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A Finger-Knuckle-Print Recognition Algorithm Robust against Deformation of

Finger-Knuckle-Print Images

Shoichiro AOYAMAT®) | Koichi ITO?, and Takafumi AOKI

HoEL FHEEIL, BO%
FEUREZ: ¥ AT ANDIGH PR E NS,

FBOMFHOZZ LV ELLIBE LR VT AEZEEL TV AWVEENIILALTH .

2 BEiO I DN Y — 2 TH D,
INFTICSF S LIRMEBGEERE T VT XA RE SN TV B,

FR2PHU72IKEE (%o 72 Ik0E) CTOR2

DX BRI L

THHNA MIRFEEAT) 72012, KFL T, MAHREMEIY (Phase-Only Correlation: POC) 12450 < 4§
BIFIAEREE T L ) R LB RET B, SRET VT XL TIE, POC 1ZHED i B & a5 bl AT AR IR 52 4H
B4 (Band-Limited POC: BLPOC) (23D RATHigE 70y 7 < v F v 7L R flA bbb 2 & T, R

RO RIB K IR AR A HIEL, BELZIT) T LAMETH 5.
FKP Database % JH\ 7z MERERHMIIERR 3 L C, LTIV T X LADFERTR

T, @MOEREA LTS I L %Y 5.
F-7— K fRPHETEEEE,

1. £Z2» 2

Bt acild, 7GR AREERZED LD
7Yy B\ TR AN - FIAE 1 o & Il R EEAR
ARODENTWE, ZOX) e LT, MAD
SRR - ATE AR e W CREREZ AT ) S A 4 A b
) 7 ARBFED DB B [1]. NA A A MY 7 RFBFEE, /8
AT —=RDOX)IFLET A LEI %L, #PID /7 —
FOLHIWIHFEETAILER W ENLER—ZED
TWa. fBAFICHW SN2 ARSI, $880, B,

W, PR, SR S B L. INHORT, HIZA

DTUE, $BHL[2], FAL[3])~[5], EH (6], TaRAEN%
(Finger-Knuckle-Print: FKP) [7]~[17], 5 W32
NHOMAE DY [18],[19] 2 &, £ OIFMHTTAEL
TWwWh. ZOPT, KL T, HLWEREKTH
LIREETRICAEH T 5.
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INAF AN 7 A, NHBREMEEE, JRPT

INBATE BRI (S 7 — & N — X PolyU
RENTVELTIILITY XL LKL

EgE7ay s~y Fr s

WM T 7 ATy R EORHERLTVDL I Lpb,
BIED B NENGEFES TR TH L L EZ LN TV D
T/, R EREIERL ) FOIMIORHTH L Z
b, FEMUIRE (2 %igo 72IRE) THH
BICHRPBTE 5. FIRIE, F7I2h 2T 2%E
L, F7LN—%E5 & FIFICEGA IS L, Bikx
119 &9 BRBEEY AT ANOISHATEETH L. £~
WLz, BRI A TS BB T
W, THEMEOENT AT AL L THIFSNS.
F1LIWERTEIHIZ, hETie, 838F% ﬁ%
FIRGRRRET VT AL RE SN TV 5. TaBIHS
AV 7248 A GERELE, Woodard 5 12 & V)*ﬂb’(ﬁ%é
N7z [7]. Woodard & 1%, 3 RICAF ¥ F % AT
D3RI MBI CRRFET VT XL RE
L7z, L2L, 3BRLAFYFOH A ARES, 2
2K, L@ﬁﬁﬂ5®ﬁﬁ#% FEHBTIE % 2o
7. WAL, 3 Y%7 b EREMEO VR
vxTA#%- BBCTHDHIEnD, 2 RILOIERH
%ﬁﬁﬁ%ﬁwtiﬁﬁmk RSN TV S, Fer-
rer HiF, BEHOFFHEMLL, Ehivrva7ET NV
(Hidden Markov Model: HMM) 4% K — b X7 ¥
~ <~ (Support Vector Machine: SVM) THLEE
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Table 1 Summary of conventional FKP recognition algorithms.

Author Trait Feature Similarity
Woodard et al. [7] 3D knuckle surface curvature NCC
Ferrer et al. [8] FKP ridge HMM or SVM
Kumar et al. [11] FKP localized Radon transform distance
Kumar et al. [12] FKP texture PCA, ICA and LDA
Xiong et al. [14] FKP local Gabor binary patterns distance
Morales et al. [15] FKP Gabor filter and SIFT distance
Zhang et al. [9] FKP competitive code distance
Zhang et al. [10] FKP BLPOC correlation
Zhang et al. [13] FKP improved corr.lpetitive code distance
and magnitude code
Zhang et al. [16] FKP competitive code and BLPOC distance
Zhang et al. [17] FKP phase congruency and BLPOC distance
Michael et al. [18] palmprint and FKP directional code distance

finger geometry, palmprint

Zhu et al. [19] and FKP

gradient correlation

DFHZATH 7N T) AL ERFE L7 [8]. Kumar &
X, BT T K28 % v 72 KnuckleCode & I
ENDHEFICES ST VT Y R LR, FRSHH
(Principal Component Analysis: PCA), 3755
5347 (Independent Component Analysis: ICA), ##
JEHB 54T (Linear Discriminant Analysis: LDA) 12
HEOLCTNT) XL FREL72(11],[12]. Xiong b
&, Gabor 7 =—7 L v b EEHFEEICBWTHRIEDS
TR & LT % Local Binary Patterns (LBP) % #i
H4Erb 7z Local Gabor Binary Patterns (LGBP)
IZHEEDL TV TY R FREL TV A [14)].
513, FRBIEIBIIIE DM I Gabor 7 4 V% & W,
L OFHM I SIFT (230 S Wi~ v I~ 7 %
M3 % Orientation Enhanced SIFT (OE-SIFT) #
JeF L 72 [15]. Zhang 51X, Gabor 7 1 V¥ & ]\
THBIL %475 Competitive Code =77 8 ] FR A7 AH
IR AR (Band-Limited Phase-Only Correlation:
BLPOC) 12355 ¢ 7)vT1) X 4, Tmproved Compet-
itive Code & Magnitude Code DA G HHIZIED
7T XL, Competitive Code & BLPOC Dl
HEHEICHE DL 7T XL, Phase Congruency
£ BLPOC IZHDO L 7V TY AL EEREL TV
% [9], [10], [13],[16],[17]). FEIZ, Michael 5 3EAHL L
TREAFI DA G D, Zhu SIEER, FBOBIK, 4
R DA A G DRI vV F | — FIVEIET v
TYRALRREL TV [18],[19]. LAL, ThbHo
T T AL TIE, FRBEEROmE OB L 2%
J& Lf\zx&b\f:&f), OB ZIZL o THEL ZIFRE L
OFAHICEY, HRMETLTLE ) MEND 5.
\_ODFEJE'EL i‘f LT, KT, A0AHRR 2B

Morales

(Phase-Only Correlation: POC) (23 < J& A i (%
Ty sy F v &G RBEERGEERE T )V T X
LEfRET 5. POC I, Mifgz 2 Kook 7 — v 24
g 5 2 L THRL N AR AV clig~ v 7~
JFFETH 5 [20], [21]). BRI R L
tPOCT%éBH@CBﬂi SF SF LA

(20 L T2 OB RESHERR ST 5 [10], 23], [24].
POC 230K S DXL F A MY 7 ZAFIAET VT
A LT, BgEERr 555 0 AR E Vv 572
0, 3Fn‘~%3f5& OFARIZTNA D GRFEREZRAT ) 2 & D3

HTHDH, TN L, BETIVTY XL T, POC
(- 2O R G U TIPS Lol AR Ry N 1 R VAT R SR o

BLPOC [ZED /TG 7a vy 7 < v F ¥ 7 & filAs
HhEHI LT, REERIEIZIZA S NAHLIITH L
TOHUNA MGRBREERAT) T EWHHETH 5. PolyU
FKP Database [25] % 7z VEfEaFl 9288 % i L C,
CNFTTIRE SN T BIEERELILET VT X 2
BT, RETINTY X LHE IR A L
TWhZ R EIHT S,

2. {IHERREERSE

KETE, RETNVT) ZLOIRE L LG~
F 2 T FETH B AR EMBE OB DWW TR
S, T, MAHBREMBEE (POC B nEFE~
B, ZD, AGRICTRET 2 IRAHIRGIEE 7 VT
) ALTWIHEE B POC OFEREALTHEIZ DWW TR
FT 5 [20]~]22].

2.1 MAEREEREREHOES

Ny x Np W3 D 20O WE % f(ni,ne) k1
g(ni,ne) 45, 22T, ERLOMEE L, ny =
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My, My B mg = —Ma, - Mo 5. 7
720, My RO Mo ZIEDQ#ETHY, Ny =2M; +1
KO No=2My+1Th5b.

(% f(n1,n2) K g(n1,n2) @ 2 KICHER 7 — 1) =
25 (2D DFT) % 2124 F(ky, k) B0 G(k1, k2)
Y55, COEE, F(ky, k) £ Gk, ka) OFESALH
H/ST =27 MV Rpg(ky, ko) 13K TEHR SN S.

F(ky, k)G (k1 ka)
F(ky, k)G k1, ka)

Rra(k1,k2) = (1)

22T, Gk, ko) & G(kr, ko) DEHERELTH 2.
POC B rsg(n1,n2) 13, Rra(ki, k) D 2 KICHE
B 7 — ) T2 (2D IDFT) & LCRD L) ICES
SNb.

ng(nlynz)

- N1N2 klsz Rra(ky, k2)Wy klnlW kznz (2)
— Zkl ko B Zkl— My ZkQ — Mo %E‘D}Rj_é'
HOLL 7z 2 OB O POC BEUgivE— 2 2R
T. =, Beb 2MomEH TR, 2<CE—-7 8
Nz, POC B D ¥ — 7 ORI (% F O VAT #
HEEEL, &SEWEGEHOBEMUEOREE 2 5.

2.2 (AERREARRSE AV -SHERGY v F

PARBR ARSI 360 (iR~ v > 7 TlE, POC
Mgz 20 EMb0TIEA L, LHk[21] Tl
LNTWV D &) @k AL T EPRHE 2. DFT
1, ENSOEBEATED Y B, FRloNA 2 MY

ARIECHMTH Y, RET N T) AL TUHEE R

()&7&7«»»«»@$ﬁ&agmm,@)ﬂ
T Y7 RV ISR, (1) 5 S B BE A B
2 X 2 FMESEO =0 DTz o CHRE T 2.
(i) ¥ TET IV LANILOFTREENHTE

7 HH B 2 A B 7 & T CR i B\ FAT R B & & 3
ETAH2OIZIE, (1) BT — % TR 572 POC B
BANOHBEYE -2 EF VO T4y 574 v 27, (2) W%
Ui C DAS 5 DA 2 FRIE S % 720 O B D
H, 3) ATy 7/ 4 A0 BxWi§ 57
DAY MVEAMFTPEEL 25 [20]. :ﬂ%@
EAEEALTEEZ V5 2 LT, 100 x 100 BiFEOBA
12 RMS (Root Mean Square) 7743 0.01 WTTT
TRHEZHEET LI ENTHETH 5.
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(ii) ¥ 7E7 s aiEsk
(nfﬁ&tﬁﬁ@ﬁiﬁﬁiﬁéﬁﬁﬁéﬁﬁf
Oy 7Oy F U 7ZI2@HL, MEYT Iy FIC
LHMBEELMAGDLEL I LIZLD, ~o®ﬁ{§;
DG EY TE 7 L VEETHRIET 522 L2°TSE
% [26], [27). REEEFMFERRIC LY, 32 x 32 WiFOH
B7uy 7wzl %12, 0.05 B3O C %
DOFHCAHT 24T T LD HEETH B T L AR L T
5. KPHEOFEMIOWTI, CHk[26],[27] #3%12
BN,
(iii) HIRAIRRAIABRREARRS A & 2 FEUE T
BV E R OB 2 L oo, HifE
ORI R [ L &5 72012, BLPOC BEA RS
SN T3 [22]. BLPOC B%E, Rrg(ki,k2) ® 2D
IDFT O A XA E EifR T 7 A F ¥ OAR ]
R hZETHEE -7 DI VF—%fhss, H
Go#ENEREE I L€ 5. BLPOC B%i%, XX T
EHIND.

K1 K
rfgl 2(nl, n2)

L1L Z Rra(li,l2)W

l1,l2

o7, le Iy % 211771{1 Zlg —Ks EERT 5.
i:tf_, Ki RO Ky (0 < Ky < M,0 < Ko < Mo)
1% 2D IDFT OF#HREH#L, L = 2K +1 KO
Ly =2K>+1TH%. BLPOC BI%E, MHIEE 72

l1n1W ZQ’VLQ (3)

BORENTRETHY, WA+ A M) 7 ABFEICBT
LHEART 7 AT ¥ DBEICEMNTH 5.
3. (EBREARE ICE D < IERAEAEREL
TILT) X Ly
AHITIE, FAHREMBEE 2D < RB TG A
TUT) ALV TIRARS . BARIZIE, (A) &
S BRAL A BR 2 MBS (BLPOC) 205 7L T

;CA[lO] (B) sHInTIERIZIED K 7T ) X 4 [28],
(C) REWSCTRET 2 IBBEMGEIE T V T X L DFE
i holﬂfuir_f\é. %k, TIVITY AL (A) KD (B)
i, BT TIIRESNTWS POC #7184
WEREET VT AL TH 5.
3.1 HIEFIRRAIAERREARRSE & AV -+ B ER AR
FE7 LT X 4[10]
SCHR [10] T, BLPOC % HwC, B {ga
ROLE A b L HEPEOFMAIT) 7V T XL %
RELTD
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g'(n,ny)
(b)

g"(m,m,)
(d)

max = 0.431

®
1 BLPOC % M\ 7-fBEIRGEEREDH] | (a) BEAHIE,
(b) AHWE ((a), (b) (2B THTHIb I 51k
HIEFHILTH 5), (c) BEEGOLBHEIR, (d)
AN WG OB, (e) (a) & (b) ORISR
72 BLPOC BI%L, (f) (¢) & (d) 2SRt s
BLPOC M#
Fig.1 Example of FKP recognition using BLPOC:
(a) registered image, (b) input image, where
boxes on (a) and (b) indicate common regions

0
N -50  -100

of each image, (¢) common region of the reg-
istered image, (d) common region of the input
image, (e) BLPOC function between FKP im-
ages (a) and (b), and (f) BLPOC function be-
tween common regions (c) and (d).

9, BHEMEGE ANEGO RO BLPOC Mz
FEL, EGREOTATREELEETS. 2L, i
ESNTATREIR D O, BEREIE L AT RO I
ko L. Pz, |1 (a), (b) 23 EEEG LD
ANEGEOFEIET, X 1(c), (d) 3% O I@5HEE T
H5H. L, FEGEILBEIROEED AL Wil
tharea VA - THAUIILBHFIRDN S, tharea KT THN
R %20 & B BLPOC BB % EHE L, 20—
IR BEAITET A, K 1(e), (f) IRT LI,
HEEIE O A5 5 BLPOC B x e T4 LT, M
ME—ZICZAVF -2 ERT L5 EDUETH 5.

COTNITY) AL TIE, FEAEREIGEOZLEE T
TBHTRIND KB LEERLE L TwD., 20720,
OB XL D AEL B FATRE DI O KIS 225
VISR GEIIC LD, AR TLCLE
I [EED D B .

3.2 CAEREAV/-IERESMERE 7T X

1 [28]
TRk [28] T, POC 12350 b s % T,

B2 G E IR 7R EIAGERE DB (a) BER
G & 3EE T, (b) AW E XIS, (c) 1 AJEXT
OEFEGE T Y 7 HEMT S L BLPOC %,
(d) ¥ BLPOC %

Fig.2 Example of FKP recognition using phase-

based correspondence matching: (a) refer-
ence points on the registered image, (b) cor-
responding points on the input image, (c)
BLPOC function between a local image block
pair, and (d) average BLPOC function.

EZE ORI AL E A& b &I, NAF AR 2
ABIEOMREZ N L 8L TN T AL ERREL, &
BEEFEIC B W THEMEZ MR L TV 5.

F9, [ 2 (a) IR &9 ICEERES FI1Z 90 oKk
WEHAEE L, 2.2 CHlNZnEERE VDL 2 &
T, ANEG EOWIEEERDL (K 2(b). 22T,
Fee i, FRBE O/ LA EGOZFNEIUT 45 5
FTOWET 5. JEEFITONTIE, LD EOERE
(21,36) & L, AEFI2o0nTlE, £EOMOMEREE
(121,36) £ 94, £7z, KERUZ, 10 BEHRETRE
Fh. RIZ, BRIBEART ZHLE LT W x W lj#
DTy 7 %) ML, BLPOC B xatHT %
(2 (c)). ki, £To BLPOC B&ZFHL, #
DE—sEREAITET S (K 2(d). K 2(c),
(d) 25b25 L )12, BLPOC BExFHT5Z L
T, E— 24}/ 4 X (Peak-to-Noise Ratio: PNR)
RALEELZEPETHA.

COTNTY) ALIE, FREEBEIGOIERIE % O3
AL THaNA PRGBS TETH L. LaL,
ME DT 7 AF X85 — D47 WiEke, Ho
B EDRE VISHAICIE, EEIEROREDMET L
TLEW, ZRZNOFIERT 51515 BLPOC
DY =7 PMGH L TLF ) MEDNS 5.

3.3 RE7IIVIL

TRHERI SO %, 3.1 TRIGEEKOFTR
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(e)

B3 RET VT A LI L AIEMEREEEOS] | (a) B
SR 5 & AR IE A ICBCHE L 722805 50, (b) AJJMW
B ((a), (b) IBWT 4”7 TRENTZM
B, MBE =27 DL EWH thpeax B EOHFIERT
Th5b), (c) MER DT HMIRFIZHEREIE 5 L))
W70y 7 oduL ) i L2zmg 7y
DOFl, (d) Ap & TRIHIEZ 4T > 72 AT 5
EMEA a7 EREHIE) ) MR 7Ty 7 Ol
JERE, (e) Ag &\ TRMAIE 21T > 72 AJJ W%
CHEZ T HEIRRICE ) BTG 7wy 7 ol
JERE ((d), (e) I2BWT “o” R “4” T/RENTZ
HS, ZIEIRPFTY B ALE A bR pl R DR O T
70y 7 QLR R T)

Fig.3 Example of the proposed algorithm: (a) refer-
ence points on the registered image for global
registration, (b) corresponding points on in-
put image, where “4” in (a) and (b) indicates
the reliable corresponding pairs whose simi-
larities are above threshold thpeak, (c) refer-
ence points on the registered image for local
registration and an example of a local image
block, (d) the centers of local image blocks on
the left half of the input image after global
registration with Ay, and (e) the centers of
local image blocks on the right half of the in-
put image after global registration with Ag,
where “o” and “47in (d) and (e) indicate the
centers of each local image block before and
after registration, respectively.

T, 3.2 TR TAITEE L LTWwa. LaL,
W2 7NA A LRROMERRRIROMIT R 2 L1k Y
TRBAFIRCBIZ I A U 5 BT, 3 L b PATRE)
DARTHPUTE L LIRS RV, 22T, KinL TR
Zet L PG PMRLEREE 7OV T X AT, A8y 7 s
WIEE WG 70y 7 <y F o X Efladgbed s 2
& T, TREFIRIEOZERIIHT L TN A N R EREE
179.

T, BEmE L0 MokESEFREL, AN
% Eosem 2 %EE T 5 (1 3(a), (b). 22T,
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e TIE, 3.2 LEBRICEE § 5. S N anBIER
Mok LI, KEBWMAZEE, REESOLME
LGMTKELCRLRSL., 22C, KH LTI, Bonhr:
BT OHRT POC BIO Y — 7 25 L & Wl thpeax
Db 07215 % HwT, faBEsEgR oo L4
EGDEFENFNIH LTT 74 YERDINT A =5 %
e L, BHEmge AJJmGom oMLz,
BEREGE OSP4 TN S - FEE T & F oxtin i E
ZhEFNp, N qr &L, AF5ICHE S LT
HEZOEmEZENEN pr K qr £T 5. FEF
GO N5 OERITH E A RN Ag L L7z &,
ZNENOIIERT DBERIE, KA THAONS.

pL=ALqL, (4)
Pr = ARQr (5)

22T, 2z, z ORREEREERLTBY, 7,

i a{ﬁ G1L2 lllLs 1
AL = aéﬁ a%z a2L3 ) (6)
L 1 -
i aﬁ a12 Q33 1
Ar = a§1 a22 CL% (7)
1

Thsb. XN(4), (5) e/ 2RETHIZILIZED
LBHNT A—=8 Ap RO Ag 2HEET 5. X 3(d),
(e) 5, ZNENDLEHINT A — 5 % v THRATHIIE
AT AN TH 5.

KIZ, FMELROTHEER L THEAITEH
M55, 22T, FEHEE T 2R % AT
BETELTE S LKE L, BLPOC 12425 /BT
Ty v F e £, K 3(c) ITRT &
T, BERH{EH S IS HOWIGET Ty 7 %)) ¥
ZoHT, ARG Ll) Lz 9 Mg T ey 7
EX3(d) &, HEGFALLY L7 9 Eomig T
Oy 713K 3 (e) L DAV, RIZ, M 3(d) D
e L UE»S 9 MOmGET Oy 7 280 i
L, BEEGEPSO) B L-LEGETOy 7 OB O
BLPOC B &stH L, PiikBEzitess. 2L
T, M@ L PATRE R R LT 3(d) 25 i
Ty s 2 HEDYHL, BEEGEOmEG Ty 7L
DD BLPOC B ZEHHT 2. [ 3(e) 22T
FfRLS, &Wifg7 0y 2755 BLPOC BEx &
5. &I, F5N17: 18 o BLPOC Bfi% ¥



FC,/ FE BRI (S DZEILIZ TN A b R G RETRCHEE T )V T R L

L, ZOY¥—2fizxlB&2a7 L35, BLPOC %k
BT LI LT, 3.2 OFFELFEMIC, PNR #1)
FERBIENTRETH S.

4. FREER

R SCCIRE T D IRAEIRGERE 7 v T1) X L OVERE
FFMZERRIC DV TR 5. REHICTIE, ABHIRBIEIR
Wi{% 7 — % _—ATdh % PolyU FKP Database [25]
%M 5. PolyU FKP Database |21%, 165 ADK
FONERE P2 ZNEN 6 KT 2 [\ &
N7-JE (% (384 x 288 WisR) &, JCHA[13] TIRES
N7 T X502 50 il E 7B (Region
Of Interest: ROI) Mif% (220 x 110 Ei%) 2 Zh 2
N 7,920 L OMME TV B, [ 4 12 PolyU FKP
Database IZ## S LT % ROI W{EOHFIZ /"3,
DENIRT & 912, KF—r~N—2121%, BHEEED
RpoTwieh, ERELOTAPEL TV T5
TRBMRIE A SN T WD, RERTIE, Zh?
NORERLZLNHOLDEL (165 x 4 = 660 A),
FARIZOWT 1 OB 2o S 7z 6 Boe B Eig, 2 [0
Hizog s nic 6 e AR E S5 28T, AAF
+:2% 23,760 <7, A4 15,657,840 X7 DA
479, LUFTIE, 79, (A) 3.1 Tib~7z BLPOC
EAWIZT T X4 [10], (B) 3.2 Tili7xfim s
WREMWAT LT A4 [28], (C) 3.3 Tili~7z4¢
ZTNT) ALDINT A= DI DOV TS,
RIS, TNFTITRESN T B IRBEMRGERET VT
DARETITY XL (A) ~ (C) OFFFEMEREF Ly
5. Fiz, WHEAETRITET L7V T) XA (A) ~ (C)
DOUENA MEERFEMT 5. REIC, RETLTY XL
DEEIFE I OWTELET 2.

Rkl
| I
| - L el 0 L
(@) (b) (c)
¥ 4 PolyU FKP Database [ZA&# STV A &6
(a) BIAGHASRL 6], (b), (c) MRV H
WAL TV L5
Fig.4 Examples of FKP ROI images in the PolyU
FKP Database: FKP image pairs with differ-
ent lighting condition (a) and nonlinear defor-
mation (b) and (c).

4.1 T 4A—2O&RE(L

T XL (A) ~ (C) TRET HLEND B3
T A= DI NWTIER G,

F9, 7T AL (A) TlE, BLPOC DA
W & FATREEh % #1535 Al & Wi 1E L 7212 0 iR b 1o
THLEVEERETLLENH L. KL TIHE, XL
Mk[16]) £V K1 /My =0.25,Ka/My =02 & L7, 2
DX, Zhang 512 X > T, PolyU FKP Database
Wb ENETH S, T2, KFEETIE, ROLMH
G THIRICRE W ESTASFET 52 &2 E
LTWwiwv, 2079, MELICHT S L EWEE
tharea = 0.5 & L7z,

Kz, TTY XL (B) Tk, SIEEEEDT
A—F LBAEZR T TEBIIBIT S BLPOC B0/ 85
A= P BLEN D B . WG EIETRIC B B IR
¥'J 3y FORREHIZ, ROIEZEORE S (220 x 110
W) £V, 3& L7 MeHEERICBIT MG 7Ty
I OFA X W d, EBRIIC 32 & 5\ ik 48 WK
BYTHH I EZMHRLTVAS, W, = 32,48 D
IZDOWTETORART (23,760 X7) OBEAIT
EEML, W25 100 FHOBAER I THEL 7
5HDO W, 2Hva., KL Tld, We=48 £¥ 5.
%R, KmLT100 FHOMEAa T2 LML L0
X, MEZA I 7OV E2SIEFICILET S L, 100
FHTRELEDPBIILD /25 THA. BLPOC
BB OFHICIE, k(28] LRL/ST A =5 TH5D
W =32, Ki/My = Kz/My = 0.5 %7z,

W, TUTY AL (C) T, MEEERoN
TA=y, MY =719 5 L&, BExa7
HIIZBIT S BLPOC D /8T X — 8 %t 2 4k
S DH, WNEEFERIIBUAEEY T I v FORRE
i, ROIWMGEOREES LY, 3 & L WIbmEs
BT AEE Ty 7O A4 AW, RUMBEE =212
395 L EVH thpeax (£, W, = 32,48 DZENZR
DEAIZDWT, thpear = 0.20,0.21,0.22, - - ,0.50
(0.01HIH) £ L72L EDETORART OIREGA D
TEERL, fVEL2S 100 FHOBEZ 3 7 AR
HL A EDbEE VL, TV TY XL (C) T
b, 7T X4 (B) LEBIZ, BERT TRV
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Table 2 EERs and d’ of the FKP recognition algo-

rithms.

Algorithm EER [%)] d’

OE-SIFT [15] 0.850 —

CompCode [16] 1.658 4.2989
ImCompCode & MagCode [16] 1.475 4.3224
BLPOC [16] 1.676  2.4745
LGIC [16] 0.402 4.5356
LGIC, [17] 0.358  4.7001
(A) BLPOC 6.352  2.4529
(B) Correspondence matching 0.547 4.3905
(C) Proposed 0.321 6.9424
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Fig.7 Example of miss matching in the proposed al-

gorithm (e on the image indicates the reliable
corresponding point): (a) the case of wrong
AR estimation due to few corresponding point
pairs and (b) the case that parameters cannot
be estimated due to insufficient corresponding
point pairs.
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Table 3 EERs [%] of each algorithm for the deformed ROI image databases.

. : Pmax Fmax
Algorithm w/o deformation T 3 s 005 010
(A) BLPOC 5.824 6.298 9.166 15.563 | 8.391 15.868
(B) Correspondence matching 0.507 0.586 0.882 2.016 | 0.646  1.505
(C) Proposed 0.277 0.357 0.435 0.911 ] 0.393 1.001
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Fig.8 Example of deformed ROI image databases:
(a) original image, where * indicates the cen-
ter point of ROI, (b) ROI image of (a) in-
cluded in the PolyU FKP Database, (c) ro-
tated ROI on original image, (d) ROI image
extracted from (c), (e) expanded (reduced)
ROI on original image, and (f) ROI image ex-
tracted from (e).
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Table 4 Computation time of the FKP recognition
algorithms (A), (B) and (C).

. Time [msec.
Algorithm w/o MEX[ w/ IJ/IEX
(A) BLPOC 8.3 -
(B) Correspondence matching 303.6 72.2
(C) Proposed 311.5 73.8
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Table 5 Computation time [msec.] and EERs [%]
when changing the parameters of POC-
based correspondence matching.

Parameter Algorithm (B) | Algorithm (C)
# of ref. points Accuracy | Time EER |Time EER

90 sub-pixel | 303.6 0.547|311.5 0.321
30 sub-pixel | 121.4 0.631|140.0 0.434
90 pixel 154.1 0.478|152.6 0.353
30 pixel 69.8 0.563| 83.3 0.486
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