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Abstract For the sake of solving the problem of variable-length feature vectors and channel impact which existed in speaker verification, a novel
kernel function based on Gaussian Mixture Model(GMM) supervector, called Nuisance Attribute Projection(NAP) mapping KL divergence linear
kernel function, is proposed in this paper. This function can not only be in the interest of enabling Support Vector Machine(SVM) to classify on
whole audio sequences, but also has the benefit that channel subspace, which causes variability, is removed in kernel space. By doing so, the
classification performances of SVM and verification accuracy of system are improved excellently. Simulation experimental results demonstrate the
effectiveness of this kernel function.

Key words Nuisance Attribute Projection(NAP); Gaussian Mixture Model(GMM) supervector; speaker verification; Support Vector
Machine(SVM)

1
t (Gaussian GMM
Mixture Model, GMM) (Nuisance Attribute Projection, NAP)
GMM
2 NAP
Vapnik
(Support Vector Machine, SVM) SVM SVM
SVM
“ 7 NAP KL
SVM 1
(GMM-UBM)
SVM (21 (Maximum A Posteriori, MAP)
GMM
( ) SVM KL KL KL
NAP
(1981 )
SVM 2009-10-20 E-mail xyj19811010@126.com

—194—



NAP

SVM

GMM-UBM

4—
SVM
1 NAP
2.1
[3]
GMM-UBM
EM
GMM-UBM GMM-UBM
g0 =2 oN(xu. %) M
N(xX;u,2)) X o, Wi X
i
d X:{Xl, X2, 1 xr’l}a
GMM-UBM MAP
uz[ﬂl, M2, ’ :ud]T
2
‘ul
A u,
MFCC
GMME ] &
ik
EE R
2 GMM
2 GMM
GMM
2.2 KL
KL [3]
KL
KL Sa
Sy & & KL
D(g,.g,)=D(g,llg)+D(g,llg.)=
DIbE)drt [ g, (0163 )dr
Ang“() (gh(x)) Iglgb() (gu(x)) 2)
KL
Mercer KL

D(g, || &) =D(o" || o)+ 2 DINGe's 4, 27) | N 11, 21)

(3)
KL

D(g,.g,) sgw,-(ﬂ,-“ ) 2T~ ) (4)

4)
KL KL

linear

K (S,.S,) = ilwﬂ 2wy =
N -l 'l (5)
(o, 272 o, 22 Y

mi = Jo, 22w

£ (8..8)= Sl ©

linear

(6) mercer KL

@3

KL NAP
NAP
2.3 NAP
NAP Campbell W

NAP
Campbell W

N
M= (o), 0l), o )} 5712, 58 B =L & e

[4]

A ()= p(s)— pls) )

1

N Sxn

S n ¢
XX Au(s)( A (5)) (®)

s=1i=1

(3) Cv=A4Av A
v

q 1 =ZAp(s)v]

C

m=m/n, P= ;ﬁ,ﬁ,l
b NAP
~ lin]gar(S 5S,) ==m"(m"y

NAP
SaaSb) = Umu (Umb)’ = muU (mb)l =

m,(I=P)(m,)" =m,(m,) —m,P(m,) )

K
NAP(

—195—



u 6.67% minDCF 0.0415 RBF

U=u P EER 2% minDCF 0.012 1
P=xn ©) (KL ) SVM
' e SVM
K (Swr8)= K (S8 =m, i (m,) = NAP KL 5
K (5,.8,)=m,n(m,) = KL EER 0.77%
linear @b Chanelspace @b
N ~ KL
Mercer m, =m,n (10)
NAP KL 3 5 DET
(FR) (FA)
40.0—.1_ L T
SVM 1 ey LT
3 o[ b T )
NAP ‘ " S

Matlab6.5 SVM Toolbox 1.0 s loof- T S
1 KLE Rt~ ,
8 5ok he
31 ?—”2 > 3 _! 1 ) — L
dm NAPBLETK L B | T P \
53 ol EEMEEEY & / 73
26 27 ol wazpay” L g
11 025 Hz 16 bit ’ S BRI R ™
0.5 |- p :
A/D ol 1 P L N
10 0l 05 1.0 20 5.0 10.0 200 40.0
30 s 5 BREERI%)
5 35 DET
H(z)=1-0.95z"" 4
30 ms 15 ms GMM
1999 13 NAP KL
MFCC 39 SVM
5x1999=
9995 39x9 995 53 NAP
EM 1024
MAP 39
SVM KL
3.2 NAP
Blis=16)
KL NAP KL
KL AP (1] ; , ,
N [J1. ,2008, 34(14): 14-16.

(Equal Error Rate, EER)
(minimum Decision Cost Function, minDCF)

[2] Wan V, Rends S. Speaker Verification Using Sequence Discriminant
Support Vector Machines[J]. Speech and Audio Processing, 2005,

1 13(2): 203-210.

EER  minDCF [3] Campbell W M, Sturim D E, Reynolds D A, et al. SVM Based
1 EER  minDCF Speaker Verification Using a GMM Super Vector Kernel and NAP
EER/(%) minDCF Variability Compensation[C]//Proc. of ICASSP’06. Toulouse,

11.23 0.055 8 France: IEEE Press, 2006: 97-100.
9.86 0.0492 [4] Vogt R, Sridharan S. Explicit Modeling of Session Variability for
RBF 757 0.0322 Speaker Verification[J]. Computer Speech and Language, 2008,

KL 533 0.020 1 22(1: 1738,
NAP KL 4.56 0.014 3
[5] , , ,
1 KL [J1. ,2007, 33(19): 186-187.
EER  minDCF EER

—196—



