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Iris Localization using the Pupil Center Point
based on Deep Learning in RGB Images
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Abstract

In this paper, we describe the iris localization method in RGB images. Most of the iris localization methods
are developed for infrared images, thus an iris localization method in RGB images is required for various
applications. The proposed method consists of four stages: 1) detection of the candidate irises using circular
Hough transform (CHT) from an input image, 1) detection of a pupil center based on deep learning, 1i7)
determine the iris using the pupil center, and 7v) correction of the iris region. The candidate irises are detected
in the order of the number of intersections of the center point candidates after generating the Hough space,
and the iris in the candidates is determined based on the detected pupil center. Also, the error due to distortion
of the iris shape is corrected by finding a new boundary point based on the detected iris center. In experiments,
the proposed method has an improved accuracy about 27.4% compared to the CHT method.
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Fig. 1. Iris Localization Process
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Fig. 2. Results for Detection of the Iris Candidates

2.2 35 =d 7|8 A GG MEH

dEE I el AL A 5
Zt= FEEo] Stk oE 5o, T 499
=, 32, A sl dehde A SHSE 9
7 Qo RFY AEA o] Y] A TR F
o= A1 doellx 73] Blojd Aol 9lg F
Aok wEkA A FF FAES HAEL
Atk o5 7IFoR A FHe FA Hx
oA Ha A dfdets 49E SAE A
dabs WS AR QU

2 =idAE 5 A AES Slste], 1
g 3% 22 d#d 719 DeepEye ZEES A}
23109l 2l A Conv. Z(layer)® Strided

Conv. 3= Residual®} 37 + 71l 94 & 5
o & FAE W, Strided Conv. 5& Fall F49]
7|5 =43t ASPP(Atrous Spatial Pyramid
Pooling)[11] F-elX+= 49 G2l thal Atrous
Convolution(Dilated Convolution) 2} 1x1
Convolution, Max-PoolingS EAlol 33 =
e ZA¥yE dRh a8y, Conv. 1x1S E8
Ade 5 #ZAA7]3, viAeroeZ  Bilinear

Up-sampling< 3 £99] 715 43 2

- 137 -



RGB Fg0iA Hafd /gt

Ok

ot agold e AdeY s
Strided Conv. Zo|A 282 Z7}3kc}.

Strided 2L 2L Strided 41,

Conv | L Cony
—» Conv —» Conv
3x3 ‘ 2%D 3x3 %2 y
‘ ASPP 4L Conv 2 Bilinear

‘ 1x1 Upsampling

12! 3. DeepEye 22 = [9]
Fig. 3. DeepEye Model Architecture [9]

a8 4 53 S JIE A 48

Fig. 4. Iris Localization based on Pupil Center

DeepEye 2E& &3 53 T4 A& A4
Wol A EntR T A FRE FASE A
2> . = Z} "o
¥ 999 dES UEE vhaa S F
Agstal, SAYE S8l 53 T ARE ALtst
© S ARgsith 19 4= 4 WS
B3 AEE A9 $R g9y ¥, HEH
TE A e R TAle AF S U
bl Zlolt}y, TIReA e i) mEkA Y
A FE FAES Ynlat, 254 HE A5

ojnl s,

T TAAE Avsitt ek 42 I T4
HE 71Foz TR FolA Agg shte &4
g oJnlgitt

2.3 AIPF 7|8te] Exf Y 23

9 HZ WICHD o2 HEH T4 7
gt} Aol ARE vk B AW Gdd A9
ol vl Agsirh. el Abghe] SHS vt
gt AY Fhelebrt Abghe SHA Bk 7
o= Gl Hol: FAje BYgo] o B

[e]
o AR AR 2 B 2ol H
2|

e o
]
RO
[

Aetsh el 4wt AL5E AE oA E
@ AR webA old @ Aol Bow i)
AEstolo 0% A T4 9L e

W 4 9t} AIPF(Angular Integral Projection
Function)= @49 AAME AZEshe WHo=E
7]%"] IPFoﬂ 1 ‘T‘o
At e BE Wgow

4 AIPFe] AN HES A% ZAeltH10

AIPF(6, 0, h) =
I(zy+ (o+1)cosh, y, + (o+h)sinb)
—I(zy+ (o= 1) cosb, y, + (o—1)sind)

AIPFe] &4 4L 9 59F 2ok 7} el
e FEeted, g AL h e

H}@oﬂ A= -‘74%‘94 what QbEel gl HA] g
Ol el A7t s= Aol
ojufe] p gh& AR
ool &l +Z% p &
A B gHe TAE A

|
w
(o}
|



20208 128 Sh=AZES oA EISe =24 162 ®2=2

sk dl AHEETh B FHo SAe 5
BAAA dste] HAaAEHE ARt HEEH
=, F2A5HE outliero] W7 548 7t
=tk wgA, =59 73741@ = outliers #1438k
7] sl BAA] TS AAkstal skl
el 2E AAAY A= 71”’\“{1 ol Htf X}Qr
o] v]&o] 04 Bt} 2 A2 outlier® A3 =

y
right center left
32 6. UBIPr Hlo[E{4l of &
Yo Fig 6. Examples of UBIPr Dataset
3.2 A¥ Znt
X
o AYE gste], 71 w9 49 I wag
a8 5 APF 4 by AHE-gE B (CHT) 2 Xﬂ?l% DeepEye 7]u9+e] =
Fig. 5. AIPF Exploration Process 3 24 ZAo] 748 WH(HT + DeepEye) 2
AIPF 7]ke] RAS F7 J WHMHT + AIPF,
HT + DeepEye + AIPF)o] tsle] Aes &4
3. A8 ql Ay} 2 oy walgdth Al =A4o AzkA A} dhEe
AgEtel, AEE FA7E Al FAs LAs
B R S B A WAL AT A s ) e B 24 A% 99
SES AQIS] Astel, ) HelHAE A 5 axse 9w, TS 2@sa 9t 4
=] & © =] =]
el SR g, Foli= 05, 9l F AN Aol AFA o
W00 AdEGL £ 18 e WHom
3.1 UBIPr HO[EA Ztzte] ehmalgol @ s 24 A9 Avlolnt
Aol A& UBIPr Ho|EAl[3]& UBIRIS. g1 AS A
v2 dlolElAll4]e] o WA 5 shifoln], el Table 1. Experimental Results
T 2, 2 oS FHRE EFshal glvh ® e duaz | 23 | A9 AR | AE=
&, shuhel thgel tiate] 4 ~ 8m Abele] the el I =) B )
@ Auold] B9E A 9% Au o s CHT 3440 138 6838
. CHT+DeepEye | 4105 141 821
Freb el 2RHA S A8 el CHTDecpbyer |10 | 205 | 962
Aol A GdE 1 60l eIt dolg AIPF : : :

- 139 -



of ALEE o]

doz A2 Al

=

75101]}\1 ‘}I:@E]

<

B4l A

.l

=
T

ste] 7]
B

[€)
o

Ayl
| AF8E 5002 dolEle] T

o 2 % T
LEY.~07]
7@1__/|F.m;wmméa
4ez_o PRGN -
e OJI J.‘U| <0 BX |
N 2 o oy X% o 75 4 1 o
7% - :.L‘Llﬂ.ﬂ#o o B _zwcn_i\m.ﬁ
- =3 o) l JHL )AL ‘:O m A_.E = :i a0 TR Gl B ~
W ﬂﬁogﬂ%} L x B Lo7ﬂimob%5
A.imul\m N R7J.,_1roﬁuiﬂ‘m| %Monml
= 8w - S S ENTRCH I < d
) il X T — o]l o ] K o OF
]L1__/|d;.7mﬂulﬁaﬁ Elrﬂumﬂ7nwdo€hoﬂaﬁxmo o J
3 e Nlo A = o Ty = = o %o J o) o ) =z o
= Wrm% wn M m._ o o = % o_m T oF A N o ﬂm & %0 S W
T o <9 T =X 1 _ " S % o
Eg%ggm%%ﬂz T qu‘m%%%mﬁméw%ﬂe w2
o) T { S = A4r T s Wﬂ = = o o 75 = B % ~ I ~
o AR oM = X o o G ~ o (G 1|¢
A N oW B ® X A o w T & B oy (A
sEcssitis TP EkiErEeIEe szt
< .I,m < W & ogr o o T o W w w Ik = b O - N
GO =g %m%%M?ﬂ do 1 ow P
treizlixt %@Mﬂ@g,@éﬂ;%mq R
oy o ﬂﬂMDq_w_/ x 8 o Mo T T o M < o E?mﬂu
¢TI e P e =W w9 E%Hoaﬁogwxﬁ T b
7HuL\1r1w|1|d. urm_zumuso#u._.ﬂw]q_eﬂomu1o S o <
O N " of ¥ % A1 o =) BT T B ro T I = o =
R LR ﬂHmM%Eo@mﬂ = R o =
2 Mo R B wr ey 0¥ & D
= LR 3o oo 0 X0 O Y ® Ak = G
o e ﬂdrmijlJlgo_,o_o,moﬂdrMaﬂiola mﬁ B
mo_szﬁ%o#k Tw oW B w .wa_a TR
FEV LIRS 5ET2® | o Se
B o dnﬂommwﬂjhd7_soﬂhm%ﬂﬁu% N R o o S W
O#O NM + @M % \w \m_wl ‘_ﬂw‘_ ED 0 _ZT.: ﬂo ﬁ_v &
—_ e\_LllrEEo ‘mﬂ\.rﬁﬂwﬂn a
AQDWMAHE@, e o = <
R 29 W.ﬁ mm = E_M_l/ooﬂad'_ﬂnuL H —
ﬂzﬂwﬂﬁl o_aduqo;@l,/.o_u}z,mﬁ o S =Ne
fro! A ol do /X N S o o B ® e ¥ X
§+O_Eo§%@$wﬁaoko»mm€ : s o
E#E%Tm;a% Ey%ofrA%H : B or_gx
‘_lry|<|_H1~MOL.0 :ieﬂaa_e‘ljil OEJ.HO Y o ﬁ‘mﬂmﬂﬂ
[N el .~ 0 .foe~7 ™ ~N
wd o™ uo_/ﬂ._ﬂnmug_%mu.pl v g o 8
%%ﬂ%@%g%%@dm@ﬂﬂ 7 S b B
ol N - = T X g 5 E <
R Sk b W AT RN 7o G g 4% 28
EﬂJQ.AUJ.omH, oo_}z 9 R s e ~ = 2
p,ow_l L3 1\_A.r1r0‘._ ﬂ”7ﬁ T S =
10%ﬂ%%A%%Mﬂﬂ_Wwﬁﬂ% o 8 <7 g~
EoD_zT:.Llo Mo Lt1_ﬁ|7,_tm - - mwwle
+e#345031r_zroﬁa}]i%4mﬂdl 5 & = T
T gL 8w @ﬁ457 B2 8 g2
%Hmm%mnh%ﬂd%@@%%ﬂ.@r = 8 T E
— S T%on ™ T T BT oW < 5 £ Jo WM T
SECR SRS S e © Mg @ = S Hoﬂﬂ_dG
cwmim.%imﬂ%wrﬁmﬂm 0 R
Wu;ﬂo%_m1d. L R
o o o _ S5 7ﬂq_01%m
) . £ 57z
;oL\lﬂ_l,._,_mod.ﬁ
__o_é.n%

- 140 -



2020 128 et=AZEL O Z4gE7tele] ==X M6z HM2=

tn 2 B

Mo

1

0

[1] Kevin W. Bowyer and Mark J. Burge,
Handbook of Iris Recognition, 2nd Eds.
Springer, 2016.

2] &=, 743, “dA" FAAH Ve F
3 HAERXE G4 28735, ppb-T5,
2013.06.

[3] C. N. Padole, and H. Proenca, “Periocular
Recognition:  Analysis of Performance
Degradation Factors”, TAPR International
Conference on Blometrics, pp.439-445,
New Delhi, India, Mar. 2012. DOIL
https://doi.org/10.1109/ich.2012.6199790

[4] H Proenca, S. Filipe, R. Santos, J.

Oliveira, and L. A. Alexandre, “The
UBIRIS.vZ2: A Database of Visible
Wavelength Iris Images Captured

On-the-Move and At-A-Distance”, IEEE
Transactions on Pattern Analysis and

Machine  Intelligence, vol.32, no.8,
pp.1529-1535, 2009. DOIL  https://doi.org/
10.1109/tpami.2009.66

[5] Z. Zhao and K. Ajay, “An Accurate Iris
Segmentation Framework under Relaxed
Imaging Constraints using Total Variation
Model”, in Proceeding of the IEEE
International Conference on Computer
Vision, pp.3828-3836, Boston, USA, Jun.
2015. DOI: https://doi.org/10.1109/iccv.2015.
436

[6] J. Daugman, “Statistical Richness of Visual
Phase Information: Update on Recognizing
Persons by Iris Patterns”, Int7 Journal of
Computer Vision, Vol. 45, No. 1, pp. 2538,
2001.

[71 Li Ma, TieniuTan, YunhongWang, and

DexinZhang, “Efficient Iris Recognition by
Characterizing Key Local Variations’,
IEEE Transactions on Image Processing,
Vol 13, No. 6, pp. 739-750, Jun. 2004. DOIL
https://doi.org/10.1109/tip.2004.827237

[8] M. Arsalan, H. G. Hong, R. A. Naqvi, M.
B. Lee, M. C. Kim, D. S. Kim, and K. R.
Park, “Deep Learning—based Iris
Segmentation for Iris Recognition in
Visible Light Environment”, Symmetry,
vol9, no.ll, pp.263, Nov. 4, 2017. DOL
https://doi.org/10.3390/sym9110263

[9] F. J. Vera-Olmos, E. Pardo, H. Melero,
and N. Malpica, “DeepEye:  Deep
Convolutional Network for Pupil Detection
in  Real Environments”,  Integrated
Computer-Aided Engineering, vol.26, no.l,
pp.85-95, Dec. 3, 2018. DOIL
https://doi.org/10.3233/ica-180584

[10] G. J. Mohammed, B. R. Hong, and A. A.
Jarjes, “Accurate Pupil Features
Extraction based on New Projection
Function”, Computing and Informatics,

vol.29, no.4, pp.663-680, 2012.

[11] L. C. Chen, G. Papandreou, I. Kokkinos,
K. Murphy, and A. L. Yuille, “Deeplab:
Semantic Image Segmentation with Deep
Convolutional Nets, Atrous Convolution,
and Fully Connected CRFs”, I[EEE
Transactions on Pattern Analysis and

Machine  Intelligence,  vol40, nod4,
pp.834-848, 2018, DOIL  https://doi.org/
10.1109/tpami.2017.2699184

[12] N. Cherabit, F. Z. Chelali, and A. Djeradi,
“Circular Hough Transform for Iris
Localization”, Science and Technology,
vol.2, nob, ppll4-121, 2012. DOIL
https://dot.org/10.5923/.scit.20120205.02

- 141 -



i
2018.02 &+ Shal 7 FE F e £
2020.08 ¥}38}7] < Agto) g o 8w
ICTHE AAr A &4
2020.09-&A A : ety EAg Lo g
ICTHAF vkrl24
<FHIARE> AFTA T, 9, G3A

&3] (Jang-Hee Yoo)

1988.02 gt &f=roltfstal = sta £
1990.02 gh= & =rof st dAksta A A}
2004.07 %= University of Southampton
A7 8 AFRE A uba)
1989.11-& Al = A Al A7+
AFAFATE A
2005.097A A gk A A9 A3 7
94
2007.03-@AA: #3}7] <A g o 3h o s L
ICT@ <) ﬁo] JJ—T
2007.017d A: st SWHA H 71eks] o] AL
2014.017 & A A=A AR Y
2014.872015.8: University of Washington

oA
2018.372020.3: = 7}A| 2] A 2F$] 2l 3]
A2

’

<FHAAREE> HFEH HAH, AFAF
%i

A, AL, HCI 2 A5

M o2

- 142 -



