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Abstract:  In this paper, probability weighted average (PWA) algorithm is proposed to reconstruct MeRfrequency filte bank
vectars. The probabilityweighted average of K2best recanstructed / missing) components of MeR frequency filte2bank vectors is taken
as the estimation of components masked by addtive noise. Experimental resuks show that PWA algorithm can reduce reconstruction er2
rar, increase the continuty between neighbor meP filterbank vectars and greatly improve automatic speech recognition (ASR) system. s

robustness against addtive noise.

Key words:

TE S TR, TS UM RS AR SRR R Bk
REAE 7 VAL P S TRV 5 TR ARG G M — Bl YA
% J3 1 1 B W P R 7 B SR s B AN [ R 2 A I
L, L R T T 1 SR 45 6 L (Local SNR) & T FeANTT BRI
bR Ry B0, BIEEAT 8 2% 43 54l v (Mising Components
Identification ) B¢ & #E il fili 11 (Mask Estimation) . Z83d B 26 2 B4k
PEJE, T LA BB {5 W Lb Ry T 52035 43 AT 78 35 100, B A
T30 G A 5 1%, U nT A2 3 28t T T R AR (R Bk o =, FdRAT
T UM, E A5 g vk B AR AR YR Y T et W e e
AT BRI BRI, DRIt e 8 38 T 0 20 75 2 BRI, R 1) A2 2 e 7
Sh AR M T IR, B SRR AE v AT B8 2 YR IR

FET 5 e T ZR A (5 S A 4 9 R vk 8 AL AT
/ ATHEOTE AL E A Y B R0 1 T REE. RS 03 SR
BUF I T SR AR A4 TR SRR JEAS R 00, S T
VU R G0 288 T M IE TRE, 390 T 55 2 R 0 &R 40 0 ik
Wk PR L S — U T, T R v A R AR 1) R A S

AR H 3 20020218 & 7] H #: 200211220
F G0 5K 9738 A BE Gl ATF 97 8 2 IR H ¢ No., G1998030505)

missing data method; data recanstruction; robust speech recogntion; data reconstruction

T A T Y 5 5 R E 0 ) B, 2R T SR iR
% WLAS T RSN R AL RE I b4

A SCHR T T MR IR T 1OV R M T 5T
VBN FEIR IR BT T 2% S 5 U R 2 7 1 e
AR B AR I, 4SS0 BT 98 7 M B0 50 K X T8 %
BITASLT: 40 B0 545 G K4 T 2 S S .

YSCHIEE 2 A AT T R R ) T 1
T 22 O SR 5 3 ) 4RI T T M S AT ) i
TR TR SV 0 4 300 AL 5250, X H AT T 4T
LT84 1t 2 T 9V O 0 R 5 M R B 2
S A G T 1B BT AS BRI 753 0 5 SebE s 111 36
R W0 6 A I T BT NS5,

2

2R SV R G T B T A R P % Mel T A %
B, TV BRI Mel B0 500950 40151 26 4= fis e
W%, Mel T P45 IE 4% B — 44y AR ARH T8 T4 BEX
R Mel 4 14 10 fi i



%10 # £

T HE T AT Mel 75 R Ak 7 57 3%

1739

H T e R R A 1) T S ST LS Mel TR
AESK M A BT AR A 1 BT U B R 4l TS Mel
FAFRHE R i 225 Ko mean SRZSHN d5 KA SR 2 504l 7444 5] M
AN IR 0P I F Mel 1 Rk A

ARG SRR S MRS B iR B A (1) B

exqf- 20 L' (- 1)
PI\%(S)= (2P)n/2| H| 172 (D

AR H, L, BRI R 55§ AN Bk g
B S BRI B 7 2501 (1] J[ M), M J& B i 45 45
T TR H

Gt R Ay BAN T S, T RRAE S 4 Rk i R IER
o M T HE e 4 A B K B R O IR0 S™, VB AR R AR
Mt 75 8 il 23 A R I T 3 2540 S°.

BEF R AR R 4 1Y) Mlel i RE AE 250 T A A L 0 R
R

W, AR TR0 S°, AT E T Mel TAFIFAE S TS
F1 B T T AT 2

j7 = argma(P(M] 8%) = g max —PM(SP)(E‘%})’(M)] 2)

Hooh, P (S%) %R B WAL IR0 S (MR, AL P
(V) BB § A i B MR (1) 26 0 M 2 Pag ((S°) A7 M
Ry TR0 S° MR 28, BIAS AN BRI AR bl T $E R
RO S 3L L AR :

Pyi(8%) = QMj( S)ds™ = Qm(sms°)ds‘“ (3)

HTA X (2) W, P (S°) RH 2. it LLA R (2) 7T AR 4L
e
j"= agma(Py( $) @P(M))= arg max(P(MS)  (4)

MRS j* A B MR S8, SOk [3] 42 R KR
6 Wk (Maximum A Posterior ) ¥ U1 2R 33F 47 B J¢ F5AF 2 48t B2k
B T LA 23 3(5) HEAT A

S"= L+ mt He mdfe'w( S™ L# o) (5)

ARG, e m RS AN i i R hy B0 4 B

P

TR R EY Be 58

RAaR

——gall

4
i
BRI R 08 B8 (0 L5 L6 0B VR AT £E 14 A6 B8

Thakisle M (SNH=1540)

- B
" ‘I.‘i

TR EEIESD

BN (KNIL-1 S4R)

" FWADIEER . fabbie M (SHR-150)  PWADIRIE AEIA (Spa s
(@) (b)

1 Mel FPAE T H 1000 45 2R - () 32 0T (1 W P R I 1 5 1)

Kol L, (b) 5 Babble W5 i IR IUTE & 9L B 45 K. (Kl

HIDHETE & 2 / BV 4252 5 (tan2 dao4 qi4 chel ding4

dian3)0)

BT R O SRy Lo oF67 4577 AN B0 PR by T80 43
BT R o o jT A8 IR by 7] 450
SR 7 20 s He o 26550 7 AN PR JO7 BT o
/TR0 43 R R (20 43 W 1) 7 22 S

T FL S BT AR 4 1) Ml TP AIE T R B A T 1l o
WEE T Mel T 45 G 20 B 1O TR I, WA T £ B A2 R
202 2 1L 51 T R 2 1 KU A

(1) H TR0 S°, 3 AT (2) 3 S K BB
REINEE 278

(2)Mel T3 A 43 A ST b o 3 2 1 53 A

ARG T AR 2, AR SR T T 2R A T R i ek
REE S T S VAL S AT I v A Y Ak i i
T AN REN KA, HAR 05 32 e 97 AL A/ n] 52 5580 S°
MMERR, % KA TR AE AT AT 3, #4331 2k S fo s™
A -

LT M 0 BT 25 1 T O T S e T DR Bk
AT

15, AR RTEE SCR0 S°, Al VU TR AR S AE B T AT
T A e 7 A MR e K K AN B i AR R, KR A [k ] -
3ji8= arg maxk( Py (5°) @P (M) = arg maxk(P(MS®)) (6)

A, P (M) S JE T30 A s IR S 56 HE S Py
() RRBA M PR & R AT SRR 0 S° MR (S I
AR(3)).

FLU MR KA PR AR A i ] oh R B R B
H, RN (5) B HURREO

SE= L mt H mdd oo 8- Lito) (5)
TR K AN 2% RE2E R [ ST VAT K AT SR 1
S RHIGIE S ES S
P (MS")
= T 7
TR pows) @
kl[jl]

K AR BT 2 R R W] A R, B A P
K AT G 5 BT ST, 4 0 R R 22 A

"= 11'31 (A @SK) (8)

FESLIRAT 55 251 (i TR R AR 28 N DU HE 2155 UM)
N, AT B SR M T T e A 2R A ) A B A
BT MR A IR 240 1R 15 & 5 A1E T 7 S50k A Y Meel T AP AE
FR 22 58, LU A A SR 00 o 5 TR ) AR e 7 A RE R S IR
41

W YU R S U RN 35 Bt 2ok A 863 i £
. B ATE T3 P 158 ABHRHEAT IR (79 A T i
K79 A LR, B A3 8 A BT AR S EREN k(4 A



1740 2| ¥ 2 e 2004 4
P ERL 44 L EIERD . 43

VB A5 500 1 25ms W B B 6 328 S8 & HEAT 23 T, JF 0.
97 [ THUIN T 308 g 2% 2 A v A4y =, MU 5 S 15ms. FA
FEAE 5> H7 K FH 0~ 8000Hz (176 [ P Fi B Mel %1 FE35) 43 Aii 1)
26 B IE = MAUEI AL 12 By Me {8038, n b xk s B, e
AT B B 2223 T, R4 A 39 4E4F1iE ) &

HMM BEBY 250 1 4 SRS RS A 3 AR 254 3
BB S ASRESHER, B RHARES A v, O RiE#E
B AT H A 5 AR ESHIR, B BEARES®R i,
ISR B B AL 25 43 B REEAT T 9000 AR, A
ARZEXTRL 7 AN A . il A0l FRAE A Sk ek, W sk sl
406 [RIPLEBF 1 1 4.

Al T Mel T AE 25 8, 600 K2 mean 3R S A5 AL
RBHETHF M AR R 250 3T Mel T4
FEFE . AR A ST SE 8 T, M= 256.

PR A T s O R R R NS TS S T SR
IsE 75 40 5K 19 NoiseX292 W 75 3415 2 1) SR B4 . OR A7 4515
BRI (¥ 0 75 5 1 B AR R 23 B A T
42 M

R Al 5 2 I Mel T FRAE R S, W 75 1 Mel T
TPRFAE S B N, BRARER e o BAR v A xQdk AT

. Si(k)
1, if SX¥Ri(k)= 10 Logio m >D

MsK; (k)= Si(k) (9
0, if SR (k)= 10 Log,, N (k) [ D

A(9) T, MK(k) =1 FRH 1 BHEE Ak A Mel 147
/ A[EHE0; MKi(k) = 0 RoReE i WETS R k A Mel 1-7f 320
HEW 81250 5 Si(k) R A TE & 1 WiMel Tl RFIEM A k A
g3, WA kAN Mel =1 47 IR AL -8 fe i Ni(k) 2
M SR i i Mel TR AE ISR k AN o, SR SR kAN Mel =
P P M 7 R i R J TR AR A5 T AE (9 1) PR, AR
NHHEMHN, %E+# R b- 5dB~ 5dB.

PRI o S A VIR 4% AR AE S B ER A TR AR AT S5 L,
DR AR A7 2107 (e 75 A 5 RN 54 . 7 SO A AR G
Ry BAT VSR VPAN e AR AE B R SR IR

Pl 1 45 B N s 0T 1 7S RIS VG R Mel i AR AE T (x
B TRV, y % D Mel T 5l DL S BRAR 2R A s AT S
I 3 T e R 4 (1) B 8 SR (R SGMIDT) I Tk
FINFCT- 34 1 B 1Rk PWADD 4 Bl E 2 5, 132110
Mel F-lF AL K.

M Mel T R E B AT L, 0 s e T Al TR
AR 25 8 (R TR AR A3 A1, 36 G 37 N R GE R 3R OCK R %
Tl e I A SRV R A S L A2 R S A () Mel T R AE,
FHG I Mel T HARFIE R AP I E L T 5 AR 2l Bt Mel T
HRFHE IR JE S AN 40 A1

of Bl S T e T AR A (R O A B A vk, B T
MR ISP 147 (1 Bk 2 e i 50 o e vk T 49 30 (1) el T
T R ot 1] 342 R AT, /D T B 1 B T R i
i [71) 5 AR I % 25 LR 1) .

14y T AR ARSI > A A Bl (K= 12)
Ak B TR R R ST R R RE. AR 1 AT DA Y, 200
Hn A5, b RS ) 56 1 RRAE I B ) L T A
AR BUOR T AR AR M A, BRGSO R AT
BOKM .

1 (SGMDI  /PWADI )
M HFWIEHH(%) BRI %)

I 75 2 7 |SNR (dB) | NOISY | SGMDI | PWADI | NOISY | SGVDI |PWADI
0 3.09 |23.78 | 25.68 |- 3.07| 13.64 | 15.70

5 9.72 | 41.75 | 44.37 |- 5.81| 32.03 | 35.08

Babble 10 |27.53 | 58.41 [59.91 | 815 |51.23 | 3.5
gt 15 [48.62 | 68.20 | 69.12 [ 29.74 | 62.36 | 63. 72
20 [62.11 [73.88 | 74.11 | 45.97 | 68.75 | €. 10

25 | 70.48 | 76.13 | 76.41 | 58.91 | 71.49 | 72.

0 2.80 |15.80 | 18.06 | 249 | 3.56 | 7.12

5 7.06 [32.19 | 3499 | 234 | 20.24 | 25.27

R 10 | 17.19 | 48.07 | 51.23 | 1.31 |39.49 | 44.21
P 15 [32.31 |57.84 | 60.96 | 1209 | 51.02 | 55.32
20 [48.28 | 66.35 | 68.26 | 28.00 | 60.17 | 63.08

25 | 61.19 | 72.33 | 73.26 | 56.14 | 67.25 | 68. 8

BE TR A IR 35 (10 ¥ 5 Bt S SR T AR e AR
T, JF 0 A5 Y T R A9 B AR AIE % 4 IR A B i AL
B, PR S MBI ) A AN A i 7 20 A RS2 AEAN TR
R BEAN IR g P SR R IR BT, YRR 39 D0 T 7 . iy JUT A R 4
{1 K F R SR PR RE

5 K

AT % SRR E K X UM AR SETERER 2, ik
PR T R PR IR 13 T e AR B o B UL, R
g R 54— BURN BU T, T B R H K IR, 3 i
X 800 AN SCATHEAT I TR B34 1) Fodle T S g

P2 g i T S R B ik MR i K IR MY, 7
UM AR GE 35 19 IR 3R 1T HERf 4 08 20 38 =, eI ok
BRI K REAE YR v & IR R GE A A AR R, (ERERE
o BT H KRN, ¥ 5 U000 28 48 1A 5 T L0 5 R T o
TR IE A IO B e W R A2 28 3 — 7 I, B s R 4 K

Mﬂi)‘ﬁ#ﬁﬂﬁ KR RIIERE AR 9500 PWADI B % B T R i8] i 4%

62 2 9000
38 60 = 8500
# gg & 8000
2% ~— HPEWE 700
- —— EERE =

6500
0 4 8 12 16 20 24 28 32 36 B0 20 30 40
{RIEIHBIEY K 1BERAREY K

B2 gk A7 B KO 2R 48 R 00 1 B 0
(i S A 2 5 M= 256)



10 W Z

T AT ML B EI 0 Mel 117 5 AL T i 505

1741

(3 5600, VB R AL S A A A N N, AN T SR IR S
SEB(Z I 2) .

6

BT A AL 35 (1) B SR ik S A SR N i A Y,
s 22 A fi s A7 Tl 4 R T R ATy, BRAR TR
BOPIRNRF AL O 5 ) A AT 5 v 70 A PR R W, b T R
A T IR P KT R S8R BB, YR T Mel 7t A
Wi B S P, TR iy T 9 2 R S0l 2R 48 X in P e 75 ) 5 R 1P

P
He.

[ 11 AViznho, P Green,M Cooke, L Josifovski. Missing data theory, spe@
tral subtraction and signaPt® nose estimation for robust ASR: An int@
grated study[A]. Eurospeech. 9[ C]. Budapest, 1999.

[ 2] Martin Cooke, Phil Green, Ljubomir Josifovski and Ascension Vizinho.
Robust ASR with urnreliable data and minimal assumptions[ A] . Robust
99[C] . Tamper, Finlnd.

[ 3] Maoris A C, Cooke M, Green P. Some solutions to the missing feature
problem in data classification, with application to noise robust ASR
[A]. Proc. ICASSP. 98] C]. 1998. 737- 740.

[ 4] BRaj,ML Seltzer, R M Stern. Robust speech recognition: the case for
restoring missing features[A] . Proceedings of the Workshop on Consis2
tent and Reliable Acoustic Cues for Sound Analysis (CRAC) 2001
[C]. September, 2001, Aalborg, Denmark.

[ 51 Ljubomir Josifovski, Martin Cooke, Phil Green, Ascension Vzinho. Sate
based imputation of missing data for robust speech recognition and
speech enhancement[ A]. in Eurospeech[ C]. 1999. 6. 2833- 2836.

[ 6] Jon Barker, Ljubomi Josifovski, Martin Cooke and Phil Green. Soft d&

[7]

[8]

[9]

[10]

[11]

[12]

[13]

cisions in missing data techniques for robust automatic speech recogn2
tion[A]. ICSLP22000, Beijing[ C].2000. 373- 376.
B Raj, M L Seltzer, R M Stern. Reconstrudion of damaged spectr@®
graphic features for robust speech recognition [ A]. Proceedings of the
International Conference on Spoken Language Processing[C] . October,
2000, Beijing, China.
ML Seltzer, B Raj, R M Sem. (Jassifie2 based mask estimation for
missing feature methods of robust speech rewgntion[ A]. Proceedings
of the International Conference on Spoken Language Processing[ C].
October, 2000, Beijing, China.
Philippe Renevey, Rolf Vetter, Jens Kraus. Robust speech recognition
using missing feature theory and vector quantization[ A]. Eurospeech
2001[C]. Scandinavia, 2001. 1107.
Lippmann R P, Carlson B A.Using missing feature theory to actively
select features for robust speech recognition with interruptions, filtering
and noise[ A]. Proc Eurospeech. 97 [ C]. Rhodes, Greece, September
1997. KN3240.
Steve Young, Dan Kershaw, Julan Odell, Dave Ollason, Valcho
Valtchev, Phil Woodland, The HTK Book ( for HTK Version 3. 1)
[(M].
B Raj. Recorstruction of Incomplete Spectrograns for Robust Speech
Recognition, Ph. D Dissertation[ D]. ECE Department, CMU, April,
2000.
TLEEHL, k2 T AR BT MI . 3 K 2 AL, 2001
F1HE 2 R

(AHAEE 1657 TT)
(AHAZE 1657 TT)



