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ABSTRACT

As an important part of scientific community, olijeecognition has become admirably
suitable facet of digital image processing. Circuhjects are recurrently seen in many
images. A large number of methods for circle deechave been studied for various
industrial applications. The application provincensidered in this chapter is ‘Iris
recognition’. On the basis of earlier research aesults, time comparison and the
efficiency of various methods to detect iris in ithy images are compared. Iris
recognition is one such area which is loaded endoghsearch into and desires attention
and upgrading. It is used in user verification sggsystems as well as in medical fields.

Iris recognition is based on the fact that the ificgant information for recognition is
found within iris outline which is modeled as cecRest of the data from the eye region
is redundant. Hough transform (HT) is an effectimethod for confirming the co-
ordinates of the center of the circle and its radiGircle Hough transform (CHT)
provides a robust technique for iris detection, thé large amount of storage and
computing complexity are the major drawbacks oMiany modified versions havseen
applied by researchers in order to reduce compuiati complexity and memory
requirements. Present work proposes a modified @HIiEh considerably improves the
speed of the process without compromising the acguof the technique. An exhaustive

analysis is conducted for a large number of iriages.

In order to achieve the objective, present wonrggosing variations in CHT. The work
is concerned with the time, computation and memeguirements of CHT. In a more
extended version of chapter, information of valiegion is exploited to develop
appropriate method for speedy and correct extnaatiocircle. To reduce computation
time, HT space is divided into equal sized fourdraats which lie in most probable area
of the image to find circle center and radius. Ehgaadrants contribute in finding the
significant region of the image which needed topbecessed. Hence, determining the
valid region is the important step towards fased&bn. This also permits limiting the
memory needs of the algorithm. After that CHT iplaggl on all four extracted valid
regions which give us fast recognition of the iris.
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CHAPTER 1-INTRODUCTION

1.1 Overview

The first chapter briefly introduces the basicsnoiges and edge detection. The second
chapter provides an overview of various operatbdetection of edges. This chapter also
explains basics of HT based CHT method to detectes. This chapter also introduces
the anatomy of eye and application of eye (irisfedion in various fields. Chapter 3
describes the working of both CHT and modified Ci€hapter 4 presents the output of
the work done. Finally, concluding thesis in Chafevith conclusion of the work done
and evaluated results.

1.2 Basics of images

A digital image is a two-dimensional array of snsajuare regions known as pixels [30].
In the case of a monochrome or gray-scale image, ikensity of each pixel is

represented by a numeric value. It is also a reptation of a two-dimensional image as
a finite set of digital values, called picture etarts or pixels. Digital images can be

created by a variety of input devices and techrigque
* Digital cameras
» Scanners
» Coordinate measuring machines.
There are various types of digital images.
* Binary
» Grayscale

+ Color

A binary image is a digital image that has only tpassible values, 0 and 1, for each
pixel. Binary images are also called bi-level ootl@vel. it is usually stored in memory



as a bitmap, a packed array of bits. Binary imagft=sn arise in digital image processing

as masks or as the result of certain operations asisegmentation and thresholding.

Figure 1: A binary image.
Gray-scale images typically contain values in tlege from 0 to 255, with O

representing black, 255 representing white andesin between representing shades of

gray.

Figure 2: A gray scale image.

A color image can be represented by a two-dimeasiarray of Red, Green and Blue
triples. Typically, each number in the triple atemges from 0 to 255, where 0O indicates
that none of that primary color is present in thedel and 255 indicates a maximum

amount of that primary color.

Figure 3 A colored image.



1.2.1 Type of image formats
There are two image main image file format defoms used in a typical graphic design

project, Raster (or bitmap) images and vector imadeaster images are generally
photographs or images made up of pixels. These emayge resolution-dependent,
meaning that their physical size is directly asstsd with their resolution (the number of
Dots (pixels) per Square Inch or DPI that they aontThe most common image file
formats are JPG, TIF, PNG, and GIF.

Digital cameras and web pages normally use JP6& lidgzause JPG compresses the data
to be very much smaller in the file at the cosinafige quality. However JPG uses lossy
compression to accomplish this, which is a downsides degree is selectable, to be
lower quality smaller files, or to be higher qualiarger files. In general today, JPG is
rather unique in this regard, using lossy compogssilowing very small files of lower
quality, whereas almost any other file type is lless (and larger). JPG is used when
small file size is more important than maximum imagiality (web pages, email, camera
memory cards, etc). But JPG is good enough in neases, if we don't overdo the
compression. Perhaps good enough for some usesifewendo overdo it (web pages,
etc). But if you are concerned with maximum quality archiving your important
images, then you do need to know two things: 1) 3RGuld always choose higher
Quality and a larger file, and 2) do not keep editand saving your JPG images

repeatedly, because more quality is lost every timesave it as JPG

TIF is lossless (including LZW compression), whishconsidered the highest quality
format for commercial work. The TIF format is naaessarily any “higher quality” (the
image pixels are what they are), but there simpéyreo additional losses or artifacts to
degrade and detract. And TIF is the most versaieept that web pages don't show TIF
files, because some browsers do not show TIF imd&gesother purposes however, TIF
does most of anything you might want, from 1-bi#&bit color, RGB, CMYK, LAB, or

Indexed color.

GIF was designed by CompuServe in the early dagewiputer 8-bit video, before JPG,
for video display at dial up modem speeds. GlFossless, but it is always an indexed

color file (8-bits, 256 colors maximum), and is pdor 24-bit color photos. Don't use
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GIF for color photos today, the color is too lindteBut GIF is still very good for web
graphics (i.e., with a limited number of colorsprRraphics of only a few colors, GIF

can be much smaller than JPG, with more clear polggs than JPG).

PNG can replace GIF today, and PNG also offers nogutipns of TIF too (indexed or
RGB, 1 to 48-bits, etc). One additional featureP®G is transparency for 24 bit RGB
images. Normally PNG files are a little smaller nth&lF LZW (both use lossless
compression, of different types), but PNG is peshsightly slower to read or write.

1.2.2 Comparison between various formats
Table 1 demonstrates the comparison between vaiooust types of images.

Table 1: Comparison between formats of an image.

Color data mode -bits per pixel

JPG | RGB - 24-bits (8-bit color),
Grayscale - 8-bits

(only these)

TIF | Versatile, many formats supported.

Mode: RGB or CMYK or LAB, and others, almost anyidpi

8 or 16-bits per color channel, called 8 or 16*bilor” (24 or 48-bit RGB files).
Grayscale - 8 or 16-bits,

Indexed color - 1 to 8-bits,

Line Art (bi-level) - 1-bit.

PNG | RGB - 24 or 48-bits (called 8-bit or 16-bit “coldy”
Grayscale - 8 or 16-bits,

Indexed color - 1 to 8-bits,

GIF | Indexed color - 1 to 8-bits (8-bit indexes, ilimg to only 256 colors maximum.) Color

is 24-bit color, but only 256 colors.

Present code works for tiff format. TIFF - Tag Inedgle Format (.TIF file extension) is

the format of choice for archiving important imagé@sF is THE leading commercial



and professional image standard. TIFF is the mostessal and most widely supported

format across all platforms, Mac, Windows, Unix.t®ap to 48 bits is supported.

TIFF supports most color spaces. TIFF is a flexfblenat with many options. The data
contains tags to declare what type of data folldMesw types are easy to invent, and this
versatility can cause incompatibly, but about amggpam anywhere will handle the
standard TIFF types that we might encounter. Th@oe improves efficiency (speed),
but all major programs today can read TIFF eithayvand TIFF files can be exchanged
without problem.

TIFF supports most color spaces. TIFF is a flexfblenat with many options. The data
contains tags to declare what type of data folldMew types are easy to invent, and this
versatility can cause incompatibly, but about amggpam anywhere will handle the
standard TIFF types that we might encounter. Thimae improves efficiency (speed),
but all major programs today can read TIFF eithayvand TIFF files can be exchanged

without problem.

TIFF supports most color spaces. TIFF is a flexfblenat with many options. The data
contains tags to declare what type of data folldMesw types are easy to invent, and this
versatility can cause incompatibly, but about amggpam anywhere will handle the
standard TIFF types that we might encounter. Thmoe improves efficiency (speed),
but all major programs today can read TIFF eithayvand TIFF files can be exchanged
without problem.

For photographic images, TIFF image files can u8#é/Llossless compression. Lossless
means there is no quality loss due to compresdiossless guarantees that you can
always read back exactly what you thought you saldor-bit identical, without data
corruption. This is a critical factor for archivimgaster copies of important images. Most
image compression formats are lossless, with JRIKadak PhotoCD PCD files being

the main exceptions.

LZW is most effective when compressing solid indexmlors (graphics), and is less
effective for 24 bit continuous photo images. Fezlass areas compress better than

detailed areas. LZW is more effective for graysdatl@ges than color. LZW is often



counter-productive for 48 bit images; the 16 biE Tile using LZW will probably be

considerably larger than one with no compression.

Tiff is the standard universal format for high gtialmages; it simply does the best job
the best way. Give TIF very major considerationthbéor photos and documents,

especially for archiving anything where qualityrigoortant.

But TIF files for photo images are generally prdttgge. Uncompressed TIFF files are
about the same size in bytes as the image sizemary. Regardless of the novice view,
this size is a plus, not a disadvantage. Large mkds of detail, and it's a good thing. 24
bit RGB image data is 3 bytes per pixel. That is@y how large the image data is, and

TIF LZW stores it with recoverable full quality anlossless format.

1.3 Edge detection

Present work is concerned with the detection ofleifeatures. The detection result
should be robust and accurate in real time. To eaehithese, the edge detection

algorithms are used to satisfy some criteria:

(1) Proper detection

(2) Unique edge response

(3) Low computational complexity
(4) Robustness.

The first two criteria ensure that an edge is uejqwhich helps to reduce the

computation and maintain a good accuracy.

Many edge detection methods have been developeth @81 Sobel, Canny etc they

usually produce multi responses or time wasting.

Edge detection refers to the process of identif@ngd locating sharp discontinuities in an
image. The discontinuities are the abrupt changgsixel intensity which characterize
boundaries of objects in a scene. Classical metbhbddge detection involve convolving

the image with a two dimensional (2-D) operatorjolhis constructed to be sensitive to
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large gradients in the image while returning valokgero in uniform regions. There are
large numbers of edge detection operators avajlaaeh designed to be sensitive to
certain types of edges. Variables involved in telection of an edge detection operator

include:

 Edge orientation: The geometry of the operator rdatees a characteristic
direction in which it is most sensitive to edgege@tors can be optimized to

look for horizontal, vertical, or diagonal edges.

* Noise environment: Edge detection is difficult inisy images, since both the
noise and the edges contain high-frequency contgtempts to reduce the noise
result in blurred and distorted edges. Operatoesl @% noisy images are typically
larger in scope, so they can average enough dathistount localized noisy

pixels. This results in less accurate localizabbthe detected edges.

» Edge structure: Not all edges involve a step changetensity. Effects such as
refraction or poor focus can result in objects viittundaries defined by a gradual
change in intensity. The operator needs to be chusde responsive to such a
gradual change in those cases. Newer wavelet-baselniques actually
characterize the nature of the transition for eaate in order to distinguish, for

example, edges associated with hair from edge<iassd with a face.

There are many ways to perform edge detection. Mewyehe majority of different

methods may be grouped into two categories:

* Gradient: The gradient method detects the edgeediyng for the maximum

and minimum in the first derivative of the image.

« Convolution: The convolution is performed by sliglithe kernel over the image,
generally starting at the top left corner, so amtwve the kernel through all the

positions.



1.4 Literature survey

Edge detection is a potential move in pattern reitimm of digital images. The goal of
the edge detection process in a digital image isdeétermine the frontiers of all
represented objects. Several algorithms have beepoged to accomplish this task.
Traditional algorithms use high spatial frequenitering followed by thresholding of
the resulting strength map, differential, or tenbglaatching operators such as Sobel,
Prewitt, Krisch, Robinson, and Roberts etc. Somgeedetectors attempt to enhance
edges by filtering or involve fitting a model orfnction to image surface while others
use morphological properties of images to deteajesd First-order linear filters
constitute the algorithms most widely applied tgedetection in digital images. In the
literature studied so far, it has been concluded the major problem with traditional
gradient based or filtering based algorithm is thase in the process of removing noise
most of the time smoothen out the edges and boiesdiar the image making it difficult

to extract that important information later on.

Hough transform [1] has long been recognized achnique of almost unique promise
for shape and motion analysis in images containimigy, missing, and extraneous data
but its implementation has been deliberate due t$o computational and storage
complexity and the lack of a detailed understandifgts properties. The detection of
circular and elliptic shapes is a common task of. Hifie Hough transform is a well
known technique for detecting parametric curvesmages. This algorithm has many
applications in the real world which makes it agmbial area for research. Shearer &
kitchen [3] presented an efficient algorithm fdtifiig gaps in the voting procedure for a
Hough transform caused by quantization effects.s&@hgaps adversely affect peak
detection. This also described improvement of sema@y number of dimensions. Walsh
& Raftery [4] proposed an algorithm in which Simuleistering methods provide good
identification of curve parameters with the remowdl noise parameters which is
achieved via a simple thresholding of the importaneights. Fernandes & Olivera [8]
successfully introduced an improved voting scheorettie HT that allows a software

implementation to achieve real-time performancenefeg relatively large images. The
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approach clustered approximately collinear edgelpiand, for each cluster, casts votes
for a reduced set of lines in the parameter spga&sed on the quality of the fitting of a
straight line to the pixels of the cluster. Thispmovement not only significantly
improved the performance of the voting schemealsd produced a much cleaner voting
map and made the transform more robust to the titeteaf spurious lines. Cha et al. [5]
developed a new extension to the HT by intensifyihg Hough space by a third
parameter, the horizontal or vertical coordinate tbé image space, to provide
incremental information as to the length of theeéin feature being sought. Therefore,
short lines can now be more easily detected. Tlaeg lalso used a Bayesian probabilistic
approach that additionally enlarged the precisibextended Hough transform. Zhao et
al. [9] proposed a new algorithm in which the HDy employed in column-pair spaces
of large-scale microarray data, to reduce the caatjpmal complexity. Lu & Tan [10]
developed an iterative randomized Hough transfodRHT) for recognition of
incomplete ellipses in images with strong noisee &tlvantage of using IRHT is iterative

parameter adjustments and the reciprocal use oifrtage and parameter spaces.

Shekhar et al. [6] described a novel method toraatwally localize the optic disk using
HT. A circular region of interest was found by fiisolating the brightest area in the
image by means of morphological processing, and the Hough transform was used to
detect the circular feature of the optical diskndesreducing the time of computation.
Cheng et al. [18] presented a method in which emihting particle swarm optimization
(EPSO) algorithm was employed to reduce the timmswemption of HT. The parameters
of the solution after Hough transformation were sidared as the particle positions, and
the EPSO algorithm searched the optimum solutioelioginating the weakest particles
which speed up the computation. Smereka & Dulebifitroduced an effective method
for circular object recognition like nuclei of cgll which showed robustness for
irregularities and for disturbances like noiseatidition to it, Singh et al. [12] conducted
an analysis of time complexity on various stagesskéw detection process by a
preprocessing stage using a simplified form of bladjacency graph (BAG),followed by
voting process using the Hough transform and treskeéwing the image using rotation.

Gall & Lempitsky [16] introduced the Hough forestpproach for object detection by

9



building discriminative class-specific part appe@e codebooks based on random
forests that cast probabilistic votes within theubllo transform framework. Apart from
the accuracy, the use of random forests potentiallpws a very time efficient
implementation. Du & Yang [13] demonstrated a rdlkargd highly accurate method for
detecting the radiation center of a single circaarectangular field. Method employed
the sub pixel accuracy of the HT method which déepemm prior knowledge of the field
shapes and reduced statistical variance due tagnerinformation from multiple pixels.
Guo et al. [17] presented an idea to suppressripact of noise edges on accumulation
of votes in Hough space produced by complex backgtar texture regions in images.
Surround suppression is employed to allocate @iffeweights to votes of different edges
according to the region in which they are locateeaks formed by noise edges are thus
lowered compared with those formed by clear edgésch often give the boundaries
between different objects of interest. Maji & Malik4] introduced the Hough
transforming discriminative framework which leads improved accurateness by
allowing the local parts to vote for possible tfansations of the object hence allowing
use of the peaks of the voting space for importasam@pling of windows for further
evaluation. Lehmann et al. [27] added a researcHiténature by producing better
detection by using Principled Implicit Shape ModeRISM) which interprets Hough
voting as a dual implementation of linear slidingpeow detection. It also explained how
to avoid soft-matching and spatial pyramid desorgptduring detection without losing
their positive effect, hence making algorithms denpand faster. Knopp et al. [22]
proposed 3D use of Hough transform. Authors intoedu 3D SURF features in
combination with the probabilistic Hough votingrrawork for the purpose of 3D shape
class recognition. Bhatia & Chhabra [23] describatethod for enhancing the speed of
extracting circle i.e. iris from the image by exting a valid region from the image,
using circle Hough transform. This not only redutieel image storage and the quantity
of operations, it also improved the speed of thecgss, without compromising the
accuracy of the technique. A modified version oéddrchical Hough transform was also
proposed which further reduced the time taken tteddeiris. Borrmann et al. [20]
proposed a novel accumulator design, whose cells afeequal size. This property leads

to an easier detection of planes when using theghotransform. The proposed
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accumulator is compared to previously known desagsvell. Tu et al. [25] discovered
the self-similarity in HT butteries. Based on thi®perty a simple method was proposed
to obtain a very high resolution HT without the ikations associated with peak splitting
and vote spreading. Hough transform has been acaeth with many techniques in

order to improve the results to be followed frora thtended application.

Reina et al. [7] proposed an algorithm that usedbaist Hough transform enhanced by
fuzzy reasoning to estimate the angle of inclimabé the wheel trace with respect to the
vehicle reference frame. In addition to it, Izadirat al. [19] proposed a new method,
namely Fuzzy Generalized Hough Transform (FGHT)vimich a set of fuzzy rules were
referred by the gradient direction of edge pixeld aote for the probable position of the
center. Additionally, the proposed method couldctdg the boundary of the rotated and
scaled object via a new voting strategy with leasbr under various conditions.
Mokhayeri & Akrbarzadeh [26] proposed a system imoh the eye region is detected
using the genetic algorithm (GA), and a fuzzy fiiedesigned for noise reduction. Edge
detection was performed based on fuzzy reasonidglinking was done using Hough
transform. Then relevant features extracted ofyanusing signal processing technique,
were imported into the learning system to clastiky active states between stress and
relaxed condition of eye. Fuzzy systems are ndemed with HT when the application

province is time consuming.
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CHAPTER 2-CLASSICAL HOUGH TRANSFORM

2.1 Edge detection techniques
2.1.1 Sobel’'s operator
The Gradient of an ImagKx, y) at location(x, y) is the vector

G=G,i+G,] 2.1.1)

WhereG, and G, are partial derivative of(x, y) in x and y direction respectively.

This operator consists of a pair of 3x3 convoluti@mnels as shown in Figure 4. One

kernel is simply the other rotated by 90°.

410 |+ #1402 | +1
2|0 |+2 0|00

-1 -2 | -1

1
[ -
+
u—

Gx Gy

Figure 4: Sobel’s operator

These kernels are designed to respond maximallgdges running vertically and

horizontally relative to the pixel grid, one kernielr each of the two perpendicular

orientations. The kernels can be applied separatelyhe input image, to produce

separate measurements of the gradient componeaichn orientation. These can then be
combined together to find the absolute magnitudéhefgradient at each point and the
orientation of that gradient. The gradient magretigigiven by:

G=((G)*+(G)")™ 2.1.2)
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Typically, an approximate magnitude is computedg:si

|G|:|Gx|+‘Gy‘ (2.1.3)

which is much faster to compute.

The angle of orientation of the edge (relativehe pixel grid) giving rise to the spatial

gradient is given by:

_ —1
g=tan" G, /G,) (2.1.4)

Original image Sobel Edge Detector

() (b)

Figure 5: a) Original image, b) Sobel operator on gginal image.

2.1.2 Robert’s cross operator:
The Roberts Cross operator performs a simple, quwotompute, 2-D spatial gradient

measurement on an image. Pixel values at each ipdim¢ output represent the estimated

absolute magnitude of the spatial gradient of tipeii image at that point.

The operator consists of a pair of 2x2 convolutk@nnels as shown in Figure 6. One

kernel is simply the other rotated by 90°. Thigasy similar to the Sobel operator.

13
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Figure 6: Robert’s cross operator .

These kernels are designed to respond maximalgdges running at 45° to the pixel
grid, one kernel for each of the two perpendicwdaentations. The kernels can be
applied separately to the input image, to prod@epasate measurements of the gradient

component in each orientation (call theSg andG, ). These can then be combined

together to find the absolute magnitude of the igretcat each point and the orientation of

that gradient. The gradient magnitude is given by:
G|=G. +G,? (2.1.5)
Although typically, an approximate magnitude is guted using:
G =|G,|+|G,| (2.1.6)

which is much faster to compute.

The angle of orientation of the edge giving risetlie spatial gradient (relative to the

pixel grid orientation) is given by:

6 =arctanG, /G, )—37T4 (2.1.7)
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Original image Robert Edge Detector

(@ (b)
Figure 7: a) Original image; b) Robert operator onoriginal image.
2.1.3 Prewitt’s operator:
Prewitt operator is similar to the Sobel operatod & used for detecting vertical and

horizontal edges in images.

1 1 1 -1 0 1
h={0 0 0|h=l-10 1
-1 -1 -1 -1 0 1

Figure 8: Prewitt's operator

Original image

Prewitt Edge Detector

(a) (b)
Figure 9: a) Original image; b) Prewitt operator onoriginal image.
2.1.4 Canny’s operator
The Canny edge detection algorithm is known to masmyhe optimal edge detector. In

this operator, a list of criteria is used to impraurrent methods of edge detection. The

15



first and most obvious is low error rate. It is ionfant that edges occurring in images
should not be missed and false edges must notvea gis output. The second criterion is
that the edge points be well localized. A thirdesion is to have only one response to a

single edge.

Based on these criteria, the canny edge detecsbisinoothes the image to eliminate and
noise. It then finds the image gradient to highligdgions with high spatial derivatives.

The algorithm then tracks along these regions appresses any pixel that is not at the
maximum (non maximum suppression). The gradierdyais now further reduced by

hysteresis. Hysteresis is used to track along émeaming pixels that have not been
suppressed. Hysteresis uses two thresholds ankeifntagnitude is below the first

threshold say T1, it is set to zero (made a norekdfithe magnitude is above the high
threshold say T2, it is made an edge. And if thgmtade is between the 2 thresholds,
then it is set to zero unless there is a path ftumpixel to a pixel with a gradient above
T2.

Original image Canny Edge Detector

(a) (b)
Figure 10: a) Original; b) Canny operator on original image.
2.1.5 Performance of edge detection algorithms
* Gradient-based algorithms such as the Prewittr fii®ve a major drawback of
being very sensitive to noise. The size of the ékefiter and coefficients are
fixed and cannot be adapted to a given image. Aaptace edge-detection
algorithm is necessary to provide a robust solutiia is adaptable to the varying
noise levels of these images to help distinguidid venage contents from visual

artifacts introduced by noise.
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» Canny edge detection algorithm is computationalbrenexpensive compared to
Sobel, Prewitt and Robert's operator. However, @enny’'s edge detection

algorithm performs better than all these operatoder almost all scenarios.

2.2 Classical Hough Transform

The HT is a method which can be used to separagsfaf a particular shape within an
image. CHT is most commonly used for the detectbmegular curves such as lines,
circles, ellipses, etcA generalized Hough transform can be employed in applications
where a simple analytic description of a featuregsjot possible. The generalized Hough

transform is computationally complex relative t@€3dical Hough Transform.

Despite its domain restrictions, the Classical Holigansform retains many applications,
as most manufactured parts and many anatomica passtigated in medical imagery,
contain feature boundaries which can be describgdrdgular curves. The main
advantage of the Hough transform technique is tha tolerant of gaps in feature
boundary descriptions and is relatively unaffedigdmage noise.

The Hough transform can be used to classify tharpater(s) of a curve which best fits a
set of given edge points. This edge descriptiosoisimonly obtained from a feature

detecting operator such dstp://homepages.inf.ed.ac.uk/rbf/HIPR2/robertsRaierts

Sobel or Canny edge detector and may be naisy,t may contain multiple edge
fragments corresponding to a single whole feativethermore, as the output of an edge
detector defines only where features are in an @ndgg work of the Hough transform is
to determine both whahe features are (i.¢o detect the feature(s) for which it has a

parametric (or other) description) and how mahthem exist in the image.

Detecting lines and circles in an image is a funelaal issue in image processing
applications. Extracting circles from digital imagéas received more attention for
several decades because an extracted circle casedeto yield the location of circular
object in many industrial applications. So far mairgle-extraction methods have been
developed. The Circle Hough transform (CHT) [4pise of the best-known algorithms
and aims to find circular shapes with a given radiwithin an image. Usually edge map

of the image is calculated then each edge pointibortes a circle of radius to an output
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accumulator space. For unknown circle radii, tigoadhm should be run for all possible
radii to form a 3-dimensional parameter space, eh@ro dimensions represent the
position of the center, and the third one represéme radius. The output accumulator
space has a peak where these contributed circledapvat the center of the original
circle. Giving output as center co-ordinates andius of circle corresponding to the
maximum peak, circle around original iris is drawsing bresenham’s circle drawing

method.

2.3 Human eye Anatomy

Eye is like a camera. The external object is sé@nthe camera takes the picture of any
object. Light enters the eye through a small haléed the pupil and is focused on the
retina, which is like a camera film. Eye also ha®@using lens, which focuses images
from different distances on the retina. The colaored of the eye, the iris, controls the
amount of light entering the eye. It closes whehtliis bright and opens when light is
dim. A tough white sheet called sclera covers thside of the eye. Front of this sheet
(sclera) is transparent in order to allow the ligitenter the eye, the cornea. Ciliary
muscles in ciliary body control the focusing of deautomatically. Choroid forms the
vascular layer of the eye supplying nutrition te #ye structures. Image formed on the
retina is transmitted to brain by optic nerve. Timage is finally perceived by brain. A
jelly like substance called vitreous humor fill thgace between lens and retina. The lens,
iris and cornea are nourished by clear fluid, agedaumor, formed by the ciliary body
and fill the space between lens and cornea. Thasesfs known as anterior chamber. The
fluid flows from ciliary body to the pupil and issorbed through the channels in the
angle of anterior chamber. The delicate balancagofeous production and absorption

controls pressure within the eye.
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Figure 11: Structure of Human eye.

Good eye health and eye care are crucial to theevafl sight. Some of the most common
eye diseases and conditions are Glaucoma refergtoup of eye diseases that affect the
optic nerve and may cause vision loss. Cataraa gainless condition where the
normally clear aspirin-sized lens of the eye staotbecome cloudy. The result is much
like smearing grease over the lens of a camerashwhipairs normal visiorAge-related
macular degeneration is an eye disease with oissely after age 60 that progressively
destroys the macula, the central portion of thenagtimpairing central vision. It rarely
causes blindness because only the center of visiaffected A retinal detachment is a
separation of the retina from its attachmentsgaitderlying tissue within the eye. Most
retinal detachments are a result of a retinal hrhale, or tear. Once the retina has torn,
liquid from the vitreous gel passes through the tead accumulates behind the retina.
The buildup of fluid behind the retina is what sgpes (detaches) the retina from the
back of the eyedJveitis is defined as all inflammatory processeshaf middle layers of
the eye, also called the uveal tract or uvea. Meaus very important because its many
veins and arteries transport blood to the partshefeye that are critical for vision.
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Symptoms and signs of uveitis may include eye resla@d irritation, blurred vision, eye
pain, increased sensitivity to light, and floatsypts. Potential causes include infection
with a virus, fungus, bacteria or parasite, inflaatony disease affecting other parts of the
body, or injury to the ey&evere allergic eye symptoms can be very distrgssid are a
common reason for visits to the allergist or ophttwhogist. Occasionally, severe eye
allergies cause serious damage that can threagsigby.Most corneal ulcers are caused
by infections and can be bacterial (common in peapho wear contact lenses), viral
(herpes simplex virus and varicella virus), or fahfimproper care of contact lenses or
overuse of eyedrops that contain steroids). Symptioiciude red eyes, pain; feeling like
something is in the eye, tearing, pus/thick disgbamblurry vision, pain from bright
lights, swollen eyelids, or a white or gray rounmbtson the corned sty is a tender,
painful red bump located at the base of an eyatashside the eyelid. A sty results from
an acute infection of the oil glands of the eydlat occurs after these glands have
become clogged. A sty also may arise from an iefedtair follicle at the base of an

eyelash.

Eyes or specifically, Iris Recognition is a highatidence biometric identification system
with promising future in the security systems aiesarobustness and unobtrusiveness, as
opposed to most of the currently deployed systenake it a good candidate to replace
most of the security systems around. Iris recognitis a combination of image

processing and computer vision.

The iris in Figure 12 is the colored part of the.eVhe iris controls light levels inside the
eye similar to the aperture on a camera. The rap®hing in the center of the iris is

called the pupil.

Figure 12: The Human iris
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Personal identification has been the interest ofym@searches in the field of pattern
recognition and machine learning due to the inengaslemand for a highly reliable
secure environment. Many biometric identificatioechinologies such as facial
recognition, fingerprint recognition, voice recogom, and iris recognition come to meet

those demands.

Facial recognition faces many problems since faselfiis a 3D object that varies

depending on the angle, pose, illumination, and age

Figure 13: Iris recognition: Reliable secure envirament

Iris, on the other hand, begins to form in thedhironth of gestation, and the structures
creating its patterns become unchangeable in twihree years. Furthermore, the iris
pattern does not correlate with genetic deternonasiince its forming depends on the
initial environment of the embryo, which yieldstte fact that even the left and the right
irises for the same person are not identical. Adthis the fact that the iris is isolated and
protected from external environment. Besides, iripossible to surgically modify the
iris without unacceptable risk to vision. Finalligs physiological response to light
provides one of several natural tests againsicatif

Therefore, and due to its unique and rich propgrirés recognition comes to be the lIris
recognition has been an active research area itashegears, due its high accuracy and
the encouragement of both the government and prieatities to replace traditional

security systems, which suffer of noticeable madjiarror. However, early research was

obstructed by the lack of iris images.
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Figure 14: Facial recognition, palm recognition, eg recognition.
Iris recognition is based on the fact that the hurives contains unique features that
completely distinguish a person; the actual infdramawe are looking for is found within
the iris patterns. Thus, it is logical that in irplenting such a biometric system requires
isolating the iris region from the other parts loé image, which are of no relevance. The
iris region is approximated by a ring, defined bg tris/sclera boundary and the iris/pupil
boundary. Thus, we should be able to detect thesadaries and isolate the part of the
image within.
The first step in recognizing the valid region iftwes distinguishing, approximately, the
valid region from the invalid region. Owing to litad resources available, we can only
get circles with irregular edge. In reality, thdigdaegion is a regular circle. In order to

avoid processing, the invalid region in subsegpéaises is removed.
Valid region recognition has the merits to thergecessing:

(1) Storage quantity is much less than before.mdslid region is removed, the storage
space the images occupy is reduced greatly andnthge transmission amount is

reduced.
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(2) Faster operational speed is achieved as atreftihe reduction of the number of
pixels being processed. The program operation speests up subsequently.
(3) The quality of imaging processing is improved.

In spite of its popularity owing to its simple thgoof operation, the CHT has some
disadvantages when it works on a discrete image. [Alge amount of storage and
computing power required by the CHT are the majeadiantages of using it in real-

time applications.
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CHAPTER 3-PROBLEM STATEMENT AND SOLUTION

3.1 Classical Hough Transform

Detecting iris (circle) using CHT includes simpleudjh Transform method. CHT is easy

to understand but takes large computational time.

Every pixel of image is visited and is checked as
a cnadidate of an edge point of a circle with
center (h, k) varying over M(length) x N(width).

For each edge pixel detected, corresponding
radius is calculated.

Calculated radius corresponds to a valid circle in
image if radius<1.41 * image length, where
image length>width.

Using corresponding Hough space, an
accumulator (3D) array is prepared. The cell
entries of this 3D array are center co-ordinates
and calculated radius.

For each entry added in array, a vote is cast for
the triplet (h,k,r) i.e. center and radius.

The triplet value with maximum votes is required
center and radius.

Figure 15: Graphical representation of Classical Hagh Transform
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Following are the steps to detect circle using §itad Hough Transform:
Stepl:In order to detect circle, equation of a circlgigen by:
(x—h)?>+(y—-k)*=r? (3.1.1)

X,Y)

Figure 16: Circle with center (h, k) and radius r.

Where (x, y) is set of all points on circle, r is radius afigk) is center of circle

With a given gray scaled imagk(x, y) of sizeM x N, every pixel of it is visited and is
checked as a candidate of an edge point of a cwile center (h,k) varying over

image’slengthM )x width(N ).

(length*width)

Figure 17: An image representing relation betweendge points and image length and width.

Step 2 For each edge point in image, corresponding sadigalculated.
r = sart((i - xedge[t]) * +( j - yedgd 1) ) (3.1.2)
where0 <t < number of edge points,<0 < image widths §< image lengtt.

This radius must lie inside edges of image. Ushegualues of corresponding center co-

ordinates and radius, an accumulator array [3[Pfepared as
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Figure 18: Hough space for CHT
Step 3:In this array, cell values contain accumulatedesdbr each center coordinate
and corresponding radius generated. This calla f@rcle in the image as required circle
(or iris) which contains maximum value in arrayiftgsevery value of pixel of image and
edge points, the radii calculated gives a peak.riAfram local maxima, the required
radius with maximum votes lies at global maxima #mat value is displayed as center

co-ordinates and radius @s,,k,,r,) of required circle (iris).

(a) (b)
Figure 19: (a) Captured image of iris, (b) Detecteitis from image
CHT uses every pixel of image and that makes restémost every pixel and process it.
This results in easy processing of image. Als@suits in large computational time for
detection and large memory storage area for ddta fwocessed for same.
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So, CHT is quite easy in implementation whereas takes large computational time and

storage area. In other words, CHT visits pixels which may not give any useful results.

3.2 Modified Circle Hough Transform

In case of HT based detection methods executiordspe directly proportional to the
number of edge pixels in the input image. The psegdomethod reduces the number of
image edge pixels to be processed. Reduction ia tifrexecution of programs to extract
circle from image is the basic and probably mogiartant feature of this work. In order
to achieve this objective, present work emphasirethe various ways in which number

of pixels to visit may get reduced.

The motive is achieved in two steps:

» Limiting the image space to the valid region.

* Apply transforms on the valid region extracted.
Further, limiting the image space is achieved llofWing steps:

» Transform the image into HT space.
* Divide the HT space into a four quadrants. Thesadants are of maximum

probability to find suitable and accurate results.

2" quadrant

1% quadrant

3 quadrant 4" quadrant

Figure 20: Equal sized quadrants.
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Determining valid region to process out of whola@provided is first and an important
step for fast extraction of circle. Presently, fequal sized grids are constructed in HT

space as shown in Figure 21. The purposes of thesdrants are:

* To use most probable areas of image from whereecamid radius of iris at any

side of image can be find out in faster way.
* To reduce number of pixels to process.

This work comprises of analysis of time of execatwf this improved transform and
comparison of same with existing CHT. The basicidehind the use of relatively
smaller area in HT space of CHT transform is tolymea the fact that without

compromising the accuracy of detection of iris aedlicing the number of pixels to visit,
whether it still performs efficiently or not. Follang Figure 22 shows the algorithm of
modified CHT.

Divide f(x, v} in four equal quadrants, such that
= 15 quadrant’s rectangular boundaryis ((M/4, N/4), (M2, N/27).
= 2od gyadrant’srectangular boundarvis ((M/2, N/4), (3004, N/27).
= 31 guadrant’s rectangular boundaryis (M4, N/2), (M2, 3N/4))
= 4% gpadrant’s rectangular boundarvis ((M/2, N/2), (3M/4, 3N/4)).

Now, Classical Hough Transform is applied on each quadrant.

Valid regions are the quadrant with each having area 1/6 times the original
image Hence processing time for original image reduces by 4 times.

The quadrant with lesser number of edge pixels will result in faster
determination of triplet (/. 1. %,) .

Figure 21: Graphical representation of Modified Classical Hough Transform
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With the aim of improving time of existing CHT, thiest step is devoted to obtain the

valid region to process.
Following are the steps performed as preprocesgiQHT:

Step 1. The number of pixels to be processed is reducetyusnly four equal sized
quadrants as shown in Figure 10 for finding ceatet radius of circle (iris).

Step 2: Let f(x,y) be the image of sidd xN. Let A is the area off (x,y) then it is
given by A =M xN. Divide f(x, y) in four equal quadrants, such thi quadrant’s
rectangular boundary is((M /4,N/4),M /2N /2)), 2" quadrant's rectangular
boundary (M /2,N/2),(3V /4N /2), 3% quadrant's rectangular boundary is
(M/4,N/2),M [2,N /4), 4" quadrant’s rectangular boundary IS
(M/2,N/12),(3M 14, /4).

Step 3: Now transformation is applied on each quadrard, ghadrant which contains
lesser number of edge points will result in fastetermination of triplet (hO, kO, r0). As
clear from Figure 22, the valid regions are thasadgant with each having area 16 times
lesser than original image. K is area of each quadrant then it is given by

Area=A g

Length {NDY

MNew area A'=A/16.

Figure 22: Reduction in area to be processed in Mdfied Classical Hough Transform.
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Step 4:Now CHT can be performed on each such quadrantdi@oawith lesser number

of edge pixels will be processed faster and giwvesiate results as other quadrants.

It reduces all the disadvantages of previous methéd this method, valid region of
image for iris recognition is fixed as a rectanguéggion which is most promising region
in which center co-ordinates of iris circle couid.|That region separates legitimate

region from illegitimate.

Assume an image containing iris, divided into fagual quadrants (Figure 20). This
apparently reduces computational time and memagyirements. From that change of
area, number of indices of accumulator array deeand hence lesser no. of peaks or

no. of votes appears to choose from.

From that, it's concluded that:

Computationally fast.

* Less memory requirements.

» Easy to understand and implement.
* Recognition of valid region.

« Areato visit decreases by almost a factor ofdtGeich time CHT runs.
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CHAPTER 4-RESULTS AND COMPARISON

This chapter comprises of the comparative studghefproposed algorithm and existing

CHT. This will provide an in-depth analysis of tfect that the proposed method is a

better recognition algorithm than already existi@HT. To validate the script,

experiment has been conducted on 100 images ofrney®& The results of detected iris

from the collected are shown in Table 2. The rassit obtained are not all up to 100%

accuracy. There are outputs which detect wrongeceamd radius. These inaccurate

evaluations are caused by presence of eyelidseiintage, angular displacement of iris,

appearance of glare in the image captured etc.

4.1 Analysis of detected iris by CHT and MCHT

Table 2: Analysis of detected iris using CHT and WIC

Sno.

Original image

Output of CHT

Output of modified CHT
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Output of modified CHT
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Original image
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Sno.

Original image

Output of CHT

Output of modified CHT
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Sno.

Original image

Output of CHT

Output of modified CHT
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S.no.

Original image

Output of CHT

Output of modified CHT
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Sno.

Original image

Output of CHT

Output of modified CHT

—
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4.2  Analysis of time of execution of CHT and MCHT

Table 3 shows the efficiency of proposed method exésting CHT by comparing time

of execution of both CHT and MCHT. Maximum efficgnshow over an image is

97.3381394%. Table 4 shows comparison of the radius and cesatieulated by two

methods. Numbers bold are the images which diffeesult.
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Table 3: Comparison of time of execution of CHT.

Name Size CHT [1] MCHT Efficiency of MCHT over
CHT
time(in sec) time(in sec) (%)

img_1 215x153 10.392 0.803 92.27290223
img_2 215x154 10.466 0.803 92.32753679
img_3 215x143 16.222 0.981 93.95265689
img_4 215x156 12.909 0.961 92.55558138
img_5 215x158 41.516 2.51 93.95413816
img_6 215x215 18.686 1.285 93.12319383
img_7 215x225 9.796 0.745 92.39485504
img_8 215x137 8.92 0.682 92.35426009
img_9 215x144 8.99 0.696 92.25806452
img_10 215x146 27.392 1.814 93.3776285
img_11 215x143 23.165 1.55 93.30887114
img_12 215x214 5.653 0.465 91.77427914
img_13 215x205 26.098 1.696 93.50141773
img_14 215x162 3.934 0.301 92.34875445
img_15 215x214 3.927 0.358 90.88362618
img_16 215x143 12.83 0.898 93.00077942
img_17 256x171 27.76 1.811 93.47622478
img_18 256x171 15.353 0.725 95.27779587
img_19 215x215 44.814 2.702 93.97063418
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img_20 215x144 50.301 1.587 96.84499314
img_21 256x224 82.179 2.422 97.05277504
img_22 215x215 79.485 3.238 95.9262754
img_23 256x178 59.733 1.816 96.95980446
img_24 256x200 20.113 0.695 96.54452344
img_25 256x208 17.902 0.633 96.46408223
img_26 256x208 15.504 0.575 96.29127967
img_27 256x255 23.973 0.806 96.63788429
img_28 215x214 31.652 1.027 96.75533932
img_29 256x192 31.41 1.028 96.72715696
img_30 194x200 19.994 0.688 96.55896769
img_31 203x175 32.415 1.047 96.77001388
img_32 200x173 25.8 0.857 96.67829457
img_33 247x164 23.728 0.793 96.65795684
img_34 247x168 18.108 0.65 96.41042633
img_35 200x150 40.987 1.279 96.87949838
img_36 247x185 23.166 0.784 96.61572995
img_37 200x133 16.992 0.614 96.38653484
img_38 200x134 14.25 0.534 96.25263158
img_39 247x204 22.762 0.781 96.56884281
img_40 247x186 23.87 0.796 96.66527021
img_41 250x170 40.761 1.28 96.85974338
img_42 247x165 17.245 0.634 96.32357205
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img_43 215x161 14.321 0.536 96.25724461
img_44 200x150 51.159 1.666 96.74348599
img_45 200x150 79.914 2.541 96.82033186
img_46 215x143 86.35 3.249 96.23740591
img_47 247x165 57.918 1.904 96.71259367
img_48 215x177 17.307 0.698 95.96694979
img_49 215x162 21.639 0.576 97.33813947
img_50 215x146 30.76 1.033 96.64174252

MAXIMUM PERFORMANCE

97.33813947

AVERAGE PERFORMANCE

94.45732238

MINIMUM PERFORMANCE

92.27290223

Table 4: Comparison of the radius and center sfdailculated by CHT and MCHT.

Name size CHT [1] MCHT

Center radius Center radius
img_1 215x153 95,78 64 98,74 60
img_2 215x154 95,74 64 94,70 65
img_3 215x143 95,78 64 95,78 65
img_4 215x156 107,108 104 107,108 105
img_5 215x158 107,108 99 107,108 99
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img_6 215x215 99,61 55 99,61 55
img_7 215x225 90,68 70 90,68 70
img_8 215x137 111,78 65 111,72 68
img_9 215x144 111,75 62 111,75 62
img_10 215x146 110,106 89 110,106 89
img_11 215x143 110,102 85 110,102 85
img_12 215x214 134,97 43 134,97 43
img_13 215x205 110,106 89 110,106 89
img_14 215x162 126,96 70 135,83 85
img_15 215x214 126,96 70 126,96 70
img_16 215x143 143,87 46 169,83 60
img_17 256x171 129,108 97 129,108 97
img_18 256x171 108,69 65 108,69 65
img_19 215x215 128,92 70 128,92 70
img_20 215x144 109,112 97 109,112 97
img_21 256x224 124,84 70 124,84 70
img_22 215x215 131,128 106 131,128 106
img_23 256x178 110,106 89 110,106 89
img_24 256x200 113,91 87 113,91 87
img_25 256x208 95,103 89 95,103 89
img_26 256x208 106,84 80 106,84 80
img_27 256x255 94,91 89 94,91 89
img_28 215x214 126,85 72 126,85 72
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img_29 256x192 128,90 76 128,90 76
img_30 194x200 112,77 70 112,77 70
img_31 203x175 114,86 82 114,86 82
img_32 200x173 135,60 75 135,60 75
img_33 247x164 137,84 82 137,84 82
img_34 247x168 96,78 65 96,78 65
img_35 200x150 123,79 78 123,79 78
img_36 247x185 116,95 101 116,95 101
img_37 200x133 124,51 72 124,51 72
img_38 200x134 119,70 72 119,70 72
img_39 247x204 90,72 68 90,72 68
img_40 247x186 137,84 82 137,84 82
img_41 250x170 123,79 78 123,79 78
img_42 247x165 124,51 72 124,51 72
img_43 215x161 119,70 72 119,70 72
img_44 200x150 109,112 97 109,112 97
img_45 200x150 124,84 70 124,84 70
img_46 215x143 131,128 106 131,128 106
img_47 247x165 110,106 89 110,106 89
img_48 215x177 95,103 89 95,103 89
img_49 215x162 141,141 140 141,141 140
img_50 215x146 126,85 72 126,85 72
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4.3 Analysis of graphical comparison between CHT ahMCHT

Figure 38 shows the graphical representation adieffcy of CHT and modified CHT. It
clearly shows the difference in peaks of time acd@xion of CHT and modified CHT.
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Figure 23: Graphical comparison of time of executio of CHT and MCHT.

4.4  Comparison and discussion

If the input image Figure 24 is say img_7 and th#pot image Figure 25 say img_7_cht

is the image showing result of circle detectiondWT then

Figure 24: Sample input image img_7.tif.
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Figure 25: Sample output image img_7_cht.tif.

Figure 34 shows that the time taken by CHT to detiecle center and radius is 33.983
seconds. It's clear from the Figure 36 that timeetaby modified CHT is 2.45 seconds.
This shows an efficiency of 93.95413816%. Also,rémults show that both detected the
same center and radius co-ordinates. If img_&ififjput image, then output of modified

CHT is

Figure 26: Sample output image img_7_mcht.tif.

On comparing CHT with modified CHT, it clearly sh&®wa great amount of reduction in
execution time. Hence, it shows the maximum impnoset of about 96.64174252%. On

an average, its performance increases by 94.4583%223

Table 5 shows various differences between exisaimg) proposed CHT on the basis of

time to execute, space required to store datajnaplémentation complexity.
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Table 5: Comparison of CHT and MCHT.

NAME OF | COMPUTATIONAL SPACE IMPLEMENTATION

METHOD TIME REQUIREMENTS COMPLEXITY
CHT HIGH HIGH MODERATE
MCHT LOW LOW LOWER
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CHAPTER 5-CONCLUSION & FUTURE SCOPE

5.1 Concluding remarks

Modified CHT for detection of circle from digitamiages suitable for iris images are
proposed. A complete analysis of classical metmabpoposed method is obtainable. HT
based algorithms are time consuming and use caitee Imemory for data storage. In
addition to it, execution speed of HT based detacthethods is directly proportional to
the number of edge pixels in the input image. Tioppesed method reduces the number of
image edge pixels to be processed at a time usagrhaller quadrants hence increasing
the efficiency of detection as well. The gain ificééncy does not affect the robustness of
the techniques. These advantages make the algerithost suitable for applications
where iris location detection is a critical aspda.validate the script, a data set of 100
images of human eye is evaluated. The resultstettsl iris from the collected data set
are shown in Table 2. The results so obtained ateup to 100% accuracy. There are
outputs which detect wrong center and radius. Thesurate evaluations are caused by
presence of eyelids in the image, angular displacerof iris, appearance of glare in the
image captured etc.

5.2 Future scope

The development of thesisRobust and accurate Classical Hough Transform
approach for IRIS recognition” is original and creative. The final outcome ofsthi
experience was the implementation and analysis b\l iris recognition algorithm.
Future designs may tackle real time imaging. Thaimages are taken continuously as
the person approaches system for identificationthod identified under no cooperation
from the user. Presented work can also be donerte aip with better techniques that
enable the system to detect the eyelids and eysdashd remove them from the iris
region to limit errors. Also, this work can alsmopeed towards handling eye placing

angle at the device to detect eyes and finding foeste to capture eye for detecting iris
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faster

and

accurate

way.
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APPENDIX -I|

Implementation details of existing Classical Houghansform (CHT): we start by

opening the program in Microsoft visual C++.

{include<fstrean. >
{include<time, h>
{include<iostreanm. h>
$include<sys/timeb.h>

W proclassic - Microsoft Visual Studio =
Hle Edt View Project Buld Debug Took Tt Window Help iz
@ bR 905 b Debug - Wink - | [ BRESEN L S i
Aebe 22000808300
iS’cjufiUn Ei(plure:?- procla. v 1 X /’pmclassic.c‘pp| - X m
=N —— &
28BA G v «l2
5] Solution ‘proclassic' (1 project] a
e i i m
g ‘Egm@s‘w | $includecstdio.h> 13
~ Hl podsicqp finclude<math.h> 15| %
#include<st ;A—
#include<at _);
#include<co 9
T
d

#define MEXE 4000 //Max (InageWidth, Inageheight)
#define MRX 600000 //Maximm mumber of expected edgepoints

$define MAXEDGEPOINTS 45000 // mazimum no. of edge points(for storing edges)

double ¥ PI = 3,1415926535897;

//function to display error messages.
void display error| char *message);

//for timer.

//May be removed frem final implementation. only for amalysis.
struct _timeb StartTime;

struct _timeb EndTime;

double StartTimeSeconds;

double EndTimeSeconds;

[n1 Coll Chl INS

Figure 27: CHT program code.

Execution of the program begins by:

* Creating a build
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W prodlassic - Microsoft Visual Studia

210wk

ErdGdd
Dake FE[

Solution Explorer - Solutio... v

=|8[E4

[5] Solution 'proclassic' (L pr
=- (3] prodassic
.. & CHT.pp

&

%

File Edit View Project | Debug Tools Test Window Help

Build Selution F1 bug
Rebuil Solution  Ctr+Alt+F7 L
Clean Selution

il MEEEDS B

[ BRESEN

Build proclassic

Rebuild proclassic

Clean proclassic

Praject Only »
Profile Guided Optimization b
Batch Build...

Configuration Manager...

Compile Ctri+F7

FITCTUaE Eya/ CImeD. 1>

#define MEXE 4000 //Max {InageWidth, Inageheight)
$define MAX 600000 //Maximum number of expected sdgepoints

$define MAXEDGEPOINTS 45000 // mazimum no. of edge points(for storing edges)
double M PI = 3,1415926535897;

//function to display error messages.
void display error( char *message);

//for timer,

struct _timeb StartTime;
struct _timeb EndTime;
double StartTimeSeconds;
double EndTimeSeconds;

unsigned long ImageWidth, Imagelength, StripOffsets, RowsPerStrip,
StripsPerImage, ImageWidthByte, ImageSize, StripByteCounts;

ot (5 Cs [ZPrope |

|xuq|uu_|_:p_g|mju|dxg T

Ready

[n17 Coll Chl

Figure 28: Creating a build.

INS
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W praclassic - Microsoft Visual Studio

File Edit View Project Build Debug Tools Test Window Help

ZL| b Debug

: i %‘De—‘}ﬂiéﬂa
Solution Explorer - Solutio..» & X //CH]-CPP‘

~ Win32

= | [ BRESEN

G e T A

5284 (Gl Scpd

[5] Solution 'proclassic' (L project] T

5 (3 prodassic

]ﬂ*mcludeﬂtdio.b
- O CHTepp

|| #include<nat:
#incinde<stdlib.h>
#include<string.h>
$include<gonio.h>
{include<fatrean, >
{include<time, h>
{include<iostream. h>
$include<sys/timeb.h>

$define MEXH 4000
$define MEX €00000

//Max {InageWidth, Inageheig
//Maxinum number of expected d

$define MAXEDGEPOINTS 45000 // mazimum no. of edgd
double M PI = 3,1415926535897;

//function to display error messages.
void display error( char *message);

//for timer,

struct _timeb StartTime;
struct _timeb EndTime;
double StartTimeSeconds;
double EndTimeSeconds;

Qutput

Show output from: Build -

G

1»d:\irisl\cht.cpp(430]
1> c:\program files (x86)\microsoft visual studio 3.0\vciinclude\conio.h(145
1>d:\irisl\cht.cpp(92) : varning C4101: 't'
1>Linking. .
1>Embedding menifest...
1>Build log wag saved at "file://d:\irisl\Debug\Buildlog.htm"
l>proclassic - 0 error{s), 15 warning{s)

Build: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped

: unreferenced local variable

: werning C4996: 'getch': The POSIX name for this item is dia

i

"

unsigned long ImageWidth, Imagelength, StripOffsets, RowsPerStrip,
StripsPerImage, ImageWidthByte, ImageSize, StripByteCounts;

Proj

|xuq|uui,}(|1.ajn|dxa FETYE ==

Build succeeded )

[n36 Coll Chl

INS

Figure 29: Successful build creation.

* Once build is success, start debugging the code.
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W praclassic - Microsoft Visual Studio

‘D{‘ X

Fle Edt View Project Build Tools Test Window Help

Solution Explorer - pro
B[8E4
[5] Solution 'proclassic' (L project]
- 31 prodassc

- ¢ proclassic.cpp

4

o

%

-

Windows

= | [ BRESEN

G e T A

Start D
Start Without Debugging

Ctrl+F5

Exceptions... Ctri+Aft+E
StepInto f1
Step Over f10
Toggle Brezkpaint ]
New Breakpaint

Delete All Breakpaints ~ Ctrl+Shift+F3

T B

tinclude<iostrean.n>
$include<sys/timeb.h>

$define MEXH 4000
$define MEX €00000

$define MAXEDGEPOINTS 45000 // mazimum no. of edgd

double M PT = 3.1415926535897;

//Max {InageWidth, Inageheig
//Maxinum number of expected d

Qutput

Show output from: Build -

G

1>Copyright (C) Microasoft Corporation. A1l rights regerved.
1>Linking. .
1>Embedding manifest. ..
1>Microsoft (R) Windows (R) Resource Compiler Version €.0.5724.0
1>Copyright (C) Microsoft Corporation. A1l rights reserved.
1>Build log wag saved at "file://d:\irisl\Debug\Buildlog.htm"
l>proclassic - 0 error{s), 15 warning{s)

Rebuild All: 1 succeeded, 0 failed, 0 skipped

//function to display error messages. { il |

void display error( char *message);

//for timer.

//May be removed frem final implementatiom.

struct _timeb StarcTime;
struct _timeb EndTime;
double StartTimeSeconds;
double EndTimeSeconds;

n

< [

only for analysis.

|xuq|uu_|_;‘zg|1.am|dx§| FETNETY==1

Rebuild Al succeeded
=

 Command prompt appears for the final execution stepe code.

nd2 Coll

Figure 30: Debug the code.

Chl

INS
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W praclassic - Microsoft Visual Studio I

File Edit View Project Build Debug Tools Test Window Help

J-E-EHd SR 0w B b Debug v Wind | [ BRESEN EERY
Lo EEIE S0 o
Solution Explorer - Solutio..~ T X /CHT.cpp v X [
e e
=lENEE! ML iGlabal Sennal 5 v g’
[ ol B C\Windows\system32cmd exe ‘C'_|E|"g_§-J 1 1 il
g |m
o e o}
b ) f
g
g
o
9
=
&
t’ll Build . = £
T i T
/for timer.
struct _timeb StartTime;
struct _timeb EndTime;
double StartTimeSeconds;
double EndTimeSeconds;
nzigned long ImageWidth, Imagelength, StripOffsets, RowsPerStrip,
StripsPerImage, ImageWidthByte, ImageSize, StripByteCounts;
ol [ Clss. _‘jPrcpe. { T !
ln1 Coll Chl INS

Build succeeded

Figure 31: Command prompt after successful debuggm
* Inthe command prompt, the basic first step isite gput file that correspond to

the gray scale image containing iris.
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W praclassic - Microsoft Visual Studio

b

File Edit View Project Build Debug Tools Test Window Help

- e 0 B b Dbug v Wi «| b BRESEN E T b
‘ 833;
Solution Explorer - Solutio..» 3 X /CHlapp
3| E &
=84 bl Global Seonel =

[ Solut B3 C\Windowslsystem32icmd.eve ﬂ‘ﬁ 1

= B Input TIFF File ? © ing_7.tif
O Moucput TIFF File 7 :

t’ll Build * = =

T Ji T T

[for v

struct _timeb StartTime;
struct _timeb EndTime;
double StartTimeSeconds;
double EndTimeSeconds;

nzigned long ImageWidth, Imagelength, StripOffsets, RowsPerStrip,
StripsPerImage, ImageWidthByte, ImageSize, StripByteCounts;

‘_jSo\uti..‘ [

Build succeeded ln1
—

Figure 32: Entering input file for iris detection.
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Chl

—

oo

INS

* Next step is to give name of the output file whise@image with detected iris is

to be stored.
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o0 proclassic - Microsoft Visual Studio

File Edit View Project Buld Debug Tools Test Window Help

d-A-mdd sa 0 GG ) Debug v Wink2 +| [ BRESEN SEBRED-.
LelE==20 a3
Solution Explorer - Solutio. + £ X /HT.cpp * X m
/ |
4| p lea
=| @ ‘%”‘ L (Glabal Seanal - v gJ
[ Solt B C\Windows\system32iemd eve m‘ihj i = :‘
S 13 prd I
:ﬂp, 7 ing 7.61F |1
- ?: ing 7 cht.tif = |
E
5
f
(3]
t« Build . =
= .
Ior timer.
struct _timeb StartTime;
struct _timeb EndTime;
double StartTimeSeconds;
double EndTimeSeconds;
nzigned long ImageWidth, Imagelength, StripOffsets, RowsPerStrip,
StripsPerImage, ImageWidthByte, ImageSize, StripByteCounts;
soluti. _Z;‘Ia’ .‘lPrcp.e.. { 1 [

Build succeeded

Lnl Coll Chl INS

(8] o]a] ST

Figure 33: Entering output file for iris detection.

» After the output file is given a name, code exesu@ied returns image properties.
In addition to it, it also returns center and radid iris detected and the time

taken to detect the same as shown in Figure 34.
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W praclassic - Microsoft Visual Studio old B
File Edit View Project Build Debug Tool Test Window Help
J Debug » Win3 ~ | [ BRESEN e B e s
== 0 £ -;
Solution Explorer - Solutio..» 3 X /CHlapp X :'U:.
[ Sol ( B C\Windowssystem32icmd exe mﬂ‘ﬁ 1 = ;I

B- :ﬂ prt
ng_7.tif
- f’j ile ? : ing_? cht.tif
: (Enter 1 for Absolute Grad, 2 for E-Grad, 3 for Y-Grad : 1
BitsPerSanple = §
No. of Strips 27
Inage size 1s 215, 215 ¥ 215
File position : 752
No. of edge points=6289
No. of black pixels(NE)=6289
the center of circle is1B9
188 and radius is 184 with votes 22Btine for algorithm 33.983808

r: Build . = | &

T ey T 7

struct _tzrr.eb StartTime;
struct _timeb EndTime;
double StartTimeSeconds;
double EndTimeSeconds;

nsigned long ImageWidth, ImageLength, StripOffsets, RowsPerStrip,

StripsPerImage, ImageWidthByte, ImageSize, StripByteCounts;

I gSu\uti..‘ & m

i
s

:‘lprcple..‘ ¢
Figure 34: Center and radius co-ordinates with timgiaken to detect it.

Now steps to detect circle by modified CHT ared®s:

* Open code of modified CHT in Microsoft Visual C++.

* Build it and after a success, debug it.

14
3
Q
g
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o0 proclassic - Microsoft Visual Studio

File Edit View Project Build |Debug | Tools Test Window Help

$define MEXH 4000
$define MEX €00000

double M PI = 3.1415926535897;

//function to display error messages.
void display error( char *message);
int bl,bw, f1,£w, ing X, ing_y;

//for timer.

struct _timeb StarcTime;
struct _timeb EndTime;
double StartTimeSeconds;
double EndTimeSeconds;

//Max {InageWidth, Inageheig]
//Maxinum number of sxpected g| 1>

$define MAXEDGEPQINTS 45000 // maximum no. of edg

'\.]Lfﬂﬂ‘*‘-ﬁ Windows » Nind2 ~ | [ BRESEN v‘@ﬁﬁyg’mﬂv:
i I | Start Debugging B
Solution Explorer - Solutio..+ & X | | b StartWithout Debugging  Ctr+F5
BRE& 5| Attach to Process.. - =
m Solution 'proclassic' (1 project) Exceptions.. Ctrl+Al+E
& (@ procasic 52| Steplnto AL
= fi‘] modified CHT.cpp L,
[F StepOver Fi0
Toggle Brezkpoint F
New Breakpaint 3
89| Delete All Breakpoints ~ Ctrl+Shift<F3
#include<iostream.h>
tinclude<sys/timeb.h> Output E

Show output from: Build

T

1>d:\irisl\modified cht.cpp(555)

1>d:\irisl\modified cht.cpp(101)
1>Linking...
1>Embedding menifest...

1>Build log was saved at "file:

c:\program files (x86)\microsoft visual studio 3.0\vciinclude\conio.h(145

: warning C499&: 'getch': The BOSIX name for this @ a

: warning C4101: 't' : unreferenced local variable

d:yirisl\DebugBuildlog.htm”

|xaq|uui;;g|m.m|dxa JamasE

l»proclassic - 0 error{s), Z8 warning(s)
Build: 1 succeeded, 0 failed, 0 up-to-date, 0 skipped

//int max i, min i, max j, min j,counter[400], val

//May be removed from final implemencationm.

4 m ‘

only for amalysis.

@So\uti..‘ @Class.u-gpwpe... ‘ +
Build succeeded

Lnl Coll

 ARRRELD

Figure 35: Modified code for debugging.

» Enter input image file as img_7.tif and output iredde as img_7_mcht.tif in
order to compare results. Now check the time otetien and at same time the

center and radius calculated.
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W5 proclassic - Microsoft Visual Studio

=

File Edit Build
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View Project Tools Test
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Debug Window  Help

b Debug = Win32
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(Global Scope)

b o Regier B ol DR

- & modified CHT.cpp | [N C:\Windows\system32\cmd.exe

Input TIFF File ?

SCIT
Output TIFF File ? g_7_mcht .t

Gradient : (Enter 1 fﬂl‘ Ahsolute Gl‘ad 2 for X-Grad. 3 for Y-Grad :

=]

s L

d display error|( char *message);

bl,bw, £1, fw, ing %, img_y;

Coll
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Figure 36: Output image as img_7_mcht.tif.
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Figure 37: Results of modified CHT.

< 3ol

56



%EEWH=

[1]. R. Duda and P. Hart, Use of Hough transform is dted lines and curves in
pictures, Communications of the ACM 15, (1975),1B5l-

[2. S. Tsuji, F. Matsumoto, Detection of ellipses by raodified Hough
Transformation, IEEE Transactions on Computers/81977-781S.

[3]. K. Shearer, L. Kitchen, Filling gaps in the Hougarsform voting locus for N-
dimensional parameter spaces, Pattern Recognigtiers 16 (1995) 1105-1109.

[4]. D. Walsh, A. Raftery, Accurate and efficient curdetection in images: the
importance sampling Hough transforms, Pattern Ratog, (2002), 1421-1431.

[5]. J. Cha, R.H. Cofer, S.P. Kozaitis, Extended Houginsform for linear feature
detection, Pattern Recognition, (2006), 1034-1043.

[6]. S. Sekhar, W. Al-Nuaimy A.K. Nandi, Automated Idsation of retinal optic disk
using Hough transform, 5th IEEE International Sysipm on Biomedical
Imaging: From Nano to Macro, 1577-1580.

[7]. G. Reina, G. Ishigami, K. Nagatani, K Yoshida, ¥isibased estimation of slip
angle for mobile robots and planetary rovers IEBErhational Conference on
Robotics and Automation (2008). 486-491.

[8]. L. Fernandes, M. Oliveira, Real-time line detecttbrough an improved Hough
transform voting scheme, Pattern Recognition, (20089-314.

[9]. H. Zhao, A. W. Liew, X. Xie, H. Yan, A new geometrbiclustering algorithm
based on the Hough transform for analysis of lagge microarray data, Journal
of Theoretical Biology, (2008), 264-274.

[10]. W. Lu, J. Tan, Detection of incomplete ellipse mages with strong noise by
iterative randomized Hough transform (IRHT), PattéRecognition, (2008),
Pages 1268-1279.

[11]. M. Smereka and |. Duleba, Circular object detectiming a modified hough
transform, Int. J. Appl. Math. Comput. Sci., (20083-91.

57



[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

C. Singh, N. Bhatia, A. Kaur, Hough transform ba$ast skew detection and
accurate skew correction methods, Pattern Recog(2d08), 3528-3546.

W. Du, J. Yang, A robust Hough transform algorittandetermining the radiation
centers of circular and rectangular fields withgubl accuracy, Phys. Med. Biol.
(2009) 555-567.

S. Maji, J. Malik, Object Detection using a Max-Mar Hough Transform,
Computer Vision and Pattern Recognition, (2009)8t0345.

R.Bansal, P. Arora, M. Gaur, P. Sehgal, P Bedigé&iiprint Image Enhancement
Using Type-2 Fuzzy Sets, Sixth International Cosfiee on Fuzzy Systems and
Knowledge Discovery, (2009)., 412-417.

J. Gall, V. Lempitsky, Class-specific Hough forefts object detection, IEEE
Conference on Computer Vision and Pattern Recagni{009), 1022-1029.

S. Guo, T. Pridmore, Y. Kong, X. Zhang, An improvddugh transform voting
scheme utilizing surround suppression, Pattern gation Letters, (2009), 1241-
125.

H.D. Cheng, Y. Guo, Y. Zhang, A novel Hough tramsfdbased on eliminating
particle swarm optimization and its applicationgttérn Recognition, (2009),
1959-1969.

H. lzadinia, F. Sadeghi, M. Ebadzadeh, Fuzzy gdmech hough transform
invariant to rotation and scale in noisy environmetEEE International
Conference on Fuzzy Systems FUZZ-IEEE (2009), 1%3-1
D. Borrmann, J. Elseberg, K. Lingemann, A. NiichtarData Structure for the
3D Hough Transfrom for Plane Detection, 7th IFAGy Intell. Aut. Vehicles
(2010).

H. Ruppertshofen, C. Lorenz, P. Beyerlein, Z. Saléh Rose, H. Schramm Fully
automatic model creation for object localizatioflizing the Generalized Hough
transform, Bildverarbeitung fr die Medizin. Sprimgé010) 281-285.

J. Knopp, M. Prasad, G. Willems, R. Timofte, L. @nol, Hough transform and
3d surf for robust three dimensional classificatiB@CV, (2010).

58



[23]. N.Bhatia, M. Chhabra, Improved Hough transform fast iris detection,
Proceedings on International Conference on Signatd3sing Systems, Dalian
(2010), 172-176.

[24]. A. Maki, F. Perbet, B. Stenger, Demisting the Houginsform for 3D shape
recognition and registration, BMVC, 2011.

[25]. C.Tu, S. Du, B.J. Van Wyk, K. Djouani, Y. HamamHigh resolution Hough
transform based on buttery self-similarity, Elentos Letters , (2011),1360-1361.

[26]. F. Mokhayeri, M.R Akbarzadeh, Mental Stress DetectiBased on Soft
Computing Techniques, IEEE International ConferenoeBioinformatics and
Biomedicine (BIBM), (2011), 430-433.

[27]. A. Lehmann, B. Leibe, LV. Gool , Fast prism: Brarastd bound Hough transform
for object class detection, International JourrfaComputer Vision, (2011), 175-
197.

[28]. T.Y. Lee, T.S. Chang, S.H. Lai, K.C. Liu, H.S. WWide-angle distortion
correction by Hough transform and gradient estiomti IEEE Visual
Communications and Image Processing (VCIP), 2041, 1

[29]. http://homepages.inf.ed.ac.uk/rbf/HIPR2/hough.htm

[30]. http://www.scantips.com/basics9t.html

[31]. The Handbook of Pattern Recognition and Computesiovii (2nd Edition), by
C.H. Chen, L. F. Pau, P. S. P. Wang (eds.), Waeldriific Publishing Co.

50....70....

Results, table..conclusion..

59



