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Speech Recognition in Noisy Environments Using
HMM Composition and Noise GMM Adaptation
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ATR Spoken Language Translation Research Laboratories
2-2-2 Hikaridai Seika-cho Soraku-gun Kyoto 619-0288 Japan
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abstract When using a speech recognition system in a real environment, noise from the surrounding
affects recognition performance. Most additional noises are difficult to predict, so we need a robust
acoustic model for nonstationary noises. In this paper, we suggest a new HMM composition method with
noise GMM adaptation. In the conventional HMM composition, the noise model is trained with real
noise data. But as the amount of training noise data will always insufficient to match any real noise, such
a noise HMM will be of limited use. In a proposed method, we prepare an initial noise GMM based on
a noise database, then a noise GMM adaptation with a small amount of real noise data. Experimental
results show two improvements, the amount of noise data necessary for adaptation is reduced to 20%,
and HMM is robust against nonstationary noise

keywords HMM composition, environmental adaptation, noise model, nonstationary noise

1 FL®IC BRFFEMMTONTEE . KPILT #ET — X ICHF D
BALEEFREAVS fEke @7 — X ICHET —
ZOBHEFIVDHENRD S BEDHHEL LT MLLR
1] MAP[2], $5VWEZn D EEHLEHRAAH W
BNTEE. ZHICKHL, HMM & [3][4]® Y oL #E
5[5 YDA EEREOHETH S HHET— X EW
RBIZBGSOBERTREDEIVEFNTH S, HMM

ERBCHEFRBYATLERALESA A7
ORVICABORBICKFELEHEENMREATIZ LG
HIbhWw BATOIHTETUIZZLIR#ETH
BZeNEL RHILZHFEORACHLTONZ B
REEETIANARDIONATWS,

RS HFBETVORKHERLICOVWTSIEZE

ger7d


渡辺 美也子
音 声 言 語 情 報 処 理　37－12
　（２００１．７．１４）

渡辺 美也子

－67－


AREIENICREETDET VL2 ERET -2 %
AWTHTd. LEN> T BENEMLLESS, Z0H
E%ﬁ@%?»ﬁ%ﬁﬁﬁ%#&é.?:tﬁmu%
BOEHI2FEETIVOLHEBMBELTRT =
CTHRERMTOBEREAEEERLTWS, LML
Taylor BEHD | RETHLL TWVWDEDREREHIC
MUTECEEPEH T hMELEND 5,
EZ53 HOMUDHEBORKEEREFTET NV
FHTF -2 UTEAE HMMAREEZREL BA

TIRMEERREOBEI BT B HBIME T 2 [6],
S ICHR R L B

ABTE HOHLDEBOBHE
H GMM 2 @ibfbts5 22T BEREOT-ZZ2HV
TEHICHLTENA MRREEE GMM 24EKL, 2
% HMM &R LU THBEF NV 2 BEEGL T 2 H ik
WKDOWTRET S,

2 HMM &8k

HMM & BRIEE BEHTIC clean speech Z AW T H
EffoEEHOTBET VLG REMTOET VL E
ARTDHZ LT, %T»ménf REMTICEELE
%%%TW%Eﬁ?éﬁ&T&a

environmental
noise

1: HETZEHEFRETOHWSR

speech model noise model

c\bmpos\éd model

X 2: &K HMM O #i&

AMTRANEHOBMA LR ICRTEF NV LMK
Y5, MWSNHAHNEREY &L, Zh 2 RN

H N LHFE DR clean speech S TRY . REHT

DMEE IR R XY MVEHBEICBWTHKILL,

Y - Slzns ¢+ lensp (1)
Aif%ﬁ%?wu B BT T A NS AICE
VEBHEENTHWEDT,
YvIo_qcep

= I ! log[exp{T(Siogeep)} + k exp{T(Niogeep)}]
)
Yhs. TR7—UTEHE LTSN HICE L THET

BRMTHE. K (2) & HMMKEBLESE &
HMM OfEIIE 2ICRT EDIC& HMM OEHETHE
AN BYEHRBINLTL2EBBHROETRDLND,
HAMELHIZLRBICBVWTIHEGEILS . T HMM
REE AMM O&HAHRNERSFTCRIASHL T

LR, ARINEHIRBLIZOMTEALND .

3 EkE HMM SEDERER

3.1 REET-5EBERMBUAE

JICRYEY  ERIED HMM BRI EHRFEDE
BET-AEHAVTRETETVOEF 2> TBY
HRIEBRET - F0RICKET S, KBTI THE
RELTERET — AR RBERBOBEBRICOVWTH
N5

bl

Noise GMM

]

\ Adapted

Clean speech HMM

Tramm%
M

Environmental

noise
Noise added Word
sequence

Input

Reco ition
speech en

speech

B 3: HMM &EIC X 2T RF T O FHR#E (BeR
%)

EBREMER IC, ERFEREZR4ACRT. HHO
clean speech - clean HMM & clean speech HMM %
FAWTHEORALTWARAWEFERBLEGGOH
BE, clean HMM & clean speech HMM % W TRR
REHEORALEEF2RBLEBAOMRE exhibi-
HMM WHBLM LD RRIGHE2ERELEEFRT —
ATHERLE HMM 2 HVWESEORBERTH S .
EBRFEROHLY 2ET - ZENDPRVWEES T4
HEGHRICHNTEFRBMER (Word Accuracy) »
Ll ZOMARBEEIREVELHFIIRND
:t#bﬁé.itwr AEICHIL T, 2 o BBt

068t


渡辺 美也子

－68－


ﬁl EEREM
BTV Y TEABE 16kHz
16bit PCM monoral
12Cep+ ACep+ Apow (pow
FEBEOBER)
ZV—LEM 20msec NIV
7R
ZV—=AL¥Y 7N 10msec
CMN &2 L
TR
triphone
1ERHEY 4~ 5KRE
£ 1400 KB D HMnet
ATREFAT— & RX—2 it
3619 FHEHEEH WY
14R% {1,2,4,8}mixture
{100, 10, 5, 3, 1}sec P&
BRREGHE (F-2ARN)T
¥H
ATRBAT R EFME Y N 42
Xt &
T e B BE 7 SR
BEFHMETRRGHE (7
W) % SNR=15dB K73 &
SER

HRET — 4

R X7 b

Clean speech EEER R

HMM

Noise GMM

WWF— &/
2R

100
I 1mix.

9 [ 2mix.

[ 4mix.
80 1 - S mix.

WA[%]

70 - - exhibi-HMM

— — -clean HMM

60 clean speech
- clean HMM

50

1sec 3sec 5sec  10sec 100sec

Noise GMM training data

B 4: HEF GMM 2ET -2 & AHFMEE
BE GMM THRITEDICIE 10sec DEHZTT — 2D
DBDETHDBLVWADL, LMLaRs EEROEHRS
CLUTERHTOMTRBEEZALEE, ERBICE
EABRBNBETIC 10sec DERZTT— X EBMBETS
ZeWRELL EBLICAELRERET — X & EEIR
TEMENID S,

3.2 MITEENCNT S0/ bME
RHIOMEREEZA LGS EHLo0bRE
FTCOMICREESTIEH I 2EEPREFTICEH T
ZEBICOVWTEEZER LATAE RS AR, KiEED
10sec PETREGHZTICH UKL E 2BEGOREF
GMM % HMM &R L EFEBEF )V OBEEH IS
THONANEEFANDED UTO 32 0#HfliT — &
KEoRBEBELB S S, FMMiT— %3, ATRT
DB OWHITHFETME Y MICATFOMET % SNR =

15dB 22 2EBLEHDTH S,

Exhibi BFHRERIG T - ANHEF
(BHE GMM 287 — % £ —8)
Comp BFHEEBMEMT (RAMT)
Nonstationary F#~ 0.5sec KBTI HF
BICHERERT MERIEVET TLH)

FMEROFHERERTBIRT. RAMETIRAL E
5%H (Comp), BAMTNLH LU LEH (Nonstationary)
WINDE B RBICHBREBPIETLTNS,

100

90 M conventional
HMM composition
Oclean HMM

80
O exhibi-HMM

WA[%]

0

60

NI 5N BN Nl

clean Exhibi
speech

Comp Non-
stationary

evaluation set

B 5:
%

4 MET-IXR—XEAVI- HMM &k&
RIEZ GMM BEitE

BiEi CHRBICE T HORERET X EPXLETH
Bzl BEEHHTLZONZMENMEWZ D
IODRBEENEET B2 R LE, ZOREMIC
MLT 2D ABTIREEFETNOEKICHET —
AR—RACBREEHFEF VOB EAVEFELER
T2, HONLDHET—ZR—AMSHABLEDHY
REFETVOERMLESFS>ZT REFETIVE
ERET A ET OO EE T IRRBICHRTERT
F—RADBEREBROTILEEZERD, - BREEET
WHAHET - ER-2ACGEN2HEORMEE2HDE
BoZ e CHRELHICHIT 2aoNA M NEEEX S,
RFPEEOBBER 6ICRT .

HOMLDHET - AR —ADXFXFhMEEL2H
WEMBIRES GMM 22¥35%. ZOWHREY
GMM ¢ clean speech HMM % & B L = #W# & K
HMM B#MLTHL . EROBRICIEK Z MRS
H GMM K 2 EOEARFEOERET -4 2HWT
BREEABBO#ELEES . EHfICIE MAP HE
WS ESEEEAMBUCRET 22210k W)
&R HMM O A RBIC#EHIGERET GMM 0O &
HEBERBT 51T CHEIGE HMM 2852 e nT

PERE HMM GO REEHICHTZTNR b

0690


渡辺 美也子

－69－


e

Noise GMM Clean speech HMM
G 8 ‘\ [ “ \

Training

mixture weig|h__tj? R f

adaptation NAN Adapted
Environmental m HMM
Noise added

Word
sequence

Input

noise
speech
speech

B 6 MBEF— X A—R%HVE AMM & 5K

) N ~

! \\ speech HMM P adapted HMM
________ /’— _________‘\\\
/\FSU—N{/ISU 2_511) PsirtPu=
weight:ws] N(si+ w1, Zsut Sni)
/\ Psi ﬁ weightisir X tww

\
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I

B 7: GMM =& RB D @Gt
5, ZOZeERTICHT. ¥ speech HMM &
REE GMM 2/ T 2% E5%% R 5. speech HMM
D 1TREBOMIHEELHEN 2REORESEHIFF

ws11Ps11 + ws12Ps1a

THEA BN B/IHE GMM BRI

wn1Pn1 + wn2Pyo

TEABNBELTE. wEENEFNREEGEARBTH
%. Psi1, Psia, PN1, PNy BENZENERZATH Y
T L HB T CEREND,

Ps11 = N(ps11, Xs11)
Ps1a = N(ps12, X512)
Py1= N(un1,En1)
Pno = N(un2,Xn2)

ZOLEGRBDO HMM DOF 1RBOH RS A
FRATERSIND,
ws11wn1(Psi1 & Pni)
+ ws1awn1(Ps12 ® Pn1)
+  wg11wya(Psi1 @ Pya)

+  wsi2wn2(Psi2 B Pya)

ERAHOME T4 - HRENEAORL LTRSH
B.ELAW,

Ps11® Pnvi = N(psi1,Ys11) + N(pn1,Zn1)
= N(psi1+ pn1,Zs11 +Zn1) (4)

BT GMM ORAERBEIHCET>2HBE, wy,
wyy PHBVBIRLENZE DT, ﬁﬁfﬁﬁ@%?ﬂ/ka‘sw
THYR 3) OEHOHELAHOFH P S HIIEML LA
W, LENS T #EiftahiEz GMM OER & KBS
5Z L THEINft HMM 2452 2N TE #EISLOH
E, HMM R &7 LB 2V, ZHICH URERE
TR BEHOMBLANRRETT NV EZE T2 LUK
Lo ZTOBER (2K LEN> EHENBHE
IKR5,

5 FHE3RER
5.1 i GMM ¥BHZT— 5 OB & SRRHEE
ZTR ETWMREET GMM 2RETZEHIC
mwé%%T ZOBEPEOHEREFNL LD ]
BIHEE GMM @R R LU TERLESE DGR
HMM OERREESTFERBEEAMEREITS . B
N7 bV, Clean speech HMM & & Ui 7 — & IC B8
THRMBIRIELA—TH5. BEF GMM OFERIT
IRBIEEALT S, WHEREE CMM 02HET — &
Yy NIBFHBET -4 -R [7|&AVE. EF
BREET - AXR-ZAF L ITEREORE T — X NINES
hTBY FfiT - FICEBLEHT (@Tn 7= 2
V\]%‘E%)EJ:U\, ENCHBLERE (RRR5 @M
F)EBRL 5BEOMET -2 2AVWa. HEOEH
(BRVB) L& (BH)ICEVRATHRT AL~ ASO
FREBEICOWTHANS,

FRERQICRT. EH conventional W& #HEKEKIC

FYEMBBEOMET — XA ETEAVWT 2REDES
HF GMM O2EF#T-oEHBAT H4CRLEDODL
H—T%5.

ZHFEYMNIEETNAHFTORBEENINZ W A3 EY B
AEIEVWHEREERT. ZET-XORENALES
(A2& A4 AT L ABDRE)KBVWTIR, SHOMY
EHEATVST (A2AN)MEWHERERT. EX
U MEORENSVWEY FET-AENZVWELHE
BAREWZLRADbA S

WICEHEY NCEfiT -2 L AUHEFTPHBLE
HMET-ZDPFENBIERICODOVWTHNS, A1 ~ A5

Tty MCHBME BRARBERME) 2NX 0%
Bty b, #fidE RARET - ANME) &AL
P0ECEy hETE, HEMERIJRT.

0 700


渡辺 美也子

－70－


£ 2 MHREE GMMZET—-&Ev b

£ 3 PMIRELHA—H2VWEENT -2 280%Y

Al set 2sec X 157  F 30sec F—&Ew b
A2 set 4sec X 15 & 60sec Bl set Al + BBIHEF 2sec 51 16 7 32sec
A3 set 10sec X 157 & 150sec B2 set A2 + BEIME 4sec  EF 16 B 64sec
A4 set 10sec X 67  F 60sec B3 set A3 + BEIME 10sec  FF 16 # 160sec
Abset 10sec X 3%  F 30sec B4 set A4 + BEIME 10sec 3 T 70sec
B5 set Ab + BHEIHEEF 10sec & 4% 40sec
100 nitial GMM Clset Al 4 #FMEHEEF 2sec & 16 32sec
wl l:tlra;mgdamm C2set A2 + MM 4sec 5T 16 7 64sec
A2 C3set A3 4 FMHEF 10sec & 16 & 160sec
= 80 1 ;22 C4 set A4 + FiHEE 10sec & 7% 70sec
E ?:‘fhibi_HMM Ch set Ab + FMHEE 10sec FF 47 40sec
— — clean HMM
flif:aip:::’: vk ,C3 Yy MEAWTEZEHFLEEDIIDODWTIT-

X 8: MEF DBIC & 2 WMERHTF GMM &AW EHFK
HMM o 23 % 88

Hoimy@Ey BUEFEELHSE By M)®
T2 EOEE (CEY M) BEASNOHFAND
RWEE (B5,Ch Y M) IKEWHERBERT . Thbb
BRET GMM 28T 5 BHRO D 5Tl M FREICH
UTLBEROEBNREVED FRBHMEEAMEL T
W3, ZOZENLIXEERMET - FEAVWTE
BHLULEREE GMM(A3,B3,C3 &Y M) ICEHEIE &
3zt LPROHEET — % EHWCIAMMETRS
KESWaZeT RBEBOMLATRICRLLEE
ABND,
5.2 RIEE GMM 0ELETEIC & 2 1AER £

REE GMM OEAEBALIC L 2 FBHBEBICOWVWT
FAl 24T o = M GMM & LT A3 Y b B3

100

90

[ conventional
80 — = clean HMM

- - - - - exhibi-HMM

WA[%]

20 - —— clean speech
. - clean HMM

" I
50

mmmmm

mmmmm

1sec

M 9: MEF DBICHMUET CHLOMEINEINIER
D EE HMM O 383 % 88

. BEREBICHWRSEIBT - & & LT i R8T (R
RRBT - AAME) T — & & (.5sec, Isec, 3sec %
EESICOVWTHET S,

EBRREREZH 1017 7. conventional & & T with-
out Adapt. AR 8B KPR YR LEBDERA—TH
5. A3 Y NCERLETD Z L THHEREET GMM
2T -2y PMCHMBREEAE T RVWEEGICE
THRHEEAT LT E GMM BEIET — ZED lsec D
LA T, {ERED bsec DEMET — F 2RHEET GMM
DEFIHVESSICINHT S,

ZEF -2y NCHMEREPHOUERENGENT
Wa5E (B3,C3)nRBHEROM LLHEBLTE &
FRVWEH (A3) ORI ER#EALR REFENE
MICEBELTVWELEZXADNS,

100 Adaptation data
T without
90 Adapt.
C0.5sec

80 r
[ 1sec

WA[%]

0 r N 3sec

60

= = = = exhibi-
HMM
— — clean
HMM
clean
speech
- clean
HMM

50

B3 set  C3set

conven— A3 set
tional

Initial GMM training set

B 10: WEEF GMM @Gt 217 - 26K HMM O R
B

5.3 MIREZHICHTT SR/ ME

HHORRE BREFEFSVO#GET>Z T &
BHELSENRXICEELHICHN TS NA MENE
BODNTVWERNND S, EZTABMTIE, {RBEFEKIC

0710


渡辺 美也子

－71－


ko THBILEFoEFEBET VO BERKLHICH
FTE2ONAMNEEFANS, FENKOBFTRT—F L FH
BEFTVIUATOEYTH S,

T —%

ATREH DB OMATHEEFEMliE Yy MICATOME :
SNR=15dB ¢ 23 X S5EBLEHD

Exhibi BFHRERRE T - ANHET
(REHF GMM #*ET -2 L 3#EET — &
& —)

Comp BFHIHHEBEMHET REEZOWHMRRT
GMM #EF—RICHEN D)

NOISEX NOISEX-92 DB &Y TY YV )L—LA
MET (RAMET)

Nonstationary %~ 0.5sec - BRRBHTF LB
BICFHABREMET MEREVETTESY)

ZETTL

conventional 10sec #3¥#&E HMM &K ET IV
(10sec PEPRGHETEHLE 2RAR
BE GMM X A%)

conventional 5sec #X&E HMM AR ET IV
(5sec DERARGHMECTHHELE 2REGRK
¥ GMM 26 1R)

A3 + GMM adapt RE& (A3tvy MCk3 8
BEBEWUHREET GMM % lsec DRSNS
FeEmft)

ERFEREM 11IC7R 7. clean speech HMM % AW
THEORALEEF 2RBLESAONERE, 81T
HOMCOBIRES %%%iﬁb?‘ﬁ 7 - 5("(1”!552
U HMM %084 0 BBAE (exhibi-HMM)
EEbLETRYT.

100 .

[ conventional
10sec

90

O conventional
Ssec

- WA3 + GMM
g adapt
70

80

O clean HMM

60 B exhibi-HMM

50

Exhibi NOISEX Non—

staionary

clean
speech

Comp

evaluation set.

B 11 RBEORKMELHICHTL2ONR ME

1SR TEY HEREICEL D HMM SR TIR2HE
ULTWRWERBHICH LU T < | clean speech HMM %

HAwi Ajt?}kw%féﬁ“ﬁﬂi‘ﬁ‘bfb\é@kﬁb Ei
RETCIRBERBOBTAIKRBICHHEA TS, #
RETIREET GMM KEHEEFT - ET0EHRL
MEATORVWOIRH L RRETRIWHREET GMM
ZETF - R LTIFIERTFO/HFEZTATVSZ
ERERHICEH TR LEIDNDS,

6 X&o

AT PERED HMM FERICDOWTHEIED = 8
DEMET - FBLHEFEGICHTZIONXMNED 2
DOMBERERY BV ZOMURLLUTHET -4
N—2&fAWVWE HMM & e, BEE GMM &bt
ERAVWLHFEERRBLE, EHET - FEOMEICH
UTid fERIET Bgec DEMET — X EHAWVWTERL
EHEE lsec DEMETT—F2@#RfLICHVWSEZ L
TEBHLE, HEXHOMBEICHELTE, AIHRHES
GMM O%2E® v I\kﬁihé"ﬁ%tﬁin&m#ﬁ%
OWEICOWT, ZDOHREHERL

A&@ﬁ%thfu $%®%§k 3WTid SN b

if&é%#%%bfﬁUﬁN%wlﬁkﬁ?é
nﬂxbﬁnomfmﬁ%ﬁﬁztﬁéﬁBné_i
= BREE GMM O IS #E B % 4376 0 3% 43 B ik

U, gLk zdnrszee RELRFOMOEY
K HENOETXMEFE L EZZREBADEH
EEZZATW5,

HiE AWROBREEXTVWEEEZFELE ATREFSE
BEPFER LAR - HRICBHFVELET, £ AlEz
ﬁwéh%bﬁﬁ&_%?&hffiibfATRﬁ

BREWEFE 1 MEZOMEEHEFRICBILBELETE T,

2L

[1] C.J. Leggetter, P.C.Woodland, “Maximum Likli-
hood linear regression for speaker adaptatlon of
continuous density hidden markov models”, Com-
puter Speech and Languege, vol. 9, pp. 171- 185,
1995

J.L. Gauvian, C.H. Lee, “Maximum a Posteriori

Estimation for Multlvanate Gaussian Mixture Ob-
servations of Markov Chains”, Trans SAP, vol. 2,
No. 2, IEEE, pp. 291-298, Apr 1994

M.J.F. Gales, S.J. Young, “HMM Recognition in
Noise Using Parallel Model Combination”, Proc.
of EUROSPEECH, pp. 837-840, Sep. 1993

F. Martin K. Shikano, Y. Minami, “Recognition
of N01s eech by Composition of Hidden Markov
Model roc. of EUROSPEECH, pp. 1031-1034,
Sep. 1993

S. Sagayama, Y. Yamaguchi, S. Takahashi, J. Taka-
hashi, “Jacobian Approach to Fast Acoustic Model
Adaptation”, Proc. of ICASSP, pp. 835-838, 1997
[6] DPHIBR, FAT BT, CHMM & HIC & 2 REH
EEREHORB”, EWRE, 2-5-9, 2000 4 9 A

[7] BFWBEET — &% X— X http://it.jeita.or.jp /jhis-
tory /committee/humanmed /speech/noisedbj.html

Ell‘llf!

[5]

g 720


渡辺 美也子

－72－




