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A Method for Iris Recognition Based on 1D
Coiflet Wavelet

Agus Harjoko, Sri Hartati, and Henry Dwiyasa

Abstract—There have been numerous implementations of
security system using biometric, especially for identification and
verification cases. An example of pattern used in biometric is the iris
pattern in human eye. The iris pattern is considered unique for each
person. The use of iris pattern poses problems in encoding the human
iris.

In this research, an efficient iris recognition method is proposed.
In the proposed method the iris segmentation is based on the
observation that the pupil has lower intensity than the iris, and the
iris has lower intensity than the sclera. By detecting the boundary
between the pupil and the iris and the boundary between the iris and
the sclera, the iris area can be separated from pupil and sclera. A step
is taken to reduce the effect of eyelashes and specular reflection of
pupil. Then the four levels Coiflet wavelet transform is applied to the
extracted iris image. The modified Hamming distance is employed to
measure the similarity between two irises.

This research yields the identification success rate of 84.25% for
the CASIA version 1.0 database. The method gives an accuracy of
77.78% for the left eyes of MMU 1 database and 86.67% for the
right eyes. The time required for the encoding process, from the
segmentation until the iris code is generated, is 0.7096 seconds.
These results show that the accuracy and speed of the method is
better than many other methods.
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I. INTRODUCTION

IOMETRIC has been used to identify a human based on

the different pattern owned by the human. The
uniqueness of the pattern is one advantage of biometric, since
the pattern is almost impossible to be imitated by others. The
main concern in biometric is finding a pattern to uniquely
identify individuals. Another concern is that the pattern must
not be easily changed by natural causes, e.g. temperature,
climate, age, illness, etc. Some biometric patterns that have
been used are finger print [1], palm print [2], and iris [3]-[11].
One of the advantages of using iris for biometric is that the
iris is protected by cornea and aqueous humor. Other
advantages includes, the iris pattern is fixed since a person
aged 8 months and the pattern is unique, because it is
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determined by DNA [3]. Iris image acquisition is also fast and
easy. Beside those advantages, iris recognition also have
some disadvantages, e.g. a direct iris acquisition may result in
erroneous data due to blinking eyes, illumination, specular
reflections, patterned contact lenses, etc. In many cases
eyelashes also poses problems in iris recognition.

Processing in the proposed method consists of four stages
as shown in Fig. 1. These stages are image normalization,
image segmentation, feature extraction and similarity
measurement. In the normalization step, iris image is
converted to 256 gray level images.
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Fig. 1 Main processes for iris recognition

Second stage is image segmentation. In this stage, two
processes are carried out. Those are pupil localization and iris
localization. The assumptions for the segmentation process are
that the pupil is darker than the iris and the iris is darker than
the sclera. Another assumption is that pupil and iris have
circular shape with different centers. In many cases the upper
and lower part of the iris is often occluded by eyelids.

In order to determine the pupil location, the image of an eye
is divided into 8x8 regions. The mean intensity from each
region is calculated and the lowest mean intensity value is
used as a threshold. After that, the image of the eye is
transformed into binary image using the threshold as in (1)

Lf(xy)>T

[12].
{O, f(x,y)<T

The resulted image g(x, y) is the binary form of the image f(x,
y), and T is the threshold. The result of this process is a noisy
pupil mask image. The noise is usually in the form of dark
areas which comes from eyelashes and or eyebrows. Since this
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noise usually covers less than 500 pixels, thus to remove or
reduce the noise, darks areas less than 500 pixels are removed.
The final result is normally one dark area which is the pupil.
In the case that more than one dark object are found after
noise removal, the dark object whose center is closest to the
center of the image is selected as the area of the pupil. The
diameter of the pupil is determined by finding the largest
gradient change to the left and right of the center of the pupil.
The result of this process is shown as the inner circle in Fig. 2.

The second process in the image segmentation is the iris
localization process. Since the top and bottom part of the iris
are often covered by eyelashes, the boundary of the iris is
sought after along the horizontal line starting from the pupil-
iris boundary. The left and right boundaries of the iris are
found by selecting the largest gradient change to the left and
right of the pupil. This process resulted in the outer boundary
of the iris, shown as the outer circle in Fig. 2.

g

Fig. 2 Example of the result of the segmentation process (the iris is
the area between the inner and the outer circles)

Since in most cases the upper and lower parts of the iris
area are occluded (see Fig. 3), the authors decided to use only
the left and right parts of the iris area for the iris recognition.
This is done by cropping the iris area above the upper
boundary of the pupil and the area below the lower boundary
of the pupil. Example of the result of this process is shown in
Fig. 3.

Fig. 3 Example of iris where the upper part is occluded and the
segmentation result

The third stage in the iris recognition is the extraction of the
iris features. Unfortunately, the size of pupil changes in
response to lighting condition. In order to reduce the effect of
lighting on the size of the pupil, the segmented iris image is
divided into four areas. They are upper right area, upper left
area, lower left area and the lower right area. The four areas
are position in such a way that pixel reading from the center of
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the iris outward can be carried out in a left to right and top to
bottom fashion.

In order to reduce the iris code size, a one dimensional
wavelet transformation is used. First, the iris area is converted
into 1D form by dividing the iris area into 5x5 pixel blocks.
Then the mean intensity of each block is calculated in a left to
right, top to bottom fashion. Each signal is transformed using
2" order Coiflet wavelet transformation with four
decomposition levels.

In each decomposition level, the wavelet transformation
divides the signal into approximation signals and detail
coefficients. In this method, the 4™ level approximation
coefficients are used to represent the iris. To reduce the code
size and the similarity measurement process, all coefficients
are stored in integer form.

The final stage is matching the iris code of the unknown
and the iris stored in the system. The matching is carried out
by computing the distance between two iris codes. In this
research, the modified Hamming distance (HD) is used to
measure the distance between two iris codes (C, and Cg). The
Hamming distance between two binary iris codes of length N
is calculated as

HD =L

N
N ;CA(WCBG) )
1=
Since the iris codes used in this research is integer and the
length of the codes varies, a modified Hamming distance is
used to compute the distance between a pair of iris codes. The
modified Hamming distance is shown in (3).

N
1M Z|ai ~bj|
IRIS _ DISTANCE ZZZ T
> max(a;,by)
i=1l i

where N is the length of the shorter of the two iris codes being
measured, a; and b; are the i element of the iris codes, and M
is equal to 4 (there are four blocks of the iris codes
representing upper right area, upper left area, lower left area
and the lower right area of the iris).

©)

Experiments are carried out to test the proposed method.
For this purpose the proposed method is implemented in
MATLAB. The iris databases used in this experiment were
taken from CASIA (Chinese Academy of Sciences Institute of
Automation) version 1.0 [13] and MMU (Multimedia
University) version 1 [14]. The CASIA database consists of
eye images that were taken from 108 persons (seven images
per-person) from two sessions, and each session were taken
with an interval of one month. MMU database consist of eye
images that were taken from 46 persons, ten images were
taken from each person (left and right eyes).

The results of coding the iris from the two databases are
shown in Table I. For the CASIA iris database, all irises are
coded successfully. For the MMU iris database, two out of
450 irises are failed to be coded. The method failed to locate
the iris of Eugene and Thomas (“eugenehorl.bmp” and

EXPERIMENTAL RESULTS
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“thomasl3.bmp”). In the case of Eugene, the failure is due to
eyelashes, while in the case of Thomas the failure is due to

TABLE 11
RESULT OF OTHER RESEARCH USING CASIA 1.0

. . - L ; : Identificati
bright areas in the iris. The overall iris coding success rate is Researcher Parameter - Notes
99.83%. The average time required for coding is 708 ms per Selzer [10] | Threshold = 120 100 % -
iris on an AMD Athlon XP 1800+ with 640 MB of RAM. Wildes Hysteresis 86,49 % Coded by
thresholds, hi= Proenca and
TABLE | 44, low=39, Alexandre
RESULT OF IRIS CODING TEST Dimension of [15]
Database | Number | Number Time Average Gausmin Kernel
of Data of (second) (second) . __— 5 .
Failure Harjqko and Mln!mum Pupil 84,25% -
CASIA 1.0 756 0 553,15 0,7317 Dwiyasa $ize=500
MMU 1.0 450 2 301.96 0.6725 Masek Dimension of 83,92 % Coded by
’ : Gaussian Kernel Proenca and
. . . =5, Kovesi Alexandre
The experimental result on person identification is shown Parameter = [15]
in Table 1. In this experiment, the method gives an accuracy 39,34
of 84.45% for the CASIA iris database. For the CASIA Daugman - 54,44% PCOded byd
. . . roen n
database the second session data is used as query and the first Ao
session data is used as the system database. The proposed [15]
method yields accuracies of 77.78% and 86.67% for the left Maimuna - 5,98% The test use
and right eyes of the MMU iris database. For the MMU [11] only 117
database the first and second image acquisitions are used as IMages as
. . - database and
queries and the third, fourth and fifth are used as the system 89 images as
database. The overall accuracy is 82.9%. query.
TABLE Il TABLE IV
IRIS IDENTIFICATION RESULT RESULTS OF VERIFICATION TEST
Number of Number of Number of person Threshold FAR FRR |[FAR-FRR|
Database Quer persons correctly 0.0700 0.555 0.084 0.470
y identified identified 0.0900 0.428 0.166 0.261
CASIA 1.0 432 108 91 0.1000 0.382 0.207 0.175
MMU 1 Left 89 45 35 0.1100 0.326 0.245 0.081
MMU 1 Right 89 45 39 0.1150 0.308 0.263 0.044
0.1200 0.288 0.281 0.007
Table Il shows the results of iris identification methods 0.1205 0.284 0.282 0.001
proposed by other researchers when tested using the CASIA 0.1208 0.283 0.283 0.000
iris database version 1.0. Please note that the results from 01210 0282 0284 0.001
e ) > 0.1300 0.236 0.312 0.075
Daugman [3], Masek [7], and Wildes [4] are obtained from 0.1500 0172 0.366 0.193
Proenca and Alexandre [15]. The experimental results shows 0.2000 0.067 0.472 0.404
that the proposed method is superior to methods proposed by
Masek[7], Daugman [3] and Maimuna [11], however the
accuracy of the proposed method is inferior compared to the ACKNOWLEDGMENT

methods proposed by Wildes [4] and Selzer [10]. In term of
speed however, the proposed method is much more efficient
than Selzer’s method which requires 4-9 seconds to encode
one iris of the CASIA database (the proposed method requires
only 0.7 second).

Table IV shows the results of the verification test of the
proposed method. The verification test shows that the
optimum threshold for the proposed algorithm is 0.1208
where the false acceptance rate (FAR) and the false rejection
rate (FRR) are equal.

IV. CONCLUSION

An iris recognition method is proposed in this paper. The
proposed method consists of 4 stages and has successfully
encoded the CASIA iris database version 1.0 and the MMU
iris database version 1.0 with a success rate of 99.83%. The
proposed method gives an overall accuracy of 84.25% which
is higher than a number of existing iris recognition method.

128

The authors would like to thank to the Multimedia
University and Chinese Academy of Sciences Institute of
Automation for allowing the iris databases be used in this
research.

REFERENCES

S. Prabhakar, A.K. Jain, S. Pankanti, “Learning Fingerprint Minutiae
Location and Type”, Proc. 15th International Conference on Pattern
Recognition (ICPR), Barcelona, September 2000.

|.LK.G. Darma Putra, A. Susanto, A. Harjoko, T.S. Widodo, Palmprint
Verification Based on Fractal Codes and Fractal Dimensions, Proc.
Signal and Image Processing Conf., Honolulu, 2006.

J. Daugman, “How Iris Recognition Work”, IEEE Transaction On
Circuits And Systems for Video Technology, Vol 14, No 1, page: 21-30,
1993.

Wildes, R.P., 1997, “Iris Recognition : An Emerging Biometric
Technology”. Proceedings of The IEEE, Vol 85, No 9,:1348-1363 .
Boles, W.W. dan Boashash, B., 1998, “A Human lIdentification
Technique Using Image of The Iris and Wavelet Transform”, IEEE
Transaction on Signal Processing, Vol 46, No 4, hal: 1185-1188.

(1

(2]

(3]

(4]
(5]



World Academy of Science, Engineering and Technology 56 2009

[6] Lim, S., Lee, K., Byeon, O. dan Kim, T, 2001, “Efficient Iris
Recognition through Improvement of Feature Vector and Classifier”,
ETRI Journal, Vol 23, No 2, hal 61-70.

[7] Masek, L., 2003, Recognition of Human Iris Patterns for Biometric
Identification, Thesis School of Computer Science and Software
Engineering, University of Western Australia.

[8] Jain, AKK., Ross, A., dan Prabhakar, S, 2004, “An Introduction to
Biometric Recognititon”, IEEE Transaction on Circuits and Systems for
Video Technology, Vol. 14, No. 1, hal: 4-20.

[9] Merlotti, P.E., 2004, “Experiments on Human Iris Recognition using
Error Backpropagation Artificial Neural Network”, Computer Science
Department, San Diego State University,
http://www.merlotti.com/EngHome/ Computing/iris_rec_nn.pdf

[10] Selzer, J., 2005, “An Implementation of Local Feature-based Iris
Recognition”, Computer Science Department, University of Alberta,
Canada.

[11] Maimuna, 2006, Biometric System Identification based on Human Iris
Pattern, Master Thesis, Dept. of Computer Science, Universitas Gadjah
Mada.

[12] Gonzalez, R.C. dan Woods, R.E, 2002, Digital Image Processing 2nd/e,
Prentice-Hall. Inc., Upper Saddle River, New Jersey.

[13] CASIA iris image database, http://www.sinobiometrics.com

[14] MMU Iris Database, http://pesona.mmu.edu.my/~ccteo/

[15] H. Proenca, H. and L.A. Alexandre, UBIRIS: A noisy iris image
database, Dep. Informatics, Universidade da Beira Interior, Portugis,
http://iris.di.ubi.pt

129





