LEH ALS 2 o5 ALY A" 4¥H A7

Zax’ 893 15
detnetn AuEAgetd, A5sTesl, FRENFYR
kanghyosup@krpost.neto, g1983673@inhavision.inha.ac.kr, hikim@inha.ac.kr

An Empirical Study of Multi-Modal Biometrics using Face and Fingerprint

Hyo-Sup Kang® Young-Chan Han Hakil Kim
The Graduate School of Information Technology & Telecommunications
Dept. of Automation Engineering
Dept. of Information & Communication Engineering, Inha University

8 ¢
AAANY 71&L FEHER DH T YRS AN 4A RE o] &8 DU AAAA 714 WA g2
ute} 2tzte] A1 0] =E2HI U AFolth. oo F A oo A AHE AFse] @Y AN
7159 EAFE S5 Bt $2 UEE FEEY 98 oF AL A2B(Multi-Modal Bio-
metrics System)o]gte B3 AlAglo] Aok i) of m=FEAE AAN] Ae 54 2 A9l 9
Pog AHE3Y dd AANY AAHe] FAHGE golEn T AN os gF AAUA A &
@A (Probability LeveDel Al ] 2 4%5& 24571 98 479 2" 715X (Weight)& $o & 7
<, EER(Equal Error Rate)o] &4 QA4 Al2do] B} 74538 2o & o WolA 3 FAlo] ROC

AB % (Receiver Operating Characteristic Curve) o} A& 2t}

LA &

Abslel A HEo] AU AR FaMo] thF
WA AHY BE EE AUY AR FHE 4T UHe
2 QA4 71%(Biometrics Technology)dl 884 o]
3A F8A Ha Y= FAolth gutr oz A4
7129l B#E A (Universality), §24(Uniqueness), %
T (Permanence), 854 (Collectability)[1]12] 47}
S A A2 Wi o whel o Bhio] $sc)
12 ey, 9 AAAA A|2=EE o] 85d
AEE Fole Ad= AU whnict FHokyol 9l
o AEY A 449 £2 59 AR Q4o 34
o] A = ooy, AdF QA Hex =g 2 F
AR dgoz AdA 8o AgE 5 o

olo] B RN 9 AAAY Al2" F vV
Al G4 Ala"Ea dFAe] A EQJL A 2HE o]
£3to] oF AR A2 A 2 (Multi-Modal Biometrics
System)2 FA8l32, 2R A (Decision Level)oll A} 7+
e g QAL Al2d e FALE(Similarity)E 2%
(Fusion)8td A28 JIAES Fol& P sty
A &steh

2. & AN A 2H

Azt AAH HRE o] &3t AU Ax"Le 3
Al B (Face), A& (Fingerprint), £%%(Hand Ge-
ometry), A #(Hand Vein), ¥ (ris), %% (Retinal P-

622

attern), A% (Signature), &4 (Voice)[215°] gloy
a9 A Q4 Ala"y T2 D ZAHE Solry v
23 24,

2.0, 9 AAAY A 2g =

QALY ALY AR AF FRE A S
Aol A4 AR F AL FE5 ol 2o
A5t 5% (Enrollmen) s 328 vlolg 228 AL§ A

BARRE &8 3] Zolo we =254

JUEY Aol ud & goy gwgoz 33
2 39 A e 29 15} g T2E BT

" Erirolly

Featare
Extractor e
Biometric Reader
Verification i

Acupt/lqect
a9 1 GUE Bl AAAY A2 T

Pu



200245 =4 B3] 7S S8 =F4 Vol. 29. No. 2

2.2. 9 AAAA N2") EAA

G ARA A Al2Eo] A9 A A4 Ff{ol et zt
zte] g 54¢ 7HA 3 9L7]) W & A 49
Histe) S-43itta 2 fivh. 2¥AT AAAH ¥
Yol mje} ojd £ §7 FL& ojd AHg-A ) dhiste]
HAAE 7HA T glos AAAY FFHA et & 15
Zo] vedrt

R 1. 99 B A4 A 2g]of ghy

A% &£t 3% A=t AR AF 71
aF =9, M3, 3% 5N 9%
=4 #A0 wet A vd

ZA & I Aso s AL 257 oy
A -2 FAR(False Accept Rate)

3. 4F AAAY AR

W AAAA Axde 39 AN A8 HE 3
B E%, 34, 38 949 9 29 59 44 A4 A
$3 + & Foll At 2o ¥ A4EL 27T
ow e NxgoRE o AFEL FEA)] o
e ol WABTH3L. ool AA A4 A& TG
& B3 B0 & A48} ¥ QAYE Fuas) 9
3 ths AA A4 sl AltE AT,

3.1. 935 AA A4 A2H FF

Prabhakar$} Jain[4]9) 938ld thFE A Q14 Aj2H
£ a¥ 29 Zo] A A R E FEE = gl o]
3 B =dAe olv] 443 Hgle A wAs)
3 EEAT JAAE FAL A v VALY d314]
ANaea dFde] AEUA A2"EE ZAFsE Multiple
Biometric System¢] thated 24d a9t}

a9 2, gF A A4 Axd ER(4]

3.2. B35 A4 914 A)29 BA 33 (Decision Rule)
Z A A4 Al AL ARAdA Y dF o
Foll mhe} HHAQ) &I AREAL HElAolgls S
A Z3A 43 A (Abstract Level)2l AND, OR 7
& g3 8894 (Probability Level)?l 713X (Wei-

623

gh)E ¥ & 732 Yz & o

3.2.1. AND & OR 79

AND 739 A% T o AR QY AAe ] ZHz}
ale] B ¢lFo] Hojof T (Pass) 8 & on v
QA 9L o Y 4= = ¥d OR 719 34
shute] Alagigh B2l Qo] Hojx 3 ® = glom
2 A4 H2l4d &9do] Zsldr. AND & OR 73¢9
dzgoe a9 39 Zo(5].

Face & F ion &t Two

* Genuine
= Impostsr

AND Rule Accept Area

695

G.9

0.65

1]

a7

Face Scare

07

065

06

a5

a8
0 3] 0z 03 04 05 0.6 a7 08 08 1
Fingerprint Score

1Y 3. AND & OR 749 U5 99

AND &9 79 2] 13} Zo] FA(False Accept)7} Al
Foz rAi8= WY FR(False Reject)’} F Wj& Z7}
8lo) BetHQ £W & ZA3td 4 931, OR w3 3¢
2] 29} 7o) FRo| AlFo & st ¥ FAR Z7)s)
22 A gA HaAd SHo] Fad.

FR(R)=FR1(R)+ FR2(R)-FRI(R)*FR2(R)
FAR)=FA1(R)*FA2(R) 4 1)

FA(R)=FA1(R)+ FA2(R)-FA1(R)*FA2(R)
FR(R)=FRI1(R*FR2(R) %2

3.2.2. 713 AE o) 8@ 74

o3 AAAY N2R FE, g ALY A=ge
EXEH 4L =g " Yoz Adsterte wha
@ AAY A2gun F& AHYE A A
upetr Z4zbe) @ A|2glo 25 E Y Hgof gisto]
FH/AL DA HF 2F dAAA UL fFAbz= o
gt} 4 33 o] FHEAE FoIN FAste] 1 At
e e HEE 2ot

Sy =pS;+(1-p)S;, (©=<p<) (H3)

9 AA S, e BAD HALE, S, & AR HAE,
S, 929 fAk%, pE AEA o,



200241 ¥R BN GI] 718 FdE=EA Vol 29. No.2

4234 3%

Ago] ALEE 49 ) gutHoz ol AHEFY
59 VALY 43904 A28 A A7AA] A
2498 Agsle oF AAUY A2"E FAEA
o3 AU Al2"de AA AL @A Zo] TAE
3, 289 oA 4 Y 2599 dFIA4H A7y
A& A3 F Ava] L B 7HScenario Evaluations)[6]
E AN AE717h2 30970 A4 B o) 29 F
#HGenuine) 32283] £21 o) 9l A F(Impostor) 488
3 A4S o 94F A4 EAS 18 299 9
Fg Ix o= FAE o8 49 sy 49 Aue
33 49} go] 4= A3} N FE AL A¥RF FZE
7H3 A 2=E-E AL8-& i)

T
e [ e
Imege Accept/Reject

IL% 4. AEFH L2E 0183 OF A A A=

A9L F& dveld 9d A A4 2" A
EER(Equal Error Rate)o] X&¢] A4 4.59%, 429
B4 5.68%=% Jetgt vl J1EAE gate A
FE ulgoz A8 =53 d3 ¢ 59} Zol p=
0.7¢ Y EER=1.66%% A7} F4 5 At

2tEX|of M2 EER H3
7
° @
5 Bl
£ N Fadud|
e, e /1]
w Z.00
0 218713168 1.7 192 57
e
1
ol v
0 01 02 03 04 05 06 065 0.7 0.75 0.8 0.9 |
ZH5X(p)

a4 5. 7k5 A o wh& EER ¥}

C #AM.(Receiver Operating Characteristic Curve)
T Y 694 BiE A3} 2ol g AA A3 A
é %—r B2 JHEAE RS o Aol 5&’2}%
4 4 gl

2% % ¥ 34

tho [ Lo
on::thO

o

B ERAAL A0l 27HE N84 2 A48
P A ANE A Q4 Ao tate] o
of ngtom T AN ALPoA FeE FAEE
38 BAA ofd AFAE FolA B Fahrkel w

2, ©d AAAA Ax"oAe] QA Fo] AFE EER
4.59%, 42 5.68%A thF AAQN4 A& oA EER
o] 1.66%% HolA& &t APH 9k HA Al
g4& ?**ah e g e RO Yojd
F A 4L F83) 328 v Folg FF A3 v}
& =3 A4 %733% A RS TEs FAIE B
Ay 2 AAEY AR g3 Wy digd A3t o
Fojzjop & Ao},

POC Mult-Modal

i
piweighD=0.7
M qo’.l N\
{160 LU 3N k
FUNR
¥ 6. ROC AR
6. 312 ¥

[1] Lin Hong and Anil Jain, “ Integrating Faces and
Fingerprint for Personal Identification” , /EEE
Transaction on Pattern Analysis and Machine
Intelligence, vol. 19, no 12, December 1998

[2] R. Clarke, “ Human Identification in Information
Systems: Management Challenges and Public Policy
Issues,” Information Technology & People, vol. 7,
no. 4, pp. 6— 37, 1994

[3] Jung Soh, Younglae Bae, “ A Survey of Multi-
Modal Biometrics” , The Znd Korean Workshop on
Biometrics Technology, p1~5, 2002, 1. 17.

[4] S. Prabhakar and A. K. Jain, “ Decision-level
fusion in fingerprint verification” , Pattern Recog-
nition, vol. 35, pp.861-874, 2002

{5] Lin Hong, Anil Jain, Sharath Pankanti, “ Can
Multibiometric Improve Performance?” , Proceed-
ings AutolD'99, Summit, NJ, Oct 1999, PP, 59-64.
[6] Biometrics Working Group. “ Best Practies
inTesting and Reporting Performance of Biometric
Device Version 1.0” , Biometrics Working Group,
2000

624



