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Abstract  
 

Using a Field Programmable Gate Array (FPGA), the purpose of this study effort is to process the iris 

biometrics for the purpose of iris recognition, which is used for a secure authentication system. When it 

comes to identifying a person, the iris recognition system is the most trustworthy technology. However, it 

is a complicated procedure that requires a significant amount of computing costs. Patterns on the iris are 

characterised by a great degree of unpredictability and individuality. Utilising a technique known as edge 

detection in conjunction with several edge detection algorithms, such as Sobel, Prewitt, and Canny edge 

detection algorithms, our method is based on the segmentation of the iris of the eye. In this work, the iris 

image is preprocessed by utilising a MATLAB Simulink block configured to handle the edge detection 

operation. The edge detection block locates the edges in an input picture by estimating the gradient 

magnitude of the image. This is done in order to handle the edge detection operation. It is then subjected to 

post-processing in order to provide a normalised output picture. Because the processing of images in real 

time takes a substantial amount of time, we have decided to do it at the hardware level using FPGA, which 

provides parallelism and considerably reduces the amount of time required for processing these images. 

Additionally, the Spartan3E FPGA kit is used to implement the various edge detection methods that were 

discussed before. In the design that has been provided, the architecture of various edge detection methods 

is implemented by means of XSG, which stands for Xilinx System Generator Tool. The Xilinx ISE 10.2i 

development suite is used in order to synthesise the net lists that have been created. Through the use of 

hardware software co-simulation from XSG, the FPGA implementation is carried out. This allows for the 

utilisation of limited resources at an increased maximum operating frequency, along with a shorter 

processing time and a greater level of security compared to commercial systems. 
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1. Introduction 
 

In today technologically dependent world, it is an imperative need to identify users of facilities and services. 

today is not only important for determining who accesses a system and/or service, but it is also important 

for determining the sorts of services that should be supplied to each individual user. In order to accomplish 

this identification, biometric is a relatively new technology that offers a better degree of security for access, 

in addition to being easy and pleasant for the one who is doing the identification. Currently, biometrics is 

being used in a wide variety of contexts, with iris biometrics recognition methods being among the most 

prevalent uses of this technology. This article provides a comprehensive discussion of the iris recognition 
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process that makes use of XSG and the processing of iris biometrics for the secure authentication system 

that makes use of FPGA. Both of these processes include image processing methods. The approach that we 

have presented manipulates the current picture by using an appropriate edge detection algorithm in order to 

highlight the features in the way that is wanted. In every picture, there are two-dimensional arrays of pixel 

values that make up the image.  

 

In the field of image processing, the edge detection operation is a fundamental operation that is beneficial 

in the fields of feature identification and feature extraction processes. The limits of forms in an image are 

referred to as the edges, and each edge is defined as a single pixel that has a local discontinuity in its 

intensity. The method of determining the instantaneous change in the intensity of a picture by using a 

particular algorithm is being referred to as edge detection. There are a number of reasons that are responsible 

for these local discontinuities in pictures, which include but are not limited to light, shadows, and 

illumination. The ridge, step, ramp, and roof edges are the four distinct forms of edge creation that were 

generated as a result of these discontinuities on the surface. Edge detection draws attention to a discontinuity 

in the direction of the pixel intensity that is either abrupt or gradual. This results in a huge reduction in the 

quantity of data that has to be processed, and information that is not relevant is being filtered away. For the 

purpose of edge detection, there are a few different kinds of operators that may be used, and they are based 

on first and second order derivatives. The first order derivative process involves convolving the input 

picture with an appropriate mask in order to produce a gradient image. The most often used operators, such 

as Prewitt and Sobel, are the first order derivative operators, which are sometimes referred to as gradient 

operators. These operators locate edges by searching for the highest and lowest intensity values. After 

smoothing the picture to eliminate noise, the Canny operator is applied to the second order derivative. This 

operator is used after the smoothing process. With the integrated use of tools like MATLAB, Simulink, and 

XSG, it is possible to complete the work of image processing using FPGA to get the desired results. The 

model-based design environment known as Simulink is a component of MATLAB that is integrated with 

it.  

 

In order to make use of the Xilinx system generator (XSG), which is one of the block libraries that Simulink 

provides, it is essential to translate the System Generator token into MATLAB. Simulink also provides 

access to a variety of block libraries. All of the Xilinx block sets are stacked up and imported into the 

MATLAB and Simulink environment. Once they are imported, they are instantly available for use in the 

building of algorithms. Our research and development activities in the area of iris identification are 

primarily focused on the application of edge detection using a variety of operators and thresholding to edge 

detected pictures using Xilinx Block set. This is the core focus of our work related to iris identification. In 

order to mimic these approaches, the Xilinx system generator tool is used, and the related output image is 

analysed by using the video processing block that is established inside the XSG library tool box. 

Immediately after the gathering of the results, the System Generator is configured for the FPGA board that 

is pertinent to the situation. In this particular instance, the FPGA board that is being used is the Spartan 

XC3S500E-FG320 board. After the compilation procedure was finished, a programming file written in 

Verilog was produced after it was finished. It is possible to get access to this file by using the Integrated 

Development Tool (IDE) environment that is made available by Xilinx ISE10.2i. Synthesising the model 

with the necessary amount of simulation time enables the requisite HDL net list to be generated. This is 

made possible by the present circumstance. The code that was obtained is first subjected to a syntax check, 

after which it is synthesised in order to display the RTL Schematic of the design, and ultimately, it is 

implemented on a field-programmable gate array (FPGA). We were able to successfully create an 
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architecture, and the Xilinx System Generator has the capability to generate a User Constraints File (UCF) 

for the purpose of testing the architecture.  

In order to programme the FPGA, bit stream creation is considered required. The Xilinx System Generator 

is a digital signal processing (DSP) design tool that was developed by Xilinx. It is designed to facilitate the 

use of the Math Works model-based Simulink design environment, which makes it relatively simple to 

operate in comparison to other tools for FPGA design. Due to the presence of these characteristics, we have 

decided to use Xilinx System Generator (XSG) in our work. It is primarily concerned with the processing 

of an image from pixel to pixel, as well as the change of the results of the pixel neighbourhood, which 

ultimately leads to the alteration of the actual or partial picture. The Xilinx system generator tool, which is 

integrated with the ISE 10.2 development suite and MATLAB 2007a, serves as the architectural foundation 

for the suggested architecture for the hardware implementation approach. With this design, the goal is to 

achieve overall high performance while simultaneously reducing development time and costs.  

 

2. Related Work  
 

Image enhancement techniques make advantage of the retinal fundus image of the human eye. 

These procedures are carried out using intensity-based approaches such as brightness control, 

contrast stretching, and histogram equalisation. Simulink is used to process the design, and the 

Spartan3E development board was used to carry out the implementation for the design [1]. The 

hardware approach for processing iris biometrics, which involves applying the Gabor transform 

on the iris in order to extract features such as the iris signature from the angular area of the iris, as 

well as by using zero crossing representation. The matching of iris is accomplished by having a 

pattern recognition issue and making use of a measure known as mathematical distance [2]. A 

discussion is held on the detection of edges using a non-uniform assembly co-efficient for 

grayscale images, as well as the utilisation of multi-scalar structure elements to achieve equal 

merging weights for RGB images. In this case, the edges are created by using a variety of operators, 

such as the Sobel, Canny, and log operators [3]. Robustness in non-cooperative situations may be 

achieved by the use of the approach that is based on wild togetherness with clustering process. The 

original picture is employed to build the basic template for the correlation process, and the 

parameters that are used in this process include iris segmentation, filtering and edge extraction, 

and thresholding. For the purpose of localising the centre circle of the iris, the hysteresis and Hough 

transform is used [4].  
 

The improvement of brain pictures via the use of XSG is suggested in this article. The images are 

then introduced into an artificial neural network with the purpose of determining whether the brain 

is normal or disordered. The discrete wavelet transform is the procedure that is used in order to 

extract energy values from an improved picture by making use of filters for the purpose of 

providing proper hardware implementation [5]. The creation of an image segmentation framework 

that is based on the colour hue channel histogram of the HSV colour space is presented, along with 

the design of traditional edge detection algorithms like Sobel, Prewitt, and Robert, and it is 

implemented with the help of the Spartan3E kit [6, 7]. Before doing a comparison between the 

various edge detection operators, it is necessary to evaluate the peak signal to noise ratio (PSNR) 

and the mean squared error (MSE) for the edge detected picture that was produced. The fact that 

this is the case demonstrates the capacity of achieving accurate edge detection [8]. An 
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implementation of the Canny edge detection technique is carried out using a Virtex5 Field 

Programmable Gate Array (FPGA) board. via the use of Xilinx platform studio and Xilinx ISE, 

the output picture is presented on a Video Graphics Array (VGA) monitor, which is connected to 

the board via the utilisation of a DVI terminal [9]. The strategies for image recognition are built 

with the help of system Generator, and the method that is used here for detection is the Hough 

transform. This method is a highly effective method for locating parametric curves in an image, 

particularly lines. It has been shown that this idea can be effectively implemented in the Virtex 5 

ML507 device (XC5VSXT platform) [10]. A pair of 3X3 convolution masks is used by the Sobel 

edge detector [11], which estimates the gradient in the x-direction and another gradient in the y-

direction. This allows for the conversion of a two-dimensional pixel array into statistically 

uncorrelated data, which is necessary for the elimination of redundant data. Also, it illustrates how 

to construct a Sobel detector function in MATLAB that has a size of 5 × 5 in order to be able to 

locate edges.  

 

3. Proposed Design  
 

Edge detection techniques that have been suggested include a number of transformations, including the 

following: 

• A collection of blocks for image preprocessing  

• Image post processing block set 

• Edge detection methods that make use of XSG  

The various edge detector operators, such as the Sobel, Prewitt, and Canny operators, which are used in the 

process of detecting the iris picture, are implemented using FPGA. Edge detection is a technique that aims 

to construct a line drawing of a scene from an image and to extract significant elements from the edges of 

an image, such as corners, lines, and curves. These characteristics may be used by higher-level computer 

vision algorithms, such as recognition and other similar algorithms. Both the pre-processing and post-

processing of images are processes that are used by all image processing programmes that are developed 

using the Simulink block set. Figure 1 illustrates the real implementation of several edge detection 

techniques by making use of XSG.  
 

 
Figure 1 Design Flow of Edge Detection Implementation in XSG 
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The Spartan3E development board is used in order to carry out the hardware implementation of edge 

detection techniques. XSG, which stands for Xilinx system generator, is responsible for compiling all of 

the essential files.  

 

MATLAB's Image Pre Processing Unit is a useful tool for delivering input to the Field Programmable 

Gate Array (FPGA). This supplies the essential test vector array that may be used for FPGA bit stream 

compilation via the utilisation of system generator. Images that are submitted as input to the File block are 

either colour or grayscale, depending on the user's preference. The RGB picture is changed to grayscale 

using a colour space conversion block, and the data that is now in two dimensions has to be converted to 

one dimension so that it may be processed further. The frame conversion block is responsible for converting 

the output signal into frame-based data and then supplying it to the un-buffer block. Within this block, the 

frame is converted into scalar samples produced at a higher sampling rate.  
 

Image Post Processing Unit: The image post-processing blocks are used in order to transform the output 

of the picture back to the floating point type. It does this by using a Buffer block, which is responsible for 

converting scalar samples to frame output at a reduced sampling rate. Additionally, it generates an output 

with a different frame size by redistributing the data into each column of the input. Additionally, it travels 

through a signal block that converts the 1D format to the 2D (matrix) format, and a sub matrix block that 

extracts a continuous sub matrix from the M-by-N matrix. A sink is then used in order to show the output 

picture back in the monitor, and the Simulink block sets are utilised for this purpose.  

 

4. Methodology  
 

Edge Detection: Edge detection is a key function that is used in the applications of computer vision and 

image processing. Edge detection is implemented with the primary purpose of locating and identifying 

abrupt discontinuities within the picture that is being provided. The sudden shift in pixel intensity that 

characterises the borders of objects and also helps to discover boundaries between distinct areas in the 

picture is the cause of these discontinuities. These boundaries are used for the purpose of identifying objects 

for the purposes of segmentation and matching. The technology that recognises edges not only has the 

ability to identify the grayscale value of an image but also to pinpoint its precise position.  

 

Calculating the gradient of picture intensity at each pixel inside the image is another way that the Sobel 

Operator does its function. In addition to this, it determines the direction in which the intensity increases 

the most from light to dark as well as the pace of change in that direction. The outcome demonstrates the 

changes that occur in the picture at each pixel, and thus, the pixel representation of an edge comes into play. 

By convolving the picture with a pair of 3x3 filters, the Sobel operator is able to determine the estimated 

gradient of each pixel in the image. The magnitude of the gradient is just the sum of the two gradients that 

are estimated by these filters. The gradients are estimated in both the horizontal (x) and vertical (y) 

directions.  
  

 
Figure 2 Convolution Mask of Sobel Edge Detector 
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Prewitt operator - It is a differentiation operator that computes an estimate of the gradient of the image 

intensity function. The Prewitt operator is also known as the Prewitt differentiation operator. The Prewitt 

operator is based on the process of convolving the picture in both the horizontal and vertical directions 

using a d-filter that is tiny, differentiable, and has an integer value. Similar to other operators, it is quite 

cheap in terms of the calculations that it does. Image detection is accomplished by the use of the edge 

model, with the output of the operator being the greatest value of the model operator that is most comparable 

to the area that has been identified. The differential and filtering procedures are implemented in the same 

way by both the Prewitt operator and the Sobel operator. 

  

 
Figure 3 Convolution Mask of Prewitt Edge Detector 

 

The function of the Prewitt edge detection operator is virtually identical to that of the Sobel edge detection 

operator; however, the kernels used by Prewitt are different. In order to identify edges in eight different 

directions, the Prewitt edge detection operators contain a pair of 3x3 convolution kernels. An illustration of 

the XSG model block diagram of the edge detection algorithms developed by Sobel and Prewitt is as 

follows: 
  

 
Figure 4 XSG Model Design of Edge Detection 

 

Canny edge detector an edge recognition operator known as the Canny edge detector employs a multi-

stage algorithm to recognise a broad variety of edges in pictures. This operator is also known as the Canny 

edge detector. Find out the best possible edge is the primary emphasis of our endeavour. This approach 

represents the true edges in the picture to the greatest extent feasible, which is what is meant by the term 

"optimal edge detector." Additionally, it offers excellent localization, which means that the edges that are 

marked should be as near as possible to the edges that are present in the actual picture. A number of 
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processing steps are required in order to put the canny edge detector method into action. The first thing that 

has to be done before performing edge detection is to get rid of any noise components that are present in a 

picture. Image enhancement is essentially the act of increasing the interpretability or perception of 

information contained within pictures for human viewers, as well as providing improved input for other 

automated image processing methods. In addition, image filtering is accomplished via the use of model-

based design, which allows for the determination of various filtering architectures and the creation of Xilinx 

blocks. To illustrate the XSG model block diagram of the canny edge detection technique, the following is 

shown: 
 

 
Figure 5 XSG Model Design of Canny Edge Detection 

 

5. Hardware Software Co-Simulation and Results  
 

In order to ensure that the design is implemented in the Spartan3E development kit, the hardware 

board is installed with the help of the XSG (Xilinx System Generator) Board Description Builder. 

The clock is provided with a frequency of 100 MHz, and it is configured to operate as a single-

step clock for the hardware while the software simulation is engaged in lock step. In order to 

produce the code automatically, one must first click the generate button inside the system generator 

block dialogue box. For the design, the code generator generates an FPGA configuration bit stream 

file that is appropriate for hardware co-simulation. Additionally, the code generator includes extra 

interfacing logic that allows for communication with the design via the use of a physical interface 

that operates between the FPGA platform and the personal computer. The creation of a new JTAG 

Co-simulation block occurs after the compilation of the design is finished. All of the Xilinx blocks 

that are included inside the gateway in and out blocks of the initial system are included in this 

block collection. Converting the Simulink input type, such as integer, single, or double format, to 

the Xilinx data type is accomplished by the use of the Gateway in and Gateway out blocks. 

Additionally, the output signal that is generated by the FPGA hardware is shown via the Co-

simulation process. In order to synthesise the design, the XST tool was used as the synthesis tool. 

Within the context of this model, the hardware description language is set to verilog. The picture 

that is shown here is of a size of 250 by 250 pixels, and it serves as an input to the design for edge 

detection and thresholding operations. The results that were produced by using effective 
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algorithms such as Sobel and Prewitt are displayed below, and the outputs of the associated FPGA 

and hardware are also stated here.  
 

The outputs of the Sobel edge detection scheme are shown in Figure 6, and the output of the Prewitt 

edge detection scheme employing XSG is displayed in Figure 7. In addition, the input picture that 

is sent to the canny algorithms is an iris image with dimensions of 250 by 250 pixels. The optimised 

edge detection output is achieved for both the XSG model-based design and the hardware software 

co-simulation using the Spartan3E development board. Figure 8 displays the findings that 

correspond to these two methods. The HDL files that are created are synthesised with the help of 

Xilinx. This information will be provided by the synthesis of the code, which will include the 

errors, warnings, RTL schematic of that code, device utilisation summary, and other relevant 

details. Through the process of synthesis, an abstract form of intended circuit behaviour, also 

known as register transfer level (RTL), is transformed into a design implementation that is 

expressed in terms of logic gates. The Xilinx Synthesis Technology (XST) tool, which is a 

component of the Xilinx ISE 10.2i software, has been responsible for the synthesis of verilog code 

for the Sobel and Prewitt algorithms. 
 

 
    Figure 6a) Original image     b) Simulink software output c) Emulator FPGA output  
 

 
  Figure 7 a) Original image   b) Simulink software output    c) Emulator FPGA output  
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 Figure 8a) Original image       b)Simulink software output      c) Emulator FPGA output  
 

As can be seen in Figure 10, the top-level RTL schematic of the proposed canny architecture is 

shown here. This is a schematic depiction of the pre-optimized design that is displayed at the 

Register Transfer Level (RTL). Adders, multipliers, AND gates, and OR gates are some examples 

of the generic symbols that are used in the RTL Schematic representation of this architecture. This 

representation is created after the HDL synthesis step has been completed. The Spartan3E starting 

board is the target for the system blocks that have been developed. As part of the design summary 

report, the synthesised design also includes information on the utilisation of the target device for 

the suggested algorithms inside the design.  
 

 
Figure 9 RTL Schematic of Sobel & Prewitt Edge Detection Algorithm 

 

 

 
Figure 10 RTL Schematic of Canny Edge Detector 
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Summary of Device Utilisation The summary of device utilisation displays the information that is 

associated with the analysis of device utilisation. In the report that was prepared, the comprehensive report 

on the design that was being processed is shown. The outputs of the Slice Logic Distribution and Synthesis 

offer an estimate of how the design will be packed and placed into the target architecture. Additionally, the 

map provides information on utilisation after the packing and placement processes have been completed. It 

is stated that the device utilisation summary that was obtained for the Sobel, Prewitt, and canny architecture 

is as follows: with the comparison results of the edge detection algorithms that were discussed earlier, the 

canny edge detector operator possesses a greater set of results, which includes a 76% reduction in area and 

a 78% increase in its speed of operation in comparison to the Sobel and Prewitt operators.  

 
 

Evaluation Parameter: The performance assessment of edge detection algorithms is achieved by detecting 

actual edges, processing time, error ratio, noise level, and other parameters, among others. The Mean 

Squared Error (MSE) and the Peak Signal to Noise Ratio (PSNR) are the two metric standards that are 

commonly followed when it comes to noise concentration. In the process of image compression, the Mean 

Square Error (MSE) and the Peak Signal to Noise Ratio (PSNR) are factors that are considered. However, 

in this case, it is used to evaluate the quality of picture edge detection. It is possible to do a comparison 

between edge detection operators and a common picture. The operator that has a strong capacity for edge 

detection is the one that produces an image with a lower PSNR and a higher MSE.  
 

MSE stands for mean squared error, and it is a measure that takes into account the degradation function as 

well as the statistical properties of noise in the edge detected picture. The difference between the estimator 

and the parameter is measured by calculating the average squared difference. An increase in the MSE in 

terms of picture edge identification might be achieved by ensuring that there are a greater number of edge 

points on the image. Additionally, it is able to identify weak edge points. As a result, there is a more 

significant disparity between the original picture and the processed version.  

 

 

MSE =  
∑ M, N[I1(m, n) − I2(m, n)]2

M, N
 

 

The Peak Signal-to-Noise Ratio, also known as the PSNR, is often stated using the decibel (dB) scale. 

The power spectral noise ratio (PSNR) (PSNR) is an approximate evaluation of the quality of the 

reconstruction. If you want to get accurate results from edge detection, the PSNR should be lower. 

Calculated based on the MSE, the PSNR was determined by 
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PSNR =  10 log10 (
R2

MSE
) 

 

The mean squared error (MSE) and peak signal-to-noise ratio (PSNR) for the edge detection 

algorithms Sobel, Prewitt, and Canny appear below. 
 

 
 

According to estimates, the value of MSE for Canny is ten percent more than that of the Prewitt 

operator and six percent higher than that of the Sobel operator. In addition, the PSNR value that 

was acquired indicates that the Canny operator is 2% lower than the Prewitt operator and 0.5% 

lower than the Sobel operator.  

6. Conclusion  
 

Through the use of Xilinx System Generator, the Sobel, Prewitt, and Canny edge detection algorithms are 

devised and implemented on the Spartan3E FPGA kit for the purpose of iris identification. As a result of 

the fact that it is less difficult to produce a stream of bit files as opposed to writing thousands of code lines 

in order to execute image processing algorithms on FPGA, we have decided to use XSG for our design. As 

a consequence of the implementation findings that were acquired, the performance of various edge detector 

methods was reviewed, and it was determined that canny has a 76% decrease in area utilisation compared 

to Sobel and Prewitt operators, as well as a 78% rise in its maximum operating frequency. In addition to 

having a design that has been optimised, the Canny architecture is also less likely to produce noise. This 

resulted in the canny operator being superior to the other algorithms that were already in existence. This is 

due to the fact that it has the highest MSE and PSNR values, which are parameters that are used to evaluate 

the effectiveness of algorithms in terms of creating correct edges to define object boundaries.  
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