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ABSTRACT

The security is an important aspect in our daily life whichever the system is
considered, security plays vital role. The biometric person identification technique
based on the pattern of human iris is suitable to be applied to access control and
provides strong e-security. Iris recognition is one of important biometric recognition
approaches in human identification is very active topic in research and practical
application. Iris Recognition System consists of Acquisition, Localization, Feature
Extraction and Feature Matching phases. Localization stage includes Normalization
and Segmentation phase. Circular Hough Transform is one the best suitable
algorithm in segmentation phase, but as a result of having two for-loops in its
structure; CHT algorithm consumes high time processing and uses high storage
capacity. These drawbacks make it hardly appropriate for real time applications of
iris recognition system. To improve time and storage complexity, firstly, a pre-
processing of CUHK iris image dataset is done to eliminate unnecessarily regions
and secondly, a radius-table is created based on pupil size variation of CUHK iris
image dataset. The results show at least 40% efficiency in time complexity and

minimum 20% efficiency in storage complexity.
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ABSTRAK

Aspek keselamatan merupakan salah satu aspek penting yang perlu dititik
beratkan di dalam kehidupan seharian, termasuklah di dalam mengaplikasikan aspek
keselamatan di dalam penggunaan sistem. Teknik pengesanan biometrik berdasarkan
corak iris mata manusia merupakan salah satu teknik yang boleh digunakan sebagai
untuk mengakses kawalan keselamatan sesuatu sistem, Dewasa ini, teknik
pengesanan biometrik berdasarkan corak iris mata manusia merupakan salah satu
topik yang hangat di dalam bidang penyelidikan. Selain itu, teknik ini juga giat
diperluaskan penggunaannya sebagai untuk mengakses kawalan keselamatan di
dalam sistem. Sistem Pengesanan Iris terdiri daripada empat fasa, iaitu Perolehan,
Penyetempatan, Pengekstrakan Ciri, Penyepadanan Ciri, manakala di dalam fasa
Penyetempatan terbahagi kepada dua fasa iaitu Normalisasi dan juga Segmentasi.
Circular Hough Transform (CHT) merupakan algoritma yang digunakan di dalam
fasa Segmentasi. Tetapi penggunaan algoritma CHT ini akan menyebabkan masa
pemprosesan yang di ambil adalah terlalu lama dan juga menggunakan kapasiti
simpanan yang tinggi. Dua kelemahan ini menyebabkan algoritma ini tidak sesuai
untuk diaplikasikan kepada sistem yang menggunakan real time application seperti
Sistem Pengesanan Iris ini. Beberapa langkah telah diambil untuk menangani
masalah ini. Pertama,, pra-pemprosesan dataset untuk imej iris CUHK telah
dilakukan untuk membuang mana mana kawasan yang tidak diperlukan. Kedua,
radius-table telah dibuat berdasarkan variasi saiz anak mata dari dataset untuk ime;j
iris CUHK. Berdasarkan keputusan wujikaji, ianya menunjukkan peningkatan
sebanyak 40% lebih efisien dari segi kecekapan masa dan 20% lebih efisien untuk

ruang penyimpanan untuk data.
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CHAPTER 1

INTRODUCTION

1.1. Overview

Biometric technology deals with recognizing the identity of individuals based
on their unique physical or behavioral characteristics (Wildes, 1997) Physical
characteristics such as fingerprint, palm print, hand geometry and iris patterns or
behavioral characteristics such as typing pattern and hand-written signature present

unique information about a person and can be used in authentication applications.

The developments in science and technology have made it possible to use
biometrics in applications where it is required to establish or confirm the identity of
individuals. Applications such as passenger control in airports, access control in
restricted areas, border control, database access and financial services are some of
the examples where the biometric technology has been applied for more reliable

identification and verification.

Iris patterns are formed by combined layers of pigmented epithelial cells,
muscles for controlling the pupil, stromal layer consisting of connective tissue, blood
vessels and an anterior border layer (Adler, 1965). The physiological complexity of
the organ results in the random patterns in iris, which are statistically unique and
suitable for biometric measurements (Daugman, 1993). In addition, iris patterns are

stable over time and only minor changes happen to them throughout an individual’s



life (Flom and Safir, 1987). It is also an internal organ, located behind the cornea and
aqueous humor, and well protected from the external environment. The
characteristics such as being protected from the environment and having more
reliable stability over time, compared to other popular biometrics, have well justified
the ongoing research and investments on iris recognition by various researchers and
industries around the world. For instance, the developed algorithm by Daugman
(1993), which is known as the state-of-the-art in the field of iris recognition, has
initiated huge investments on the technology for more than a decade. IriScan Inc.
patents the core technology of the Daugman’s system and several companies such as
IBM, Iridian Technologies, IrisGuard Inc., Securimetrics Inc. and Panasonic are

active in providing iris recognition products and services.

The information extracted from an iris is in binary format and it is stored in
only 256 bytes to allow creation of nationwide IrisCode databases. The search engine
is based on Boolean exclusive-OR operator (XOR) to allow extremely fast
comparisons in the matching process. Moreover, the degrees-of-freedom of an
IrisCode template, which indicates the statistical complexity of an iris based on the
entropy theory of Shannon (2001), is about 249. The number of degrees-of-freedom
of the iris templates shows that the complexity of iris patterns is relatively high
compared to other biometric measures. The overall characteristics of the proposed
algorithm offers real-time and high confidence identification in applications such as
passenger control in airports, border control and access control in high-security

areas.

The future of biometric technology is believed to be open for more
investments based on the new services it has to offer to the society and the new
technologies based on face recognition, hand geometry and iris recognition are

expected to relatively expand this revenue in near future.



1.2.  Problem Background

Iris recognition systems are the most reliable biometric system since iris
patterns are unique to each individual and do not change with time. A variety of
methods were developed to handle eye data in biometric systems after J. Daugman
developed the first commercial system. Eye images used in iris recognition systems
require images to be taken under rigid constraints. To obtain a good quality image,
subjects cooperation is required like the subject must look straight into camera, still

and there should be proper illumination.

These causes inconvenience to the user and are also time consuming.
Moreover in cases like criminal investigations images can be taken at any moment of
time and thus require unconstrained conditions. In some other cases it is possible that
pictures are shot without the knowledge of subject. So images taken under such
situations are often “non cooperative” in nature. Conventional techniques require
subjects’ cooperation for the accuracy of results. Any unwanted data present in iris
images may give false results leading to the rejection of images. Serious noise effects

are present in iris images taken under unconstrained condition.

A very well known existing technique, the Circular Hough Transform (CHT)
has been implemented for detection of iris and pupil boundaries (Gonzalez and
Woods, 2007). Traditional segmentation techniques do not give accurate results with
images containing noise. But, the fundamental structure of CHT algorithm is the
reason of consuming high processing time and also utilizing high capacity of storage.
These drawbacks of CHT algorithm make it hard to employing CHT algorithm for a

practical usage that Iris Recognition System needs to apply for millions of users.

Table 1.1 depicts some latest researches of CHT algorithm. Despite of many
enhancements that have been offered to enhance Circular Hough Transform, high
time and storage complexity still are the main reason of not using the algorithm in

vast area.



Table 1.1: Example of latest CHT proposed techniques in different aspects.

Author Measurment Solution

Bendel et al. (2012) Time complexity Use gradiant information

Iris detection

Alioua et al. (2011) Use eye’s morphology
accuracy
Iris detection )
Koh et al. (2010) Use active contour model
accuracy

] ) Use geometrical feature
Wang et al. (2010) Time complexity
and grayfeatuer of iris

1.3. Problem Statement

Among the four stages in Iris recognition system that are: Acquisition,
Segmentation, Feature extraction and Feature comparison, Iris segmentation is one of
the most significant steps in iris recognition system. Most of the existing iris
segmentation algorithms rely on parametric models of the circle and ellipse to
localize the iris. However, when the iris is severely occluded due to the eyelids and

the eyelashes, the boundary of the iris may not conform to the circular or elliptical
shape. Additionally, iris segmentation is the most contested issue in the iris

recognition system, since poor results of this stage will mar or break the iris
recognition system effectiveness. Therefore, very careful attention has to be paid in
the segmentation process if only an accurate result is expected; this depends on the

accuracy of the detected pupil center.

Hough Transform algorithm can be used for detection of any parametric
shape (lines, circles, planes, etc.) and have found applications in many areas such as
human iris recognition or fingerprint matching. Hough Transform is one the best

method in segmentation state to find valid regions, unfortunately, the existing



structure consists of two for-loops that make CHT algorithm not suitable for using in

real time applications of Iris Recognition System.

Improving Hough Transform algorithm in term of time complexity and
storage complexity makes it much more practical in respect of using in segmentation
phase of iris recognition system and as a result the enhancement helps to have more

productive iris biometric applications in real world.

1.4. Aim of the Project

To improve performance of Hough Transform algorithm in terms of time

complexity and storage utilization.

1.5. Project Objective

In order to achieve the aim of the project, the following objectives must be

followed:
1. To study techniques and structures of iris recognition system;
i1. Pre-processing iris image dataset to improve quality of the input iris
image.
1il. Develop an improved CHT algorithm by reducing iteration in its for-

loops structure in Matlab.



1.6.  Project Scope

The research scope is geared towards the limits of the research such as:

i1

1il.

1v.

V1.

Circular Hough Transform (CHT) as an algorithm that has been used
in segmentation phase of iris recognition system is studied in detail;
Matlab programming is used to get analysis and do comparison;
MacBook pro OSX 10.8 with 2.4 GHz 15 processor and 4 GB DDR3
memory is used for doing the analysis;

The evaluation is measured based on time complexity and storage
utilization of Hough Transform algorithm;

CUHK iris image dataset is used for experiment. The findings and
conclusion made in this study is based on experiments done on this
dataset.

A prototype of the proposed CHT has been developed in Matlab.

1.7.  Significant of the Project

Considering the algorithm of Circular Hough Transform, the execution speed

of this algorithm is highly dependent on the number of edge pixels in the input

image. Moreover, decrease in the number of edge pixels generally can effect on

reducing storage utilization by the algorithm. The gain in efficiency does not affect

the robustness of the technique. Efficiency in terms of time and storage complexity

in Circular Hough Transform algorithm can make it a powerful and proper scheme at

using in segmentation phase of iris recognition system.



1.8.  Project Organization

This research covers six chapters, which are introduction, literature review,
methodology, implementation, analysis and discussion and conclusion and

recommendation.

Chapter 1 of this report consists of overview of the study, problem

background, problem statement, objectives, scopes and significance of this study.

Chapter 2 of this report presents a review of the literature related to study.
These literature covers biometric context, iris dataset, Biometric System Error, iris

recognition algorithms, iris recognition system and Hough Transform technique.

Chapter 3 consists of wide description on research methodology, which
provides a rich discussion about the flow of this research. This includes how the

operational and experimental work has been carried out for the study.

Chapter 4 modifications and enhancements of the Circular Hough Transform
are explained in this chapter. And the steps to implement an application for getting

adequate results are elaborated.

Chapter 5 the overall result of the analysis is displayed and the evaluation of
standard Circular Hough Transform algorithm with the proposed techniques are

discussed and expanded.

And in chapter 6 the objectives of the project are elaborated and the

recommendation of the study are proposed.
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