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This thesis propose system in order to identify the

uniqueness of personal ust iris features, it tolerate to
eyelid, eyelashes, rce and reflections from

environments. Eve

\\ orithm for localizing irises.

Important pixels are P n an ms circle model therefore
e :,*,a' ,

a proposed algorit loca j‘-‘f» onsumlng while remains

\z ocesses; Iris preprocessing,

preproce sing process is a process to

accurately iris detectio * .ggl:;; _
. I T
Iris identification COMPOSEs 40

. i §
feature extraction and feature mateting.

localize an iris and porti XE te gion into a rectangular shape using
Cartesian-to-PoIar_ transform.-Liffere  Ga Do@G) is then perform in order to
28.6uch iris structures are
located and bounded, b F_ ¢ composed of centroids,

direction of principle“axis and Hu moment of the detectéd blobs, are then compared

later in featﬁrﬁﬁﬁﬁanj ﬂﬂ’] ﬂid iris identification:

CASIA verS|on 3.0 and CU-CGCI IRIS. The average EER of CASIA.yersion 3.0 and
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reflec?ion environment. In case of identify iris in reflection environment, the EER equal

3.71% and 5.43% tested with CASIA version 3.0 and CU-CGCI IRIS respectively.
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waz Crypts tHusiu LL‘UUM
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ATTNNDE 8 LAAU LWANT

(Plgment |on) YO UULINIURNAY cAntudeiiadlilau
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!
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U

11nd9paen [2] UNN4
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gllﬁ 2.3 WURBNH AL (1-pigment Irill, 2-pupilary: area, 3-collarette, 4-ciliary area, 5-

crypts,6-pigment spot) [2]

NURALD I TR (Iris™ 'Surface) mem”qgﬂ'ﬁ 2:3'Usznausat Pigment  Frill
ABLTLIIDLITENTNIHIUA LA HIUAN %‘\mm@ﬁé}’wﬁwfauﬁLﬂmqéﬁﬂm@ugmum
13190u3HUAN (Papillary Area) waz Collarette fatlsznaudan Ciliary Area AUYRLIA
Ciliary Area Iagl Ciliary Area uhspeniflunaduludaiunFoamaeutineanuaiy
$n93ridl (Radial Furrows) Rwndunaniisasdeudnennlunniicniuazingusendag

(Pigment Pile) @tuudu (Ridge) uwarUFondquuantiiinisnaauiulsznausiag

R979118N289 Crypt ABLENSNINTINAAN1NLLLEY
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1. ANBUSNEITDINUNAIRE (Pigment Related Features) Janulszneauna

Crypt uaz qa99A9RT (Pigment Spot) wanAagili 2.4

51/1/) 2.4 anendy WLﬂEICJ?I@ o77] (@ﬂﬂuﬁm—, 2-4/7um, 3-crypts, 4-pigment spots,
—

5-radial furrow

2. ANHULNA

rrows, /-colarette, 8-pigment frill) [2]

18w Radial Furrows 1t

5‘7J1/I 2.5 AN Vlﬂ@ﬂ'ﬁllili!’]ﬂ‘llﬂ\?ﬁ‘ﬂ’lumﬁ (1 TJJ’)L!L‘I’] 2'&/’714&7’7 3-crypts, 4-pigment

spots, 5-radial furroyvs, 6-concentric furrows, 7—co/arette, 8-pigment frill) [2]

3, cotiéréite-ﬂa;nmh%qd Clllary Areé menfaumlz c|||ary Area wanaAagLl7 2.6
Qi

a

gi/ﬁ 2.6 Collarette (1-gunum1, 2-411481, 3-crypts, 4-pigment spots, 5-radial furrows, 6-

concentric furrows, 7-colarette, 8-pigment frill) [2]
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al d‘ I3 v o ¥ o 1 = 1 o %
BAINTVFATIIRINNTD mmﬂug’mmmg@ M IRATNIDUNULLLTINAN Wﬂﬂ LlE‘EIUﬂﬂuiﬁ

U

2.3 NISALATNRIUAN
TaaaldnisiAun s uaIas 4 we 9@ s eadlunrasn i gy Wasann
wasgunsnsngnsunouléitiesnaanasies luiiedaernuumnaunsanessinld [16] Bna

o v 1 1 d‘ - % a %
9N TATIA TN LR E N TRIU T UAANATN N TNA LN AWEN TN TN Lﬁ‘&'ﬂ@

L4 o s a v 1
231 dadnipraal@ianiuasaunlaisanidngneen
! -L -
waaBun s 80 L I wad N Ll g nsanenrinliTnanosmaaanywed Taad
wasniiadaulvnjannafead @ The American Conference of Government Industrial

Hygienists 7a ACGIH MARdet EAL a9 N LA UN LI ANE U

\
d

WNnEenaan1eeN Y [17] WaantanssntanngunseieainiuiundaniLé
AIANNIIN 2.6 2
3000 nm

SVE, eAd<18 A 0) (2.6)

770 nz

e A AAANENIAAUTBILAINANNTZNY
B, fodin a0 nnnssauadsanuiioy K/ em’

A dl Y o
LAY 't PRRNN TS

AT RATL LA LW LEANNINNA1 9,000 A7 Tulils azAsafasiiEunn

LANAUNTIATAEINIT 10 HAATAADAINNLTURALNAT (mW/cmz)

232 RAISULAY (Light Sensor)

FasunganiutinnuauaniBuianudintadnas InatBunnsaesnseng Wi

o o 1 [ %

INAENUAFULANLNUAN DA NI N LRINANNTENUARSULAY IHalaIANNIenUAUSaANN

q

=b_

Ufiseniuuas (duansnesian) dnntiuarildesdidnmnsaueenyd iesandianasenliiv
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WA enaduiunansslan lldaduningdsugandn mnanudinuasiannsgnuuy
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& o v o o o dl
AafunIn (Image  Sensor) Usznauldfagfafuuasanuauniniiewlas

wasuailulseq il Bunmasanszualwindswentemnudinaeuss sunmes

nszualWianldazgninuindaaiiluaiifiedsuenisaauiiinaesdluusay

i/
o

ARFULAY ARFUNINWANNTD LN 128 yufmﬂml,ﬂmmLﬂummmmmﬁ ATl
xid

uctor (CMOS)

AN ULAILAENINUTALAA T 1

wAaznEa (9UN 2.7) %

U

aznNIThaaanasauLiluan

nezualWilnanunsonnlé’ls

Pholon-lo-Eecinon
Conversion

Election-fo-Vicllage

JU7 2.7 n9vivIuae9 CMOS [18]
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2. Charge Coupled Device (CCD)
ccD Wussunwanauianlsznauldfaafasunaaineasasinananluus
a A:ll o L% a 1 dl o o a 1 a
azfina (3U7 2.8) inlidasdmbatlszunanaivatiuauousidnnseuluusasfinaaniy

dyunouuning - annisnlunsazfnaa ldliinaudameflszney AN ldinndnlad

AN Ngandiesann tifuuaaing lagodeiunouadly

Camera
(Printed Circult Board)

Charge-Coupled Device
Image Sensor

Photon-to-Electron
Converslon
=ctron-to-Voltage

onversion

To Frame
Grabber

1/ 2.8 N3 187)

. ] Q .
Lﬁfaﬁ@ﬁ?m%mmuu“mm CCD uaz CMOS andnanagL1ifamsnei 2.1

AN397 2.1 LLﬁL%é@J ‘Bﬂwﬁs{;ﬁq@ﬂgr 2

CMOS CCD
¢ o Qs

ERARANIUUANINAY
zﬁ’tyﬂpfﬁ?ﬁﬂ.qul R P B
ANNNTUTAUIRTLIL flag Xty
ANIN W LA e N
ANHNAZIDA i 49
N3 1 ENATIN1 17N Ting
97A1 an WA
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233 naaInldlun1stALAITNRIUAN

1
a o A

néaafiliiAunnanun i Elunuisedug Saums suanslunand 2.2

dl % dl v @ 1
R399 2.2 $1ANNARN IELALNITWEIWAN

R duauaIReY | 911 (1 2009) NUIED19DY
2N
EverFocus EQ100A/EN CCD 277.46 USD [19]
SONY DXC-950P 3GEW 3,375.00 USD [20]
JIRIS JPC1000 CMOS 450.00 USD [21]
w

T34 HGuemi MD-TECH. §1CAMBB fluginsallunisdunan g
LailagnuFuusialar Tusannjafunonaaung Tasncioaanaeaivuanduaiin CMOS

| o a a | l
ﬁLLﬂﬂ\‘lﬂ'}LuﬂLL@\‘lﬂuW?’]L?ﬂ 6 WIaN LL@ﬁflﬁ"]_ﬂ’] 490 1

— -
|
L A
L1 4
."4
u

2.4 nsiszaranauazilasgininiana (Digitl Image Processing and Analysis)

F
o 9

aa t‘:ll N .-u/ a o g
ﬂ’]i‘ﬂ?tﬂ’l@“ﬂﬂ’]ﬂﬁ@ @WLﬂE]"J‘IJ'Bﬁﬂ‘LI\‘i’]u’J@?_Iu %Elmﬁluﬂ’mm\imﬁluwmfauﬂ’m
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LW@IM@WNW?Q@ﬂ@@ﬂEvaI@W ﬂﬂ.l“]]'ﬂ\‘lNiﬂ@ﬂﬂ@’]ﬂﬂﬁwvtﬂﬂﬂ’]\‘lﬂﬂ[%l/‘ﬂx‘i LL@vu’]@ﬂEvaIVLﬂVL‘]J

69,6} ' &

15T mim"iﬂummmuuumé flEnfvegluguieya

Aul3lugudieyavi g

A o = vaa ¥ an o o
mm@ﬂu%%faﬁmiﬂizm@NaLL@:QLmﬁ:umwmmmmiﬂu

241  nmsvinsianisaraseaumna-(Grayseale-Projection Profile)

N3 BN AN E AT N M UN 1IN ATIRAN s L AL TN T9a g Tuwaunu

x saunw y, Aeuanslugiy 2.9 Inannimailrszatimnetszmnans 07
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1 4 |10 |1 6 |1 2 |1 O |2 (0 |1 19
6 |1 4 |3 |5 |5 |2 |2 |2 |4 |3 |6 43
6 |5 |3 |4 |4 |0 (3 |0 |3 |2 |3 |0 33
4 |2 |4 |4 |0 |5 |7 |3 |7 |16 |6 49
6 |3 |7 |1 7 15 |1 (2 |3 |0 ]2 |0 37
2 |5 |2 |7 |1 |7 |6 |14 |5 |2 |6 48
6 |0 |5 |2 |7 6 38
315 |2 |2 |1 3 32
1 4 |5 |5 |7 36
(1)
35129322938 E 26
;ﬂﬁ'Z.Q Iwslndnsa fo ALl ) ‘ 19 (4), IwslWdnranes2suimmn
usavadl (@A) &@7 \\ AULIAT
v }
nsldnisanas PLIGAATIN ) ] wazuWasy V] 91990 WIZALLNN

Auunlagannig 2.7 uay 2.8 #-'?Jg‘

7

g2 (2.7)
AU ANBIBNYINS oo

Y [

TR
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ngy

(2.9)

(2.10)

t‘a.. 2DR+ R* #0* =

ﬂUEJ'J‘VIEWIﬁWEJ’mi

C? + D?

amaﬁnimumaﬁmaﬂ

(2.11)
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243 mswdasszuunnadadutlussuunn At
Homogeneous Rubber Sheet Model [4] Qﬂﬁmﬁuimﬂ John Daugman Wlunng
g9 (Map) qanialudiumiainszuufinmdaduliiesluszuuiidadeda (-,0) laad

r aglutag [0,1]uaz 6 ofludae [0,27] Tnaanns 2.12 uaz 2.13

I1(x(r,0), y(r,0)) > 1(r,0)
(2.12)

(2.13)

Tne?

A

fWE A NI
AN N TINY T -

ﬂ’]ﬁ‘L@‘ﬂﬂ"ﬂﬁ]’WNL'&uLLu’Ji‘ﬁNN’W ANNAZLRYARNTNLLATAN (Radial Resolution) ey A1

muummummm@ﬂmﬂmmmvaammmuﬁu (Angular  Resolution) A3gtl#l 2.12
1 dl e 1 1 1 ] = o =KX v IS
wiieaanqgagudnalredgiIuawazituntenalildqaLnea iy asfiaslinnsds

qaaNTuNeNazaNaqn IngiuagiuyNIaLNNANTIBIINIUAIAIANNTN 2.14 - 2.16

a Q
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(=7

FU0 2.12 nesuaunsuLlagZILNRRL TN L] Euvﬁn‘“m%%wm Homogeneous

——

(2.14)

(2.15)

(2.16)

Tned 0, 128931 UAATHIUAN TULWIUNY X
0, IPANIINIYAAUAIA AALUENANYBNTH kR LAz A TN
e 1 dl
r AR TN 0
‘!I o A 1 Iﬂ
uay v, 1DFANTBINIUAN

iris

 SUHINNENEINT i
gkl e i1

2.4.4 Linear Least Square Circle [22-23]

annsreananaNsnuliiag luglanniadadulinaunisi 2.17

F(x,y)=A(x> +y*)+Bx+Cy =1 (2.17)
1

Tpe? A=—5—F—
re—=x"—-y
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—-2x
B=r2—x2—y2
-2
C= 2 zy 2
ro—x"-y

o L

(x,y) FefninqaAudnaeI8929nan

A o A
RS r ARTANTRAIINNAN

(QUNTDUIATNI AR AL NAINTRIIINAN

9 U

(2.18)

(2.19)

ﬁlgr
J\ (2.20)

ANMFUANNITLTILE 149 ﬂmﬁﬂumm?ﬂsfuacobian Matrix)

UAZLANLARSANAN (Resio 22 HINANAL

:y;_ ~= d

1 eri
|I - | |
L i¥ |

ﬂuﬂﬂa@l{mmm
qmmn%ﬁﬁ%% NI

K=I1 (2.22)

TnB@N13avNA A B LAz C anannisi 2.23
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Bl=(J)' K (2.23)

a

245 NAANNTALNIALITEY (Difference of Gaussian)

[~1 1 ] dl o o 1% & o = .
WunisuAINaFAINTaInIN NN LT LT UA NN AT UL LT eI (Gaussian

smoothing Function) AUATWBNABA8ATA N B sU s usaelefTul 5y Gy

UL AT UMANE ANUAAIAITLIN 2,14

Blurred Versian:

More Blurred ersion® | -
' w e’ o A )

AU VAL e

&y r ' ‘ J )
2.4.6 TanuAtiues (Moment Invariants)[24-25]

£ Gl 213

F o= i -‘f o o i 1 ]
Tnudiflunisussdasananifaesinglunin dagnaulaazgnuiiadon

a | i o "-"-._'.. ' & sl a o
(Segment) @8NAINNTNENARABUTN T AMANITTIF] Tne 1 Tuimms Tumudiiannss

b

ANNNTN 2.24

i

|
o

L

|

< om,, = I J.x"yqf(x,y)dxdy e (2.24)
Ing | Aalauts Ordet (p+ q)
war s f(x,y)  ABAIANNARNIAINNTALILS (X, )

A 1 [} ot dl A i v ! dgl 4dl
A ARt 29499 g N T S AR s S B TS un Wuduas
4
qagudnatsnaaidusiu uananlideainisnlduyniAnigaeaununan (Direction  of

Principal Axis) @414 119113983 Tneluanemaasnnngi 2.25

2;“1,1

@ = —arctan
2 Hao = Hpo

(2.25)

=b.

Imel 0 AAIAILNUUANLH AN UAULN LA

Wy ou,,  lwadfEusedeaninzniswlasunius
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A = F & ) By \ ° ¥
Walnisilagundasee i didayy A vinlAea i

gaeinnadaaaiulag HUATLIUS VWA LATHNUNU

TPednamasilin 2.14(a) Jusntutssaan1aziia e liing
' o [0 'l - - - e deghd ' 'S i

LﬁﬂﬂLﬁﬂU?ﬂiqw@manﬂuTJ & 3% [iAnvaslnnudiazilasunlasldnny

T4 20 R . .
Tﬂ?qﬂmﬂﬂqmﬂLWﬂQ@ﬂﬁLmﬂq Iﬂﬂ%ﬁ‘%ﬂaﬂﬂ 13 1% 1l LA AUA LL@ZHNMHH%’EQ
o = - i - = o0 ~ o
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azfuani e
; ﬂ%ﬁﬁmmwanmuuﬂm
AUNAY 3 :ﬁﬂj} Lﬁ all éﬂ‘\ﬁimimuumﬂu
iﬁﬁéiﬁ% ﬂ% Vit

Hyy = ”(x - )_C)ﬁ (y - ;)q f(x,y)dxa’y (2.26)

AaluuFE uaesagn N A uuLlagR e Order (p +¢)

a9 LN UFAN

e u,,

[ — A o o dl
(x,7) Aowumsasfaasinglunmianla

uaz  f(x,y) ABAIANNARIAINTAAILIUN (X, V)
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TUINUFEUENFARRN1NZ N AsIL AU
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VHs oL

-:- \\ A7 ' WU (@annsh 2.2452;?;’
m, =[x "’f X,y )dX'dy
ﬂUEJ'J VlEJWIﬁW eI
3 mﬁaﬁ“@ﬁﬁ iy

1A @ ANANNITN 2.31 unuAluanni 2.30 azlé

!

mP,q

pq - (p+q+2)
my,
my,
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mp;q — mP,q (2 32)
. (pr+2) (p+q+2) ’
mO’O 2 mO’O 2

patiuliustiueAagn192 NN AUl aIUI AT N AIANNN9 2.33

— mp’q
Mpq (pra), (2.33)

Tnefi Npg R ﬂaﬂuuﬂmmmmw Order (p +q)
ay M NARLIF O 9 é
3. . ‘
‘>\\ HuarinliA lunuiaeedng
AnasilAauuilaslyl i i 2 731106 \\ ATUNUILAZIUNATRITAY)
ToelueniAseid7ansa il o) lun s il nfresingiuassiaaninznng
L‘]J?QIEIULLﬂ@\‘]J{NMHu"]Jmﬂ Qﬁ 41 _miﬁummmﬂmmﬁm (Algebraic

v
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1
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sneulAfaRNNIIN 2.34

9,
J o

!i‘

'+ ao’puov" (2.34)

pluv

f= a, u Py0 ‘..c‘_

mnmﬁww 2.34 61
-Hﬁllﬂﬂﬂjwmﬂ‘ﬁ 035

1.p-1>%0

q W’]ﬂ‘ﬁﬂﬂim 1874
L

Ted  (UV) Aesumislussunuidedeunsaannnsutla

Aeueialneld (ﬂ/ley’s Notation lHissannisi

A o 1 a v
(u9 V) ARATUWLN TUI TN LT a1l

WAE i ABUIUAUANIN (Imaginary)
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Lu=U+V (2.37)
U+V
V=—
i
— iU~V (2.38)

AnuuUN1muali Homogenous Polynomial Aaun1sutlasfAaeaunig 2.36

whﬁ“u Homogenous Polynomial #&4N19uUa9B284NN19N 2.36 LWBUIATNNTIRLAR ST

.' 143 ﬂ’]?‘Vl239

P
p g My l’mOpXu v)” (2.39)

ANA . 1 39 2.37 uay 2.38 a1
; RS

il
| ) )
m,, +mg, L V + (m2 o T+ 21m1’1 —mg, )V

ﬂ’HEJ’JVIEJVIiWEJ’]ﬂi

QW?MH‘}W %J"WYWIEHMI

= (mzo m02)+21m11

v

Wananan i azld Hu s p = 2 sall

11,1 bR 12,0 -10,2
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o lunsiiii p=3

(13,0a12,1a11,2a10,3 )(UaV)3 = (myy, My ,my,,my )(“av)3

3 3 3
= m3,0u3 + (ng,_l,lu}lvl + (ijz,_muv2 + [3jm3_3,3v3

= (my, — 3y, ; .3) '“\\ my, —imyy —my3)3U°V +

=3m,, +3im,, —3im, w3

v (130 112 102)

m@mﬁﬁaw@mﬁwm 2
amm’rﬂﬁﬁu AMININY oo

= (mzo moz (2.40)
Hy=(my,— 3m1’2) +(3m,, - m073) (2.41)
H, =(m;,+ ml,z)2 +(my, + ""0,3)2 (2.42)

H = (m3,0 - 3m1,2 )(m3,0 + ml,z)[(ms,o + ml,z)2 - 3(mz,l + m0,3)2]+
By, —my 3 )my, +mo )Bms o +m, ) = (my, +my5)?] (2.43)

2 2
Hg=(m,, - mo,z)[(ms,o + ml,Z) —(my, +my3)” +4m, (my o +m,)(m,, +my, )]

(2.44)
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R TUIA LAZHNUNL AIANNTN 2.45 D9 2.50
H, =1n,,+0, (2.45)
2 2
H, = (772,0 -n 0,2) +4n;, (2.46)

Hy =5 3771,2)2» Y i (2.47)

H = (15,0 +gg0)e oy FA (2.48)

H, - : V=300, + 102" J+

(317, — s 7005)°] (2.49)

H a0y + )y +105)]

(2.50)
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Abstract

This paper proposes a fast..iris..localization
algorithm which consumes low computation resources.
A pupil’s radius is derived based™ on - simple
Pythagorean Theorem from a cirele segment of
extracted pupil’s partial boundayfreferencing the
pupil, we extract a few point

and center of the iris’s outer cirele boundary

In this research, the proposed Jalgakithm is tested,
with CASIA iris database version'l and version 3. The
average time consumption is 58.87 ms with an accumcy -
rate of 92.86% for CASIA version I, and 62.26 mv wzth-

88.89% accuracy for CASIA version 3. Among many—

of the jiris’s outer
boundary on the lefi-hand and rightzhand'sides. Linear.
least square circle is utilized to approximate the radius..

! ungkarn.j@student.chula.ac.th and ? nongluk.c@chula.ac.th

(b)

Figure 1. (a) An example of human’s eye image [2]. (b)

| Anterior surface of human’s iris (1-pigment frill, 2-pupilary
“area, 3-collarette, 4-ciliary area, 5-crypts, 6-pigment spot) [3].

" A typical iris identification system consists of

several processes as follows: Localization,

‘hormahzatlon feature coding and feature matching. Iris

popular iris localization algorithms, thée- propoved e,loéfahzatlon is an important process of an iris

algorithm is extremely fast. =
Keywords: Iris localization, iris tecognition

—identification system. Not only the accuracy but also
ey the;speed of iris localization affect overall performance

of such systemsS.” Needless to say that an identification
system.thatspends much time is unfavorable.

1. Introduction ]

Biometric identification system is gaining more and
more popularity in today’s world. Iris is one of the most
accepted characteristicss utilized ; in-, high .security
systems. This is because there is*no same 'iris even in
identical twins and iris ‘will not change ‘When people are
grown up [1].

Human’s inis is an annular'past between a pupil and'a
sclera as shown in figure 1 (a). Many structures such as
freckles, coronas, stripes, furrows, crypts and so on,
generally called iris textures, are laid on the iris. Such
structures, which shown in figure 1 (b), provide
uniqueness of individuals. That is why iris is one of the
selected biometric features. Besides, people do not use
knowledge-based and token-based methods, such as
password or ID cards which are not reliable, for
authentication.

Although _m,a'hy iris localization algorithms have
been introduced, nearly half of the time in iris
identification s spent on iris localization [4]. It is,
therefore, needed to reduce the iris localization time
especially for the systems that have low processing
power: such || as' mobile devices or the systems that
require.real-time processing.

This paper proposes a fast algorithm for iris
localization. Related works are presented in section 2.
Section 3 describes out-proposed fast algorithm for iris
localization., Experiments and results are illustrated in
section 4. Finally, section 5 presents our discussions
and conclusions.

2. Related Works

This section presents two popular iris localization
methods and CASIA [2] (the Institute of Automation,
Chinese Academy of Sciences) iris database, a popular
iris database used in many researches.



2.1. Iris Localization Methods

Iris is usually modeled by two circles; one for
pupil’s boundary and the other for iris’s boundary.
These iris models are typically used in iris recognition.
This section presents two popular iris localization
methods, Daugman’s integro-differential equation and
circular Hough transform.

2.1.1 Daugman’s Integro-differential equation.
Early iris localization has been developed by John
Daugman [5, 6] by applying an integro-diffential
equation to an eye image. The integro-differential
operator is defined by equation 1 as follows.

3 Iz
max g = [6e0) 12§ SR

rXpYo f:{"'

Where I(x,y) is an eye image,

r is the radius to search for, 4 .

G (r) is a Gaussian smoothing function, = -

o f v.‘ —

and s is the contour of‘the circl ven by

T X Ve

The operator works as a circular edge
varying the centers and radii of many circles

2.1.2 Circular Hough Transform. Anothet! popular
iris localization technique is circular Hough transform
[7-9]. Edge points, which are obtained- by edge
detectors [7-9] in an eye image, jare required before
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horizontal Sobel filter. Then thresholding was applied
to identify glare from reflections, while edge detection
was used to identify eyelashes.

However, the algorithms mentioned above are time
consuming and resulting in slow iris identification
process.

2.2. CASIA Iris Database

CASIA provides the most popular iris database used
in many researches. There are two distinct versions
which are version 1 and version 3 [2]. In CASIA iris

base version 1, pupils are filled with dark color. So
there is'no reflection from the light sources in the eye
image:-‘fonsequently, the iris segmentation results are
quite_good. In CASIA iris database version 3, the
pupils-are left unfilled. Hence, there are some light
reflections 1n the pupil.

Example images from CASIA iris database version 1
and version 3 are shown in figure 2 (a) and (b)

- respectively. In this research, both CASIA versions 1
- and 3 are used in our experiments.

F ,(a),

. ol
- ’;“-....

(b)
Figure 2. CAS(IA_ iris database (a) version 1, and

applying circular Hough transform:-Those-edge-points
are voted in Hough accumulator {or circle parameters.
Normally, a maximum value in the’Hough accumulator
gives the best circle defined by the edge points.

Many researches employed circular Hough
transform to localize the iris, In 2002"and*2004, L. Ma
et al. [10, 11] first approxamated region of ‘an iris by
projecting the image in | hofizontal fand wvertical
directions. Then, in this approximated iris region, they
obtained the parameters of two circles, pupil and iris’s
outer boundary; . by" detecting, |edges- andsy, applying
circular Hough transform.

In 2004, R. W.lves et al. [12] down-sampled the
original iris image by a factor of 2 in each direction.
Canny edge detection was applied to obtain an edge
map of the iris image. A circular Hough transform was
then used to find the center of a pupil and its radius.
Once the center of the pupil was found, the original
image was transformed into resolution invariant polar
coordinates using the center of the pupil as the origin.
The boundary of the iris was determined by using a

“=(B) version 3. [2]
X

3. Our Proposed Algorithm

Since iris is the area between pupil and sclera, it is
often jlocalized, by seeking the pupil and the outer
boundary of iris. (Our proposed algorithm follows such
concept. Tt'is described in this section in 2 subsections:
localizing a pupil and extracting an iris’s outer
boundary.

3.1. Localizing a Pupil

Like many other researches, pupil’s boundary is
estimated as a circle in this paper. Instead of acquiring
the center and the radius of a pupil by those mentioned
time-consuming algorithms, we apply basic geometry to
calculate the pupil’s center and radius rapidly. The
details are described in this section.
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3.1.1 Finding a Seed Point in a Pupil. A point in a Figure 4 illustrates an example of a seed point in a
pupil can be obtained by using vertical and horizontal  pupil obtained by equations {2} and (3).

gray-level projection profiles of an eye image. A gray-

level projection profile is simply the sum of gray levels  3.1.2 Finding the Pupil’s Radius. As describe above,
in a projection direction as demonstrated in figure 3. a pupil’s boundary and an iris’s boundary can be
estimated as circles. An iris’s radius can be computed
by using a circle’s properties as follows.

I

RC

RC+D=R
RC=R-D
RC?4C%=R?

(R—DV+C*=R?
— 2(R)(D) + D* + C?*=R?

1 1
sclera) in both directions R = ﬁ (4
. 20

denoted as (xfﬂﬂmi ’yﬂﬂmh i is a radius of a circle,
(2) and (3) respectively. - is a half chord length,

. o | is the distance from a midpoint of a

% pupil = My Z I(x,y) P S R chord to an arc of a circle.
PN e e .

ong the obtained seed point, £ and
B T = a s figure 6. If € and D are known, we
¥ pupi = My i ius R from equation (4).

where  I{x,y) 1is intensity Vme at location (x, ¥}, ,
X = 1 2 i

i Eﬂﬂﬂﬂﬂﬂﬂﬁﬂa{
gBRR ) 171!

Figure 6. The obtained seed point, £ and I in a pupil.

Finding Cin a pupil. A horizontal intensity profile can
be generated from the original image intensity at row

Figure 4. A seed point in a pupil is located by the minimum
projection profiles in horizontal and vertical directions.



y'wﬂﬂ and =x;, where i = 0,1.2,.. ,W. Then we
binarize the image by thresholding.
Figure 7 shows an intensity profile at y'ﬂ i and @

threshold value.

Figure 7. Horizontal intensity profile at yr T

Figure 8 (a) represents the binarizedieye 1mage from|
The dark areas af row' ¥ s e

thresholding.
labeled as shown in figure 8 (b).

%
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then all the rest labels are merged to form a chord (or
line segment) of the pupil, B F.. C is simply half of this
chord. Both F; £ and C are shown in figure 8 (a).

Finding D in a pupil. is the distance from the center of

P E to the pupil’s boundary. It can be obtained by the

same way as finding £, but with a vertical intensity
r

profile constructed at column x ,,,; and 4;, where

E=IH_ypup[E .

|H =¥ pupa| 18 because we avoid the occlusion from

eyelashes. [# is also shown in figure 8 (a).

... H. The reason that i starts from

At _.this point, we obtain the pupil’s center

1and its radius, R,,.q-

(L

':I‘b!tl"-' goupils
3.2. Extracting an Iris’s Outer Boundary

Iris’s outer boundary is difficult to localize because
of the low contrast between white sclera and iris. To
~determine an iris’s outer edge points, a variance filter is
applied to the image in the same image rows as the
detected pupil.. However, some of these detected edge

J points may not belong to the iris’s edge. We, therefore,
. introduce a new method to classify these edge points as
* the iris’s edge.
_ approximated for the iris outer boundary.

o

Finally, a linear least square circle is

3.2.1 Locating iris’s edge points. Generally, high
tcontrast in an image indicates edge areas. In this
-research, we use a variance filter which calculates a
variance in a sspecified window/mask to measure
contrast within. the mask. Noise is removed by

Figure 8. (a) A binarized eye image and the line marked at
¥ aumar (b) Labels of the dark areas at row ylﬂ mil’

It is most likely that the biggest label, which has the
longest length, is in the pupil area while other labels are
not. However, if the obtained seed point is in the white
spots in the pupil, some other connected labels may also
be parts of the pupil. In this case, small labels, which
are less than 20% of the biggest one, are eliminated and

Gaussian filter, as shown in figure 9 (a), before

applying a variance filter. Moreover, in order to reduce
time consumption, we apply a variance filter only at the
Figure 9 (b)

image rows of the detected pupil.
illustrates a variance filtered image.

!iu‘iliu

o

(a) (b
Figure 9. An eye image after applying (a) a Gaussian filter,
and (b) then a variance filter.

Since iris’s boundary is not as sharp as pupil’s edge,
variance values in iris’s boundary are less than those of
pupil’s edge. In addition, variance values at high



contrast areas are normally much higher than the
maximum gray value of an image. Therefore, we select
to clip the variance values at the maximum gray value
and set the variance values to integer in order that a
variance image can be displayed as shown in figure 9
(b).

In a pupil’s variance image from row
(Vepupit = Rpupi) 10 TOW (Vopypi + Ry We search
for two maximum variance values for each row. The
first one on the left of pupil is between 0 and

(Y. pupit — Rpumit > and the second one on the right,
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For example in figure 10, table 1 represents the
relations of points 1 to 10. The sum values are all 10.
It means that all 10 points are related and hence, there is
only one group of related points. Table 2 represents the
relation of points 11 to 20. There are 2 sum values, 4
and 6. Points 11, 12, 19 and 20 are 4 related points and
classified as the same group. On the other hand, points
13 to 18 are classified as 6 related points in the other
group. Hence, the detected points which are classified
as the iris’s outer boundary are as shown in figure 11.

Table 1. Relation table of points 1 to 10.

between (¥, myniy + Raygi 7 and W. An example of the 3T al 5T 61 7789 10
detected edge points is illustrated in figure 10. 1 1 1 1 L] 11 ]
1 1 1 1 1 1 1 1
e e — a 1|1 [ 1 |11 [ 1|11
\ - 1 1 1 1 1 1 1 1
i\ m‘* i T 1 | 1 |1 |11 ]1]1
H"Wf W -— | [ T T T
R \ 4 TR \ i I T T
' — Pt ; x Lt [ [
s B 1|1 |1 |11 ]1]1]1
! 1 1 1 L[]
7 ! 10 10[10[10[10]10]10] 10
— st

i ‘3 Table 2. Relation table of points 11 to 20.
- d T2 [ 1B3[14]15]16 17181920
& A1 1 ILl]ofJofofJo]Jof[o]1 |1
' i F 1 1 0 0 0 0 0 0 1 1
Figure 10. Detected edge point “.uj:‘ A : 2 g g } } } } } } 8 g
. TR 0 1 1 1 1 1 1 0 0
3.2.2 [Edge points classification. “As ‘mentioned 0] o 1 1 1 1 1 1|0 o
earlier, some of these detected edge points Tay not 0 | 0] 1 1 1 1 L) 1])0]o0
belong to the iris’s edge. We introduce-a “relation L0 [ 0 [ 1 11 1] 111 [1]10]1]0
table” to classify whether the' detected edge point } g i 'g 8 g 8 g g i }
belongs to the iris’s boundary. - —_— ;6 s 61616161 13

A “relation table” is used to.classify edge points. It e

shows which group an edge point belongs to by
comparing the distance between 'each pair of edge
points. If the distance is less than threshold, the two
edge points are related. In_this research;'there are only
2 edge points detected pena row in the variance ‘1mage,
one on the left hand side of the'pupil, and the other, on
the right.  Therefore, in order to accelerate the
computation process, we choose to compute the x-
position difference ‘of 2 poinis| instead |of~using other
distances that need maore computation (e.g. Euclidéan
distance.)

A relation table is constructed with 1’s and 0’s
where “1” represents “related”, and “0”, “non-related”.
Sums of the relations are presented at the bottom of
each column. These sum values indicate which group
each point belongs to as well as the number of points
each group contains. The maximum sum also indicates
the biggest group. Due to its low complexity, a relation
table benefits computation time of classifying edge
points.

Figure 11. Results of the classified iris’s outer boundary
edge points by using relation table.



3.2.3 Linear least square circle [13, 14]. The iris’s
outer boundary edge points are used to approximate a
circle. Even though non-linear least square method can
better estimate a circle than a linear method, it takes
more time for processing. In this research, we choose
to use linear least square method to calculate our
circles. In our experiments, we found that the results
are not much different from a non-linear method.

A circle equation is not linear but it can be written in
a linear form as shown in equation (6).

Fla,v) =AG* +y) +Bx+Cy=1 (6)

where A4=—7°5—,

-
r: —J.': _1-2 :

{x,y is the center of a citele
and # is its radius.
For the 3 unknown parameters, g, ¥, @nd i, it can
be written by equations 7 to 9 as follows.

-EB
o =T (7
=
Yo =54 (8
_.“I-‘]:,HE +B!+C! Tg.‘ —
T 24 r

From the linear circle equation, @ Jacobian matrix is
shown in equation 10.

dF, OF, R
A B Q)
aF, 0F, 0F,

For the linear least square, the residual vector is
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Then unknown parameters, A, B and C, can be
solved by equation 11.

A
E] = {fffj—lfl.‘g
o

an

4. Experiments and Results

4.1. Details of our Experiments

The algorithm program is implemented in C++ with
Intel OpenCy [15] and CxImage [16] library. Program
is run on a laptop with a AMD Athlon64 X2 1.8GHz.

There are 756 image files from CASIA iris database

. yersion 1 and 2,655 images from version 3. These

© images are tested with our proposed method and two

~popular iris localization algorithms. The first approach
" consists of using circular Hough transform to extract
/pupil, and integro-differntial equation to extract iris’s
-outer boundary. The second one is traditional circular
'_H"ouéh transform. The results are compared with our
proposed algorithm.

w0

4;—2%‘Ii‘is Localization Result Evaluation Criteria

" In our experiments, an iris is considered as
“correctly-localized ! if both the pupil and iris circles fit
or closely fit the ground truths. That is, if only one or
neither circle fits the ground truth, it is considered as
“incorrect”. Therefore, incorrect results can be divided
into 3 cases; case (1) incorrect iris’s outer boundary;
case (2) incorrect pupil’s boundary; and case (3)
incoryect for bothpupil’s and iris’s boundaries.

Examples of|correctycases, that both obtained circles
fit the pupil’s and iris’s outer boundaries, are
demonstrated in figures 12¢a) and 13 (a) for version 3
andsTrespectively:

Incorrect cases are fillustrated as follow: incorrect
iris’s outer boundaries are shown in figures 12 (b) and
13 (b); incorrect pupil’s boundary is shown in figure 12
(c); and lastly, incorrect localization for both pupil’s
and iris’s boundaries are shown in figures 12 (d) and 13

(©).
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Case (1): incorrect iris’s outer boundary;
Case (2): incorrect pupil’s boundary;
Case (3): incorrect for both pupil’s and iris’s boundaries.

Table 4 illustrates the comparisons of processing
time and the correctness of iris localization results from
all 3 methods.

Table 4. Comparisons of three iris localization methods
with CASIA iris database version 1 and 3.

CASIA version 1 CASIA version 3

Average Correctness Average Correctness

time (ms) (%) time (ms) (%)
E 5,667.00 95.77 12,081.30 95.40

2,343 75 93.51 N/A *** N/A **%*

iris database version 3. (a) a correct resu 0“"
. 1 roposed 92.85 67.26 88.89
incorrect results
> \-, ethod

1.03 : 1.00 179.62 : 1.00 1.07 : 1.00

1.01: 1.00 N/A #** N/A %%

 integro-differntial equation to extract iris’s outer
‘boundary.

2: Traditional Circular Hough transform method.

No correct iris localization can be achieved.

ssions and Conclusions
/. @ the experimental results in table 4, experiments
"~ on \iris sdatabase version 1 shows that our

rntlal equation), and about 380 times
er than cthod 2 (traditional circular Hough
transform). e correctness ratio of Method 1 to our
fmethod is 1.03:1.

4.3. Experimental Re ‘ASIA version 3, which consists
e and light reflection, it is found

Referring to our evaldation criteria, table 3 shows that Method 2 cannot provide correct iris localization.

Figure 13. Examples of iris locahza‘r.lm results from CASIA
iris database version 1. (a) a Correﬂ}esult. (b) and (c
incorrect results

the details of the results from our proposed methods" Our preposed method rung about 180 times faster than
s fratio of Method 1 to our

rane. Rl 8 i ud eabas 0ET | 6 7
applied With CASIA iris database version 1 and Our proposed approach works fast compared with
CASIA CASIA the other 2 methods is due to many reasons. Firstly, we
version 1 version 3 limit our ROI (region of interest) by avoiding obstacles,
Incorrect Case 1 46 33 sgch as eyelid and eyelashes, so that the result is not
localization Case 2 0 115 disturbed by those pbstacle edge points. Consequently,
(images) Case 3 8 155 a lot of edge points are eliminated from the next
Total 54 303 process. Secondly, we carefully select only a few high-
Correct localization 702 2.352 potential pixels of pupil’s and iris’s outer boundaries to
(images) approximate pupil’s and iris’s circles. Lastly and most
TOTAL (images) 756 2,655 importantly, the linear least square circle method that is




used to approximate circles in our research works
extremely fast compared with Hough transform.
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Abstract—This paper proposes ‘iris-blob map” as a new feature""l

for iris identification using Difference of Gaussians technique.
After localizing iris in an eye image, iris portion is unwrapped by

transforming from a Cartesian-coordinate dmage to a polar- |

coordinate image. In this work, four different levels of blurness
of an iris image are applied with the (DoG) for enhancing the iris
texture. After thresholding the DoG images, texture blobs (or
regions) are located and bounded by rectangles: Ocglusions from
eyelid and eyelashes are filtered out. Our iris feature is a map (or
template) consisting of iris structure bounding irectangles:” The
proposed identification method is tested with' CASIA 'database
versions 1.0 and 3.0. Computational times on a one-to-one
matching are 116.13 ms and 174.52 ms while the EER’S ?re
6.72% and 7.28% respectively. P
Keywords-component; Iris-blob Map; Iris ' identification;
Difference of Gaussians; Feature Extraction. —

-

Nongluk Covavisaruch
Department of Computer Engineering
Faculty of Engineering, Chulalongkorn University
Bangkok, Thailand
nongluk.c@chula.ac.th

II.  BACKGROUND

Figure 1. Example of an eye image.

_;-I,*:Igis', is an annular part between pupil and sclera which is
depicted in Fig. Lo An iris texture is composed of freckles,
coronas, stripes, furrows and crypts. Iris begins to form

I.  INTRODUCTION..

Highly distinctive human iris patteth becomes very
attractive in today’s biometric security system. It offers much
more advantages than other biometric featuresuch. as face and
palm print because iris textiure (patteth remaing! stable
throughout adult life and the physical complexityof iris texture
pattern is statically unique.

An iris recognition system generally composes of the
following processes: iris,preprocessing; feature extraction and
feature matching. Iris preprocessing' typically! inCludestiris
localization, Cartesian-to-Rolar coordinate transformation and
image enhancement. Iris feature is then extracted. Lastly,
matching score of iris feature is usually determined in the
feature matching process.

In practice, iris image is often occluded by eyelid and
eyelashes. These affect iris localization and bring difficulties
to feature extraction. Moreover, environmental changes, such
as different illumination, can also cause problems in a captured
iris image. This paper proposes to use Difference of Gaussians
(DoG) to solve those occlusions of eyelid and eyelashes and
also of illumination changes.

during the third” month of gestation. The structure is
completely formed by the eight month of gestation,
nevertheless pigmentation continues into the first year after
birth [1]. The most important function of an iris is to control
thessize of a pupil by Sphincter and Dilator muscles.

Iris surface. (1-pigment frill, 2-pupilary area, 3-collarette, 4-ciliary
area, 5-crypts, 6-pigment spot) [1]

Figure 2.

Iris is a multilayered texture; the surface texture of an iris is
shown in Fig. 2. This texture is unique and remains stable



throughout an adult life. Therefore, a unique iris texture is
eligible to be used as a biometric template.

III.

Many iris recognition approaches have been proposed for
capturing iris texture patterns which are generated by chaotic
processes [1]. Structural elements in an iris can moderately be
disturbed by visible light. Therefore, iris recognition using iris
images taken with near infrared light is much easier than that
with visible light [2]. It should be noted that, all of the
following research used near infrared gray images.

RELATED WORKS

In 1993, J. Daugman [3] used integro-differential equation
to detect an iris. It was converted from Cartesian to polar
coordinate and represented in a rectangular form. A 2D Gabor
filter was used to extract iris texture phase information. An
iris-code was generated using phase quantization.
difference of a pair of iris-code was compared by Hamming
distance. It should be noted that this research is perhaps the
most widely referenced in this field of research.

In 2005, G. Gupta et al. [4] localized am iris'by using
integro-differential equation and converted_ it" from ' Cartesian to
polar coordinate. Iris texture was extracted by GLEM (Gray-
level Co-occurrence Matrix). Seven features, which/ineluded
energy, contrast, correlation, homogeneity, autogcorrelation,
dissimilarity and inertia, were weighted before matching with
Euclidean distance. This method was invagiant {0 iri$ rotation
and resulted in Equal Error Rate (EER) of 9.32% for.CASIA
database version 1.0.

In 2005, P. Ariyapreechakul et al. [5] detectediris boundary
using vertical and horizontal projection profiles followed by
circle detection. The partial iris areas on the right side (~45 to
45 degrees) and on the left side (135 to 255 degrees) were
transformed into polar-coordinate images and concatenated.
Radon transform was used for feature “exiraction.tcatuic
matching of two iris templates was.done with Euclidean
distance. The EER of this method was 8% for CASIA iris
database version 1.0. In 2007, they proposed an improvement
of their work by separately extracting iris features from two
partial iris images instead of using the concatenated partial iris
images [6] .Furthermore, all polaf-cootdinate iriS images in the
database were normalized. The last improvement was that
Radon transform was performed ower binary partial iris images
instead of gray-level partial iris images. The improved method
reduced EER from 18%;te, 3:69%.

In 2006, S. M. Elsherif et al. [7]iused Canny edgt detection
and circular Hough transform to locate an iris. Iris features
were extracted by using 2D Haar wavelet transform and
compared with Hamming distance. This method was tested on
CASIA database version 1.0 and UBIIRIS database.
Recognition rates were 97.2% and 85.1% respectively.

In 2007, J.-G. Ko et al. [8] isolated iris region from an eye
image with integro-differential equation. In order to avoid
eyelid and eyelashes, only partial iris on the right side (45 to
315 degree) and the left side (135 to 225 degree) were
transformed into polar-coordinate images. The two partial iris
images were enhanced to improve its contrast before extracted
feature using cumulative sum. Iris features were compared
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with Hamming distance. This method was tested with CASIA
database version 1.0 and recognition rate was reported at
98.21%.

IV. OUR PROPOSED METHOD

This paper proposes a novel feature for iris pattern
identification called an ‘iris-blob map’. Iris is rapidly localized
by our inexpensive method [9] which will be briefly described
later in this section. After the iris segment is unwrapped,
detailed structures of iris images are enhanced with Difference
of Gaussians (DoG). Blob detection is performed to locate
these structures. Since the blobs (or detailed structures) consist
notionly of iris but also of eyelid and eyelashes, we can easily
filtep'out eyelid and eyelashes by the sizes of these blobs. In
this research, we choose to keep all the bounding rectangles of
iris=structure blobs as our feature. Lastly, feature matching
score-is-ealeulated based on the numbers of corresponding (or
aligned)-and nen-corresponding (or unaligned) blobs.

A. Iris Preprocessing

From our previous work [9], we have proposed a fast
algorithm for iris localization. It is done by deriving a pupil’s

¢ wradius based on simple Pythagorean Theorem from a circle
- segment of extracted pupil’s partial boundary. A few points on
~ the iris’s outer boundary are extracted by referencing the pupil.

"‘, Then, from these points, the radius and center of iris’s outer
~circle can be calculated by a linear least square circle.

- After pupil and iris’s outer boundary are localized, a
Cartesian-to-Polar coordinate transformation is performed. In
this research, the iris segment is unwrapped from a circular iris
portion to a rectangular image by using homogeneous rubber
sheet_model [10] as shown in Fig. 3. Homogeneous rubber
sheet :model is a function that reduces an effect on pupil
dilation and eontpaction caused by illumination changes. In
addition. a pair of fixed size rectangular images which obtained
by homogenous rubber sheet model are comparable.
Homogenous rubber sheet model is defined as in equations (1)

to (3). An example from iris pre-processing is illustrated in
Fig. 4.

Figure 1. Homogenous rubber sheet model.
r=vap tJap? —a—ri )
a=o;+o; 2)
B = cos (n —tan~! (Z—i) - 9) 3)



Where o,,0, isadisplacement of the center of a

pupil relative to the center of an iris.

r is the distance between the edge of a
pupil and edge of an iris at an angle 6.
Viris is the radius of an iris.

(a) (b)

AR 7

TR

Figure 1. Iris prepocessing: (a) Original image; (b) iris docalized imagg; ()
an unwarpped image.

A. Feature Extraction

From the unwrapped image, we use DoG to enhance the
iris’s structures. Blob detection is applied to locate: such
structures.  All blobs are bounded with rectangular shape:
Feature extraction is composed of two processes as follows.

1)  Difference of Gaussians: The iris unwrapped- image
is first blurred by Gaussian kernel of a certain 0. A Gaussian
kernel is as defined in equation (4)

1S )

is standard deviation of a Gaussian
kernel.

Where o

x,y is the position: of ‘a peak of Gaussian
kernel

“Difference of Gaussians” is'simply the difference of:two
Gaussian blurred images. Its.convolution kernel is.as.defined
in equation (5).

il (x%+y?) (x%+y?)

DoG £2G. — G = —|—e 201 ——p 207
71 02 V2m |oq oy

] )

Where 04,0, are standard deviations of Gaussian
kernels 1 and 2, respectively.

x,y s the position of a peak of Gaussian
kernel

2)  Feature selection: An unwrapped iris image is
applied with DoG to enhance the iris structures. In this
research, an input image, as shown in Fig. 4(c), is blurred by
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Gaussian filter of 4 different ¢’s and resulting in 4 blurred
images as shown in Fig. 5 (a) — (d). Fig. 5 (f) — (h) are the

results of applying the DoG on these blurred images. The
intensity of each DoG image are stretched from range [a, b] to
a full gray scale, let’s say[0,255], then thresholding is
performed. The next step is to ‘“AND” all three binary images
to form one iris structure image. At this stage, iris structures
are enhanced.

@
e —
|
|
(b)
©
@

®

(8

()

Figure 2. Feature enhancement process: (a) a Gaussian blurred image using a
5x5 Gaussian kernel with o = 2;.(b)-(g) Gaussian blurred images using 5x5
Gaussian kernal with doubling/c tespectively; (f) is the difference between (b)
and (a);(g) is the difference between (c) and (b); and (h) is the difference
between(d) and (c).

The structures in the enhanced image are detected with
blob detection and also bounded with rectangles as shown in
Fig. 6. As mentioned earlier, the detected blobs consist not
only of the iris but also of the eyelid and the eyelashes; we use
the rectangle’s width, height and area to get rid of the eyelid
and the eyelashes. The result is our iris feature which is an iris-
blob map or a template consisting of iris texture bounding
rectangles.



(@)

(b)

Figure 1. Detected iris structure: (a) iris structures aiesbounded with red
rectangle in an unwarpped iris structure image; (b) a portionsof image (a) is
enlarged for a clearer view. !

A. Feature Matching

Py i
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Euclidean Distance (d) = \/(xl —x)2+ (1 —¥2)% (9)

/\< < threshold

v

d > threshold

(@ ()

Figure 2. Two overlapped rectangles from two different iris templates:
(a) Two rectangles correspond if Euclidean distance is less than or equal to
threshold ; (b) Two rectangles do not correspond if Euclidean distance is

greater than threshold.

dy

(a) (b)

In the feature matching process, iris templ es COnSiStiIlg_'Ofl " Figure 3. More than two overlapped rectangles from different iris templates:

iris structure bounding rectangles from

that have different locations). Then we calculate the matching
score from equation 6. The more matching score is, the more
similar the two iris’s are. #

@ annd

@

number of the same location rectangles

“(6)

Matching Score =

the rest of non matc hed rectangles=="

il
In this research, two iris structure boundi
the same location if they have two properties which are shown
in equation (7) and (8). i

nNr*EQ @)
And
Euc(Crl, Crz) < threshold (8)
Where 1,7, arerectangles from iris template 1 and 2
respeetively:
Cr,» G, atecentroids ofrectangles 1 and'2
respectively.

Euc(:,) is Euclidean distance function.

In the other words, two iris structure bounding rectangles
overlap and Euclidean distance of the centroids of each
rectangle is within a threshold range as shown in Fig. 7.

In the case that there are more than 2 rectangles overlap, the
two rectangles (from different templates) with least Euclidean
distance will be chosen as the corresponding iris structure as
shown in Fig. 8. Euclidean distance is calculated by equation
9.

0 i@lS images._arc s
matched. We count the number of cofresponding bounding | &
rectangles (or those that have the same }écatibns) and ‘the "

number of non-corresponding bounding ‘rectangles (or.those - N . .
- ' The iris images used in our experiments are from CASIA

. databases versions 1.0 and 3.0 [11]. CASIA database version
1.0 contains 756 eye images of 108 people. Each person has

(a) Three overlapped rectangles from three difference iris templates; (b) Two
rectangles correspond with least Euclidean distance d;.

V.  EXPERIMENTS AND RESULTS

".;séwz_e’p images. CASIA database version 3.0 contains 2,655
—images of 249 people. Fig. 9 illustrates example eye images
_;ﬁﬁ'QASIA databases. It is noted that, the main difference
between these two sets of eye images is in the pupil areas.
ting lights in the images of CASIA version 3.0
while there is none in CASIA version 1.0. It is also noticed
that CASTA version 3.0 contains several sloped eye images.
Examples are as shown in Fig. 9 (c) and (d).

Figure 4. Examples of CASIA database: (a) Version 1.0; (b) Version 3.0;
(c)-(d) are sloped eye images from CASIA database version 3.0.
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The algorithm of this proposed method is implemented with 55
Microsoft Visual C++.Net and Intel OpenCV [12] and run on
a 1.8 GHz laptop processor with 2 GB memory storage. Table 30 4
1 illustrates our detail computational time. It should be noted X 2
here that feature extraction process includes feature o
enhancement process. b=
S 15
@
2
g1 -
TABLE L  COMPUTATIONAL TIME ON CASIA VERSION 1.0 AND 3.0
5 4
Computational Time (ms) 0
Process
CASIA 1.0 CASIA 3.0 ‘ 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
Iris localization 58.87 67.26 r Score (x10°2 Units)
Catesian-to-Polar 5537 >
coordinate conversion ) Figure 2. FAR and FRR tested with CASIA version 3.0.
Feature extraction 16.69
-
Feature Matching (1:1) 3520 V1. DISCUSSIONS AND CONCLUSION
Total 116.13 | 174459 This paper proposes a method for iris pattern identification

| by a new feature, an iris-blob map. The iris structures are
y enhanced with DoG, and as a result, it is robust to illumination
The evaluation of our proposed iris_pétternfidentification.  ¢hanges. With this method, occlusions such as eyelid and
method is measured by False Acceptance Rafe (FAR), False  * €yelashes Dy be easily eliminatgd. An iris—blpb map, our
Rejection Rate (FRR) and Equal Error Rai (EER){ The EAR propos.ed iris feature temp}ate, is a map of iris structure
and FRR are computed by equations A10) and (11) | 19',ound1ng rectangles. Matchlng score is galculated by the ratio
respectively. EER is where the (FAR) equals (FRR). of the number of corresponding bounding rectangles to the
.. ** number of non-corresponding ones. The more the matching

~ scores is, the more similar the iris patterns are.
FAR (%) = number of false acceptances 100 .-_‘.‘(1 0) ., . From our ex.periments, it is found that the proposed method
number of total imposter attemps . J P i; Wj;rks well, with EER’s equal 6.72% and 7.28% for CASIA
ST '.daﬂ'_ﬂjase version 1.0 and CASIA version 3.0 accordingly. The
FRR (%) = number_of false rejef”"’“ %100 (11)  method also works fast. On a one-to-one matching basis,
number of total authentic attemps . _ o 4M52 ~ overall computational time is 116.13 ms for CASIA database
version 1.0, and‘174.52 ms for CASIA version 3.0. The iris
localization-methed, which is adopted from our previous work
[9], works fast and hence, speeds up the whole identification
process. In addition, the proposed iris feature is simple and
U needs little computational resources. Therefore, the processes

of feature extraction and matching are also fast.

4
The FAR's, FRR's and EER's testéd:,\'vnh CASIA versions

1.0 and 3.0 in our experiments are shéii'i'{n_ in Fig. 10 and Fig.
11 respectively.
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Abstract- This paper proposes an improved.algorithm to
identify iris with an iris-blob map. The localized iris segment is:
unwrapped and transformed from a Cartesian-coordinate image
to a polar-coordinate image. In this work, iris texture.is'enhanced
with the Difference of Gaussian (DoG). Aftersthresholding the
DoG images, texture blobs (or regions) are located and bounded
by rectangles. Then, the occlusions from eyelidiand eyelashes are
filtered out. Our iris feature is a map (or template) consisting of
iris texture bounding rectangles and Hu moments of the detected
blobs. With the fusion of our new featuresand mew matching
score, EER is greatly reduced from 19.5% to 4.8%.

L

INTRODUCTION

Identifying the identity of a person has become increasingly
important. Some recent computer applications, such as access
control and internet banking, require usernames and passwords
for personal authorization.  Biometric identification - has
become more and more attractive among current. personal
protectors. It is because human’s physical or behavioral
biometric features, such as iris, face, finger print, voice, and

etc., provide unique information and-cannot—be lost-or

forgotten. ]

Iris, which is the front part of an eye, has the texture pattern
that remains stable throughout an adult™life. The physical
complexity of the texture pattern is statically unique.
Therefore, it is impossible that two persons|pessess identical
iris texture patterns even if they are twins [1-2].

In general iris biometric systemsj near-infrared cameras are
used for acquiring images. With near-infrared source, thefiris
structure appears mor€ Y cleatly’™ Howéyer, " vatiations of
cameras and lighting environments may cause problems for, inis
feature extraction. Fromi our previous work, “An Iris-Blob
Map - A Novel Feature for Iris Pattern Identification” [3], we
have proposed to apply the Difference of Gaussians (DoG)
technique to enhance the iris structure. With blob detection,
iris patterns are detected and become our iris-blob map. Tests
have been done with CASIA database version 3.0 [4]. Our
identification Equal Error Rate (EER) is 7.28%.

This paper presents an improvement of our previous method.
Iris-blob’s shape is utilized in addition to the iris-blob’s
positions for our new iris feature. Our previous work and the
proposed improved approach are explained in sections 4 and 5
consecutively.  Experiments and results are presented in

Nongluk Covavisaruch
Department of Computer Engineering
Faculty of Engineering, Chulalongkorn University
Bangkok, Thailand
nongluk.c@chula.ac.th

seetion«6w The last section consists of discussions and

conclusion:

II. IRIS ANATOMY

Iris is an annular part between pupil and sclera as depicted in
Fig. 1. Iris texture is composed of freckles, coronas, stripes,

. furrows and erypts. Iris begins to form during the third month

“of gestation and is completely formed by the eighth month.
“Nevertheless pigmentation continues into the first year after
:blrth [1]. The most important function of an iris is to control
the size of a pupil by Sphincter and Dilator muscles.

Figure 2. Iris surface. (1-pigment frill, 2-pupilary area, 3-collarette,
4-ciliary area, 5-crypts, 6-pigment spot).



Iris is a multilayered texture. The surface texture is as shown in
Fig. 2. This texture is unique and remains stable throughout an adult
life. Therefore, a unique iris texture is eligible to be used for personal
identification or verification.

III. RELATED WORKS

Many iris recognition approaches have been proposed by
using iris texture patterns [1]. Structural elements in an iris can
be moderately disturbed by visible light but they are more
apparent taken with near infrared light. Hence, iris images in
most iris recognition researches are taken with near infrared
cameras.

In 1993, J. Daugman [5] used integro-differential equation to
detect the iris region in an iris image. It was converted from
Cartesian coordinate to polar coordinate and represented in a
rectangular form. 2D Gabor filter was used-to-extract iris:
texture phase information. An iris-code was.genérated using
phase quantization. Iris-codes were compared with Hamming
distance. It should be noted that this research is‘perhaps the |
most referenced to in this field of research.

In 2005, G. Gupta et al. [6] also localized an'iris by using -
integro-differential equation and converted it from Cartesian
coordinate to polar coordinate. Iris texture was extracted by
GLCM (Gray-level Co-occurrence Matrix). #Seven features,
which included energy, contrast, correlation, hhomogeneity,
autocorrelation, dissimilarity and inertia, were weighted before
matching with Euclidean distance. This method was invariant
to iris rotation and resulted in EER of 9.32% for CASIK iris
database version 1.0.

In 2005, P. Ariyapreechakul et al. [7] detected iris boundary
using vertical and horizontal projection profiles followed by
circle detection. The partial iris areas onthe right side (-45 to
45 degrees) and on the left side (135 (0
transformed into polar-coordinate images: and concatenated.
Radon transform was used for feature extraction. Feature
matching of two iris templates was dene with Euclidean
distance. The EER of this method was 18% for CASIA
database version 1.0. In 2007, they proposed an.improvement
of their work by separately extracting iris”features from' two
partial iris images instead of usingsthe concatenated partial iris
images [8]. Furthermore, all polar-coordinate iris images in
the database were normalizeds:The last, improvement svasthat
Radon transform was utilized over binary, ipartial iris.images,
instead of gray-level partial iris images. The improved method
reduced EER from 18% to 3.69%.

In 2006, S. M. Elsherif et al. [9] used Canny edge detection
and circular Hough transform to locate an iris. Iris features
were extracted by using 2D Haar wavelet transform. These
features were compared with Hamming distance. This method
was tested on CASIA database version 1.0 and UBIIRIS
database. Recognition rates were 97.2% and 85.1%
respectively.

In 2006, R. Zhu et al. [10] proposed an iris feature extraction
process based on scale invariant feature transform (SIFT).
Local feature points of iris images were extracted using SIFT.
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These feature points were invariant to image translation,
rotation, scaling and partially invariant to illumination changes
as well as occlusions from eyelid and eyelashes. Iris images
from CASIA version 1.0 were tested and resulted in 90%
correction rate.

In 2007, J.-G. Ko et al. [11] isolated iris region from an eye
image with integro-differential equation. In order to avoid
eyelid and eyelashes, only partial iris on the right side (45 to
315 degree) and the left side (135 to 225 degree) were
transformed into polar-coordinate images. The contrast of the
two partial iris images was enhanced and the features were
extracted using cumulative sum. Iris features were compared
with/#Hamming distance. This method was tested on CASIA
databasc.version 1.0 and the recognition rate was reported at
98:21%:

IV. OUR PREVIOUS WORK

A. Iris Preprocessing
From the front view of an eye image as shown in Fig. 3 (a), the

© boundaries of a pupil and an iris can be detected as circular shapes.

Qur preprocessing process starts at localizing the iris and then
;transformmg the iris region from Cartesian coordinate to Polar
coordinate as illustrated in Fig. 3 (b) and (c) respectively.

\
Y

(b)

(©)

Figure 3. Iris preprocessing process: (a) An eye image; (b) Localized iris
image;(¢), An unwrapped iris image.

1) Iris Localization: At this stage, iris region is localized as
the areasbetween two circles;'the pupil boundary and the iris
outer boundany. “An‘inis’can’be rapidly localized with our
inexpensive method [12].00 The.pupil’s radius is derived by
simple Pythagorean Theorem to the extracted pupil’s partial
boundary. A few points on the iris’s outer boundary are
determined and from these points, the radius and center of iris
outer circle can be calculated by a linear least square circle
method.

2) Cartesian-to-Polar Coordinate Transformation: 1t is well
aware that pupils change their sizes depending on the amount
of light incident. Hence, a pupil of the same eye in different
iris images may vary in size. Moreover, iris images taken at
various distances may have different resolutions. Therefore, to
overcome these problems, Cartesian-to-Polar coordinate
transformation is applied on the segmented iris image using the



centers and the radii of the detected pupil and iris. The iris
segment is unwrapped from a circular portion to a fixed
resolution image by using homogenous rubber sheet model
[13] as illustrated in Fig. 3 (c).

A. Feature Enhancement and Feature Selection

An unwrapped iris image is applied with DoG to enhance the
iris structures. An input image, as shown in Fig. 4 (a), is
blurred by Gaussian filter of 2 different o ’s and resulting in 2
blurred images as shown in Fig. 4 (b) and (c). Fig. 4 (d) is the
DoG image of Fig. 4 (a). The intensities of the DoG image are
stretched to a full gray scale. The image is then binarized with
thresholding as shown in Fig. 4 (e).

After enhancing the iris structures with DoG, iris blobs (or
structures) are bounded with bounding boxes (or rectangles).
The eyelid and eyelashes are easily filtered. out.by.the sizes.of
the bounding boxes. The result of our feature™ extraction
process is the iris-blob map (or template) as 1llustrated'in Fig. 4

(®.

—

P iy

Figure 4. Feature enhancement process: (a), anyinput image;(b)and (c)
Gaussian blurred images using a 7x7 Gaussian kernel with oy= 4 andio =8
respectively; (d) is the DoGlimage (difference between (c) and (b)); (e) a
binary image of (d) using threshold = 0; (f) an iris blob-map.

B. Feature Matching

In the feature matching process, iris maps consisting of iris
structure bounding boxes from two iris images are matched.
We count the number of corresponding bounding rectangles (or
those that have the same locations) and the number of non-
corresponding bounding rectangles (or those that have different
locations). Then we calculate the matching score from
equation (1). The higher the matching score is, the more
similar the two irises are.
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)

2 x (number of corresponding rectangles)

Old Matching Score =
(number of non - matched rectangles)

From equation (1), the number of corresponding rectangles
is multiplied by 2 since they appear in both templates. The
number of non-matched rectangles is counted from those that
do not have the same locations from both templates.

V. OUR PROPOSED IMPROVEMENTS

A. Feature Extraction

Like our previous work, two iris structure bounding boxes
are considered to have the same location if they are
oveplapped. In this work, we propose to check if the
corresponding blobs are similar in shape by Hu moments[14].
If those two blobs have the same shape, their Hu moments are
quite similar.

Hu mement is a shape descriptor in computer vision. It is
based on methods of algebraic invariants. A set of variant
moments proposed by Hu is a nonlinear combination of
geometric moments and it is invariant under translation,
rotation and scaling. In this paper, a set of six Hu moments as

_ “'shown in equations (2) - (7) is utilized.

ﬁ1 Tk.0% 0 @
i 25 g 0,2)2 * 4'712,1 ®)
Hy =139 ‘3”1,2)2 Gy, "70,3)2 @
Zt ;"."73,0 )%y + g 0) )

N U [N VAR e AN
(6)

2 2
Gty =y Mo ) 3013 1y ) =1y 47097
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He=150=7, )[(’73,0 + ”1,2) 1y 1 710307 + 4 1013 6 71y )01y 1 471 5)

(7
Where 7, is a normalized central moment of order
(p+aq).
{H,,..,H,} 1sasetof Humoment.

B.7 Matehing | Score

Our @dmproved. approach,  a new matching score is a
probability of correct blob matched as can be calculated by
equation (8). The more the matching score is, the more similar
the two iris-maps are.

New Matching Score = MHOO ®)

nb, x nb,
Where mb is the number of the corresponding blobs in
the matching process.
nb; is the total number of detected blobs from a
registered iris-blob map.
nb, is the total number of detected blobs from a
matcher’s iris-blob map.



VI. EXPERIMENTS AND RESULTS

In our experiments, eye images from CASIA database
version 3.0 are used for evaluating our proposed method. The
database contains 2,655 iris images which are very good in
quality since they possess extremely clear iris texture details
[4]. Example images are shown in Fig. 5.

images in the database
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In order to make all results comparable, we have changed
the DoG parameters so that iris blobs are bigger than those in
our previous work. It is because the small iris blobs in our
previous work provide indifferent Hu moments.

Fig. 6 and 7 illustrate the results from matching iris-blob
maps by location only, with the old and the new matching
scoring methods respectively. It is clearly seen that the new
matching scoring method gives better EER at 0.084 compared
to the old matching scoring method at 0.195.

Likewise, Fig. 8 and 9 illustrate the results from matching
the iris-blob maps by both location and shape, with the old and

new matching scoring methods respectively. The new

g scoring method in Fig. 8 provides less EER (at 0.07)

ld method in Fig. 6 (EER=0.195). Finally, the results

veal that the improved approach provides the best
e least EER at 0.048.

FAR

. ceeeses FRR

0.1 0.2 0.3 0.4 0.5

Matching Score

FRR of our previous work (location matching and old

f-ethod) tested with CASIA database version 3.0.

TABLEI  AVERAGE COMPUTATIONAL TIMEONCASIAVERSION 3:0
Average = | Average
Process Computational Computational |
Time (ms) from <= Time (ms) from
This Work Previous Work [2]
Iris localization 6 ﬁ fase)
e r ‘.‘
Catesian-to-Polar ¥ 1[
. . 37
coordinate conversion
Feature extraction 3 16]57 16.69
Feature Matching (1:1) 182,50 35.20 ¢
»
Total 5. 0a 7 sy
1 | *] 1 O

Our proposed iris pattern identification method is evaluated
with False Acceptance Rate (F4R) , False Rejection Rate (FRR)
and Equal Error Rate (EER). The F4r and FRR are computed
by equations (9) and (10) respectively. The EER is where the
FAR equals FRR .

FAR(%) = number of false accepts <100 9)
number of total attempts
FRR(%) = number of false rejects <100 (10)

number of authentic attempts

< —~
5 0.4 \
NYTINT -
EER=0.084
0 - L1 «sseees FRR

9 1245 18 21 24 27 30

1IN AL,

Figure 7. The FAR and FRR of our previous work (location matching) and
new matching scrore calculation tested with CASIA database version 3.0.
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Figure 8. The FAR and FRR of our proposed location and shape.matching l
combined with our old matching score calculation testedwith CASIA  database|

version 3.0.
0.25
0.2 S
5 0.15 \\
4 0.1
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Figure 9. The FAR and FRR of our proposed locati-oh and shape matching with
new matching scoring approach tested with CASTA-database-veisioin-3:0.
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