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Abstract

We proposes a new fingerprint minutia matching
algorithm which matches the fingerprint minutiae by
using adaptive distance. In general, fingerprint is
deformed by pressure and orientation when a user
press his fingerprint to sensor. These nonlinear
deformations change the distance between minutiae
and reduce verification rate. We define the adaptive
distance using ridge frequency. Adaptive distance
normalizes the distance between minutiae and
compensates for nonlinear  deformation. Our
algorithm can distinguish two different fingerprints
better and is more robust. Experimental results
show that the performance of the proposed
algorithm is superior to using Euclidean distance.

L A&

AL FHGidge)H F(valley)Z FAHo Az
A% 2 2gol olF:= Hed o ’14
(end-point)3} #7]d (bifurcation)S FA 3, o8& &
A A (minutiae)el &t . EAHe 219 17 g1 £
< e AT oF 40~1007] AE EAdAL ¥
a1 g2l olale EFHEY AAE EFUslol
FEHGE dYHE A7, A9 -3—7}":?9* Fa
€8 agn &vhge] B W S0l o AEY
ol ¥Ysn, EYHE] Hx9 "é‘EHF LR

@ 23

—_

b 2718
a2 1. xee 5Ay

Atk 12822, dEge T Ao FUUUA opd
1];' Bt FAE ¢ g
12l g 2AHEL Fsr] Hsto A Jain &

2 F’él’ﬁ" g gAE °]%‘6}°1 %-"“'—.lﬂ 537
dEE 5EAFE XA 7a, 4X4 AE5E Zéifo}
7] 9138t adaptive elastic A% %}"E]%% A8
alignment-based A {UH & *ﬂ°}5‘}93,‘:]'[3][4] 22,
o] W& Ase ¢t A9 EAHL AT &
Ag FrHHor AAgstn glojor ‘51":' 2 ARz
o] B3 vde 71Xz ¢dd. ® A K. Hrechak®
J. A. Mchugh §& EXHE Alolg #AE o] &3l
A9GA FZ(ocal feature)E AHE3 A HHHE At
'3}9&14[5] o] “o“?it 2131*]7“} S HHAG -‘?*5'—“—‘10

2 98dE ALY AfdE AU AHE Az
o oleldt AHd “W—r"ﬂ o 4" o] A.
Wahab# X. Jiang &l 28] A= ACH6I7]. 28
W, o] =EEA ALEE AYH F2ELS M2 o
E & AME Hxd F2E MR o dm, e
7t E o AHv L8 o deiAd ge §
He 22 JZE 4+ U7 “ﬂ%"ﬂ 857t Hojy
St gl B93dEe A3 A

2 =EdAMe ARy HMyYAEZ §H9 d
(ridge frequency)& ©|&% H&3 ALE 49
A= GHG AL 2FdqMe T AES
(alignment) A7l WY& Avslzm, 3@
g F AFAIY ERARE HeY AHEYE ol
3 4 EL AvE.

ES
=

e w2 _?lL ',-ﬂ

oX,

I F &9 A (Alignment) B

FAES dAMNE BHe (6171 AbgE W
e %3&%}&1 AR-3H
A2y H A&2d 5HY P UdeH e 5

-263-



2000 ABEFTTEE KFELLHMAE

B E $23% H2®H 2000/11

A WElg FA=E] A
FVi=(x, v ¢r td7 I

A7IN (x yoE SAPS AE, ¢, 5P
& (orientation), #Ht S5AAEY FH(ER & &
714)E veldd. 53 He g o] &38ld 4 & &7l
AdA AgHed F2E FAstdol e A4
F#%(Local Feature) LF,= 3&hdel EAA (k)&
o2 oste mAY 5AH(1,2,.m)E¥ &3
o a9 29 gol FAHL.

a3 2 X193 FZ(Local Feature)

A71M  dye BdAEA A", 4,2 AdEd 4=
(relative angle), ¢,v SAHS] AdHA W
(relative orientation)& WYerlY, 4 EAH P,
¢} m-nearest neighbordl SA3% P; AloldlA T

7 o] Aatse] Aot

di=V (xp—2)*+ (3= v)* 2)
- —1y Ve~ Yiy -1, Ye— Vi

f;= tan (_—xk_xi) t (—xk-—x{) (3)

Pui= bp— bi (4)

547 Pold A9AY 728 4% 4% g
e Yust dojant,

LFk=(dk]..db,,, 012..0,*",, ¢k]-—¢kmv t/et]..tm)T (5)

47NN P& BAF kel M e EAROx
Pt 5 WAZ 7he A Bl

59 A¥ 949 A9 = LFF, 99«
Ag Gael A T2 LR Ade, 2 A
97 Fx5 FAEE e ol Fodrh

SIM (i,7)
_ W DG+ We- OGN+ Wo - O, 7)+ Wr- T(,7)

WD+ W@+ W0+ WT
(6)

Ad7iX DO, )= Adel AF aAole, G, NE 53

Mo AUAQ #g Aolg 2T 0G,) & FHA
9l 2t Aol 7zt vepdn),

—\LF!— LFR®
M' if ILF{—LF}?K To
D(i,/)=l To 7
0 Others
Tom\LFIZLE] et [ RRT,
@(i,f)=[ T, 8)
0 Others
—ALF— LF!
_TS‘MLRI., if |LF,I-—LFﬂ(T¢
oG, ;)=[ T, (9)
0 Others
. ~_ (1, if LFl=LF¥
TGA={ 0" oo’ (10)

249 AER 988 A vmsd {AEE U
Z e AGHA 729 4 EAHE AVEHL
2 AA g

22 gadAe F4 5P PIA 99 I4800A
o 4 XA Plg Aoz e AY F=EI} 7}
Z FAE7 B A dA 98 AViS OS2
2 gEdc.

AV = (X=x-xF, Y=yl-yF 6=06/—-6D (1D

oA714 (X, V)E HsolF(translation)o] R
Aol @ FH(rotation)ol W iAol
o}

. 283 AE ol &3 A

Aol FF I wNEFE o %6}@] AdE=
5—‘3% dA4e MDA F, F A °§‘1’1 o}

oA EAFHE 7‘3‘:&3}7*1 gt} ol @ F
’&4 E4HS EH*’°§ A4 g <tol %?J_
(B4 g, Ad, e w3 e 7k
G4 EAHe] ‘-ZHO} Ag @EsIA He HI
71E9 =EEAAE 7|0 AgHE AZE F8
tiet A@(Euclidean distance) &£& §49 AF
(Ridge count)Z® AR &THEI7]. =28y, AL d4F
g o £rlge] AAMo Ede oF, wEe d9 @
ol wel dEEE A4 A EAY] HE
o e EAA Atoje) Azl FHuimix 4¥ 28
o2t 29 39 (a),b)e #el 2 Age ¥stA He
FAdol ok w3 Ao NFE AEEE B
T EAo] T2 X]—v—%‘%"ﬂ*‘h_ A7 Ak 19 3
9 ()M ¥ —r-‘f“ii°:r- B "3}71‘—} wvE 384 A
o gMo] AR FAHA & ZFF AH/E 4
9 AFE ¢V FE EAH %l‘:} —‘é oA e
olgigt FAHS FHEY] Yt AL FHY MEF
(ridge frequency)& ol&3ate] AHulo] 7tEX&E AT
oz AEe AF A uE HEo|} FEHoR
AFdAY zad dEEE FolA LAstE Aged of
3 FAHE dstdd.

o £ ©

rsL' J‘fm o{x ot

O e 1 A%
o?;'.
0.9.

-264-



18 AE 4

A

(a) (b) (c)

B 3 (@beZE2 STH Atojo Halzt xigel #
g ol A=A L dP
e Fatel EFol £X| plot 849 2FE
Mol BE 3=

31 X2 842l YlE(ridge frequency) T35+7|

AL 49 NxFE Fie UHE Hong 5°] Al
Qs Wi e ’\}%6}‘3}[1](3%’ 4)
1D A48 94 GE wxwavle 220w YU
2) Zkzre] 28 FAdA §A9 5 ) FHQ W
o7 Ixw A719 WAL LE A}
3) 42te] E20AM FAM¥ FHo| x-signatured T3
=

xi=L 6wy k=0,1,....0-1 a2
=it (d=%)cos i, )+ (k—E)sin i) (13)
v=j+(d—)sin0G.)+(F - Heos 0Gf)  (14)

4) x-signaturedl A ¥ 79 Cﬂé?’f]?_ A (peak) At
ole] Hy Ao W ¢z FHo uHns
24, )E Fooh

s  X-signature

X
8 4 HEd TRl x-signature
32 H8& AHe|

AN TEINY SAEY AgHE 54E S 4F
BN Z79HAM T EFYHlA ?:,3/‘]7 Z’ELCLE
B S5AZA Aug DS ol &3ty Y G Ad
olof B It AP A (tolerance box)E BAd 2
groll & E4& 2tE 544 EAsertz 4Hs
E"éﬁ“ﬂ' ol W, AUX ZFHogRE EAH7 A
£ e A9 AR Wyl 2 G wA &
X]“}, A7t dold 45 A Fo WY & FFgg

o

A Hof AR e Eole 8o AguTh oF T
287 98 Luo 5 Ao wa adde] 27
# 2o, ol At dejyuis dAgdl
AAN dae 544 o9 g 550 4¢D
F gl Al AeHs).
R = m;T: A
£4 ANE olgae] NE Wyl
NA AREE mol: gw%—g— At K
A8l Dygy® THesh o] Gejdcy,

1

Dadapz 0 Di'.Q,‘ (15)
norm 1=
o7l N& % FA¥E A FHie] Aur B
Aol D i WA ESAN Adel wgAz

0). o}m o

i r“i

}o=

T =

2/ i WA B2 WES Q.8 Fis
Yerd.

/’

>\/
D,
I8 5 H2&Hal A
olsh o] F 53 Aold AE D402 Al
o 4 gl me} Agol WyH YW EAA
/;0]9} Ael Mool U LHE HLHFES 39

33 ™3

55 g MY 5S4 HAFE R, 948 449
A Ne 544 "SI 2o 3tz 27 SHHES
ARE dAVIEHE 422 3 FFFAZ Aggs

W g3 A Zo
R={(n, 01,80, ..., (74, Ous, b} (16)
I={(r, 0,91, ....(rn. On, &)} (17)
A g
544 o
% ¢, " D

(matchmg score)._ 73““?_“4

-265~



20008 XBMEFIEE KERAPWMAE

WocHE $23% H2W 2000/11

FERY 22 ol AN RE EAAEA HaN
A9 HHe ¢ ohe WA AYHASE 0§ T 9
Ao AgeinE HFHoz ARAY.

v. 49 23

B 43 3099 A 24 10744, F 300719 A
2 G4l dislAd dAs. AR G4 ey
ARANZ HESHATH(IY =7 2487292, 43
27 : Pentium III - 450Mhz).

Ao AFUdY AF e odF H4-1% go.
o 71M, reject_nume rejectd G4 FEF YEgU L
correct_num< SHlZA AEFE 949 £ vERY
false num< #F% HFE 949 & vedvdn 3
H, verification rate$} reject ratee td9 4 og 7

Arsjo] At

correct num % 100%

verification rate=
/i correct num + false num

(18)

. _ reject num o
reject rate=—- image nim %x100% (19)

H 4-1 Reject rateoll UhE Verification rate2 3}

Verification Rate Reject Rate
99.95% 14.0%
99.71% 10.6%
99.52% 7.3%
99.38% 4.0%

£ =7dA A 483 AGE ALPe Y A
FED 72U AYE AR E W HFES Y
237 93t FAR(False Acceptance Rate)E 3
AAZD e AFES wmdle ROC(Receiver
Operating Curves)& ©]&3%%t}. ROC 23+ o
S Y 77 Zo) AU GuA T AT ATl
w22 ded ARNE ALRUS gro HAF Pool T
HALE HoFn,

40

20

Authentic Acceptance Rate{%

0
002 006 033 1.44 524 2229 62.71 93.63

False Acceptance Rate(%)

3% 7 Receiver Operating Curves

AE 10048 PAAZ 2244 %Y 37 A
AZHe HEHSt AE AERE W 0.10%0)%,
ALE FRASE 0.11224 AL o 0.012
ol Rel7t AT

V.22 2 8% 47 A¥

B =fdMe AR #yPe wEg EFF Atold
Azdste A A7le L8 Eol7] 93 AEAH A
g o8& N2 Y FndEE Adsur. 4%
23, AZ AL PELe /EAUS AZE AR
S W FTEG FoIE AT & Uz, A3
Az wsgte) AMAY ol FARSE ¢
F stk dAFez AR MPee 5EAH Alold
A2 dstEg ohel dA FHYo2REY AER
oA dot. a2, FFde AR d3] HE
A2l 42 FHAPozREY 4xgE FAA 3
d LRE Eole AF T U A7t dasi

AnEH

[11 L. Hong, Y. Wan, and A. Jain, "Fingerprint
Images Enhancement Algorithm and
Performance Evaluation,” IEEE Trans. on PAMI
Vol.20, No.8, pp 777-789, 1998

[2] AK. Jain, R. Bolle and S. Pankanti, ”
BIOMETRICS: Personal Identification in
Networked Society,” Kluwer Academic
Publishers Group, 1999

[3] AK. Jain, L. Hong and R. Bolle, “On-Line
Fingerprint Verification,” IEEE Trans. PAMI
vol. 19, no. 4, pp. 302-314, 1997

[4] A. K. Jain, L. Hong, S. pankanti, and R.Bolle,
"An Identity-Authentication System Using
Fingerprints,” Proc. IEEE, vol85 no. 9, pp.
1465-1388, Sept. 1997

(5] A. K. Hrechak and J. A. Mchugh, ”Automated
fingerprint recognition using structural
matching,” Pattern Recognition, vol. 23, no. 8,
pp. 893-904, 1990

[6] A. Wahab, S. H. Chin and E. C. Tan, “Novel
approach to automated fingerprint recognition,”
IEE Proc.-Vis. Image Signal Process., Vol. 145,
no. 3, pp. 160-166, June 1998

[7} X. Jiang, W. Y. Yau, "Fingerprint Minutiae
Matching Based on the Local And Global
Structures,” IEEE 15th International Conference
on Pattern Recognition, Vol. 2, pp. 1042-1045,
Sep. 2000

[8] X. Luo, J. Tian, Y. Wu, "A Minutia MAtching
Algorithm in Fingerprint Verification,” IEEE
15th  International Conference on Pattern
Recognition, Vol. 4, pp. 833-836, Sep. 2000

-266-



