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Abstract — This paper aims at fusing two biometric features
namely Iris and Fingerprint at feature level in frequency
domain. A multimodal biometric system is a combination
of two or more biometric features that result in greater
accuracy and is more dependable way to recognise the
subjects. The Iris recognition system consists of segmenting
the image, localizing the circular Iris and pupil region,
removal of eyelids and eyelashes. The extracted Iris is then
normalized into a rectangular linearized block with
constant dimensions to account for image inconsistencies.
The Fingerprint image is pre-processed and extracted
using a novel algorithm which is capable of detecting
singular points with precision and less computational time.
In this paper, we adopt a unified viewpoint to extract
singular points (core and delta) that determine the
topological structure and largely influence the orientation
field by using the principal of Gabor basis functions.
Lastly the points are classified into classes by method of
Poincare index for Fingerprint classification. The proposed
algorithm outperforms existing algorithms in detection
accuracy and calculation speed.

This paper uses the log Gabor filter to extract the feature
vectors from both Iris and Fingerprint and then they are
concatenated. Finally the phase data from 1 D log Gabor
filters is extracted and quantised to four levels to encode
the unique pattern of Iris and Fingerprint into bitwise
biometric template. Hamming distance (HD) is used to
generate a final match score. Experimental results was
verified on database of 50 users accounting to FAR = 0%
and FRR = 4.3%. The execution time required to match is
reduced to 0.14 seconds.

Keywords — Iris recognition, log Gabor filters, multimodal
biometric systems, singularity points

I.  INTRODUCTION

In this world where it becomes one of the prior
thing to safeguard the data and services some of the
existing techniques like the simple username-password

fails. Chances of forgetting the password or maintaining
different passwords for various applications or resources
are major problems faced by existing systems. Thus
there is a need to develop more secure systems for
authentication and recognising subjects. Biometric
authentication systems are thus a better option for high
level security situations.

Unimodal and multimodal biometric systems can be
the two approaches that can be used in biometrics. The
existing unimodal systems use a single biometric feature
for recognition.

Traditionally biometric systems, operating on a
single biometric feature, have many limitations, which
are as follows:

1) Trouble with data sensors: Captured sensor data are
often affected by noise due to the environmental
conditions (insufficient light, powder, etc.) or due to
user physiological and physical conditions (cold,
cut fingers, etc).

2) Distinctiveness ability: Not all biometric features
have the same distinctiveness degree (for example,
hand geometry- based biometric systems are less
selective than the Fingerprint-based ones).

3) Lack of universality: All biometric features are
universal, but due to the wide variety and
complexity of the human body, not everyone is
endowed with the same physical features and might
not contain all the biometric features, which a
system might allow.

To overcome these limitations, multimodal
biometric systems are developed. Multimodal biometric
systems use two or more human traits to recognise and
thus provide higher accuracy rate and higher protection
rate from spoofing.
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In multi-biometrics features can be combined at
different levels like fusion at data-sensor level, fusion at
the feature extraction level, fusion at the matching level,
rank level, and fusion at the decision level. In this paper
a feature level template fusion technique is used to
combine Iris and Fingerprint biometric features.

Il. RELATED WORKS

Many researchers have tried multimodal approach
on various modalities.

Ratha et al. [13] Proposed a unimodal distortion-
tolerant Fingerprint authentication technique based on
graph representation. Using the Fingerprint minutiae
features, a weighted graph of minutiae was constructed
for both the query Fingerprint and the reference
Fingerprint. The proposed algorithm had been tested
with excellent results on a large private database with
the use of an optical biometric sensor.

Concerning Iris recognition systems in the Gabor
filter and 2-D wavelet filter were used for feature
extraction. This method was invariant to translation and
rotation and was tolerant to illumination. The
classification rate on using the Gabor was 98.3% and the
accuracy with wavelet was 82.51% on the Institute of
Automation of the Chinese Academy of Sciences
(CASIA) database. In the approach proposed in
multichannel and Gabor filters had been used to capture
local texture information of the Iris which were used to
construct a fixed-length feature wvector. The results
obtained were FAR = 0.01% and FRR = 2.17% on
CASIA database.

Generally, unimodal biometric recognition systems
present different drawbacks due its dependency on the
unique biometric feature. For example feature
distinctiveness, feature acquisition, processing errors,
and features that are temporally unavailable can all
affect system accuracy. A multimodal biometric system
should overcome the aforementioned Ilimits by
integrating two or more biometric features.

Conti et al. [14] proposed a multimodal biometric
system using two different Fingerprint acquisitions. The
matching module integrates fuzzy-logic methods for
matching-score fusion. Experimental trials using both
decision-level fusion and matching-score-level fusion
were performed. Experimental results have shown an
improvement of 6.7% using the matching score- level
fusion rather than a monomodal authentication system.

Yang and Ma [15] used Fingerprint, palm print, and
hand geometry to implement personal identity
verification. Unlike other multimodal biometric systems,
these three biometric features can be taken from the
same image. They implemented matching score fusion
at different levels to establish identity, performing a first

fusion of the Fingerprint and palm-print features, and
successively, a matching-score fusion between the
multimodal system and the palm-geometry unimodal
system. The system was tested on a database containing
the features self-constructed by 98 subjects.

Besbes et al. [16] proposed a multimodal biometric
system using Fingerprint and Iris features. They use a
hybrid approach based on: 1) Fingerprint minutiae
extraction and 2) Iris template encoding through a
mathematical representation of the extracted Iris region.
This approach was based on two recognition modalities
and every part provided its own decision. The final
decision was taken by considering the unimodal
decision through an “AND” operator. No experimental
results have been reported for recognition performance.

Aguilar et al. [17] proposed a multibiometric
method using a combination of fast Fourier transform
(FFT) and Gabor filters to enhance Fingerprint imaging.
Successively, a novel stage for recognition using local
features and statistical parameters was used. The
proposed system uses the Fingerprints of both thumbs.
Each  Fingerprint was  separately  processed,;
successively, the unimodal results were compared in
order to give the final fused result. The tests have been
performed on a Fingerprint database composed of 50
subjects obtaining FAR = 0.2% and FRR = 1.4%.

Subbarayudu and Prasad presented experimental
results of the unimodal Iris system, unimodal palm print
system, and multibiometric system (Iris and palm print).
The system fusion utilizes a matching score feature in
which each system provides a matching score indicating
the similarity of the feature vector with the template
vector. The experiment was conducted on the Hong
Kong Polytechnic University Palm print database. A
total of 600 images are collected from 100 different
subjects.

In contrast to the approaches found in literature and
detailed earlier, the proposed approach introduces an
innovative idea to unify and homogenize the final
biometric descriptor using two different strong
features—the Fingerprint and the Iris. Experimental
results show the improvements introduced by adopting
the fusion process at the template level as well as the
related comparisons against the unimodal elements and
the classical matching-score fusion-based multimodal
system. The system’s performance was tested on 500
images of 50 subjects.

I1l. PRESENT WORK

In this paper, a multimodal biometric system, based
on Fingerprint and Iris characteristics, is proposed. The
proposed multimodal biometric system is composed of
four main stages: the pre-processing stage, feature

67

ISSN (Print): 2278-5140, Volume-1, Issue — 2, 2012



International Journal on Advanced Computer Engineering and Communication Technology (IJACECT)

extraction, fusion, and matching stage. Iris and
Fingerprint images are pre-processed to extract the
ROIs, based on singularity regions, surrounding some
meaningful points. Despite to the classic minutiae-based
approach, the Fingerprint singularity-regions based
approach requires a low execution time, since image
analysis is based on a few points (core and delta) rather
than 30-50 minutiae. The extracted ROIs are used as
input for the matching stage. They are normalized, and
then, processed through a frequency-based approach, in
order to generate a homogeneous template. A matching
algorithm is based on the HD to find the similarity
degree. In what follows, each phase is briefly described.

» Singularity Point
Detected

Extraction
Poincare Index
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Directional Image

Similarity Index

Fingerprint
ROI
extraction

ROI Normalisation
Template Generation
Hamming Distance
Matching

Iris.
ROI =

@ ’
E k; extraction

Iris Image
B Bifurcated
Master
File

Fig. 1: The proposed system

A. Preprocessing Iris ROIS Extraction:

Iris ROl segmentation process is composed of four
tasks: boundary localization, pupil segmentation, Iris
segmentation, and eyelid and eyelash erosion.

a) Localization : Edge detection technique is used to
determine the boundary of the Iris image which
computes the parameters of the Iris and pupil
neighbours. This approach aims to detect the
circumference, center, and radius of the Iris and pupil
region, even if the circumferences are usually not
concentric. Finally, the eyelids and eyelashes form are
located.

b) Segmentation of pupil : There are two major steps
in segmenting the pupil. The first step is an adaptive
thresholding, and the second step is a morphological
opening operation. The first step is able to identify the
pupil, but it cannot eliminate the presence of noise due
to the acquisition phase. The step ends when the
morphological opening operation reduces the pupil area
to approximate the structural element. The identification
algorithm is executed in two steps: the first step detects

connected circular areas and almost connected circular
areas, trying to get the better pair (radius, center) with
respect to the previous phase. The second step, starting
from a square around the coordinates of the obtained
centroid, measures the maximum gradient variations
along the circumferences centered in the identified
points with a different radius.

c) Segmentation of Iris : Next step is segmenting the
Iris. The Iris boundary is detected in two steps. Image-
intensity information is a binary edge map.
Successively, the set of edge Points are subjected to
voting to instantiate the contour of the parametric
values. The Canny algorithm is used to recover the
edge-map. This operation is based on the thresholding of
the magnitude of the image-intensity gradient. In order
to incorporate directional tuning, image-intensity
derivatives are weighted to amplify certain ranges of
orientation. In order to recognize this boundary contour,
/‘f%lmm

(

(@) (b) (0

(d)

Fig. 2: various stages of Iris preprocessing
(a)lris image, (b)localized Iris, (c)segmented Iris, (d)normalized linear
Iris image
the derivatives are weighted to be selective for vertical
edges. The wvoting procedure of Canny operator
extracted points is applied to remove the disconnected
points along the edge.

d) Eyelid and eyelash erosion : Eyelids and eyelashes
are considered to be “noise,” and therefore, are seen to
degrade the system performance. Eyelashes are of two
types: separable eyelashes and multiple eyelashes. The
eyelashes present in our dataset belong to the separable
type. The eyelids are isolated by fitting a line to the
upper and lower eyelid using the linear Hough transform
[71[8]. Finally, the Canny algorithm is used to create the
edge map, and only the horizontal gradient information
is considered.

Fingerprint:

Core Delta Detection : Singularity points detection is
the most challenging and important process in
biometrics Fingerprint verification and identification
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systems. Singular points are used for Fingerprint
classification, Fingerprint matching and Fingerprint
alignment.

Singularity point : Singularity points are the special
points that are present in the Fingerprint. A simple
Fingerprint has a number of singularity points which can
be used to distinguish between various subjects. The
various singularity points [9] present are called the
‘core’ and ‘delta’. Cores are the position that occurs
when there is a circular region in the Fingerprint. Delta
is present where three different directional lines are
present (figure 3).

Fig. 3: (a) arch, (b) tented arch, (c) left loop, (d) right loop,
(e) whorl [1]

The entire three lines move in different direction
creating a triangle shaped region. There are basically
many approaches for detecting the singularity points.
Here we used the Poincare index approach. It assumes
that the core, double core, and delta generate a Poincare
index [2], [3] equal to 180°, 360°, and —180,
respectively. Fingerprint singularity region extraction is
composed of three main blocks: directional image
extraction [1], Poincare index calculation, and
singularity-point detection.

Table I: Fingerprint pattern classes and the
corresponding number and type of singular points

Pattern class Core Delta
Arch 0 0
Tented arch 1 1(middle)
Left loop 1 1(right)
Right loop 1 1(left)
Whorl 2 2

The directional image extraction process can further be
divided into four steps:

1) Gx and Gy gradients calculation using Sobel

operators [5][6];
2)
3)
4)

Dx and Dy derivatives calculation;
@ (i, j) angle calculation of the (i, j) block [11];

Gaussian smoothing filter application on angle
matrix.

Finally the Poincare index algorithm is used to
detect the singularity points.

On the basis of the number of core and delta points
detected, the Fingerprint images are classified into 5
major classes namely arch, tented arch, left loop, right
loop, and whorl(see figure 3).

B. Feature Vector Generation

Normalization : Once the Iris region is successfully
segmented from an eye image, the next stage is to
transform the Iris region so that it has fixed dimensions
in order to allow comparisons. The dimensional
inconsistencies between eye images are mainly due to
the stretching of the Iris caused by pupil dilation from
varying levels of illumination. Other sources of
inconsistency include, varying imaging distance,
rotation of the camera, head tilt, and rotation of the eye
within the eye socket. The normalisation process will
produce Iris regions, which have the same constant
dimensions, so that two photographs of the same Iris
under different conditions will have characteristic
features at the same spatial location.

R=Ry-R;

»
»
)

Fig 4: (a) Polar coordinate system for an Iris ROl and the
corresponding linearized visualization. (b) Two examples showing the
linearized Iris and Fingerprint ROl images, respectively.

The coordinate transformation process produces a
240 x 20 biometric pattern for each meaningful ROI:
240 is the number of the chosen radial samples (to avoid
data loss in the round angle), while 20 pixels are the
highest difference between Iris and pupil radius in the
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Iris images, or the ROI radius in the Fingerprint images.
For each Cartesian point of the ROl image is assigned a
polar coordinates pair (r, 8), with re [R1,R2 ] and 6¢€
[0, 2], where R1 is the pupil radius and R2 is the Iris
radius. For Fingerprint ROIs, R1 = 0.

Since Iris eyelashes and eyelids generate some
corrupted areas, a noise mask corresponding to the
aforementioned corrupted areas is associated with each
linearized ROI. In addition, the phase component will be
meaningless in the regions where the amplitude is zero,
so that these regions are also added to the noise mask.

Template generation The homogenous biometric
vector from Fingerprint and Iris data is composed of
binary sequences representing the unimodal biometric
templates. The resulting vector is composed of a header
and a biometric pattern. The biometric pattern is
composed of two sub patterns as well. The first pattern
is related to the extracted Fingerprint singularity points,
reporting the codified and normalized ROIls. The second
pattern is related to the extracted Iris code, reporting the
codified and normalized ROls.

The template is generated by convolving each 1-D
row of the 2-D binary pattern by the Gabor convolve
filter. A disadvantage of the Gabor filter is that the even
symmetric filter will have a DC component whenever
the bandwidth is larger than one octave. However, zero
DC components can be obtained for any bandwidth by
using a Gabor filter which is Gaussian on a logarithmic
scale, this is known as the Log-Gabor filter [4][10]. The
frequency response of a Log-Gabor filter is:

- (@

G(f) = exp [MJ

2log *(o / f,)

where f0 represents the centre frequency, and o

gives the bandwidth of the filter. After rigorous
experiments, we finalised the values of fO as 0.73.

Feature encoding was implemented by convolving
the normalised Iris pattern with 1D Log-Gabor wavelets.
The 2D normalised pattern is broken up into a number
of 1D signals, and then these 1D signals are convolved
with 1D Gabor wavelets. The rows of the 2D normalised
pattern are taken as the 1D signal, each row corresponds
to a circular ring on the Iris region. The angular
direction is taken rather than the radial one, which
corresponds to columns of the normalised pattern, since
maximum independence occurs in the angular direction.
The intensity values at known noise areas in the
normalised pattern are set to the average intensity of
surrounding pixels to prevent influence of noise in the
output of the filtering. The output of filtering is then
phase quantised to four levels using the Daugman
method [4], with each filter producing two bits of data

for each phasor. The output of phase quantisation is
chosen to be a grey code, so that when going from one
quadrant to another, only 1 bit changes. This will
minimise the number of bits disagreeing, if say two
intra-class patterns are slightly misaligned and thus will
provide more accurate recognition.

C. Master File Generation

The generated phase quantised template for each
biometric feature is concatenated to get a fused
template. This template is used in the matching process.
All the final fused templates of various file along with
the respective binary mask is stored. This mask is used
while applying the matching. This file has the phase
quantised vector of all the images. This master file is
bifurcated on the basis of the detected singularity points.
Those fused templates which has the Fingerprint for
which one core is detected is stored together and in this
way the master file will be a set of fused vectors
grouped together on the basis of the singularity points.

Origial 1D signal

Intensity

+ Position
Even symmetric l Odd symmetric
Real response l l Imaginary response

I Ly Mt wg
3 vvwwiwww’w

01000010111101010010 10 1111010100101011010101010100
10100111000111101110100010011000110110110001 011110

Fig. 5: An illustration of the feature encoding process.[4]

The header byte consisting the number of core and
the types of classes is also stored with the corresponding
template. A header byte has two bits for the number of
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cores, two bits for number of delta, three bits for the
class of Fingerprint and one bit for Iris segmentation
information.

D. Matching

Whenever a Fingerprint and Iris image comes in the
real time for authentication, the entire process is
followed and the fused template is generated. First the
header is compared with the header present in the master
file. If it matches then the real time generated fused
template is then given as input to the hamming distance
[4]. This is then compared with each feature vector in
master file. If two patterns are completely independent,
the HD between them should be equal to 0.5, since
independence implies that the two strings of bits are
completely random so that 0.5 is the ability to set every
bit to 1 and vice versa.

|(codeA ® codeB )N maskA N maskB ||

HD =
HmaskA N maskB H

If the two patterns of the same biometric descriptor
are processed, then their distance should be zero. The
subject with the lowest hamming distance is considered
as the subject with maximum match.

Template 1 10 0011001001

|:> HD=043
Template 2 001100 100110
— Fhift 2 bits left
Tenglatel | 001100100110 |
|:> HD=0.00
Template2 | 001100100110 |
—* Shift 2 bits right
Template 1
|:> HD =033
Template 2 ‘ 001100100110

Fig. 6: An illustration of the shifting process.[4]

To avoid false results caused by the rotation
problem, a template is shifted to the right and left with
respect to the corresponding template [4], and for each
shift operation, the new HD is then calculated. Each
shift corresponds to a rotation of 2o. The code A and
code B is the final fused biometric template. They are
EXORed and the result is then AND with the masks.
Among all obtained values, the minimum distance is
considered (corresponding to the best matching between
the two templates). Due to this process of multiple
matching the accuracy is increased and the FAR is
reduced.

IV. EXPERIMENTAL RESULT

A. Recognition Analysis Of Multimodal System

To evaluate the performance of the proposed
approach, several tests have been conducted considering
the appropriate number of Fingerprint and Iris images.
The proposed multimodal biometric authentication
system achieves interesting results which are underlined
here. we have obtained the results for 50 users each
having 5 sample images for Iris and Fingerprint
respectively. Our experimental trials confirm that the
optimized threshold increases the recognition
performance. The obtained

100
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Fig. 7: FAR curve for multimodal biometric system

fusion technique carries out an enhanced system
showing interesting results in terms of FAR and FRR.
Gradually, the proposed fusion strategy using log Gabor
filter has been applied and the results obtained has
reduced execution time by half. With the proposed
approach, the following results have been obtained:
FAR = 0% and FRR = 4.3%.

B. Execution Time Analysis

The biometric multimodal systems using Iris and
Fingerprint images have been implemented using the
MATLAB environment on a general-purpose Intel P4 at
3.00GHz processor with 2-GB RAM memory. Table |1
shows the average software execution times for the
preprocessing and matching tasks. The Fingerprint
preprocessing time can change, since it depends either
on singularity-point detection, maximum curvature point
detection, the number of images accounting for different
classes of Fingerprint in master file.
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Fig. 8: FRR curve for multimodal biometric system

The blue colour indicates the execution time taken by
other existing systems and the green colour indicates the
execution time taken by the proposed system.
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Fig. 9: comparison of software execution time for matching

Table Il: software execution times for matching task

TASK FINGERPRINT | FUSED | IRIS
PRE-
PROCESSING o 22
MATCHING
PHASE Lk

V. DISCUSSION

Multimodal biometric identification systems aim to
fuse two or more physical or behavioural traits of
information to provide optimal FAR and FRR indexes
improving system dependability and accuracy of system.
In contrast to the classical minutiae-based approaches,
the proposed system performs Fingerprint matching
using the segmented regions (ROIs) surrounding

singularity points. This choice overcomes the drawbacks
related to the Fingerprint minutiae information: the
frequency-based approach should consider a high
number of ROIs, resulting in the whole Fingerprint
image coding, and consequently, in high-dimensional
feature vector. Using the template level fusion technique
for extracting the feature vectors and is finally stored in
a master file stored according to the core-delta
classification results. Along with this the Iris
preprocessing aims to detect the circular region
surrounding the feature, generating an Iris ROI as well.
For best results, we adopted a Log-Gabor-algorithm-
based codifier to encode both Fingerprint and Iris
features, thus obtaining a unified template. Successively,
the HD on the fused template has been used for the
similarity index computation.

The improvements are described and discussed,
which were introduced by adopting the fusion process at
the template level as well as the related comparison
against the unimodal biometric systems and the classical
matching-score-fusion-based multimodal systems. In the
frequency-based approach, it is very difficult to use the
classical minutiae information, due to its great number.
In this case, the frequency-based approach should
consider a high number of ROIs, resulting in the whole
Fingerprint image coding, and consequently, in high-
dimensional feature vector.

For an ideal authentication system, FAR and FRR
indexes are equal to 0. To increase the related security
level, system parameters are then fixed in order to
achieve the FAR = 0% point and a corresponding FRR
point. In conclusion, we can say that when a fusion
strategy is performed at the feature-extraction level, a
homogeneous template is generated, so that a unified
matching algorithm is used, at which time the
corresponding multimodal identification system shows
better results when compared to the result achieved
using other fusion strategies.

VI. CONCLUSION

The approach used here increases the efficiency as
well as the speed of the entire system. The already
developed systems take a large computational time
when applied on large population. This is due to the
large database. This system proposes a novel way to
increase the speed of the matching stage that will prove
beneficial when the system is used on large population.
This is done on the basis of the singularity points
present in the Fingerprint. After fusing the Iris and
Fingerprint the final template is stored in a group
formed on the basis of the number of cores and delta.
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Table I1I: FAR and FRR for the proposed system

False
False Rejection
Traits/Bio. Acceptance !
Approach Rate
Features rate (FAR)
(%) (FRR)
(%)
FREQUENCY
FUSION BASED 0 4.3

This means that all the templates that have one core

will be stored together and the templates having two
cores will be stored together. This process will decrease
the FAR and the matching stage requires less time
compared to other large population system. Ideally the
system should be five times faster than the other systems
but we have tested it to get a system that is two to three
times better according to the computational cost. This
change in ideal and real situation is because some
singularity points can be found more often with the
subjects.

(1]

(2]

(3]

(4]

(5]

(6]

VIl. REFERENCES

Ching-Tang Hsieh, Shys-Rong Shyu and Kuo-Ming
Hung, “An Effective Method for Fingerprint
Classification,” Tamkang Journal of Science and
Engineering, Vol. 12, No. 2, pp. 169_182, (2009).

Chih-Jen Lee, Tai-Ning Yang, I-Horng Jeng, Chun-
Jung Chen, and Keng-Li Lin, “ Singular Points and
Minutiae Detection in Fingerprint Images Using
Principal Gabor Basis Functions,” Department of
Computer Science Chinese Culture University Taipei,
Taiwan.

H B Kekre, V A Bharadi , “Fingerprint Core Point
Detection Algorithm Using Orientation Field Based
Multiple Features,” Department of Computer Science
Mukesh Patel School of Technology Management &
Engineering, NMIMS University Mumbai, India,
International Journal of Computer Applications (0975
—8887) Volume 1 — No. 15.

Ashish kumar Dewangan, Majid Ahmad Siddhiqui,
“Human Identification and Verification Using Iris
Recognition by Calculating Hamming Distance,”
International Journal of Soft Computing and
Engineering (1JSCE) ISSN: 2231-2307, Volume-2,
Issue-2 (May 2012).

Dr. M. Nagabhushana Rao, Mr. M. Venkateswara Rao,
Ms. Y. Krishna Bhargavi, “Application of Edge Based
Segmentation in Bio-Metric Security System,” A.P,
India, Published in International Journal of Advanced
Engineering & Application, pp.175-178 (Jan 2011).

O. R. Vincent, O. Folorunso, “A Descriptive Algorithm
for Sobel Image Edge Detection,”, University of
Agriculture, Abeokuta, Nigeria, Proceedings of
Informing Science & IT Education Conference
(InSITE) ,pp. 97-104, (2009).

(7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Prateek Verma, Maheedhar Dubey, Somak Basu,
Praveen Verma, “Hough Transform Method for Iris
Recognition-A Biometric Approach,” International
Journal of Engineering and Innovative Technology
(JEIT) Volume 1, Issue 6, (June 2012).

Ifeanyi Ugbaga Nkole, Ghazali Bin Sulong, “An
Enhanced Iris Segmentation Algorithm Using Circle
Hough Transform,” Faculty of Computer Science and
Information System, University Technology Malaysia,
81310 Skudai, Johor, Malaysia.

Mohammed Sayim Khalil, Dzulkifli Muhammad,
Muhammad Khurram Khan and Khaled Alghathbar,
“Singular points detection using Fingerprint orientation
field reliability,” International Journal of Physical
Sciences Vol. 5(4), pp. 352-357, (April 2010).

S. Fischer, R. Redondo, and G. Cristobel, “How to
construct log-Gabor filters?” Institute de Optic (CSIC),
Serrano 121, 28006 Madrid, Spain (July 5, 2009).

Jitendra P. Chaudhari, Pradeep M. Patil, Y.P.Kosta,
“Singularity Points Detection in Fingerprint Images,”
International Journal of Computer Applications (0975
— 8887) Volume 45— No.5, (May 2012).

Ritika Jain, “Study of Iris recognition shemes,”
University of texax at Arlington, (2012).

N. K. Ratha, R. M. Bolle, V. D. Pandit, and V. Vaish,
“Robust Fingerprint authentication using local
structural similarity,” in Proc. 5" IEEE Workshop
Appl. Comput. Vis., Dec. 4-6, 2000, pp. 29-34. DOI
10.1109/WACV.2000.895399.

V. Conti, G. Milici, P. Ribino, S. Vitabile, and F.
Sorbello, “Fuzzy fusion in multimodal biometric
systems,” in Proc. 11th LNAI Int. Conf. Knowl.-
Based Intell. Inf. Eng. Syst. (KES 2007/WIRN 2007),
Part | LNAI 4692. B. Apolloni et al., Eds. Berlin,
Germany: Springer-Verlag, 2010, pp. 108-115.

F. Yang and B. Ma, “A new mixed-mode biometrics

information  fusion based-on Fingerprint, hand-
geometry and palm-print,” in Proc. 4th Int. IEEE Conf.
Image  Graph.,, 2007, pp. 689-693. DOI:

10.1109/I1CI1G.2007.39.

F. Besbes, H. Trichili, and B. Solaiman, “Multimodal
biometric system based on Fingerprint identification
and Iris recognition,” in Proc. 3rd Int. IEEE Conf. Inf.
Commun. Technol.: From Theory to Applications
(ICTTA  2008), pp. 1-5. DOl 10.1109/
ICTTA.2008.4530129.

G. Aguilar, G. Sanchez, K. Toscano, M. Nakano, and
H. Perez, “Multimodal biometric system using
Fingerprint,” in Proc. Int. Conf. Intell. Adv. Syst. 2007,
pp. 145-150. DOI: 10.1109/ ICIAS.2007.4658364.

S®®

73

ISSN (Print): 2278-5140, Volume-1, Issue — 2, 2012



