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Iris recognition system is a technique of identifying people using their
distinctive features. Generally, this technique is used in security, because it
offers a good reliability. Different researchers have proposed new methods
for iris recognition system to increase its effectiveness. In this paper, we
propose a new method for iris recognition based on Gabor filter and

steerable pyramid decomposition. It’s an efficient and accurate linear multi-
scale, multi-orientation image decomposition to capture texture details of an
Keywords: image. At first, the iris image is segmented, normalized and decomposed by
Biometric authentication Gabor filter and steerable pyramid method. Multiple sub-band are generated
. by applying steerable pyramid on the input image. High frequency sub-band
Feature extraction is ignored to eliminate noise and increase the accuracy. The method was
Gabor filter validated using Chinese Academy of Sciences Institute of Automation
Iris recognition (CASIA-v4), Indian Institute of Technology Delhi (IITD) and University of
Steerable pyramid Phoenix Online (UPOL) databases. The performance of the proposed
method is better than the most methods in the literature. The proposed
algorithm provides accuracy of 99.99%. False acceptance rate (FAR), equal
error rate (EER) and genuine acceptance rate (GAR) have also been

improved.
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1. INTRODUCTION

Biometrics is the automatic recognition of people based on their physiological or behavioral
characteristics, such as fingerprints, knuckle prints, face, voice, retina and iris [1]. The iris identification
system is considered one of the best biometric technologies [2], as it remains immutable and is protected
from the external environment [3]. To recognize a person from the iris image, different techniques are
applied. First, the iris is isolated from all elements that surround the iris such as the pupil, sclera and
eyelids [4], [5]. The segmented iris is then normalized. Next, the most distinctive features of the iris are
extracted, to form a profile representing the biometric signature of the iris. Finally, classification is required
to compare the segmented iris with an existing iris database [6].

Image quality is affected by several factors as shown in Figure 1: iris occlusion, image focus, iris
illumination and light reflection. Iris occlusion is caused by total or partial closure of the upper or lower
eyelid. In addition, eyelashes can easily interfere with the iris area [7]. On the other hand, unoptimized
lighting can result in a dark, saturated or highly reflective image. All these elements are considered as
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insignificant noise obtained during the acquisition. They limit the visible iris region, reduce the image quality
and indirectly influence the iris recognition decision.

Iris recognition system is based on two important setps: Enrollment section and verification.
Enrollment involves the acquisition of images using cameras and sensors. The captured images should be
based on all surrounding elements of the eye. Different pre-processing approaches were applied to improve
the quality of iris image, and then feature extraction is based on different algorithm as discrete cosine
transform (DCT) [8], local binary patterns (LBP) [9], discrete wavelet transform (DWT) [10], contourlet
transform [11], stylometric features [12]. In verification section, the extracted features will be compared with
an enrolled database image [13].

In terms of recognition performance, iris-based identification systems are characterized by a very
low number of false acceptances or rejections [14]. However, despite these high performances, various
difficulties remain in the identification process. These problems are mainly related to the segmentation and
normalization of the iris [15], [16]. Inaccurate segmentation leads to false determination of the iris region,
resulting in false iris profile formation. Incorrect normalization of the iris region leads in non-optimized
sampling and representation of the iris texture. The effect of these two problems results in a mismatch when
comparing iris profiles of the same class, which increases recognition errors.

The main motivation of this work is to improve the performance of iris recognition system using
two feature extraction methods. For this purpose, we present an iris recognition system based on extracted
features by Gabor filter and then steerable pyramid decomposition to extract other features that are not
captured by the first method. In addition, our proposal presents a higher accuracy than other works presented
in the literature.

In this proposed method, segmentation is first performed using circular Hough transform (CHT) to
detect the iris. Then segmented iris region is normalized using Daugman’s rubber sheet model. And then, the
extracted features are obtained by applying Gabor filter and steerable pyramid decomposition with different
scales and orientations. The remaining paper is organized as: section 2 discusses the works related with the
field of iris recognition. In section 3, the proposed method is discussed and section 4 gives the performance
evaluations of the proposed system. Section 5 concludes the paper.

2. RELATED WORK

Recently, many approaches on iris recognition have been proposed. In [17] an iris authentication
system is presented. This method method is based on DWT for features extraction and Radon transform for
contrast enhancement. Average recognition rate (RR) obtained for Indian Institute of Technology Delhi
(IITD) database is 90.5% and 88.5% for Phoenix database. The method remains limited in terms of time.
In [18], a feature descriptor for iris recognition is presented. This approach is based on both curvelet
transform and polynomial fitting. The normalization is firstly done through curvelet transform and
polynomial fitting is implemented on every curvelet sub-band to obtain a feature vector. The method
proposed is tested with two databases such as Chinese Academy of Sciences Institute of Automation
(CASIA)-v4-Interval and HTD. In [19] a segmentation technique of iris using CHT is presented.
The approach consists on changing the segmentation used in wavelet packet decomposition from
integro-differential operator to Hough transform. This last technique gives better results than the first one.
Okokpujie et al. [20] proposed a method based on CHT and Daugman’s rubber sheet model for
normalization process. The features in normalized iris pattern are encoded using 1D log-Gabor wavelets. The
method is tested on CASIA database with 99.17% accuracy. In [21] a novel approach is proposed to segment
iris images based on rough entropy with localization. This technique has been developped to detect the iris
region in different situations. Results on CASIA-V3-Interval, 1ITD, MMU1 (Multi Media University)
databases present 97% in accuracy. In another work, Salve and Narote [22] proposed a method of iris
recognition using support vector machine (SVM) and artificial neural network (ANN). The method is based
on edge detection and CHT to segment the iris region then Daugman’s rubber sheet model is used to get
normalized iris. Features extraction are obtained by applying 1D log Gabor wavelet, feature vectors are
calculated using quantization. Finally SVM and ANN are used to iris pattern classifier. The experimental
tests are used by CASIA-v4 database. Results showed that the proposed method have 95.9% accuracy radial
basis function (RBF) kernel and 92.5% accuracy (polynomial kernel). In [23] dense fully convolutional
network (DFCN) is used in segmentation process. The segmented iris region is normalized and Gabor
wavelet is applied to extract iris features and the classification is used through SVM classifier. The proposed
approach is tested with CASIA and IITD databases with 98.85% and 99.8% accuracy respectively. Many
different databases are used in these studies; the most popular is CASIA database. On the other hand,
different methods of segmentation, normalization and features extraction are presented. The best performance
measures are noticed in approaches that applied neural network and Gabor wavelet to extract iris features
with SVM classifier as shown in Table 1.
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Table 1. Benchmark of different studies on iris recognition

Year Author Approach Database Results
2016 Dhage et al. DWT for features extraction and IITD 90.5% average RR (%)
[17] Radon transform for contrast University of Phoenix 88.5% average RR (%)
enhancement Online (UPOL)

2019  Vyasetal. [18] iris recognition (curvelet transform) IITD AUC=0.9897 EER=0.0353
and (polynomial fitting)

CASIA-v4-Internal AUC=0.9292 EER=0.1388

2016  Matinetal. [19] Iris segmentation technique (circular CASIA (with Accuracy=93.06
Hough transform) 1080 iris images)

2016  Okokpujie etal.  Human iris for verification CASIA-v4 99.17% average RR (%)

[20]
2018 Sardar et al. Iris localization (rough entropy and CASIA-V3-Interval ACC=97.12%
[21] circular sector analysis (CSA)) IITD
MMU1 ACC=97.19%
ACC=97.11%
2016 Salve and Iris recognition (SVM and ANN) CASIA-v4 95.9% accuracy (RBF
Narote [22] Kernel) and 92.5%
accuracy (polynomial
kernel)

2021  Meenakshi [23]  Iris recognition (DFCN with CASIAIITD Accuracy=98.85
multiclass support vector machine Accuracy=99.8
classifier)
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Figure 1. Image quality affected by several factors

3. BACKGROUND

In the proposed method, we realized an iris recognition system based on Gabor filter and steerable
pyramid decomposition. The proposed system consists of three phases: enrolment, iris feature extraction and
authentication. The enrolment process includes image acquisition, segmentation and normalization.

3.1. Image acquisition

The iris is a dark, reflective and small object. It must be photographed under special conditions. It is
usually illuminated by a light source, visible or invisible. Other factors such as eye-to-camera distance and
image focus are also adjusted by the acquisition system [24]. Without good conditions, various deficiencies
can appear in the iris image such as: blurred image, bad contrast, presence of light reflections on the iris
surface [25]. All these elements are considered as insignificant noise obtained during the acquisition. They
limit the visible region of the iris, reduce the image quality and indirectly influence the iris recognition
decision. An efficient segmentation of these regions is therefore necessary. In this paper, CASIA-v4, IITD
and UPOL databases are used instead of capturing eye images. After image acquisition, the iris must be
isolated. At first, an enhancement technique is applied to enhance the overall image quality.

3.2. Segmentation
The segmentation [26], [27] of the iris will be defined by the set of processing to extract the iris
from different surrounding enviroment: pupil, white of the eye, eyelids, lashes and specular reflections.
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Depending on the particularity of each iris image and on the acquisition conditions, the segmentation step
allows to produce irises with different characteristics. In an identification process, no comparison between
two iris profiles can be made unless they are comparable. This requires compensating all intrinsic and
extrinsic variations by varying the size and rotation of the iris. The performance of the system is impacted by
the reliability of the segmentation method used. CHT [28], [29] is used to locate the circular iris region (outer
and inner boundaries). CHT is applied to determine the caracteristics of the pupil and iris regions (radius and
center coordinates). The maximum point corresponds to the radius ‘r’ and (x. y,) is the center coordinates of
the circle. The segmentation process determines the boundaries of the iris as shown in Figure 2 and the pupil,
this part is converted into an appropriate model in the normalization step. Caracteristics of CHT are
computed as,

Xy =17 =0 (1)

3.3. Normalization

Normalization [30], [31] is applied on segmented images to obtain the same size of iris images.
Circular iris region is transformed into a fixed size rectangular block. Daugman’s rubber-sheet model is
considered as the most used method for iris normalization (transform iris from Cartesian to polar
representation) [32]. For each pixel in the iris image, we can identify an equivalent position on the polar axes
(r,©) where r is the radial distance and O is the rotation angle (2). In the polar representation the iris is
sampled to have a rectangular shape as shown in Figure 3. The histogram equalization technique [33] is
performed on the normalized iris image to harmonize the illumination and obtain a well distributed texture
image as shown in Figure 4.

I[x(r,0),y(r,0)] = I(r,0) 2
Where:
I(x, y) is the iris region
(x,y) and (r,0) : Cartesian and normalized polar coordinates, respectively.

0 ranges from 0 to 27 and r ranges from Rp to RI.
x(r,0) and y(r,0) are defined as linear combinations of pupil boundary points.

% ;u:>lS

Figure 2. Iris boundaries (from 1ITD database)  Figure 3. Daugman’s rubber-sheet model

Figure 4. Normalization process

3.4. Feature extraction
Iris feature extraction will be effective to improve the performance of the recognition system. Each
extracted feature allows to identify parameters that characterize the iris image. The combination of several
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methods helps to identify the relevant features to be able to identify the irises. The proposed method aims to
provide a content-based iris authentication method using Gabor filter and steerable filter pyramids. This
fusion of methods improves the performance of the iris recognition system.

3.4.1. Gabor filter

Iris features are extracted by Gabor filter [13], [34]. It’s defined as a pair of a tuple of data x and y,
where x and y represent axes. The Gabor filter contains a filter coefficient of an image at different angles
from 0 to 2x. Gabor filter is defined as,

G(x,y) =exp (— %)cos (27” Xo) (3)
Where,

Xy = xcos(6) + ysin(0) 4

Yo = —xsin(0) + ycos(0) (5)

o represent the spatial size of the filter, 6 is the orientation angle.

3.4.2. Steerable pyramid

The steerable filters are the basic tool of the steerable pyramid proposed by Simoncelli, and
Freeman [34]. It is a multi-scale recursive transformation, flexible in terms of directional analysis. This
technique represents a combination of multiresolution and oriented measurement operations [35]. Unlike
other existing pyramidal methods laplacian pyramid, gaussian pyramid, the number of scales and directions is
variable. The iterated filter bank structure for steerable pyramid decomposition and reconstruction is
presented in Figure 5.
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Figure 5. First level of steerable pyramid decomposition
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The image is decomposed into LO (low-pass) and HO (high-pass) sub-bands. After that it is divided
into M oriented bandpass subbands Bi and one lowpass subband L1. This lowpass subband is subsampled by
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a factor of 2 in X and Y directions. This pyramid can be used in various applications, the advantage is that
the steerable pyramid is self-reversing, and therefore the errors introduced by the quantization of the sub-
band will not appear as an out-of-band distortion of the reconstruction.

4. PROPOSED METHOD

The feature representation should contain enough information to classify the different irises and be
less sensitive to noise. Only significant information is extracted. By reducing the dimensions of the feature
vector, useful and sufficient information is retained to introduce the classification of the iris feature vectors.
Feature extraction presented in the proposed method as shown in Figure 6 is performed in two steps: Step 1:
Gabor filter is applied on normalized iris image to obtain iris features. These features are in a smooth curve
shape and also contain two-dimensional singularities, which cannot be captured by Gabor filter. Steerable
pyramid is a geometrical image transform, which can represent images with smooth contours and texture.
Step 2: 2-levels and 4-orientations of steerable pyramid decomposition are applied on original iris image.
This decomposition is not enough for an efficient and finest characteristic of an iris image. Four this reason
each image in different scales and different orientations is decomposed (block size is 8x8) and the maximum
entropy is calculated and used as a feature selection to reduce the number of obtained features. Entropy is
defined as,

Entropy = — X(p X log (p)) (6)

Where p contains the counts of the histogram.

L Iris Image J CASIA IITD | UPOL
‘l’ \ [ \
[ Segmentation Matching
( Nomalization ’
Y N
Decision
Feature Extraction
(Gabor filter+Steerable .
pyramid+Maximum entropy) Genuine Imposter

Figure 6. Proposed method of iris recognition

5. RESULTS AND DISCUSSION

The proposed approach is tested on 3 databases: CASIA-Iris-v4 (22.840 images), IITD (1120
images) and UPOL (384 images). The accuracy obtained is 99.99%, 99.98%, 99.59 respectively. The
combination of Gabor filter and steerable pyramid is used to increase the accuracy and to reduce the
computational complexity. This technique produces iris features to increase the efficiency of matching
process. With the performance measures used in our case, it’s seen that both accuracy as shiown in Tables 2
and 3, and equal error rate (EER) shows significant improvement in case of fusion of Gabor filter and
steerable pyramid. The proposed method used Hamming distance (HD) [36] to compare the extracted iris
features and different metrics are used to evaluate the performance of the system such as: False acceptance
rate (FAR), genuine acceptance rate (GAR), EER and accuracy.

51. HD

The comparison between individuals is done through their iris codes. Once two iris codes are
extracted, we calculate their Hamming distance HD which is given by,

= S I, X (XORYY, W

Where: X and Y represent two binary patterns. N is the number of bits.
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5.2. FAR, false rejection rate (FRR) and GAR

The frequency of unauthorized access due to imposters using a false identity. This metric is used to
measure the biometric performance of the verification system. False acceptance occurs when an individual's
biometric data does not match the existing biometric template of another individual. On the other hand, FRR
defines the probability that a system does not identify a person who should normally have been identified. A
false reject follows when a person does not correctly match their own existing biometric template. Finally,
we can present the GAR metric as the frequency of authentic accesses relative to the total number of
attempts. GAR is calculated by,

GAR =1—FRR (8)
5.3. Equal error rate
This rate is calculated from the first two criteria and is a common performance measurement point.

This point corresponds to the point where FRR=FAR, i.e. the best compromise between false rejections and
false acceptances. A low EER value indicates a high accuracy of the biometric system.

Table 2. Comparison of accuracy using CASIA-v4 and IITD databases

Methods Accuracy CASIA-v4 Accuracy IITD

Matin et al. [19] 99.17% -

Salve and Narote [22] 95.9% -

Okokpujie et al. [20] 93.06% 90.5%
Vyas et al. [18] 92.92% 98.97%
Meenakshi [23] 98.85% 99.8%
Sardar et al. [21] 97.12% 97.19%
Proposed method (Gabor filter+steerable pyramid) 99.99% 99.98%

Table 3. Comparison of accuracy with other methods in the literature

Methods Accuracy
Bharadwaj et al. [36] 98%
Vyas et al. [18] 98.97%
Ahmed et al. [13] 99.99%

Proposed method (Gabor filter+steerable pyramid) 99.99%

As seen in Table 2 and 3, the accuracy rate of the proposed method (99.99% for CASIA-v4 and
99.98% for IITD databases) is higher than other presented methods in the literature. The results obtained
show that using different methods to extract features increases the identification rate. This means that the
proposed method is more effective than using a single feature extraction method.

Table 4 gives the estimation of FAR, FRR, recognition time, EER and Accuracy for each database.
It can be deducted that the recognition time of the proposed method is 2.32 sec, 2.59 sec and 2.36 sec for the
three databases CASIA-v4, IITD and UPOL respectively. We also observed that the accuracy and EER
improve significantly, with a decrease in EER and an increase in accuracy. FAR and GAR obtained from the
three databases are very low, which shows the high accuracy value obtained for the proposed approach.

Table 4. Comparison of performance value in different databases
Performance value  CASIA-v4 1ITD UPOL

FAR 0.01% 0.025% 0.2%

GAR 0.99% 0.98% 0.38%
Recognition time 2.32 sec 2.59sec  2.36sec
EER 0.01% 0.02% 0.41%
Accuracy 99.99% 99.98%  99.59%

6. CONCLUSION

In this work, an iris recognition method has been proposed. Circular Hough transform for iris
segmentation and Daugman’s rubber-sheet method for normalization are applied. Feature extraction is done
by combining Gabor filter and steerable pyramid with different scales and orientations to extract finest
features of iris images and to reduce computational complexity. The proposed method has been validated by
simulating three databases: CASIA-v4, IITD and UPOL. Hamming distance is used to measure the similarity
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between iris templates. The results of the conducted experimentations show clearly that our proposed method
gives a higher accuracy and can be used to improve the existing iris recognition system. The limitation of our
method is the execution time and as all feature extraction methods, it cannot capture all the features of an
image. In the future work, our studies will be dedicated on the use of other traditional techniques of image
processing to extract more efficient features and we aime to fusion traditional and deep learning teachniques
to show if the fusion perform better than using the single feature extractors separately. Also, multiple
classifiers will be used to specify the best one.

REFERENCES

[1] R. Chen, X. Lin, and T. Ding, “Liveness detection for iris recognition using multispectral images,” Pattern Recognition Letters,
vol. 33, no. 12, pp. 1513-1519, 2012, doi: 10.1016/j.patrec.2012.04.002.

[2]  P. M. Meenen, “Method and apparatus for extraction and matching of biometric detail,” U.S. Patent Application, vol. 11, pp. 593—
708, 2008.

[31 M. De Marsico, A. Petrosino, and S. Ricciardi, “Iris recognition through machine learning techniques: A survey,” Pattern
Recognition Letters, vol. 82, pp. 106-115, 2016, doi: 10.1016/j.patrec.2016.02.001.

[4] M. Pathak, N. Srinivasu, and V. Bairagi, “Effective segmentation of sclera, iris and pupil in noisy eye images,” Telkomnika
(Telecommunication Computing  Electronics and Control), vol. 17, no. 5, pp. 2346-2354, 2019, doi:
10.12928/TELKOMNIKA.v17i5.12551.

[5] M. Garg, A. Arora, and S. Gupta, “An Efficient Human Identification Through Iris Recognition System,” Journal of Signal
Processing Systems, vol. 93, no. 6, pp. 701-708, 2021, doi: 10.1007/s11265-021-01646-2.

[6] M. G Alaslani and L. A. Elrefaei, “Convolutional Neural Network Based Feature Extraction for IRIS Recognition,” International
Journal of Computer Science and Information Technology, vol. 10, no. 2, pp. 65-78, 2018, doi: 10.5121/ijcsit.2018.10206.

[71 S. S. Barpanda, B. Majhi, P. K. Sa, A. K. Sangaiah, and S. Bakshi, “Iris feature extraction through wavelet mel-frequency
cepstrum coefficients,” Optics and Laser Technology, vol. 110, pp. 13-23, 2019, doi: 10.1016/j.optlastec.2018.03.002.

[8] A.A. Abdo, A. Lawgali, and A. K. Zohdy, “Iris recognition based on histogram equalization and discrete cosine transform,” ACM
International Conference Proceeding Series, 2020, doi: 10.1145/3410352.3410758.

[91 M. Regouid, M. Touahria, M. Benouis, and N. Costen, “Multimodal biometric system for ECG, ear and iris recognition based on
local descriptors,” Multimedia Tools and Applications, vol. 78, no. 16, pp. 22509-22535, 2019, doi: 10.1007/s11042-019-7467-x.

[10] M. A. E. Abdalla, A. A. Abdo, and A. O. Lawgali, “Utilizing Discrete Wavelet Transform and Discrete Cosine Transform for Iris
Recognition,” Proceedings - STA 2020: 2020 20th International Conference on Sciences and Techniques of Automatic Control
and Computer Engineering, pp. 283-296, 2020, doi: 10.1109/STA50679.2020.9329312.

[11] H. N. Fathee, O. N. Ucan, J. M. Abdul-Jabbar, and O. Bayat, “Efficient Unconstrained Iris Recognition System Based on CCT-
Like Mask Filter Bank,” Mathematical Problems in Engineering, vol. 2019, 2019, doi: 10.1155/2019/6575019.

[12] S. Adamovi¢ et al., “An efficient novel approach for iris recognition based on stylometric features and machine learning
techniques,” Future Generation Computer Systems, vol. 107, pp. 144-157, 2020, doi: 10.1016/j.future.2020.01.056.

[13] T. A. Ak, A. Steluta, and others, “An Iris Recognition System Using A New Method of Iris Localization,” International Journal
of Open Information Technologies, vol. 9, no. 7, pp. 67-76, 2021.

[14] V. Rajasekar et al., “Enhanced multimodal biometric recognition approach for smart cities based on an optimized fuzzy genetic
algorithm,” Scientific Reports, vol. 12, no. 1, 2022, doi: 10.1038/s41598-021-04652-3.

[15] D. S. Jeong et al., “A new iris segmentation method for non-ideal iris images,” Image and Vision Computing, vol. 28, no. 2, pp.
254-260, 2010, doi: 10.1016/j.imavis.2009.04.001.

[16] Y. Jusman, N. S. Cheok, and K. Hasikin, “Performances of proposed normalization algorithm for iris recognition,” International
Journal of Advances in Intelligent Informatics, vol. 6, no. 2, pp. 161-172, 2020, doi: 10.26555/ijain.v6i2.397.

[17] S. S. Dhage, S. S. Hegde, K. Manikantan, and S. Ramachandran, “Dwt-based feature extraction and Radon transform based
contrast enhancement for improved iris recognition,” Procedia Computer Science, vol. 45, no. C, pp. 256-265, 2015, doi:
10.1016/j.procs.2015.03.135.

[18] R. Vyas, T. Kanumuri, G. Sheoran, and P. Dubey, “Efficient iris recognition through curvelet transform and polynomial fitting,”
Optik, vol. 185, pp. 859867, 2019, doi: 10.1016/j.ijle0.2019.04.015.

[19] A. Matin, F. Mahmud, S. T. Zuhori, and B. Sen, “Human iris as a biometric for identity verification,” ICECTE 2016 - 2nd
International ~ Conference  on  Electrical, Computer and  Telecommunication  Engineering, 2017, doi:
10.1109/ICECTE.2016.7879610.

[20] K. Okokpujie, E. Noma-Osaghae, S. John, and A. Ajulibe, “An improved iris segmentation technique using circular hough
transform,” Lecture Notes in Electrical Engineering, vol. 450, pp. 203-211, 2017, doi: 10.1007/978-981-10-6454-8_26.

[21] M. Sardar, S. Mitra, and B. Uma Shankar, “Iris localization using rough entropy and CSA: A soft computing approach,” Applied
Soft Computing Journal, vol. 67, pp. 61-69, 2018, doi: 10.1016/j.as0c.2018.02.047.

[22] S.S. Salve and S. P. Narote, “Iris recognition using SVM and ANN,” Proceedings of the 2016 IEEE International Conference on
Wireless Communications, Signal Processing and Networking, WiSPNET 2016, pp. 474-478, 2016, doi:
10.1109/WiSPNET.2016.7566179.

[23] D. Meenakshi, “Iris segmentation and recognition using dense fully convolutional network and multiclass support vector machine
classifier,” TICME Journal, vol. 12, no. 13, pp. 5418-5428, 2021.

[24] Choudhary, “A survey: Feature extraction methods for iris recognition,” International Journal of Electronics Communication and
Computer Technology, vol. 2, no. 6, pp. 275-279, 2012.

[25] A.K.J.S.Li, “Encyclopedia of Biometrics,” Springer, 2009, doi: 10.1007/978-0-387-73003-5.

[26] M. Trokielewicz, A. Czajka, and P. Maciejewicz, “Post-mortem iris recognition with deep-learning-based image segmentation,”
Image and Vision Computing, vol. 94, 2020, doi: 10.1016/j.imavis.2019.103866.

[27] S. S. Rao, R. Shreyas, G. Maske, and A. R. Choudhury, “Survey of Iris Image Segmentation and Localization,” Proceedings of
the 4th International Conference on Computing Methodologies and Communication, ICCMC 2020, pp. 539-546, 2020, doi:
10.1109/ICCMC48092.2020.1CCMC-000100.

[28] O. Kaudki and K. Bhurchandi, “A Robust Iris Recognition Approach Using Fuzzy Edge Processing Technique,” 2018 9th

International Conference on Computing, Communication and Networking Technologies, ICCCNT 2018, 2018, doi:
10.1109/ICCCNT.2018.8493855.

Fusion of Gabor filter and steerable pyramid to improve iris recognition system (Mohamed Radouane)



1468 O ISSN: 2252-8938

[29] F.Jan, N. Min-Allah, S. Agha, I. Usman, and 1. Khan, “A robust iris localization scheme for the iris recognition,” Multimedia
Tools and Applications, 2020, doi: 10.1007/s11042-020-09814-5.

[30] S. Umer, B. C. Dhara, and B. Chanda, “Texture code matrix-based multi-instance iris recognition,” Pattern Analysis and
Applications, vol. 19, no. 1, pp. 283-295, 2016, doi: 10.1007/s10044-015-0482-2.

[31] J. G. Daugman, “High confidence visual recognition of persons by a test of statistical independence,” IEEE Transactions on
Pattern Analysis and Machine Intelligence, vol. 15, no. 11, pp. 1148-1161, 1993, doi: 10.1109/34.244676.

[32] C. Kamlaskar and A. Abhyankar, “Multilinear principal component analysis for iris biometric system,” Indonesian Journal of
Electrical Engineering and Computer Science, vol. 23, no. 3, pp. 1458-1469, 2021, doi: 10.11591/ijeecs.v23.i3.pp1458-1469.

[33] M. Dua, R. Gupta, M. Khari, and R. G. Crespo, “Biometric iris recognition using radial basis function neural network,” Soft
Computing, vol. 23, no. 22, pp. 1180111815, 2019, doi: 10.1007/s00500-018-03731-4.

[34] E. P. Simoncelli and W. T. Freeman, “The steerable pyramid: a flexible architecture for multi-scale derivative computation,” in
Proceedings., International Conference on Image Processing, vol. 3, pp. 444-447, doi: 10.1109/ICIP.1995.537667.

[35] H. Raiand A. Yadav, “Iris recognition using combined support vector machine and Hamming distance approach,” Expert Systems
with Applications, vol. 41, no. 2, pp. 588-593, 2014, doi: 10.1016/j.eswa.2013.07.083.

[36] K. K. Kranthi Kumar, R. M. Bharadwaj, and S. Sujana, “Iris recognition based on Gabor and Deep Convolutional Networks,”
ICCISc 2021 - 2021 International Conference on Communication, Control and Information Sciences, Proceedings, 2021, doi:
10.1109/ICCISc52257.2021.9484905.

BIOGRAPHIES OF AUTHORS

Pr. Mohamed Radouane g P is currently working as Assistant Professor,
Department of Mobile and Web Engineering, Software Project Management Team, ENSIAS,
Mohammed V University in Rabat. He received his Phd degree in Mathematics and
Informatics from Ibn Tofail University, Kenitra. His areas of interest are image processing,
image analysis, cryptography, watermarking and biometrics. He can be contacted at email:
mohamed.radouane@ensias.um5.ac.ma.

Dr. Nadia Idrissi Zouggari Bl P is currently working as Associate Member,
Department of Physics, LCS Laboratory, Faculty of Science, Mohammed V University in
Rabat. He received his Phd degree in Physics and Image Processing from Moulay Ismail
University, Meknes. His areas of interest are image processing, image analysis, cryptography,
watermarking, robotic. She can be contacted at email: idrissi.nadial985@gmail.com.

Amine Amraoui & B B8 ® js currently a Phd Student, LaRIT Laboratory, FSK, Ibn Tofail
University, Kenitra, Morocco. He received his Engineering degree Informatics from ENSET
School, Rabat, Morocco. His areas of interest are image processing, image analysis, and
biometrics. He can be contacted at email: amine.amraoui@gmail.com.

Pr. Mounir Amraoui (& E{ B ® js currently working as Assistant Professor, Department of
Computer Science, Higher School of Technology, Mohammed V University in Rabat,
Morocco. He received his Phd degree in Mathematics and Informatics from Ibn Tofail
University, Kenitra. His areas of interest are image processing, image analysis, and
Multimodal Biometric System. He can be contacted at email: amrayor@yahoo.com,

Int J Artif Intell, Vol. 11, No. 4, December 2022: 1460-1468


https://orcid.org/0000-0003-2898-899X
https://scholar.google.com/citations?user=WdmMobcAAAAJ&hl=fr
https://www.scopus.com/authid/detail.uri?authorId=56010559200
https://orcid.org/0000-0003-2603-6493
https://scholar.google.com/citations?view_op=list_works&hl=fr&user=o_LNxcgAAAAJ
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=idrissi&st2=nadia&nlo=1&nlr=20&nls=count-f&sid=8ab5c308acfbd793f288eef0e0bb2972&sot=anl&sdt=aut&sl=44&s=AU-ID(%22Nadia,+Idrissi+Zouggari%22+57219259469)&txGid=d8da7f87cf8229d469682fea75c24dfa
https://orcid.org/0000-0003-3115-526X
https://scholar.google.com/citations?user=Z9UR5HkAAAAJ&hl=fr
https://orcid.org/0000-0003-1148-3207
https://scholar.google.com/citations?user=5o-78qsAAAAJ&hl=fr
https://www.scopus.com/authid/detail.uri?authorId=55612345000

