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Total Variability Subspace Adaptation
Based Speaker Recognition
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Abstract In text-independent speaker recognition, the iden-
tity vector (i-vector) based modeling method has recently been
proved to be the most popular and efficient method. It is a
key problem to estimate the total variability subspace T effi-
ciently and accurately. In this paper, two adaptation algorithms
are proposed in order to improve the performance of the i-vector
base system in practical environments. Experiments on the 2008
core speaker recognition evaluation dataset of American NIST
and Technology and the self-collected speaker recognition eval-
uation dataset demonstrate that using the proposed adaptation
algorithms to adapt to the total variability subspace T from ei-
ther the test dataset or the developing dataset is effective for
improving the performance. In addition, the combination of the
two adaptation algorithms can achieve almost the best perfor-
mance using the developing dataset rather than the test dataset.
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Yh NN E AR R R A BEE N B S5 5 PR
FEGURFAEBEAT HE VB A D NS 03 (0 — T AR, A — i
L E YRR 0 5 BOR, A HOAR A2 N ] T 5K 2
e RNEKE L ERIRS . IRRAT 2 AR

U JLEEK, LB ATIE R & i-vector b BEAd 8 16 A\
BERARIAT T AE R, A3 31 AP0 R ST PERE
TR W R TR e e FARMEBA S (Ameri-
can National Institute of Standards and Technology, NIST)
G B i 16 AVEI R, R THZ BRI B AU R SE
PERE W] AT A0 V2 R B v R S A R - SRR
L (Gaussian mixture model super vector-support vector
machine, GSV-SVM)™ | A A4 #7 (Joint factor analy-
sis, JFA)P=01 j ok FUAT o 35 S A7 10 1615 A U0 R 4.

BT B I K b i-vector [T N @745 Se i
GSV-SVM. JFA HAETTIELFE, HE 5T iR A B -3
P S (Gaussian mixture model-universal background
model, GMM-UBM)!™ | HHEA AR B BE AT A A5 R L &
5 T G I PR Ak v S0 e 15 2 g A S {1 O B ) o ) —
MEHELE R B AR, sk (1) s,

M=m+Tw (1)

Hor, M FRoR @R G A BB R 5, m Zon— D55
SE i1 N R TE A TG O i O i, i el AR AR A 7 = T R
T 5 PG el 4 2 [i) B0 A 2 [ T, AT s 153 e 4 ) F) 2R
AR TP M AR BRI UL R T, 5
T RE P 7o AT 79, IRAT BIRERE T, AR5 FERs e 4 1 v
VR S BT R O AR 1% 1 ) L EAT 85, 13 B AERY
AR IR 1 R B, RRZ N S A NIER R i-vector, TJA
P13 BN KL & 0 AIE R B i-vector JEAT 28 11k %6 il 1 4 A7
(Linear discriminate analysis, LDA) P42 4 b7 7% 14
—4 (Within class covariance normalization, WCCN). Fif
LS BHIPE T EOR LDA (0 H A T A6 2 /MK
P T N B R g KA S ) 3 T A B £ 6 i P DA
N DR i-vector HIYERL, JaE AT IH— L
AR WCCN 1 H it i A4 b 75 22/ 0, {4348 e 5 1) 7
IR AT REIEAS. B AR 4t LDA M1 WCCN Az ffeid
Ja ¥ i-vector SRR, 1EAMIARFLIR N JG 8210 4y F 42047 73
KA. LI i-vector 73 KA AT RIXILE ST 7> (Cosine
distance scoring, CDS) 2} 2 Ml SVM 42 ae8] &8 Ay
A5 3CHR [2] h— SR LEEES $1 7> CDS 732K 4.

M i-vector B kA FEAM B AT LLE H, D] AE R
b v SRR TS ) T — AR SRR HOCREE 1 3R
A EFE A A TORIRAE BUE R BRYE i-vector K
OO T IR NG AR B ) R X, EA AT
W3 W25, IR i NIST AR us A, &
IR i-vector RAMMERE—EMEIL T GSV-SVM R4, M
ANV AE T NIST VFIU i 126 (1 B o1 I 7e 2, Hdls
TR, B AR LU — B, b2 IR By ok AR 2
FIUF S Atk T AR T2 bR B 328 i-vector R 48 1T #E R T,
Supported by National Natural Science Foundation of China
(61370034, 61273268, 61005019, 90920302) and Beijing Natural Sci-
ence Foundation (KZ201110005005)
1R LRER WA R SR ERE X9 % b 100084
1. Tsinghua National Laboratory for Information Science and Tech-
nology, Department of Electronic Engineering, Tsinghua University,

Beijing 100084



8 T R T

i

8 17 &

Z510) B 1& M) i-vector Bl AR RGEWTIT 1837

BT S bR 5 5 2y, Bt e E, B A s, WS
A T A R EE R AR, 443 i-vector iGN R GRS
s A B R PE REFE AR 245 L T R GSV-SVM

HH T i-vector GAR T VEIAZ Lo FISE A 2 0 B AR 725
) T SEFERIA T, BRIA SRR i-vector BLTE N IR R AT
AR A) IS A T ) EEAT T YRS, FER R R T
PFIT 2 A 30T 23 0 B IE NS, R SEe X s i T
I LI T R SRS

AT 1 WA T i-vector WIHEARLEH B
AR 723 [8) T SRR TR R 28 2 WA T i-vector Bt
i ARG PRI I RN B 55 3 WA T AR
TIPSR T 2 R R T 0 & A, FR4 sl B
HIRGHER]; 56 4 %Zﬁﬂjz}iiﬁfﬁﬁ&‘fﬁhﬁﬁﬁ%LE@i
I W AIHT; G AEEE b R H g g,

1 BAFTF=iE T EFEMIT
1.1 FitEMbit

1F i-vector R BMBNF W T GRS, BT
1 TR A AR B I (I % el o T B S SRR AR 0 T
HE UBM i’]ﬁﬁ%iﬁ’]f\@l —Br R R v AT 2,
DR e A /N B e 2 R SRR S B v s Al T i R
TANTE S B Gevh i, B SR A — S I R H i i
KA (Expectation maximum, EM) 5% 2543 2100 H 15 5
WA UBM, iZ AR T — DG — 052 A bR 23 A, I BLAT
DLE— B R Lok ol T i1l AR5 i/ 3 30y /N A
i . T v 3T VR AR R ) R e DI R 7R i UBM. L i
T KERAEZ (Maximum a posterior, MAP) [i& N5 2.

FB G A T R A BRI TS s 1R
FRIERIRA ©s 0, WHAXTT UBM SR 2 m MEH 4
Wi Neys, —MM R E Fo o WRZIS0E S, 7Tk (2)
Fi7R.

Nc,s = § Ye,s,t
t

Fc,s = § 'Yc,s,t(xs,t _mc)
t

Sc,s = dlag{z ’Yc,s,t(ms,t - mc)(xs,t - mc)T} (2)

t

K m. F UBM HWEMEE m FHE c Ml s
.t RN AR G]. ve,s,0 R78 UBM 5 ¢ A Eiflii o w i
Ja M. diag{-} RRIUR Mia H. BRI B s TR AL I 4k 2
HF, WEETE C A Wi 8 (A 48 25 BB sl m 4k 4
BREHEEH FC.

1.2 F=[ET it

bl 87 = R 2 I A L1 I/ AN K e W PP 9
AR B KL (Expectation maximum, EM) 5iE7$ 2,
B RN T S [AHERE T, SR IE 2 T, LS AR HE )
TG R w — A g, A R s (3)
N KRR Fs 2t Fo s REPHERI FC x 1 4R
. ONs & Nes TR XA TCHHERT FC x FC 4ER%E
38

Le=1+T'S7'N,T

Ews] = L;'T"S'F,
Efw]E[wl] + L' (3)
AP L, RIGHAEE, ¥ & UBM 5 Z 56 0.

OB T SRR 7 250 S T AR EE g A ]
FIF R (4) SReszBi, thmT M4 STk [10] Hf B PRI Sk Sz Bl

Z NSTE[waE] = Z F.Ew,] (4)

Ewsaw,] =

X UBM W7 ZHiBE X BBt #2 =t (5) Fios.
S=N"1'Y S —N'diag{d F.Ew;]T"} (5

K Sy Bt Se,s FATHFEXTAPHERI FC x FC 4EI50
Me, N =Y Ny vt NI gevk 2 AL

X BIROP BR  FIEATIEAN 6 ~ 8 K, WA T
S IS

2 i-vector 2| ZxF0NiR

AT i-vector B BN ZRATIEUK H 5 50K [2] —
Fp AR, B SeE i LDA F1 WCON X Bk 725 [l #g
JE IR i-vector R B IEATHE— B ISR VE B LERN P14k, SRR
A 5% 0 BT 4 WAL BE S 1) i-vector BEAT i ZEFT 4 A1) k.
2.1 ML

2k 5 1 g A0 (Linear discriminant analysis,
LDA) & Rk 72 % FH IR — b S 00 PE B A B R
TERT B IAMER & i-vector FIULTE ARG H, T ATk
TR AT IR 5 10 SR S P PR R D AL e R
H LDA SR F 2087 J5 H i-vector 4% 3HEAT % ) Pk B 4. V)
2k LDA SEFES AR R 2@ 0 =X (6) s i) B AR R 4L,
RFE e /NS P U U N B 28 R A 288 T 0 135 B 3 1 5 531
PRV i1 H b ok B s AL A
wT Spw
wT Syw ()

2t (6) TKIN P ZEHIBE Sp R Pi Iy 2 HERE Sw BT 5
R (7) Rt (8) FFas.

J(w) =

s
=Y (ws -w)" (M
T

Sw = Zn—Zw —w3) (w; —w5)" (8)

Horwy = (1/ns) Yoie, wi ACEE s MIE AW i-vector
YIERE. S RaUiid NN ne RRH s NMULTENT

i-vector B8, LK (6) AL H bR e B g R T
Aok sk (9) s SURFAE(E 1 i 2.
SB’U) = )\Sw‘w (9)

2.2 HAKTEP—K
H W J7 22— (Within class covariance normal-

ization, WCCN) o A B R A AR AR e 1S AT
ZEHFL T AEIEAS. WCCN HEBEnT Bt (10) filit.

%Z LY i -wwi - (0
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Hhwy = (1/ns) o702, wi AREEE s APEANN i-vector ¥
fiR=. S RARVIFEANL, ne X s MULIEAM i-vector
B
2.3 RZLEEITH

SIEEE BT AR Rl AR A R B s, BIEAE
A i-vector K& SR i-vector KREASH /54T 7345 1
A AEXT i-vector 73RN, KRG UIE N K E wigr M
TR E wese MRTZEE S B EBAE A I, IE5 W)
8 6 BATIRES, gy HARgs R, =k (11) s,

<wta'r7wtst>

score(Wiar, Wist) = Twsarl] - TTwest] z 0 (11)
ar S

A EDE, %5 RS A R AR L R T R R
RIS, R 8 A % B A9 A1 BEAE D 23 AR, T 51
FAREE, T H %o 2K AT DU I 5 R T, bR Js 2k FoH
AR,

3 BAZHF=ET MEENTEZE

HEA R T8 JFA 72 BT VAN, i-vector
AR R T 5T AT EATARSE R, BT
BN G 7, 33X 0 70 52 B N A s O P TG A i 2 ok
ESERNAG T T RE R A P A v i PR R SR AL T AT RE. 7
SEBRIN A A T FEBTARIAEE o0 TS 8] T A BT AR A
HA oF, A SCIE T-AS[F IR R 0, S8 H T P Rh 2 i) B O Y
B, IR T E A1 B IE NS,

3.1 HEKBEMEZX

12 B500% 1 e A SR AR I ABL T v 0TV 5 A 20l T Y oA 7Y
BAEAR e LRI A NG e ke de IR 1.2 sk
TR T — N H N R AEAHE R 72 A B T, Rz kil
FHT7 2 (M AE B, AR5 Ml 7 AR RE T, LT 7B
R, SEF TR A He, Wikl 1 FroR.

!
olo o
o) (@]
oW o
A B35 £ 2

B 7 <3 il L1 AN S AIE Py VA RPN
Fig.1 Total variability diagram of total variability subspace T'

iteration adaptation algorithm

HARSEtid fE v, &l A K2R 13 203 H
R T,, SRR 2P AR 5, FIAT EM 5%
FEFT IR 4R LA TR FE . s RS 1
IR, H A GRS 1 PR,

Bk 12T Tz T mEKBEREE

HI] 1. HCABAR AR A] 72 W& T, M1 UBM
Ji FEHEE B, AE R AR T

$W 2. HUE T, HEGINAS R L, IR AR w B
GEiH it Blw,] F1 B4 Bfw, w;

HI 3. KRS 2 h G T SEESAT IR, W (4) B
R

HI 4. HIEHIE 2 FUBTE 3 b RE B UBM Py 240 3,
TR AR (5) Fis

$ 5. FILFEEUHOEEEBE 2 haksl; &ML HGE .
3.2 BHZBEENEZ

TRETVE R A SRR T SR A o6 B R e A AR R
FR A 2 () P 1 AR IS 4T 2R DR 7 0 M e e
T PR T A R, AT AT DA BE A 285 25 A5 8 R - 40
MA{E i-vector FBLI R, FATIA JLEFIH 5L da Ul g din A
BEREE T I s 2 T LAy 0 I Sk A 380 PR AN s AN [R] A B ) A
PRAR A 2% 8], TR 0 s 0T A AR Ak 25 (a4 R
ICE 7 2 R AR o) v 4 R s EAT H 52, AT DAAAS[R) o B R Jz i
R4 AR R T

— R, BT
i AW T,

— AN R4 25 )
UBM %] T=[T,T,
. R_ENT
Bt T,

B2 SRR T P A& N R R
Fig.2 Diagram of total variability subspace T'

combination adaptation algorithm

LI 2 Fow, 1 STl R An 0 SR A e RO B 4R
FIHEE 1.2 AT S5 2 I 2545 20 5 /N AN [R] 16 B AR AR 40
FAEEERE T, M T, RIEHWA 72 AT, 52 A
NG T A A . AR R B

Bk 2. BT F=E T #HEEEREZE

$8 1. I GEIE 45 20723 A AR ALAEE T,

H® 2. FH IR BRI 415 8] 72 M AR FE T,

S 3. PHE T, M T, BEIHLN QEN T2 T.

3.3 MEALENBEENEZX

AR b 7 R i el 51 ) = B A= A s & (W B i 75 7
HT ARSI BN S, 185G BT DAL /T
PSR SCE AN, AR F B AR AR P ARG T A R
M2, B 3 4h T P 456 1 B N B R 4 ) .

» R BENGT |
IR AT,
‘ RN 72 1
UBM ##! wieEEs | T=I(T, T,
- R HENGT ||
B R T,
B3 AL Tt T R G SR I8 & 1 &
VR

Fig.3 Diagram of total variability subspace T' integration
algorithm of iteration adaptation and subspace combination

adaptation
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FAENE 3 FioR, B O AR 1.2
A5 G T BRI SR B AR 28 AR FE T, AR5 PR
PEEE 1 %AW X R A TR 2] T, dJE XS
WA T2 AT PR, RPN . %5 AR
s,

Bk 3. BT TF=E T $HERENEE

S 1. R BUEHR LA 3 7255 A AR T

S 2. FUTEAR G R ATV 1, X F 3R Vre BSR4 ik fess
BT AAEAHERE T,

S8 3. B T, B T, 1550E 40 HE R 72300 T

3.4 BEERENN

MR A DL E = Al N SRR R W LUE Y, AN E
AT BIENAT B, A B I Y S T G I A Y 1 R I
(6], i ELAA R I 18] L5 (538 NPT AR e oK/ R TSGR
Ab, =P 2 ) A R SE A B IR () S R — RE (), T
AN AE T3 T 2 T R I A I8 N A TR SRR B |
FIRT RS TR) 0 2% [ e 55— ol | 3 N SV ) — A A A, DRI G A Sk B
92 FH Pt 5 SRR 2R 8 S I R A0 1 8 SRR e 3 & 1)
SLIVAZ AP

4 SRWEESTULER

T YR UE AR SC TR A B, ASSCRE RN TR T A )
B IGERY i-vector ik N Z8 481k BEEAT S50 56 F Fl 45 ST L,
IO AT AR G500, 70T BREE AN ) ) R FH A 45 A 15 AT
AT AT LUK R B T RGN AR AN ). L B Z A ER
el s AR R OLT, AT AT LSRR B A i A 2
(R LE AT DL B R R g . o T L N RS R, L
TELMIRE LT, FATASREAS 2P A 1 I A s, (R 3RAT)
AT DU TR, PR R1G — te gz i i M g 5 1 7 R 4

41 KBERE

A RIS 4E, —AN 2 NIST K70 SRE
2008 izLHEE S, G212 A %dE ok B Switchboard
I RIIT 29 20000 4%, X 4e¥4f A FEH] T U125 UBM A2,
ZTnorm AKFEEELL K% LDA Al WCCN 4B, 3 8o 4
AFEHTIGBETE NN SR B 45 DL 12922 4 IRR B 4E, LA
K 3000 4&ZE A MITREE. — A AAT REREIE, R
I S5 205 ) B5CHE 0T 509 SR U5 T TR R Mg R R AR IR
SR ELHE RAE T 49 20000 4%, 1X L84l 1l 2% UBM #E8Y)
ZTnorm FKAEEELL KL IIZE LDA Fl WCCN 0%, B4
FEHTUOIE AN B s 42 LUK 8000 4% R Hdi 46, LA K
2000 kAT R R AR,

SEIS R Mel BRI ERFAE (Mel-frequency cepstral
coefficients, MFCC) 14 7522 2R 4E. 75 TiAb 3 i B R H
G.723.1 JEATAH B0E S 0 AL (Voice activity detection,
VAD) DL K K F 8 1% ¥ {9 (Cepstral mean subtraction,
CMS) A K ZBREHMEE GRS, HRET 3s &
KHTHHES 1 (Feature warping), #4171 25 % {KAE =M
LA IUNEE (K728 0.95). 7E LR AL H A ) oo
Y13 YEFEARRE, 5 —Fr B ZE R iE— R R AT
39 4k MFCC 27 LRHE. SEg i UBM HOVR & s s
91024, =S B 7 22 R AN A B, i-vector HE A
AR T A IR T 10725 (A e 50t B 4 45034 4 400, 9l
R IEAIREER 6 K. LDA AEFERF4E 5 10 4E505 B8 200.

4.2 SRIEEHR

AL P i AR AR RE IR PR AR R FH AR R 2 (Equal error
rate, EER) Flig/ME AT B8 2 (Minimum detection cost
function, MinDCF).

1M 2 4y TAEPIA B b R A s AR I 254
F A T MEAC Q@ N RN GR T 7637 T R Al LA
BRSO RE LU A IR, AT LUE H, ANE R TE T
KRBT 2 I A I Bl AT B G RN Sk, AR DU A
REFRTE. MR P ERIE v UG Hh, 7ESCBR N, BARTF R AR
i B SR A B ST I AR B, (U o TR R RS
ISR B, BT BAR ] T R B 8030 BEAT IR AR 1 38 B 3R A5 )
RESE T A B T b T 90 B A B 1 I C A e, TR
SE AT AT B d B (1) I8 A 1R B DRI A SE B B R R AR
PR T IR E A S AT 28 0] T 1) I . 7EREst
TR N, 5 JCVER] R A B, mT A% R& R A
TR G A 38 Y
x 1 GBS T SR BEN T £ NIST SRE 2008

[EAVeiiE RNl i
Table 1  Performance comparison of baseline training 7"
algorithm and the proposed iteration adaptation 7" algorithm
on NIST SRE 2 008 core dataset

ik EER MinDCF
JRah R N2 T 5.41 0.029
BT RAERSE AEN T 4.92 0.026
R RS A E N T 4.67 0.023

# 2 JFIRBERIIG T 5ACIHREMR AIEN T 75 BT RELIRSE I
AP fE LEEL
Table 2  Performance comparison of baseline training 7'
algorithm and the proposed iteration adaptation 7" algorithm

on actual application dataset

ik EER MinDCF
Jsa N T 3.00 0.014
BT RAEESS AEN T 2.99 0.013
R R A SN T 2.00 0.011

R 3 BUREIRING: T 5 AR EE N AT [ P & A
5451 BIENFAE NIST SRE 2 008 #Z.0o 84 itk Agbbig
Table 3

algorithm and the proposed integration algorithm of iteration

Performance comparison of baseline training 7’

adaptation and subspace combination adaptation on NIST
SRE 2008 core dataset

g EER MinDCF
JRUREAE N T 5.41 0.029
BT R GEHHE QER. T 4.01 0.021
R SR Q&N T 3.89 0.020

M1 R 2 PSR 4 R T LUR Y, 35 & NAE Y
ANt EXIAT Ll b R G RO TERE. PR ROk E
RS 3.3 WP TR A AR B TG S PR 1 N A 4 1 (1
G Y A TSI B sk 3 Pk 4 o s g 45 i
7, WIS A P A G N ARG &, PO PR RE A 2P
. FLIRI R T A S B AT 19 38 I w] DA LA 0
TRAREE AT B S AT 2 e PERE. PRIRSERR v /TR,
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Table 4  Performance comparison of baseline training 7'
algorithm and the proposed integration algorithm of iteration
adaptation and subspace combination adaptation on actual

application dataset

ik EER MinDCF
JRUREAE I T 3.00 0.014
BT RAH S GG T 1.99 0.012
PR Qi T 1.99 0.010

DAARAHI RS B i 00 T, M DR B2 Btk 2 AT B 3 1 AT A
WA s R EE ORI S s AT T2 1)
i o0 1, ar BAR Mg SR e, A 5 IR AR BN UG i i T K
8, P RAIAS FREANES AR BE. XAt o JRAT A 52 o N 34
Serb, A R I A& NOK R i-vector Bi i AP R
SMPERER L T 2 .

5 THES%R

INEE T 5 A IIE 2R B i-vector BRI EIE A TR I i Ji 2
BBERE, AR AT 25 ) B AR T R — A3t
AR AN BV 10 B, 2 B R RGN PEBE I AF IR, [
0 5 M % AR AR S B R R g S ) R R
SCEFX i-vector BEA WA AE SR N FH A AR SE T AR SR 1 S N
FAFHRE T 34T TIRATES, LRI SEmTAT I B3GR
ST, ISR IR R4 T S i S N ok
W& . A ST BV LR NIST SRE 2008 4% /vl Heds 42 F1 [
A7 RAE AR B 1 0 S8 45 3% B, AN SR It 4
AR B I 2 55 AR AR B U I V) FF R 4R B, i AR SC R I
T S Y T LA S T IR A ) B A R AR B s R
R4 723 [ iR, AT A ) Dl AR b Ak s as 45 3
EFRMIET 2 P A PHER A& N SRR R B A T84
HAE WA, T EH B E AT R A BRI R G ERE, B
IR o e SR B R AT 1938 . T DA AR X A B
HEAT B T8 N A B E BB T, IR by 7 S 3 R BT ]
A R I 25 1) N OR R i-vector B A THAI RS
PEREIROE T EE M S k.
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