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Abstract— Iris based person identification has become very 

largely used biometric technology. This paper proposes a 

technique of feature extraction of iris images, which uses 2-

D Gabor filter with four orientations. The general-purpose iris 

recognition system is of low speed and not portable. Hence 

there is a need to make use of dedicated hardware for this. 

Most of the algorithms of this system using MATLAB do not 

incorporate parallel processing instead comes under 

sequential processing. In the proposed framework, image pre-

processing, segmentation of iris and normalization carried out 

using Verilog HDL and Matlab programming. Feature 

extraction using Gabor filter algorithm and feature matching 

using Hamming Distance (HD) is simulated using Modelsim 

with Matlab software and synthesized using Xilinx ISE on 

Spartan 3E FPGA(XC5VLX110T) to achieve parallel 

processing and to improve the time delay. 
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I. INTRODUCTION 

Passwords and identification cards are used by individuals to 

prove their identity when they are in need of access to secured 

places like ATM, airports, etc. However, these modes of 

authentication are vulnerable because they are prone to loss 

or theft [1]. So, a large interest has grown in personal 

authentication using biometric methods that are based on 

physical and behavioural characteristics which can never be 

forgotten or stolen. Among all the physical traits of human 

body, iris is the best choice because of its unique and 

permanent features [2] and high recognition accuracy. 

 The automated approach of iris recognition in 

identification of biometrics uses computative pattern 

identification technique on acquired images of irises from 

person's eyes and the patterns inside irises are of complex 

structures, stable and unique. The iris properties that improve 

its appropriateness for use in high certainty identification 

frameworks include:  

(i) Its protection and inherent isolation from the outside 

environment.  

(ii) Its physiological reaction to light, which gives several 

characteristic tests against artifice and  

(iii) The iris features are impossible to modify surgically 

without unacceptable hazard to vision [4]. The eye images 

taken in VW band show poor clarity of pattern present in iris 

where as eye imaging in nearby infrared(NIR) band show up 

extravagantly composed, iris pattern. Because of this reason, 

for all iris affirmation frameworks which are publicly 

deployed, the acquisition of eye images has done in the 

presence of NIR wavelength band i.e. in the electromagnetic 

spectrum NIR range of 700-900nm. Due to specialized 

conditions of imaging which utilizes NIR spectrum, features 

of patterns in range of iris are greatly visible and there is 

better contrast among sclera, iris, pupil portions. Most of the 

algorithms developed for iris recognition are based on time-

consuming sequential processes executing on central 

processing units (CPUs). Therefore, utilization of multi-

processor stages is progressively embraced, in other words 

FPGA could give good performance of computation, 

combinational, complex and configurable functions. As a 

reason of this FPGAs can be utilized as a part of iris 

recognition to enhance iris recognition process execution by 

parallel computing 

II. PROPOSED IRIS RECOGNITION 

In the proposed framework, CASIA dataset has been used for 

iris recognition, here the original eye image was pre-sampled 

to (320×240) pixels to crop the unneeded parts of the eye 

image and to decrease the time of processing during the pupil 

and iris boundaries detection[6]. These eye images are in the 

.bmp file format and each eye image of the file size 225KB. 

The proposed framework of iris recognition is as presented in 

figure 3. It consists of four major steps, they are segmentation 

of iris, process of normalization, extraction of features and 

finally matching of templates [2]. 

 
Figure 1: Iris Recognition Framework 

A. Iris Segmentation  

For Iris localization, Richard Wildes[5] approach has been 

used and it consists of 2 main algorithms namely CED 

algorithm and CHT. The Flow chart of CED algorithm is as 

shown in figure 4. This algorithm consisting of 5 different 

steps: (i) Smoothing: convolution of image pixel values and 

gaussian smoothing filter values yields blurred image, this 

smoothing is mainly to remove the noise of image. (ii) 

Finding gradients: gradient magnitude is computed using two 

3x3 convolution masks; after smoothing, to find out gradient 

values at each pixel, canny operator is used. 
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Figure 2: Flow chart for CED algorithm 

 The canny edge detection algorithm is an edge 

detector with good performance. However, image smoothing 

by gaussian filtering may lead to higher edge location error 

and corner roundness in application. The first and most 

obvious is low error rate. It is important that edges occurring 

in images should not be missed and that there be NO 

responses to non-edges. The second criterion is that the edge 

points be well localized. In other words, the distance between 

the edge pixels as found by the detector and the actual edge 

is to be at a minimum. A third criterion is to have only one 

response to a single edge. This was implemented because the 

first 2 were not substantial enough to completely eliminate 

the possibility of multiple responses to an edge. Based on 

these criteria, the canny edge detector first smoothes the 

image to eliminate and noise. It then finds the image gradient 

to highlight regions with high spatial derivatives. The 

magnitude, or edge strength, of the gradient is then 

approximated using the formula: 

|G| = |Gx| + |Gy| 

Magnitude and direction of gradient of a pixel is given by the 

equations (1) and (2). 

𝐺 = (𝐺𝑖
2 + 𝐺𝑗

2)                       (1) 

𝜃 = arctan(
𝐺𝑗

𝐺𝑖
⁄ )                 (2) 

(iii) Non-maximum suppression: the pixels which are of non-

maximum values will get suppressed and replaces values with 

'0' except points at local maxima. (iv) Double thresholding: 

in order to extract only the strong edges present in image, 

thresholding concept is used, which makes easier to  remove 

false edge points. To make this thresholding more accurate 

double thresholding is utilized and two values are used, where 

one of the threshold value is double of the other. and (v) 

Tracking of edges by hysteresis: edge points will be tracked 

by suppressing the most of edges that are not have connection 

with the strong edge line. 

 The CHT is a fundamental procedure utilized as an 

important part in DIP, for recognizing objects with shape of 

circle in digital picture. The reason for this method is to find 

out circles in improper picture inputs. The circle edge points 

are created by "voting" in Hough parameter space and after 

that selecting the nearby maximum edge values in the matrix 

of accumulators. 

(𝑥 − 𝑎)2 + (𝑦 − 𝑏)2 = 𝑟2     (3) 

𝑎 = 𝑥 − 𝑟𝑐𝑜𝑠𝜃      (4) 

𝑏 = 𝑦 − 𝑟𝑠𝑖𝑛𝜃      (5) 

Circle can be described by equation (3), where x, y are 

coordinates of circle, a and b are centers of the circle and 

these can be written as given in equations (4) and (5), where 

as r is radius of the circle. 

B. Iris Normalization  

The process of normalization includes iris part unwrapping 

and conversion of it to the polar equivalent. It can be done 

utilizing rubber sheet (RS) model proposed by Daugman[6]. 

Daugman's RS model remaps each and every points inside 

region of iris from cartesian points (x, y) to the polar points 

(rθ) of non-concentric normalized image, where θ is in the 

angle of range [0, 2π] and r is of the interval [0,1] as given in 

equation (6);  

𝐼(𝑥(𝑟, 𝜃), 𝑦(𝑟, 𝜃)) → 𝐼(𝑟, 𝜃)   (6) 

The x(r, θ) and y(r, θ) in equation 6 are described as linear 

sequence of both sets of boundary points of pupillary region 

(xp(θ),yp(θ)) and limbos boundary points (xi(θ),yi(θ)), and 

are given by equations (7) and (8). 

𝑥(𝑟, 𝜃) = (1 − 𝑟)𝑥𝑝(𝜃) + 𝑟𝑥𝑖(𝜃)    (7) 

𝑥(𝑟, 𝜃) = (1 − 𝑟)𝑦𝑝(𝜃) + 𝑟𝑦𝑖(𝜃)    (8) 

Due to the fact that pupil is non-concentric to the iris, so in 

implementation process, a formula of remapping is necessary 

to rescale the points and this depends on angles surrounding 

the circles are given by equations (9) to (11). 

𝑟′ = (𝛼𝛽) ± (𝛼𝛽2 − 𝛼 − 𝑟𝑖) 
with  

𝛼 = 𝑜𝑥
2 + 𝑜𝑦

2      (9) 

𝛽 = cos[𝜋 − 𝑎𝑟𝑐𝑡𝑎𝑛 [
𝑜𝑦

𝑜𝑥
] − 𝜃   (10) 

Displacement of the pupil's centre relative to the iris's centre 

are represented by ox, oy and r' symbolize the distance 

between edge of iris and edge of pupil at an angle θ around 

the region, and ri radius of the iris. After unwrapping phase, 

an image or a two-dimensional array having radial resolution 

as vertical dimensions and angular resolution as horizontal 

dimensions is produced.  

C. Feature Extraction using Gabor filter algorithm 

Gabor filter is highly useful in analysis of texural information 

present in any image [14]. 2D Gabor filter can be defined as 

intonation of 2D sinusoidal plane with Gaussian plane as 

expressed in (11) below.  

𝜉(𝑥, 𝑦, 𝜎, 𝑣, 𝜑) =
1

√2𝜋𝜎2
𝑒𝑥𝑝 (−

𝑥2 + 𝑦2

𝜎2
)

∗ exp(2𝜋𝑙𝑣(𝑥𝑐𝑜𝑠𝜑 + 𝑦𝑠𝑖𝑛𝜑)) 
(11) 
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 where, v represents the frequency of sinusoidal 

function. For N number of orientations, Ф is defined as 

n*n/N, where n varies from 0, 1, …, N-1. It is obvious from 

(1) that Gabor filter is complex in nature and symmetric to 

orientation. Gabor filter parameters directly affect the success 

of the developed algorithm [15]. So, an optimal set of Gabor 

parameters is obtained experimentally which is given in 

Table I. 

Size v σ φ n 

15x15 0.1833 2.8090 n*π/N 0,1,….,N-1 

Table 1: Optimal Parameters for 2-D Gabor Filter 

D. Feature Matching using Hamming Distance  

Generally, the Hamming distance can be explained as, the 

number of different symbols at same positions while 

comparing the two strings of same length. In other words, the 

number of error bits present in one string when compared 

with other string in order to find out number of different 

symbols in two equivalent sequences. In image processing, 

two images are to be compared pixel by pixel to figure out the 

number of different pixels between two images. The HD 

between two feature extracted iris templates is measured 

using equation. These two iris templates to be compared are 

of binary sequences and of equivalent length and 

corresponding bits are compared and hamming separation is 

measured. The identification of irises will be more accurate 

as the value of HD closer to zero.  

𝐻𝐷 =
||(𝑇𝑒𝑚𝑝𝑙𝑎𝑡𝑒𝐴𝑇𝑒𝑚𝑝𝑙𝑎𝑡𝑒𝐵)𝑀𝑎𝑠𝑘𝐴𝑀𝑎𝑠𝑘𝐵||

||𝑀𝑎𝑠𝑘𝐴𝑀𝑎𝑠𝑘𝐵||
 (12) 

 In the equation (12), template A and template B 

represents feature extracted template of captured image and 

feature extracted template of stored images. ⨂ is a symbol 

indicating binary Exclusive-Or operation to detect different 

binary symbols in two iris templates. ∩ is a symbol indicating 

binary AND operation. ║●║ symbol shows summation. 

Mask A and mask B represent the masks of binary values that 

are associated with template A and B respectively. The 

denominator part of equation ensures that calculation 

involves only the valid bits 

III. RESULTS AND ANALYSIS 

A. Simulation Results of Gabor and HD Calculation 

The reading of normalized image using text files in order to 

import the image to Xilinx environment and performing 

Gabor filter calculation as said, finally the output of this 

consists of binary values 0 or 1, the Simulation result of 

Gabor algorithm is as shown in figure 13. In image 

processing, two images are to be compared pixel by pixel to 

figure out the number of different pixels between two images. 

The HD between two feature extracted iris templates is 

measured using equation (12). These two iris templates to be 

compared are of binary sequences and of equivalent length, 

corresponding bits are compared, and hamming separation is 

measured. The Simulation results of Hamming distance and 

gabor are given in figure.3 and figure.4. As observed in 

simulation results of hamming distance and experimental 

values obtained, for exact same two eye images HD is 0 and 

for different eye images there obtained different values as the 

two sequence of iris templates are consisting of different 

binary bits in equal positions. When the image is small 

enough for extraction of feature and for matching but as the 

resolution of normalized image increases, it gives a greater 

number of bits for matching which in turn increases the 

accuracy and gives more time delay, but this can be 

compensated with threshold values.  

 
Figure 3: Simulation Waveform of Hamming distance 

 
Figure 4: Simulation Waveform of Gabor Filter Algorithm 

 
Figure 5: Simulation Results using Matlab 

B. Synthesis Results 

Table II shows the estimation of device/resource utilization 

summary of synthesis on FPGA. 

Logic Utilization Used 

Number of Slices 159 

Number of Flipflops 85 

Number of 4 inputs LUTs 303 

Number of bonded IOBS 144 

Number of GCLKs 1 

Table 2: Estimation of Device/Resource Utilization 

Summary of Synthesis on FPGA 
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Figure 6: RTL Schematic View using Xilinx ISE 

IV. CONCLUSION 

A feature extraction technique for iris recognition is proposed 

here in which 2-D Gabor filters are used to for extracting 

textural information of the iris. The approach uses hamming 

distance for feature matching. Experimental test on the 

CASIA database has been carried out, the gabor algorithm, 

hamming distance implemented and synthesized using Xilinx 

FPGA Spartan-3E-5 (XC3S100E). There is reduction in 

number of device utilization on board and simulation time 

delay. Hence achieved parallel processing using verilog 

modelling and improved time delay the template retaining the 

essential features. Thereafter 2-D Gabor filter having four 

orientations is used with other optimal parameters to extract 

the textural features of the iris. 
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