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Adaptation method for deep neural network-based speech recognition

Deng Kan, Ou Zhijian
(Dept. of Electronic Engineering, Tsinghua University, Beijing 100084, China)

Abstract: To handle the speaker and noise adaptation problem in deep neural network-based speech recognition system, this
paper studied the inherent characters of speaker and noise random factors and proposed a new adaptation method using long
term features. Firstly, it built a joint adaptation model based on Gaussian mixture models and estimated and used the parame-
ters of speaker and noise factors as long term features. Then, it used these long term features in deep neural network together
with traditional short term features. Experiment results on Aurora4 database show that this method can effectively factorize
speaker and noise factors, and improve adaptation performance.

Key words: speech recognition; acoustic model adaptation; deep neural networks

0 3l

il

VAT VUM PR 27 AR ) 3 R0 O R A BRI T LA B il A
SUNGEEA 22 e T S TR0 A 1E R & PRS2 PR A 3
S X PR BE MR R 2 AR AAAE Y, DU R @ Pk S UiiE A A
3SR AR TR AR, 7 R B N RIS 2 2z
Ko MBEIENEREERGEHAE FF, B3E NPT Y
EE (B S BRI E i A S B ALY L N 1B = B SR PO N ==
FROESEAT AR , SR B AMEE DI 255 I B R O A H B o RIS 5
ERA B AR, Jr R A

LT EHR G # 8 ( Gaussian mixture models, GMM ) , i} 5%
FRW T LUF ik 0 3l AR R, R E K EIH— 1
(vocal track length normalization, VTLN ) (1] AR A
FHBITE 15 (5% ( cepstrum mean normalization, CMN) 1 gt 41| 5
FAR AT AR #7715, 4 fMLLR ( feature maximul likelihood linear
regression ) P11 HLDA ( heteroscedastic linear discriminant analy-
sis) 1o FERSTR AR R SR AR M A RRAEEA T U 25 5 1
), AT AR BRI A 1 T AR

KT IRIZ ML M 2% (deep neural networks, DNN) , [ T X &
A RIS AT SE IR IOIE ) 2 4h, W 5T & 2215 A fb i K
P LR AREAE , 26 AT BRI 22 M 2 AT AE 22 7 %0
B[R] B B AR 52 ], BT 9T 3 % 8% T STC (split temporal context )
REAELE TR 25 0 245 T i 07 P17 5 1 ) 2 T 1 B L PR

I EER: 2015-04-10; {&EIHHE: 2015-05-25

LR RS VR T R AR R A2 R 45, AT AT R
RNZRRIRA . 2 1E s A A IR AL, BF 9T % % 2205 A
EEMFIH . TR ER R U A MG R, W R iVec-
tor R RR AR T L SR J5 K 3 U B 9 iVector 15 &
RFAERE A28 00 2 eh T L B R IR, A
iVector " JRFHIE 5 BRG] T4 7t

BRI B 38 1 5 PR R AR SRR T A e, X — 5 S
BETEHTREA TR 2B SR, LEEFERT, (H 2 B 38 N RCR A T i
S J ¥ o

X T iR AR, H S H0a Wy 3 S AR R E 4y
Ay s, 7 2GR E AT OB L. %) i R G B R A T
BRI 3 0, i BRSO T AN B A, A — R B
N7 R SR T B R BLAR LA 191 U (maximum likelihood
linear regression, MLLR) DT L E F U RE A B S B, AT L
THEE HIEN . X ULIE AR, OF 508§t T AE# (eig-
envoice) 7k o AMEFS A RO A T UGB T BEE A
SEIR TR, SRR, B 3 AR B R AE H R B A RS
DAE S S BT FRBE R 2R, JE R Ik R 7 A
BUFHL, BFF0 & 32 0 7 SR o 7 Ab BB B AR 7 g 4R
ek, KB A BB (vector taylor series, VTS) M) 9l FI F 31 4%
AR (R R PR AT AR, X — 3T ABA 7 ¥ i A T BB AR LR AR
3, AT LA 05 A6t DA MR o TR A T A S MO L 240

AR ST AR TR 201 25 ) 285 i i 26 A\ A I ARPALE 6 — JEL B, Tk

HEE&WHE: BRARAFALFTBTR A (61075020,61473168 )

TEB R R4 (1989-) , 4, = RAA LA R A, 2 BT R 7 &) K #84E 35 & 17 7] (karendeng@ outlook. com) 5 B %5 & (1975-) , 5, &l #F %

RS, 22T F @ HEF LR ESIEA .



%7 H

AR, F IR AN Z W &R IRA B E R G R R

- 1967 -

BRBEIE NSRBI IR E A T 5 4. Horp, BLis A5
A B IPRFAE , BRSEAFAE 2 1) 7 N FR IR AE o O 1 D IR
TE AT B S RRAE , TR B X105 N5 IR T I G A

Wang %8 A1 UL A—FRBERE £ BB 58 ™ MLLR
FICT 5 SR |l T MLLR A8 3 538 T, 30—y Be AR fig
SHATROMR L FEIIERE bR T AR S R
BREBOE  RAX— ST XSS BN E
AR ik, T B I PR AE Y H Y

FET ERBIE N—INR R IR E A 5, A B IR
PR P28 I RRAE ST IROR o B 95l T R iR S 88, AT
Wi T R H A 7 38R P R R RIAALE 3 O i I SRARRALE , S B
PR R 5 Ui AP R B 20 8 5 AR5 A X 2R A I AR IR 5 MF-
CC(mel frequency cepstrum coefficient) 45 B 4FE—iE , /E HIRZ
P2 P2 1) i AR HEATARAE 2] o 55 l% A iVector B
WP O AT LE , X — DT TR BB 4 5 A M AR R R S U A R
X FIRIZ M K 5200, SESEIX — R, AR SCFE R T Auro-
rad By AR RS20

1 ETEHRESEEMNRE N —MEREMIT %

1.1 RIBEARE . AT

AE T 774 F RN 253 5 X Ui AR e M AT A
YIZEBBE, W% S A UEiE A EBIRY, JLrp s s AR i i i
BT AR R g = [ s ] 3P g R
550 AN IR AR AR, XS AR R
p e Y HEFT PCA e, 135 — 4R At e, (r=0,1,2,
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C.D USRS test O1 JofF I8 THE TCHEF 10 setA jtest 02 ~
07 TLAFIE T A MEFE 10 set Bjtest 08 A {58 T4 . T
B, I0H0 setCitest 09 ~ 14 G {FIE THE A WERE 30 H SetD,,

Aurorad B ZREE Sy Ry T 25 A1 22 3% 5% ( multi-condition )
Yk, 16 CMM B RGS i@ s, i1 T2 THiE &
A SR AR TR0 5125 76 DNN B2 RSG5 A3 I 5L
o, i T %4 DNN Xl BRHE 2 S g ) R R 2 5
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3.2 BT GMM Wiid \—INEB & XK

YER AT RS ES , 3X B 45 ) MLLR + VTS FIA SCHE Y eig-
envoice + VIS SEIGZEIL £ 5L, MLLR A/58K R F WA~ 18l 5
RT3 EARUKELH 2, eigenvoice SR JT] 20 MALEFAE R
AR EE . SCI0 L PRANET I i, SR B A iR 3R A5 A an
F 1R, For VTS 55 5k M 7S SR 7y b kAT VTS B
TGN A FE MLLR 5 eigenvoice BE-GAME VA, ¥R I
e ARARER I VLA N 5 ISR S EG TR R

F 1 Aurorad BHi4E ) GMM-HMM 575 R MEARL S 56 (T )1 25 )

CMM-HMM #4350 5%  8.93 5438  48.35 69.89 57.35

ERCANWRS setA setB setC setD

VTS 55 3k M s S50 5 7.97 16.21 13.68 23.38 18.51
MLLR + VTS ¢4 # M52 7.15 14.69 12.59 21.72 17.02
eigenvoice + VTS BRA#MESLK:  6.85 13.91 11.65 21.44 16.47

MELEREE AT L, SR H] eigenvoice + VTS J7 3% Al LG HE
MLLR + VTS TE4FH0R . 7T ILAE RIFL BE 2E & R 55
o IR 2% P R A DR 2R R IR 3R, BB S R el ke i — 20
HIFRT, X — T B SR IEJE K Dl VTS [ 30 55 458 B2 X T35 15
BTN AAE B R I X T R, MLLR 22—
Rl RSB T, ©A SCHRIN SEg0 45 2R 3R U], AT I
B AT ) MLLR R4 B A 58 R Tl iy
— PR MRS R R, T L ASAE 5 AR T N & VTS PR AL 11y
FEAB B, S A MERE T AR U S T

T HIE VTS + eigenvoice 5 #ME Y A R0, A 3C
BB I S 36, XX PR BRI SR T o0 A o RSO0 3R
GEANIE 2 R

WG B 320 ) B BTE T Bk A MR & T SR U 1S
NFHIE, BIAE & 73 2280, HOE BRI RS 5 i T i &
YNGR 9 T ARIER & 0 i S B i IR A T R T IR S
HMEE B N A AT B S B S X AR IR A
BRLHEATIN ) T i 58 2 — 2 | T Aurorad 2 A TN
Wk, 2R T NS 58 22— 80, W PATIERE, PRAIE T S5 5
BOTRIERTE . 76T RS iR S aa SR =Rl gl A
TEF : 2 BB ASRE A T 07 1%, LT i B8l b A T E AR Ak
B TR G AMERH I testO] (T ¥HHEH ) AL THAE & 5 K
E AMEREII M testO4 (A Restaurant M A ) AR H Ak 31 A E
Bo NIHEKIRE X =FALE S il 2 e g gl R, VR g%t
WA SCUA R T R 3 I A T TR e R R 1Y S B0 2
o BB SR UM FER R EIRMNER 2 PR,

M ESR SIS LA X FAE & A4l 3T, 5 RS
(075 2N 2GS TR & AT X AT 2 S AR R I 255

Sa R UC IS, Al T R A AE T B 38 W OR B 4F (eigenvoice
17 setA 91 s TESL BRI 5T A ME LURSE TR IR &, i 2
KA AMEAR AT A F T (5 2 3 47) o i T2
BB T4, AIEF A AR A G HER , B & NS A5 R EBCA H
HHEAT eigenvoice 4f, fH [ 38 NG A RS IR 8. 17% , A X
LI N BT RE R R AT 8. 93% YR IR FAT 8% WA XTH IR AT
R o DRI, AR SCHR A AT 45 A MR S — ol ARG 75 v SR I 33

MNE BRI Z AT %
GMM-HMM
BRI LR

Talgh
EH

TR .| GMM:{iiE A—
iEE | FAEBRAER
RS IE AAEH FH

eigenvoice 3B

HERLZ S5
THIEEERE

PHIGR
F2  Aurora4 BR& MBS ARG RHE
2 Aurorad JUHRSR A ULTE N—FR5E R 20 52 3 (Tl 25)

RTINS setA setB setC setD  EFH
GMM-HMM L4k 24t 8.93 54.383 48.35 69.89 57.35
eigenvoice 7.12 51.04 47.65 68.54 55.16

M testO1 Al FAHE 7.59  50.29 47.87 67.76 54.55

I testO4 T HARAE 2 8.17 49.85 48.29 66.79 54.02
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RIZ P4 B FE 2R R G0 % R T2 Kaldi #5
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XTTF Aurorad B4l 4, SR A R S SR VI R IR )2 M &
% DA% % DNN X+ 2 bl R A 2= > 6 )1, R
Kaldi T HAL, X155 B #E 0 39 4 MFCC 5 72 4k FBANK 4%
fiE, I MFCC I SR 4L GMM R 48, =& T R8I 1 RS 4L
93 026 A~ R FH S AU Rtk — 25 5 e U R, FLABCIR S bR
AR, PR FE N 7 x 2048 B2 454, fig A2k A
HIJE 11 WURHAE , 55 28 softmax, Y| ZR i 238 X, b T
IREEE R A B 0 FENZRAE T BE AL 175 A% A
RXIGUEE G, — HAR 2 N A RS, 9 bl 2k, B2
AN 0. 08, 55/ N 2 > ST B4 T it ik A RS, H
e S g0 TR R 22 R ZL IR 7

TERR IO S 5 U5 AR AE R, LLTF 523587 i F AT /5 20 g
FRAEAE R s Y AR ER AR AT, 25 2] Aurorad 4243 T T35
W, 0T KA B T8 3 AP A AR ¥ R R
R BIERAULE AR, T L RRHE , 4725 Bk DNN BE A #b
PERIT AR R B AT AT, U IR R A5 AR 3 BTN,

MEL E IR 85 0T LA, IS4 0 2R 5 A R I 2k
FEE TR %M DNN L2k (1) 15.12% TS| T 14. 82% , B8 1E T 7
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MBARSE B 45 R &, 10] DNN B ik A 3075 A FRAE
eigenvoice REL, X T THHEF setA UR B, 1X 5 IA SCHERAY
SRRV R B U, X T setB, setC, setD , il A
eigenvoice JG R MAL 2 T, TiX HL Y eigenvoice & M FAT
R IR, TT L HERR eigenvoice 4 MU B HER 1 J5L A o X
FHWEE  WITHE eigenvoice 1K — |2 HF(E 55 e 2 AS AL MF-
CCImMPhm &, i H FRRE

3 Aurorad R HYUETE AN—I5% K R A0 S5 56 (T 25D

DNN $54E [ 3 B 7% setA setB setC setD SO
GMM K2k 5256 7.04 12.73  12.67 26.13 18.06
DNN-MFCC 3.84 8.78 10.65 24.08 15.12
DNN-MFCC + noise 3.75 8.77 9.83  23.54 14.82
DNN-MFCC + speaker 3.64 8.84 11.71 24.3 15.3

DNN-MFCC + noise + speaker 3.56 8.71 11.69 24.21 15.2

4 LERIE

A SCHAETE A5 5 T 5 UG AR AT A5, 42
i MR R SR IORAE T AR M L VR
MEEATRIZ PR R 2 AT ZRA0 T vk o Aurorad Bdfa gl b Y52
W], X — Ik LB T A N BB R AR A A R iR, RERE
MIEFAF S PRI A Wy B SR P RRAE , 7 Tl 1 4R
st £t R TAG IR NEE 7S

TEA G BT SE R, ik B2 R AN AR 6 o ol 22 ) 245 R U 25 g
A R 7 5 T I T 6 IR AR IR AT LB e s 5 R ) AR A
Frib , 2t — B B TH MR TE 5 AU
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