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Abstract

Among various biometrics recognition systems, statistical fingerprint recognition matching methods are
considered using minutiae on fingerprints. We define similarity distance measures based on the coordinate
and angle of the minutiae, and suggest a fingerprint recognition model following statistical distributions.
We could obtain confidence intervals of similarity distance for the same and different persons, and optimal
thresholds to minimize two kinds of error rates for distance distributions. It is found that the two confidence
intervals of the same and different persons are not overlapped and that the optimal threshold locates between
two confidence intervals. Hence an alternative statistical matching method can be suggested by using non-
overlapped confidence intervals and optimal thresholds obtained from the distributions of similarity distances.

Keywords: AUC, credit evaluation, cut-off, distance, FAR, FRR, minutiae, similarity, ROC.

1. M2

2121 4] (fingerprint recognition)-& AFEUlTE ZkA3L e AAY £ e F8 52 o85t &
ol OB E 3I3t7] 9138F AA| QA2 A2l (biometrics recognition system) ol sluo|t} (Yang 5,
2004). 719 =&, B4, A9 A7 B2 dav 2Y7tE, ID, viEN S GO A HH o8
2 b5 4ol B FUE S HEE 7)ok BTl S, AN AL ko] 717 A
AREE o]fstng gt Hebddt Foio 8284, AR 5 o= WollA 7|9 Wil ujs) uj

S gesich AAAAeNE AR, A W B, 92, 4, 49, 24, FE, £uiE DNA ol A}
251 k. A A AL folg AFE FZ, vt on/q] . gA" BA B Az AA, 9
3}

HUl W7 5 AAA H2 AlojEwt oflet ATM 714, 33, %ﬁﬂtﬁ 3, 71EF Heks ﬁ?ﬁkc
A9 A2 Ao 5 B2 FEEopIA FEdS "7t e Z*ﬂ ojtt (Park3} Lee, 2005).
Tsutomu 5 (2002)7} Cappelli 5 (2006)< o] 27 A4 7& FolA AR wlo] g7

S

522 YA A0 1 FEi/h Auni th2m dold wle B ariz B4 59 WA

o RS SAS AU Q7] w2l AEE o] &3 A A4S FA7A] A3k WollA] 7wk
/\5] 7.
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AEAA S AT ¢S 5 AL U4 F e (matching) ol 534 (minutiae) S 7oz 3 F3
Wi e WA (filter bank)E 7Rk 2§ Aol ok EARE Vwkew 3 Ay 4
£ AR DAoIA AAA BRAL 22o0] SAAE] Aol 93 DAE o)gdlo] Aare Wy
olt} (Maio®} Maltoni, 1997). R 2% o] t}o]o] 13 (voronoi diagram)S ©]83F A3 (Kim¥} Choi,
2004)3 a28]1=(grid)E 7IWteZ 3 A3 (Yang 5, 2004), AFV(adjacent feature vector)E ©]-&
3 A3 (Tong 5, 2005) 5ol xdddct. AE W] 7[Rk & AL Aol B8 W (gabor
filters bank)& ARZ3le] 2|79 §A(ridge) S 3= WHeoltt (Jain 5, 2000). ©] WH2 AY
A (local) ST ofel G2 (global) 54 FEE F53lo] AR 4 gl AFPUHOZ Nas}
Kim (2004)9] 23 HEES o] &3k A&7} Jain S (2001

O_u [e]

Hybrid A& WhHo] it} o] 2o= X]‘E‘
31
3

e
o SHWEL A o2 Y] AN o] F ol§ 3ol AR AR Telel B WY UL B3
5 S P, $H0% AT Adslold Tx ARE e FU FA EASH SRE m
3 AAYRE F23T 08 SEALT YYAE 7o) AE VB 7 Fo] Nt 5 S ABHA
AGATE P 5 e ARAL PRl B ATE B ol FoiAT et

X

2 AToNE ERAL e w sk ARe ATINES BANA PR A8FHe) ABSHTA B
o} AEQl2] AgubHo|A ZASHE FAM (similarity) SE2& /\}—g—?_h}]-‘ /}lgﬂ—x} o) &, U]-ﬂ]F/l o)

A 2ol A3 vlolE mpold 12|al o SHITAA B 3 =3 2=
o] hE"Eg I dlelr] Yste] thd ERU|ES vlg o HARS 4(0pt1mal threshold, =+ Atk
s cut-off value) 2 HATH WAL T}k FAPE Azie] A2 703} FARETS, ROC FHE o
S3t0] AT

2 =g TAL U8 20k 2olE ARAARAT ATHES 2152 APtk SRR
AAEoR THN ARe ARAARTL AT FAAT NEAAL BRG] AT S A2
EA%E AQDLL. 3RoIAE ALANRAE Hze ke ARE AT §A4 A2 EATY
REFSE FLAN WEL] Fe BT ek 22T §A4 Ale) A FE ool B
AT} HlFLAS o= APIHES A dsitt. 48oA e TLAR} vF LAY A A £2F
4% viEeE ROC B4 TS A2e] FUAT EANE BRI AARFAL T3] o F
o] &3 AP Alkeitt v 5PN = AE 2 2P AAEFEES o83 FEE

2. A2UM 2N FARS JHel

o
B
Mo
o2
o
N
_>|4_4‘
Ac)
A

o Al (pre-process), =37 3% (minutiae extract) ©A|, Ag o
—Or/L AEFd A DA = AHAZ (input fingerprint) B/ & AATL
A3} Z& FESAL SEAE (registered fingerprint) 7] ZpolE -4/\-‘4@‘3]' o T

= 73“ oﬂ/ﬂ _]_3:1751- _Q_]:]]._E__ E_Z] x4_0_ %3}_ ]- r/]-ﬂ] o]r,]. U]—X] =18
[Ae] 598 RS vustel T AL Aole FAHE SASE 3

=2
>
Ir
>
N
Mooox
o EE’L'
)

Holtk. FAAL 72 AR SAREL) AA oo meh AL AN, o] F4r) e AR B
Ae 238 A9 50z AU AR SPHL FHE S APINE 4 EAPE 94
AEZ d52 Ade Bk B AFEL Park Lee (2005)0] Akttt AEA4 Ry
AN A2Fo A FoR £ AR JFozhE U9 EE 0EU RS Arsle TS 5
Hohe AozA, AEIY A FHF 5P 2234 22T vloleuo)ze] AFHoAe AR
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Figure 2.1. Fingerprint with minutiae
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AR FHxe A= E YEE (@ik, yik, Oir) & FRATE A7NA (Tir, yar) = ¢H
WA EJHo AR Hxo|n(i=1,2,..., ;NS 2R 5 k=1,2,...,K;K
), i A E3He =5 Yehdoh Figure 2.1 K = 481 79l
o] By 7hds] vehd Aot AR e Zole] FAZLE uell xSt 714 3t
= EAA (Tik, Yik, Oik) VA FE (Tik, yir) = BT BAbo] U3 37)9] gAdREEZL} A4
29 U(0,1) =& N(1/2,1/12)F Wz, EJH 2% 05 vUEZ U(0,27)E W2ty 4
1)

Mrooft ot rir X ofd mx M my
ol
it
&5
_|>L
3

—~
[\V]

iid
Tik, Yik ~ 1 1
N|=,—

(2’12)’

0 2 U(0,2m). (2.1)

23 AHAR BBL (@, Yk, Ox) (5 = 1,2,..., M; M2 JPAR] )2 dAsh=tl, S5A%

Thk = Tik + 6}1@7 Yk = Yk + 6?1@7 01 = Ok + E?k: (2.2)

ANA €, s e A FPH ) FLS AFEE N(0,1/12)F Wax FE Aoy, FEe A}

o] BAE SEAEY Hxof NIBHe 2k, yi S B4} B LA A g
AFJAARG S w2 A5 E A7) st SAHY = KE 3,5, 8% Asta, 55A%I 484
o] 37] N3} Mg 30, 50, 100, 20022 HA3c}. & £ N3 M-S Zh7zh 3034 5022 Ad7gsict
4+ 30 x 50 = 1,50071 FolA LA AEL 307001 Y A] 1,47070+= HlF5 L2
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Table 3.1. Means of standardized similarity distances of the same and different person

same different K=3 K=5 K =38

N Normal Uniform Normal Uniform Normal Uniform

30 3.5133 3.5035 3.6747 3.6725 3.7694 3.7729
4.7896 4.8613 5.2454 5.3151 5.4993 5.5791

50 3.7380 3.7353 3.9319 3.9684 4.0523 4.0799
4.9666 5.0510 5.5207 5.6181 5.8963 5.9775

100 3.9924 3.9891 4.2626 4.2608 4.4458 4.4594
5.1516 5.2599 5.8498 5.9522 6.3206 6.4260

200 4.2398 4.2346 4.5541 4.5687 4.7700 4.7884
5.2882 5.4038 6.1112 6.2285 6.6958 6.7953

AR JHel

WA AP el AEE ARA oz Yehl7] A8l A 5 Wol AR« o A FollA txH
9l FZ8 Yt A (euclidean distance)2} W& ﬂal(manhattan distance) & ©]-&3tt}t. £ A
|9 Ae|(Di;)et S Aele] Zke} Apeol(D)) & A2 frZ etk Aglet WA E AL E o8] 5
Aol ARl vt 2ol Aotk 4o i=1,...,N,j=1,..., Ml ths}]

K 2 By K
:Z\/(w;k_m”‘) + (y;.k—yik) y D?j :Z|9;k—91k|
k=1 k=1

FAH 240 gL AR FESe dugos z}w Heo] N5 weel TE3) FA 7

2] (standardized similarity distance)& 42]2] ¢ = SN, =1, ., M bigte] A (2.3)3} Zo]
A kst
Dy = Dj; — min(Dy;) N D} — min(D-Qj). (2.3)
var(Dj;) var(DZ;)

B33 FAHE AgOlA Ha oAl H 4] AlE AMECR HS4E UYL, EEAAE UELS
2 4 (2.3)014 i = jQ 459 D, Div 5249, 283 i # 59 35 Djj, Dij= w5 L FAM4
Ae] Dy, Di; o 242 22 31

)
—
N2
x 2

4 (228 WEoR S5 QUARe) 27 N3h M 5% =

2 4 (2.

712 ARt 2837 NI 549 5 Kol whet 4 (2.3)0l4 Akt LA vlF LAY %53}
A3 A7 AExet #dEE E2 ofE@A Yehe=A AHEL). Figure 3.13) Figure 3.2 18]
1 Table 3.1 523 AR E 37] N ME 30, 50, 100, 20022 31 EAA 5 KE 3,5, 8&

0004 WHEpeiste] 92 753 FAMY ARle] Fwelth. Table 3.1¢]

nAste] BoARE 7471
o] TEAET FLTAY o HE AFHT] Avte] 5G] ol W F2d F YL (same

person) ¥} H]5 U ¢l (different person)®] AV Al Dy, Di; o Bl s S35 g%t

Table 3.1& Hlge 2 REBI7|7} F7Hel whet 253} A ARE A9 R7] 9J8te] Figure 3.1

X FHEE FHUL Figure 3.2& 5 + HE FUAR vFLAY AgE FH3AUTH
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Figure 3.1. Standardized similarity distance w.r.t. minutiae

=3 =8

7 7

6.3 6.3

6 &

55 =—=UHEZ) |55 ——=UEEE)
- ?’E s | _ -m-nEEY)
45 —~-USEY | as — usz)

’ 74 ——wsza | 4 // ——nE2e)

35 2 35

3 3

n=30 n=50 n=100 n=200 n=30 n=50 n=100 n=200

Figure 3.2. Standardized similarity distance w.r.t. distribution

Table 3.1} Figure 3.1 $3t0] AFRES} FAREL] FSol ulFAele] 23} 344 Azle) 3

© U sl Atk A HAY 4 Yk AL B2 A AV AoW 557 QEAE
2] FAM0] ¥ OB E S23t 4G Re] SUschn UYL vtk SE7 JYARY FR 2
79k B4R 271 FAYSS FAA T AN BB A Aele ST AFREAN E
23 A AR 37 SEE FAREAANY FAEERD wathe 22 SE 4 Uik 29w
Figure 32258 5449 4 K = 39 Wl 2255 whel $UA9 SA Ads S8 A8
£ A9 uFAe] fA At FUREQ FSurh Atk o]d YL K = 8 W= G415
53 49ARe] 27 FALEE S AL FASEE AR S5 A A

Lo gm
o
X
Lo

T K7F 33} 82 Aol 557 JHPARY 27 N3} Z2FF wet 9474 w5
FAHS Ale] B (Table 3.1)3 £4H2 T3kl o] & vtge g SdJAF v5dle] &
219] 95% IAMIE FHe ko] Table 3.20] Yehilch. odlEE0 553 4HAEY +
10007 5449 71 3, 281 53 FHivt ddE2E 2 A9l $d4AR vEd
e 27} (3.7119, 4.2663), (4.9827,5.5371) 0] 1, 523} JHREY $E= 200, EAAY 571 8
2] =

[e)

£&3}
d 7

>~
>,
>~

Mo Jo

b d
[¢]

ol -2 TLAF ulF Ll AFHFEHE 77} (4.5740,4.9660), (6.4998,6.8918)
4 o Utk Table 3.25 A EW, Zk7te] Ao SUAR vlT LA 23 FAM A2l 95%
| F7ke] FE (overlap)H A grethe Z2S dasith
2

JeEE AT W AAY B2 SA ALY 05% SANHTIE o] §3tel FUA clE B
Dot APHOE 8T 4 Atk o EEe] N = M = 30012 K = 39 A9 £25 44}
4 AL 3 olstold BA o, B2 G4 AT 43 oleld nEAcdow Brd =
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Table 3.2. Confidence intervals of the same and different person

C.I K=3

N

Normal

Uniform

Normal

Uniform

3.0072, 4.0193

2.9974, 4.0095

(3.2633, 4.2754

3.2668, 4.2789)

5.0922, 5.4842

5.2078, 5.5998

(6.4998, 6.8918

6.5993, 6.9913)

( ) ( ) ) (
30 (4.2836, 5.2957) (4.3553, 5.3674) (4.9932, 6.0054) (5.0730, 6.0852)
0 (3.3460, 4.1300) (3.3433, 4.1273) (3.6603, 4.4443) (3.6879, 4.4719)
(4.5746, 5.3586) (4.6590, 5.4430) (5.5043, 6.2883) (5.5855, 6.3695)
100 (3.7152, 4.2696) (3.7119, 4.2663) (4.1686, 4.7230) (4.1822, 4.7366)
(4.8744, 5.4288) (4.9827, 5.5371) (6.0434, 6.5978) (6.1488, 6.7032)
200 E4.0438, 4‘4358; 54.0386, 4.4306; (4.5740, 4.9660; 54.5924, 4.9844)

CDF of Distance (Mormal) CDF of Distance (Uniform)
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Figure 4.1. CDFs of the same and different persons

N =M =1000)3 K =89 A9 £23 FAH Ae7 5 vwkold $A0R, 23} FA A
76 o golm WBUelom Pkt

o A BRI EES FA4 A2 Dy, Dy E vFeE SAT 0
v BERA(EE 29R)E A 253 A At BERARG o FYQew, ERA
U} e H]%?J_?lii et FdE ¢ Q7] wjRol] RRAS FAshe Aol F23 AA ot}
3 (credit evaluation model) oA F =2} A (default vs. non-default)?] &3} A
ﬁ](blostatlstlcs) oA /43t FAF(good vs. bad)e] Tt FollA S} FLS Aot} whebA
AR Di, Dy®l TAREUTE, ARE AEHALYIN 25 34 D12 2
Fa(), Fu(-) 8t 2ol, Z7te] AR ETTE A (4.1)7 2ol sttt A9 x > 00f] thsto],

o

il
4> o o [z

-+
@

HE
Hl
e

(4.1)

% YRS N = M = 30

i#£]
5 :’—311 EX37Y + K =82 399 FARETSTE Figure 4.19]
A3ttt Figure 4.19] 9& L

sxe FARE] Aot} Figure 4.1 717k

FH olf
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F(z) = AFa(z) + (1 — \)Fu(2), (4.2)

7

A= N/NMolu], \= A8 A7 F oA ZHT & (total probability of default)o]m &4

A= 7§35 (total probability of matching)©]t}.

A Al2El A% Hrleks thEZ < H <9l FAR(false accept rate: EFQlg2h @ &
F8)7 FRR(false reject rate: EAAZE L{FE = v 55U 2EFE)L &3]

FEREY BUES i AARRVL FASHE Pl oA B

A8 ABIE THE B A o] APH AT BHT SAG AHEAY

go1 Ao, BAAD 2R SE ALSAY AR} T ASA A o] 4

dojgta &% AFste A-polth & AFolAe 4 (4.2)9) 2 SFEETTE
7] 913t] Parkd} Lee (2005)2] ATERT JUT L /HE SEZA ECITE 2

(FAR)Z} E1AE S /& B+ ¥54 2E&F&(FRR)= A&

(type land II error)@ e
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I(Dij S .CL‘()) = Fn(l‘o) (43)

Z3} FAM3 Al Du, Dijd FAREZTA Fu(-), Fu()= D9 2719 AH4EY Y3 X590
Z+zt 293 ROC F4& FA3hod Figure 4.29] £&399tt. FRRI} FARS H43) 3= £F
S A= HAHERF 7]129= Youden A4 (Youden, 1950), SSS(sum of sensitivity and speci-
ficity; Connell} Koepsell, 1985), DPR(differential positive rate; Ward, 1986), ™33 (Symmetry

m HUOEM
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Table 4.1. Optimal thresholds

optimal threshold K=3 K =28
N Normal Uniform Normal Uniform
30 3.9030 3.9785 4.4575 4.5120
50 4.1451 4.1763 4.8358 4.8819
100 4.3570 4.4281 5.2665 5.3335
200 4.5701 4.6304 5.6249 5.6705

point; Moses 5, 1993; Pepe, 2003), (0,1)7}A] &7 2](The closest-to-(0,1) criterion; Perkins}
Schisterman, 2006), =% (0,1)7}x] =7 2](The amended closest-to-(0, 1) criterion; Perkins®}
Schisterman, 2006), AA A= (Total Accuracy; Lambert$} Lipkovich, 2008), FA-&(True Rate;
Lambert2} Lipkovich, 2008; Hong¥} Joo, 2010), #¥A&%T MVD(maximum vertical distance;
Krzanowski®} Hand, 2009) 5°] S+t I FolA o] A= Youden A<+, SSS, DPR,
AE (0,1)7HA FHEAE, I34E, d#¥HFE MVDEL Kolmogorov and Smirnov SA % 5
dst MEe] Aot (Hong 5, 2012). wepA] £ AfoAE Kolmogorov and Smirnov 57
= max{Fa@) - Fu(0))ol S3He HARRAEE ABoto] HALRES WAHT o] AL
Figure 4.1°] -T—ﬁé—i—"ﬂ o2 YERHIL o]ol] th-&dh= x4 (reference line)& FAHN 2 FH3TH
ol Ztzte] BTl theto] AFEEN A% AAERH w0 — 445750|7 FALEo T2t HAAEF
3 a0 = 4512001 T80 ALY oo A (5 (o). Fe)) ) L2 T

T4of ‘e’ o0& FAEIATE Figure 4.28 A3E A3 SAHY & K7} 3715t el ROC 412
(0.1)861 kel Aot o] AR 5 RED77} 27S BaEo] FolA T FUR
E9 AT AFEE Aol Dol 2T ok 5 Yok,

=9} 9EAge) 2719 594 ol stel =AY %
S Alw

=)

N
I~

>
fo gn 2

;0009 WHs AjFsto] o
e} 7t Skl net

HAAEFHS ¢eEEEY
=
=

ol Z7hHa 122 & 4 slov, ALl
S Table 320] el £ AL 4

>

FHFbel 23 A 9 AL BAAT 553 4EAEY =7
e 23 HARFEL A AolHo] YEA] &2 & 4 Ut Table 41614 N = M = 30,
K =3 183 g4E8x3 3o 253 fAM A=Y FAEFHE2 3.97850| 2% ﬁ%ﬁ A3 A
g7} 39785 nulol Holoz 39785 o]Atold nlEddom IHSIT, N = = 100, K =

8 123 AFRES APo] BE HAH4 ATl HARFHS 52665052 3 &g} A AL
5.2665 ulwom FUAOE, 5.2665 o Folw WFAN o ALGTh webA B AN A% A
BANRGo| N B2 GAH AL HARFAS ARAL AFPH O AST 5 Atk

5. A2

B ApAE ARe] BRHL PR ARANRGH FA4 Ael SRS Aol FAA AR
Q4 APPUL AT SPHL U w9 SR WFS vehls 4w TR
AR, 55T dUARO R FRSe] 54 REE JFLEYN} FALEE GECHT PP
SR Asst BRSO P 5P FRAT FAAT WA FAHY AL RES ERL
Aste] S5} QUARe] £/ 5k 5 47 FAUSE B2 FA AR RES
Ao
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FAAJA AZJAARG S vigto 2 A 1230 H A ZFHE o] &she F 7HA A Aldehaitt
QA FAAI} v)F Ul BE3 FAM Aol 95% ZARIE S F5kr, 5L njE Al Al
FFo]l SEEXA e AFHAZHE FYQU gRE dddes Aoz 2F3 FAM Ay AF
TS o] g3 WHHE At F HA HHoE 54U H5 LAY 2ES FAM ARY F
HEBEZTSE Aoty F EXxg,Z 13s= ROC IS4 ZHE EoAZ(EE v|5Y9) 2787
ERITEHEE 5Y9) L/FES FHasshe 2775 A 223 A ARl FAEFEE A
24 Aoz ARRE 4= 928 AL

223 A Al 95% ZARE S vli"g e g 9259, N = M = 300|1 K = 39 A5l &+
A A 7Y 3 olFtold FUAL R, 4.3 o]do|d Nl Yoz HFstt. FEEXQ Ao 2ES
A A HAEFAHL 33} 4.3 Abolo §1X]3t 3.97850| 27 RE3} AN A8 7} 3.9785 wlwto]
W Aoz 39785 o]4fold v|Fgeloz g 4~ 9ty ESF N = M =1000]3 K =89 A%
o &3} FAM A7l 5 vltold FUle =z, FF3 FAMY AL 6 oldod HEddoE Ht
sto}. AR EQ Aol 2F3) FAM Al A AE2FHL 52 6 ARl S 5.26650| 22 &
F3} A A'l7E 5.2665 B Tho|H FUJAC R, 5.2665 o)/l HlF LA R A4 4= gl
23 A8 AYY HAERAL SEHA &2 599 5 LAY FE3 FAM Ay AFETF
ZF Atolol] EAY3ls Z1S wadg e B Ao Agst 1A A S AE-3te] 5EAd vlE
419 A AT = 9o HE3 FAMY A AFFE o] &k HET HARRAS o
S3l= o] Bop JuetA hd 2 B £ 9SS HAiucH

E A7 E X2 EAHE o83 AT AFTHHES fdle] 54 FEEXE 2 Y
< AR A AE FYdte] LA BF LAY FAM A TFE gAY AEAA ZE
WS Atetg e SRR 7 A2 AsF 9 Aeus AFedtt. FEoE EFFY] U dA
Aoz g AHALE 1y, 5AFY SEEXTTE s G A Rotok St B Ao
A AE BAA AFUHE Y FFY AU ATHI voprl A4 AT F8-3)
o 38 HAE g deAo] o, XEAA e ALAE A AA AFIAAT = AEIA
HlolEH| o] AE o] &3] B Ao A AlgH AEAZTIHE T AT T JA = FAEH
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