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Abstract
date the speaker models or the test scores dynamically. This process is defined as the unsupervised mode, which can make

In the text-independent speaker verification research, the information of previous trials can be adopted to up-

a coupling between the trials and the speaker models. The unsupervised mode is very useful for real speaker recognition
application. In this paper, a score-based unsupervised adaptation is proposed as well as model-based unsupervised adap-
tation. In the score-based unsupervised adaptation mode, a bi-Gaussian model is introduced as a prior score distribution.
Then the MAP (maximum a posteriori) method is adopted to adjust the parameters of the score normalization. In the
test process, the unsupervised score adaptation and unsupervised model adaptation can both improve the performance.
In the case of NIST SRE 2006 1conv4w-lconvdw corpus, the equal error rate (EER) of the proposed system is 4.3 % and

the minimum detection cost function (minDCF) is 0.021.

Key words

FEFLSZ B Yl NPT T, I SR At 4
RS BT 8L XA BORE T 2 A 5,
EEAnFRBE I P | A5 TR A LA AN ] B 22 5 KRR 28 45
BRI 2, IR AN I A A 1R AN DL 2
FRGE N B L I B R R A R X Ao AN DG P ) R
FIA T3 25 /2 BE ALK R F 43 1 (Factor analysis)!)
L8 J& % % (Nuisance attribute projection,
NAP) 233 o G770 1 LA B A5 1 5 o), A4
YO TR AR AN B ) A8 2 i Bt e, 5
5T, W RR I 2  SR R AT E A) AE R
I P 2 Y1k AR AL B b RIAE I3 AR e A A
IR T8 R T B A RO AR, A s AL AT A
SO b S R I TR 3 B N AR AL, I A ANA]

ks H ) 2007-12-03  Wefe ki H 1 2008-09-06

Received December 3, 2007; in revised form September 6, 2008

5 B AT R V) (863 1H41) (2006AA010104) 5y

Supported by National High Technology Research and Devel-
opment Program of China (863 Program) (2006AA010104)

1. P EBREER AR R T TR S E BRRE R B GBS LR s S
230027

1. iFly Speech Laboratory, Department of Electronic Engineer-
ing and Information Science, University of Science and Technol-

ogy of China, Hefei 230027
DOI: 10.3724/SP.J.1004.2009.00267

Speaker verification, Gaussian mixture model (GMM), unsupervised mode, score normalization

DN Rl N7 LR e S NP LT S 51 B T = T i
NZREE, AR S nAs e, X Ah 7 ARk 3k
HEBA (Unsupervised mode). 7F HH 3% B B K H;
AFFRHEE (National Institute of Standards and
Technology, NIST) %% 70 1)1t il A K€ B, M
2006 FFF4h, HAVER AR BB

JUT- BT A BRI SR LRG A T B S R 2R
FHBLTY 250 008 (1) U7 1, RIS K A 145 40 v
B —ANTTBR O R — AR A (K45 5 K1)
B, TS 2 5l FH AT ) ) Bt BE T i 1 N OB, 4
AW H K I K % (Maximum a poster-
iori, MAP)S) Y 1) J7 V5 R BB AL 3k 28 77 VAR
g S AINE | S Ak Y SPEA

A SR A B )RR N B4 53 3 1) 45 53 0
SR T AR A B IS Y SR S ST
H AR U6 TE AR E 13 70 70 A R o AR, 7
132 7B RS2 B G0 T, KX T Ag 23 0
T AR A B I A L AR R B K e
MR AR I 1) 5 =X, R A5 21 0 o5 A 545 B SEER 1
193 BEBYEAT S0, W S S e e A T
N RAR O B XM R GE T A AR



268 H | 1k

o0

fE, [F) IS A AR el A B B 3 Y 7 VA AT AL A
fE. L5 Al A, AR E AR I PR OVE R
JE VL AME, Fle R R T 75 BRI PR RE.

I3 — U7 T, VR A AL R T T R Y
(Gaussian mixture model —universal background
model, GMM-UBM)" {J52 H #iife) 2 (3606 A iR
I, R TE B AL I R R SR e GMM-
UBM BS54 D F o BT BeR it ssodt R P, Ay
FITAT SR R R I AN HEZE.

ARSCEEHZHIR: 2 1 4544 GMM-UBM
RGP 100 W5 58 2 PRGN i 45 20 B AR e
FUE N SR, 5 3 WA A 8 H @ N AR NIST
2006 - AHDCELEG; B 4 RS E I N
PEREI T AN 2 1.

1 RESHRE @
S
LR AT R R R I HE R, — AN B AR A

ﬂuﬁﬁ N /I\%/ﬁﬁglﬁ pz(m,m“El) H"Jblﬂﬂﬂ]%%
s

RAEREUMKEE T

p(z[A) = Zwipi(z;miazi) (1)

Hrr m,, 3, AR Z 28, w, RN
.

BT B R RS N s TN 2 — AN Fe e
() i A 8 Reynolds!™ 47 Hi 4 F K & Hds I 25—
A UBM 1Y R Jig il sk 5 K i 56 MG 256 44 D) 1) v
FE N B UG A GMM _E 2.

WRAEEE AN BT GMM A HER ) KB,
B2 A B — AN S O i, TR DR~ 2 A it e 1
IEAN S O B X (R EAT I — i A 2. % JRUECA A
T i I, v LA A BRI T IR R =, AN
S BOE ARE R, AN EEMEE, B4
B R ] LUS s B

my,(5) = Mypm + Ay(s) + Uzy(s) (2)

AR Ag(s) R MG R RO & A TE
UBM BB (e 0 m LIRS, U AR (5
600, @ (s) ARFEASEATE PG T, B
(2) B0 AR, A0S, 7R U, (s)
(A B 2, PURRR S B i AAHE RO . 75
A 2R 0 U AT (5 R F 2 (s) 2
JEi, ST G WS 1 7 V1 0 7 2 5 L v B
S48 5 L9 S T 6 5256 34 R TSR
A B 7 A

¥R 35 %
2 FoEMEREEENEX
T30 HEER) 22 N
f S—p
§="— (3)
Hrr, p Mo 5K B NEAER R I E R %, S
RIS 5353 A IR I (4357

o LR [ 45 00 B B P AD AT, ZnormO) A
Tnorm!®. Znorm F&il it K (1) B I TE S k4
(PTG AR BEAT WA, AT A o1 B 6 T3 AN e
VLT AR B YAE RN 5 25 Tnorm S 38 i I3
TN R B AU AN EAT I, AT Al o H XA
R BN T 20 T AN [ 845 43 (R S (E R T 22,

Znorm F1 Tnorm 255 T b #0575 2248 H K
EINE AR (BB B E AR A, 155
T A PR BB 5 X e e (P Pk A AR K ok
A, WHFHEEFGEM I RE. BTN EEN
RSB AR SN, PG T A 4R JLF- AN Al R 5 IR
ESE ARG, XA 115 A R 145 2 45K
(A R B N, AR B R B A5 43k Bl A&
U T R S A B R AR SR AR S
FNAE 2 RE 0 O b S e Y i AR (1) 45 43 40 A
T L. I I PP I 8 48 2 FOR A7 15 29 S8
O E— e R R BRI RS S MR AR AN T
BCILG. T A GHIX R TV L.

LEMRR LR T, R PE 24 H BPE 9 k18 R
KIS, R, XA —AMROCHE) a8, Bl
e (3) HRAE S UL B E & 1155 43 A, i 7E S
B (RN TV A o 24 i AR 4 a2 15 8 B AR
A, X L Y EAS S SR T B AR A,
BT DARS B NS 0 TR BN E 1S4 A
PrReA s i k. I ER AR AR B AN R A
XA DR

R TR EAT R, e T AR H AR
VBB AR B PR 2315 23 40 A Ok AR I XE T e 5
o3, R EARM AN HFR S0iE A5, BT H AR
AN AT RE L8 2 K15 2 H bRl v A 7553 193 A1,
PR R AN AR S, B — AN FF R A 1 Y
H bR i & AVE OB & Bk LA a0 A XA AR
SRR B e H s i A E OGBS R0 A B IROCR,
T TR BAR U TS AR UL, BRSBTS 750 A0
B B IE.

LG i B4 NIST 2006 4F (13X, H84 NIST
2005 AF M AR 1A Boas st o] DART R AL T H AR 1S
N FE 1S5 K B R 0 2 A1, PR oy 3R
Limp-att T Ciar_anr, FRF ) S EISEFIBRAE 2 530
N {Himp,au, O-imp,all}$u {Mtar,azz, Umr,au}. 15201
XA A KRB Sl T H AR 155 F B B & 14



3] FIREAE: RIS AR I B 38 N B A 269

75 LA AT TR R T, 4 5 T LR
Znorm 15 A8 MR ARG E AE £ 104 A
Nimps FTRE B IR RFIELE N (i Oomp ).
S HC R I FRR B AR AT Agar LU
HBH {firar, Orar }, FHIL (4) F1 (5) Ketiit, 10

Uimp
;uta'r' - ;uimp + (Mtar,all - ,uimp,all) (4)
Oimp_all
Otar_all
Otar = —— Oimp ()
Oimp_all

3 (4) A (5) Aot HR IR H bR wi 1l AR 23 A 2
TRANHER 1), AR IX AN 2 AT AR AE R —Fh e 5 53
AT, REL IS S5 R TR T A LA 1 135 A 2R ) LE A
FEE R A9 o0 A R R, 5107 B AR B 18 U7
ERMIEIE, oA B RV e 22, frixses:
Rl R RN A= R R & SR R I o i P51 AP
WEHINT —AMEck, BT H bR Ut il A 1353 73 A
EXAN U N B AR 14553 50 AT IR R AR A
KR, AIFREH B UiE NS 05 B INES 05
A 2 [A) RAEDOA BEOG FR (B AT SC 4 2100 P AN XS
$r 53 A e SRR H AR w1l A E A 135020 A 1 5%
) 23

X &E— R AF 5 S, LA BIAS Ny T Agar
K4 p(S) Aar) BT p(S| Nimp), PRI T (13900
WA SEENESMERERE C TRl (6) 1F
B B IAS R H BRI s AR p(Nvar)
P(Nimyp) IS TR E I ANK, 75 S5 L 0.5.

PNimp) X P(S|Aimp)
P(Ntar) X P(SAvar) + P(Aimp) X p(S|)‘imp)()6

FRAR 2 i MAP B35, T SC 45 3010 014
Y, Gtk (6) FREI0E (S AR B S . H
FAR IS, BV UE M, R gy 2. &
S 2 ST IS fiiy BRI i, T
[ EE LR T v, SRS o S, BT A
R (7) P

C =

ﬂimp_ci’_rxs"' <1_C(—j|—7“) X imp (7)

H AR BSNS540 Ao VLRSS {10r s
Opar P RIFEAT S (7) T LA B, 193] T HH )G
MENES M SEE, XTI S,
LR (3) ST T .

K (7) TR EENEF r R ECR A R
SO T BRI DTS, v R, R A 2 AR Y
ZHON T HOF vu i EOR. 75 SRE 06 BISEE, r 1
WAEAE 16 ~ 120 2[R PEREERA — 2 (3R @, 75 32 ~

64 2 [a] A3 2 PEBESETHEE K22 #E SRE 05 [
SR, r HUEAE 48 ~ 80 e IN Itk REHE FHEUK.
A ARGERER T r B BUE AN o BU, 72—
MR HAE Y F 2 N AR GEAR AT USRI PEREI ST
ATLMRIEZES, I r = 48 ENSLR P IS4 4
SRAEFT LSS, o U ] DA S AR5 VLR T
REERHE .

3 FHWRERGER
3.1 HuEE

AR SRE 06 MAAES5Hh Az 0k 1 91
it B -1 MRS Bt (1econvaw-1convdw) FEHE4E
HEATSEE, — 454 810 AN HbR UGN, St 51448
RPN, W8 FNZRiE S8 N 5 e e 41
R T 0] 1% 1 5 T A R — AN PR 7, 8K
Brtlrb i & i RE40h 3 el it

NIST SRE 04 1 SRE 05 Kl ZRsE AR
A 2 B i — Uil NAEA M R E S, A
EFEX LB AR N E W 7 S A I 2R, &
SEIRE S, I 724 N &% 9897 B, RN
13 B.

%F$ SRE 04 [ lconvdw-lconvdw Y ZrdE kK
YE28 Tnorm ZE0451E I B N E R 4E; 1£8 SRE 05
1] 1lconvdw-1convdw ZxEEKAF N Znorm Sk
THEENER AR, S5 AR MO A DG R4S 2 R
WG
3.2 4HESEIREL

AR ) AR R 20 B 281 (Ml frequency
cepstral coefficients, MFCC) 2%, %} T~ MFCC
AW, BEEE SR EHIR, PUNE (K1 H
0.97), & mi%E 25 ms, WiF% 10ms M. 78
I MECC 1k 2 5000 [m] I, R FH G T fig = 19 R
ER TR I S0k L B B . E 0 ~ 12 4 MFCCs,
BER 13 4, Rk 2 Eui i CMN (Cepstral mean
normalization)I”l fl RASTA (Relative spectral)!”
VEAT BT D8 0l 2 PR AR R AR 7 Sl — i 22 70
W2 oy B AR A 39 4E, AR Iy A AR R L
P U 2.

3.3 Rk

T LA 3 S AR RS Y SR S e i
570 FUBERRE Y 5 0 A B E S N SR R PR RE, X
LB PR AR T AMEMURFAE MR (1 512 4Ef) GMM-
UBM ARZHon LR SE, WIZE 1 (WK 0T) PHIRSE L.
ARG 2 MRS 3 IR MR MR RS, R
g8 4 R IR ) A B 8 N VAR R B



270 H | 1k

F {4

35 %

2% 1 NIST SRE 2006 lconvdw-1convdw IR FE4% EAH
RE a5 R

Table 1  Performance of different systems on NIST SRE
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