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HH 4670427521 MAJOR COMPUTER ENGINEERING

KEY WORD: BIOMETRIC / IDENTIFICATION / IRIS / RADON TRANSFORM / FEATURE
PATTRAPORN  ARIYAPREECHAKUL: PERSONAL VERIFICATION  AND
IDENTIFICATION BASED ON RADON TRANSFORM OF IRIS PATTERN. THESIS
ADVISOR : ASST. PROF. NONGLUK COVAVISARUCH, 124 pp.

This research presents a biometric éyéte’n;-'based on Radon transform of iris
pattern. We propose an algonthim 1o Iacalge pupil and'iris, We also propose to find the
appropriate size of iris fc}r,_Eadnﬁ'__trﬂnsfarh'n feature to avoid noise such as upper and

lower eyelids and eyelash&s“’ﬁﬂjﬂﬁ réduce &Se system performance.

’/
o

4
A biomelric S}FS[E%*‘ﬁ‘Etﬂg ris ﬂﬁit&rﬁ I5 @ syslem that uses iris patterns for

personal verification nﬁj dpﬁhfpﬁ:aﬂun In ?rdar to avoid eyelids and eyelashes, we
choose only the right and, the ;gﬁ ins segment@ for fealure extraction. The enhanced and
binarized iris segments arg ag:lled erh Rﬂ/9;:>|:1 transform and resulted in 2 feature
vectors. The iris lemplate is the cpnc.atenatmmﬁ&me 2 feature vectors. Three distance

functions are tested in the matchmg p:ocess W\Fit;us sizes of iris segments are used in

our experiments to hndme appropriate size for Radon transfoén} feature. The sizes vary

upaon the iris segment& ﬁngles and widths. J

In this researﬂh.__f;asted images are from CASIA version 1.0 iris database. From
our experiments it s found out jthat othe (EER's; of- the .persenal verification and
identification systems based on Radon transform ofiris pattern 'do not differ much upon
the variations ol areas-of dris-segments.; The EER'swrange from 0:858% 10 1.593% for
personal verffication System” and“from 2.257% lo 4.803% Tof personal identification

system. Among the three distance functions, S1 distance achieves the best results.
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lo.1s otherwise
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TunsAuanunilsz@nnimaesszuusyyyara A1 FRR @1x1samlaainannisd

2.3 WAY 2.4 LaTAN FAR @ 113091 ldannannisi 2.5-2.7 [24]

N
2. fx)
I .. (2.3)
N
1; ifvD(R,Y.)>T;j=12,..,P
f(x) = (FY>T ) 24
0; otherwise
ed f(x)  luls@unlduasndide 1 fdeidlenzuuunindiaugynanitldann

1o 2 %’/ a ! A 1
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fOq)+ 2 9(x)
vy Zl: kzll K .. (2.5)
N+M
1; if Amin(D(F,Y ND<T ;j=12,....P;i# j
F(x) = (BR.YI=T 3 J 26)
0; otherwise
1: if Imin(D(F.,Y ))<T :j=12,...,P
g(x)=1"" ke (2.7)
0; otherwise
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Wudautlsznaudas nsvanmietRnfanuEiamn1u1991uan (Sclera)  AFNLTIIMIEIUAD

u

Fenan antia (Limbus) nezanmauIaduliigugnaslszins 11.5 Na8NAT AFNA

PUN 0.5 NAANAT LTIUTALUANUUW 0.62 HAaAWAT  Nutntlesiudalsaudads

wdandaausiig o) dingqnmn

2.2.2 iElamanaguuan (Sclera)

A 1 v
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1 =) v % a a a A dgj £
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)
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2199199 aossnnfazigiouanan  dldnanfenadunezinunntingn

A A

(Synechiae) gu1UATAILL (Updrawn pupil) yiselanwusinlnfau] waIN19[I6n

WENFANN (Pathology) B09gHuaAINULIaE 1A
1 KX a [« =KX a 1 o = o a dl o 1
1. drumniinda Hun1sEaRnresHIvANALNTEanAviTeIand SniRaNuaINuAn
fuusn ldRaAnszanmFandninuminRas untin (Anterior synechiae) 1 lURaRARA

= 1 1 =KX a ¥ [ . .
LTENINHIURNEARAALURY (Posterior synechiae)
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2. gwmAdiy  phumngniedeluegduun salfsiunnlinas s ldl
filaevdarindindanszanudaiauiea (Viteous) Aekeld gurumndnafimunnszanns 3-4
Haawns  Twandawialandnluaugeeny  suiagdiuen 2 Senaseiulfidntdas 10
NTHANNRALNG 11 71UAIMALAN (Miosis) gHuAzeneug) (Mydriasis)

2 ¥ ¥
% =X

UnRauingiunzesusiazpuliviniuieiauiudadesing ) Al

1. g gausnaeafnuIniiaRwInlszanns 3-4 - Aadwnsasunjauludasn

1 14
LAZNAULANAYLHBRNYNINTY

2. FUMNIRLIANAUUTUBUNAL

1 a [~ 1 o A A o = 1 v
3. FHIUANRTHNTUIALANAN na1g UIARTaNasIngNay Ing

Q a

4. gueAzdIuIAaNA AT

NEgHIUANENTIIR (Anisocoria) AR N1EAgHALATY 2 dreiauna ludwindu Tu
autlnAnuldfasas 40 @GENdn N19zgHIUAENIWAENATSE (Physiologic anisocoria)

A8 AN LANFANAWLINEN 0.3 -0.4 JaALNAT

2.2.6 dum (Iris)

[
a4 12

druailudountiunndiuniiiresiaasuenuazagutiniaud ﬁummﬂugﬂﬁ' 2.9
duAT ez enTetie Ee iy 0 (Furrow) QW (Freckle) &1 (Ridge) UATASUIIL
(Ring) {usiu A3 dlamsanane Fanda giaumn sinupdudaruinlfiindes 2 Te90E1in
LAZUAINIUAN HTBIUTNNIUAIDENIAIUNET Lazdasnasiuanat funas inumilu

o dl 4
WQV‘VJ‘LI@NLE‘N’]MLL@\W]L?I’]NWIHWW

[

. L@ . g, = = o
dnupusieilu 2 daulaadunizaniinaaniiam (Collarette) € nrnuziiuduiin

1 v [l

TAsdnuan Aedouaasgiaumisnwlu(inner pupillary zone) BiuiFinnasindgiiumm
] 1 % . -dl a dl 1 v ]
uwardauresgaaunafnunen (Outer. pupillary zone) @uflutdioniiagindgiuaedium
dsznandaedusine q danuiedadunannaindualnsun (Stroma) uasidudumaiiinig
dl 1 o dl = a 1
wWanullaseuanuzaaaginuaILanesegli 2.9 (n) Meluaespeaaieninigmaurie
ANLAEN (Vascular arcade) 8 Fand1aananeagnesinuna (Minor circle of iris) @aiiluuang
UNNMNANUANLRINIUAT (Major circle of iris) NNUANIATLIAANIALNANNINANUAN

PAINIUFN

dupnilsznausog 4 4u Asuansugii 2.9 (@) arduanduniunsunas Ae
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v
o

1. FUARLANUULIN (Anterior border layer) Hwadasalng (Melanocyte) fﬂg:’ﬁ’]uqu
° a > X o o a , - 2
NN AuaUA19A (Pigment)  ludutlazifusinniuus@aessinunn TauiUNIgaNALLEAS
29IANIAN DY LUTUBA LA U
2. alasunuaynanuiidayga (Sphincter muscle) neludnasaden duilszamn
= 1% d” 1 . . dl o v dl 1
4198 waznANIiaygAgunumn (Sphincter pupillae) AW NMANIWAY

3. WaldauRasuniin (Anterior epithelium) wazndnNilavens (Dilator muscle)

Cl

v - a v X Ao v '
ﬂa‘zﬂ@ummmmumﬂ@qm LASNATNLUANNIUURINALIEHNIUAN

X A pRpm ay o 4 ’ . . ¥ <
4. UAIALNINNANTANIUNAY (Posterior pigment epithelium) sznaualeEaani

a ' o
ans@egnngludluanuauuan

Ciliary zone A

(n) 1AT945719209HLAS1UNEN

—

,_,.—-"'__ - Cornea

Anterior border layer

Collarette

Iris— o B LA S T,
o~ g T I T M

Pigmant epithal

(1) TATNAFI9TRINUAIRINUING

gﬂﬁ 2.9 NMINNILINIATAINIUAN [2]
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1 aa = = = dl dll | [~1 a 1 I's
1umn wardaetsuennyldludsziiouneun 3 Waduwidniileatlunseiuismn
P @ . prp a | A @ ]
AMNVBUNNANUNTNL933111928mMAN (Optic  cup) NRNNFLATEYBELNNIN EUNIFIUATIN
P = \ . ‘=
ud uazilanisnaaaneeniiAsy 1 T wuugddouen (s pattern)  azldinig
wasuwlaswmaantisn  arsiusduuuuglnlidlasmieunaslifinnsulasuulasnaen
#evzadnaasuulasipaniniiesanuuuglinuanauetfunisa¥ediu (2, 3, 4, 5]
o O PP & a o P PP o | @ A
AIUUNIUANATHRPNTRTIR  NupTe 2 dsasiidmdeniu avniiazdluiiyana 2
yapaNIuATmMReuiuiAATY 1: 107 [18]  dsiuudwiuuugddiumiaesiulafls
wHauiu taruuugliiuniaasnidisdiatazadaraesyanaauLa ol

A o Y = o %
MNBUNUAIE ﬂ’ﬁ‘ﬂ@’ﬂllLLﬂ@Q?ZUU@\?VIWi@H’]ﬂ

%

= = | v
WENFANTWNHNNNLLDE 1®LLf‘l

1. sumndniay (ritis) dumndniay uan wian o Auiiasngulutdeantiigne g

WUAUALAN AnNsentaLATaaiT (Ciliary injection)

1 v 1
2. l83lalaluda (Iridodonesis) nasnALdaN uAdunaaiiasanluiliaudsassy

1 4 o o I o Y dl dl
UUAINATUNAY WU T evaSFAFanszan lakdinaaun

3. Nedinxua (Iridectomy)  tlugainnisenaniataenisszunaanstinlugnen
(Aqueous humor) AMNUBNAIUUAT  (Posterior chamber) ligWasfinumntin (Anterior

chamber) Tng ldsiaarugainuma

4. 1 HaN1uAILAIN (Coloboma of the iris) 2R8ILA99UBIHIUANTANLLZ I IAN1A

PIHNUANAANNAINRALNR LN13T AaaaLEiaLEianisn (Fetal tissue)

g . o o o o ) = =
paamnazlilannmn  (Eyelids) Mutniilesiudunsaseanszanai  wasnmiae
dountladlana giadle 2 4ou Inesaanineaealannmn (Horizontal  furrow) AL
v . a 1 o A | 1 A
1M1 (Orbital part) WarUFRLNWMINAT (Tarsal part)  AnUEANATaIIEWINLLARNAN
UULAZaN (Palpebral fissure) HAINNAY 9-10-Radims €09 30, Hagiuns  Nountlared

& ~ ) = & , R
Lﬂ@ﬂﬂ[ﬂ'ﬂ.l'mﬂ/l?ﬂﬂluﬁ‘qQﬂqﬁlLL@%NﬂQWNﬂ@ﬂﬂquZﬂﬂ @qﬂqiﬂuqmuqiﬁ\ﬁﬂ

2.3 N9USENIANALALILATITHNINAANE (Digital Image Processing and Analysis)

[ % o

a '8 aa o a dyd aal dgj
N13UTENIANALAZIATIEENINARTT A TUINUIRE URYAN AT A9T

2.3.1 N1TMIIANAAUNIN (Edge Detection)

o

POUNINAS LEFTBIANINTTONABTUTINNAIBE UL LA TE U 19ABILFTION
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WANANSTW [19]  nsasavnaeunwin i laansdnensninlasuulaseesAszaumn
Tunan  drArszAuniinasiasustlasiunlugassraen19du o wanediuomnlul

% 1 ai [ as aia v dJ A o | a -
wualtinatisunNaziuaauniw  38n19tNsNlEIEriNAe NNIANUITIMIAINTALUE AN
nnAUd G aaann (X, y) td A (X, y) 1@1 Haulagnnnesidsenausag

annTn 2 fapediutlsznauinaiaeud G, warG, UAMIAIANNIIN 2.8

of

- G |5

Vf{sy}: of .. (2.8)
oy

e G, uaz G, \luAuansdnsnisiasuulasdrssiuimnlufidnuuuiunux wagy

ANNANSL AN TAERs VE A1uanulelaganniai 2.9

vi =|vi|= e +6. . (2.9)

ust el fiRaslfrnilazannaineunsifauinaeaantesdduysniies G, uar G,

dl 4 [~ = a a QI d’g [ % dl
Wwalinisszanananinganisauazil sz @nsn 1NN NeNT LARIAIaNNITN 2.10
v ~[G,]+/G,| .. (2.10)

BunandrAyasansnausanidsuanvilaeiAaasanna sinsnausmmi ldainauniai

2.11

o(x,y) = tan‘l(i) . (2.11)
G

X

dl A a & d‘ o o
Wa (X, y) ANNLAAIAT2ANIARS VI D an (X, ) T9NIEnINULNU X

' o O a

fnaengfiatun1ns s uANRaN M MnsaaniIaauNInAafa a1 uN LA

o

(Sobel) AHanHaIduntin NN 3%3 Aandndlugiin 2.10-n1snseaniaeunmiinlag

b4 o

WnnindmiunsaanizeunwliiuIueukazuuIsaresfnaiiunsiniuaiinaulig
o o dl 4 o g ! N o A a
wiunngsazlanadnsiduAinsinauiniessun nluiinninuuiuny x uay y

FAINANAL AINTUAIAINITONNITBLNINUAETANI9T0920 NN 1 qale 7 Tunanldain

4uN"3N 2.10 WA 2.11 ANNAIAL

J’]’]W‘il'ﬂﬂ"ll@llﬂ'ﬁWﬁﬂﬂﬁ?]j@'WﬂﬂWTﬁIiQ@MWﬁI@Uﬂ’]WIQEIGL%Mﬁ’]ﬂ’]ﬂ‘ﬂ@\iI;]/'Jﬂo’]Lﬁi&ﬂqﬁ‘
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a

Tnuafluninszduing aaunindlfazuun i lilinsusiuiseseunimiignsesass o

o :// L4 o Y = A = N ¥ o &
ANIHUMINFRINTNN THTALATNT AN AUV ADLINEN 1 AANTN LL@ZTMVLMﬂWWN@@WﬁLﬂu

1
XK v

NNANERIgIUEeY (Binary image) AsainzaunIwliLnesaeasn1sindnAn lduniige

(Non-maximum suppression) [20] atflunsuqaninlunmasuidaAiInnaAaiauLS

1 '
= 1 = = [ % ¥

AN uaziilugandAnniganauiuqadnaimaes 2 qaluiAn1eaeansneus o qati

q a q
|

A Y o A o A o | e o o
ﬂ@ﬂqwmﬁﬂﬂﬂ@@\jﬂuL\‘Iﬂul’m@ﬂﬂ@q’)ﬂﬂqqL‘]Jusﬂ'ﬂ‘]_l.ﬂf]wslﬁilu@Qﬂ’]?mqﬂﬂﬂﬂqv\llﬂﬂqﬂiﬁﬂ

¥

nuuaai liaanwsiuiugeng douanniniliaenpdesiuReulanednlaiduaeunin 19

ndpaanannmasuinaivuasl liaanniuluann

C1 10
T -1 0
(n) winInd U raL i () WAV Ta LU A
LHIUB1

717 2.10 wihnnaessaniiuns s

1
a a = o

NN9IUNALABT PO NN ANTAINANITNITNLIAD N1IUNUALAINAIFIATUNNT

q

= a

~ = - & pRIVIEY P
wAWY (Canny operator) [21]  HAHINNIEAD gaun i ldAaslusaun N letaduas

k1l

AyaunnusunauAIgNIAnIaanNId iU UEaNgA  NEVNTALNNAIFIALTUNNG

aa ?/ s d’l
LAUUNUURNBUITANLS

1) NN EeL (Image Smoothing)

1%

fann f QnIuNIUAaa &I isuNAR N3 Rd Yy usunawin e lae 4
Aarfdundidon 6 dldeduduguiiacddoudsiuunmguie o auaiildie
f=f*G

2) NINIANANNLENGN (Differentiation)

ArANUANGNTBIANENLasAINqanTillfvEnaantiauiAn e luwIun X

waz y wldainnisanurnidautlsznauinsiaausd G, uay G, Tuusazannin (x,y)

y
TnelszanuA1auIA8N IR EUALATIATRNLABSIN AL U LULAAZAANTNAIANNNT
2.10 uaz 2,11 PINAAL  nanldRen NIt E, aananaag (Vi (x, y) uaznimn

NAnna E, ane1aes 4(X, y)
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3) nM3tAnAIT ldunga

o ° P = ' o A o o
NAIAINNITATUIANEIUL TTN B LN TR EUA bUUAAZANINKAY AN Tluta LUl
ANYINTLTIUIATDITLNINGIGATIANWINALAESTH  Aetiuntsvinaauninliunesae
aal °o o Ay £ o °o o A o ° ' P
FannsnndnA iNInge GaiElunmndnaan ATz AumIAINd 1N W InA LA
aAa o a = Y | = = o dgl
e luluafiAnisaananaus v 0 Inaisaaziaansiail
\HaNansnuniAnie 4 fansea d, ...d, Senvualag 0° 45° 90° 135° Tluusiay
N (X, y) udaundianng d, delndidesiu E,(x, y) #ga &1 E (X, y) dardeandidnle
ANUENT99AN N 2 qaszudnefiAnispas d, Widauue 1 (X, y) =0 wsiluniemseiuduli
Auue 1y (X, Y)=E (% y) uanldaanin 1 (X, y) Spanin E (X, y) nasannidnan

wp99aLNN INNAgaaanliluan
4) NMINUUAANTALLNYE9221 (Edge thresholding)

Tasdaulunuaan1eNInUAANTALLNTRSIaLNINAZTAIN T ANT ALLNLU LGRS

2 ! k4

(Single threshold) GNWNIEAININ HI9ANNARAIIBLNINNG YT ERANINANT ALLUAR

1 dl 1 o o i’/ =KX 9 o Al 1 oA
Lzﬁumuwﬂﬁﬂmﬂmugim ANUUAIFADINTURUAANUALLIN 2 AIND

AN ILATGINTIAN

g
dld dl ] o
NUIANTINLTRNADNU

q

% dld 1 1 1 1Al 1 :I/ £ Y
19U H19ANINNHAIREITIIdNIANTALLIINARuAdaZIT v uaaY
aeeanysnl NUUAANIIALLS 7, AT 7, 8y 7, <7, HeRANTINqanIniy
waun e 1, Wiuueqannd 1 (x, y) > 7, Wwseunmluduazainaaiduaeunin

1
o =

Tud Amusaliaenind 1, (x,y) > 7, wazatfaiuaanniiduaauniwluinedniy

q

] o ndl v ldl [ 6
ABUNIWLTUNY N@wimmm@umwlwm LﬂuﬂWW@ﬂ‘]ﬂﬂAﬁquﬂ'ﬂﬂ

2.3.2 N17U9ZUIUANTLALIN (Gray-level Interpolation)

Tunsudasninrzanisaienmndannnsuyua . Jan W laUNIW BN
PTANANIN NI IHAIANLNLANNNI2ANUA AR LT UANA 1WA [19] WHAATATWALIIBININ
¥ o | 1 o o dJ 1 o ] o a %lz a o 1 o i’/ = U aaal
pruatiuifluAta iy TeA AWM WA S IRlNR AN T AW et ANTTWAISRIRRENNS
[ | o dl v a 1 a dl o 1 o o 1 % o [~3
ANUIDLATTZALININ INALALNANR T NAUANTE AL A1 Lta A wsuatiu Tl iiuly
o 1 dl o v o '8 1 o alaal =
AN AU AU IWHAANS 11N191 3NN A2 AR EN3U e 3 WL AR

1. nsdszunuAnludaauuunlndnge (Nearest neighbor interpolation) s 3en
BNaENIIINI9sEN AR LA (Zero-order interpolation) Lilun1stsenniAtaenig
o 1 [ % o 1 -dl v a [ | o 1 dl % dl [~3
UIANTLALWMITBIATUUG X LAy Yy NlnaReeiuAIAwitsnfaaanisuInngauiivly

NIWHAAWS HANNNIAT 2.12 uazasg 2.11
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g(x’,y") = f (round(x), round(y)) .. (2.12)

Tag g(x',y") AB ANTZALIMNTASININHARNS
f(x,y) AR ANTEALMNTEININARRLTL
(xX',y") A8 AU NHAANS

(x,y) A8 AuusesnInsualiy

]
=

(round(x) ,round(y)) A8 AuuUsINAAENALAY X WAz y WIN¥ge

Spatial transformation

¥

(x{¥) | « o (XYY"

Gray-level assignment

1
v

3117 2.11 mstlszannan ludesunlndngn

q

2. madszannanludauwun@sdug (Bilinear neighbor interpolation) Wialsenan
aginadn1sUsTNNIANa A uUnTia (First-order interpolation) flun1sudseunnumnlngsingn

22 AUMINANUIINRLALN 4 ATHIIZHIAITEALINIUBIATNNAA NS TALRAIAIANNT

2.13 uazpegil 2.12

g(X,: Y')Z f(xo,y0)+[f(x1, YO)_ f(xmyo)]AX
+[f(xo’y1)_ f(XO!yo)]Ay .. (2.13)
#1F 0w )+ F (o1 Yo) = F (%o, ¥2) = F (x4, Yo) JAxay

Tae g(x', y') AR ANSEAUNNIBSNTNHAGNS

f(x,y)
(x,y) A8 AUNLNTRIN TNHAANS

A ANTZALIMNITAIANA UL

o))}

(X,y) A8 Auudsesn wsuelTy
A o 1 1 Q} Q} Q} £ 1 o [ % o 2
(Xo, Yo) PRAILULITAIATNINTGANTRENGN X Uaz Y AINAAL  AruandlFann
ANNNT 2.14
= o 1 1 dl v dl dl 1 o [ o %
(X, Y,) PRAUMUISIBSANTRANGANNINNGY X WAL Y ANAIAL  ATuandlFann
aunng 2.15

AX uaz Ay M lARINaNnng 2.16
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X, = floor(x) waz y, = floor(y) .. (2.14)
X, = ceil(x) uaz y, =ceil(y) ... (2.15)
AX=X—=X, baz Ay =y -y, .. (2.16)

Spatial transformation

/_\

1 AN
X{Y)| w K . (xj,y’)
1

Gray-level assignment

9117 2,12 nnsilszannuan ludaedaidue

a

3. Matsennndn lutaduULEIgNUNAT (Cubic interpolation) WialFtNANAEN3
N3LlsEaNUANAIA LY (High-order interpolation) tunnstlszanmuaninatinAszfumag
AU lNALALNT 16 AMNDLIZHAIANTZAUNUBININEAANS BILAAIAIANNT 2.17

wazAagiin 2.13

g(x', y) = ZZ: ZZ: F(Xg+ M, Yo +NR(M—AX)R(Ay — n) .. (2.17)

m=—In=—1

Tae (X', y') AR ANTZALIMNTASNINHARNS
gux,y

f(x,y) A8 ATALWATRININEURITL

(xX',y") A8 AUULIIRININNAANS

(X, y) . A8 Auudean niuaiy

A o 1 I ai dl dl L4 1 o [ % o 4

(Xg) Vo) POANUMLUBIAMNINAGANTIBENTT X WAL Y ANNAIN | Auandldann

#1N17 2.18

R(k) uaz P(z) yldanaunig 2.19 uag 2.20 ANNAIAL

X, = floor(x) waz y, = floor(y) .. (2.18)

R(k) = %[P(k —2)* —4P(k +1)* - 4P(k -1)° + 6P(K)*] - (2.19)
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z ;2>0
F’(Z)={0 <0 .. (2.20)

Spatial transformation

/\

=

el

Gray-level assignment

91l7 2.13 msilszaanuan ludosuus@agnunard

2.3.3 NMIMANTALL (Thresholding)

1A 1 o ad o v o c
N1TUNANUALLN [19] Lﬂu’)ﬁﬂ’]i‘LLﬂ@Qﬂ'\W@qﬂﬂ’]Wﬁ‘tﬂﬂLV]WELﬂLﬂUﬂWW@ﬂngWu

A LﬁmmnmaﬁLmﬂzﬁmmzﬁumnmﬂﬂdwmﬁLﬂmzﬁmwﬁﬂmﬁgm@m NNIUIANTIA

'
adaa

wia b Tunawidudsnfenldiuedrqunsuaneiasesnisutsdoudngaanainnin

Wasannanunodinlawazin g lsdne)

nsnATiauL NNz MIuNINRAINITaNLINNNeenY 2 NgUUAN AR 9ANING

=

| o dl (= dgj o aa dl 1 o d’l o o A 1
dudnguazapnwiiduiunas  Aanillunisiiuendngeanainivunasinineiaandndn
W T $4I0190UL99ANIW 2 NgNAINAIIRaNANiL Antunmualiqgan I (x,y) N
1 [ | o ] dl ai A | “11 o
AszaL f(x,y) >T luganinaesing diuqnauniuaaiduqaninnuiag

nsmAtauivenadswlfelugunuaesilaidulansasnisi 2.21

T=T[x, ¥, pOCY): f (X Y)] - (221)

va a

dl | 1 o/
We f(xy) idumszaumizeann o qn (X, y) war p(X,y) waadaumima
Viealiu (Local property) 1849AAINANY 1YW ANTTALINI@ALTEANININALAENNNAA
Cs o ] alz o s dl % [ o ]
AUEINANN T AU (X, Y) ‘Emmmiﬂmwmwmgmmm g(x, y) n1Avasainn1annginuiie

fAunnszau f (X, y) foaAliauds T JA1A9ann1sh 2.22

g(x, y):{1 It O6y)>T .. (2.22)

0 if(f(xy)<T
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'
o [

Aa = A o A Ao & PR 1
ANNRAWNIY 1 AR NI UTRE TULNANWARAWAIAL 0 AR AANIWNLLIWNY
WA

dll d%’ 1o A 1 o = ] = = 1 1 d’jl

We Taweedny f(X,y) UTRANTZALIMINENBENNIALY AZITUNNIIUIANTALLINIIN

NIMANTIALLNULILASALARH (Global thresholding) &1 T awagiuvia f(x,y) uas

p(x, y) az@anduiunisunaAndaudeuuusiesdu (Local thresholding) wazn T 2wy

Wim (X, y) FrgazFandndunismaAniaudauunadn (Dynamic thresholding)

2.3.4 N1IMININKNINITRTE (Projection Profile) [19]

N19218 284N NIZALINIAIL A UATIATIH30N WA TneuU s dunsaaanifutes o
uwaztiAszALImIaesaanInases luuueInAudun s uusavdesium iy nmn
wanisaneszAumiunfsuansdeyaresnniidszlamd  edrelsAiniuninanisane

o I B Y Y o o - P4
seiunnidededuiiiastnannidudeyan lliiduendanenizesnin aanuinngauiianin
810N TNNINTRIETEALINATINHEUAL  NINKINITRILTTALIN AN LUIUBUUATLUIAY
W lFaE1edne]  AINNI999NAIEALINA AN AN LU LB ULAZ WL ATB9TaSUA AT TR

Tudunseusld mudndy dananslugin 2.14 Tnenaanmszdumidaisendng 0 - 7

1141011611210 2]0]1 19
6|14 |3 |5|5|2|2|2|4|3]6 43
6| 5|34 (4|0(3|]0]3]2|3]0 33
4 12 4|14 4+0 |57 |3]| 7|1 6| 6 49
6|3 |7 |1 | 7|51, 2]3]0|2]0 37
215|127 |1 716 |1 ]14]|5 |26 48
6|0 | 512|700 4|21 |5]6 38
3| 5122172340 1| 33 32
114 (5|5 7]2]|0}21]|]6]|3]0 36
(N) NINTZALLNN () NINRINITRILTZALN
ANHLUILAU

35129322938 (32(23|18|22|22|27 |28

(A) NINWNINITRILTEALLNIATN LB

917 2.14 Fat N INWINNIABILALIMITIBININTZA LI TUIA MX N apnqmn
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MWNTZALWINNIANEANLUNeYE  H[i] dazuuwiss V[i] 2990 weszaumn

ARUATARIANNNT 2.23 WA 2.24 [19] AMNAAL

HEi1= Bl ] 2.23)
Vil = Zn:B[i, il . (2.24)

Toad B lunmssduimn3eiiagnugewiniil maaniw uaziaanundewini nannw

waiddun AN EIgINERS N1IUININRIANIIANETRININANHOIFIUABIAINITD

M ldlnsutadunssaeniudeds) uardudiuonaesgan nalAwiniy - 1 deeglu
i’/ o 3 1 1 :l/ dl dl 4 9 aad‘d 1 o
wuass iU unssluLsavae iy Tanad lsaziiuanimasauin 1 AaRHaUIALAY
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2.3.5 nudasdniuuaenay (Circular Hough transform)
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1. daNINITEU (Linearity)

1 1 v 1
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%’ o 1 :J/ % dl o L% 1 %’ o ¥ 1
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2. NN9LAaU (Shifting)
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2.3.9 Wanduszazng (Distance function)
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o 6

&nysnd (Absolute distance function) fiuuald p  winriu 2 annistiily
Werduszazn1agARLALY (Euclidean distance function) wsidnfnuunald p
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4. Warfduszeznng S1 (S1 distance function) uHaRdUszazNI9RNIANLANNFDS
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Abstract

This research proposes aniris. verification and
identification system using some parts of iris to avoid the
eyelid and eyelashes. Then Radon Transform has been
used for extracting the features. The extracted features
have 2 dimensions of 60 angles of projection profiles. In
our experiments, the system was tested with 4 distance
functions: regional correlation, Euclidean distance,
absolute distance and S; distance to find the best system

performance. The tested images are downloaded from

CASIA Iris Database. The experimental results show that
Euclidean distance gives the best result with 8.3% in

verification and 18% in identification.
Keyword: Iris, Feature extraction, Radon Transform.
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Abstract

This research proposes an improvement of iris
personal identification system using Radon transform
which is used to extract feature stored as templates in
database. In our experiments test the system with 3
distance functions: Regional correlation, Euclidean
distance and Absolute distance to find the best system
performance. The tested images are from CASIA Iris
Database. The experimental results show that absolute

distance gives the best result which reduces EER from
18% to 3.695% for identification.
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ABSTRACT

This research proposes an improvement of iris
personal identification system using Radon transform
which is used to extract feature stored as templates in a
database. In our research, the system has been tested to
find the best system performance with 3 distance
functions: regional correlation, Euclidean distance and
absolute distance. The test images are from CASIA iris
database.  Our experimental results reveal that the
improved approach greatly increases the system
performance for all distance functions. Among the 3
distance functions, the absolute distance gives the best
results which reduce EER from 18% (previous approach)
to 3.695%.

Keywords: Iris, Feature extraction, Radon transform

1. INTRODUCTION

At present, it is common that many systems must
have some security modules to protect imposters from
accessing them. Cards and/or passwords are typically
used for security purpose. However, cards can be stolen
while passwords can be forgotten. Hence, biometric is
introduced for use in personal authentication. Biometric
refers to personal physiological and behavioral
characteristics that can be used to authenticate a person’s
identity. Fingerprints, faces, retinas, and irises are some
examples of the physiological characteristics whereas
voice, signatures, and gaits, the behavioral characteristics.

This research exploits iris pattern for personal
identification to identify a person who is registered to the
system.

Iris is the tissue located between- sclera and-pupil. It
consists of many complex structures such as: freckles,
ridges, furrows, crypts, and coronas, etc. Iris pattern is
stable and most likely never changes throughout the
person’s life [1, 2]. Therefore, it is considered a suitable
biometric for use in high security systems.

Many research works have been developed in the
area of iris personal identification over the recent
decades. R.P. Wildes [1] has proposed to use Laplacian
pyramid for extracting feature and match the templates by
normalize correlation combined with Fisher’s linear
discriminant. J. G. Daugman’s iris recognition system
[3], which is perhaps the most referred-to system, uses
Quadrature 2D Gabor wavelet to create a 2,048-bit iris

pattern. The error rate is about 0.000083%. R. Sanchez-
Reillo et al. [4] have proposed an iris recognition system
with a small template size. The iris images for feature
extraction are chosen from those between -45 and 45
degrees, and between 135 and 225 degrees. Gabor filter
is used to extract feature. The error rate is 3.6 % for
1,860 bits. L. Ma et al. [5] have proposed a new
algorithm to represent the iris texture with spatial filter
adapted from Gabor filter. C. Chun et al. [6] have
introduced an iris recognition system for palm-top
application by using Radon transform which reduces
computational time by 6 times compared with wavelet
transform. B. R. Meena et al. [7] have used rectangular
masks to remove upper and lower eyelids. Three feature
extraction methods have been proposed. They are
circular and radial features, Fourier transform along radial
directions and circular-mellin operator. It is reported that
the circular-mellin operator gives the best result at
accuracy rate of 95.45%. Y. Du et al. [8] have used
grayscale invariant local texture patterns to create 1D
feature. Du measure is used for template matching. This
method gives over 97% accuracy for the top 5 rankings.

In our previous work, “Personal Verification and
Identification via Iris Pattern Using Radon Transform”
[9], we have proposed to use the concatenation of 2
preprocessed partial iris images. We enhance the image
before extracting feature with Radon transform. The
equal error rates (EER) are 8.3% for verification and 18%
for identification.

This paper presents-an improvement of our previous
method mentioned above. Our previous work is briefly
explained in section 2. Section 3 illustrates our improved
algorithm.  Template matching is discussed in section 4.
Then, section 5 presents system performance evaluation
and the " experimental results' and section 6, the
conclusion.

2. OUR PREVIOUS WORK

In our previous work, “Personal Verification and
Identification via Iris Pattern Using Radon Transform”
[9], we have proposed a personal verification and
identification system using Radon transform in order to
extract iris feature. Radon transform has been utilized
because the computation itself is simple and the
processing time is not slow.



Our previous work consists of several parts as
follows: image preprocessing, feature extraction, template
matching and the system performance test for personal
identification. The first three parts are explained in the
following subsections whereas the last part, in section 5.

2.1 Image preprocessing

Detection of iris boundary is the first step to be
accomplished by using horizontal and vertical projection
profiles [10] followed by circle detection as shown in
figure 1(b). In our previous approach [9], in order to
avoid eyelids and eyelashes, we have segmented and used
partial iris areas on the right side, which is between -45
and 45 degrees, and on the left side between 135 and 225
degrees as shown in figure 2(a). The partial iris images
are transformed from Cartesian-coordinate images into
polar-coordinate  images. The two images are
concatenated as shown in figure 2(b) and then enhanced
by global histogram equalization.

e

. s § P ARG
(a) An example of original (b) Result of iris
image localization of (a)

Fig. 1: An example image from Iris boundary detection.
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(b) Cartesian-coordinate image transformed to polar-
coordinate image.

Fig. 2: Ring transformation from Cartesian-coordinate
image to polar-coordinate image.
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2.2 Feature Extraction

Radon transform is used for feature extraction as
shown in equations (1) and (2). Radon transform is a
transform that is the projection of an image along
specified direction [9]. The processed image is a
256x100, 8-bit grayscale image. We have selected 10
rotation steps for Radon transform. The angle starts at 0
degree and increases anti-clockwise by 18 degrees at a
time. Hence, the extracted feature, which is the
projection of a grayscale image, consists of 274x100
values. The number 274 refers to the most projection
width of 10 rotated images. An example of Radon
transform of a grayscale image is shown in figure 3.
Figure 4 is an example of the extracted feature
represented as a grayscale image.

R,(X) = j f(x'cos@ — y'sin @, x'sin @ + y'cos #)dy’ (1)

[x'}z{co.sé? sine}{x} )
y —sind cosé |y

Where f s the intensity of a pixel.

6 s the rotation angle.

Fig. 3: Radon transform along angle &

Fig. 4: An example of Radon transform that is
adjusted in order to present as an image.

2.3 Template Matching

In our previous work, we have matched templates
distance functions which are regional
correlation, Euclidean distance, absolute distance and S1



distance. From our experiments, the Euclidean distance
provides the best results.

3. AN IMPROVED APPROACH

The objective of this research is to improve our
previous work. Firstly, as we have noticed that the
connecting area of the right and left partial iris images
can cause much error for Radon transform, we change the
partial iris image representation before extracting the
feature via Radon transform. Secondly, we aim to
achieve clearer details of iris pattern before performing
Radon transform. Lastly, we attempt to improve the iris
feature by decreasing the feature sensitivity due to
intensity variation so that error rate can be reduced.

3.1 Changes in Partial Iris Image Representation

Since the size of pupil varies upon light change, we
normalize the polar-coordinate partial iris image to a
fixed size of 128x100. Examples of the right side and the
left side are shown in figure 5(d) and figure 5(e)
respectively.

135° 4s°
rd
225° ~ _45°
(a) Ring image represents an eye.
128 128
1’_";-‘_'\ .,—-'Jﬁ—-n.'
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.45° 45°

(b) Polar-coordinate image
example of the right part of
the eye representation.

(c) Polar-coordinate image
example of the left part of
the eye representation.

(d) Polar-coordinate image
example of the right partial
iris image (between -45
and 45 degrees.)

(e) Polar-coordinate image
example of the left part of
the left partial iris image

(between 135 and 225
degrees.)

Fig. 5: Partial ring conversion to polar-coordinate of an
example image.

120

As mentioned above, the iris image representation
before feature extraction in our previous approach [9] can
cause much error for Radon transform at the concatenated
border. Therefore, in this work, instead of concatenating
the partial iris images before extracting the feature, we
now separately extract the feature from the two partial iris
images and concatenate the Radon transform results
afterward.

3.2 Improving the Iris Patterns

The environment and contrast of image at the
acquisition stage may vary and can significantly impact
the system accuracy, we therefore normalize all polar-
coordinate iris images in the database with equations (3)
and (4) [11].

l%xwz{%+‘; >4

¢y —A ;  otherwise

l:JpANKW—¢V @

P

Where |'(X,y) s the normalized image
@, and p, are mean and variance of result
image.
@ and p  are mean and variance of original
image.
I(x,y) istheintensity at position (X, Y)

In this work, the mean and variance of result images
are set to the average mean and average variance of all
polar-coordinate partial iris images in the database.

(b) THe result er global
histogram equalization.

(a) An example of polar-
coordinate iris image
between
5 and 45 degrees.

4
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b I by rebn -
(c) The result after local (d) The result after
histogram equalization thresholding with ratio of
with window size 35x35 foreground-to-background
pixels. at2:1.

Fig. 6: The quality improvement of polar-coordinate iris
image result.



After all iris images are normalized, they are
enhanced in order to obtain clearer details of iris patterns.
We have noticed that even though histogram equalization
enhances iris images, it somehow lessens the details of
iris patterns as shown in figures 6(a) and 6(b). Hence, in
this work, we propose to apply local histogram
equalization instead. It should be noted that the window
size for local histogram equalization highly affects the
result. For our partial iris images, the bigger the window
of local histogram equalization is, the less intensity
contrast and the less noises are enhanced. In this research,
the window size is set at 35x35 pixels. The result image
is reduced to 94x66 pixels because we ignore the sides of
the image which could induce more noise from local
histogram equalization. An example of the result from
local histogram equalization is shown in figure 6(c).

3.3 Iris Feature Improvements

The selected feature in our previous work is the
Radon transform of a grayscale image. The gray-level
values can cause high variations to Radon transform
because it is the grayscale projection profile. Therefore,
in attempt to lessen the Radon transform sensitivity, we
use a binary image instead of a grayscale image as our
input to Radon transform. In this research, the threshold
is set to the value where the ratio of foreground-to-
background is 2:1. An example of the thresholded image
is shown in figure 6(d).

Our feature template from Radon transform consists
of the data from 10 rotation angles, from 0 degree to 180
degrees where the rotation step is 18 degrees
counterclockwise. Hence, the size of the template is
115x20 values. The number 115 refers to the most
projection width of the 10 rotated images and the humber
20 is from ten rotation angles of the right partial iris
image and ten of the left. Figure 7 is the Radon transform
of the binary images representing as a gray-scale image.
It is noted that the data are shown as intensities for the
purpose of image representation only.

Fig. 7: An example result image of Radon transform of a
binary image.

4. TEMPLATE MATCHING

There are many.template matching methods used in
pattern recognition. - For this research, three distance
metrics are applied for personal identification test as
follows.

1. Regional Correlation

Ya-AkEx-0-8] | g
[Z[Ag(x')—%FTIZ[;[BH(%)—BJ}

X'

D =Ma
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2. Euclidean Distance

D, = Min{\/Z(Ag(x') - BH(X’—T))Z} (6)

3. Absolute Distance

D, - Min{ZAo(x’)— Bo(x’—r)} 0

X'

where A, (X") is a feature vector of iris image stored as a
template in database.

B,(x") isafeature vector of a tested image.

Kg ; §6, are the average values of feature vectors.

7 corresponds to the possible offset between
the two iris templates. In  our

implementation, 7 € —10°,10°].

5. EXPERIMENTAL RESULTS

The test data and template matching methods of our
improved approach are the same as those used in our
previous work [9].

5.1. Testing

The iris images in our experiments are from CASIA
iris database [12]. The resolution of each image is
320x280 pixels, 256 gray levels. There are totally 108
datasets from 108 users. Each dataset consists of 7 iris
images.

In our experiments, we divide the data into 2 groups.
The first group, consisting of 60 users, is regarded as
genuine users to the system while the other group, as
imposters. For genuine users, 3 images are used for
registering to the system and the others are for testing the
system with 3 different distance functions.

A
%

ERROR

FAR FRR

EER

»
»

Security threshold

Fig. 8: A plot of FAR and FRR in varying thresholds.

Performance of a biometric system is measured by
False Acceptance Rate (FAR) and False Rejection Rate
(FRR). FAR is a ratio of the number of system accepting
imposters to total attempts while FRR is a ratio of the
number of system rejecting the enrolled users to total



attempts. Equal error rate (EER) is where FAR equals
FRR. It is used to measure the performance in order to
compare among several biometric systems. Figure 8
illustrates the FAR and FRR graph [1, 2, 3].

5.2 Experimental results

Personal identification is a process to identify a
person who is registered to a system. A test data must be
compared to all templates stored in the database.
Therefore, it is a one-to-many matching process. The
results of this step are the matching scores. The system
then decides from the matching scores who the person is.

Normally, in order to calculate FAR and FRR, a
score threshold must be set. If the matching score is more
than threshold, the system will reject the attempting
person. But if it is less than threshold, the system then
identifies who the person should be. The experimental
results are shown in table 1.

Table 1: EER of personal identification systems with
different distance functions
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From table 1, the EER’s of our improved method
greatly decrease for all distance functions. Absolute
distance gives a little better result than Euclidean distance
and regional correlation methods. It can also be clearly
seen in the ROC (Receiver Operating Characteristic)
graph of our personal identification systems, as illustrated
in figure 9, that the system performances of the improved
approach are nearly the same for all three distance
functions and far better than our previous approach.
Among the three distance functions, absolute distance
provides the best result.

6. CONCLUSION

This research proposes an improvement of partial iris
pattern identification using Radon transform. Several
changes are done as follows: Partial iris representation is
changed to solve the problem that errors in Radon
transform arise at the connecting area of the right and left
partial iris images. Local histogram equalization is
applied to enhance the details of iris patterns.  Lastly
Radon transform is computed from a binary image rather

EER (%) than a grayscale image in order to reduce the feature
Distance Function Previous | Improved | sensitivity.
Approach | Approach The experimental results illustrate that the
ional lati performances of identification systems with our improved
1. Regional Correlation 23 3.757 approach are much higher than those of our previous
] approach. The best EER is 3.695%, matching the
2. Euclidean 18 3.76 features with absolute distance.
3. Absolute 44 3.695
100
[=Xul ‘\\.
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Fig. 9: ROC graph of a personal identification of our previous approach and our improved approach using 3 distance
functions.
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