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( A Study on Iris Recognition by Iris Feature Extraction from Polar
Coordinate Circular Iris Region )
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Abstract

In previous researches for iris feature extraction, they transform a original iris image into rectangular one by stretching
and interpolation, which causes the distortion of iris patterns. Consequently, it reduce iris recognition accuracy. So we are
propose the method that extracts iris feature by using polar coordinates without distortion of iris patterns. Our proposed
method has three strengths compared with previous researches. First, we extract iris feature directly from polar
coordinate circular iris image. Though it requires a little more processing time, there is no degradation of accuracy for iris
recognition and we compares the recognition performance of polar coordinate to rectangular type using by Hamming
Distance, Cosine Distance and Euclidean Distance. Second, in general, the center position of pupil is different from that of
iris due to camera angle, head position and gaze direction of user. So, we propose the method of iris feature detection
based on polar coordinate circular iris region, which uses pupil and iris position and radius at the same time. Third, we
overcome override point from iris patterns by using polar coordinates circular method. each overlapped point would be
extracted from the same position of iris region. To overcome such problem, we modify Gabor filter’'s size and frequency
on first track in order to consider low frequency iris pattems caused by overlapped points. Experimental results showed
that EER is 0.29%, d’' is 59 and EER is 0.16%, d’' is 64 in case of using conventional rectangular image and proposed
method, respectively.
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(a) Polar Coordinate Circular iris Image.
(b) Rectangular iris Image.
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2. Example of iris feature extraction.

(@) In case that the center position of iris is
equivalent to that of pupil

(b} In case that the center position of iris is not
equivalent to that of pupil

(b.1) Iris feature extraction based on pupil center
(b.2) Iris feature extraction based on iris center
(0.3) Iris feature extraction based on geometric
mean position of pupil and iris center
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Fig. 14. 1-D Gabor Wavelets Filter.
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15. Process of lriscode Extractton
(@) 8 Track & 256 Sector (b) Result Image
{c) Extracted Iriscode.

Fig.

Aoz F 2048 HE(=8+x256)¢ FA A=ZS
39, =23 #A&d 24 2= F 'TTE.O"Z]
(04]) ""”Q, TAE, 294 Bl o sHEz FEd
FA3te <14 "}%O}X]
a719 Fa3E= AW
CAFH o R F 40%6HE
o] &3te] ZA AAE SH

2

8. EXf Q1A A|AR FII HiY
7}. EER (The Equal Error Rate)

EERE AA o1d AAde] AE 9 &

=X 'ET;‘S:].% %7]'—3}'
e ded EA BY JE Fo) A

29 168 BE AA Axgel 7H3 Sl gE 29

s

2 & (False Match Rate: 5237 & E}Q1g wolsd
2 F8)% 9ARE&(False Non-match Rate:sE% &



20079 58 MAZE 3

—

False Non-match Rate

EER} o System A

wstem B

False match Rate 1

N

16. EER xI® 2 FMRZ} FNMR2|l ROC =A%
16. EER point and ROC curve between FMR and
FNMR®.

AR o F/E)Y 2A ROC(Receiver
Operating Characteristic) Q™o 2 &3 Aotk
FMR3 FNMRe| #& XA EER,, EER,<=. 7+ 2+ A]

&% A%t BS EERE Uei™ AJ2¥] Al EER©] Al

s o
gEe

29 B9 FEREY ¢] Attes A& & F ok o=
Al Be] FMR¥ FNMRel f $&& Yehle A
ol ol& T3 fEle A2¥ B/ U8 B2 RS
FAE + 45 Alxdolgtn Frtd F e Roth
ole{dt EER A= AA A4 Al2de Az &
A A& &Hsted ARgs R

Lt. Index D’ (D-prime)

EER3} tiEo] AA 14 Azgle] 4% 2 HFgx
g 33 %2 Hrlete dEdd 9y Fd shdEA
Daugman 3ol o8] A=A £24 A (13)3%

2ol g@ag™

r_ |uA_U'I|
EETATE 9
AUADANA w9 um B L B HD 29 H
FROI, 049 o= A2 TR gholt. Yy

Sz EUA B FX gt Atolrt HolARE,
ztzte]l ®FE WA grol A&FE 4 go] AXA HH,
AH}H o2 FERE ZolA 7 v} 58 34 AE
71¥vo 2 HD(Hamming Distance)& ©] &3}
ERIGRE AR Bt elle FAAs)
X|(Threshold)= EER(Equal Error Rate)o]

= ARE 7

T

—

=

-

o

d
[e]
=]

]

=

2
E YA
&7t

o2 AAsAY. o7|M EER|®

==X A4 HSPEHAS =

(322)

FAR(False Acceptance Rate | =
Hol 59 2 #7&)3 FRR(False Rejectzon Rate :
3 Bolg ARG 2 FE)o] oA e AH A9 9

LS R e

Yepa,

[e]
E‘TE‘

=R E 2
A 98 A 3w
3} CASIA rﬂcﬂ 1‘31]0]:':[18]%
dlo] & BJM
23
Ao
(320x280) A =
DB W9 &
o 52%71 2
o oY 98 F
2ok 144 7k o
uy=1/200.2 AAs
A FZE=E HZTE 13
3 Agsgen, ¥l
Ag4795 59 ¢ JZ#
o} Zbsk AF A wHA
STEE 4 5 Uk
¥ Z2F4E 0% 12 ¥As 3 2
AHEEHA 21 ZEY @ A anplitudes °) &
ste] AR S A WY wyeRE 3
tet A (Euclidean Distance)$t A A (Cosine
Distance)[25]& AH&-stQich ®29) ®3& 7tz FALQ)
A7 & FEYt AYE ALY A9 Ao,
A AE (193 Z& Yoz Fav F

» P A

_r_‘
N
ofl
olop
>

m_pi

[e)

—

¢
22 O oy

o
-~ =

U 429 o
=]

=
=

o~
LT};}

=
=

O:
o
HdsHjn ( f e

Result 1

A o
72l ALB)
by using Hamming

E N

Table 1. Comparison

Distance.

¥

HD
(mean)

w2

432 42y
3
23129
34 94

(AAA] -

0.141

0.113

NETR™

=3

& 2] (0.3202), &



58 3 2EA 2F HYYIMY 5T ZEo o3t M @7 "4l 9
¥ 2 AU AZE Zaf GA wAD = mEH 9
Exf P4t galol Msb|m 2
( A|-0| }{El AI'R) D-distance
Table 2. Comparison Result 2 by using Cosine Distance ﬁv
{
29 2a A3}
CD 23 HD | %% |Index | EER
(mean) o x} (mean) 3} D’ (%)
’!lia;‘}’;i;é 0231 | 0.172 | 0.637 | 0318 | 6.982 | 0213 D—distance= G, — " + (g~ 5,7
2239 | 0228 | 0.1718 | 0.698 | 0.284 | 7.162 | 0.151 a8 17. 3 ¥ & 4 /R 2+ Hal 75
333 Fig. 17. D-distance from pupil and iris center point.
E 3 Hu MY s g4 wanl 2 EA HE
B P4 dhalo] MsH(W 3
(F2alciet Hal Al8)
Table 3. Comparison Result 3 by using Euclidean
Distance.
2q g}l 25401
ED z3 ED %% | Inde | EER
(mean) | 43 | (mean) | mz | xD’ (%) (a) D-distance = 5.83 (b) D-distance=6.08
A2 229 | 1425383 | 436527.6 | 326572.7 | 278263.2 | 0.826 | 2.51 .
39 34
352 3Y | 135753.9 | 44777.3 | 313375.8 | 263498.4 | 0.939 | 223
34 34
AEAbol o] Zhe & FA HOE EAF AoBR F
HE7L YA H e A4 12, F e 943 BEdXE v
_ (¢} D-distance= 6.4 () D-distance= 7.6
£ 4% 12 @2 Uehbl 9o 7 399 Ade
- { — 2 F3 A}
83 84 94 140 49 Ao %28 wd urp ¢ OF B DI A8 BA HA o
23 ABL e S Balg 2 9o ig. . Iris image related to istance.
D E 4 W A Ex IA eI 2 FEH Y
—1X =
CSxy st 230 94 WAlel M58 4 (DHE AR)
\/ = 1Xi 2= 1Yj (14) Table 4. Companson Result 4 by Using by D-distance.
Xz, oo ,T,) Yy, e yYn) Lz sl 4o oA A%y g 4
Mg | 23193 1 9)
zZ B [} = =) O,
272 59 A ARE AHeRE W Aol M 193] |93 099 | D |0 | B | D |0 B
[e] 52 oF 2= o)) 1
TrEE € 7 AT Ao E £ AN Al G) | 608~63 | 0.042 | 0.034 | 1289756 | 0131 | 0125 | 1289756
3 5% 2 A A 920 bdE 482 ngE = @ | 880 | 6a~n4 |00 | 0sm2 | 132589 | 0 | 022 | 130eses
FIZA A X EA A9 9x 4dE gdud el 7 (@ | 76~85 | 0307 | 032 | 1368534 | 0.286 | 0273 | 1326383
Eo) Aa AEA FART 14 Aol Aus el E
AL v wsle] Bt $M BT 2 Ex F4 Y} B =5 ZAFA B F 3dA 9 A BE A
OE 4F A”E A8 98 29 179 D-A 2ol 7129 AW FEA A v A4 Ao &
(Euclidean Distance)& AH-&3tth. THE #dE + U
¥ 48 29 18 (@F $FYNeR gtx vUHA (b),
(0), (d) BEE& £ 94 H2E 3 Ao|t) Az A B
AN BAF 5= gl= AMY D-7127t AZ4F HDA
of gol AYE ¢ F gov ok A4 45 A3 BB 34 54 999 A A4 338
Al7le 8otk AT 53 2 A S HAE 2 A A M AH FA 5 d9e HEge=m

(323



20074 58 Mxtzsts| =2X H 44 H SPEH AN 3 =

WAy 35S BT £ ATk Y PEozE =
A AE RS W Mg $5E A5 Uuy
o $¥ weh we A 94 DBl disl 43
& ol gole], ] WE oo e g dol23 2
HES H830S dolx A4 45 vaser & Ao
2 27dg

Fa1gd

A, ‘A 914 71g”, BEu YR A7
A, A2%, 23-31%, 2003.
Jonh G. Daugman, “High Confidence Visual
Recognition of Persons by a Test of Statistical
Independence”, IEEE Trans. on Pattern Analysis
and Machine Intelligence, Vol. 15 No. 11, pp
1148 - 1160, Nov. 1993.
Tony Mansfield, etc, “Biometric Product Testing
Final Report”, Draft 06, National Physical
Laboratory, March 2001.
John G. Daugman, “How Iris Recognition
Works,” IEEE Trans. on Circuits and Systems
for Video Technology, Vol. 14, No. 1, pp. 21-29,
2004.
1i Ma, Tieniu Tan, Yunhong Wang and Dexin
Zhang, “Personal Identification Based on Iris
Texture Analysis”, IEEE Trans. on Pattem
Analysis and Machine Intelligence, Vol. 25, No.
12, 2003.
AA 8, “TA4 Ve dFY & - 1LY
A HE, A HEld #37, AR 4=
article, pp.76, 2001.3
Dal-ho Cho, Kang Ryoung Park, Dae Woong
Rhee, Yanggon Kim, Jonghoon Yang, “Pupil and
Iris Localization for Iris Recognition in Mobile
Phones”, SNPD 2006, Las Vegas Nevada, USA,
June 19-20, 2006.
John G.  Daugman, “Demodulation by
Complex-valued Wavelets for Stochastic Pattern
Recognition”, International Journal of Wavelets,
Multiresolution and Information Processing, Vol.
1, No. 1, pp 1-17, 2003.
John G. Daugman, “The importance of being
random: statistical principles of iris recognition”,
Pattern Recognition, vol. 36, no. 2, pp 279-291.
[10] Topi Maenpaa, “An Iterative Algorithm for Fast
Iris Detection”, Lecture Notes in Computer
Science(fWBRS), Vol. 3781, pp. 127-134, 2005.
[11] Vladimir Vezhnevets and Anna Degtiareva,
“Robust and Accurate Eye Contour Extraction”,
Proc. Graphicon-2003, pp. &81-84, Moscow,

(2]

(3]

[4]

(5]

(6]

(7]

(8]

[9]

(329)

59

Russia, September 2003.

[12] Jun Yamada, Ayumu Kawamura, Yoshimasa
Miura, Sadaki Takata, Katsuki Ogawa, “Study
on radiation transfer in human skin for
cosmetics”, Journal of Quantitative Spectroscopy
and radiative transfer, Vol. 93, no. 3, pp. 219
2005.

[13] Yuwen WU, Hong LIU and Hongbin ZHA, “A
New Method of Detecting Human Eyelids by
Deformable Templates”, Proc. of Sino-Korea
Symp. On Intelligent Systems, pp.49-4,
Guangzhou, China, Nov. 18, 2003.

[ WK Kong and D. Zhang, “Accurate Iris
Segmentation Based on Novel Reflection and
Eyelash Detection Model,” Proceedings of
International Symposium on Intelligent
Multimedia, Video and Speech Processing, May
2~4 2001, Hong Kong, 2001

[15] 7, 972=, “SA 14 Fhvizte] DOF(Depth
Of Field) &3& A3 =3 gt 719ke) &4 9%
29 A7 A 4 3] BERC Biometrics Workshop,
2006. 2. 16-17

[16] J. Daugman, “’Statistical Richness of Visual
Phase Information: Update on Recognizing
Persons by Iris Patterns,” International Journal
of Computer Vision, Vol. 45, No. 1, pp. 25-38,
2001.

[17] Chul-Hyun Park, Joon-Jae Lee, Sang-Keun Oh,
Young-Chul  Song, Doo-Hyun Choi, and
Kil-Houm Park, “Iris Feature Extraction and
Matching Based on Multi-scale and Directional
Image Representation”, Lecture Notes in
Computer Science(Scale-Space), Vol. 2695, pp
576-583, 2003.

[18] http://www.sinobiometrics.com
(accessed on 2007.03.28)

[19] Wildes, RP, “Iris Recognition: An Emerging
Biometric Technology”, Proceedings of the IEEE,
Vol. 85, No. 9, pp.1348-1363. September 1997.

[20IN. S. Jayant and P. Noll, “Digital Coding of
Waveform”. Englewood Cliffs, NJ: Prentice-Hall,
1984.

[21] J. Daugman, “Uncertainty relation for resolution
in space, spatial frequency, and orientation
optimized by two-dimensional visual cortical
filters”, J. Opt. Soc. Amer.A, Vol. 2, No. 7, pp.
1160-1169, 1985.

(221]. Daugman, “Complete discrete 2D gabor
transforms by neural networks for image
analysis and compression’” IEEE Trans. on
Acoust., Speech, Signal Processing, Vol. 36, pp.
1169-1179, July 1988.



60

[231]. Daugman and C. Downing, “Demodulation,
predictive coding, and spatial vision,” J. Opt.
Soc. Amer. A, Vol, No4, pp. 641-660, 1995.

[24] Dae Sik Jeong, Hyun-Ae Park, Kang Ryoung
Park, Jathie Kim, “Iris Recognition in Mobile
Phone Based on Adaptive Gabor Filter”, Lecture
Notes in Computer Science (ICB), Vol. 3832,
pp.457~"463, January 5-7, 2006.

[25] Ruud M. Bolle, Jonathan H. Connell, Sharath
Pankanti, Nalini K. Ratha, Andrew W. Senior,
“GUIDE TO BIOMETRICS”, Springer. '

[26] ]. Daugman and G.O. Williams, “A proposed
standard for biometric decidability.”, In Card
TechSecureTech, pp. 223-224, Atlanta, GA, 19%.

[27] Christel-loic Tisse, Lionel Martin, Lionel Torres,
and Michel Robert, “Person Identification
Technique Using Human Iris Recognition”, The
15th International Conference on Vision Interface,
pp.294-299, May 27-29, 2002, Calgary, Canada.

(28] A, AHE, @438, “¥X& X 7Nt A4 &
AE AE 47, AT =54, A 47

SPHA A|01%, pp. 94 - 104, 20073 1€

Hoof A

2005 2¢¥ Aot LZE

: Foistst At 2

- 2007 29 AR
. SNSRI

2007d 3¥~FA FEUEn

duti et A e A g

WAL 37

<F @A EoF : Biometric JAAE, FHE A2,

Digital Watermarking>

3 FEA 2F SHYYIMS 5T Zao) o3 SHAN o7

W PN

(325)

o4 2|

[291 WW. Peterson, T.G. Birdsall, and W.C. Fox.
“The theory of signal delectability”, Transactions
of the IRE, PGIT-4:171-212, April 1954.

[30] Dal-ho Cho, Kang Ryoung Park, Dae Woong
Rhee, Jaithie Kim, Jonghoon Yang, “Pupil and
Iris Localization for Iris Recognition in Mobile
Phones”, SNPD 2006, Las Vegas Nevada, USA,
June 19-20, 2006.

[31] Byung Joon Park, Jaihie Kim, “A Study on Iris
Image Restoration”, Lecture Notes In Computer
Science(AVBPA2005), Vol.3546, pp.31-40, July
2005.

[32] www.iris—recognition.org (accessed on 2007.03.28)

[33] Hyun-Ae Park, Kang Ryoung Park, “Iris
Recognition Based on Score Level Fusion by
Using SVM”, Pattern Recognition Letters,
Submitted

[34] ZWE, w3, ‘el 5 YHE o83 T4

A4 A T4 A7, IFHRAEEE =54

B, A12-BH, A3Z, pp. 233-238, 20054 6¥

=13
=

74

(=]

943

(A3 4)-FAA/ A=

29 dAdE

AzEe EY

29 AAYgn

A 2583 A AL

29 AMd g M7] -

ZAFE T8 9k}

3¥ ~2003¢ 2¢¥¢ LGAHA 7]=4 Digital

Vision Group %2} ¢3¢

3E~dA Aty AT EYojtist
YA gntoj gy g

<FHAESE : Biometric GAAE, A4,

7% H vision, AFH 2HWFY 2>

—

19963

2000
2000

2003



