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i B XHESEMERS AR LR ITRY, fEE AWML T, FESE0R T 23N
VAR, I, ASCEE T —FEm, EFIEHH &R A4 AL (Gaussian mixture model,
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TR AR FAFFAE S R R A %L (CDF), JFKIEAL 521 CDF 287 280U ks
IR B A R AE S 308 2 A7 MR n M = o A7, AT SR E# 2. #£ Aurora 2
A1 Aurora 3 ¥(HEE A SRIRSE SRR, A SCHE L A J7E R Y BE B B4 TR G A B B E B
#% (Cepstral mean normalization, CMN) FIE {35 77 2% (Cepstral mean and variance
normalization, CMVN) J7%%, T 53ESHALTT: — EHJ7 B XA RAE AL 77 12 0 P R 2= A AH
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Abstract In this paper, a new feature normalization approach based on double Gaussian
mixture model is proposed. Since speech features in noisy environments usually follow bi-
modal distributions, to fully utilize this characteristic we represent the cumulative density
function (CDF) of the features with a more delicate Gaussian mixture model. Finally, fea-
ture normalization process is performed according to the estimated CDF to improve speech
recognition performance. Experimental results on Aurora 2 and Aurora 3 tasks show that the
performance of our method is much better than those of the conventional cepstral mean nor-
malization (CMN) and cepstral mean and variance normalization (CMVN) methods, and is

comparable to that of the histogram equalization method, which is a non-parametric method.
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R HFITEER =T, 28T RNRRERE A 16, HIELhRIREE,
BRI EERMES NS, XEHEm iSRS A#HE. SIS
FHAE E a2, 45 TIEE RENRG LN (MRS, FERY, RHRES) MEAY
e (VETERAE, &, DAJEREEREm 5| iy Ui T8 KU A8 A 58) . 5 A4k M 7 1 A5 18 I
78 N B LR R AL

BT B R A 58 Ik B A D 0 3R S 2 o] 72 SEBR PR 8E T 48 FHE F R R R RE Y
(IR, FEFRIR b, WS 48 BT T N Y [ A0 St & VI R A IR AN R 858 22 [H] B AR DT RE. 177 53X Fb
ANUCELHE B SR BTERIES B R i 257 L, FESEHEE (H—4k, Normalization)
Al ATE— @ FR B LU NX FOR LR R R B, #EMT4R F R Sk AE.

AR EHE W B R AT M EVCEL (Cumulative distribution function matching, CDF-
Matching) JREE, @& —DRBXFFFIENE MR HIRHER. FWRRFIESEHN
#7107 LLgE —%|| CDF-Matching HEJEZ T

B E T Y R ENIESHAL Y. BJE CDF-Matching R B #
MR, HAEEA RS REEEM T LR R R KA, R )5 KR R AR A R
HEESRCHIT I, BRI A — RSB, FIHmE T4 65 By B
METHEIINE O ETFEEE TS, EMEATFARNSE, wrE A 5o 8
VRIS RFAE /AT 09 RENE B, J5 38 WAL DL R s i 38 B FTER b ar A A8 4k, B 7 R Y A5 5
W T LA — T I (AR, R AR B BBL (Vector taylor series, VTS) ) —2 ff
i, UBUS#E— SRR TT. B WHE 3 BRI A BEA B3 RAR 7 B i 9 a5 7k
HXFh T ETHRE —A VAD S RARF 0 K5 F B A B, AIRXIFAEGME, ¥
77 B A4 R AR 2 1 5 AR 7 vk B S2 e S T A Y AR AR B T R A
TR AT LA T AR TE M R

BRI Z A0, FE— R E T, 2 S 8L RIE S B 07 14 #8 W] LA CDF-Matching
JRFESR MRS, i EE Y H A3 (Cepstral mean normalization, CMN), {83 2 {H 77 25 HL 3%
(Cepstral mean and variance normalization, CMVN) &, XK PEHEANE B HEM D IESH
BT EAG T R R, AR BRI IES B RS M TE R (M CMN Z&H
EmBAAL, X CMVN J& 85l ifial), AR5 AERE A S8, &EETH
B, XA ET LA B 48/ MR R B R Ry 2= 0 i B Y

HJE, HAMTREA, M PR i IE T R 2 500 RBMUE AT, T CMVN 257
HASEAL T R TR R I A R X RS 454, B 7 BN & Ak S 8Ub ik, A
MR RE B — P REAE B AN B RIKFFEM AT (R A S AE 5 4) 9S8k Tk, A,
AR T —Fh T X5 GMM B FFESB0H —4 07 2%,

A NEEXFEZHER. 1256 2 7, KERFESEUENEAFEE — RH0
A7 R ELVCEL R B, A4 CMN | CMVN ME 7 B4 7%, 58 3 3, K EARDEH
AT B RCE BT — A R B R R Bt AR RS 4 W, B HEGX =R IR AE
Aurora2 DL J Aurora3 $(#E4E ERILER. HE, WATHAES 5 s A 4R,

2 FBr A7 R K UL B Ji P

HHE VBT AZSE, Wi MFCC, A SR REHLR I, [T B A A R g R oA, I
S AR B AN DU BL s AR BRAEE R AT 22 1 b 32 SLBRERBER R, R AES R R 2>
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MEERAETE. X, —PMME R EREX FES RO T I, I ZRATR 5 B
% B4 1 I 2 B M R A RSB T, SR T 25 22 1) /R G . g [V ok 7 3% e A 3 ke 7
BARFFIES BN ML 2R 2 5 ek BV BC W o B A e B2 B A, (H i X B89+ BEAR
J7E-BARMERERS, BT LAFRAT— Mol @ i ML % R B R4 — B B %L (Cumulative
distribution function, CDF) &3 iR 2 43 47 VC L R B
MR XA B, FRAESH0% e bk 00T DA B B 09 R AT R BORS,
WHRHES R RN « = Tly], y SHBEETHFIESE, « 2HELRENRFIES

L8
i B RBRMREOY Cx (2), y B BB R BOE Cy (), WIFFES B3 e il 20U

AR
Cy (y) = Cx(x) (1)

i A DA E
z =Ty = Cx'(Cy(y)) (2)

ERITEWEIR A SR, LR Y, AT MRS B R, &g
3K Fy 5CHE MR 2843 A1 R A8 B /] — > 5B 45 8 AR HE AT GEH S An = e Ai), XFRES
B,

2.1 HAEBEHEFH X (Histogram equalization)

HIJ7TEI¥ /& CDF Matching JR B — i BE0Y L. UL T

BREMASgEM LRI, XTI, AR IE R Y ZR 8 2500y 7T REUE
TS A M ASHEZER/NXE (bins), M MBE—KREILFEILE LS. ZF5RIHE
N/ PMXEFHSEAE, BT EIRESE RRETE, A THEIEESHW R
TR A R H
2.2 SRNMBASBABELE

B B &R, EHEFZSEULRIES BRI E, RE M S e h R S0t
A i& CDF-matching JF 3, {HEW 2 —H{REM &M T, BN AT LA CDF-matching Ji 2
KKK, KB CMN Fl CMVN J77&#f A D F X — 2.

2.2.1  fFHiE¥HEMER (CMN)

813% 9 {E 13 —4k (Cepstral mean normalization, CMN) 753, FHHELHR A CMS, J&—Fh
R RIES BT L. BRENGMIEAN S EMRSE MR, HEfE—
ANHEEET, AT DA e 2 (B R 25 X A B B 5

M CDF-matching W K HKH, CMN R AR L « = Tly] Jfb N v =y - C, C fEX
BR—HE. XeHE, WER CDF W& 7Efah Ei— %, Fril, CMN 7EX fis&
T 2% T CDF-matching.

222 BEHIEHENE (CMVN)

Bl g (H 7 2 3% (Cepstral mean and variance normalization, CMVN) Jg&— Ff X} 2] i
FHES RO HE R J7 ZH OB Ry 7% . BATW AT LA CMVN B 1E & R AR oA s E L L
JRERR B — R0 MARESEAT & m i A e, R R BUR B E M T CMVN J7
. CMVN JriE (U A BIHEM T ZP NS5, HABBF R g A, (HJZ&, R
FHESE L R 2GS EORMIR &A% 785 1.

BT R, WA IREE T BIE RS HOE W 2GR CMN
CMVN J7 & ToIE AR I W R IR X PRI 254, B J7 R ¥ 485 07 15 0 38 o6 2 . 4R S 80716k
RIBFIES B R A0, A, BATRE T —Fh2E TO05 8 GMM B ESE0H —4 77
P, LB FIR I S 80 77 s R IR R IE S B0 XU 25 44
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3 BUEHrRFE S RO 7 ik

AT A RIBFFIE R AT, — I AT RGBT (GMM) i
MR IR B oA — ok, BT A HIR & S RO S, X R SL AR oA B e
TR, ERMAT SRR R RRR, BRI, AR R MIR S &
BOh 2.

3.1 FEIFE
IRy WOERE BEoAi AT LU T Y GMM 2278

K
p(y) = ZCkN(y;Hka V) (3)
k=1
W2y i BT A0 R R
K
Cly)=> aFly— ) ¥ "] (4)
k=1

LA,y O BRRFIESEATIR, HETAE, WA EER; B FQ)
Je bR HE R o A Y R AT R R, (HRXARBOF BT RAK, PreA BRIV ERIER
ILUSERE (1) B ILI R
3.2 RESHMHIT

EPEFHESRUR, BEMITEAMSE. RATRAT EM 833", %HkE A
TEA RGBS AT FE. W GMM S5 w8 TX M.

H AT ANTH FE R AR RHE S B de M L R 2 By, 7ETHS GMM LRI S Jf 2
AR I, B S MBS, EAMRE. XFRMERR R, (LR MAFTE— S8,
09 52 br LR AESROAR JE Z4ERY, S RO i I 25 4 2 [ A M. O X Pl i 5
JERER, FATVEM T 2485 GMM, i EM 53k 7 2 48 25 | R M4~ (SH 24 @i
paiil

ISR — A iy GMM AR 40 B s

p(yld) =D crpr(yler) = Y cxNe(yli, Ur) (5)
k=1

k=1

BREBFEFINY = (yy, - yy) JF, BE

Vi = lewpr(yilox)]/ Ip(y;]9)] (6)
Yo = Z%i (7)

M2zt —wERIEH GMM &S AE, ¥ME, F 2450w
¢ =w/N (8)

N
e =D vy 9)
=1
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N

Yy = [Z (i — 1) (i — 1) 1/ (10)

F AR T 248 GMM, £ 4R S HOR L= A —MUE. 5550, 8T LI LR,
AT AE LR TR — MR, B FA TR S BRRFIESBWECF AR 2.
ARG SR, @ HEETILREN

4 EHFHER

4.1 LRHIEFMZE

AT LI R TE Aurora2 4R FERT Aurora3 ¥4 B EFEATHY.

Aurora2 ;& N THTABRFEMFEEWMA TR FREEE. E6E T —MEREII
AR EEE L, UIRORA S B AR RSN FBRIRAN RS, B HREETES
AE R IGRMER ST, BECRR 85 & S 8O0TE8OR .

Aurora3 B B WO 5 5 4 805 & B8 2 SpeechDataCar f—A~F 4, L& R
WRUNIE 5 0 S b B PR B 5 B B ROE SO F . XA BRI S B A TR EOA TR A &%
PR 7 15 B TR
4.2 IRER51TR

BABT AT L.

B, HAELHE T CMN f1 CMVN Jrk. S8 B Rk I FRESECh MFCC il logE (X
BAeR). ME—mE, At RN IES e EN T E, RERKFEERSE (CMN
J7i%) OB IH — L B AR HE S B4 A (CMVN J7%).

ZJE, BAOTER TSR IESEAE 5. LRk AR ES 502 MFCC Al
logE. Xt Aurora2 Y Zr & FMIMIAEE F & —4] 15, FERBU MFCC 2¥)5, H EM #ykE
R AGE SRR S5, LR R A0 EM B ORECH 3 I (ER R, 3 IKEAE
AEIE, BEE2WRIEARERA IR E); AR5 RIEX AP RRE S50 4 i 3 — L B hr e
Wror s ERABR—EINGESEONGHB R FEEA)E, XIH—bE R LR EHTT
M, 5225 R

BTNk BERR TIRS B ER B 7k, H SRkt EA v i, B
TRATW I T B 7 B4 77 1 D 8.

1M1 2 20 &FE Aurora2 fl Aurora3 {155 L=k R ELZ RS (FET MFCC) §y
THER. WRPAT LRI T~ HiE, MR EL R FEE N BN
2, HIR, FASEAITEN CMVN J7 M3 ATITE 00 W E S B kA 1,
JEABEMBN TR &E, ROTMITEMHER S BE7 B 7 B AR Y, 78 Aurora2 [y
Clean-Condition 1 Aurora3d [ Well-Matched & Medium-Mismatch & T 0 B FY iF —Lk.

F 1 BFITETE Aurora2 155 ERYPERE AR

Table 1  Comparison of performance on Aurora2 between different methods

Ik Clean-condition Multi-condition B3t (Overall)
WHIRAE (WER)  JA4FIRE (WER)  H4HRE#E (WER)  MHMHHRFETFE (ERR)
H4k (Baseline) 13.61% 39.94% 26.77% 0%
CMN 11.94% 32.23% 22.08% 15.78%
CMVN 11.68% 30.35% 21.02% 19.08%
Evigsker i 10.35% 19.08% 14.72% 38.08%

XU 397 R A A 10.07% 21.34% 15.70% 36.31%




524 H ) (a ¥ i 2%

2 BFITETE Aurora3 155 ERYPERE AR

Table 2  Comparison of performance on Aurora3 between different methods

Well Medium High Bit (Overall)
J7 % matched mismatch mismatch WER(%) ERR(%)
WER(%) WER(%) WER(%)

H:4k (Baseline) 8.96 21.96 48.85 23.48 0
CMN 7.76 17.01 32.73 17.24 20.92
CMVN 7.22 15.24 35.76 17.16 25.71
H7 R Y 6.72 14.41 23.03 13.49 35.81
X e B R AL 6.57 14.21 26.68 14.27 34.99

Foh, BATEIRAE Z & (=5 i) MR ES BB INERT THIL W2,
TE Aurora2 EAURTR 34.72% AR RFB T e X TXEWE L, FFIOrERER T
5 ZEip

BB T R XA = R I G AR A A B R B A M. TE S S50 i B
AL R (R), BA MRS, KECHY &8k S R B AE M0 A i 2 57 L.
— R B AR AR WX S R AL AR B AT SRR e, RUE AR ISR AR B A S B R
BOMR AR, XFERIAFEIR /DN, RENEEERSBIER. XHEET
CDF-matching 77 125 iy 24~ AR

1& CDF-matching (WHEZE T, W TRAESEI TR ESR, X —R.I77E XA U2 AH K
K MERESHOTEWE T ESEITE, EASEULIT R Z & &8 77k (CMN Fl
CMVN 7775 = 327 LB BUX — J7 VA TE— & 25140 T 09 F#491).

TAVRE T —Fh: T X0 GMM B8, F# A EM JE R A S 500 3 F R 1E
SR — Tk 5E5H CMN fl CMVN 2507 E M H, BT ITIERE% g 400
R BB T FES AR 7E Aurora2 Jz Aurora3 f£:45 LR SEge 3R E, ATHI 7 ILTE
SRR S BT BT ARSEOTE) Fel, MEPI BT CMN RLE CMVN J5ik.
FATIA R X A2 B A A i iy GMM ASERY /] D B 4 Y 3R 0K 7 M B R IE S B XU 254, DA
T REA B S I M AFIE S B0E — 4k, S ISR R B A9 R VT D RE 4% 2F — 25 80N

XN, B2 AR R XFTREA A EE, — &R ITH R E
HTATFH, BIEERETREA B DR FE G GMM 234 546, FHES B AT
BRI A SR B RAFFES BRI R R, TN ZHERR1E 55 B F AR R R X R E S5
HRBIFEM, [ IR 20 B W BB AR — @ B R R MR RE G A2 ML X B[] B JE
QR R T —.
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