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Iris Pattern Recognition for
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ABSTRACT

In this work, we present an iris pattern recognition method as a biometrically based technology for personal identification and authentication
For this, we propose a new algorithm for extracting an unique feature from the iris of the human eye and representing this feature using the
discrete Walsh-Hadamard transform. From the computational simplicity of the adopted transform, this can perform the personal identification

and authentication in a fast manner to accomplish the information security.

FINE : A& (Iris Pattern), B (Information Security), 0l&t Walsh-Hadamard Bi&(Discrete Walsh-Hadamard Transform)

1.4 B FA0) HZol, 1 AHYE WAl FHE Aoz 42
93 9T, 2L

ofyd felt FEES WA JuA 21 Yt A2d BAE A% P F A2 9 A FAT

AT AuAEE Hue 4, AF, A, 0, AY 7 AZL APF Be £FAANA AQHD = T £o

Sol 45 AZE BAY 84 solA U ¥ A sm Exe B4 FH7 e gE A2Y ueke W

Hul27k o|FoIA e Aglolch, @8 ol @ AR AZE o 2eu Adde] obF e AAY A=YE BelE T Bt

F& "2ega f94 HHEo uf¢ AFsa FH =Y dtoix 2ol Bl +4 € ¢ JALBE oA ALY
971%0l Am2x Yot 53|, 47 FA FL B A8A =d g A& RS dA # 5 e AR AdE
2 A% ARA2HS 33, A A vide v " & 2 AF ol AIF3 ATHI Ae Aol

& B44d AR ¥ 5 22 AR Fr|ver ¢ olgg 7|E 2 IH9) AUEQ R HF P B

& nFen Qo ot FgFo FRFAN AL} YES AL FE3Y, Ax Y F&o ol =8 € 4 glom W
azt d AeEs, 39 A s 4@l F3He BEAY 24 QAR e N2 e AEFF %
Ho| djgt A Bokrt viE ule] @ v E 2l 2~ (Biometrics) ¥

» & 97s s SeTa s pse OhOIT Aol delRe u}olmew—b— 2
& hiA Aol Al &7
R B B i B9 wHoz 54 A9 54 AFAAL AR o
ZH i A7|A 3 REXNATE .
AR St h Fric G i MR v A7l qa, 24 hsw 2ad 54 £x Y 4BG



600 HEAe/Ee=&EXl C M8-CH HM5=(2001.10)

3 B4g a7ss HEes A4Y 4 U A% 2L u
JoMEY2 AgdH Ao s e Atel AA
4 2ge 27 AFlY 42, 84U Sol ol A4

Hlol e W EY L JlgoA A4S HEE F HA A&
(Fingerprint)ol cis) d# = 7} el A& #4o] §
NEo) AT BEE AT ALRE, 1 Bogo] shAQIn
ME OE B ohyd sojg fo 2g T2 HAFS
W3lA] ghgo] UHo] T A4 A& EHIA gt
Ao Pag A B FE AESHE YHoREE F

4 7+ A 9] Fourier, Wavelet 8, T A3 2o
U Axe=gdd og¢ R & E 4 Atk 2, AEde
71# #HEZFo) EASA o oz A HHE
AE g AY7}t o ¢y, BF (NFL AHY dREAN
FARE A2 o] AFE wujet 1 moo] det Hel
o, AEL &4E £ 9o nAFY AMAAFA L=
1 A AAEI YTH3, 4]

gH AF G4 Ay EAdAE B SE&EkY o
dF A7 n Bosn hEE uhgk Ak
a gloh dusd AR G Aee AL ZFE
dZ Bt olgn, 94E ol &F AsE AT AEE
o] &37] Yo 49 ¥l shEdted FAGEE ol
3 A9 AV glod, 949 Ao §A Atdrte &
A7 wEc} B w3hd g dFe] "oy, Hestg
o) o], g4 A3, 9 W B I vo7 T
B FZ29 ZAER A8 oldAA AMEY Abge]l B2
3 golr}.

ot 7 g wFol HZo AR £E A EAtE
E A (Iris) Aol A MY A2 E ATl W A7 &
Ag T3 Q5. 6] FAE Aol Hojd F Pupte A
o] 3 E ¥ I Bl ¥EA ¥v SAE AUWA, A
it el E48 /MNER A A9 Ao gA
& NEEE A F ok @A, o] & sdete 98}
o HES A4E AR D AFA H&aHE A=
At

A3, Daugman(7] 23+ Gabor FilterE o] 83} 256-1}
olE 9 Iris REE o] U= W& AL o, Wides
[5lE 7F$A¢t 9E 9 At g F3} dE(Laplacian
of Gaussian filter)& o] 43t¢] T &g A& A3t
At 2 $lo WS 25 2xt4le] diojE & 2E #A
2 AAte] Bad 2oy Aol Bue wijel AL
ATH8L. ©19} thizA|, Bolesl8] 5 FAMEZHEH Loizl 13
A9 &7 dojg & o] &3l o]E fo| B gl(Wavelet) W
& o] gdta] AAsE = ATF7E YAk o] ArAME ow

resolution level®] #jol&3 WEke dlole| 25 H Pzt
(zero-crossing) @ ¢] Hlo]EH & o] 83} o] & Hwao <
Atz sidck a#y o] e 5AAY At RES
ZAZ A diolg Hol29 ALt AAWR oEE EF
248 U7l oHE AV A ggo] ] dejeE
53 oA shie) 13k ¥ HolE e o] g3 #
AZ w4 T 9% =03 9] Wizt 1A QA
of 2A 4F& X @¢de] Utk FHLE ME ThE ¥
AEE 2He B4 9] doHE FEF F W Mge &
A k3, 87 dioje9 REwsite ol &3 AVt A
ATHIL o] A& FHAZE M2y 4739 AGATGA &
F %ol A4 o] HolxE @A o] QUth

wel, B =8 M o4t Walsh Hadamard ¥ (Dis-
crete Walsh Hadamard Transform; DWHT)& ol-&3ld t}
79 134 dlo]e g o] &t AME o] 3, 2P W
Blol| & F78 51241 E 9] Iris code® A3t o do]
B #jo|xo] thE & JYEE szt gtk

2. B BM ZauE F§

(18 Dell A9 w9 728 UeiATHI0L TA= 2%
Aol A(anterior)o] AFE XoE TR 7HF EE)
A @k F ko] Aol 2leH, Zutst g M (lens) Aol
of A3t oA Al gl= T THol &3 (pupil)
°ojth.

39te AlbtE
Lamina cribrosa
of sclera a

Al
Optic nerve

gt ) LY
Nose e X \ e
Sclera g;g;y processes
el 1]
gfﬁrzjd Scleral conjunctiva
Ié,}q —— =
Retina 2z "

Lal. rect. m.
DM B (cHE S AH)
Ciliary ringlorbicularis ciliaris)

(38 1) Al & 7=

A dde EFHE 715 E 7HAH, ¥ ¥ Y (pulillary
margin)®} 7t7tolel §718 9439 HEo] EAt=d olAe
A5 &(collarette) ol 2} M o] A2 AEFH vA7IAE B0
g oo @ AEAE FA AseA edon, ANIERE ZF
Bgo] thE Aoz defA vk wekA ol svEtE 29
ared ARl g A4std ARG F ATl AL
F Atk 9714, FAHEE F&37) AR A FAE



A9 Ed g3 o

2 dTdAE A9 F8AHE A3t 16mm A=
20mm HAHAZE Z&¢ CCD 7H9 2t MatroxA+e] Me-
teor EEE AMR3IR LN, 2He2E (29 2)% o] £2
2 S02% W wAEE 9] M €83 ES A
AgozA LEDY & HHEHE ARt A5 9
A2 480 X 640 2719} Fgitoln) wy] PE = gHIE 2
719 2569 A| 5 REEC

(282) @M DIAIAEE F0f2tst ZHFX|

FAAE 9A g Ee AR, SHH F5 2
g3 °V—47& M‘f Wﬂ FoB FHHEY. *’é'e} AxE 733

£ 959 g4oln %%1«1 &M% 2 5T 2HEF
7) 9% Selt. naln v:}%l shie MMM SRR
¥ 53 E 4»%8}4. Iris Code o s A (Hamining Dis-
tance)& o} “MJWJOM

(T8 3) 256l HeE 3= 640x480 37(2f ErjY

Hel=el F el

oM

YULEE S BX WE2UA 501

A, (38 2)9% 22 AT ANadeziy Ay £
€ A& 94E F995 Y¥(Median Filter)& AH43td &
T4F £AE T FE AAE el (2¥ 3ot o

ERY 589 F2& AdMe o33 d4o) Yo, o
€ st & drolMe (29 93 Zo] Br]9 s2Ea
LEREH AZgE AR FE3E AF oW dudF
€ FHATHILL (29 5)& ol E AF oF F¥gx
gFoziy 7 o|Fg} FAelrt, 2l & & A%
of FHAHY &40l A9 e L 2 F AU

01 02 03 04 05 08 07 08

(28 4) X& ojTIEHE «UF 87| B|2EDY

£ FEb oYy

(23 5) ZAIZ sl BS

FaAEY 718 23] d#oE Yt £Y9 s
HGg AAGLE 1011 09] &g ZE olAgE e o]
Az xygo g wgse 4 A dad F, 24 993 2

oj9]9] 49& WEdA PEdAY, Y AALE FE
&3 gtk o 2ol dofz Jd FAAM B AN &4
o] AdE HE FFY HE& HE 333} 7' (component

labling) & °]-&3t THSHTHI2] HE g WE2 7|



502 HEAMEEE =X C AMe-CH M5=(2001.10)

2Fog dojd o|AGRdA 74 HASE RAtete €2
H g A 993¥ ¥, FEH Zo] 3% FA
7t & 9A g e BAE Agsted AHEdHR e 7
Holth. 918 #HAE T34 (29 6)F Zo] UL 2
g 5 At

(J12 6) MBS wE 0|2 SBEE

olFA FIUE F2F 3 oY Ao Y F
A Fite Aoith 8 2AL ofF EAH FEoy
FAAEJA golM T2 8L v WM FEF
of AF FEAE e FE gasFo] R o £
AFAAE (28 6)9 FFIFL2ZRE (T1" N Zol
x-%% y-&9 Z2AA g% T3 FEUYPE T
st

(33 7) x-22 y 3o Z2H Mo o8t 39 FH F&

3. DWHTH Zajofel 214

E doldE 94HHe Qo 275 (1) A3

F (translation invariant) (2) 2 7] 3] ¥ (scale inva-
riant) (3) 3 A} FH(rotation invariant)d FHL WF3
EE BYHEE HASEUY WA, (29 N go] 5FY F
g ol o]g Y08 AYYF EYH FE9 YHoE &
o824 Qi A5AAGAA A 7 de X HE FH3)
A ER Aol AFHEE FHAh

F AR, gA FHA B FF YA FF R E
& el o] BT} 30%, 40%, 50% & 74 €& 7y
(29 87 Zo] 144 47| ARE Tk o|FA o=
A G4 HEAY A4 F dE Zridsd SRR 3
Atk & FF 2719 4FH 2R ’gﬂﬁﬁ’-iﬂ HAA
QA A7|H e wtet FFT A0 “W«Vﬂ ‘E‘.a}“i o} 9]
Wt F@atA got olef, ASsle 1449 ﬂl"‘ﬂJ A
= 5T HAEE r- P4A0\2 B, o roh 0% 2 AHy
Qo] A$o] FojAE W dolele e ‘?]“W«? Ao
g |

rx (1 +0.3) X cosd5” x 8 (D

2 Q7olAst 2ol r =879 A% WIlels A%E 640
34 A7} Aek

SRR ———

(32 8) 1% HIIGIOIEHE HESD| P8t E29tel THA

9 22 BA4L AHA dAAE olEolEr SN F
Fut7 o] 30% ol A Lol delH & (27 9o AN
o 2o & F gRe] W] vlelE & 1 ¥Eo] v
* B8 24 g

B AFoAE 99} 2 379 134 8] ol dig
o] DWHTH S & o] &34 H44& FE3%ch

Discrete Walsh-Hadamard 88 &3 %2 Hadamard
P& HE o838t T31A €oH13l

_[H® H®
HeD = [ 1o "Hip) @



A7\ H(D) =192 k=1,2,--, nolch $leA AFE H(R
P2 & 2 BAE e ) HBE dqAYH g,
i) Hpe ME AR i) H(pe 4982 g v

g &, HR™' = —;—;H(k).

89} 7o} Hadamard ¥ H(BHol Aed =, NA 4
E doJHE X(n) = [x(1), x(2), -, x(N)] 2.2 FAIHE H
o]gjo] DWHTE= o3 #Zo] Fojgr)

Win) = 'JIVX(n) CH (%) 3

0 100
(33 9) YoiT 1XH 9i7|dio] et

200 300 400 500 600 700

ekl DWHTS sample 7§57t NSl 39 N2 ¥ 9 d
37], #7) kg dof ¥E AHAE & F JenR F9
7] AatRThE Azto] A HR % No| AF A A
Zto] Aojd 4 17| W, DWHTS %] Adstnz 3t
= ¢udEoZ fast DWHTO] A¢slo] gltH14] o] ¥
& o] 43td N2de] dAkg Nlog, NHog ZojEo At
NZE 2A Y9 F Aok (29 1002 99 12 Hrld ol
Ele] g DWHTASFE 78 2¥olth

coefficient

0 - " L " M " " " i L
0 50 100 150 200 250 300 350 400 450 500
pixel

(3% 10) 1Rt EH7ICllOIEO] CHEH DWTH Hlat

JHelEel H Qs YTRiEE AT ;N IER4A 503

el A 4 E DWHT 3 7383 AsEd dstq o
&3 £& 512bit9] IRIS Code® A<t}

IC;=lici, ichicipl 4

(1 % w(k)20
ich={ 0 et (k) <0 ©

9 AdA w(i) & DWHTY A+E dehdd

919} o] ALY IRIS code® 25 51241 E 8} Hojol i,
ojldR o BF 2% F 9 AFE AR o
a9 dolEHMe]2E TE37] AR Z MUY codeE F
dst=d EdHoz ALSE F Utk o/FA Hed ks
coded ol&3td MAFAATG AF & AAME MZL Iis
code7t YHHAE o o] &L vl s FAEE TFaol
Lia=

2 (5)ol M Aog Iris ol A e 22 wAgk
£ 942 + Ak AHE FAMSE(Similarity Measure)= ¥
Iris code Atol9] A o]t}

512

SM=1IC,PIC, = ;};1 ict®ici (6)

D : exclusive — NOR
B AFME ol & o] §359 MHIAIe] Ao R A}
2340 o8 A T8 Inis I=8 AZAI T AR Iis

AEE ME 08 A 930 dE Z Ao FoAgeEH
Mgl BHo2 AHEE F At

4. Y 1A dEun

$l¢} o] DWTHAISE o] 83k 7+ nzi3o} 9 AH
o] 4ol Ao gt AFgto] ol drhe Holth

(22 11) 105 7|20 Yo dat



504 FEX2(SE=EX C HM8-CH HM5=(2001.10)

A 9o A5 YoM, A5 A Bl 71g04A F
o osiA gA A7t A YE AYBAA The
Agoz #Wg F7b Ak oA Y@ HANEos AR
(correlation)ol <% B A¥L AU WA, A
4o 933 (2 107 2ol Y2 10 e G4 o
AYolelg ASSAY. 18 T8 22 8] Hole o)
o] ABge (27 129 ol FH

0311

coefficient

0 50 100 150 200 250 300 350 400 450 300
pixel
(0% 12) 5 oo Hakol et abagt
A9 2gdA & o gl ko] HA 512 pixel F

oA A 1495 pixel FollA HAE o|F& ¢ & slek o] A A
& 4xg §4H81E 360« (14 /512) = 9.84°2 7] &0 4

EE F48 AT ¢ F Utk

A& BAASA ¥ F 949 Iris code® A3tz 3
PAHE 7 AH 2500ge &g AUk o]AL 5127
o vl gkel 433 Wol "ol o] FIAY: EF
2 Fae A o) Fdle] opetn By & £
AEE & & Atk 2y FolA duE Aagtel o
AE RANE AS MU EV e A ARE
old AAAHA AdE ¥ £ UFE ¢ F AU AN
# IRIS Coded] 7% F 718 &4 Hee] FUF Aol
Hamming distance= Hj3t 5128 zteth ol w3 zgte
100%7}+ €@t

2 d7dXe gngEy 1FE Astd UM A
ol g FAHE S #Gd FFHAEY 30%, 40%,
50%¥ £ JH3dde €] dolgd digtd ztE L
& T3 AYSAY. 94 <E 1> DWHTE o) &
3 212 Aol Foix 53 £ gz Y e
A9 A$ 100% AL A& & 5 sidod, g
A ge BEVELE FE 5% ol3E €& ¢ + AUtk
w2k FAR(False Acceptance Ratio) ¥ FRR(False Reject
Ratio)o] 7 0¢] & & & vk A5vInE Y84 14
A oA Z7 Wt lxd FAUA9] ARE <E
2> VbRt el & 4 lKo] HlolEl 29 49 )
A gkel 800l A AR A9 {7t HA st FARo] 20%
7b @t}

(E 1) DWTHE 0|28 &aj2iME@

data 2 data 3 data 4 data5
53%/53%/55% 53%/54%/51% 69%/67%/72% 5096/54%/52%
539%/53%6/56% e 48%/46%/41% 52%/51%/51% 58%6/64%/61%
data3 53%/54%/51% 48%/46%/41% 54%/53%6/52% 68%/65%/67%
data 4 6996/67%6/72% 52%/51%/51% 54%/53%/51% b 53%/55%/51%
datab 5086/5496/529% 5896/64%/61% 68%/65%667% 53%/56%/51%

(E 2> 9719 30|H5HE 0|28 &xlIAE

data 2 data 3 data 4 data5
datal ol 50%/47%/48% 59%/60%6/59% 51%/48%6/48% 3796/38%/48%
5096/4736/4096 : ;w : 51%/51%/52% 84%/82%/84% 49%/51%/54%
data3 5026/6096/59% 51%/51%6/52% 49%/49%6/50% 67%/68%/49%
data 4 5196/48%/48% 839%6/82%/84% 49%/49%/50% 44%/51%/53%
data5 36%6/40%/48% 4996/51%/54% 679%/68%649% 44%/51%6/53%




5d &

25y @l FEEE WA ARAY 43 o
o2 ARAE = Juo A4, A%, A=, &4, FA AF
o] 4% AZY FAY &7 sl Y Fee] AR A
H| 27} o] Fo| A& Alglelt), o] @ FH B AlBe] gloiA,
ZJEAY 71719 AHER 249 2 B 4 B
Z2Y #AFH B AR, AAAY, FHEATH 2
& 4E4°JF+ adg Ropol A9 Hete] olz277A &4
& 7H°u 58 o3 kA d8h R £4E Fol

TE 9 EMSL 5% AR nf{v g 2
ol wx 5 AAGAYS BHEE A FERI AXEA
£ AT gtk
Jo] 2 =RoME HT N2 s Yoz 7}
F& 31 e AAAAZYEFY s FAAEAA
9% M F QIF tﬂif}&% 34 ¢ 27 ¥, 94X
o] 5o F#HaA H2st sted FAAE Ay dngdEs
Attt FAEA fﬂaﬂ*i-t— Agte] ojF wAgo® 1
EAE 28 & e e Adstgen 4 ofFd o
HAE 39 FAHE F= Ao X FA3A A
onl =A7)e] W] dME FF 7B 30%, 40%,
50% 2 3709 7HEYE 71EeE oA g A7 |
3t R@steE gl B = A I dA L
DWHTE °] &% 23 |abgFo] Hom ol 3t=d
ol THEIIE §olF TERE XL YoM nHlER R
A5 & doleld] thale] F8Azte] 0(2n) 2 FEEH ] A
Ao} ATHI5). webd 71Ee) A4 g Fo vlE F
A zto] W, 3749 HZE hE 1344 ¥ Hl°lE1§— o]
L3k BAE AY &4 # AF] AEE ¥ + A
g} Az

W Bt Mgstn 29 4 T IdY HEE ¢
HAE A52E A7 A siviee A9 LEDS 2
& M FMo Gt e 2P T2 FAFA A
g Arx FaPFojol Frin AZEn

=S

L

o)

O

#ogd

[1] A. Jain, R. Bolle, and S. Pankanti, “Biometrics : Personal
Identification in Networked Society,” Kluwer Academic
Publish, 1999.

(2] ﬂi‘?ﬁiiwﬂﬁ} %’EEE Hy - JEESIE ]
2 Fdo2 " 19% "

[3] A4 B AE —:—Z_UIE%“'%}, %9 9655, 2000.

JHeI& Ol 5 Q)

ol

§NEE 2T BAY IHEIQIA 505

(4] J. G. Daugman, “Complete Discrete 2-E} Gabor Trans-
forms by Neural Networks for Image’ Analyrsis and
Compre- ssion,” IEEE Tr. on Acoustics, Speech, and
Signal Pro- cessing, Vol.36, No.7, pp.llﬁQ -1179, 1988.

[5] R. P. Wildes, “Iris Recognition : An Eferging Bio-
metric Technology,” Proceedings of the IEEE, Vol.85,
No.9, pp.1348-1363, 1997,

{6] D.M. Ashbourn, “Biometrics : Advanced Identify Ve-
rification : The complete guide,” Springer, 2000.

[7] J. G. Daugman, “High confidence visual recognition of
persons by a test of statistical indepence,” IEEE Tr.
on pattern analysis and machine intelligence, Vol.15,
No.11, pp.1148-1161, 1993,

[8]1 W. W. Boles and B. Boashash, “A Human Identification
Technique Using Images of the Iris and Wavelet Tran-
sform,” IEEE Tr. on Signal Processing, Vol.46, No.4,
pp.1185-1188, 1998.

9] =44, 2aE “FA4 44 HY EA & 243
F", @ A 2 NFA 293 EAg%edS, pp.l170
-174, 2000.

[10] A4 ¥ 9 291, “A)7] 85 8K Ocular Anatomy)”, B EA},
1903.

[11] M. Sonka, V. Hlavac, and R. Boyle, “Image Proce-
ssing, Analysis, and Machine Vision,” IEEE Press,
1999.

[12] R. Jain , R. Kasturi, “Machine Vision,” McGraw-Hill,
1995.

[13] R. C. Gonzalez and R. E. Woods, “Digital Image Pro-
cessing,” Addison Wesley, 1993.

[14] D. Sundararajan and M.O. Ahmad, “Fast Computation
of the Discrete Walsh and Hadamard Transforms,”
IEEE Tr. on Image Processing, Vol.7, No.6, pp.898
-904, 1998

{15] A. Amira, A. Bouridane and P. Milligan, “An FPGA
based Walsh Hadamard Transform,” The 2001 IEEE
International Symposium on Circuit and Systems,
Vol.2, pp.569-572, 2001.

o8 E

e-mail : ghjswy@hanmail.net
19994 @dista AojA&F s &4
(3}Ah
0003 ~ @A FEHSR Aol A4S T8
MaraA
Al B o} : Biometrics(Iris Pattern Recognition), Computer vision,
DSP&-&, dZEAY S45E o4 FHFE,



506 HEXM/HS=EX C M8-CA M5=(2001.10)

of 4

| e~mail : sangwonl@netian.com

198d ST Ao AEF T &Y

_‘ (8D

20004 2BU8ER ANASIEY 24
(32

20004 ~ A7 w7 AF)

BARo: AN 2 A4, AFA

S =]

— O L

e-mail : mgchun@chungbuk.ackr

1987d A8 e AR-F 8 (3AD

19899 @577 |ed H7] £ AAFE
FHF A

1993d #=A8red A7 9 ARFE
FH(F8urAL)

1993¥ ~1996'd A AR AEddTA AT

20000 ~2001'd University of Alberta W& x4

1996~ @A FEd%w A7) 94 A4 f AFEHITEY zas

#AEok : Biometrics, #3894, $403 A, 424

p84



