[2R2 BRHFRE VY —FURI +Y

Science Tokyo Research Repository

oo /00000
Article / Book Information

oo@a) OO000000000000DO0DOO0DOO0oDODOoooooooooog
00

Title(English)

oo@a) OO0 00,00 00,0000

Authors(English) Koji lwano, Toshihide Matsuo, SADAOKI FURUI

oo@a) OO000000000, Vol. 2009-NL-191, 2009-SLP-76, No. 24, pp. 1-
6

Citation(English) Vol. 2009-NL-191, 2009-SLP-76, No. 24, pp. 1-6

000 /Pub. date 2009, 5

0000 /Copyright OO0000000000DOO0DOO0DO0oO0:00000000000
OO000000000000DO0DOO0DOO0oDODOoooooooooog
OO000000000000DO0DOO0DOO0oDODOoooooooooog
OO000000000000DO0DOO0DOO0oDODOoooooooooog
0
The copyright of this material is retained by the Information Processing
Society of Japan (IPSJ). This material is published on this web site with
the agreement of the author (s) and the IPSJ. Please be complied with
Copyright Law of Japan and the Code of Ethics of the IPSJ if any users
wish to reproduce, make derivative work, distribute or make available to
the public any part or whole thereof.

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

T HRALERE 2
IPSJ SIG Technical Report

RIVFE—RIVEERZICHITS
A M) —LEHOHEN R LHEEEDEST

e=IE S SN/ TLE /N 1L RS~ 1

ARITE, SHEY AT LIAOR AR L)V F =200 BikD 750, %
W iR A b ) — LEROHGNE LHEE FIEORERTTY. REFLTE, 9, 7
)—VERBICBI A iETA L, ThEPNOZA M) —LOTY b aE—2HicEE
LTHL. VAT LAMEOMSREICENT, ThEFhOA M) —LOIY hOo—
EZATIL, FAH2 U —VEEITHINE Nz 06 ENFEITZIEL TV EMITEL
T, BHEWETZTHLETH D, HHOBUFZEORADVIERE NI IVFE—Z)V
F=ZR=2BFMN U TRETFEOMIEIT o/ & T3, Hia mHERIIcBVT,
Misra HAREL TWAEKRETOIY b E—IcE D Hfia LHEET#ELD &,
PEETIED BAFR e R RS C L AR E N

A study on unsupervised stream-weight estimation

for multimodal speech recognition

Kour Iwano ,i! Tosumipe Matsuo 12
and SADAOKI Furuif?

This paper proposes an unsupervised stream-weight estimation method for an
audio-visual speech recognizer constructed for spoken dialogue systems. In the
proposed method, audio and visual stream weights are optimized and stream
entropies of the audio and visual signals are calculated in advance in the clean
condition. In the weight estimation process, the stream entropies under an
actual noisy condition are calculated and compared with those of the clean
condition. And then the stream weights are adaptively controlled according to
the differences of entropies between the clean and noisy conditions. Evalua-
tions were conducted by using an audio-visual speech database collected from
multiple male speakers. Experimental results show that the proposed method
yields better performance in various noise conditions than the entropy-based
unsupervised weight estimation method proposed by Misra et al.
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1. [ L&IC

VAR, MBI I A r i e I L & BB T, R & HTB T i AN
TBEYINFE—HNERRBITEEINTV S, HLAOMERICBWTE, Y)VFAPY—
L HMM ZHRIFA LV FE— RV EERROMERT>TED, ZNERIBLEESN
3L AT LOWEIC DWW THEZED TVWABY . Wiy AT LIFORHITE, SHmam
2T LOHEHZET 208N H 0, FEMEME-SEROEmRILZR B LINT, 12—
VAT LERFT BBOSEMEREBADOHNELOKREFERCIBEL, BEhEE - Wi
AP —LEHERETZCEDNTEEL RS,

ThETIE, SE - ERA M) —LEAOHEEEZEL LTI, R/aHED (MCE) B
I EABHEFEIY R, RALY FRE—HEBIC X3 HEETFEY, 05 ERMEELEC
EBHETFED BEIREINTED, FNFNEDUEIHREIN TV, ThEDFiE
13, EFLRREC LICREEAEHTT ST EHARETH D, ETOETITHLEEARE
FAT R L2FHEE LI/ 00— VA BERMEEICHERT, VBERREEAZRET
BT EDTRETHB. —H, TNEOFERIEMOEE (KRB RINELELTZHEH D
WETHBT DL, MNFBEB VAT LANOHHEEZ S &, —EHERE2S LT, TO/R
BAEEMREFEUTEMEERITIXNELNS D, BIFHICENEZV. RFZETIE, Bz
BEHL, FO— VR BERELEZ L THET 5 FHEIC OV TRAZTS.

PERE TOEROEEZ LHEEE L LTI, #ELLZEIESD SN AR 2FES"
R, ALOA M) —LOIY bR E—EREFIHALEFEY WBFEN5. D55, Misra
5OFEY T, ANDMHLDZA M) —LIZH LT, FhFhOLY Fo¥—%HEL, T
YVEAE—DPRZEVA R —LIBEBEENZ LV EHB L TZOEAR NS CERETS L
DTH5H. BEMICIE, TV FaC—0OWRDLTA ) —LERADEESZTo>TWA. L
ML, TV hOE—0W#E, REEEsA M) —LEBEAOBEDMICIZEEDN EEMRM
TnCehs, HEEETNIZERDREED) b RKECTNEAREMN DS, FTTAMKT
F, BEMZREEADOHED Y, 7V —VEBICBIAEE - B M) —LOT Y
n—k, ZNEFNORBBEELZ FHRDTHEE, TNOOEZEMEICLT, Y AT LH

T1 AR BUBEHTHE A WA 7 777 R

Faculty of Environmental and Information Studies, Tokyo City University
12 B TR RERT I T2 eRt S T2k
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FARFDEA N ) — LOTY b O E—H7 ) — VBN S ENEIELLENCS CTA b
V= LEHERETZFERRETS. V) —VREORBER L T ha—0OsEG
AL TB LT, KORELTERMELEIBIT ST EHWAREL 1 5.

ARTE, TOHLOLY PO —IcED  BAMEFEORERIT, EEFELON
RELLIRZTTS. RiC, REFEEEBOMES AT LCHIHTZC L REEBLT, EAHMEE
T — RSN L LI G OMIRIC DV TR LS. T 5IC, HEMEADORMHEE LT
RIMVHT 572 arZ LIRS, REFERICX>THESNEEMC K-> TH
BISROEMIER L, REMEAEN 195 C L BMEET 5.

DT, £, 28 THENTEIVFE—X)VEHENRS AT L 58 - WHREHRIC
DWTEAYT 5. 3ET, Misra 5MRELZTY bOE—Ic&ED  ERHEETEDOHH
&, TV huU—0ZLBEFA LIEAMMEETFEOREERIT). REFEOMEMEICD
WTAETmL, 5 HTHARZELDS.

2. RIVFE—RIVEERSHVYATL

KWIZETI, SATHIEY CHERE NIV FE— RV EHE RN AT L2EH LTV S.
Lic, A7 LOMRORNZRT. B « BIRIEZNZIEARLRE S 16kHz, 60Hz
TH YTV TEN, ZHEN 1000z ODFER/HYE L 60Hz DERF-MBICERINS.
B, WROMMEZZNFNNLICHE L%, mEOT7L—LL—E2EbE 3D
H§IFHEEIC 3 KAT T4 U HZHL T 100Hz O HEICERL, 2 DORMER Y
L—LTLICHEE LT, 100Hz DEE - BB RIERT 5. CORARK-EREIVF
APV =L HMM IC AT BT & TRMETS.

2.1 BE - BEFEEOHE

BEGHMEICIE, MFCC 12 JUTEZFD A, AA BR5, BIURBST—D A, AA K
DO 38 JTTRT FVEHWS., AREICEINI VVERAVTED, ZOIEIR 25ms T
B3, B, GG TR ST LEEIERE (Cepstral Mean Normalization: CMN)
ETFoTWVA.

HEREFEICIEA 7T« V7 a—ic A D A ZRVTWa. S a0z EIR,
Bt 7 — 2 H O & SR LT 5. saoBimifgid, MRIE 720x480 0 DV 7 % —
<y hTIEREN TSN, FHERHIROZ, FTRREE 640%x480 (2 (HIE) 3
3. WREBEEREOERICH L, OFEEOMEZTY, Y I BE G 5 @5
K25, s siE oM ticid OpenCVY TEINEN TV, Adaboost Ak
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e = TNFRAR=L | 5
EPRE | wEnua WEERS HIM “
16kHz i 100Hz 100Hz 8 8

O+ ) 7>E )}>O

BIRES | migssnn
720x4g0 | 1 H 60Hz #
60Hz ‘=;::_~_

..................................................................

faigre |040x480| mumgyiE (180120 Ly 5z 5|

B 1 el THESRLIER VS E—RLE B 27 LOWIIOHA

D EHGEERSREFIH Uit ZRHLTWA. COFEOREFZERIE, Y4 X
AZDOHEHE T 5N ST, ZOFBOBLEERD, ZOgzHhe LizEEY A
Z (180x120) DIMEFEETHEYID HLETY, DBEBROKESERFZA TS, #id 5
2 7 L—LOMAEEE,) S, Lucas-Kanade 2 I &> TA T T4 V7o —%5HET 3.
® 2ic 7 0—A%7 MLVOFHEFKROMZTRT. K20 (a) M5 (b) ICOBEHRNZELL
EERICBEAE N7 O—RY FUS (¢) THB. 70—~ FLOituE, £¥72L6E
I LTIITD T, RISTRT L 57 216 5 (= 18x12) ZFIRL, ZORMEDHTIT>T
W5, Boni7a—x7 NVEOKFE - REHAODBEERD, T5IC, ZNED A
R EANT FIVREE UTcdt 4 Kowd 7 bV RN EE L 3 5.

2.2 TIWFZFU—L HMM
COYVATFLTRESINVFARY =L HMM ZRIJILTED, K% ¢ 0O - midRia
Oy OEHIMERIE, NELE b(0) ZAOCTLULTORTRENS.

b(Or) = Waba(Oar) + Wyby (Ovy) (1)
72120, ba(Oar), bv(Ove) RENZFNEERFHE O, BIEIFHE Ovy 1T H0E0L
[$THD. Wa, Wy BIEE - BIRAM)—LEATHY,

Wa+Wy =1 (0<Wa, Wy <1) (2)
DEM 2Tz EDE T 5.

e T TV ORSERITIEIZ LU RO TH B Y.
(1) BEFMEOHZANTEEETIV (triphone HMM) Z%¥ET 5. {KETIVOIRE

B33 LdB. TORSET, RERELEITS.

(2) HENIEHEBETIVEINNT, EHT— 205k D U ETW, SRIES & ORFNIT
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(a) present image l
¥

.

iR lise i
(c) optical-flow vectors
B2 EFMMICHEK L7 L—LODgHRE TN E N7 0—XY M)

i ‘_,
!
|
I

BN SN VRIS .
(3) COFNVEMWT, KR L LTHEEEF)V (GMM) 2¥89 3.
(4) BEEFL, BREFVOEFIATA—2%, —BTHEH  RECLICES, B
AR —LELTRAL, SHETFLORAHES L UHESE DS « g0
TVFA R Y —L HMM ZHET 5.

3. IV rOE—ZAVEE - BIREHOHEME LIEE

3.1 Misra SOHERFEE
IV baE—EHWEA ) —LEMEEETHS Misra 5OTEY ICDOWTEHRAT 5.
TOFETIE, HESNBZAR)—LER W, (s=A, V)& UFOLSIcEEINS

~ 1/hs )
W= = (3)
CZT, he @AM —=L s icTAHT/baE—THDH, UTFTORTEHEZLNS.
ha = =) P(3]05) - logs P(Ap|0s) (4)
P

Os BAMV =L s DATFHE, N\ BITA p DETNEHLDT. AWKETIE, 75
AL LT VLIRS 42 D5#H (B/ 7+ ) ZFIHT3.
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£1 TYhOC—0FBICHLIEYTA (£/72)

silB, silE, sp, a, aa, b, by, ch, d, ee, e, f, g, gy,
h, hy, i, ii, j, k, ky, m, my, n, N, ny, o, oo,

P: PY, Q@ I, Iy, S, sh, t, ts, u, uu, w, y, 2

COFETIE, TV FAaC—0OMHOICE>TRA M) —LEAZESLTED, TV
FOE—DKRNSUTEHBE AR T TSN TES, L, TV -0 L,
BEL %% A ) — LAEAOBEORICEROMISERN RN LD, #EENTERD
REENSKE L TNEARENEN D S.

%8, Xk 8) T, TOHREICK-T, ZL—LTlicTy buE—0OFH L FAHHEE
EToTW05. AWETIE, 7L—LBMTREL, HiGehriie LzEAOHER R
e T 57, TOFERRRFELIKTZBICE, X (4) OBEHEE P()\|0,) &L
T, 5T —2 B85 N2 HEMRO T L— L FEEEEFIL, T br—Lifikhx
K.

3.2 BEDEWCLZIY FOE—DE(LEFBLIEEHHEEFE

T T T, HERMBICHT ZHMEDRV (V) —27%) RETTT, Hillc sl B ZR
DTHBLTLEFHRE LT, REROHBERETTEA M) —LOTY bR E—ZEIEL,
ZOMEHIZ Y —VBEICBIIZI b uE—h5 EOREELLENIS T, BEAEFHE
TEHFEERETS.

REFIRCBI AHEEAILTOXNTERETNS.

¢ hmaz — hs

vm:vn-E;:jE (5)
TTT WE, EFTRDEIZV—VERETOA M) —L s ORBEATHH, hiidY
)—VEBETODARN) =L s DLV FAY—TH5. hne LY FAE—D LRIETHD,

Binoe = logan (6)
TRDBZENTES. nEI7FR (BE/74+V) ORETHY, AMETIX 42 TH 3.
coRic kb, MEBEICBIAA M) —L s DTV a¥— b, B, 7V —VEREERD
IYFRE—ELINEEAMIZNET, TV ho—28nL ¢ ERRESED IThe-
T, ZOA M) —LOEFHEXETFTLTWA L RAThTEAN 01ADL. coxid, ©
YhaE—NT ) —VEENSHEINLTWA L E (hs > hY) ICOABEHTAEEL, K
B (hs < hS) THELZFICRHEEMITELLT, £5—HDA M) —LOBEBAMNREEN
TeRICFEDNWZ 1 hEWT S & TRDS. AR —LDTEARELEERTE LB TEHIEIIC
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&, 7V —VRBOREEAZ FOEFHNS.

AR —LELIY RO E=DEIMLTWVS (b > RS BEICIE, B2 EHREh?
MDA MY —=LOEANK (5) Ic k> THIICHIMENS 8, X (2) DRI E 75 <
BHAEMDH . FOBEIIE, UTORICE > TERILLEER W, ZRINTHE
BRETD.

. W,
W= —°
T Wa+ Wy (7)

BB, AWRTRE, BV ) —VRETTOBLRORBELITFETIT- /2. ZOBIC
i&, HEHZ 0.05 )5 1.00 FT 0.05 TOEITEHRM S B ETH 7.

4. TERESHMSRER

41 REBREH

EFNVEBRAT—4, AT —ZITIFEITHED TR LR VFE—X LT —ZA—
ATV S. EFNVEEBRT—2E, BHEESE 15 BicL B ATR BHENT VANDR
ATHD, BIEEHK 100 X, Aal 1,500 FEHE T, SROREREZR 2 BEETH S, #
ZEL 7z triphone HMM DIRE#IE 7 V) — VEREIC B % PRI L BELahThD,
BEAN)—LTS8, BEBEAN)—LT 2 ko, &B, ER#EHRT—RICHdTsT

BENHB. TITAWZETE, 1) FEMAIICHELZ<)VF X b)) —L triphone HMM @
RDOLHLEED p LEBZETNVEEZTROHL, 2) ZNEELINCHEALTYSAp D
ETIN Ap ZIEKL, 3) COEFIVICERMEEHOTFT—2Z AN LIz ED, XM —L
s MHRLNABIFERE P(Os)),) & LTz

AHMEAT—2ICiE, BYEEE 10 i X B EEEEE R M L. &E5E 40 X2, AFl 400
AT, FEEEREN 30 2 ThS. BRI, MBEMHRROEDOEHENGEY AT
LANDANZRGEL, THMTEBBIAHDETH? ] BEDONHLEZ>TWVS. &, ¥
BRT— &2 LFHMEHT— 2 OFFEHICEE D IXA. FHiHT— 21, SNR = 10, 15,
20dB T, EfaiE L BLIBEE T — 2= OB EE L.

FAETIVICIE 2-gram, WIAIE 3-gram EJNWV7z. FRITIE S AT L L OXER A L
THER U7z 1,206 SCORREERE X 2 AV, FEEEUE 6,830 Lix- Tz

RHT a—Ricid, SETEY TIVF AR Y =L HMM BMRA B &5 B R L7z
Julius & JfJu 7z,

Vol.2009-NL-191 No.24
Vol.2009-SLP-76 No.24
2009/5/22

#® 2 FEAMETFEOFMIAE CLIELERRE

MEESRA EHDI TS RETH Ty f i T
clean 74.3 % | 74.6% (0.93) | 74.9% (0.50) | 74.9% (0.50)
20dB 47.2% | 47.9% (0.92) | 52.5% (0.43) | 53.1% (0.35)

HEsEE | 15dB 23.1% | 24.7% (0.84) | 31.7% (0.40) | 34.8% (0.25)
10dB 7.1% 7.7% (0.76) | 10.5% (0.40) | 14.1% (0.20)

20dB 54.6% | 56.2% (0.83) | 58.2% (0.39) | 59.0% (0.45)

BRE 15dB 28.2% | 29.4% (0.79) | 32.1% (0.31) | 33.3% (0.30)
10dB 5.6% 6.4% (0.75) 7.9% (0.33) 8.1% (0.35)

12 ERTELEREEOLE
T, RETELART S OMEEHERTS. CCTE, AT — X 2hERALT
MEREC L Ic EAEIEL, BHNEERC L > TRREORMET T, £ 210, it
KFik, BEFEZNENOHBEMIE, —25 12 L7523 SHHROR CHNC LR
B LERBRE A TVEY) TORBEEMREE, FHTERRELET->/Ea0HEE
EMHEETT. S, SN SEERRINICRT. CORELD, POMBERNE
EDNTh, TERFE, HEFELbICEBOADER B OWEIE SN TS T LA
M5, Eie, BEFHEOAIERFESLD & BIFAEEMIENTVL ST LEbhs.
4.3 EEBTF—2ORHOEVICL B EEOE

Kz, MEFHCBNT, EREOHES AT LAOFBEREL, BRIEEHF—2 0%
HRRE AL & I ADMARIC DOV THRE L. &iFELT)

(1) SMSEECHT3THEET— 2o | BEORERELTHRELERE, 70

MBS TO LTI T — X ORI L7258 (one)
(2) RESLIEREMEL, TORFEOWBET-TBE (utn)
(3) HBOREMEITY AT LCANE N LIBEL, | DHORED SHE LI ER
EROEFOTMA LIBE (pre)

(4) SR — 2 2AERF L TERERE LSS (al)

D 4EDICOVTHRIT 3. ERERE £ 310RT. B all i, £ 2 OREFEOL
BLRLTHS. £, BHHEIC | REOBOF—ZERA LRSS (one) & T
F— R KRR LIRE ) 00T, 2 TOREORMCH LT —0famhiE
RENB0h, TOETEEAEFNAICRT. COMEN 5, SEORRTIE, HiHT—
2% 1 REECHD LA (one) THRIHEAT— 2 EMVEE (al) ORELIZIEE
Do, IHRIHEIEENS C AR E NI, MESARISZL LT UE S RiE R s
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& 3 HEINT—RORMNERLICEL ST & EORBTLORIMIERE CORAREMRSRED
MR one utr pre all
clean 74.9% (0.50) | 74.9% | 74.9% | 74.9% (0.50)
20dB | 51.6% (0.44) | 50.6% | 51.0% | 52.5% (0.43)
Mtadkss | 15dB | 32.5% (0.42) | 32.8% | 31.9% | 31.7% (0.40)
10dB | 10.5% (0.40) | 10.5% 9.1% | 10.5% (0.40)
20dB | 57.2% (0.30) | 58.7% | 58.1% | 58.2% (0.39)
B 15dB | 33.3% (0.30) | 32.2% | 31.4% | 32.1% (0.31)
10dB 8.0% (0.30) 8.1% 7.9% 7.9% (0.33)

£ 4SS LI K BMEENIIRTT > TIFEDREBFEOMR CHIRIEMRHL

MR PO T one utr pre all T Ti
clean 75.6% | 76.0% (0.50) | 76.0% | 76.0% | 76.0% (0.50) | 76.0% (0.50)
20dB 56.6% | 60.8% (0.50) | 60.9% | 60.8% | 60.6% (0.52) | 60.8% (0.50)

HtaMEE | 15dB 35.1% | 40.0% (0.51) | 40.7% | 41.0% | 40.2% (0.53) | 42.9% (0.30)
10dB 14.6% | 17.9% (0.50) | 18.4% | 18.1% | 17.7% (0.52) | 21.9% (0.30)

20dB 59.2% | 61.4% (0.41) | 60.1% | 60.4% | 60.7% (0.45) | 61.6% (0.40)

BRAEE 15dB 39.6% | 45.3% (0.34) | 44.3% | 44.8% | 44.3% (0.40) | 45.5% (0.35)
10dB 18.5% | 22.2% (0.34) | 21.1% | 21.5% | 21.2% (0.47) | 22.0% (0.40)

BL, HECLOEAMERIEMTHRLEIDND. TOK, YFHENOEAZHEL
A (utr) &, —DNi0FEEN b EAEHEE LG (pre) WEZLNEM, £5561
FHMREOM EMEBENT VS, WMEEY AT LADISHZEE Z 5 L%EDH AN BN &
<, ELEELWLY, SEOERTIE, MBEICHRETFHENELE>TWAET DB,
4.4 FEMZICHITHHETNEER LB EOEMEDRIE

BRI, BEMEMELLTARZ MV T VS o7 vaviE (S W 2EAL, B8
DA TOFBERER A LT LTZIEEICE TS, REFEOBMEIC DOV THRIES 5.

£ 4lg, SSEREMALIBAICE TS, REFIRICXZRMMRELRT. HERT—X
D 4 D0 (one, utr, pre, all) 13, #iffi 4.3 LFALTHB. F£4LE20D IFEDH)
DOFERZ LT B &, SS EOMBRIC KD, £TOMERN TEHEOIHDOFMIREN M L
TWBT ehaghd. E£z, SSEZEMAL, BEOAOREMMENR ELEFNTH->T
&, WETZHEAEFIEIC K > TR TOHERMG TSRS RSN, FHITEM A
L2217 > & LW HEREZ RS T LA DD B.
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5. F & &

ARETIE, SHMEY AT LAOFIMERE LV FE— 2V EH RO S0, T
b oY —icE S HE - EIREROBAE S UHEEFIEORERTo . RETRE, 7V
VEETRELENEEARLY hOE—OELRICEUTHET 52 L TEAHEERTT
5. FMEBROMR, ERFEL D & BIF RIS B Lvbh o e, TR T —
R OZMEREILE B IERET, REFHEOERMEED, HFERZHL LIBATEEY
THBTLIHEREIN. Fizy, AT MY T FFT v a /LB EEMENIZML T
PEICOWVWTS, BEFENMEMICHIET 3 C LAMRI N, SHROFEL LT, FPE
DEEMES AT LADISHAEZZ B &, XOEVRETERGELAZHIET S LARD
BNB RS, HEOTHDHOIHEFMLIIFEOREFEDOEMNEOMRES, 7L
ERHLE LTz, LDl SHAHENDWBZE ENFTENS.

B AR, HABHHZLOHAMEL LTITbhE L, TR L
ESC

2 £ X #
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