 

magnitude of value ‘0’.  

There are four output waveforms for the simulation representing the four input signal pairs, and 

each graph will be described below. 
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4.2.1 Output Waveform for Input Signal pair ‘0 0’ 

The output waveform for the pair ‘0 0’ is generated from input signal A and B, both have values of digit ‘0’, and the output C has a value 

‘0’, Figure 4. 23. The discrete wave indicates low edges for both inputs and a high edge for the output. 

 

   Figure 4. 23 Waveform highlighting the output and input signal pair ‘0 0’ 

 



 

 

 

103  

4.2.2 Output Waveform for Input Signal pair ‘0 1’ 

The output waveform for the pair ‘01 ’ is shown in Figure 4. 24, the signal A has a value of ‘0’ and B has a value of digit ‘1’, and the 

output C has a value ‘1’. The discrete wave indicates a low edge for input A, high edge for input B and a high edge for the output C. 

       

      

Figure 4. 24 Waveform highlighting the output and input signal pair ‘0 1’ 

 

4.2.3 Output Waveform for Input Signal pair ‘1 0’ 

The output waveform for the pair ‘1 0 ’ is shown in Figure 4. 25, the signal A has a value of ‘1’ and B has a value of digit ‘0’, and the 

output C has a value ‘1’. The discrete wave indicates a high edge for input A, low edge for input B and a high edge for the output C. 
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Figure 4. 25 Waveform highlighting the output and input signal pair ‘1  0’ 

 

4.2.4 Output Waveform for Input Signal pair ‘1 1’ 

The output waveform for the pair ‘1 1 ’ is shown in Figure 4. 26, the signal A has a value of ‘1’ and B has a value of digit ‘1’, and the 

output C has a value ‘0’. The discrete wave indicates high edges for both inputs and a low edge for the output. 

 

 Figure 4. 26  Waveform highlighting the output and input signal pair ‘1 1’ 
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The output generated in each of the waveforms coincides with values of the truth table for the 

bitwise XOR operator which returns 1 if operands are unequal, and returns 0 if both operands are 

the same. These outputs validate the output derived from the image subtraction XOR operation 

where the output is only high if input values are different, else the output is low. 

The output waveforms from Figure 4. 23 to Figure 4. 26 indicate the properties of the output image 

when XOR operation is applied to the two binary images (white and black pixels). The binary 1 

represents the white pixel and binary 0 represents the black pixels in both the input and out 

images. In this implementation if the pixels of the 1st date image and the pixels of the 2nd date 

image are complementary to each other, the output image pixel becomes black, otherwise the 

output image pixel becomes white. The black pixels in the output image indicate that the 

corresponding pixels on both the 1st date image and the 2nd date image did not change or 

remained the same. When comparing the newer image to the older image, the pixels which did 

not change in the new images produce a “0” and this corresponds to black pixels. For the pixels 

that have changed, a ‘1’ is produce and this corresponds to white pixels. 
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4.3 Results of the Change Detection Framework   

The experimental results, which were derived from the FPGA implementation of image change 

detection, conducted using the Simulink/XSG model-based design. The image shown in Figure 4. 

27 is the output of the change detection framework that was generated through the image 

subtraction operation on the two binary images  

This is the most important image data produced in all the operations that were executed in this 

framework. The framework’s principal aim of detecting change between two images has been 

achieved through the image subtraction operation in this implementation.  

 

Figure 4. 27  Difference image (output of the change detection process) 

 

 

 

The result shows that the algorithm has revealed or spotted the image differences. The 

differences between the two lake images which were obvious and visible to the naked eye were 

the white patches of snow in one of the original images, but the bitwise logical XOR operation in 

the image subtraction unit produces changes that are not as obvious to the naked eye as they 

are in binary format. The bitwise XOR operation preserves any corresponding image pixel pair if 
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the pixels have different values. This was used to highlight differences in 1st date binary image 

Figure 4. 20 and 2nd date image Figure 4. 22, respectively.        

The image subtraction implementation uses the bitwise XOR logical operator which is a Boolean 

operator that works on binary data. The binary input images have only two colors (black and 

white). The bitwise XOR logical operator returns 1 if both bits are different, and returns 0 if both 

bits are the same, in this experiment considering the pixel value 255 (11111111 binary) 

representing white pixels and pixel value 0 (00000000 binary) representing black pixels. When 

the pixel values are the same, the out is (0) and when the pixel values are different, the output is 

(255), therefore when two pixels are different, the output is a white pixel, and else the output is a 

black pixel. 

A careful observation and analysis of the properties of the difference image coming from this 

phase indicate that the bitwise operation had been successfully executed on the images.  The 

pixel values of first date binary image were XORed with the corresponding pixel values from the 

second date binary image. In the logical XOR bitwise operation each and every pixel value that 

did not change, yielded a zero(0) and all are represented as black in the output image, while every 

pixel value that have changed yielded a one (1), and all are portrayed as white in the output 

image. The resultant produced by the black and white pixels form the output image, which 

represents the differences between the two images. This technique presents a way of detecting 

changes between images. 

 

 

4.4 Results for Contrast Stretching 

The principal purpose of the contrast stretching stage is to get enhanced quality of the output 

image such that its quality is suitable for human visual interpretation. The input image to the 

contrast stretching model-based design was the output image from the image subtraction stage. 

This difference image has a low contrast, and it was transformed into a high-contrast image Figure 

4. 28. The contrast stretching operation produced an image with improved contrast. The quality of 

the binary difference image has tremendously improved; showing much pronounced features that 

reveal the fine details of the image, Figure 4. 28. 

https://homepages.inf.ed.ac.uk/rbf/HIPR2/value.htm
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Figure 4. 28  Contrast Stretching 

 

 

4.5 Framework Evaluation 

The tests conducted in the design implementations were used to assess and determine the level 

of robustness of the framework conceptual model, and this was achieved through the widely 

adopted standard quality assessment metrics in image processing. An assessment occurs when 

the degree of fidelity of original image against the enhanced or restored image is measured. The 

degree of quality for input and out images was measured for the individual components of the 

framework. The quality performance parameters for justifying the results for this framework are 

the Peak Signal-to-Noise Ratio (PSNR) and the mean square error (MSE). The PSNR is a 

mathematical performance quality measure of the pixel difference between two images[98]. 

PSNR value is measured in decibels (dB). The typical values for the PSNR in lossy image are 

between 30 and 50dB. The larger the PSNR value the better the quality of the compressed, or 

reconstructed image[99].  
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The MSE is a performance quality measure which calculates the average value of the squares 

error or the deviation[100]. 

The MSE between the two signals is expressed as: 

 

 
MSE =  

1

𝑁 𝑥 𝑀
∑ ∑ [𝑋(𝑖, 𝑗) − 𝑌(𝑖, 𝑗)]2

𝑀−1

𝑗=0

𝑁−1

𝑖=0

 

 

3.31 

 

Where X (i, j) is the original image and Y (i, j) is enhances or restored image 

Let X and Y two arrays of size N x M.  

i and j are the pixel position of the M×N image.  

MSE is zero when  X(i,j) = Y(i,j)). 

 

 

 
PSNR =  10𝑙𝑜𝑔10

𝐿2

𝑀𝑆𝐸
 

 

3.32 

 

When MSE approaches zero or equals to zero, the similarity between the two images increases. 

The PSNR value tells how close the output image is to the reference image. For this framework, 

the MATLAB program was used to perform calculations of the PSNR and MSE values by applying 

equations 3.31 and 3.32 respectively, Listing 8. In the quality assessment of enhancement and 

restoration processes, gray scale images were used. 

 

The findings from the framework implementations discussed in this chapter are very critical in 

addressing some of the research questions that guided the research work. The results also helped 
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to bring about proofs of some concepts discussed in the methodology of the thesis. The findings 

show that image enhancement and restoration techniques get rid of impurities, sharpen the image 

and extract edges making the new image easier to work with. When impurities such as noise and 

image blur are not removed from input images the quality of the results from any further image 

processing or analysis is reduced. It has also been observed that sequential order of the image 

pre-processing operations has a significant influence in the accuracy of the final output of the 

change detection process. In evaluating the framework components, it has been observed that 

the results from a change detection process applied on images that were not enhanced using 

denoising, sharpening and deblurring have diminished quality such as less pronounced edges. 

The overall quality of the difference image is inferior to the quality of the difference image resulting 

from a change detection process with enhanced input images. The overall quality assessments 

have shown that a change detection process produces higher quality results when image 

enhancement has been applied to inputs as observed in [17].  

 

 

4.5.1 Image Denoising  

For the image-denoising phase of the framework, the PSNR value observed for the denoised 

image/original image, and the original image/noised image comparison are shown in Table 4.1. 

The PSNR and MSE values for the original image/noised image comparison are 29.65 B and 

213.3 respectively and they indicate that the quality of the image has gone down after the salt 

and pepper was added to the original image. The PSNR and MSE values for the original 

image/denoised image comparison are 30.16 and 189.51 respectively and they indicate that the 

quality of the input image was greatly improved. The MSE dropped from 213.3 to 189.51, 

indicating an improved quality. The PSNR increased by few decibels, showing an improvement. 

The PSNR and MSE values in Table 4.2 display the same indication that, the quality has 

improved. These values imply the enhancement has brought higher improvement in the quality of 

the image after the noise removal. This fact is an indication that the image denoising component 

of the framework has performed as expected. These results of the denoising process evaluation 

show that the process has successfully achieved its role in the framework  
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Table 4. 1  PSNR and MSE for Image Denoising (1st date image) 

Noise Type ORIGINAL IMAGE - noised Original -DENOISED IMAGE 

PSNR(dB) MSE(dB) PSNR(dB) MSE(dB) 

Salt & Pepper 

noise 

29.65 213.3 30.16 189.51 

 

 

 

 

Table 4. 2  PSNR and MSE for Image Denoising (2nd date image) 

Noise Type ORIGINAL IMAGE - noised Original -DENOISED IMAGE 

PSNR(dB) MSE(dB) PSNR(dB) MSE(dB) 

Salt & Pepper 

noise 

29.37 227.49 29.53 219.15 

 

 

4.5.2 Image Deblurring 

A quantitative performance measure achieved by the deblurring algorithm model is achieved by 

computing the PSNR and the MSE values between the input image and blurred image, then the 

input image and deblurred image. The calculations were performed using MATLAB and are 

shown in Table 4.3 and 4.4.  
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Table 4. 3  PSNR and MSE for Image Deblurring (1st date image) 

original image / blurred image Original/deblurred image 

PSNR(dB) MSE(dB) PSNR(dB) MSE(dB) 

29.65 213.30 30.16 189.51 

 

 

 

Table 4. 4  PSNR and MSE for Image Deblurring (2nd date image) 

original image / blurred image Original/deblurred image (2nd 

image) 

PSNR(dB) MSE(dB) PSNR(dB) MSE(dB) 

29.65 213.30 30.16 189.51 

 

 

In Table 4.3, for the original image / blurred image, PSNR is 29.65 and MSE 213.30. For the 

original image / deblurred image comparison PSNR is 29.65 and MSE 213.30. The value of PSNR 

is larger in the original image / deblurred image column for both the 1st date and 2nd date images. 

This indicates that quality has improved. The MSE value is lower in the original image / deblurred 

image column for both the 1st date and 2nd date images. This measure confirms the improvement 

of the image after image blur was removed. The results in Table 4.4 shows the same decrease in 

the MSE values and the same increase in PSNR values. The quality has improved after deblurring 

in both input images. These results are an indication that the image deblurring component of the 

framework has performed as expected.  

 

 

4.5.3 Image Sharpening 
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Evaluation of the image-sharpening phase of the framework included the calculation of the peak 

signal-to-noise ratio and the mean square error using MATLAB, Listing 8. The PSNR and MSE 

values for the original image/sharpened image comparison are 28.69 and 265.56 respectively as 

shown in Table 4.5. The values of both the PSNR and MSE indicate that the quality of the input 

image was greatly improved by using the unsharp-masking filter. The image features were 

accentuated, and image details appeared much clearer, so the visual inspection confirms the 

quality improvement by the image sharpening phase of the framework.  

 

 

Table 4. 5  PSNR and MSE for Image Sharpening 

original image / unsharpened 

image 

Original/sharpened image 

PSNR (dB) MSE(dB) PSNR (dB) MSE(dB) 

28.69 265.56  30.15 189.51 

 

 

4.5.4 Image Edge Detection 

In this phase of the framework, the measure of degree of quality of the input image against the 

output image was performed using both the PSNR and the MSE parameters. The PSNR and 

MSE values for the comparison between the original image and the image with detected edges 

are 32.03 and 123.30 respectively as shown in Table 4.6.  The PSNR and MSE values for the 

comparison between the sharpened image and the image with detected edges are 32.86 and 

101.76 respectively. The calculations show an increase in the PSNR vale and a decrease in the 

MSE value. In this case, the quality has improved when edges were detected in a sharpened 

image as compared to an image with no sharpening. 
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Table 4. 6  PSNR and MSE for Image Edge Detection 1st date image) 

original image / edges_image sharpened image/edges_image 

PSNR(dB) MSE(dB) PSNR(dB) MSE(dB) 

32.03 123.30  32.86 101.76 

 

 

 

Table 4. 7  PSNR and MSE for Image Edge Detection (2nd date image) 

original image / edges image sharpened image/edges_image 

PSNR(dB) MSE(dB) PSNR(dB) MSE(dB) 

31.53 138.18 31.53 138.13 

 

 

The visual evaluation confirms the improvement of the image quality due to edge feature 

extraction that has revealed pronounced lines, corners and edges of the output image. This result 

is an indication that the image edge detection component of the framework has performed as 

expected. 

 

The framework evaluation which was performed using the PSNR and MSE quality measure 

experiments has produced the required performance. When the original image was compared 

with a restored or enhanced image, the PSNR and MSE values showed an improvement in 

quality. The framework components for enhancement and restoration processes of the framework 

have performed as expected, showing quality improvements in the input and out images. This is 

an indication that when impurities such as noise and image blur are removed from the input 

images the overall quality of the image improves and this leads to improved results in other image 

processes that follow. Therefore, the evaluation has shown that the framework component stages 
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have satisfied the expected standard quality assessment. The algorithms implementations and 

evaluation results form the proof that the proposed conceptual model of the framework can be 

adopted into a framework for image change detection.  

 

 

Chapter 5: Conclusion  

5.1 Conclusion 

This thesis presented an FPGA-based image change detection framework, which is a systematic 

and clearly laid out procedure for implementing image change detection using the Xilinx system 

generator or FPGA system. The change detection framework implementation was carried out and 

produced experimental results that successfully validated all the image processing algorithms in 

the entire framework. 

 In order to demonstrate the framework feasibility, all the mandatory stages; denoising, deblurring, 

sharpening, edge detection, image subtraction and contrast stretching were implemented thus 

validating the framework. The recommended methodical order was followed as depicted in the 

design flow. 

The implementation of the proposed image processing operations was successful, and the results 

greatly supported the hypothesis and helped to achieve the expected output of the framework. 

The first stage of the framework (image enhancement and restoration), produced output images 

that were then denoised, deblurred and sharpened in this order. This stage helped to prepare the 

images for further analysis in the stages that follow. These enhanced images were then passed 

to the edge detection stages where the edges, corners and lines of the images were extracted. 

The extraction of more edge details in the images by the Sobel edge detection operation 

increased the effectiveness of the image change detection process that performed a pixel-by-

pixel (bitwise) operation to pick or spot the differences between the two images. The successful 

extraction of the fine details of the difference image indicate that the preceding image processing 

technique (Sobel edge detection) is a desired step and a necessary technique for preparing the 

input image to the change detection process that revealed the distinguishing features between 
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the two seemingly identical images. The entire results set from the pre-processing stage (image 

enhancement and restoration) to the spot the difference stage (image change detection) have 

fully achieved the objectives of the research study. The results that came from all the stages of 

the proposed framework are consistent with the expected output and they all validate the 

algorithms in the framework. Therefore, these satisfactory experimental results confirm the validity 

of the FPGA-based framework, which was implemented using the Xilinx system generator. The 

exclusive-OR operation simulation results have been validated using experimental results 

obtained through the Xilinx logical XOR block unit. 

The output image is the difference between 1st date image and 2nd date image. Some image 

differences were not easy to spot with a naked eye. Therefore, further results interpretation and 

analysis could help to evaluate the performance of the framework, especially the image 

subtraction phase.  

While the change detection framework implementation was successful in producing satisfactory 

results, there is a need for more experiments to explore different image filtering algorithms that 

could improve the results. Insignificant changes could pose a challenge to visual interpretation or 

analysis especially when very tiny changes had occurred in image data. A statistical form of data 

interpretation could do a better job in analyzing of complex results. The other technique that could 

be helpful in analyzing the image difference is the use of Machine Learning algorithms. 

The FPGA based image change detection framework developed and implemented in this thesis 

has proved to be a success. There were challenges especially the selection of the appropriate 

enhancement and restoration operations and their systematic order in the framework. This 

framework has the potential to have a huge impact in the field especially the ways of performing 

image pre-processing techniques and the order of pre-processing operations. 

 

 

5.2 Future Work 

In this framework, each image-processing phase has a specific and unique task it performs, and 

some image processing techniques could be employed to further improve the quality of the input 

image especially in the enhancement and restoration stage. Image registration is one of the image 

processing operations that is necessary in the preprocessing stage, but it was not implemented 
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because the input images from the dataset that were selected for the implementation did not 

require image alignment or registration.  

The image change detection framework is built from model-based block sets in the 

MATLAB/Simulink and the Xilinx design environment targeting the FPGA system.  It would have 

been ideal if this framework could have also been implemented using VHDL only targeting the 

Xilinx FPGA, in that way more results could have produced and helped to evaluate different 

framework designs.  

The image change framework was developed using image enhancement, edge detection and 

image subtraction algorithms for spotting images differences. In future work, the same design 

could be tailored for implementing image processing operations for finding image differences 

between video frames/images such as image segmentation and background subtraction. The 

study limitations exist due to the constraints on framework design and methodology. However, 

these factors did not affect the findings of the study but leave room for exploring other alternative 

techniques especially the image pre-processing processes. It is reasonable to conclude that the 

use of the four image pre-processing techniques is required in preparing the input images for an 

improved change detection.  

The quality assessments were applied on images before and after the enhancement and 

restoration processes and then visual observation was used to affirm the evaluation. This process 

could not be applied to the difference image due to the nature of the image manipulation, hence 

no image comparison was applied. The output could only be inspected visually, and this brought 

about a limitation to the evaluation. 

While the implementations described in this thesis only focused on few images, numerous types 

of digital images exist that may require additional enhancement processes prior to implementing 

an image subtraction process. The unanticipated challenges and constraints on methodology 

could not permit numerous implementations for various types of images. The findings in this thesis 

show that an FPGA-based change detection framework has been implemented successfully, but 

there is room for improvement to this work that would help better the framework and improve the 

results. 
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APPENDIX: MATLAB M-Files and VDHL Codes 

 

Listing 1:  VHDL code for XOR operation for image subtraction simulation in 

Xilinx ISE 

--import std_logic from the IEEE library 
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library ieee; 

use ieee.std_logic_1164.all; 

 

-- ENTITY DECLARATION: name of entity, inputs, outputs, the gate takes 2 

inputs 

entity xor2 is  

   port( A, B : in std_logic; 

            C : out std_logic); 

end xor2; 

 

--FUNCTIONAL DESCRIPTION:  

architecture func of xor2 is  

begin 

   C <= A xor B; 

end func; 

 

VHDL  testbench for the Exclusive-OR operation. 

 

--import std_logic from the IEEE library 

library ieee; 

use ieee.std_logic_1164.all; 

 

--ENTITY DECLARATION: no inputs, no outputs 

entity xor2_tb is 

end xor2_tb; 

 

-- Testing the Exclusive-OR gate 

architecture tb of xor2_tb is 
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   --Passing xor2 entity to the testbench as component 

   component xor2 is  

   port( A, B : in std_logic; 

            C : out std_logic); 

   end component; 

 

   signal  inA, inB, outC : std_logic; 

begin 

   --Mapping the testbench signals to the ports 

   mapping: xor2 port map(inA, inB, outC); 

 

   process 

      --Tracking errors 

      variable errCnt : integer := 0; 

   begin 

      -- Test 1 

      inA <= '0'; 

      inB <= '0'; 

      wait for 15 ns; 

      assert(outC = '0')  report "Error 1"  severity error; 

      if(outC /= '0') then 

         errCnt := errCnt + 1; 

      end if; 

 

      -- Test 2 

      inA <= '0'; 

      inB <= '1'; 

      wait for 15 ns; 
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      assert(outC = '1')  report "Error 2"  severity error; 

      if(outC /= '1') then 

         errCnt := errCnt + 1; 

      end if; 

 

      --Test 3 

      inA <= '1'; 

      inB <= '1'; 

      wait for 15 ns; 

      assert(outC = '0')  report "Error 3"  severity error; 

      if(outC /= '0') then 

         errCnt := errCnt + 1; 

      end if; 

 

      -------------- SUMMARY ------------- 

      if(errCnt = 0) then 

         assert false report "Good!" severity note; 

      else 

         assert true report "Error!" severity error; 

     end if; 

 

   end process; 

end tb; 

-------------------------------------------- 

configuration cfg_tb of xor2_tb is 

   for tb 

   end for; 

end cfg_tb; 
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-----------END--------------- 

 

 

Listing 2:  Median filtering  mcode (median.m) 

i=imread('1stdate.jpg'); % 2nddate.jpg image is substituted here 

if(size(i,3)~=1) 

i=rgb2gray(I); 

end 

rr=0.1;   

h=imnoise(i,'salt & pepper',rr); 

[M,N]=size(h); 

restored=h-h; 

isp('***************Note:zero-padding***********'); 

disp('                                          '); 

kernel_size=input('5'); 

k=zeros(kernel_size);   

% Median filtering 

start=kernel_size-floor(kernel_size*0.5); 

for x=start:1:M-floor(kernel_size*0.5) 

for y=start:1:N-floor(kernel_size*0.5) 

% Coordinates in the kernel 

x1=x-(floor(kernel_size*0.5)); 

y1=y-(floor(kernel_size*0.5)); 

% image pixels to the kernel 

for p=1:1:kernel_size 

for q=1:1:kernel_size 

 k(p,q)=h(x1+p-1,y1+q-1); 

end     
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end 

d=reshape(k,1,[]);  

[r,c]=size(d); 

for j=1:1:c-1 

for i=1:1:c-1 

    a=d(1,i); 

    b=d(1,i+1); 

    if(a>b) 

     d(1,i)=b; 

     d(1,i+1)=a; 

    end 

end   

end 

Median=d(1,floor(kernel_size*kernel_size*0.5)+1); 

restored(x,y)=Median;     

end 

end  

 

Listing 3:    Image Deblurring  m-file (deblur.m) 

function deblur() 

%Deblurring an image using Wiener filter 

I=imread('1stdate.jpg');% read an 1st date and 2nd date image 

%I=rgb2gray(I); % convert to grayscale 

I=im2double(I); % convert to double type 

F=fft2(I); % discrete fourier transfor 

[ih iw]=size(I);%get size 

% To estimate SNR 

% take low freq part as signal 
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H=Butterworth(ih,iw,100,2,0); %get Butterworth filter 

G=F.*fftshift(H); %filter in freq domain 

g=ifft2(G); % inverse discrete fourier transform 

img=abs(g); % get the absolute value  

% take high freq part as noise 

in=I-img; 

%Signal power 

sp=sum(sum(img.*img)); 

% Noise power 

np=sum(sum(in.*in)); 

%signal to noisesignal ratio 

snr=sp/np; 

snr 

H=Gaussian(ih,iw,50,0);  %get blur spectrum which is Gaussian filter  

H=fftshift(H); 

Fdb=WienerFilter(F,H,1/snr); %deblur using Wiener filter 

gdb=ifft2(Fdb); % inverse discrete fourier transform 

idb=im2uint8(abs(gdb)); % convert grayscale    

end 

function Fd=WienerFilter(G,H,NSR) 

AH2=H.*conj(H);% get magnitude square 

Fd=((AH2./(AH2+NSR))./H).*G; 

End 

%-------------------------End of -----deblur.m  m-file-----------------------

------% 

 

 

Listing 4:    Image  Sharpening  (unsharp.m) 
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function imOut = unsharp(im, G, lambda)  

% O = UNSHARP(IM,G,L)Unsharp masking  

% Performs unsharp masking as follows:  

% O = IM + L*G  

% where G is the gradient performed by GRADIENTFILT(IM)  

% O is returned normalized to (0,1) 

%G = gradientfilt(im); imOut = im + (lambda * G); 

imOut = imnorm(imOut); 

 

 Listing 5:    Sobel Edge Detection m-file (sobel.m) 

% 1st Date image 

A=imread('C:\Users\tm16100806\Pictures\1stdate.jpg'); B=rgb2gray(A); 

C=double(B); 

D=rgb2gray(A); 

for x=1:size(C,1)-2     

    for y=1:size(C,2)-2         

        %Sobel mask for x-direction:         

        Gx=((2*C(x+2,y+1)+C(x+2,y)+C(x+2,y+2))-(2*C(x,y+1)+C(x,y)+C(x,y+2)));         

        %Sobel mask for y-direction:         

        Gy=((2*C(x+1,y+2)+C(x,y+2)+C(x+2,y+2))-(2*C(x+1,y)+C(x,y)+C(x+2,y)));         

  

        %The gradient of the image         

        %B(i,j)=abs(Gx)+abs(Gy);         

        B(x,y)=sqrt(Gx.^2+Gy.^2);     

    end  

end  

% figure,imshow(B); title('Sobel gradient'); 

 



 

 

 

133  

% imwrite(B,'C:\Users\tm16100806\my_images\output\outpu1.jpg') 

 

 % 2nd Date image 

E=imread('C:\Users\tm16100806\Pictures\2nddate.jpg');  

F=rgb2gray(E); G=double(F); H=rgb2gray(E); 

for x=1:size(G,1)-2     

    for y=1:size(G,2)-2         

        %Sobel mask for x-direction:         

        Gx=((2*G(x+2,y+1)+G(x+2,y)+G(x+2,y+2))-(2*G(x,y+1)+G(x,y)+G(x,y+2)));         

        %Sobel mask for y-direction:         

        Gy=((2*G(x+1,y+2)+G(x,y+2)+G(x+2,y+2))-(2*G(x+1,y)+G(x,y)+G(x+2,y)));         

  

        %The gradient of the image         

        %B(i,j)=abs(Gx)+abs(Gy);         

        F(x,y)=sqrt(Gx.^2+Gy.^2);     

    end  

end  

  

% imwrite(F,'C:\Users\tm16100806\my_images\output\output2.jpg') 

 

 

Listing 6:   Image change detection m-code (xor_operator.m) 

% Image change detection 

 

% Exclusive-OR (XOR) operation on images 

 image_variable1= imread('C:\Users\tm16100806\Pictures\fistdate.jpg'); 

 

image_variable2= imread('C:\Users\tm16100806\Pictures\seconddate.jpg'); 
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binary1=im2bw(image_variable1); 

binary2=im2bw(image_variable2); 

  

  

%output= xor(binary1, binary2); 

output = bitxor(binary1, binary2); 

 

% imwrite(output,'C:\Users\tm16100806\my_images\output\output.jpg') 

 

function c = xor 

A = "1stdate.jpg";  

B = "2nddate.jpg";  

C = "out.jpg"; 

(@(a,b,c)imwrite(imread(a)~=imread(b),c))(A,B,C) 

 

Listing 7:    Image Contrast Stretching 

%Contrast stretching image 1st date and 2nd date image 

%img is the 1stdate and 2nd date images 

function new =hist_extend(img) 

h = imhist(img); 

s = sum(h); 

min=0; 

acum = 0; 

 while acum < 0.01*s 

 min = min+1; 

end 13 

max 
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acum =0; 

while acum 

 max = max-1; 

 acum = acum+h(max); 

end 

newimg = img-min; 

newimg=(255/(max-min))*newimg 

% ------end ----% 

 

 

 

Listing 8:    PSNR and MSE  

 

I=imread('/Users/biustadmin/Desktop/code folder1/input.png'); 

ref=imread('/Users/biustadmin/Desktop/code folder1/ref.png'); 

  

I = imresize(I, size(ref)); 

n=size(I); 

M=n(1); 

N=n(2); 

MSE = sum(sum((I-ref).^2))/(M*N); 

PSNR = 10*log10(256*256/MSE); 

fprintf('\nMSE: %7.2f ', MSE); 

fprintf('\nPSNR: %9.7f dB', PSNR); 


