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Abstract: Iris authentication has high accuracy as compared with other biometric authentication methods.
However, since iris authentication requires high-quality images, it is necessary to approach at a close distance
and burden is given to the person. In order to reduce the burden, in the previous research, a method of
integrating iris authentication and periocular authentication was proposed, enabling long distance authenti-
cation. However, many previous studies are not conscious of features of each part such as the shape of the
inner corner and eyelids. Therefore, in this research, in order to positively utilize the individuality of each
area around the eyes, we proposed periocular authentication using divided images around the eyes. As a
result, compared with previous research, the authentication accuracy was improved, and the effectiveness of
the proposed method using region partitioning could be confirmed.
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Table 2 Combination of iris and periocular authentication.

U H o JE et UL R i o T=F+t b AT
Woodard [2] LBP Gabor MBGC HADITH
C. Tan [3] LBP, HOG, SIFT, LMF Log Gabor UBIRIS.v2, FEGC, CASIA v4-distance BEARDITHI
T. Tan[12] Dense-SIFT Ordinal measures, Color histogram UBIRIS.v2 FADITH
Raghavendra [13] LBP+SRC LBP+SRC HiE7—2% € b A ITH
Raja [14] BSIF+4SRC BSIF+4+SRC AfE7r—%+tv b EADITH
ashmed [15] TLBP Gabor MICHE I1 BHROTH
Mikaelyan [16] SAFE Gabor BioSec, MobBIO HEHROIFH
Ahuja [17] CNN CNN, SIFT MICHE II, VISOB BAOTH
Joshi [19] LBP Wavelets UBIRIS.v2, CASIA-Iris-Interval Direct LDA
Santos [18] LBP, SIFT wavelets UBIRIS.v2 Oy A7 4 v 7l
KAS [4] LBP, HOG, SIFT Gabor CASIA v4-distance AdaBoost

F 1 HORFEREGE TR & N7z
Table 1 Features used in previous research.
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Woodard [2] LBP

Tan [3] LBP, HOG, SIFT, LMF
Park [7] LBG, HOG, SIFT
Sambit [8] SIFT, SURF, PILP
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Wi, 1-D Gabor filter % i\ CH#= 2 M L7-. H
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SRR 47y, H ORLEEGE, MEREREZE N TR A
a7EHEH L, 2LTC, ENFRORAIT 2 EADITH
THE L., Do k)12, HORMEREGE L ML RNGE % L
HREDELMMEIZBNT, BRI & WS N2
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AR S LBP X SIFT Z4iffm & LTV, #heh
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WL7ZZAI 7L, EADTHICL > THREZIT-> T
5. DT, COEADITHICL2HEFEOFIELZRT.
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FANERDN 55%, H ORELRRREDFBIZED) 39-68% T
H o723, MAGHOREIGEOBBNEEL LK 78-83% 12
MLz ErHmEINTND
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Tan 5 [12] i, EAOMEEEZHERICI VDL L %

1ol FIHT 20ENS L kb L, AaT2META

ATHADEN ) BIREPE b, ZRIZED RV, A

ATHAPHEREE ), RN, MADR T 54 %551 %
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2.3.2 Boosting IC& 3#EEFE

231 HTHARZZEADITHOMEITH LT, KAS [4]
37 BTNV FERONENTETH S AdaBoost & W
AT ETRE L.
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AWFFETIE, HOBMD RIS TE 5 HHICIFFHE T L

WAL T S L E 2, HORBMH{GEEARD 5 |2
EME AT 27200 TR, 223K 1 0 X9 IH§
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X1 HOELOmHEESE

Fig. 1 Region partitioning of periocular image.

2 fEIUEIOREE (F 208 G4 5D

Fig. 2 Granularity of region partitioning.
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Fig. 5 Design of weak classifiers.
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Fig. 8 Explanation of partition of periocular image (left eye).
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Table 3 Three types of features used for periocular authenti-

cation.
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x4 SHEROMAYT LR, KETE
Table 4 Combination of divided images and number of fea-

tures, Integration method.

Fehg | EHT A H R % Wi I Aa7

i (4338 m {52) R | e Tk
1 A H (a) 4 EADITH
2 Ty H (a) 8 HADIFH
3 hH (a) 4 AdaBoost
4 i = (a) 8 AdaBoost
5 A H (a)+(b)+(c) 16 AdaBoost
6 = (a)+(b)+(c) 32 AdaBoost
7 A H (a)+(d) 16 AdaBoost
8 (L= (a)+(d) 32 AdaBoost
9 hH (a)+(b)+(c)+(d) 28 AdaBoost
10 []=} (a)+(b)+(c)+(d) 56 AdaBoost
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TIERT 544 ), FAR (False Acceptance Rate : fli \ %
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K5 HMEEITLD EER &bl

Table 5 EER and identification rate for each combination.

%5 | GSBGE | EER (%) WHE (%)
JE (ML) | A (R) | (L) | # (R)
1 4 228 | 229 | 919 | 90.2
2 8 1.60 94.6
3 4 228 | 201 | 892 | 889
4 8 1.41 93.9
5 16 137 | 145 | 938 | 927
6 32 0.86 96.6
7 16 155 | 152 | 929 | 9238
8 32 1.02 96.0
9 28 123 | 115 | 948 | 937
10 56 0.70 97.4

5. #&R
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HoH. FEBG6, 8, 101, MHSK 8 IZ/RT &9 7 45EH
GAEPSL, KoEmE» 5o N0 EIc+ 523
7 % AdaBoost # W TCTHlAGDLE-EETH L., FhE2
FEATIIRDOF L LT, 58 LT wilHE%2 515
SN EICHT A AT T 2 EAD T THAGHLE
EBTH L. 52, MELSEONS (a)-(d) OBiEET
RCHH L72%E% 10 25 EER 25 0.70%, #kBI=AY97.4% &
FT 110 DHATICBVTROEWIEE L o7z,

72, B9, B 10 [ZFFEBRFZIIL L7z ROC 71—
7, CMC #—7%/RL7.

ROC #—712BWVT, £5I1IRL7ZEBY) EER i
OAEIZFEERR 10 Z1Z L & LARETEICL 2RI RKD
BWZ EDERTE L. EB 10 o lifiE o allni b 5
FOIMELTBY, MmO A I 7T 2 BEY %
EEETVoZZBBICY, ERFELHEL THVERE A
LTWAZEDRgHhb.

CMC 71 =712 BWThH, EE 10 OilifEds> 4l B
MELTBY, REFECLIIVRARLOZAITHLIYE
VBIZ 72 % &) Biagplgs KT ETWAH T L &R LTz,
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Fig. 9 ROC curve.
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T5.

22T, UTo2 mICEALTHiTaedTo.

o HFAIZFOMERUIFI ] & 72 FEI & FF R o
o FkBIMTEE L 7 o 72 IR DB

6.1 SEFRBIZZOIERICFIR S h-EE CHME

AdaBoost Tldaiik L7z&BY, HFE X7 v FI2BWw»
THIAT Y T CHRNTE Lo T =y EHRNTEL LD
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Table 6 The weak classifier selected in Experiment 10.

Mgtz | H (L/R) I FriE
1 R (c-T) SIFT
2 L (b-£7) HOG
3 L (c-T) SIFT
4 L (c-F) SIFT
5 R (a) Iriscode(IT%2)
6 L (b-7£) SIFT
7 R (a) SIFT
8 L (d-7£TF) SIFT
9 R (d-7£T) HOG
10 L (d-Fi 1) SIFT
11 R (d-%F) LBP
12 R (d-5'F) SIFT
13 R (d-72. 1) LBP
14 R (d-7£T) SIFT
15 R (c-F) SIFT
0.06
0.05 —iﬂ4
0.04 %ﬂio
E 0.03
(11
0.02
0.01
0

i 2 3 4 5 6 7 B 9 10 11 12 13 14 15
55 [2sD{EEY
11 gRBIER O Mm% & Akt (EER)
Fig. 11 Number of weak classifiers and training error (EER).
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F6 L0, ArEONEMIER SN T2 HEIEAT 8
D (a)—(c) IZRL72& ) RIEVHEEBE 2oTHY, &
FONERL RIS T B FHIIE (d) O & 9 BBk E
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FEr 10 O EER 3 &R0 BAEINIZ S 575, BT
[ EER "KE T, BFENADPIIZONTED
WA EEDR o TWAEI ENGNA. ILED,
L VIEVHEEBOEBERIIKRE R0 2> TH
D, MR O ERDSF ORERE F ) RE E - T
WhEEZHNL, —)T (a) DAE AW THBED
i, A EAT - 7298 4135285 10 & b8 L € EER
DRI DREL o TWA T ENHERTE S, F7-, 5§
ARSI D & & D EER OEICEE L CTld, 24
I LERI0DIZHIH/NEWETH L. L5k
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Table 7 The weak classifier selected in Experiment 4.

sz | H (L/R) e
1 R SIFT
2 L Iriscode (HI%)
3 R HOG
4 R Iriscode (ML)
5 L SIFT
6 L SIFT
7 L LBP
8 L Iriscode (M%)
9 L Iriscode (MLF)
10 L HOG
11 R Iriscode (M%)
12 R HOG
13 L SIFT
14 R LBP
15 L Iriscode (MLF)

BRI A e L CTH M WHEIROEHR AL FIH T &
HBWOTHDLEEZLN, T II2B\WT b HEESE
AFHT 5L OFMEDHERTE 5.
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EER 28HMEICIRA L T B 2 EDFERTE 5. 2
X0, HEEGENC & o TR S N2 HIliG 2> 5 LBP,
HOG, SIFT 7% & OEFARH O W= 2 M+ %
CERAERTHLEEZOND.
o JEIF ANERE O IR

Al OFEMZEER T, AdaBoost |2 & 5 FE= O H#IR
T, EAPRL L EPFEAOREHE & FEIRT 5 2
EERMREL LT 5, FEB 4 TRINS N/-55:k0I 8 %
RTIRT. K7 LY, LHD SIFT 23R 5 &AL
6 TREIINTVWDL I ENGNL, ZDL EDEER D
fEIZOWTRTALE, K11 ®FEEi4 O EER IZBW
T, §9akilEr DAY 5, 6 il Th EER DO
BIFNTRBY, COBRUIHRITH D I EWGhbh.
AEH®SIFT HB#EDZa 7O A 75 LIZNEN 5
EERL 6 DTk ZF OB 2 Fldk L 72K A& 12 (R
. BT A 27T, HhSE A 37 O RBUEE O
GEELTBY, KADAIT EMAD AT T & FER
LTWwb., 2oz R4 &, ER S OF5ReHE, &K
AZELLSARANEHBIT S L) BBEE 2> TVE S
ENGr A —77, NBAL 6 DFREAIEE, NEAL 5 D5y
RS CREI ) Lo AN E E L SABA KBTS &9
GEMEE o TWA, TDXIHIZ, B0k TH
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Fig. 12 Scores of left eye’s SIFT and weak classifier.
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