1000-9825/2002/13(02)0274-06 ©2002 Journal of Software Vol.13, No.2

*
1 1 )
( , 210093);
( , 210093)
E-mail: jlu@graphics.nju.edu.cn
http://www.nju.edu.cn
, GLR BIC :(1) GLR
1(2) BIC (3) BIC
: : (BIC); (GLR);mel-frequency cepstral coefficient
(MFCC);
: TP391 A
[1-4], [5]' , , ’

- , [5] MLLR(maximum likelihood linear
regression) MAP(maximum a posteriori) (word
error rate)

. Kullback-Levison2(KL2)
(relative cross entropy)!>® (generalized likelihood ratio, GLR)!"
: N :
(hidden Markov model, HMM) (Gaussian mixture model, GMM) ,
, . [8] (Bayesian
information criterion, BIC) , ,
N BIC Hotelling 72
, . [1] GLR
BIC , GLR
BIC . , [8] BIC ,
[1] BIC BIC ; , GLR
* : 2000-05-10; : 2000-08-03
: (69903006;60073030)
(1974 ), , ' ' ;o (1975 ),
; (1964 ), , b : CADI/CAM,
(1939 ),

© PEBREBALTU bt/ www. jos. org. cn



275

N A GLR
. , [1] (1) BIC BIC (2
BIC HE)! )
GLR
1 , 1.1 (BIC) , 12
GLR , 13 (BIC)
2 3
1 GLR BIC
« ) :
GLR BIC , (1)
GLR () BIC BIC
11 (BIC)
, « ) ,
, “ 8 (maximum likelihood estimation)
. ) ; , Akaike
(akaike information criterion, AlC), (risk information criterion, RIC) Schwarz
(BIC)M
BIC , X={X;:i=1,...,N}
M={M;j=1,... K} L(X, M) X M, m; M, ,
BIC(M;)-logL(X,M))-A *m;*log(N), Q)
p) .BIC . [2 BIC
X ,
Ho i (xg,,xy) = N(u,X2) @
Hyt (g, x,) ~ N (u, 20); (%0, %y ) =~ N (a2, 25),
( ) H( )
N N
R =2 r1ogls |- siog 3, 1- Nz stog 31, ®
2,21,22 X, X1(X1,... ,Xi) X(XM,X/V) Py Ry iy H,
H, BIC
BIC(i) = —R(i) +4 * P, 4
P:%*(d+%*d*(d+1)) d A ABIC(i)<0, H .
, H, , i
1.2 GLR
KL2 GLR , )

© PEEREBEAD

http:/ www. jos. org. cn



276 Journal of Software 2002,13(2)

KL2 , KL2 , KL2
, .GLR
dGLR =-log(r) , 5)
o L(X,Nu.2))
L(XlvN(#lvzl))*L(erN(uzzz))
[10] GLR
Threshold (6) , GLR
11
) GLR
1 . GLR
0.9
0.8 ; ,
) GLR
0.7 ’
0.6 ’
0.5 ‘GLR
p
0.4 Mean (u)
0 01 02 03 04 0.5
Fig.1 Curve of variance mean(x) and threshold(6) GLR ,
1 )
d(i) = d(i) I max@())) i, j =1....N. ()
v o -
,UZAL,ZCI(I') ’ d(z)e[O,l],ye[O,l] . : H ) H )
i=1
, , i ,
: : 3 u-0
, S 1 . ) 1
L
0 =pu +(L-p)*(exp((L-p) —a)* ~1)%f +7) , @)
a,B.y . , K
(1) >05 \ . 6>
(@ u-0 y , 0=03;
Q@ p=l-a ,0=p+Q-p)*y, r=03.
) «=079,3=80 y=03. ,
( 1).
1.3 BIC
BIC , BIC .
BIC BIC , BIC ,
BIC .BIC :D(i)=min(CCi.1,Cis1-C)), Ci )
Ci , [8] BIC ,
BIC 2s

© PEBREBALTU bt/ www. jos. org. cn



277

GLR GLR , , , )
. , BIC GLR
, BIC . 3 (1
; ;(2) BIC :(3) BIC
C={C||i=0...N} ., Co=1;8 ABIC()  HO{X¢ X X )
) ~ [ OABIC() . . '
HLAX¢ oo Xe WX e X, ) BIC ,g(z)—sgn[T(i)], g@d)  CG) A BIC(i) ,
i BIC D(@)=min(C~C;_1,Ci11—C),0  BIC
(0] :S=07,i=1,
2 i>=N
a)  D()<J ,S=S {C},i=i+1, 2.
b) :
A BIC(C)>0, C; ,C=C-{Ci} ,N=N-1, (2); c);
0)
if g(?) A BIC(:) , Si
ii. :CiSj;
iii. :S=S  {S;}.i=i+];
©)
2
Discovery,
. 11.025kHz, 16 , 20 . 12
MFCcC M , 23ms.
(segmentation error, SE) (insert error,
IE) (delete error, DE), SER=(DE+IE)/ - SER 1.
Table1l Variance mean,expectation threshold and approximate threshold
1
1 2 3 4 5 6 7 8 9 10
Variance mean 0.25 0.36 0.34 057 045 022 0.22 0.51 0.33 0.26
Expectation
0.3~0.64 058-0.89 0.61~0.89  >1 >1 >1 041~085 >1  055~0.71 0.33~0.37
threshold
Approximate
threshold 0.51 0.69 0.66 121 089 048 0.48 1.07 0.61 0.51
10
, , . 1,
' ; , BIC
. 10 ,
10 GLR , GLR ,
GLR BIC , 10 . (2 GLR ,
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, . 3 , BIC GLR . 40%
(1) BIC GLR ,
, ;(2) BIC .

Table2 GLR segmentation,BIC verification and calibration

2 GLR BIC
. ) ) SER(segmentation
Actual IE (insertion error) DE (deletion error) error rate) (%)
GLR 10 3 1 40
BIC 10 0 1 10

Table 3 Effect of BIC verification and calibration

3 BIC
IE (insertion error) DE (deletion error) Bias correction
(Increase) (Decrease) Increase Decrease
Result 3 0 4 0
(-] « ) , ,
3
GLR ,
.BIC BIC , BIC
(spontaneous speech) ,

) , ) (source
separation)
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Abstract: Speech segmentation is the foundation of some applications such as speech recognition and spoken
document retrieval. An improved algorithm is proposed here which include: (1) GLR variance based threshold
adaptive algorithm is to improve the threshold selection approach in speaker based speech segmentation under
various acoustic environments;(2) BIC's ‘Detection Ability’ is referred to determine when BIC is effective;(3)
Besides to verify the candidate segmentation points, BIC is used to calibrate their bias caused by GLR variance.
Experimental results indicate that the improved algorithm is prior to the original one.

Key words:  spesker-based speech segmentation; Bayesian information criterion (BIC); generalized likelihood ratio
(GLR); mel-frequency cepstral coefficient (MFCC); hypothesis testing
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