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Abstract

This paper proposes an efficient method for verifying palmprint which is captured at the natural
interface without any physical restricion. The location and orientation of the region of interest
(ROD in palm images are varously appeared due to the translaion and rotation of hand.
Therefore, it is necessary to extract the ROI stably for palmprint recognition. This paper presents
a method that can extract the ROI, which is based on the reference points that are located at the
center of the crotch segments between index finger and middle finger and between ring finger and
little finger. It also proposes a palmprint recognition method using the histogram of local binary
patterns (LBP). Experiments for evaluating the performance of the proposed method were
performed on 1597 palmprint images acquired from 100 different persons. The experimental
results showed that ROl was correctly extracted at the rate of 995% and the equal error rate
(EER) and the decidability index d indicating the performance of palmprint verification were
0136 and 3539, respectively. These results demonstrate that the proposed method is robust to
the variations of the translation and rotation of hand.

« HiXAL - HBlo|
« 101 2010. 07. 31, AAL 1 2010. 08. 23, 7‘|le2|§>02 2010. 08. 27.
« AN AFH ST w5 AFHARENATE A7



28 R FE MR G 0CE2010. 10,
» Keyword : ZH2QIAPamprint Verffication),  2MMI%d(Region  of  Interes), = ORImHE(Local
Binary Patterns)
AE3A Radon WE-S o 83hd o] A¥4 54
| M= HEY 4 9lEd| Radon WEE 4F s F7] 94
. = (periodic image) S8 7FF3lRE ko] AXE AYE A
A horetrics) & Bl ) 7 Asl7] $18te] 4% Radon W3S 283l 3hao) ‘i‘o*
9 ﬂi;o s ;m A R b‘; ZHorentation) FRE ol&sh= WWES A 7 A
Bo 2 o PG :— o;q el AWl 98 A]‘:&Qo (point-based matching)& 8217 HZo| SNt A
s e e ° ofFo] AT ¢ 21 Aol A Astse dio] EA
T A SAese Afingeprint), Ay, €E g4
(face), “&(palmprint) 5ol Aot A&l g A7+ 2 BRI oA 9] 9AE 192 % e Fpin)
ARRE] Apeo) ol ABsha Al l8HI SleH o1y o hjpegs wxEkELL 7 WEn dHe B
:?ijz;j Z‘Jii:iz; Eyﬂ ];fj;*i ]T;ﬂxjj’ ARSROD F&o] Fsstel solt 94 ol a4
e iitﬂ]; e atene el gureg o VNS HESE S gk el olel@ ACKe A8l
T T sl JEE o ARl FUHSE oy puag guelne Bu1H Aok gl Adde A

Aot B3 Aol Hlste] gof flofAA] ol HAado] w1,
A8 JE7E QA O] o] FEAHR Wy Ad 5

A& 7ML

%719 ATEL 400dpi o] =
Z2 olgsiglon), FF-e Aot Ele] vl B
& Ak Q) wheel THPE S o188 A
Ak AN ol2F ol
200dpi °late] A=

011;}.[1]

Aol Al

o U

[o

%
ke
.

23
A

|

2 AT dFES URE
WS OFA ok FERIAE 9
M WA 58 949 9 oﬁi B #YSRAL region
of interest)oll ©igh FEo| HQ3Itt FEFE TACNA
T35 540 ZVS}E]FL PHde] ROIZHEH
545 FEate] vlugtoZa RE1as FaskA ok
2420l A" F FZHsubspace) 719H] —’w%‘i—
PCA, Principal Component  Analysis)[2],
(LDA, Linear Discriminant Analysis)[3]
o A&EAoL, o] e AT HY9Y

4oz ol8st7] whl

cooh 1@

&
Bt
=>
=]

N
v

il

ExS 2%

=

o o Az _12;
ro 1x
>

At

E o
o
2
rg
N
e

A YR g olgst 3 =
=8 + ok Kog & Zhang[4] 671 3k
Gabor HE #-83l] AgHe] gho] HAavt He
AT Ai(pixe)d] Wekoz AASAL Wu dble g4
of WIS AEI] Yste] 44k gHE ﬂ]‘ﬂo}‘}i U%
Jia €ll6l= H¥E Radon WS 83l o] ¥

ﬂ.!

Hol=g AT ] flaie £ AR gk Aofe] g
Fejell A ROIE P20 558 4 glojok dlat 34 ¢

913 ool AN A2 FAo] AT B ERAE
224 Aol gl AFHS WA H9HA RO 55
[e] A=}

o|Xfel d|AETIMO T
= AR WS Ak,
S R s AT I
FH(ABP, local
binary patterns)®ll thated “J%L_ 34do-+= ROI F=
WY LBPE o8¢t 1A el diste] 7|sgitt 4
Ao A3EAHE B3l AltE Wy Aes HE & 5
Aox 485 Pet)

Il. =5 O ZImfEH

LBP= Bl EFS 95l Ojga 98171 Alekst =gl
71& WHo g ElAz] REumo) 0]-1/]\_"/]' g4, AN

Sox o]&F1 QItH9, 10, 11]. HE 3 g2 Ze F43)
2ol PAY o193 E 2h Wou =8 3" TS 2 (1)

3} o] Yehie,
T:t(gc’g(w'"’gf’—l)
599 A2l A

4 @] 28] o)1
ehie B2
=3

ol it m[o of

o



T=t(s(go—9.):5(g,—9.)sws(gr_1—9.)) = ©

LBPE 4 (2] oAi3jdle] 745AE Yol Gow 3
SJET) 4 Qe P F4 e g K2 o)L

HAE FoIM T HHeR F2F sae) H4E etk
P-1

LBP;, = Es(gn—g(ﬁn ..................................... 3
n=0

O 18 3x3UESlA 88 o] R3] tidh o]x

Hde] s Zﬂ/‘lﬂ AR, 5 o|X3kaE w AN

o2 £XE Roshd QHIES] 1BPE 9< 4 itk
180215120 1 1 0
1501165 | 89 1] 0
LBP:
2521130(192 1 0 1 001101012

T2 1. 3x3R=0IM LBPS| of
Fig 1. An example of LBP in 3x3 window

4 = [BPE W33 o
o gt ~ETWL 2] ()9} 7o) T 4 %lt}. n<
LBPdl| 23t gele] 71x] =5 vehlH, {A)E =84 A%}
Fold 1, ARlold 0 wigksle 42 Uitk

)

HH-(spot),  H(flat
B¥E Jehieg, 94

= 3¢l FASE 2% ¥ 7 g0l i LBP S| AETH
S 7ol o 9] AU 54L Ve A 4
@l AAE G WAl gt LBP S| ETds F9E
LBP s|~ETfios Fasid taat o] Ve 5 AlH.
o o5 vehdith
H =Y Rf(z.y) =i} {(z.y) ER}, oo 5
T,y
i=0,.,n—1,j=0,...,m—1
., Z-Zol4l gk

2 E
R =
o % EM~ ROIE #29 Ok k59 welde A
e Adee dEsolsz G4 HEY 7

HR19} o] F<1 Wl gt o7} A7) Wiz gLl
ROI F%¢] TS Z8A frh Kumar €12l ERIE
(moment)& ©]8-5t] 7] BRIE w1, ©|2%H ROI
o 9xek WS F48t4th Shang & Lil13l= FA9
AR FAREY 5 F4HE ddshe 4E, Zhang
(71 HAS} FA, 2% oA Afole] & 7}%]3 %t
Aol Aushs AE 7|02 ROIE FE319th &
A Zhang Q[7]9] ololtiels Zito® 7|E °4¥[14]—§—
wesle] ROIZ 23199t 18 28 ROIE 53k 3
A& TAgks Aol

]
- =
=5 | L
- 22 23180!
e =N =
E E
ROIZ &
a7 [ ro | | a=a
BAE L= | =

0212 RO =E o™
Fig 2. Overview of ROl extraction

= 19
r°"
_E,

o
>
i?i
0_9.
s

7}%1 7 f‘lxﬂdﬂr it A% *ﬂi‘_—° e &Y

R
L
ogt
L%
L
Yo
&
—n
b
N




30 R FE MR G 0CE2010. 10,

& 7Fgo] TAxdel A off F o] & o] 73t F
AR PeE B Ole RS @ WoR dhe EHlE Ul
RS AT 7, e AR A 2
A} OfA] Aele] = Thite] FRte] A ko] ARyt A
7HEE A VIEHCE AR, o] 7 VIEde 9dsks
Azt BPE ol Fe RS & WoR s AR IS
ROIZ A3ty 3), ROIS] Wl gado] o]F= 2

J213 RO AE
Fig 3. Detection of ROI

32 5% 55 2 M
E

o,
o
N
N{> I
_,d
e S
%
g
2
>,
o
%
i

o tf }04 LBPE A4kl Ae]A]
ALEe g Tk e AME
Fig LBP—% FE3ACE B AFoMe TR MRS BT
1=
2] 3>°ﬂ*1 ol £3lae] NP7} 4ol F 1671419 o
Blo] ZAaA]ut, P7} 8ol & 2719 siEo] EAjsin,
P7h 160] 5w dj|e] AsE 278 323 sohl |
ot gl A7 Sofubd 1BP dAE3e] H(bin)Ql
AE7E Bolut AR F7to] ool mldle] 718 Bk oh
2t A DAlA Bl Aol sojuAl "t oHg #AIE
sty ffsted £ drdMe 7Y H€(uniform pattens)
olglx E#je LBPY, 1012 Z&3lo] sele] /A4E &4
o}aawq P} 8Hh & A9 d&E &) o)28adz 1
< Fo] LBP dHES QAL
:+ol glglo|gk LBPY] o]A2EZ0] QoA 12 T2 194
002 Hgtse 347} 2 o3l ﬁHJ% i o A e
Ef F3HoR Erh o o] (0000000, 00011111,
1001 2% 7 sl 43 }nq, 001110018} 10100101
T Rl &3] gtk g2 Gt tig Gjala 2l[9]
o A9AF P8, R-13%} P-I6, ﬁLzog_ o 7 e

s
gl

7zt oF 0%} 10%E AR A o® Ukt 5, o4
314 982 HEEL 1 Fol viste] ¥1=r} vl vl ve}
Hug B Afrs “_1“” o &34 Ge dEES =
T g 719 #olES ddslie] LBP 3|~E1#S AJAsIth

E4 AH3Kfeature matching)S LBP 3|2EIPCZ 7]
sHo] FEE RIS T 5 ME Y o ERYH &
Sk LBP 3|2E1d) o} vlaskes g0 R F 3AEaRE
e A E4L 2 (Dol AAE FrolAlE BAI01E o4&
3R, & 2FH ol EF7)(nearestneighbor classifier)

2 Agsle] JRANL S

(8, ,— M)

2 — B L
X (S’M)*LZ; S TIL, @
V. AlE Ho U 2y
E)4 Aloko] gle Az QEH A5 T3 F5H
CASIA AE doJgHlo]2[16]014 100¢102RE =3t

=S 15977H_<;] AL ALS ];H/\l-gj PR ‘?3301’99\‘:}
CASIA Z=2 dloJefHo]ae 19] B 983} Q88 478
7} Wel= o] ek 2% 4= CASIA w98 < o4
2 e3 5490) FEIFOR, e g o] Q8o
31 3pelel gl ] gl olsh @01 $E 95 Gl
2|3 Aloke 7k BEo= 19|
2ok 9] ARG W] 2% O2A dEE @ 4 A0

T2 4. CASIA ZA9| of
Fig 4. Samples of CAISA images

1ROl & M5
xhﬂ 1597709 FEds uldes Ays A9 s
A£Jgk 158971 P-Er% °ﬂ fﬂokﬂ kg o8 ROIZ 3
Z3l, 99544 RO 5% S UERISSE 2" 5
Aeke WE olgdte] 17 49 7Jr FAoRHEH F&
ROl =4 ArS 7401@. 13 59 UeRd npe} o]

11‘

_IE
*#

2 o 7]



5 o|WojE I 2EIWE o] &3 FE4 31
QbE WHE £ 9X] o]Folut 3 HEo| —rﬂrﬁ} s _
L _ N e
31,_95_.‘—_' ROI‘%‘ _7"_%-5-]__]—_,. glo o E]_ _/'\_ )\)\E]- 1% ZQ d = ﬁ .............................................. (8)
(01+02)/2
ROL ¥9o] &k Yo JEE A<l ROL 524
A3 ool AL HE8 u) ALgAlolA A A LBP= T4 3kaolA BEAFo] /31 95 Aol e ol%

oke 71ekA] A &71ehs a1 nieto] FH|E A=e 4
ol HEE gFgch dey ogjst 8 Alte] 943 +
#ﬂzl %47) wj ol o] 2ol AA Hoid FRAgL
ROI &%l A9t

J2l 6. 2= Blofct RO g4t
Fig 6. Incorrectly extracted ROl images

£ AFexe gl oz 2dEs S5 Htd F
YQFS(EER, Equal Emror Rate)® ARAG 8 A&
319tk EERS 29048(FAR, False Acceptance Rate)
7} 9 A¥-&(False Rejection Rate)o] Y& we] 2414
EZ o] 9545 4 Aee] 9T UeRdth 237
g de Daugman[l7]o] 5 <14 d5s 34st7] A%
FHoF Aok AoF, xet el gk R de] A
A ZANA T e 37t Aot & FElEo] VERE
A& Bzt ARAS 7 2555 F Ade] F 2l¥
S veidtE 2RAF dE 2 Q)T 2ol 74]* =
= 7 AP His e, a? o 7 A9 #2529
A5 HERITE

SaE FA 5 HeE FE% PﬂH ﬁ}i AR,
LBP 3|~E1e #38H o] Yehte LBPES] A4
5408 S 7IEdtt o5 SeEE 3o Wsle we
A2 A4S SA] Slsld 028s upos A¥S
T3 stk 2 Alge] A WA g5 Q4 100 4 )
olH & AMEetR, UHA] 6997 Bds AF dtlolEE ARE
stk a8 73 O3 8& ROIS 4x49) 8x82 #asly
7} 49o2HE LBP S|2E1RS AP3INS W, A
tate] F4lskas) olgsiazte] Ag, & WAE RS W3}
AA7IEAM EER% @8 Z74¢ Arolch 49S Q= s'-
3t A9}t 44z BS 9ol nlste] EERY ' BT
3 35S Bk 38T F9S B3 A 4y HH
EERo| #&7} 5913, R-S?—_l ) g7t Haz JeRch 1
2t 2 Aole Itk 37 Gkt ol FAlskdA 4
ol Wolxl o]2-8aE LBPE ¥ W FEFde 54
o] & 7IEES gt RS 5 & ¢ AFS AT A
El & QIS XA gov), 49 B v vE
TE 999 Jige soluar old vigste] mre I
@%La gk AzAzte] Eofdtt.

0.25

@4x4
W 8x8

0.2

2 4 8
Fdlstaet ol 23zt 72| (R)

2 7. HIXIE Ao| EERY| OfAl= 53t
Fig 7. Effect of radius A on EER

ZEAF d

2 4 8
ZAlstaeto|23t22t 2| (R)

I3 8 XIS A0l o o DIXlE ot
Fig 8. Effect of radius Aon ¢



32 R FE MR G 0CE2010. 10,

i

g RIS 8x8 WHAE 42 1A3US v, LBP
&3] 3 olx3kre] g PE 4, 6, 8 1602 Halr
A 7haA R4 e Zﬂé}%}. 9 9ol AAE
3 Az el o] LBP 71&S 98l 879 o] &g A}
8 A7t H1o %S eIt o] 28kie] A4 P}
27V olel| Hlgste] 54 &3 TS A3t AjAlTte]
25 371514 =

2

mZ

0.17 34

0.154
I ots

ol Rzt 74 (P)

0.165

0.16

@« 0.155

EER (%)

0.15

0.145

0.14

J2l 9 ol IVt EERTY o of] DRl= St
Fig 9. Effect of the number of neighbor pixels on EER
and o’

43 7|1 Aot M v|m

P& ATEE iy ol fE o) 52 Fal 224
ASkE 71 Ao 5 AR s
2 AL 917] wEel, 7
o) Ane} A7 Wmske AL Refnl sk B Aol

TLY Y HoHE o8] e

=< Hlusty] 8] A
J8EE YHES FEsItE FEE V1€ YHES Garbor
ZEZ o83 CompCode(Competative Code)[4], 4Hgke]

A8 FEE o83 POC(Palmprint Orientation Code)[D],
4% Radon W8S ©}83F RLOC(Robust Line Orientation
Code)l6] °ltt. o]&2 BF &goly 89| W3ks 542
2 k= WHER F Z37 7Nk PCAY LDA wle] Hls}
o 5ol 3 AoZ UTA glo] WixupHel] A5 Q14
3 gl
71 7<) AR HH
7] Y3t} Yewt QELE AAE
ok 2 AR A WA 85 9 200008 £9 tﬂOlEﬁ A}
gata, VA 139770 e F2E
1& o

N

EE
=2
v =
o
5
o2
o
rO
1>
oX,

H 12 ool gk A% A5 A Aotk 712 HJ%‘%@]
HE e 4 die o4 mkek 2] CompCodest
RLOC *¥4jo] POC 4ol migte] 8 5& Hehid

U, e = SR |8 €91 ARG 9 5

, n xﬂ o A
R=4, ol%ﬁ}i«] M P8
ANZ, 71& A7l Blste o

%% Y 28S 3Q TAF

2 AAsiie we) 54

oS dehiRlck oleig Anke Ak 54 /1% 3
o AR 5 PN WAsHE 2] A} el o
& wdol] Zelge elmlgtt

1. Z2l| M5 b0

Table 1. Comparison of palmprint verification accuracy

EER (%) a’
TE [eEe ek [ @7 o=t we [ mR
CompCode 0248 | 02% 0252 2838 3128 2998
POC 0841 | 092 | 087 1.391 1.572 1482

RLOC 0288 | 0246 | 027 | 3040 | 3.151 30%6
HMokEl 2 | 0150 | 012 | 0136 | 338 | 36% | 3539

=@

AE Aol AHEE 54o) BHsb AR o] v
Ak vl ek o948

) e el vt
50l 1wl ¥
Aed, oIz ol ool g, g
23 Y58 PE S B9 © F IS
3141 370 230 9 32, F 29 XYREAA) 3
A o] YeiAR, (b9} (@) IRE ele ols) H
33 FIeI49) 370 o] Pl erdch Aok e
739 <1 87 Wl 4908 54 BYlo) 349 B
o XZ3 Yo oJg 58 Aal Hokke el

v H

erE
fr o oz < o
_0|L

iﬁwlo

rx om

—“é

o

©

210 3N BEE FE Aol of
Fig 10. Examples of rotated images



Aok gl AA2AE AEjsol oA Eo) 917
o i3 Wao] Wasm, old WYL I8
el RO %% 2 54 /1% o] Basjd, & a7

o ol
o ¥@ o>
8 N
o o
M N
Lo AN
A °©
oX,
tlo o
g

B
fd

=3
(o3
e
ofr mlm
TEd
OE' 01:
£ 5%
O
o by I
& o b
R Y
oo

o wx oo

o, o
i
o

o N
Y
o
L‘E"j +
i
252
z [0
g
b
ol o
o
i
N
"
Lo
ol
o3
11}(e3

1>
2
[
hul
h)ll
5
jsie
o
4
4
5
inj

HAe| =
B 3= Chinese Academy of Sciences’ Institute
of Automation(CASIA)IA F3st AEFS dolEH|o]
25 O] 83HSS YoM, A+ HHo=E dolHE ATl

< Tieniu Tan X5 ZAI=—)

(1] Als+t, o139, “Hu B4 EHES o83 EU &
NF AT =EA, A 24 A 25, 31-3%,
200511 3€.

[2]1 G Lu, D. Zhang, K Wang, “Palmprint Recognition
Using FEignepalms Features,” Pattern Recognition
Letters, Vol. 24, pp.1463-1467, 2003.

[31 X. Wy, D. Zhang, K Wang, “Fisherpalms Based
Palmprint ~ Recognition,”  Pattern
Letters, Vol. 24, pp. 2829-2838, 2003.

[4] AWK Kong, D. Zhang, “Competitive Coding
Scheme for Palmprint Verification,” Proc. of the
17th ICPR, Vol. 1, pp. 520-523, 2004.

(6] X Wiy, K Wang, D Zwng, “Panpint Authentification
Based on Orientation Code Matching,” AVBPA
2005, LNCS 3546, pp. 565-562, 2006.

Recognition

[6] W.  Jiaz D-S. Huang D,  Zhang, “Palnprint
Verification Based on Robust Line Orentation Code,”
Pattern Recognition, Vol. 41, pp. 1504~ 1513, 2008

[71 D. Zhang, W.-K. Kong, J. You, M. Wong, “Online
Palmprint  Identification,” IEEE  Trans. on
PAMI, Vol. 25, No. 9, pp. 1041-1050, 2003.

[8]1 T Oala, M Pietikainen, D. Harwood, “A Comparative
Study of Texture Measures with Classification
Based on  Feature  Distributions,”
Recognition, Vol. 29, No. 1, pp. 51-59, 1996.

91 T Oaa M Petikanen T Meenpaa, “Muiltiresolution
Gray-Scale and  Rotation Texture
Classification with Local Binary Patterns,” IEEE
Trans. on PAMI, Vol. 24, No. 7, pp. 971-987, 2002.

[10] T. Ahonen, A. Hadid M Pletikainen,
Recognition with Local Bianry Patterns,” ECCV
2004, LNCS 3021, pp. 469-481, 2004.

[11]1 V. Takala, T.Ahonen, M. Pietikainen, “Block-
Based Methods for Image Retrieval Using Local

SCIA 2005, LNCS 330, pp.

Pattern

Invariant

“Face

Binary Patterns,”
882-891, 2005.

(121 A. Kumar, DC. Wong, HC. Shen, AK Jain,
“Personal ~ Verification using  Palmprint  and
Hand Geometry Biometric,” Proc. of the 4th
International Conference on Audio- and Video-
based  Biometric Authentification,  pp.
668-678, 2003.

[13] P. Shang, T. Li, “Multifractal characteristics of
palmprint and its extracted algorithm,” Applied
Mathematical Modeling, Vol. 33 pp. 4378~ 4387,
2009.

Person

[14] 297, “FEANE AT ASH BYYS T2 9y,
A=Y FATYIEN R, A 87, A

13, 336-338%;, 2010 5€.

[15] N. Otsy, “A Threshold Selection Method from
Gray Level Histograms,” IEEE Trans. on SMC,
Vol. 9, pp. 62-66, 1979.

[16] CASIA-PalmprintV1, available at
httpy//wawichsr.ia. ac.cry’PalmDatabase.htm,

[17] J. Daugman, “The importance of beging random:
statistical  principals of iris
36, pp. 279-291, 2003.

recognition.”  Vol.



T R e S as(2010. 10.)

1998 ~ 1999 KRIC X197
1999 ~ 2000 : KERIS o379
Sl
2000 ~ @A) 7S AT S
W AFEHEEL
A7s A7
ARk A9, HCL, et

P



