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Abstract One major source of interspeaker variability in speaker-independent
(SI) speech recognition is the variation of the vocal tract shape, especially the vocal
tract length (VTL) among individual speakers. If the model of the vocal tract is
assumed to be a uniform tube with length I, then the formant frequencies of
utterances of a given sound are inversely proportional to L. Since the VTL can vary
from approximately 13cm for females to over 18cm for males, formant center
frequencies can vary by as much as 25% among speakers. This source of variability
results in state-of-the-art SI speech recognizers working poorly for outlier speakers
whose vocal tract shapes differ significantly from those of speakers in the training
et. In an effort to reduce the degradation in speech recognition performance caused
by variation of the VTL among speakers, two methods are investigated in this
paper. One is to remove the variability with a technique of speaker normalization.

Another is to extract new feature based on the Mellin transform (MT). Because of
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the scale invariance property of the

of VTL among different speakers.

MT, the new feature i1s insensitive to variation

Experiments show that both methods can

improve the performance of an SI recognizer, while the latter approach i1s more

effective than the former one.

Key words Mellin transform, frequency normalization,adaptation.

1 TR4r

P RE L HERE, HEIEREAN 13cm, X F A

f£ & T HMM E’Jﬂii?%‘ﬁ)\iﬂim [z, GIEAZRBER FEEFELER, LE
R EKEVTL) #2250t 7 K BB & 00 AR 48 8% A0 ) 55 B 3K B 28 4k T 72 Ak

|t H KB R T

18em, IEWABERKEFHLRFEANE, B8 S /NEZHEHFEIERKE KA 10cm A

2,

KT ARE T ULTE AT EKE N 2RI ER R R LR
FAE KN ARBE A B ERNFESY, AR
ITHBEEANEEKE (BHEEPERDD RG]
EHATIHEAA R, HIEEESTMIERE L -NEEWHEFIE
KB SC I 0 8 B3R A E & A H IE 5 BT I gh A iRa] » BT LA4R & &R 4 Y IRl

A

T Y

A MBBREABEERERN L.EREAN 1 M EE, 9] LHE 358 003 25 4k g 4 R
5 L R H A ST AR R 1, & R ] 3 3E A
KENHRELESGEREZR, AFEREZR MR
He o AIE TR R G X AR AR B 2w i R T R N 4R 4R

LR W R B AL AT Rk 25 4.
LIRIEM B EHERE 1
ERIRIE AR IRMNERN T ER

HipuR TSN

D'

YR BE, ANT4R i T 25

:Eﬂ;i BB & NE R A
IEE B OB Z 0 0E A G &

KA TE AR B g,

AEEE N EEERELHRETE RGO AR AT DI K2, B KR

550k B R BUAR ¥ 1 1 B LR o W ok B A B AR VA IE AR B, T 2 0K U A A

YA LS A ALRIR B ENE X Ga
EEHEZERBIFF ;SR EEREFERE/ . HHTE
I8 B B L AR MEVE TR B G T B R T O R B Bl R

.

3R & A B R, ORISR B B P RE AR
RIS RS CAMEREA R, MZ
SHEA B RO 2 RS EREAL

SRR EERENETRNRENEEE AT —-FHgEh L 01

—f 2 T Mellin BHRHIET 5 5L

WIEE N FEERKERAD SR, W]

B EZR. FIESETE A IHIR RZS L) —
R LK KB E ESE XA IE A KRB RS, B [E 2 T2

C L, ) T Mellin 288 59 RO AR, X B 5 ) FF1E

LR KB /AR THEREARMSEOREAZ

AR L, 33X F BT 0 R AE A AT LR B AR ST A9 P E.

2 ETFERUARMITHEE

HIHIEf AR

— R ¥ 525 K B, [F] Mel 8] 335 45 L X 8T 47

2 KA AR B R AN H 3 BB

ETBAURGETHFERELERREEIHERMAMA TS AT HAEFEBEK




480 £ Bl ik = i 26 4

BES5SXRBEAFERENHAE. REBENRAENESTHERASEREENIEST AT
/IR IE S 53 E R HMM SR 2 8] f A TC S, DA & JE 5 & A BT H A J 980 316
A&, TERINEENE — T HIERBEW M, DL F]H 13 E & #E S #17
2R A
2.1 HEZ#MEIT

W osi (ORIEZE X TFHAW. HIESES s nlmn=1,2,TCT K L
BON s, (OB RERASWUS S  MEEIETES.S . ()R s, o885, C. N
5t T s lnlf) Mel B iERERE, Hilt,s,, (OO EBEINERIBEREMNUIERN G, =
(Coi 1,Coiyree G

MARH o« FITHREFENE LA

Sii(w) =38, ;, (aw), (1)

i 35 U O J O A 18 A0 Mel B RHGE K €= (Co s Copnneen Clin ) BB IR C
= (GGl Gl VAR E (TA AN ESEEPAEE T ESNEEREE W,
= (Wi oW s Win I HEE i AT FHEZTHNEA o REIEE  WEBEFRNH
ERBLARNCNGHHNIERE AN HMM 8, N EESEBEPE R ES T AR %K
()

@, = arg mgxP(C?|A,W1-). (2)
T RFIE 2 —-MIELELH,FUERE QOB R EETFELS, RN KE
MHAEAA T E#HAAE T A TR W T .
1) AR R A R KA RE LS B, Wa B EFE X 8] [0. 88, 1. 12] L ;
2) KX [E][0. 88,1. 12155 43 B M 4y, # N M e 101 Lal s af s ooy 0" 5
3) ¥R T — A d, $HEFE S AT IE M, SR A RS 4

Pf"=P(Xf" A, W, s
1) BAER %A T R8N e, —arg maxP

2.2 ilZ&idiE

L. LiFEX[ 2PN ET —Milskmid , HERA.

D BNGEFPEFEIEERVIETH TS, 208ET M A;

2) MAHT H8iEST IS HMM B8, B8 i 8 S 5060 8 Ars

D MM AN AFHEEHTHBE B THEEFEREREENMEREE, 51EF L
MTATEEXRRFTUTMUAHHA B8R IEEN SR ESTREE L HEENTERAIE
R o, RIGX A PRIEF AT E LR, IR AIH E 5 K18 3F 14 HMM 44 8, 45 57 B9
W ZEOCAE N Aas

4) MA AT PRESHITHB . FEEESNIEENBRERMRHAIERR o KRG
;T EF'H’ﬂi%%i&?ﬂﬂﬁﬂtiiJ*%IJF%IBLF 118 & I 4 HMM &Y, 45 N B A 2 2 50
fFj@ /IT;

D) BEREFXEIMER O, ZFIME T H RN BN EENFRHERRTAAR KN IE

6) MAMITHERNBERBERE, MG EFHMANESHFHELE, HAMEE




4 3 HRAF: =T Melln ZBEEFHFAEIMBLHEREABEMTRA 4181

T2k % HMM &AL YIS B RSB HEIARINTFTE R EER ICER A

WiFH AR, M ABHINGENER YT AP 7, HL, WRINGERLEHE S
i A BER LS AWML HEE 2 AT THEZELERN. A AR GEADTTT,
BINESERBEIHRBERB > EFHEHIEALAR Y R S8 &R B LA
W R FH WS ERLURE T AT BB S BABN. BRI 84E 7 0B - 3%
A M S ERIE AR R — W8k, 18 58 B 3R B X A il ik BT DA (S B G X o AR WA
2.3 HAITFE

MU GERBHER, RASBOFEMITIEEWRAEBIEIERY o, BRNIEF T
o AEBMEBIEERE, —BE —-1TANOEERE T, RMHEHICERN St o WEITHIE
WL AR, —~FRRE R St WA, —MERSMEEA. REAC R, /T LHE &M
DORMEHIEENPFRNERR . BEMBHARA,a WHAITIRESIEL QO FA A
% St BTN, IRAERIE N WO HARBOXFHARW RE@OKXPHW
Wit a. Yo BEUE A TR —EEWNES, EMH o #FAHERERE, BiEARY
%ﬁlﬁﬁ‘w A Gf Al
2. 4 SEETHALE

bFﬁiUﬂEAE‘fﬁuﬁﬁ S E R R AR L. B0, B REEM E R 16kHz, 4
EEFES R KR 5% N 8kHz. A Y FRIFIF REAE 0. 88~1. 12 Z B4 M , HIE )5 K&
T HBE RS RHEATLE skHz, MR 7. 04~8. 96kHz Z m 248 k. B R RATMA I R iE
MRPERBN B ESESHWRE SkHz, AL . IR HEGATRHRERSHRZ
] i) AN L B

KT FEBEFES RO T LRE, RN BRI BEERERBFIETE, B
an, % A UL T RO B 3R AT R BR B

b

l—

ra,](‘ nggfﬂ’
G(f) =+ — af, ~ e
j}““ _a]{ (f—fo) +afes [fo<<T < faus

Kb f HHR, frn HE SRR, Lo F—BRE, — BRITRK T8 =3 R
5 — BT SEIR R B T 4 B P A8 M 00 9 2R U IE R R R e 1 S
AT 4 R M B T 47

3 ET Mellin 25 % i 5 3635 75 10 K B R R B & BT 1L

MERIMNMETETFREAUAMGHHFERAEAEMNEAR AUERE THEEFE
KEMARTMEEBYRIEAZRAMNER. BRHTHEKEA G HEIEE MR E K HE R
A AL, 7 e — BN B AR AL, TN 2 R B R R B0 R L DS I AR R VA R b A T B R E I R R
M TR E HERNERGHERE.

E3[9] , BATHE Y T —FME T Mellin #4115 T H4FME, B T Mellin BHRAEAKR
AT, FUXMSTRESEEAEREL AN, AR T IHERENMAITAHEX
S, YR THTFEEEERRTS EBUEAZE R ZESR. X RE R R BUE A

mE 1 s,




482

5] t ¥ &

26 &

FEERFIE S BRI R

BREEXERP

i His s H—

y o

48 A 7% R

Lt AL, AT E e W E SHE F (55 47 4ol . hn 25 #0 7 o
HEWAE, FAH FFT kMAHE T E S ML, 2R 5 3T 505E i 18 B BT 2038 3, X 2K
38 B AT E, K 2% 0SB P R e a4

R BOE S AR, MBS R IR R B IERRE R P B RR S, BREEMNERF

ORI & s

171 1 B Mellin AF #,

B Ja X Mellin 48 # ) 45 R ;

HAITE B RELER

(DCT).DCT MERA®AE W A, —E¥ Mellin 28 8 49 45 1 K 45 B Br g9 838 R 50, K

xee X A [R) 4E 20 ) 7 B 2F 17 A A < Ak B
J:E‘Tu%tlj X B B FF AR 3K PR B R

DA F5 ) HMM #2 #I /] L {5 B %7 f4

& E G X B

%

1. A

i 1& 1IF Mellin 25 #, B DL ER AT

H 3 MMTLS (Modified Mellin Transform of the Log-Spectrum). ®] L4 it 81,

MMTLS 25 &N FH
HHE 148 H

2 Mellin 2% $#1,

f%’-ﬁ%‘%

w4t

|

!

IFFT|

l

log(«)

|

|IMDMT |

|

DCT

MMTLS

SRR, 5 A MMTLS 54
LI R R P ok ¥k 89 MMTLS YE R4 1F 5 %, B, 15

5 MMTLS %4

—_+: ?_‘“’é 5:}‘ !
. MMTLS

v l

1 MMTLS %1t

[

KB LR
L, BATBRRE ERBERE V(ew) P o £ 5
EESRPFIEHNBRERNTRN, MER E o 2D, A T MMTLS $#1E
AT T, HEEWE 2 i, £
%o BT W A% R A U T B

B ,MMTLS #HF e i#H MMTLS.

4 K

S AHIE S

16bit.

B gk B9 MMTLS 4:1E

&{Eﬁ a %%Q%?ﬁ)

WA SR, BATRIE
AN E—ERBETEBENE

fﬁ%fﬁ“’%
T Ab 38
FFT)
log(+)
B 1 B 2 B 3
y y v
'MDMT | || [IMDMT]|| IMDMT
| | ?
v
DCT f
RES
MMTLS | | MMTLS

® 2 A MMTLS

L H MR T MMTLS $:14F. & 05

q

= | Hﬁ:ﬁ:gﬁht a:ﬁujﬁi*#fﬁk i

W

2 B 1

.:ih‘,{ =

%5 Y

EXEFE 2L TMBEFENRE ARN 1AM H, AN EA

W25 K F —il. 15 & B Sound-Blaster i - ¥ 8 K351 F 4, REESE N 16kHz, B 37 2N



4 % PRAIRSF: 2T Mellin MW EFHHFESMBHEREAEENHER

483

L HRHMESERNARSE NE T CDHMM e 2 A ria i iR B R 4. A1
MABERES 21 VB FEPH 16 ZAE RIS (FEHLEDO , Ha 5 A0V . 7R3 8% LA

BANTT RS B RECR KT

1DMFCC: i 12 By MFCCs+12 fr— M %4

2MMTLS: H 12 Bir MMTLSs+12 Bt —Br 2 4r MMTLSs #H i #9 24 4 FF1E.

LW AERNE 1 iR,

MR 1R AMER i, MMTLS %5

MER BBt MFCC MEFH £.

AW B R AEN 310, 1M
MFCC B, RGEXS 5 DL &4k

Bl EER BRI A3 A B i) HMM B R, 8 8B 287 /IR 2.
IEE WA 48ms (BW A 384 MEETRASR), EAEX N S50%. £
A 48ms B Hamming & , 71 /Il E

MFCCs H Rl i) 24 HEFF1E 5

*1 X, %ﬂlﬂﬁ?ﬁ%?%ﬁ@iﬁéi“%

- MEFCC 4 1iE &
T ZER 0. 97, B E A A

HBETREET 33%.

HiriHE N 4.6%, /] L, [6] MFCC
FE B, {8 B MMTLS 8 14F {8 & 85 19 1%

fif FH § W 1T T Fmaime
- 1F .
MMTLS 5 4F B, & 85 %t 5 {37 £ 4p 15 R 7 MFCC | #H®#RBRLE | MMTLS
AN MECC
mstone 4.0 2. 9 2.9
1) F
mstong 8. 6 7.5 4. 6
mwwren 6. 3 5.7 4. 0
mgwang 1.7 1.7 2.3
mshishi 2.3 1.7 1.7
¥ = 4. 6 3. 9 3. 1
- A bR S 2 2. G 2. 3 1.1

[F] MECC ¥ hE 2 EAH B,

X BTG, MMTLS 4% 4 88 #] L4 2

B ARSERRHE, F X F mgwang, F F MFCC %1 B & 48 1918 B P 88 I I T F A
] MECC $FAEBT, R G A A 3 18 & /Y
I, RATA N A X —RE W FER A
L H T Z VA KRR
SNGEFPENEFENFERBEIETRI A2 AR5

MMTLS B} & 481 1 8E . 1A M &

=R H bR 5 2 A H MMTLS 431 8 8] B
T, R8T MFCC %1t 2 H Bl H 715 & 2 3 1Y
AR A, an R 15 & By = B K

1 FR]LLE W, F]

ZimAMIRINEBERESHLES,)

MMTLS $##14E , B T Mellin 75 # i) R B AR 284

A B R

RZ. B2 ZMRAENIRNEEESHE TR H
LA IZFMEERE THIGEREE K

X T

R A

Myl ERRIEAZRBER, NTTRE T REXIEERNEENE, BN T REEREE A N

L.
M 1 AR LB L BT

H&EME A, B MEFCC ¥F1E 48 L , £
BEAR T 15.2%, THiRiH $H’J)FT(’£%%'FF%T 11. 5%, AT .,

;iij(fuﬁﬁﬁiﬁ‘ﬂ’]

FEHKERBREFERE-MBERNREA

RRGEXBATEAE R RIRE, M

*9%%24‘%@1&%%&%\%}:

MMTLS %k 84 # B3 [ Ud T8 A Z Bl B & 5%

5 iR

W MBS 25 MMTLS 41k

B, R4 E A IE A BRI B 3
PO IH — b BR AL AT LA
RRREN R ZME I PR BRI 7 A EEIEX
M EEI8L, X — 2

WET HMM MESREANETIHMNRERR. WIEAZHNERETERFE]
Tw/ B FEEFEKREARRMS ER IR R S 6L

THEFEEEZAMNER. N

72NN



484 - 5 k. ¥ ik 26 %

TR AXHRTHMFE, —MEETERURMITHAEBERGEABENAFE, —
FFREETF Melln TP SRIEAFERELELANEZTESHFE. LKREREH . XW

B BEANATURESRENESEENRINERE, TEERESAREENRRERS
MBEERRKATRE. BEEZT,ETF Mellin B MMTLS fFIE R REZFHZ, X

B ,MMTLS #1E tt MFCC B &/ ENEFENE T RANNFAESH . MBABTFER
=3 1E B & b 4L #.

g X X W
1 Hisashi Wakita. Normalization of vowels by vocal-tract length and its application to vowel identification. IEEE

{7

Transactions on Acoustics, Speech and Signal processing, April 1997, ASSP-25(2). 183~192

Li Lee, Richard C. Rose. Speaker normalization using etlicient {requency warping procedures. In: Proceeding of
International Conference on Acoustics, Speech and Signal Processing (ICASSP’%6), IEEE, Atlanta, USA, May
1996, 353~356

Wegmann S, McAllaster D, Orloff J, Peskin B. Speaker normalization on conversational telephone speech. In;
Proceeding of International Conference on Acoustics, Speech and Signal Processing (ICASSP’96), IEEE,
Atlanta, USA, May 1996, 339~341

Cohen J, Kamm K Andreou A.G. Vocal tract normalization in speech recognition: compensating for systematic
speaker variability, The Journal of the Acoustical Soctety of America, 1995, 97(2): 3246~3247

Kamm T, Andreou A, Cohen J. Vocal tract normalization in speech recognition: compensating for systematic
speaker variability. In:; Proceeding ot the Fifteen Annual Speech Research Symposium, CLSP, Baltimore, Md;
Johns Hopkins University, June, 1995, 175~178

Eide E, Gish H. A parametrtc approach to vocal-tract-normalization. In; Proceeding of the Fifteen Annual Speech
Research Symposium, CLSP, Baltimore, Md: Johns Hopkins University, June, 1995, 161 ~167

Li L, Richard R. A frequency warping approach to speaker normalization. [E£EE Transactions on Speech and
Audio Processing, January 1998, 43~60

Ellen E , Gish H. A parametric approach to vocal tract length normalization. In:Proceeding of ICASSP’96,IEEE,
Atlanta ' USA, Mﬂ}r 1996,346~— 348

Chen Jingdong, Xu Bo, Huang Taiyi. A novel robust feature of speech signal based on the Mellin transform for

speaker-independent speech recognition. In: Proceedings of ICASSP’98, Seattle, USA, May 1998, 629~732

FEEZE 1993 FEM 19 E M TR LW RKREFRNBE FRKTESLHE L %4 K+ 2¥
1998 F THRER¥EENUMAFERRINERLEEZRETIRNE B %46. %Y T H A& EBR

FRHBEEAMTFATREFAHBREEGLRZHITET AR EAN I IT/E. 38 B A F T Griffith
KW B T R Senior researcher fellow. EEER. BN EAFY . SN EEFZH X _+4£85. T 82
RARTHMEZEEBETFRN . B NIHFIEER . E8EEEE . B ENBEE . BEEARRBFEEEAHEE,

fr B 1992FEM I FEEFEHB %A RTSIIEM L FE L34, 1988 £ —H M

FEREELAHEMNMR . ERENEETFSLAE . AN AR,. BREFEASTOANEMRFARMER

4t

"AT/E. HRIERRAHEEL 973"  BR“BI"MEAKRKEGRSESF LT H 0B

L% |‘\:'r

N & BT %

R R . BELAR M, PEFEFENFTEANESER.

HENA 196 FRVTEEXARF¥BENIER. AT PER¥%EEMUTARFHER, KBEM

HEEMEHNHR . EREANETERAABRMANFR . RCEAANBETERTARNOFHREZ—,

XFHTTENEHRERTEXRARAMN%ESRE AR EAFYNLSU LA ZRXHT4S.




