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An Improved Local Orientation Field Matching Method
on Fingerprint Images
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(1. College of Computer, National Univ. of Defense Technology, Changsha 410073, China;

2. Xiangfan College , The Military Economics Academy , Xiangyang 441118, China)

Abstract : Fingerprint orientation field describes the essential texture features in a fingerprint impression, including shape,

structure and direction. A representation scheme is introduced to describe the local orientation field around a minutia, so as to

describe and discriminate different minutiae based on the neighbor texture information. On poor-quality fingerprint images,

especially when heavy nonlinear distortion exists, minutia direction is no longer reliable enough. As a result, it is not effective to

align two local orientation field images with a minutiae pair as the reference. An improved alignment and matching method of local

orientation field images is proposed, which can achieve much better performance and improve the matching accuracy more

clearly. Experimental results show that the proposed method can evaluate the resemblance between two minutiae more effectively.
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Fig.2  Process of aligning two local orientation
field images referred by a pair of minutiae

(ELZ:, S SRR D Ao L PR S5 SICER BBy 40 1Y
J7 EEAFAE N 22, WnPEL 2 (e) B, BRE 4R B 20
Wl g I7 MEAFTE R 22 0 (1 HE 23R IE B 1Y)
Jr1) S AELL p Mg B2 A0 RN XS5 SR 5 1]
Gyt AE LU 2 (f) P/ A7 AL BRI fi 22 , T 2
Sk p Mg BB S BB AT S e B
[y, $iH8 Tico'™ 52 LA LK, g SPHIIY 1 —
KA T R T5 5 q T7 i A E AR 2 A7 1
i 22 0 o1 7510 5 AR BAE, 50/ N ) £ JE A 22
oI 5 R PR SRASE 1 A7 0 25 1 L /DN, AN (R A

RVEEN T 07 g e, RIS 2 B8 SRt Y
T 05 mAE) , Bl EE—A> g, F B, [ =61
6, NI 55 p T g ABIRJR R Ty 1) S A ARLBE A
TN 1o IXHEF, DLANT 5506 8 225 % 5% JRy 3 7 1)
YRR 25 AR 22, (145 R &8 75 ) S % 555501
AR, T RZ A2 LAGE A 4071 5 1) 55 4R 48
SRAE BT ] A AR X 55 5 58, IX I A SCIY Ry
J7 g ht 5% 2 EAE

2.2 MFHUREE

B B ETAT 2R il T BoREHR 4
BEUZ , A T48 2 5 A e LR A R
8 S0 5 2 s B 3] 2 (1) 4% A 2 T 8 AR
M H AR A B o N A AN i ok
1, & TIN5 A E - B R80T e g B
AR AE . AR AL A7 AR, AR
BN RO R AE L, 5 IME AN AT {E . PR
BATTHES | AP IR AL 56} 55 a7 1] 3 A&
S RN s AMEES 1 2RSS 2 )2 5 AR AT
Rlo MRIEATSCEE 15 rpoE SCRYRAFE ST A 451
FEANT s AN 1 2 RIE Lor A T 10 AREE A 56
2 ZBIE B A 116 A RFE R, 52 EE AR
FES S 55555, AT DA 0 SR e (R AR
RGN, AT LAAR $ig 52 B 75 oK 1E B A2 15K H gl
ANFE &,

FEXF 55 R O ) S R B, R T R B A )
XFFEITEE B ST B B R R AL o, APEH REIR
X SRR . BT ) R B R R A T
KA, FE R PR ALY B A8 1A A SRR R E Y
i 2 Sl A%, AT R & R
e(X) = Y X WALk o(X) = Y | X, |, %t
X FERCRE AN K
2.3 3FEiE

TRBAFE A W KR Q 2071 1 p FIREAR
PG T R 40735 15, W R AR IR 38 7 17 37 141 5
3R Q, FIT, o DISRFIEEY s AME S 1 2R A
MBS 5XFE NG, 0, 1T, X5l BEEE LT
5K

1) FBRER 15 rpog U SRAE U AT 451 L i
% p HMEESRAE T 01375705 15 p 5 1] AR X (B
<Bo.0sBoi>"sBog > , H g AN A RS q 7
Iw] 8 FF X <Boo:BoisBos>e LhpHigh
SN AR Q, AT, ), MRAEA (4) 115
B RFERALE BT I EZ A 22 57 A, AUA R
o THRACR R R AU

Ai,,,' =B, _,3,1',,,' (4)



- 164 - EZ IS S QPN 4

2011 4

2) fEl ke, ke | IXIAI, IR & 5 p J7 1)
{EES% FA BE 0, A5 1o YR B8 J5 i 407 i p Al g 2
AN FXRTE Q, AT, BIARE(S) iHE AR
FESALE M7 I EZ B 22 5 A, A RS
THRRCR I i R R

=By =B, -0 (5)

3) AR p AR T 10 EAFAEROR 22 , 18
FHE p F1 q IERTT 18] 45 B R AR AT 248 5 X
7, BIXSFFIF p M5 O fR R AR X573 ¢
SN 5 9 R AR AL, 20 B A (6) AU X
(4), (AN, mELT ) ML),
o1 F— M8 p BT R ZE EA 2R, X A%
JEAR 22K 72°, RV B2 5 0 FF AT DL o

Ai,j =i+ 1)mod10 _IB,i,j (6)
Ai,,j :Bi.(j+1)mod10 _,3,1',,/' -6 (7)

4) R p FES BT ] EAFAE RO N 22 , 1
THE p A1 g WA T 1) 9 5 19 R A T 2248 Xt
5%, BIXESFIS p SME 25 0 O BRAE KA SF ] ¢
SN 5 1SR AR AL, 0 i T (8) AU K
(6), (O ME(T) , LI 1) APIR2) .

Az,,' :ﬁ[,(j—l)modlo _,B/z,,' (8)
Ai,j :Bi,(j—l)modl(] _Bli,j -0 (9)

5) PEFEAEAT AR BE A e BB R AE ) X 5

RN B AR FE TR

3 BT EAI AL

R A SO 2 R EEXT SR 40T 5 p Al g 1Y
KSR FIT M EIR Q, M T, J5 , M= 158 —4
FHRE(E 0, B LUTERE A RE 0 S5 AR /i p 5 ¢
VERZ 25 90755 MR 55 Q, F T, I etk

09 57 [0 o5 SR R B A BE 0 (RN & B
BN PN T 40759 AN SR 1 JZREE R B R
AR, — A 2 flERAE ST N — A7 1k,
(B2, X T B AN R SR A A5 e ) e SN2 )
AR SRATE s, BRI 200 S B, R fol )
4 #f1 JEE VRt ] BE A AR AE A R A R
AR DRI 0 R AT A p R JEE TR RE S 10 T A
HIRGTT 1), THRSRAE L AT L

B p SNEEIER LA A RS b AR T
] {5 3 S5 W 415 55 p BIAR XS 5 1] Ry Biisp
(&R =y & 75 171 37 T A9 £ B, | 3,2 g 1Y
BT SR MR RYE(10) 5
Q, T, TEAN T miANeR LA A 35 b A SRAE A
(LB AARRLEE , 0 (1) 3R Q, L T, [A] i AH
L

$,(Pris i) = e MPLALD I (10)

S,(Q,,T,) =mean(s,(p,;,q,,))  (11)
4 ZHER

FRMTBAT T — 25230 ASPAS AR SO HE 77 9k 114
AR, SCE AT FVC2004 DBI ##im4E ok H T
2004 4 14 [ BrAis SO 51 5 58 B0 P, A L
NAGIAT 8 EH AR TR AS B4R K/ Ay
100 x 8,100 4~F45 , B F45 R 4E 8 IHEIMER . 7
FRAE SR IR B, SR Bazen''* 42 4 i B L 4R BT
I63% , % ] Naccache" $ H 1% 55 3 312 B 40 4k 1&1
%,

SEE R A N A O R B IR 4
S A5 1 A X 87 404 A5, 40 991 3R B Tico™” 42 H
P LA SO0 22 16 Jmy A DG 0 7 32 AR SCH Y
BT, TN 5 AR IR 5 1] 37 A 1) AR 4B
B USSP Fh 5 ik i Dl ot AR AN ZE 2 AR L 3 T
FVC2004 DBI $ddls , 2 A G0 1 %k I 41 4 a5 %t
AT 37 40715 45 %R i Tico ™ D i A SO 63
BRI JR R T 1) 7 M AR B A A NG s B, T
FVC2000 DB2 i 4E , 43 51 2% A SCH Hh i el it
J7 A Tong' 7 48 Y B RICHE J7 1 DEBCH6 20 4%, 7
R PRIy IR VL B S S0 MR, Hh s 3 IR SE I
ST

TG, R A PR IR A2 AR 2 TP AR 5 )
HE ™ e UG, LAgR 5 <10 37 (e
10 FeFHaRAE RS 3 TREMER, e I 24E) 1y
FREUEUG A EUR Q955 10 _ 47 (g oAl
BNBARRIEG T, 354 Q thai'5 R 35 Fl T héi's
34 (AN 5 BE R p AN g, EATTR B [ —A
Tt —d s, B3 AT QMTH
AL A0S s A B, o p A g BT
MR . FTLAE Y, T/ E AR I 2,
p Al q R EUE R B B 2R

DAY A0 BB 5 1 2 (B R SRR 5 i, p
(AR ISR 1 2 5RAE 55 p MAR (AR IR
HM<-3,-4,5,12,12,10,5, -1, -5, -4 > ¢
(AR ISR 1 2 5RAE 55 WA 7 AR Tk
h<-6,1,6212, -1,-3,-2,-12>, 1R
Tico Jrf2 H B XS 55 7 78, TH R B SR FE S 22 N
<-3,5,1,-10,-11,-8,-6,-2.3, -8> M
M 1 J2RAE SRR (e 7 +e™™ + - +
e ") /10(Hh ¢ HFFEEIERH) . mRIEA
SCHE I 7, N T 07 ) e L A A 4 S5
p 5 g X5, BB CRAE S ZEM N <1,9,5,
-6,-7,-4,-227,-4> MiE—2ZHIFHE
R LA R (e + e + - +e77) /10,



5

Wi 25— Bt 48 SRR TR 0 S U B J5 vk - 165 -

HERZRERTESRLEML & p Alq X
Tico IS M AL Dy 0. 517, 1M JHA SCT7 1%
W12 0. 683, BT FLAH

SRJG S 3 GV 1 RS L2075 s 0 A X 1o 4
TR TE R MR 7 23 B &R R 8 07 161 47
FHABABE 73 A 15 DL . % T %4 & FVC2004 DB1b
(DB1b & DB ¥l fe iy — 1 148) , T LhsiE 1
3000 A~ e X 24045 s X5, 1 DA Xk IO 240§ s X R YL
AN LAY X 4 R A3, 1500 A& Tk H
) — T 15 BCRIANBC XS 40 35 5%, 1500 A4~ ok
FAN R TR RS0 4n s ikt o & 4 (a) FIE 4(b)
XHRE Tico S8 e Xt 20 3 50 X6 RIAS IE 368 24049 a5 %8
(1 408 32 S ¥ 75 1) 73 ) A R B E 3 A5 0 5 P 4 ()
I 4 (d) X 2R FHAS SCH H 5 96358 B AR AR
AR DL FTRLE SR AR SCH 1 07 31 5
IR, 6 72407 5 R DL FE A 73 AT AE(EL 0.5 A L
DX, 5 Tico J7 VA AH bE SBEANAE T BORAA X,
AN L2 X ARRUEE 73 A5 5 Tico J5 352K 40L,
PRI T S B B -t DX 53 XF 1 AN X6 17 240 35 5 X
AEA T MI0 R L C C 4019 5 83 Sy B 7 17 3
‘.

B3 QAT 40 siAE AL R oA

Fig.3 Minutiae on skeleton image Q) and T

160
Num 140
1204
1004
804
60
40
20
0

00 01 02 03 04 05 0.6 07 08 09°7

NonCorresponding Minutiae Pair Similarity

(a)

160
Num 140
120
100
80
60
404
20+
0

00 01 02 03 04 05 0.6 07 08 09°7

Corresponding Minutiae Pair Similarity
(b)

160
Num 1404
120
100
80
60
404
204

Sim
00 01 02 03 04 05 06 07 08 09

NonCorresponding Minutiae Pair Similarity
(c)

160+
Num 140+
1204
1004
80
60
40
20

00 01 02 03 04 05 0.6 07 08 097

Corresponding Minutiae Pair Similarity

(d)

4 KR 2 i X AN R B 45 A% R T Tico 42 11 11
T B RIS ST HE 1) Ty ik DR TR ) A AL BE 311 5]
Fig.4 Distribution of similarity values between corresponding
and non-corresponding minutiae pairs using Tico’s
method and the proposed method

B SLH HA T Tong™ Br i H 7 B RIAR SC
Tt i J5 ik o Tong 7 Jay &8 Jy In] 5 it b 3k —
A THLHESFRTER . BT IE
AT 64 73 B2 itk T Tieo™ B4R 9 0535, BT LA
LR T W5 T R G AR 255 e G Jr
PSR R O AT AL, RIS IR INER 1
7~ , H:Hf EER( Equal Error Rate) F/n iR 257 K
R R AR 4 R A I A B R, — T LA,
EER {EB/)N, DEBCHERR A 805 . n] DUE i, AR SC
AR T IERCRIL T Tong FIrd th 1977 4%, T H.
Tk WA 5 i O 0 A BN ) BT ATE SR T X
PR Z I, AedE— 20 e LR PR RE . T8



- 166 - E By BE B K 2= 2 i

2011 4

Xt Tico TARMIBGEIIEIRZ A SCH ik —— it 4T
PO, RUER, 5 AT BCEAR EE , A SO —A
SO T Tico B LAY Jibdiiid 1, 5
AT B ECHE TAEATAEAR G ) HAM:

®1 Z=MEHAENTRELSR

Equal error rates of three local matching methods

Tab. 1

ASCHr PR Tong Jrde B £33 PIAR A ik

BT SRR RSk
EER 1.6% 2.73% 1. 54%
5 #Rig

Ui SO B R KA, B TR R P A A
TR T 4079 R AR 9 46 SRR T BT
VERCRAEAEA AN, T 405 5 SR8 F 19
PR SR BRERS T LA ROt Rl I X 7 A R Y
AT Lo ASCAE AT — R L1 Ry 07 1] 377 DL g
DTG _E B T SO A 4 R T 1) S %)
FERIEHCSA . SLen 4 R R W], AR ST L RE S B
TR AT 50 DX 73 DG C 2019 s %) FIAN DT BE 4019 A
Xt

F 48 SO G i A7 AR AR IR AL I
AR5 T R AN S B 1) 05 1) S iR 20
e e Y SN SR LE=S R E b /I RE i b ]
REER , LAY K7 1) 3 A S0 3R X3, Ak —
AR i JR BT D7 1) 373 T JE 77 325 %) 240 9 B X 73 BE
Jie

2 % XX #:

(1]

(2]

(3]

(4]

(6]

(8]

[9]

[10]

[11]

HLEL AR B AR SR R IR AE RIS PR AR B 5E[ D .
Kb [ B RE4 K2 ,2005.

Maltoni D, Maio D. Handbook of Fingerprint Recognition [ M ].
Springer ,2009.

Tico M, Kuosmanen P. Fingerprint Matching Using An Orientation-
based Minutiae Descriptor[ J]. TEEE Transactions on PAMI, 2003,
25(8): 1009 —1014.

Qi J,Wang Y S. A Robust Fingerprint Matching Method [ J].
Pattern Recognition, 2005,38(10) ; 1665 - 1671.

Zhu E,Yin J P,Zhang G M. Fingerprint Matching Based on
Global Alignment of Multiple Reference Minutiae[ J]. Pattern
Recognition,2005,38(10) : 1685 - 1694.

Wang X C,Li J W, Niu Y M. Fingerprint Matching Using
OrientationCodes and PolyLines [ J ].
2007,40(11) : 3164 -3177.

Feng J J. Combining Minutiae Descriptors for Fingerprint
Matching[ J]. Pattern Recognition,2008 ,41(1) ; 342 —352.
He Y L, Tian J, Li L, et al. Fingerprint Matching Based on

Pattern Recognition,

Global Comprehensive Similarity [ J]. IEEE Transactions on
PAMI,2006,28(6) : 850 —862.
Tong X F,Huang J] H, Tang X L, et al. Fingerprint Minutiae
Matching Using the Adjacent Feature Vector [ J ]. Pattern
Recognition Letters,2005,26(9) :1337 - 1345.
Bazen A M,Gerez S H. Systematic Methods for the Computation
of the Directional Fields and Singular Points of Fingerprints[ J].
IEEE Transactions on PAMI,2002,24(7) ; 905 —-919.
Naccache N J, Shinghal R. An Investigation into the
Skeletonization Hilditch [ J ].

Recognition, 1984 ,17(3) . 279 -284.

Approach  of Pattern



