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Abstract

This study intends to design and implement the multi-modal
biometric system by applying the RFID recognition system
presently has been greatly issued in the ubiquitous society to the
multi-modal biometric system using the fingerprint and the
speech widely used in the biometrics, in order to improve FAR
and FRR of the existing single biometric system.

The recognition system is designed with TI's DSP TMS-
320C32, TMS320VC5509 and AVR so that it can be implemented
as embedded subsystems and is connected to the RFID system
in serial while the fingerprint recognition system and the speech
recognition system are connected in parallel.

The hardware 1is built with the algorithms excellent in
real-time for efficient real-time implementation. Among them,
SVM algorithm, which i1s the most essential in this study,
distinguishes the registered from the impostors by using the
distance value obtained two recognition systems. This integrate
system improves FAR and FRR. In this study, we performed the
SVM performance test the number of vectors within the support
vector is the least, which is 27(10.3%), with the Bspline kernel
function among 7 kernel functions; therefore, it is verified that
the kernel function of this study gives the best efficiency. We

compared with other algorithms(weight sum, fuzzy integral,

_vi_



decision tree) in order to evaluate the performance of the multi-
modal biometric system using the linear Bslpine function, and the
result shows that it is much more efficient with maximum 12%

difference.
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= 7V A dH(weight sum rule), ¥ A A F(fuzzy integral) "2 o]
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BRAE soln, dog wmAsW A (LB gol Wk = %
AE Ve 1 ol -1 Pl BRsie & ovwd
f RN‘>+1 [(l’pyl), ,(l‘pyl)ERNX+1] (3.1)

ghop 34 fol ol R Aok o] FolAA @eviw, &y A

Hzol W WolAA @t 1
s71 A RIS Azl 3

2 (32)% #Zo] AT & AUrh
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RIf)= f %Iﬂ:c)—y [dP(x,y) (3.2)
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lim#,, /)= Alf (3.4)
|—oc0
HmminRemp [f] = minR][f] (3.5)
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ojwl, VC A&

3ogv 7 mE U@ 48A P2ag ARG F A G A
F @e HaE s 2Ee ddss ®d 29 318 s

ol
T AAMAE BoFa oy, ol AAMAE A4 =3
=

2lA3 P A (bound on the risk)

\ Al 2l & (confidence)

— ZHEXH 2|ATd(empricial risk)

h1 h* hn h

S1 S* Sn

oy 31 g=ae] AAREY

Fig. 3.1 Bound on the risk
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=2 AE e SrkekA v 2y AA /= FHA e VC A
@A Aokt vAl F7hskAl H e, o] HA Aol H A
2o st VC 2de] wH, 19 3104 % h'7be

o] % 334 ¥ 344 = HAF B vdY SVM AA[48]9]

J
of g HE& #AAs Mest=s st

3.3 A% SVM 2 A

L
o

A8 SVMellME Fd AZ {2,447, xE 94 42 o4

|
1, diE 93tE 29)S 2det At d=+12 Fd Y= dE(EFdg )
d=-12 ZAHE HEHL AgdHo g Ha 75sivga 714 2
gote 244 Hdo ez 44 HAae A2 4 38)7F #r.
wiz+b=0 (3.8)

A71A re ¥4E WH, we 24 7tsd A wWEoW, bE

AgAoz #el s RS sHgo] SVM 7 E ool o]

S Anslr] A v e s wew A (39)9F 2k

wiz+b=0 for Z,= +1 (3.9)

wlz+b<0 for Z,= -1

w2t b7 FoAH S w, 4 (3.8) oA AHJH AA ¥ (hyperplane)
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Fig. 3.2 Geometrical structure of optimum hyperplane

7} A (weight) ¥ E ¢} bias®] H A gteleg} w1, 4= FHoA vt
A4 Ay 24 HWS gdste HAY Z2A HES 24 (3103 2o
IR

wj x+b,= 0 (3.10)

21 (3.10)% #¥3<(discriminant function)z} ¥, 2 (3.1 ¥

2ol AeolH
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glz)=wlz+0, (3.11)

oA7IA zoll X HA 2A HWAA ] AL dF SRS &
A5, o5 UEtls M A8 92 4 (312)9F 2o

Wy

=z, troe—r (3.12)

||w0||

AVNM w,= HAH AA WHoemo zo AAYG FHola, r2 57

v

b ovebe A Aotk wek a7k A A4 Fwe Py

(positive) Zol 92 A% re Folm, 27k AF AW FHe &

o Fnegative) Fol A& A r& 57 "k Aolel o4
#

o,

o,

o r)=0°12%2 4 (313)7 2 Ao

glz)= wom—l—b—wOT(a: —i—rH ||)

T
wy W,
T 0 *0
=w, xz, +r—+5b, =7rl|lw
0 D ||’LU|| 0 || 0||

r = (3.13)

H
rr

53, 94 A4 A4 FAAA ALE b, / w2 FoiA
B, WO b,>0 oW WM HA AR WA FPF Zo] gm
b0 o® &P ol 9A ek

wok b=0 oW HA 44 Hue A4S BIdh og@ vy
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(s)):w £ +b—+1 (3.15)

A B1)AA AAHE xTelA HA A FEAAY A A
(3.16)3 #Ztt.

1 : (s)
i B =
, — Sa) B L] (3.16)
||’LU0|| = ||’Li || if d(s) =
0

AN AA ()75 xU7h A A FHe FAWF B, ()]
X7k AH AA AEe SANF B ol Y delFch
P 9% 3% TASE T 2date w2 w4 g
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Y wd(x)+b=0 (3.18)

(@), = 54 B0t 28802 Adsts 29 AFAE

)
L
)
=
o
i

=3
Q

192}

)
H
I
w
=
<
LN
)
==
i)
e
o
f
)
Mo
2
il
o
N

o
ml
Y w;®,(x)=0 (3.19)
Jj=0

w,° bias bE FEAE7] Hal ZE xo thdlg(a)=10] 7149

o4 (3192 ZIAS) AE Zks Aol de]l 54 skl A"
el

@j<$): [®,(z),®, (x),...,D,, (z)]* (3.20)

Py(x)=1 for all x (3.21)
AAZ ¢(2)S 48 MY xol sl 54 Fos fFryes A7

= YERH, oled Ao #AolA AT FdHE A4 Fus A

(3.22)2 Aottt
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2 (322)A4 SAES] AdEdE e 54 s 9T o

Aol [R5 AlY A (A4S Agetd, A (3237 2ol YEd
T St
N
w= Y a,d,b(z,) (3.23)

54 H¥¢(,)e iHA doelA 4= sid gol Stz A

i
=
jinss
ol
ol
e
1>
w
(\)
=
fo
M
o,
A
o,
of
)
=
>,
al
W
>,

(3.18)°1 4 (3.19)

He 24 Wue Ao 4 A
o, d @z,) T o(z) =0 (3.24)

A B2 A ¢lz)p(2)= 9 WME x9b iAA de} AR <]
g oolE g0l g8 54 FelA FrE 7 WEHE] Aot 1
peg Ay AL Kz)® EA I, Mercer A [F5 Blol 9

A 4 (32509 ol Aelwrh

K, z,) =& (z)d(x;) (3.25)

=Y ®.(z)0,(z;) fori=12..,N
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2 (3.25)8 AZFE WA Ade dA FgolH, heEge A 2
(3.26)% #Zo] xdT 4 9t}
K(x,xi):]((wi,x) for all i (3.26)

o= 4 (8255 4 (3.24) AH&3o
24 A BRoAAH, Az
(327)3F #o] Aojdty,

Za d, Kz, z;)=0 (3.27)

i=1

34.2 SVMS HA A7

2 (325014 WA Ad Kx)d AAE g8 FIolA wAg
24 HAL AAGES @b 2wy B4 Tl 23 4
& Agoly, o) d Al eI e SVMO AlFdE A
of g A S & 5 9l

A (D)e ¢y(@) =10 bias b=w,?) BHIA 2182 Q)2
AX52 T3 ANt Jed AU BAE WA 2le0 WE A
3 Klwz)2 vtdcs AAE Adstns ¢4 A9d 29 5

il e AfolAel 22 Fefolnt.
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<SVMe] Agte A 3te] gk Fd Fej>

dAE @.d) 0] FAL W, BHg5E Avses o

o

%4 (Lagrange) & [a;]."

5 AhA e Aol FolR

i

N
1) Yad=0, (2 0<aq <C for (i=12,..,N)

i=1

2] (3.28)3 #Zol FHHE NxN =2 P E Ko ij A o

2E Ko, z;)2t Tk

2 Jm

o

K= k(mlv Z; ){Z =1 (3.28)
sob agA a0 A4 o, A G2 A§FoA
4 B0e 93gow Adat A9 ATANY w,el A9 3
de AY 5o, 4 o)e AFA NE wE Yo Ju
S, w4 (32009 2ol ek A7A ole)= a7t B4

S Aol Aol w, o] A AR A bias 4 ,= YERHITL

N
w, =Y a,  d;d(z,) (3.29)
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dnkyg o g ALEEE AY 4= vhd (polynomial) Ad g4,

RBF(Radial Basis Function) #Ad %, tt35 A E 2 (multi-layer

ol
f
of
O
N
N,
ofN
=i
il
§2
>

o
)
v
4
ofy

perceptron) 718
H A8 dolHEddA ws Aeseo 2 Ad T+d 7H¢A
(Gaussian) RBF #AY ¥4, A (exponential) RBF AY %4, B-

splines Y %<, thak9 o (multidimensional) ©&2 Ad d+E

AA29]8F A ch, e oA wEk 471A 9 A FS Bluslr] e A
g HolHE w$¢ ATo £ AY d400 guky Ad g4 A
% (Linear) Splines AY 34 E& F71= AA[29]5+3 o, o] =
A= 9 67H4 A S5 Ls7 =2 sl
(1) 932 Ad ¢

ttak 2l Ad d4E= A5 A (dot product) & E A B H 7] wjFEo] F
W E 7Ee] vbeke] o]EH ol A FUI WIS zhe WEHELS U
G AG 55 oSS W =2 AFFS 2 "t

K, 2") =[x « 2/)+1]" (3.30)

dutz oz 7k9-4 RBF 719 &= AAWE e 33 o] Bt

S29= At dBEHE, o7 A WE = RBFe Ao =
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(3.31)

(3.32)

(4) A9 Splines 71d &<

Bol ARg-E oA L

e
ot
>
il

18 Spliness FAA Wil o] #

Atk k A9 3 Splines(tA 2t
(3.33)3% 2t
P -t (3.33)

N
Kz, 2')= ZxYx’Y—i- Z (x—Ys)+

Y=0 s

o FH)E A

ol
rO
Z
=
o

I

fu—y
+
ko

-8k Splines([0,1]7-3Fell A)= 4] (3.34)¢F &2t

k 1
Kz, 2')= ExYx'Y—i- (x—, )i(m’—Ys )idY (3.34)
0

k=19 w, 7142 4 (3.35)9F o] #Ht}.
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Kz, JI/):1+JIJI/+%I‘$/IH1H(ZL‘ . :L’/)—Emin(x o z') (3.35)

(5) Bsplines A4 ¢t

A3 Splinesst 727k W@ FejzH, Al F(F 11D
= 4 (336)3) 2tk

Kz, 2')= BZN+1(13_$/) (3.36)
6) thard o] thara Ad 4

gardel Ad Fxo]w, HIAM FH(tensor product)e] F2] oz oo

A FEE 4 (337 2k

- 42 -



A4 AXD GF A A4 A=
sh=dlol T4

oAt B owRoA ActE BE AA A4 Az
9 OTd e AWt X mEoA A4® A A4 Ee A
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® 94, 84 94, RFID 94 A28 212 Abgste] o3 AA

4.1 AA d=do FAE

a9 412 o A Ay Al=Fe] dA AlofFE yEd Ao
2 SVM ¢audFe A B7HE Se PCE A&kl d, Ao+

M= A& AAFI PCee] FAl2 RS-232 2 ZH(serial) T4l

i

AbgF AL, shAF 1A R ok W (paralle) Al o2 AZA R A AA

sdtgom, mxgto 2 RFID Al2¥latE RS-232 48 Faoz o

& F9lst7] A dl=EE(DeadBolt)E dZA3te] ¢14o] A
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Fig. 4.2 Component diagram of fingerprint recognition board
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Fig. 4.3 Implemental control and fingerprint recognition board
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0oy 2o o714 W 2381 low pass filtero] t}.
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2 HMM(Hidden Markov Models),

DTW (Dynamic Time Wrapping), VQ(Vector Quantization), GMM

(Gaussian Mixture Model)
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5.2.2.3 MFCC
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Table 6.2 FRR test of speech recognition

ol n A45 | ARISE | BFE FAE

KJH 138 12 259

RHS 145 5 23.5
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JWI 125 25 35.1
LSB 140 10 24.7
KDH 139 11 25.2
KJW 135 15 30.2
MHG 145 5 22.8
KJM 119 31 36.1
SCW 146 4 20.8
LCK 139 11 24.4

3 6.3 32+ 204 FAR A3 (¢91/3])

Table 6.3 FAR test of speech recognition

ol 7 A% | ArAE A
KJH 0 150 120.4
RHS 4 146 97.5
JWI 0 150 130.8
LSB 9 141 70.1
KDH 3 147 92.3
KJW 0 150 100.3

MHG 0 150 111.7
KJM 10 140 99.3
SCW 8 142 120.2
LCK 1 149 140.2
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Fig. 6.13 Classified data in linear kernel function
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Fig. 6.14 Classified data in polynomial kernel function
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Fig. 6.16 Classified data in linear spline kernel function
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Fig. 6.17 Classified data in Bspline kernel function
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Fig. 6.18 Classified data in exponential RBF kernel function
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I 6.7 9 AA JAAH ohE A AA e v AF
Table 6.7 Comparative test between single and multi-modal

biometric recognition

o A4 A7 A3
T FAR FRR | FAR+FRR
S (3 A4 | 2.33% 8.6 % 10.93 %
Gl (A E 914) 17 % 35 % 5.2 %
OFECIEA @) | 533 % 6.8 % 12.13 %
oE (A A7) 48 % 3.6 % 8.4 %
024 22) 0.8 % 2.4 % 24 %
T} (SVM) 0 % 0.13 % 0.13 %
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