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Abstract  Compressive literature survey has been carried out and essence of it has 
been presented in this chapter. It reveals that in 1987, Flom and Safir proposed 
the first conceptual but unimplemented automated model of Iris recognition sys-
tem. In 1992, Johnson analyzed Iris images and confirmed its high stability over a 
period of 15 years. Based on Flom and Safir model, Daugman in 1993 and Wildes 
in 1997 had proposed two complementary approaches of Iris recognition system 
and most of the research in this field is motivated and based on either of the two 
approaches. Related work carried out in iris segmentation, iris analysis, and fea-
ture extraction in last two decades has been presented and analyzed in this chap-
ter. Either of the approaches, namely binary representation of Iris or real valued 
feature vector of Iris, has been explored very extensively by many researchers, 
mainly, either by using variants of Gabor filters or by using DWT for multi-reso-
lution representation of Iris. Various iris image databases used by various research 
groups are also studied, and it is observed that CASIA database, which is less real-
istic has been explored more than realistic databases such as UBIRIS, UPOL.

Keywords  Iris analysis and feature extraction  •  Daugman’s approach  •  Wildes’ 
approach  •  Flom and safir model  •  Gabor filters  •  Laplacian of Gaussian (LOG) 
filter  •  Iris code

2.1 � Introduction

In 1987, Flom and Safir proposed the first conceptual but unimplemented auto-
mated model of Iris recognition system [1]. They suggested highly controlled and 
non-practical conditions to change the illumination so that pupil size in all images 
remains same for proper Iris segmentation. They outlined the major subsystems of 
Iris recognition system, namely image acquisition unit, preprocessing and Iris seg-
mentation unit, Iris analysis and feature extraction unit, and matching unit along 
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with suitable image processing and pattern recognition methods. This theoretical 
work on Iris recognition has proved as a foundation for all practical approaches of 
Iris recognition.

In 1992, before Daugman’s work, Johnson [2] analyzed 650 Iris images in two 
sessions with a gap of 15 years and observed no change in the pattern of Irises. 
Thus, Iris is one of the highly suitable biometric traits for both person authentica-
tion and person identification due to its high stability.

Based on Flom and Safir model, Daugman in 1993 and Wildes in 1997 had 
proposed two complementary approaches of Iris recognition system, and most of 
the research in this field is motivated and based on either Daugman’s approach or 
on Wildes’ approach. The outline of these two main approaches has been stated 
below.

2.1.1 � Daugman’s Approach

In 1993 [3], John Daugman proposed most relevant system, forming the basis for 
all operational systems. His patent [4], in 1994, described the first functional Iris 
recognition system. His publications [5–7] stated the use of near infrared (NIR) 
illumination for image acquisition. NIR illumination not only remains nonintrusive 
to humans but helps to reveal the detailed structure of heavily pigmented Irises also.

For Iris segmentation, he assumed inner and outer boundaries of an eye as cir-
cles [3] which are characterized by radius, r, and coordinates of circle, x0 and y0. 
He introduced the integro-differential operator for detecting both inner and outer 
boundaries which is given by Eq. (2.1).

where I(x,y) is the eye image and Gσ(r) is Gaussian filter for smoothening.
This method tries to find a circle in the image with maximum gray level dif-

ferences with its neighbors. Inner circle is determined first due to higher inten-
sity gradient at inner boundary. Then, outer boundary is detected using same 
operator by searching the new parameter space. Then, the segmented Iris image is 
converted to dimensionless polar coordinate system for size normalization to com-
pensate for the imaging inconsistencies.

Daugman used 2-D complex-valued Gabor filter to extract texture phase infor-
mation of Iris, and each complex phase coefficient is quantized and encoded to 
obtain 256 byte binary ‘Iris code’ [3]. The compact and convincing representation 
of Iris with the help of binary code of 2-bit quantized phase information is the dis-
tinctive feature of Daugman method. Similarity between a pair of Iris code is meas-
ured by their normalized Hamming distance based on exclusive-OR operation.
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2.1.2 � Wildes’ Approach

Wildes developed an Iris recognition system at Sarnoff Laboratory [8] with different 
approach as compared to Daugman’s approach. He used a low-light-level camera 
along with a diffused source and polarization, for image acquisition.

He proposed the most common method of Iris segmentation through a gradient-
based binary edge-map construction followed by circular Hough transform (CHT). 
Issues of eyelid noise and its removal also have been addressed in the method. 
This method is more stable to noise, but due to binary edge abstraction, it losses 
some data of Iris, which can be crucial in feature extraction.

Wildes used Laplacian of Gaussian filter at multiple scales to create a feature 
template. This template is a lesser compact representation of Iris because it incor-
porates finer distinctive data which is used to compute normalized special correla-
tion as a similarity measure at matching stage. Wildes tested his method on several 
hundred Iris images. Wildes et al. [9] also filed patents for normalized spatial cor-
relation for matching and user friendly image acquisition setup.

2.2 � Segmentation of the Iris Region

This is one of the very important stages of Iris recognition system, and many 
researchers proposed various approaches. This stage consists of detection of pupil-
lary (outer) and limbic (inner) boundaries, removal of pupil and sclera, detection, 
and removal of eyelids and eyelashes. As stated above, Daugman used integro-
differential operator, whereas Wildes et al. used edge detection and CHT for Iris 
segmentation.

Ma et al. [10–12] has carried out the detailed analysis of Iris texture informa-
tion and reported that Iris region closer to pupil provides the most useful texture 
information for recognition [10]. They approximated inner and outer boundary as 
circles and segmented the Iris using approach similar to Wildes’ approach in two 
steps. After normalization, an image enhancement by subtracting an average of Iris 
from normalized Iris has been proposed in their work. Moreover, eyelashes and 
eyelids rarely occlude this region.

Most of the work in segmentation is based on Wildes et al. approach to improve 
one or the other aspect. Huang et al. [13] proposed variant of Wildes’ method to 
reduce the computational complexity by finding the Iris boundaries in rescaled 
image in first step and then using that information to guide search on original 
image in next step. They also proposed the idea of making Iris rotation invariant 
for matching by making use of image of other eye as reference.

Similarly, use of Canny edge detector and Hough transform in a simplified 
manner is described by Liu et al. [14]. They proposed filtering of Iris normal 
region by using low-frequency filter. In addition to the detection of Iris boundaries, 
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collarette boundary detection is proposed by Sung et al. [15] to increase the 
recognition rate. For finding the collarette boundary, histogram equalization and a 
high-pass filter, after using a one-dimensional DFT, are applied to the image. The 
collarette boundary is found using statistical information from the image.

Iris segmentation algorithm based on texture segmentation is proposed by Cui 
et al. [16] by using low frequency of wavelet transform of the Iris image for pupil 
segmentation and localize the Iris with a differential integral operator. The lower 
eyelid is localized using parabolic curve fitting based on gray value segmentation.

Kong and Zhang [17] used edge detector and CHT on nonlinearly enhanced 
eye image for Iris segmentation in first step, and in next step, eyelashes and eyelid 
interference has been removed from an Iris image. Lili and Mei [18] adopted edge 
point detection and curve fitting for Iris segmentation, and Iris image quality test 
has been conducted to discard poor quality Irises.

Teo and Ewe [19] utilized black hole search method to detect pupil because 
pupil is the darkest region in the image. This method is not suitable for eye image 
with dark Iris. Similar approach is proposed by Grabowski et al. [20].

He and Shi [21] carried out the binarization of image to detect the pupil, and 
then, with the help of edge detection and Hough transform, outer boundary is 
detected. Feng et al. [22] used a ‘course-to-fine’ approach to find the inner and 
outer boundaries of Iris by approximating them as circles. One of the important 
findings of their research is that use of the lower contour of the pupil in obtaining 
the inner boundary because it is stable even in the seriously occluded image. Tian 
et al. [23] proposed the method of searching a pixel of low intensity to detect an 
approximate pupil center and then use edge detection and Hough transform for 
boundary detection and Iris segmentation.

Prior pupil segmentation approach was proposed by Du et al. [24]. Further, they 
used polar coordinates and Sobel operator to detect the outer boundary by assum-
ing concentric circles of Iris and pupil.

Camus and Wildes [25] proposed a method which was somewhat similar to 
Daugman’s approach. This method was based on N3 space search of three param-
eters: x, y, and r. The parameters were tuned to maximize the goodness-of-fit cri-
teria to obtain accurate Iris segmentation. Roche et al. [26] also utilized N3 space 
search for three circumference parameters (center (x, y) and radius r) where the 
difference between the average intensity of five successive circumferences is max-
imal. They made use of histogram stretching to maximize average intensity differ-
ences of the circumferences.

Most of the researchers used CASIA version 1 [27] image database for their 
research, but Phillips et al. [28] had reported that the pupil area in each image 
of this database had been replaced with the circular region of constant intensity 
(black) to mask out the specular reflections from the near infrared illumination 
source. This intestinally edited image database certainly reduces the challenges 
in Iris segmentation and calls into question any results obtained using it as it has 
made Iris segmentation artificially easy.

Therefore, Proenca et al. [29] evaluated clustering algorithms for preprocessing 
the images to enhance image contrast, and they tested not only their method on the 
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UBIRIS dataset [30] but also tested the methods of Daugman [3], Wildes [8], and other 
methods, which contains one session of high-quality images, and a second session of 
lower quality images. The comparative analysis found that the results of all methods 
other than Wildes method have underperformed compared to their original results.

Unlike many others, Bonney et al. [31] modeled inner and outer boundaries as 
ellipses instead of circles. They made use of least significant bit plane to detect 
pupil and then obtain the elliptical limbic boundary by computing the standard 
deviation in the horizontal and vertical directions.

Iris segmentation of off-angled images has been carried out by estimating the 
elliptical shape rather than circular shape by Li [32] and Abhyankar et al. [33]. 
Moreover, Abhyankar et al. [33] described that an elliptical shape boundaries of 
Iris can represent Iris more accurately than circular boundaries and in [34]; they 
used active shape models to detect the non-circular (elliptical) boundaries.

Detailed study of images of CASIA [27], UBIRIS [30], and UPOL [35] data-
bases shows that change in the intensity (intensity gradient) at outer and inner 
boundary of Iris is maximum in CASIA database, moderate in UBIRIS database, 
and minimum in UPOL database.

2.3 � Iris Analysis and Feature Extraction

As stated earlier, Daugman’s approach is based on Gabor filters to produce a 
binary representation of Iris called as Iris code and Wildes’ approach is based on 
Laplacian of Gaussian filters at multiple scales to represent Iris with a feature vec-
tor. These two main approaches in Iris recognition-motivated researchers to inves-
tigate various methods of feature extractions which are broadly categorized into 
three groups, namely filter-based methods, transform-based method, and texture-
based statistical methods.

Modified Log-Gabor filters are used by Yao et al. [36] instead of Gabor fil-
ters for feature extraction because LOG-Gabor filters are strictly band-pass filters 
compared to Gabor filter. They state that Gabor filters could not represent high-
frequency components in natural images properly. Hence, using the modified fil-
ters, EER is improved marginally. Zhang et al. [37] also used LOG-Gabor filter to 
find local and global texture feature because zero DC component can be obtained 
for any bandwidth by using a LOG-Gabor filter. They stated normal Iris code as 
local features and global features are considered to be invariant to Iris rotation and 
minor errors in Iris segmentation. They proposed a cascaded system, first based on 
global features and second on local features.

Sun et al. [38] proposed local ordinal encoding using of Gaussian filter with 
the gradient vector field of an Iris image. They also proposed a general framework 
of Iris recognition which is useful in Iris representation and is formulated in this 
paper. Sun et al. [39] also proposed a cascaded system of two stages, first stage 
is Daugman-like approach and second stage looks at global features,  i.e., ‘areas 
enclosed by zero-crossing boundaries.’

2.2  Segmentation of the Iris Region
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Park et al. [40] used directional filter bank for Iris decomposition and computed 
two feature vectors, one as binarized directional sub-band outputs and other as 
block-wise directional energy values. They use these feature vectors independently 
for recognition, and final result is declared after combination. Improvement has 
been reported due to combination.

Similar to Wildes approach, Chenhong et al. [41] used Laplacian of Gaussian 
filters to compute the discriminable textons from geometric and luminance attrib-
utes of texture elements. In this method, morphological operations with two 
threshold are also employed to segment Iris on the basis of local shape into small 
compact and thin elongated components. Chou et al. [42] used both derivative of 
Gaussian and Laplacian of Gaussian filters to find whether a pixel is on step edge 
or ridge edge. Major motivation for use these types of filters is that only three filter 
parameters are used for filter design, and hence, they can be easily determined.

Ma et al. [10] described the modification of elementary Gabor filter to circu-
larly symmetric Gabor filters which are suitable to capture local details of Iris, and 
they used it at two scales to obtain the prominent information in many directions 
and more prominently in x and y directions. They stated that, ‘the performance of 
their system reached very close to Daugman’s system and all other methods [8, 
43].’ They concluded that phase information characterized by Daugman method 
provides local shape features of an Iris, whereas their method provides statistical 
information of the frequency information of a local region.

Boles et al. [43] converted concentric bands of extracted Iris into 1-D signals 
and operated wavelet transform on it to generate the zero-crossing presentation. 
Energy of zero-crossing representation is used as one feature, and dimensions of 
rectangular pulses of zero-crossing representations are used as other feature.

Similar approach is also presented by Sanchez-Avila et al. [44] to compare 
the Gabor filter-based Daugman approach with dyadic wavelet transform-based 
zero-crossing approach and reported that Gabor filter approach achieves bet-
ter performance than wavelet transform-based approach but wavelet transform-
based approach showed better computational efficiency over Gabor filter-based 
approach. Krichen et al. [45] used wavelet packets for the feature extraction of 
images captured at visible light.

Thornton et al. [46] has considered seven different types of filters including 
Gabor wavelet for comparison and determined that Gabor wavelet gave the best 
recognition results among all. However, they brought out an interesting fact that 
the performance of Gabor wavelet is highly dependent upon parameters that define 
its form, and proper tuning of parameters is required for its optimum performance.

Kim et al. [47] used disk-shaped Iris image without normalization, and it is first con-
volved with a low-pass filter along the radial direction. Then, one-dimensional wave-
let transform is operated on the smoothened Iris image to obtain angular directions of 
decomposed images which is approximated by an optimal piecewise linear curve con-
necting a small set of node points. The set of node points is used as a feature vector.

Tisse et al. [48] represented an Iris with the help of instantaneous phase. The 
instantaneous phase is obtained by constructing the analytic signal, which is the 
combination of the original signal and its Hilbert Transform. Miyazawa et al. [49] 
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has computed discrete Fourier transform (DFT) of Iris image and used phase 
information to create the feature vector for correlation.

Hosseini et al. [50] proposed a shape analysis approach for Iris recognition 
using FFT-based Tikhonov filter with the identity matrix as the regularization 
operator to represent shape of pigmented fibro-vascular tissue known as stroma 
which is extracted by operating adaptive filter.

Recently, in 2009, Azizi and Pourreza [51] have proposed contourlet transform-
based method of feature extraction method for Iris recognition. Contourlet trans-
form captures the intrinsic geometrical structures of Iris image to decompose the 
Iris image into a set of directional sub-bands with texture details captured in multi-
ple orientations at multiple scales.

Statistical methods are also used for Iris analysis and feature extraction by lim-
ited researchers. As compared to Iris recognition, substantial research has been 
carried out in face recognition using PCA and ICA [52, 53]. Moreover, PCA and 
ICA have been found to be very successful methods of feature extraction for face 
recognition. Son et al. [54] used DWT, principal component analysis (PCA), linear 
discriminant analysis (LDA), and direct linear discriminant analysis (DLDA) for 
feature extraction, and experimented these features in combinations for Iris recog-
nition. They concluded that DWT is best for feature extraction and DLDA is better 
to reduce the dimensionality of feature vector. Marian Stewart Bartlett et al. [55] 
used ICA with NN and presented results on frontal faces. Ekenel and Sankur [56] 
proposed the methodology of selection of number of independent components for 
feature selection and extraction using ICA.

In 2002, Huang et al. [13] experimented independent component analysis 
to extract the independent components of normalized Iris image using global 
approach. Similar approach of global processing using ICA has been presented 
by Dorairaj et al. [57]. However, Bae et al. [58] used ICA using local processing 
approach to extract the features of sub-images of Iris.

In 2008, Bowyer et al. [59] presented a systematic and detailed survey paper 
on Iris recognition which has covered existing research of all essential elements 
of Iris recognition system. This paper has been instrumental systematic study 
and provided comparison of various research work in Iris recognition which has 
greatly simplified our work of literature survey to proposed new methods of Iris 
segmentation and Iris feature extraction.

Selesnick et al. [60], Selesnick [61], and Nick Kingsbury [62] proposed the 
practical implementation of complex wavelet transform (CWT) using dual tree 
discrete wavelet transform (DT-DWT), in which one tree of DWT acts as real tree 
and other acts as imaginary tree. The low-pass and high-pass filters of both the 
trees are designed in such a way that second tree forms an approximate Hilbert 
transform of first tree. Oriented non-separable 2-D complex wavelet transform is 
derived by combining the sub-bands of two separable 2-D DWTs [60–62]. This 
transform is capable of providing orientations in six directions, phase information, 
and it is shift invariant too.

Kim and Udpa [63] designed new 2-D non-separable and oriented rotated 
discrete wavelet filter (RDWF) by rotating 2-D DWT filters by 45° for clear 
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characterization of diagonally oriented texture. These filters clearly provide edges 
in the direction of 45° and −45° separately.

Kokare et al. [64] extended the work of Kim and Udpa [64] to derive the 2-D 
non-separable filters by rotating 2-D non-separable CWT filters, called as rotated 
complex wavelet filters (RCWF) to obtain the orientations in another six direc-
tions. They used these filters in combination with CWT for content-based image 
retrieval and reported the extremely good improvement in results as compared to 
DWT and CWT.

2.4 � Summary

An attempt has been made to highlight the important findings of different 
researchers in the area of Iris recognition over the last two decades with critical 
observations about merits and demerits of different techniques adopted. The out-
comes of this literature survey has been analyzed to define the research goals, and 
these outcomes have been explored to devise new techniques of Iris segmentation 
and feature extraction in chapter three and four, respectively.
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