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Abstract: In order to improve the quality of speech in low SNR, two methods were proposed to improve the robustness of
the system in this paper based on the traditional MFCC feature extraction. One is to use the side lobe suppression of mixed
window function to improve the robustness of system; the other is to incorporate subband amplitude information with Mel —
subband spectrum centroid( MSSC) because spectral peak position remains practically unaffected in the presence of background
noise. Experimental results show that mixed window function and MSSC and their combination system could improve the

robustness of system compared to the benchmark system based on traditional MFCC in the low SNR of stationary noises.

Key words: speech recognition; MFCC; low signal to noise ratio; subband spectrum centroid

0 5%

QAT ZE MR B A5 o R S R 5 1R U R O T R iR B IR
ARG AR — L, BRI SRR S M AE IS
TIEEEBMMNITRER T L8 =28 S BRI R GG
R IR RME , BTPE TR B TR R BT R R £
PRS- 4E 1 o7 o, B E A 5 BB IE 48 € 3 ( Short-term
Modified Coherence,SMC) "' | PLP #4E")  RAS-MFCC™’ {53
PR B e &%, BRAMETER
TE B MR gk D U ZRFR R 5 AR B R PR T

B R TE AL TR T R RS R W A R TR R SR
RERBERE , AT BT BRI M RRE, B I E B
BE| T2 B e Mel ] 3% 3 ${ ( Mel-Frequency Cepstrum
Coefficients, MFCC) £ — R LRI T A B FUIF LB,
TERFERSE ISR ENEL T A RFNREENE, K8
TGTER M 3R 5E ~F E T MFCC £HERBUM R ST mT L33
ERMIEAE,

FAERTHIBLEIRANER T Z o5l , Paliwal ##
FYFH T B 3% 5.0 ( Subband Spectrum Centroid , SSC) JE 4
BAEARTE PRI AR TS IS 0 B 5 B AT ARG
BIRAARRMMERE, B THREE OB Z T R K AE

%5 B HE : 2008 —09 - 02 ; & [E] H #7:2008 - 10 - 18,

XN, H T SSC KA F AR B AR SR FE T IRGI R
GBI, EILAER, FZHTIEE B SSC AER MFCC IR
INEHESIE R T SSC MFFIER &S, — B LI
TIEEHRARGER MR, HRRXETr T LI E MBS
B E AR HR—RAEE IS

ARSCHR T — AT 785 KR T ok BUR 1 S i
L (MSSC) H5FF MFCC 9% F Al mAL AL &, SLH R,
BTk S LS MFCC (RiRAI R GEM T, 1 T 155 1A
ARG ERE,

1 MFCC 3% 4 22 th o 3

1.1 BEFREAERABAETINRLE

BEEESE PRI ERFS, HmEd RS R E
WHRIBIREENR, @3 R E VBB TRE, &
SEHRRSEAEERS RSN EZERREL, HILE
HESREN TR, BN EN FRMNIEEBRRAI—TEE
Wt EH RN MR EE RN E RO EIUE & {7 5T
BB W HRAEAT ek SRS b 2R TR AR
S5, {HL 31X b B R ACE SE PR LA P Rk L B TEAR IR
MFCC #2632+, KA AR (Hamming) % s 45

—A> N g9 BA (Hamming ) 87 B ECE LA (1)

E&E WA BT RI B (05FI3046) 5 1834 WHEUT 00 H (M EE[ 2006152 5) o

EEE A B (1967 - ), 20, WiR KA B, Wik, BRI O7 AR AR R A BT S0 H B S 5 S Ab

Ak (1980 - ), %, BRI RR I

N LB, BT 1 SR R8s BResc(1982 - ) B B, SRV BB AR, R BB S0 07 10 iR 1R = AL 3 RS o



390 AL A

529 %

N1

% IR RN T SR IE LT, 45 5 0 Rk
A5 2 A RG], A2 300 T — MR & 21 o BORIUE DU &
RRER, HoRE =K (2)

w(n) =

0.42 - 0. 36cos| 277](\,”%1)] + 0. 22sia 77(]\7%11)]

w(n) = 0.54 - 0.46cos (27 Y,0sasN (1)

1lsn<s N2

0. 56 —0.44cos[277-](vnf_11)], (2)

N+1

sns N

AXFIERNRERRE LB HNEEE, B2
WE 5 RS B 7R S A B A, T, IRAEE R
FRATHE AN DB 19— 58, (RIS S5 MRA S LB 58

I B B WU i B 19 57 AR 4B (FFT) 48 2 oAt
7, Mel 575 ] LA R4 ( cochlea) AR 1 B , 17 3 35 15 49
i B R AE B Mel UUE T AR 1153 Mel 500k U775 21 R 132 2R
e .

&) WA HAL
B 1 WE SEE SN SR e
1.2 EFFHMERC (MSSC) K Mel JRiK 25 H AE
BEBREL [0,F./2] WM M AT 3ok F, R
SRR, M m AT BRIk
FAH L A b, TR w, () RS 0O R
o PP - KRB Palival FOBHSE 38 m AF AT 1 (3)
Hafsl.
[ fen P (s
Com——— 3)
[Cw. (PP (af

Hey B2 M2BME, HIE Bojana 2 ARILIERM Ky
1B, RGEA LABUS BT R MR, Bk, AT L3 R A
IR R BUE

R TR FHIRE B0 RS T MFCC MRTSGAL
LA, AT, M A Mel JEHBFH ML, £RAK
72 Mel 3%, w,, (f) &% MFCC S5 & 6 I i = A 0k
Beds, W P() Hw, () ST, I, Fh, 533 HFm A=
FHUR AR T PR b PRATER B4R AL 50 1 SRR B L , AT
e BRI AR A (4)

NACIE Y
C = f:h;” (4)
/;wﬂﬂlﬂﬂl
b | X(f) | RS £ HE S 5 I8 R 7w, (f) Bt
(5)H&ma,

o1,
I CECN (5)
w,, =
hy —f _,
hm_omy Om,<f\ m

H, o, HEE m MBPARHHLIRER, EidA(4) (5) AL
738 Mel FAPREILLIFS {C,,1 < m < M}, By Mel 38
Peded i i 3K (6) HRARE] .

Sbank'(m) = ﬂmnk(:) (_(';m ~ o) (6)

HH fhank(m) B2 m MG ARG W fbank’ (m) K
B

{fbank’(m) ,1 < m < M} Z53 3 $dE L 2 . DCT 1
BHERBURTHE BB ET MSSC BEE R B, HARBUT FE N

B2 B
| e e FET |
{

Melv‘)ﬁi&%ﬁéﬁH LI |

| DCT |__| BTy REERHESH
B2 FT MSSC RiBHRHESBURIUR B

2 %K

LI A RITE S AR AT A R TR R 4 B
6 MK ERRKT 8 WESZIUEHTH -9 MR E.
EERE SRR N 16kHz, 16bit BILKEE, BEEFHARA
HTK T H 91 T H HSGen 4 BAF & 4E 55 15 L1 250 4%
F EEHARSANVIGE M RE W . B NEIEA
25 MEEHE,HA 20 MERINGSE,S MERMEE, X
ML P MEESMA SR A MRS, R 5 db 3|
—10db, [a]f%EHN 5 db,

SEE R IR S WS R 25 ms, WIEESH 10 ms, XF4&F 1
WiE SRR , KN E R RN 0.97, £ IRE8 G, /A 512
I FRT SRR BUUE S MME, RH 26 451 Mel JEIHER,
HEET 13 4 (Cy,-+,Cyy ,Cp) HERERE, URENTH—B
T AIASRE, K G, MREE B, BRI 39 TS
P3N 55 WEELR BN 22 Bl F 6 Bk 5 19 3% 28 HMM,
HMM 4 5 PRES, B RS T WAE M MEER 2 5 RACR A &
BRI S RS R, R A B A AR AR . HMM 4R
BRI AR BIE R AL E S R C B S TR IT I
FABHIES IR TR HTK3. 31,

ATENAIR W RGNS B, L8P AR TG
B XPEEGHEAT ISR, R AR FEWR LT BS540 BT TR
7 1 A 3 WA EEWR LIE T , MFCC 457 1F . F IR & 318
FRIUB BT AHAE A MSSC 94 LR IR-& 8T + MSSC i4
ERRBIZR, m SRR Rl AR BRI T, SRS 5
EEMRESLGET MFCC RS, VR RE S
T 1.57% . {#F MSSC M R4 5548 T MFCC RS AM]




%28

RS R T &S AT IS A MECC 4424 B 22 89 52 7

391

o, FHIRARRER T 19.14% . RIRSHE + MMSC B RS
55 HT MFCC ARG, FHIRFIREET 17.13%,

BE R

[1]

MANSOUR D, JUANG B H. The short-term modified coherence

representation and its application for noisy speech recognition[ C]//

1 FAEBERIEHNRIETERRERE RBIE %
= Sk ik HEARREHHRAE % IEEE Transactions on Acoust Speech Signal Process. New York:
2% fEHR L/ dB IEEE, 1989: 95 - 804.
10 -3 0 > [2] HERMANSKY H, HANSON B, WAKITA H. Perceptually based
E‘Ei?;ﬁ 3;3 z;z 1(9)’;9‘ zi:;s linear predictive analysis of speech[ C]// IEEE International Con-
bz Eaa] - : . . ference on ICASSP 85. New York: IEEE, 1985: 509 -512.
MSSC 27.97 31.82 31.47 37.76 [3] YOU K H, WANG H C. Robust feat f . h ”
LA B + MSSC 22,73 57 62 31,82 18,81 R . Robust features for noisy speech recognition
based on temporal trajectory filtering of short-Time autocorrelation
40 sequences| J] . Speech Communication, 1999,28(1): 13 —24.
[4] VIIKKI O, BYE D, LAURILA K. A recursive feature vector normaliza-
tion approach for robust speech recognition in noise[ EB/OL]. [ 2008
30 ] -06 -5]. http: //www. karilaurila. com/Publications/13. doc.
[5] HIRSCH H G, EHRLICHER C. Noise estimation techniques for ro-
bust speech recognition[ C]// Proceedings of the 1995 IEEE Inter-
a0 | national Conference on Acoustics, Speech, and Signal Processing.
ISy Washington, DC: IEEE Computer Society, 1995: 153 —156.
i [6] X0k, 24T, BALZR, &5, 16 & R BB ¢ MEL S35 I v 4
;E " iR T L] (554038, 2004, 20(3): 133 -137.
" [7] SANGITA R, SHARMA. Multi stream approach to robust speech
recognition] D]. Oregon: Oregon Graduate Institute of Science and
e RABESMSSC Technology, 1999.
| - *- MSSC ] [8] SANGITA TIBREWALA, HVNEK HERMANSKY. Subband based
B YR A2
1\(\;['31:%?%& recognition of noisy speech[ C] // Proceedings of the 1997 IEEE In-
| | | | ternational Conference on Acoustics, Speech, and Signal Process-
_10 5 o 5 ing. Washington, DC: IEEE Computer Society, 1997: 1255 -
f5WREE /B 1258.
3 AREMEREERINRIESEAR RS IR BIR [9] PALIWAL K K. Spectral subband centroid as features for speech

3 LE3E recognition] C]// Proceedings of the 1998 IEEE International Con-
e ference on Acoustics, Speech, and Signal Processing. Washington,
$X%EE::H Pﬁﬁﬁ{%‘%tb?@ﬁ’mﬁ%ﬁ%ﬂﬁ% gﬁ%%% DC: IEEE Computer Society, 1998: 617 —288.

5 8 10] TSUGE S, FUKADA T, SINGER H. Speak lized tral

5 MFCC HHERBU IO BT RO MR A BT REE, 8 ) peaker nomalizel spectr

. . " subband parameters for noise robust speech recognition[ C]// Pro-

— K Mel THAARIE BT.L (MSSC) FIEET MFCC HTE- ¥ A3 ceedings of the 1999 IEEE International Conference on Acoustics

AEBEMLS G, SRR, IRA B RECR MSSC 7ER(5IR LL TR Speech, and Signal Processing. Washington, DC: IEEE Computer

TUREIEFRA RGNS, §BAHLERRN RN Socicty, 1999: 285 ~288.

H AT e = 05 N AR AT 3 [11] BOJAN , PALIWAL K K. Robust feature extraction using subba-
THBCRE R T MO ES AL (RS H T ik (1] BOJANA G, PALIWALK K. Robust bb
TR G S5 B0, TE LU MSE 30 o, T LU PR E e spoctn sentold Mol 7 Dooectines o/ e 20 TR

_ o N nternation: onterence on Acoustics, Speech, and Sign: 0CESS-

RS PR STE SRR ST, AR L5 AL : . :

L . ing. Washington, DC: IEEE Computer Society, 2001: 85 —88.
B N > N 410

T BRI FEH AR VRS RS T, B AP 7 2 19 I [12] YOUNG S. The htk book( for htk version 3.3)[ K]. Entropic Cam-

RANEBHEERH—PHEEEIE, bridge Research Laboratory, 2005.

(8% 359 W)

151 | T1<2® « P25 0, iR % 0 cs. berkeley. edu/ ~ dawnsong/papers/iptrace. pdf.

’ b b i o
. [3] CARTER R L, CROVELLA M E. Dynamic server selection using

4 é:r]; T’g dynamic path characterization in wide-area networks[ C]// Proceed-

A group indication BRIE B i 2245 R I G 1IIE1:gEs:EofC the 1t997SIE.EtE 111\I9F‘9(;C()11\(’)Ilfonference. Washington, DC:
omputer Society, : .

a3 42 Hs = /> =4 s PAS

il ,ﬁﬁ&i*@mi%ﬁ: I j(jt_la‘z/ e R s [4] WOLFGANG T, ROTHERMEL K. Dynamic distance maps of the in-

Hit T FMS BRSBTS AR IR IR R, N E R E ternet[ C]// IEEE Infocom. Israel: IEEE, 2000, 1:275 —-284.

B BB BGE 1T T T &5, [5] Cooperative association for internet data analysis| EB/OL]. [2008 -

S Rk : 06 —-06]. http: //www. caida. org/Tools/Skitter/Summary/.

[1] SAVAGE S, WETHERALL D, KARLIN A, et al. Practical network [6] STOICA I, ZHANG HUIL. Providing guaranteed services without per
support for ip traceback[ EB/OL]. [2008 - 06 - 5]. http: //www. flow management[ EB/OL]. [2008 — 06 —5]. http: //www. cs. co-
ece. cmu. edu/ ~ adrian/630-f04/readings/ SWKA. pdf. lumbia. edu/ ~ zwb/my/ oral/ qos/sigcomm99/ sz. ps.

[2] SONG D X, PERRIG A . Advanced and authenticated marking [71 BB, 4K, 44, 25 BT HILERIC T RN 1P BEE e

schemes for IP traceback[ EB/OL].[2008 — 06 -5]. http: //www.

7. MRS 1], 2007, 34(12) : 78 —81.



