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Speaker Adaptation Method Based on Eigenphone
Speaker Subspace for Speech Recognition

Qu Dan Zhang Wen-lin
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Insti f Inf jon S Engi ing, PLA Inf ion Engi ing Uni ity, Zh hou 450000, Chi

Abstract: The eigenphone speaker adaptation method performs well when the amount of adaptation data is
sufficient. However, it suffers from severe over-fitting when insufficient amount of adaptation data is provided. A
speaker adaptation method based on eigenphone speaker subspace is proposed to overcome this problem. Firstly,
a brief overview of the eigenphone speaker adaptation method is presented in case of Hidden Markov
Model-Gaussian Mixture Model (HMM-GMM) based speech recognition system. Secondly, speaker subspace is
introduced to model the inter-speaker correlation information among different speakers’ eigenphones. Thirdly, a
new speaker adaptation method based on eigenphone speaker subspace is derived from estimation of a speaker
dependent coordinate vector for each speaker. Finally, a comparison between the new method and traditional
speaker subspace based method is discussed in detail. Experimental results on a Mandarin Chinese continuous
speech recognition task show that compared with original eigenphone speaker adaptation method, the performance
of the eigenphone speaker subspace method can be improved significantly when insufficient amount of adaptation
data is provided. Compared with eigenvoice method, eigenphone speaker subspace method can save a great amount
of storage space only at the expense of minor performance degradation.

Key words: Speech signal processing; Speaker adaptation; Eigenphone; Eigenphones’ speaker subspace; Low-rank

constraint; Eigenvoice

1 55 IR PERE o & B 2k MR B A TS E 1) PR 25
TR RS, YIS S RS FEVOUE N~ AR TE BTG e 75 PR BE (P AN R, AH DY

PR AR R AR 2B F e, ooyt gy A9 PHBRIBOARIR g “ Bl A PR 1, <Al

BRI RS b SR 7o Bt g FPEAET PECTIRE RN B SR UGN A

8, WOICSREHRIICR R, Wi (ORI UV TEE BRI FEN, B
NI L 3 6 AL 2 13 A 2 1

T I L, PR YR B2 T

5% ARBIA LS (61175017, 61302107 Al 61403415) % iR DUMARGE—AiT D [ A )

A P qudanquianBeinacom P B T 1 RO RS B




%56 3 IFHPRE T I N (e R AT TPNS Sl [T SRR NI SPryVAZ A7 1351

ARy QS BRI VAT S Y (S = N PP/ NS PN EE
HENR, B U606 A 5% (Speaker-Independent, ST)
27 AR U A A 500E N AH 5K (Speaker-Dependent,
SD) jE 2R, AP435 S 0N R 48 o 2 Uil N B X
PE, AR E RGN F . fERR By IR ) KAL)
BB T VU RGHER T, FWRMBEE N BN+
AR5y = RRM: BT R S MR I8 s, T
AR 3 Y 7 AR T s T A IR B &N T
155 530 L K5 56 (Maximum A Posteriori, MAP)
B o3& N J5 kL e KBUAR 2 P [H] H (Maximum
Likelihood Linear Regression, MLLR) & A ik &
(Eigen Voice, EV) 750 & ILH eS8 AREE . 2004
H, SCER[T)ERLN SD A AR A h & S R Je e
ORFARXS T ST A 2 B (AR A B R AT 122 [B) 43 AT
32— i A o b vk Z05iE S R T
ERI R CARAET” AHZRARL, DR PR 1% % T ) i
KEN “AIEH T (Eigen Phone, EP)”, %74
CH AR AR AHSCHR([T) B I T R A
“ZUTENT AEREBEOR, KA B8 Ul
PN PN Il akecy - Rt O 7w SRS A RN
B th LR SR ) B & Y T

2011 4, SCHER[8FEH T — Pk T A& 1 1) i
TN BOEN 7, e T SCHR [T AE S AL AN
A&, BRI AR A TR AT HIE N . BT X
T3S T AR AR HU U N ZA T — A R A AL
AR, W22, A QN R,
W o I A IS RS E v R S N %
R E WA T, 3 B R R AT A AN B T A
TP ER . X454 MLLR 3605 A FE RN
Tiik, N T e A5 B N A T R RE,
A2 F PR ARV ZRB B 48 MLLR St AR 4R 5% (1)
— AL, AR B N BOR) X AR TR AR R
MER 2l &, bR S 8080R . XRhTvk
Bl “ARAEZS o) MLLR” HIERN 7k M %057k
A5 E A BT 72 A ) AR Tl 1 A DG AR
SRR AT, 0 AR AR M N T — AR A
[

H, ASCRE Pk ARG IAARE S A A
RN T, ST BT AR s AT ]
YN H@E N BTER A T 8RR A
B 1R AR Ui ANAH IR RIX —RF i, AR T
RUETE N T I AT S . A 1 E Y v
FHEE, ZT70A /b 6 E Ol N A = BAT R P
fe, Rk T A% 5UE A 125
H & N T VEAH B, 777 B TR Ok e ) 420K
KRG, AT S 28 . A SCE 24
T 52 e T AR E U BE N T

3 WUTREE T AL S T ULTE N AR R0 B IE N Ty v
IR S S U vh N 725 18] 5 IE N 7 VAR T
B M 4 WA TR R RN RS T A
P
2 AREFFIREABENEE
2.1 EFEUFEERAMESF

AR SCAF IR 3 T B T R m] AR AR [ B
ARGV N FHIERN . EBEAE ST iR rpr, 3t
A M ARG, BIERERECH D, NZGEST
A S AT N A, A1 pD 23500k ST BRI
AEE N SD AL 55 m A TR G R &
EXHE TR E Y Hul= p® —p o FEARAEES
TR N HEN A, W TH s ARG, B
{ulWM A F— A BAE AR N (N << M) 47
250 T, BRI U E AMI SR < ARk T
2507 BT Pk o), FEEN (o0, R
(oY s NG A IAE Y 1 (Eigen Phone,
EP). A% m A 7 I8 0 6 B A8 bR R BN
Yo = Ut Uz - Yoy | Wl FEF5 TA54L 1 451A]
H] LM iR A

N
usr;) =1 (8) + Zymnvv(j> = v(()S) + V(S)ym = V(é)gm (1)

n=1
Horb, VO = [of) o) e o]V = [uf) V)5
I h o s AL N RIAIE 7 H A AL 35
FEBE, AR DN FIDx(N +1); gy, Al
g, = (L yp]" h e R AR AR % S R i s IR T
ARG, HUERU 0 N FI N 4+ 1. ZEVIZRB B,
3 TS YR 3 AAH G 75 22 AT 1y A A e R
w,, = [ul)T w0 T HEAT 3 5y A T T BAAS
B R T ARRR R {y, o, 1, RIRE (1),
w,, A A7
ul) o) +VUy,

m

u, =| . |= =u, +Vy, =V7y, (2)
w | o + VT,
o) v v
- . Ug.)z) v v® | o ‘7(2)
o V) 79

1 M ‘ 1 M ]
Hrfu, = M;um , o)) = Mmzﬂuf,‘:)  FFEV 151
7 ZEF BRI N AMREAEAE TS Y. (R AR R



1352 Bmr5FE8

37T %

2.2 AREFFHITmAMAMIT
7E HIE N B, ABBORFETBE N IE N 2 1)
FFERFEFHIN 0 = {o(t)},, HRH4E I I AUSRUEN],
BT AAH K ATE S FHERE VY o SRA K
tk.(Expectation Maximization, EM)57%, YLtk i H
NS
QVE) =5 X7 O]ot) -, —ull ||

-3, o) — p,, — ul)] (3)
Horl, vy, (8) FH ¢ WU 5 8 T ST R 45 m
AR IO R RREZE, 4 S N (ki
BT LASE 3 Baum-Welch i [ SE0E 0044249 51
3 FRE m A EHNR TG 2R . 455 (1)4¢
AR(3), HAHH VY (S HCh 0, TS V)
S A 2B . AR T SCR (8] 48 H 1 SR A 28 2 9 K
(N +1)D x (N + 1)D 4EHFERIZ, XFT— AN JL A 3%
CEVE TR R, M AL T A ) N
(> 100 )i, TRk RIS W RE R AEAN T4
INfiE) . (EAESE HMM-GMM [ ifih, 38
WOR—AX R, AL TEE N,
) F b R 0k (3) AT A4k Ay

Q(v")= —égjzzwm@)o;,}d

' [Od (t) - I‘Lm,d - ﬁEIS)T Qm ]2 (4)

e, 0, (8) B pa,, g 50 B IR 25 o) B B o
p,, W5 d e 702, DT RoRAHE R THERE VY 5
dAT o () HEAT 4 FT ] 75

QW@%E%EJﬁ”%dﬁfﬁ%ﬂ+c (5)

d

Howm o, 4,=3 % 7.0)0.0.8, , b=
Zl Zm 'Ym(t)a;z‘ld [Od (t) - u‘m,d gm ) C j\jg/l\ﬁﬁ °
Sl (5) kT o0 SR, IS THO 0 A1
WA (), = Ay by o FIF-SAT 2 10 1 S20AR A
7, RISzBR R, AT VY 1 D AT AT IRAT
SR, BRI AR e
3 EFATEEFRIEAFTEANBEENA

*
3.1 AEFFIRIAATZEI

W22 W AN TR VY WA Dx (N
1) 4 B A ) — A e, R — A
K (K < S)4Efrasa) b, 01672 FR b < A
PR AN T2 7 4 (VY iz o —
I, VY LR R AR RR R 2 =
) 2], WV AL

[, @ e x ]

<(s) i —~
VY =32V (6)
k=1

Horh, (VR VS AT LU R S I BT A T TR AE
FHE (VO AT B4 TSR], HARSZIL T
i

S RAE S TR 0 W A T
SERE V) 8 B S R, 1
v((f)
(s)

7 = vec (V(s)) = v1: (7

o

I &) K —A D x (N +1) iR

L INGUE AT AL & R = IIER 0,
SO} BT B AT, W R AT K A
5K BVRFAE ARG I FRRFAE SR B A 9, 2, -, 0 0 AR
TEE AL, {on }i, R AT & - 5% 1% W)
R —EE, BT ENIgELT Dx (N +1) 48 (KR
TEE e M x D 4E), ASTRFREY “ EHEARE S
(Compact Eigen Voice, CEV)”,

AR A N IR R B Ve, N

Vi =unvecp vy, (o), k=12 K (8)

Hr, unvecy v (o) B R EL, EH—A
D x (N +1) 4E41 K & 1) 76 F MK A% 41 HE 51 le— A
D x (N +1) 4 (R 5 F
3.2 BiEMEERMKEIR

Y AREE T AP T e R e AR bR %
I {g,, b FUARAE & F B0 N 7 25 ) — 41 2
(Viyie, s SEFAE S P30 A 125 1 ) & Y
M X —ARENVEEN 8" A &N AT
FAEAAE 6 N T 2510 P A AR R i 2, o
2 (6) 15 2N WP J AL &5 1 VRN AR
R E X, AT N A S m A 5 i ) Ny

K —~
> )V,
k=1

K
=t + Y 2 p, m=12-M (9
k=1

by p, =Vig, B—A D 4R & RV, 4k
BAHDx(N+1), Rigy, AN +1).

b, B MR P, =[p,, Doy - Pl W
2(9)55 N

“7(';,) = u”l + gm

uf’;’j,) = I“I‘m + P’nlw(sr) (10>

1B B 3 Y A 1R AR R R S8 0 =
[0,,0,,-+,00], KRG HANRAEN, R HTIHIEE B K



%56 3 IFHPRE T I N (e R AT TPNS Sl [T SRR NI SPryVAZ A7 1353

(Expectation Maximization, EM)%5i%, HX(10),
VATPNER YIS S SRR IE- N PE/S RN =R T3 E-'a)
L5
s' 1 )\ T
Q(iB( )>:*EZZ<01‘*HM*P,”€B( ))

t m

: 27;1 (Ot - My — Rnw(S/)) (11)
Q="
oz
) = A7 (12)
Ferb, HIBE A IO b 1952 X0k
A=) 7,P.Z,'P, (13)
b= Z PnTL‘Er;l (Sm - ’me’m> (14>

Hrr, ,, 5, 20008 8T 5 m AN E R T R RHE
RKEMEFN S —M St &=.
3.3 5l AFEEBIER AR LR

ERET U N T BE N ik, HIEA
SRV ATPN <SS TARK VA R N (A 13250 d R gl ]
(K A FasmgEst, K <S). wI"—4i%k
KN {e, e, exy, L MERT e, T m
AN E RO N R R A ey, o B ) AEIX AT IE
THAAR R E R 2, K2l MUE AT 4
Ey,, = [el_’m € eKﬁm}, Iij Nfs)ﬁfuﬁﬁ@ﬁﬂ

NSZ) =W, + EK,mwg?) (15)

o, ST B P3(E R p,, PTRRA 3 m A a0 TE
TCHTAE BTG N5 A0 S oo AR VI 2R s 14 280
WA TN PR E, W RGN B, RN
P H I8 BB Al R R 0N s BB TE N
i) AR AR 2 (15) BT 73 3 38 Y 5 4% i R G
ISl ES M

ANHERIN, A T UG N 725 0 6 H & N T
5L N TS A EIE N T AR 2R L. XA
(L0)FIR(B) AT W, P, AH T3 m Ay R T Y.
AL 550 RE By, o A6 BEUE N2 8] H & WY 7 72
W, BTN T A 3 AU AR R R B
Hp g —ANERENYEEC M x D 5 AT AR
TFULE N TR B &N 7, Bl A R
FR AT AN S TRHFE R, Kb —A
FEREIAERCN (N +)x Do TN < M, BIbAL
JE T TR BRI BN Z o T — AL ER
KA ST R RS, MR a2,
I N RN TECE Ao A7, A7 m 144 2k
B o

4 LWERRD

H T AUEASCHE I ERE, SR SR SCE R
JZEDOEL X HMM-GMM HEZE (R3E S5 5 R 5 R 4t
YEIE N HIEN SEHG . YIRS AHE 100 AT DTS
N, BENKZ) 200 A1, REAJTERHCKZ) 5, LA
19688 fJif, MK N 33 ho MERAEH A 25 AN
WA, BN 20 Al REAJTE I AKARE KL 5 s.

FEEREEE R R A 13 4B MFCC S8 H—
Bro BY2E4y, BRI IELERCK 39 4k, K AT
SN 25 ms Al 10 ms. 23, (SBESITE T
HA HTK(Hidden Markov Toolkit) (A 3.4.1)1"
WG] ST RL RS 1R fg 75 F A,
HA AR B X N — AN DGEA . AR R
TR, ST BRSO, 193] 295180 M
W = T, b 95534 A= IS
ERPEEES. BN wTH-AMEE 3 ANk
SPIRAS I S AT e s R ) B T IR AT R AR A T
AR SRR TUIEM =5 TRERKE, &%
HIEA 2392 ANANE TR SCHIORAS o eIkt
BB E N TC O (ST) 2 R AR S 8 A
R TR G, DRI 7R A A AR g R ) R TR G B
19136 4~

EMRR B, 61 HTK A HVite T HEAE
HFRES S, A AR RIS ML, KT
[ TE AR TR o SR FH P A D0 44 F 5 5 U3 R G0t
PRI (R B SR B i, AT DA S 20 RO PR A AR 1)1
WIPERE. 7R IRAAINRAE b, ST JELk RE NI RIH I
B E A Rl 53.04%( SC#R [16] g5 A
51.21%).
41 FRAESFRBEXENIRIEATSEFEAMESE

g

A0 U SR U TR N T AR & - K
AT B 50 5o M R I6 UE H0 T8 N 728 W) (AP A b
RN 1E N IEE SD P2y, 1 2e13 5%
e R O N R AR R B, (X0(2)), BN
FASL R B YERCK S x D = 100 x 39 = 3900 , %}
{u, } 050 JEAT T, AREEHT 100 Ak %
TEAE G IV PR 25 A R 2k R B AR BE v (2X(2)) 11
Gl ARHEIE R EHE VS AR R R R
o, (X(2), #3100 MINLRUETE N OY AL &
TR (X(7)), BT A T8 K S 4E
B Dx(N+1)=39x (N +1); &, 5 {a01 H
YOHAT FE 80T, B S W7 25 55 B I A I K
FINER, R AR IR ) BB DTER R . B
Ak 145 IR R 4ERL NN 25 3RS 250, KRS H%
BRI R sk R AR & a1 TR



1354 BT 516G 8 %R

37 4%

0 0 40 60 80 100
FHEE RS

B 1 JRAE T S T ZE R

AR S AR ST R AR A Hh 2

HE 1 AT, SR 7T YE (N )
T RN BRSNS R AT
70 HT (Principal Component Analysis, PCA)J5,
i 20 % 50 MRFIEERLEAT 80%~90% 1) SR Tk
R, XRY RANE 8 Ok 5 8] T A A —
MELEFIBE N T2 AN 1 ] FH, &
TR (A AR (V)N B N o )R
N =250, §i 22 MR EEA 80%H AN DT
ey MM N =250 0, B 31 MEIEE A REIAE] 80%
(1) AR DR o
4.2 EFAXREFFIRIEAFZEBIENXE

H T WA ORI e, SE Y, ARSCE X
PLR 3 il A 38 N VLA T 0 LY S

(1)A1E¥ (Eigen Voice, EV): T 0w
AR B vd 1 N H IS N, AR S RN K M 20
V£ 100,

(2) Bt KARUAR A AE 3 ¥ (EigenPhone based on
Maximum Likelihood, EP-ML): %&F g KALRAE T
VA & B s N B N 5%, R BERH 2.2
AT ) 3 AT O VA B A R T R AR R R
H{y, 1M RIEAENRARY BCR A 3.3 7 S LR Al
THERTE SRR U N B9 AR 2 -5 P

(3)AE % Ui i A 1% [A] (EigenPhone  based
on Speaker Subspace, EP-SS): ASCHEHIIETA
(o= AT NS Rl TN S iy VA 7 S = W SR 7 ST N R
4% KA 20 1H3£5] 100,

b, (1) A S N2 0] 1H IS N,
(2) ]9 JEUR B AAE & HE N R, (3) ARSI
FET AN F Ul il N2 0 HIE N Sk /e
AAE & B N RS, ARSI N
BIHCA 100,

TEMZB B, S RE—AN i uh A, R I
Rkl K MLLRAMAP [ 3E M 5 543 B0

(1) SD 75 25 R Je FORE R g iii NS it . AT IX
100 MMt iE N RS, KAL) 35 m0Hr
JriFEASE] 100 MAEEE R E. o, 78 MLLR+
MAP &R 3, K m Y4 o e [e] U= 25053 ) i
BN 16, 32 Fl 64, MLLR A8 $HB5 43 5l 58
FERE S B RERT R, K MAP HIER 15
IR 10 TH4ER) 40, WA KIAERTA HiG N
PSR, A 32, AR K 4
BT A7 HE B (RN FRE R3S 0y 13 x 13 4, 23 59155 I3 i
U6 1R 56 JR A 2 A5 3 22 45 (Mel Frequency Cepstral
Coefficients, MFCC) S —FrF1 —r 253 Z40) %%
BN 10 B, A3 B AR PR IR U R
TEMAET B, O T RS I A R £ &
(1) E SR RE, AT RE— AN BRI 20 AJEE
BEALEE 1 A)36. 2 A)ih. 4 A)3E4E N BNk,
MR REE R BEHLIE R 10 A5 A A AR TE R
TPRUESEEG 45 R T 5E 0, REFh HENIERRE TR,
A RS SCIGAE I 5 B R — AN Ui N 8 RS
5 GEvb Ty 8 i SEEGMARE R LR34 45 AR N
RGMERETRPR, £ 1 4H T SMULEN BEN L
(5256 45 R (R L, 6 T AR H & N A,
T LA T RS ) o Herp AR BT OR ARl
3 N e A N s i S g5 R, RMA TR
IAHEEIEZE ST R G0 V34 IE# M %.(53.04% ) T B (1)
SR AR
1 R g BT WL, Bl E IS N R 3G I,
M T RGN A IE N RS, ANIE S AN S
YEH N T A (KRR K
AR, T EENERA D, AE
PN = 100 ) AT, DRI SR U F AR AL &
T HIEN 7V (EP-ML) B R S B %, 78
1 ATk HE BB T I IR E(19.45%) £
R T F G R T ST A 2E A 1) 5 56 45 3 (53.04%)
MEAE S FHEVEGIN U E N T2 A5, EP-SS
SR HE N RES B AT, AE 1 RIS 2 A

F1 BB ERRE%)

o o 3 A B
ERCINARES SRR E
117 211 4 4]
- Kel0-100 5590 57.10 57.64
(K=30) (K=60) (K=70)

EP-ML 19.45 41.46 54.45
K=20 55.32 55.45 56.12
K=40 55.80 56.12 56.68
EP-SS K=60 55.12 56.92 57.12
K=80 54.86 56.76 57.57
K=100 54.78 56.48 57.32




%56 3 IFHPRE T I N (e R AT TPNS Sl [T SRR NI SPryVAZ A7 1355

i, 5 EP-ML S0EME, Hma P e gt
PR T 187% 5 37%. [, BEAE 1H 3 N H e
I, ik B A IER R AR, SR A TS A )
PEBAR AN K, X S A BIE N
(AR FAE — B0 o S Br N N AR B S 564
SRR U UG AT ) 4EE,  BR A L& 1 v
3B VOTE N T 4R R A [ Y R s R ik
IIERY R/ W

W AE ¥ Ui U N 125 () B 3 M 57 (EP-SS)
HARAE R AN EVE(EV)HHTILR, aTLLEH, 7
JIT A 1A 38 N A N R 1P IE A U R A T
Jd#, HEe . X&HTRERuiE AT
(B0 AR 7 R TR, e R 2
i ARG E R e E R = I —ME R IE s 1M
IEEA AN R P S PORUAT PN S e iaf iR
B UTE A S R R G EIME I R iRk Rk,
FEGRAAE S B R RI,  # Xt 5 iR ooy
R B RN Y R %

T S b LA P AR SR B, SR NIST
AT T AL SCTKY HEAT 1 2 1 /K P
(Significance test) LTI R 45 2 0] 1) 22 R AE 4
i ERAEE . 3R N (MP . STl
S WI IR 46 IR A 5% 1 B K2 T,
78 1 AL 4 A)Uh EE N TR, PR T T i
SR EE R M ZERRARER; e 2 A HIE
MR, AE H &N (EV) 1) MP R AH X
L, i e BRI R I R RN B
(1) o X0 0 B 9 2 (R P RE NG v Lk LT 2 A IR

TS AR S04 H 1) EP-SS 80352 1 I 1] 5 24 i
R AL . e b — IR AR, A
(10)F1:K(15), 7 3.3 Wihie T AR Tl A 745
) 3@ N5 RUARAE & 7 LS N SR A . 5F
H X (12) T LUE H, PRI ] 52 2 5 R K
PG AT T ) (4EE K A6, BG4 5] 1 Ui 1%
N TYeH, PiRh 7 i It 0] 53 2% i 58 4 A R) . B
AP A DR AT ) I 4ESL K ANIA],
MEZIG TG, A ZEAK, D[R] & 2% R A
ZEA K40 EP-SS /7iEM K = 40 if 5 EV 875
K =30 AT IR, WaR(12)n%n, T @& — > K 4
(0 B SRR [ A 3R, TR ) 5 % 5 2 il T
2

SRR M4 BE 5, I 3.3 i o ar
Frda i, SRR UOTE N 725 ) E IS N T VEAR B,
AT AAE S FUE N2 m ik, Um AT

b ftp://jaguar.ncsl.nist.gov /pub/sctk-2.4.0-20091110-0958.tar.bz2

[ 0 O S o 50K K s 4 (AN M x D4 1 45

N x DY), HAFAESE PR B Rl e TR

TN A SEIL ARG SO R L B, B, AE s

AN Rl By s b7 e s (2R TSy o S v TSR

I BRI, R TR (M) BB R, A7

fitf 200 S BEIE N R R FE R LY )L G NAF (Rt TT

HOCRFEAEBO T RO L7 1 80X Bl AR

e T ORI N AE TR A AR 1 1,

NFA BT, T N T EUCY 100 A2 BT,

£k 200 DU NGB R TGIL M AE, XRTA

BRI AR AR T . P, FE T AL T

IR N 722 (8] 1) 38 N VAR D VR RE AT

LS A PN R I RS BN e S EL E XN

P

5 ZERIE
AP T — PP T AR T U AT A

YR N BIEN ¥ ASCHED T T AL T3 A

3 W RS A SR B ) B b, R T AR AR

B (R D 15 N ARSI I 22 ST AR & 5 Ul 1\ 7

], HAE 0 Rt il N AL & 7 &

BEAT T B 3 MR SR A A1 NS TR A AE I

SRIGVEAHE S T AAE & 7 U0E A 12 i) B3 ) A

W, I BT O IR SR A d N AR

ITHCEL et TR AL & 7 I s AAH SR, DA

P AL Al N EVEA L, 2 B & N s R

BOUNT 4RI, AT BT R EE Y

SRR KRS s RGO MERE, B T A

(= SPr VA Rt I R S BRIVA - €/0F Ntk i 9/ PO

B SAMEE AT ORI, 3 ERAR

HOARBL, AR R 12 ) B R AL 3

US e ) R A NS Rl EI P RS a DR AR -

KRR, B A DV REROARN N, T

TRERAEARAS ], BATRN 22 1) = 2% R i B R

SEE

& % x @

[1]  Zhang Wen-lin, Zhang Wei-qiang, Li Bi-cheng, et al.
Bayesian speaker adaptation based on a new hierarchical
probabilistic model[J]. IEEE Transactions on Audio, Speech
and Language Processing, 2012, 20(7): 2002-2015.

[2]  Solomonoff A, Campbell W M, and Boardman I. Advances in
channel compensation for SVM speaker recognition[C].
Proceedings of International Conference on Acoustics, Speech,
and Signal Processing (ICASSP), Philadelphia, United States,
2005: 629-632.

[3]  Kumar D S P, Prasad N V, Joshi V, et al.. Modified splice



1356

LI I IS S i

37 4%

(4]

[5]

(6]

[7]

(8]

(9]

(10]

and its extension to non-stereo data for noise robust speech
recognition[C]. Proceedings of IEEE Automatic Speech
Recognition and Understanding Workshop(ASRU), Olomouc,
Czech Republic, 2013: 174-179.

Ghalehjegh S H and Rose R C. Two-stage speaker adaptation
in subspace Gaussian mixture models[C]. Proceedings of
Speech and Signal
Processing(ICASSP), Florence, Italy, 2014: 6374-6378.

International Conference on Audio,

Wang Y Q and Gale M J F. Tandem system adaptation using

multiple linear feature transforms[C]. Proceedings of
International Conference on Audio, Speech and Signal
Processing(ICASSP), Vancouver, Canada, 2013: 7932-7936.
Kenny P, Boulianne G, and Dumouchel P. Eigenvoice
modeling with sparse training data[J]. IEEE Transactions on
Speech and Audio Processing, 2005, 13(3): 345-354.

Kenny P, Boulianne G, Dumouchel P, et al. Speaker
adaptation using an eigenphone basis[J]. IEEE Transaction
on Speech and Audio Processing, 2004, 12(6): 579-589.
Zhang Wen-lin, Zhang Wei-giang, and Li Bi-cheng. Speaker
adaptation based on speaker-dependent eigenphone
estimation[C].
Recognition and Understanding Workshop(ASRU), Hawaii,
United States, 2011: 48-52.

TROCAR, SRIEE, BRI, A S PN T BT R R I AAE
TR HE N R[] BT SR B, 2014, 36(4):

981-987.

Proceedings of IEEE Automatic Speech

Zhang Wen-lin, Zhang Lian-hai, Chen Qi, et al.. Low-rank
constraint eigenphone speaker adaptation method for speech
recognition[J].  Journal

Technology, 2014, 36(4): 981-987.

of Electronics &  Information

Zhang Wen-lin, Qu Dan, and Zhang Wei-qiang. Speaker
adaptation based on sparse and low-rank eigenphone matrix
of Annual Conference on

estimation[C]. Proceedings

(11]

(12]

(13]

(14]

(15]

(16]

Speech Communication Association

(INTERSPEECH), Singapore, 2014: 2972-2976.

International

Wang N, Lee S, Seide F, et al.. Rapid speaker adaptation
using a priori knowledge by eigenspace analysis of MLLR
parameters[C]. Proceedings of International Conference on
Audio, Speech and Signal Processing(ICASSP), Salt Lake
City, United States, 2001: 345-348.

Povey D and Yao K. A basis representation of constrained
MLLR transforms for Robust adaptation[J].
Speech and Language, 2012, 26(1): 35-51.

Computer

Miao Y, Metze F, and Waibel A. Learning discriminative

basis coefficients for eigenspace MLLR unsupervised

adaptation[C]. Proceedings of International Conference on
Audio, Speech and Signal Processing(ICASSP), Vancouver,
Canada, 2013: 7927-7931.

Saz O and Hain T. Using contextual information in joint
factor eigenspace MLLR for speech recognition in diverse
scenarios|[C]. Proceedings of International Conference on
Audio, Speech and Signal Processing(ICASSP), Florence,
Italy, 2014: 6364-6368.

Young S, Evermann G, Gales M, et al.. The HTK book (for
HTK version 3.4)[OL]. http://htk.eng.cam.ac.uk/docs/docs.
shtml. 2009.

Chang E, Shi Y, Zhou J, et al.. Speech lab in a box: a
Mandarin speech toolbox to jumpstart speech related
research[C].

Proceedings of 7th European Conference on

Speech  Communication and  Technology(Eurospeech),

Aalborg, Denmark, 2001: 2799-2802.

P A 19748, W, BIEER, WUV ALY

PO HLAREST . HARIE S b
55, 19824, W, YHIl, WSS R TR AR B R
NI R == B2 NI PSRN (51



