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Iris recognition based on generalized Gaussian
distribution FDCT_Wrap and FSVM

HE Zhenhong

Department of Computer Science, Gansu Normal University for Nationalities, Hezuo 747000, China

Abstract: In order to improve the accuracy rate of iris recognition, an improved curvelet transform algorithm for iris
recognition was proposed. Firstly, the iris image was decomposed with fast discrete curvelet transform by wrapping
algorithm. Mean variance and energy of curvelet sub-band coefficients in different scales and different orientations
were extracted. The weights of sub-bands were estimated by generalized Gaussian distribution. The feature vectors
with stronger classification ability had large weight, which were calculated to constitute feature vectors of iris image.
Finally, feature vectors were matched and recognized by classifier combined with fuzzy support vector machine and
binary decision tree. The algorithm performances were tested with UBIRIS and CASIA iris database. Simulation
results show that the proposed algorithm has higher recognition accuracy rate and efficiency. It is feasibility.

Key words: generalized Gaussian distribution, iris recognition, curvelet transform, fuzzy support vector machine,

binary decision tree
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i o P curvelet 22 # 42 HOIT JERG AE 1L /) i 72 462 B
SCPR AT AL, Rahulkar % A BB T — il T bl B
curvelet 72 4 Y IT 5 AFAE 42 O o B0 A — Al Y T
FER BRI R 6 A FRIG, SEAFEIRHETT curvelet 2
e FRIN curvelet 22 5 5E o] A 7t AF O 5 FE14R Y RRAE 1]
16 UBIRIS V1 I CASIA-Iris V2.0 KO8 B i 47 555, 233
AT 97.73%H0 97.81% K UM R , I Gabor /NJEF
A Haar /1Nl 505 W R BIRCR T . BIZ07 I 7E IR I A BE &
B EA BT RA— MK

R T TG SR B A AR R R b R R R £ R
R 28 X 0T A 8 AR 52 ), A SCAR R — P S T SR
345 Wrapping 55 1 ) P B B curvelet 72 46 0 JEE 3K 1 55
o B TR SR 3 AT PR 4 AT Wrapping B I 9 PR
HEHL curvelet 22 | $EHORT] RBE R ) 7 19 B9 curvelet
T RBUE B Sy 2 ae SRS R S I A
fii (generalized Gaussian distribution , GGD ) fili 5 % -4 1 #¢
{4 43 28 58 00 O AR5 A o] 2 T T R K UL, ) 1
Bl AR R0 AR 1) 5, d T R AR S HE ) R AL (fuzzy
support vector machine , FSVM) Fl = S g 3 8 # 45 & 19 7
HARHEAT 23 2P . R UBIRIS A CASIA AT B A5 4 e
XA TR RE MR e g A R R T o R U R
AiE 16 52 4 RCR D AR LG /DN 78 e FL A i R A R
U 1 L P

2 ETFI XEH4% FDCT_Wrap #1 FSVM
FY BT AR R A

— > MR A0 R T 2R 5 b R R OR S L B AL
BT JERR A R A DT IR 4 A F2 2y AL, o A
4 BUR ML ISR 9 S PR AT, DhiE TR RS 1 BE
DAL, 7 SCE A 3R T R0 P 5 O 4 SR DC R

(a) JARELIFEEG

(d) 15— LA BT 6

2.1 WIEFLE
IT RE G TE R E M L BRp i TAROB MR IR B £ 5
R, REBER 2 S A AR RS T
HE 70 0 5 38 A B SR 4 300 A o PR 4% v 23 D O B
N PR 26 R A 488 S C T 3R S0 7 e e AT A
b 3R i R Ak 3906 4 PG B A R B H — 1k
RG0S I Y T4k B R A T 1 R
2.2 MIEHERN
2.2.1 Wrapping 3 # B i2 & 4K curvelet T #
Candes F1 Donoho 7£# I (ridgelet) 28 4 JEfikk 1 #2 th T
M AR, 2 S5 SOHR PR B AR B (fast discrete
curvelet transform, FDCT) , FDCT % B HE 2R 454 W0 T 5
B, SE AR R B | AR ARSI BRI T4 R
HT Wrapping 5515 () P & #2246 (FDCT_Wrap) f
FEFAE S 5128 [ AIRE 4k FRT B35 0 B o 2 50 th 0k A% 4
(FDCT_USFFET), A3CRA FDCT_Wrap 7348, SEBL BN
© TR E T RR AR T X BB i) € LA(R) (0<ty,
h<w,w WIS E) T Z 48 Fourier (1§ B 1) 48
o 5B AR R Fngng, -n2<nn<nf2(n A
HEFEATED)
o ARSI HORE X RO T 1) (j,0) L TR 75
B9 B KA Fnunnitan 0], -m/4 <6< m/4;
< R flngna=Fngn-nitan 8)xU{nn], 5, Unyn)
J R
- [RIZE I 5 i Wrapping B3 £ 55 4k b 2
o KB A f AT Z 4R Fourier A5 2, 14 B B
curvelet Z%L ¢"j,Lk),D X3 discrete,,
Hepj Lk AARES® JinsE MBS,
222 HIERR
X A 2 A A JEE Pl 4 4T Wrapping 551 ) B o 5 A

P15 A A B R
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curvelet 2, 152 [R) REE RN TR J7 170 B9 curvelet Tifr
Bl 2 A curvelet B4 & 2 REE MR, WEKKZ
curvelet G B A SAREZ, B 1EN coarse R
FEJ2 P AU 2 0, 5 T R 1 A A R S e
TR GRS % 2.3 4 B R detail RIEEZ 82 R B4
il Ay 4 A7 T e e g AR S B O R LR A
A BRI EAIE 55 5 20 fine R 2, im0 R AR,
J e T R RE AL WS4 L A 22 55 SRR AR 1Y A R D
BGARE 5 2 RBUE M  Jr 2 e i3

Rl (1)~ (3),
,£II=LI i lz’{ c(ﬁ +J'k+_,r) (1)
J | (s (o [((kj+.i./|':+_,f')_.l{]: (2)

| (m=)j2 (n=1)/2
E=— > le(k +ick,+ f)|x
()2

MR (w-1)f2 (1)

(3)

g,
i=l =1

A (ki o) J 0 B PR AR5 0 2 j 7 1 140 O &R
RO mxn 9 145 RBORFE R KD
curvelet 4% 2 R BCE M AR 2 ik,

0L A5 P45 A7 FDCT_Wirap AR BCAT B 1 % JR 356 46 iF
e AR TR R

Jri | B0 O R 7l 2 BOHE 3 26

- —~ ‘
PN NN A AL

(b) coarse2

(e) detail 32

() fine2
[ 2 curvelet 4% £5 )22 7 K H AL 25
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S S 3 Al 2% AL, A 70 2 i 1 BB A i 1)
2t T BRI, A 53 28 BB 0 B 59 19 AR A 1) 42t W 50/
1A, 305 AR AL, H R AT FDCT_Wrap 42 U AR ] 74 {5
LR T AT R AR B AR [ o

GGD M2 717 bk KN «

g(x,§,0)= ) S e (i)

241(1/8) (4)
H N(x)= J‘U_Tf’ e el I B e NRIESHE o N
BRSH,
ik & AL
s _ X 17(2/8)
1= = rerG/o) (5)
I m n
yd —;;;‘x{, ,ZZ _;;;lx” o
i,
S=1"(%1xr) (6)
ERHEN
. Ia/s)
S=X F(QF(S) (7)
AR BESHE, RAFRRAE AR K
w =K % (8)
Zcf,
ZHEEINEUR BN R BE RS Y curvelet T 2 BUHE:
s MR A = w6, =ow E = Ew,,
IR R B, = {4,.6., ) A B R i
o MR FICEREI R = 0 b,

2.3 MEIRA
231 BMAHOENRE

Vapnik % AP 42 i (9 58 115 > B8 1 SRR 1) & AL
L 5L AR 15 4%
B G 26 T4 DR SR R R AT AR T, B 0 6 ) AL A
T AAE LAY RS IR R INREAR (R S 1 AL
RO 2 R SR S0 A I 20 2R A, 96 BT B3
RS, e W E 2R K M a2 R,
AR e ﬁfﬂ%@@%ﬁx%JT&$
RN R A T 3 IR 26 (R B SVM Rt 7
%@%&ﬂﬁ%ﬂﬁ%ﬁ%ﬂuﬁqlﬁf E DRI IE B
P2, B RE A L, Lin A5 NUOHE 1 BOR SC w2
L, SEAKERIEE R AE  HCHE AN R AR I 25 B A A5 7 28 v

(support vector machine, SVM) ,
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SVM () SR, 06T 7 B I 7,0, o 1 5 7
SO AR R LK AW 75 55 R 3 B ARk
o, 7, /i

f= sl

’ 1 - +£, (9)
maxr, —x] i
o e = X [ YNGR AR A 1] Y BB B v, R

Kl e FRM/NER, H 0<o<e, HGINGREAR S IR #
SO T LS B R O R BT AT OE R AR A i S
Flle, 1)K [ I,

BEn AT A A TR A SR X ={(vs, v, Tl € RY,
y=t1,7 e [e,1], i=1, n) MR R B K (v , BRAE SE 115 )
TR, R FSVM 08 73 28 T AT A 45 N Z L

minJF(w,c_',‘):%”w”' +C§rﬂcj (10)
s.t. y(wx, +b)=1-¢ (11)
Hob ¢ AESTAFH C>0,b BEEH.O S ,& R
it H €20,
FIH Lagrange (hrg BT H ) s 4L, R #LI9 Wolfe X
T LA R
min%iia{.ap}ﬁy;i((x,,A‘I)—.’lea! (12)

st. Yay =0.0<a<7C  (13)
O HE R S A o) 2 AL R R R
flx)= sgn{ia:y‘.K(x‘.,.g}+b'} (14)

* * * * T ® = *
;H\:EFI’Q =[al‘a2‘-"‘a:r:| ’b :.V_,_Zy;arK(xnx_J)o
i=1

232 FSVM 5=k EmtAas ooy L sk

R A ROR 28 M B 2 W FSVM LI B B ) &
ZeBERCR IR SR 5 SCOR SR A 45 6 00 R R AR R
VI ) R

WANGRREARE N X, BEHER M,

TR E LN ZRIER Bdt={node(i)}, 7% &
node(i) 175 4 AR node i).C £ 0S5 £ 41 55 928 5
5 snode(i).P 1 node(i).P~73 3 47 S 115 S48 1) 19 1E 779
BORGCF AT 5 B A8 A snode(i).S F ARG . 4
node(i).C={1,2,- M} (M R 251 %50) ,node(i).P'=node(;).P=0,
node(i).5=0, &35 S50 Endnode=0, 4117 55 51 i=1, B 2k
T AR L =1, DGR s=1,

FW2 WAL, A node(i).C P IITTE N EUZ
B 1, MRS AT IR 4 B Ak2E

TR3 HEEFEW nodei).C 110255 7 WL
A, AR B A F AR node(j+1) N node(j-1), 4
node(i).P*=j +1,node(i).P = -1 ,node(i).S =s ,node(j +1).P*=
node(j-1).P=0,node(j+1).S=node(j-1).5=0,

15 node(j+1).C HAFHUEREAR L KRS TE node(j-1).
CHAMAERNALIN S, gAY FT
node(i).C BT 5 28 5 &) A R A, 0F LAY B i R Y =

_|1, class(x) € node(j+1).C ,._; »
yi‘%’_[—l, class(x;) € node(j-1).C (i=1.2,m)) o Hd

class() RAHEA x B FFEE R, A FSVM I 25, 73 5
Lagrange & ¥ MBI {a',b*) . & i=i+], j=j+1, s=s+1, 5[]
P2,

$ B 4 % Endnode=Endnode +1, W 235 H A%
Endnode J 85 % T XA P M, WRIE Bdr, (RAF Bdr, 5k 4
FAM =it FEmLTR 2,

3 LR NESH

T XA ST A R S B o RE AT AR A
% Ji UBIRIS V1T CASIA-Tris V2,002 B8 %5 4 Fie 3 47 15
FS o B E P 0 i R R R A 1R 3 R 4 R

P13 UBIRIS I 5 £ 405 12 Hh i 3 53 5 P 4%

1% 4 CASIA 0T FEEEC A 2 v i 35 43 or st 15145

AT B UEA SCHE I T T SR T A Wrapping 5
PP R curvelet 223 R I I (B 5 2 40 8
e 22 21 100 1 R A ] 2 0T PR B B A RRAE R, L
FDCT_Wrap 73 5] % PB4 e o ) L J6 15 0 47 0 B2
YGCH A7 2 R R A 1 R & R B D R
(LS REw ik NGRS s i i i 3 S I FURTRY ]
B (correct recognition rate, CRR) FI i3 1R 51 (error
recognition rate, ERR) 47 H 4%, LR 45 R LK 1 % 2,

M 1 RIR 2 ATE R A RE 3 — 20 42 & i IR A
SR 72 UBIRIS U A P h A7 05 956, B
J S 343 A FDCT_Wrap #5000 i 2 B0 119 2
{65 2 0E R AR ) i, S50V B0 3l 93.23% 5 1% H] e M
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&1 UBIRIS EEMliX &5 R

RS FRAE 1] 4 IER U HE DI

RAFAEIAL ARSIy 2 91.15% 8.85%
o AT E 80.94% 19.06%
Y14 1h) 93.97% 6.03%

FRAE AL RISy 22 93.23% 6.77%
e AL g 83.48% 16.52%
AR SCHE 4L 1) i 98.16% 1.84%
#z 2 CASIAEMRLER

U5 ik A ) it IER R R R

REFHEINEL RS (H 7 2 91.79% 8.21%
[SE 82.87% 17.13%
21 A 0] 95.22% 4.78%

FEAE JIAL AT S48 Ty 2 93.86% 6.14%
175 AT BE 84.57% 15.43%
A SCHR A ) 98.83% 1.17%

+F 15 R R A RRAE ) 3, R B 2 A 83.48% ; 4 IR M
P T 2 R0 OGO AT 1 i TR 2
1 98.16% ., 7&. CASIA UT RE AR i v A7 05 B 52 3 T
S T 4 i FDCT_Wrap 2 BRS04 28 408 B 19 34
{5 20 R AE 1 d2 50 fE 0 2 A 93.86% 5 1 1 2 431

7 RE B AR N R AR ) & PUME B A AN 84.57% ; ¥4 KA
BI{E Ty 22 A0 0 A B 2 AR b REAE e A RS0 R K
F 98.83%, Mty AT WL AE T iR 3 4 Al FDCT_Wrap 43 fif
Joi BB 1 2 O e 1 2 B 7 22 RE U b % AIE AT JBE
SO HE AR B A g 07 i e R I 1o i 4
PEATIR G, B T O A R T R A A
FRIEAL A

KT RAEA SRR AR PR R 25 SR TN
A AT SRR S TR LS SR UM ME B R A
e FLZB A B E PR Gabor /1N R Haar /1N, % 0T P45
PEAT A0, 38 AT R S PR AR, 3 51 R FH UBA BE B8 (hamming
distance, HD ) SVM , ZSUHR A FSVM it A7 DL BCHUM] o X 4
R % (false acceptance rate, FAR) | 7% 1 4 %6 (false
rejection rate, FRR) FIEB PO (correct recognition rate,
CRR)3 MERR AT, AR L& 3 K 4,

X3 R 4 7007 AT X TR T AR A R
D EFUR TR B EFCIR 5 3, A SCH H I B0H curvelet 722
A AR 0 P00 B 3 LA v v SRR R S DL R

* 3 AEFEH UBIRIS B %Atk &

20 5 FEAE SR IO 7 VETL J5 FE BRI i R AE 4 % IE A R R
1 Gabor /M HD 4.32% 3.49% 92.94%
Haar /N 4.71% 2.83% 92.14%
curvelet 48 2.82% 2.55% 94.28%
ik curvelet 75 4 2.47% 2.38% 95.16%
2 Gabor /NIt SVM 3.13% 1.91% 94.85%
Haar /N 4.47% 2.86% 92.72%
curvelet ZE 2.38% 2.04% 95.18%
Bk curvelet 75 1.92% 1.76% 96.37%
3 Gabor /N T X YRR FSVM 1.86% 1.17% 96.09%
Haar /N 2.89% 1.56% 94.53%
curvelet 748 1.26% 0.78% 97.95%
Bt curvelet 25 1.01% 0.62% 98.16%
F 4 AEFHEM CASIA EEsEtb &
2150 FEAE SR IO UNI RS U R F IR 4% TE A U R
1 Gabor /NI HD 4.28% 3.25% 93.13%
Haar /NJ% 4.66% 2.71% 92.63%
curvelet 2% 2.56% 2.38% 94.74%
it curvelet 28§ 2.13% 2.06% 95.81%
2 Gabor /N SVM 2.95% 1.74% 95.28%
Haar /NJ% 4.28% 2.65% 93.07%
curvelet 75 fft 2.26% 1.92% 95.61%
it curvelet 25 1.81% 1.63% 96.56%
3 Gabor /N X YSR B FSVM 1.78% 1.09% 96.25%
Haar /NI 2.71% 1.37% 94.68%
curvelet 75 fft 1.17% 0.61% 98.22%
U curvelet 75 0.91% 0.47% 98.83%
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%, VLBISR F T S 4 i FDCT_Wrap Al Z o 5
FSVM (3T BRSSOk M RE B4, Re A ald i
T MRS, | LA 0 v e A A () e

KT AN LS, R ROC &R,
ROC iy 26 % 2 3% A6 b b, 36 9 DC /350 90 44 A 47
XF UBIRIS FI CASIA AT B4 P2 | 73 51 5% I Farouk P8 i |
Rajbhoj ™8 #  Rahulkar® 5 % DL A< SCHE H 33 59 ROC iy
LATH P S B 6 Fim, WIS nlAn AR SCHE i B A
R FAR T FRR S/, 30 587 AR SCHR Hh 1 B8 3k 458 I f
SUFVRRAE B AT R A R

10%

9%t

—&— Farouk ¥ i%
—&— Rajbhoj .3k
—&— Rahulkar¥#{ik
—— KICHIL

0 1% 2% 3% 4% 5% 6% 7% 8% 9% 10%
FAR

[& 5 UBIRIS HT B8040 132 7R [ 539 (1 ROC. il &

10%
9%
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—&— Farouk ®{.j%
—0— Rajbhoj ik
—&— Rahulkar®.jk
—— KL

6%
&
o %
4%
3%
2%
1%
i 3 * by 1 SR
0 1% 2% 3% 4% 3% 6% 7% 8% %% 10%
FAR
P16 CASIA T JE B 5 AS TR 5332 1 ROC i £k
4 LERIE

AR SCHE ST S A A Wrapping BT 1 e
B L curvelet 72 4 Fl — S R BER SCHF 1] 12 4L A AT 1 A
IE 8 3505 3R 0 A R0 A e A R 0 A et L O
B I PR X % A M K 18 ) S Ik B A TE R G, A
JT S 0 70 A Wrapping B35 19 M0 2 8L curvelet 72
2 O BRREAE [ 8t A7 A0 R S T /NI AR R B A S A 4

fi 5 A9 B, 4 U SR FSVM B3k 3R A5 T R
AR
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