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An Iris Recognition Algorithm Based on Fractal Dimension

WANG Chang-Yu' SONG Shang-Ling!

Abstract
that the iris of Asian people has low contrast texture, a system is devised to get high resolution and good quality images.

This paper presents an iris recognition algorithm based on fractal dimension in feature extraction. Considering

First, the iris is located by a circle detector according to mathematical morphology, and mapped to polar coordinates
space. Then a new definition of fractal dimension — extreme value weighted mean fractal dimension is given, and with it
the feature matrix is extracted. At last, a correlation classifier is used in matching stage. The experimental results show
that extreme value weighted mean fractal dimension can extract the features that represent the iris, and the recognition

algorithm is precise and rapid.

Key words

1 5l5

EWPRAE R BTN B 5 1L B el 4T
RFEREAT S O 7%, AEiil, Adhea, W
TS5 A U AT A N . B U0 TR R
VIR AE TS S0 AL 1) Sk, BRI AR &
XFMRFAE; 2) ME—PE, BRI NRORFIE 2 A —FF
(¥ 3) ArIEAE, BVRFAE RIS 4) RSGEE, RUAFAE
FE— BN AN A2 2. HT, HT B30 AR
TEAT: AREL L MR TR BRBE A i
WK PR 244 R, B Horh LfsA7 TR
i RO FL2 8], V22 ReT . AR (R BESS
R, A5 T RO R AR B TR AR, AT
JIE %) 45 K 2 AN AR R JF 2 AR AR B[R] — A A
i ATIR AT AR AT o3 ) i DX T2 B AR AT
P 8 R o vt A R DA g S 1), AL J R IR BE AL A 3%
YU A ULBOMES (A g i B4 IR B AR
AT A HH I 5 A A [R] P P AN S 1 AL A IR i
FERIME—PE g v ARARNE . ARMRIEMESEIN AL
WL UMAEA A L i A AT A 5 3 PO R 2 —
Wk H 1 2005-9-27 B H 1 2006-5-16
Received September 27, 2005; in revised form May 16, 2006
% B RR 34 (50171036) ¥l
Supported by National Natural Science Foundation of
P.R. China (50171036)

1. lARRAAE SRk 5 TR B WrmE 250100
1. School of Information Science and Engineering, Shandong

University, Jinan 250100
DOI: 10.1360/aas-007-0698

Iris recognition, fractal dimension, extreme value weighted mean

A+ LR, HBL T 2 Mo BOR ) i 5k: SE
T 2D Gabor 48 #f )5 40 31 B 5 B LA A
Laplacian 4735l (17150 /N AR it 5 0507
0 23838 Gabor BEH LR [FXTFRIEH 2% (1 7
VLR 2D 24y R N 200 2D Hilbert 42
e QDR ARV S o (6 I PR

AR T —FloF B T AR A ) (Ex-
treme value weighted mean, EVWM) 43404 [1) 4]
JBEPGNRG. RGO T FULBEERAE R &, 4
BT BE T AR AL BN ) S AR T 5 o7 B0,
€ ST Rl I R 70 B e — A A 35 (1) 43 %
Y, I TSI R RIS IR 43 B AR A, e fe A I AH
KA RABAT IR, FE2H 2~4 TR0 B 43 0K
LW A WL E A7 5 UL 55 T A A 34)
I3 B RIUT R AR A S VUL, a6 45 SR 258 1/
5 A 6 TTeh .

2 BIRREFRE

BT P A5 SR A s L S VAU 2R 56 1 R U
POO7 N B B AT = 5 (W (R RS b 1 808, HE
A8 ) CCD F&AZ AUk v] LAAS 208 TR0 1 A
AT, F RS T T R i FL 803
2555, e TS ik, AT R T B AL
KA, FEOF: maPE (640 X 480) FH
BBHL KBSk (ERREAL 0.5 KA v LR A2



7H FART A R T B TR T i 699

T L5 « KR 1050 nm L0868 LA S 41
SMCREVEE F, At 1 R ALAh R
AU FBEYE A & AT R
T REsEE, I HL AT LUk b ] F S A e b K meds:,
M AS BUL P (550 7 4 i, SCRE T S v, SEAT A
TR, Wil 2 (GEBEH LA U A). T
BEAT T ORI Bl 128, A S 1 3 24 >R
CASIA HTJBE R .

] st ik 1050 mm

640 X 480
AT P 452

M| 5E CCD
TEAGHL

AL

ﬁ’f‘%%

] et ek 1050 nm

1 HERSER AL B & a5 A s
Fig.1 Sketch map of iris capturer

3 BIRREIFNSIE AR ST

T A7 A TR U vp R B 2, %
S A R IR R 2. e A B FE MR A L ARk
LENL, EEVEA: 3T Hough A8 Al i K#%
SR 7%, Daugman [5 JE 30 A 51 16 7 72001
S ARSUR TG AS S Rl ) S AR 1 7 3 e o7 L
M I R E R R B

3.1 HIRAAZRHHE

— R IA Jhg R AT e LA AR TR A 0. AL
B, e 1 L A AN 3 Lot i i 1 M A
GAA L. IR MR T (2, y) Wik 3, W FLES 7>
IR PEAEAR HL A3 A3 5], S ¢, A (1) RiE
NG —AEA R IB(z,y). A UERREE BRI T
P, X IB(z,y) BATHET 5 B REM SRR MASK
fR22 R JES il (erosion) 185, HRIFEHRET ARG )T
PLATRN bR, 198 1B (v, y). KM 5 W e ok
AR IR REAT 2025 BRI B 1 2B TP AR I F) AN A0 )
TR, REM ORISR AL TEARAZE. R 2 AT —
OB s 5, WAL ARt 2 2, 7 ZAMEE. X
T LB (2, y), FUTISRKEECVE )R ff 43 21 6 L R L
C MWNiL%, ikl 4.

1 I(z,y) <t

0 I(z,y) >t 1)

IB(z,y) = {
3.2 HIBRIMOZEVTSEE

A5 SR i Daugman #5152 (41
WA b2 %, Daugman SR MR 517k

N
5 A K/‘ T\'1 c\\-\&é
K2 SREEMULIEE 5 K3 JsidhkEG

Fig.2 Iris image Fig.3 Original image

e 4 B R 3
it \:\\ﬂ} /f)f Ny "o S \%

o \;, 3 ~‘
K4 NILGAE L
Fig.4 Inner edge and

5 ANUZTEAL
Fig.5 Outer edge

center point

HIRASH:
0 I(z,y)
maX|GU(r)*§j£%yc )

Horp, (we, ye) REMLIERLL C AARE, * BRI,
2 A1k, Go(r) Amiliea s, o W RIESHL
S RE NS MER PROEUE A AN A %, W 5.

3.3 LETHREEMIFAE

W3 b T IR I (R 3 S AN e SE 4 Ae 21, DA
B T BN IR (A7, e s A 15 2 A AR
(I 73 I th LIl R PRI, i3 BN IR G
LI BeIR, ol ARIH Hough AR #e AT 7. H
KA T R LI AR B, 75 B E =45
2, THERARE R, XTIRBER M T RU. Dy st
TR GV I LA, 2R 3 ] o, RETEAR
L4 25 BRI T

WL i 125 ™ R AL AP0 5 [ AN 3 5 R
o) N LAY L 25 25N B, R LA Sy HIR G o 7 £
WL /e ATRERR, W8

FHREAMZ pi(2) iy = a1(z — 2.)* + by

TR po(z) :y = ag(z — 2)* + by (3)
Hdra; < 0,a0 > 0. X CASIA ¥4l FEHEAT 4511,
2 a; = —0.0018, a5 = 0.002 INGEWIR I il & 1

RIS HIAR, N T W E ORI AL by, by, 3E X
TIEAAR, BRI



700 H | 1k

F {4

33 %

> ]| B
7 o RSN EErt™ Ny <l e R
6 LTIRE AL Bl 7 B e A

Fig.6 Location of eyelid Fig.7 Location of whole

iris

1) /LA 5 x 101 73 ) fr b RIS A 9 )
LM Dy, D,y

p1(ze — 50)  pi(ze —49) ... py(we +49)  pi(ze + 50)
p1(zc —50)  py(zc —49) ... py(zc+49) pi(zc +50)
D= |pi@c —50) pi(ec—49) ... pilac+49) pi(zc + 50)
p1(ze —50)  pi(ze —49) ... pi(zc +49) pi(zc +50)

_pl(:cc — 50) p1(zc — 49) . p1(zc + 49) p1(ze + 50)_

p2(ze —50)  pa(ze —49) ... pa(zc+49) pa(zc+50)
p2(wc —50)  pa(ze —49) ... pa(zc+49) pa(zc+50)
Do= |patac —50) pa(ec —49) ... palac+49)  palzc + 50)
p2(ze —50)  pa(ze —49) ... pa(zc+49) pa(zc +50)
[P2(zc —50)  pa(we —49) ... pa(zc+49) pa(zc + 50) ]
(4)

2) MIEALI T ITUG, PR Dy, Dy 5390 I7)
FNIRIG T AR KA B AN RIS, B
R, URTARCE 5 (1) GO BE IR 3. I S8 35 LA
LK B AR 2R 51, 0.

3) 81,89 /M AU N A B b LR HR S 1)
RrE. T A IR IS e A7 SRS A, A U I AR A
BT 3 x 101 11 x 101 JZe Bk it 2 4ir,
AIEAT AN SR G = g, K 6. &t Pk
FECR S A7 14D I B G 57 P8 R 3 I (1K) HR G 7 ¥ A 25 AN
ML 3 MG, ke AL HER. WL P ANA 2 AR
FEAE 2 B EN, N EALHER. X CASTA ML H
VWL JEE S A HER R Sl 100%, W1 R R4 58 A7 25 B 4
7.

3.4 LIRRRET

N T IS DR AR KN LK /NAR [ 25 TR 3%
1 YR ) S R BERAER, 47 T 0 B IS5 1) AR A1 o 2
A0k /AR )R B, IE ) UG AT 1507 1613
fli7, WIROUIE R FE. AR AR 23 ) vh e T ) A5 E
40 pixel x 320 pixel (15, W& 8.

o B 2 T i Do R
=} S s L .’.’3-
e “ -y ~ - ’

S . v

- R

K8 ARARKRT UL o

Fig.8 Iris texture in polar coordinates

4 RAEMNITS 5 SLEFNH] RS AE IR EN 5 T
[

4.1 REMFEHH %

ST U 2452 Mandelbrot £ 20 4 70 EA4L
BISLI)— T DB R, A AR R HEY B AT
AL R R a5 1), Ja il 5 BRI B A& Dhhe. 15
S ISTA] A8 T TR AT et SRR ARALE, R
i EARME, JEER T B S, h iR AR A
Fd 2 v K A7 AR B AN LI [ T A S 32 3t 13 S
B HAE o f A 2 Mot 507 i Hausdorf 4k
K. RHRYESL. S 4EECR Chaudhuri BB % 7 f 4
¥ (Differential boxes counting, DBC)I 2% Hrp
DBC 4 AT & HVa ) v L A3
SE ST —FoBr i) 4 H e — WAL A (EVWM)
I E Y.

WG I(z,y) BAEZ 3 e thib, (z,y)
2 YR AR AR, Z o BRI K BEAE. A
1% I(z,y) KK M x N, FXI55 R 9k K
NS xS, Bk (4,5), i, § L0 < i <
[M/S] A0 < j < [N/S|([-] AHCEZH). BEGE
(4,7) NMREIHT & ASIKBEARKAERIHT & AN LR
ME, 73RN (a1, o, - - o5 aiji] (ANKEINES),
[Bi15 bijas - - -y b ) (NNBIRHES) . FF b AL &
W = [wy,wa, ..., wy], H ZLl w; = 1, B HE &
B AR R BN RS, RGN e K ) AR R AE
AU B R, R I g5 /N IR RR AN AU B /), I E =
AR E, AT LABRCE AR R 5 [0.5,0.3,0.2], XFE
W e Fr GO AR AR, SR 2 A8
FE, WWER S EdeE B L. #20 (5) 1 (6) 19
BN (4, 7) AP IS A4 50 4t FD(i, 5)

k
F(i,j) =Y w xlog(ai — b +1)  (5)
=1

F(i,j) — min F(i, j)

FD(i,j) = » 2
U= ) —mmFGg) o O
2,3 .3

= (5) M (6) 7320170 B 4EAE 2~3 Z [0, 704k
T BUR IS AR R L. S 4b, R AR AE B T34
()75 REME AR L b 2 BRIEE 75 1R 0. X [l E DK /N )
WS TS B, ROk T R A
4.2 BIPRHFAERENS LR

T R 43k 8 pixel x 8 pixel IRk, 154
AP EVWM 73 504k, A1 4 0B — /SRR A,
M AT BAAF 2 5 pixel x 40 pixel FRAEAEFE. KA
EVWM 73 84t 7 5T G AROAE MR AME Y, A3



73] FART A R T B TR T i 701

T UG SO AR ARFAE, BRI AT AAE A R R R AE
FF DBC il EVWM J5 £ 2 L 54 AF B 1)
9 FE 10. % CASIA HLE s, DBC 2 41
YE A 2.4377, 2R 0.1795; EVWM 4 B4k 1
YKy 2.6934, AaUEZE 0.1900. A WL EVWM 43
B o ATVa BT Bet% 78 2 PRI 5 2 BEORE RS FE

K9 JET DBC 7 B4 LRy ik

Fig.9 Iris features based on DBC fractal dimension

10 T EVWM 5004k iU BeRF ik
Fig.10 Iris features based on EVWM fractal dimension

FH OGS A0 T DU B 25 43 2R A5 114 ox g T
FAAERERE My, My #EATHIRIE S, 1350 (7).

B cov(M;y, M,)
~ V/DX(M,)\/DX(M)

p Ny My, My BIHIZEERM, cov(-, ), DX () 43514 H
R SIS BURIAL th, MR p > th, W) M, M,
AR FUT I, 7500 My, M, RFAR I (14T 1.

5 RIEER

A Z G AR BV CASTA ML & 45 B4 1%
HEAT T, W15 4 Intel PIV 2.4GHz, Mat-
lab6.5. CASTA T 5 G 58 et dE 80 A (FLh 55
62 A, 2 18 N), 108 JLAN [ HIL i fr) o s Pl 454 A,
B HUIRESE A 7 1R 8 bit KJE KL, 73 #E3 A 320 280.

o} R R IR I, AT H— BLML S 5 3 4% 75 kAT [T
Fit, JEHEAT Clyg x CF x CL/2 IR, AN [ R I,
WSl o IR 7 R 595 4 4 + 1 BRI
7 R B ILEE (0 = 1,2,...,107), JLiEfr

p (7)

Cly x CF x C1 U, 8 11 R 12 48504 T
ST DBC ¥R EVIWM 40504 A o p s 4
4% (FRR) FIBYIREEZ % (FAR) Higk, JFat T
DBC 48504 A1 EVWM 584t (0 Uk A 1 7 b
B, WA 1 RPN B I T AT T
ik, IR 2.

80

+ FRR
w FAR|™777771

Kl 11 3T DBC 40 ¥4Eff FAR 1 FRR 4
Fig.11 FAR and FRR based on DBC fractal dimension

80

+ FRR

O0f======= = FAR

40peeMeecpecccccngecccnccqeccccagleccaces

edecnccnbocea=d

cedecccntece e =

HHRZE (%)

20 ceeredgreccccdecccccitocecn.

csabhans

01 :
0.2 0.3 0.4 0.5 0.6 0.7

B{E

Kl 12 T EVWM 7r404E1 FAR Rl FRR £k
Fig.12 FAR and FRR based on EVWM fractal

dimension

F1 T DBC FEVWM 2B 1R 5 T fE L
Table 1
based on DBC and EVWM fractal dimension

The recognition performance of two algorithms

UIRFA FRR(%) FAR(%) B  HEAE4RI (ms)

9.62 10.58 0.32
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11.54 9.62 0.34
3.85 5.77 0.38
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