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Speech Recognition Based on Integration of
Visual and Auditory Information
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and TOSHIHIKO MIYAZAKIt

We have been studying a speech recognition system with robustness for background noises.
Our major interests are the methods to integrate auditory information and lip movements
information. In this paper, we propose a new method for lip extraction and method to in-
tegrate auditory information and lip movements information. We realize the effectiveness of
these methods. Because use our integrate metod, it can raise recognition rate to 91.5% from
5.24% in added 6 dB noise artificial environment.
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Fig. 1 Search for symmetric area.
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Fig. 3 Lip detection by color.
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Table 1 Face detection result.
FN | EH7Vv—0¥ | B’K7V—2¥
2 2.001 4
3 3.002 6
4 4.006 8
5 5.034 10
2.4 ¥ i

30fps TRLEFE L 7 18 1, E12182 7 L — 2 DHEFEH
OEREEZRICOWTEOREMEDER T 7/2.
BEMOEFREE FN O3 LT, ESEGOEE
TLU—A0OHERBL, EEENS S LHESH
AETO7 LV —AROBKELFHHEIERL DL
%oz,
FN=57TFNIZxT5FEHT7 L — 2 B0LEH
RELZED, TRREFHOERTONE EATKE
WEI BT, ER L TR—MNEICERERERET
ERVILFDHBDOTHAE,
DEo#ERN> S, BEE FN =4 IZREL, W
OFEBWEE 36 1, 511047 7 L — IOV THER
HERPIT-72L 2 A, 203 % 2BOBEE TR 6
B, [EMEE S5 ERBHE L. 99.5%DERERIC
DWTEIRVWEHELTEY, RESGTBITE
ACT&2#EANLEIOND,

3. EBIEHROMmH

BRI CIIRERRAVRELCELFEYVTH LS,
DB ER % EEE O CH O N2 BRBOMEIC
VBB ETRET LI ETHHOBBEZRS L,
MBEOBEILEIT>TWE, UTFHEICT LT XA
THAT LS.

3.1 BHADERE

RO EMEREMGIC, B4 IRT X IC—EHRB
DH CEHEZRETSH. IS OZMBHETE
2, ZREHRLEROT Y7 L— 1 25l T 5.

3.2 FLTL—bhTyFrIIlLBER

FU L=y F U IEEEOED HRMIER
INE R BERG R ER L CEBBEOR B L T 5.
2L, BELTWA L ZOBEBRIIEILT 57201
TPOFT TV — b DARTI Y F U7 2T 5 LA
HAEHMEAEBA TLIVEWRICERTIHEES
N3B. FZT, 77T V—boovFrFONBIZE
WTR YT Y S ORBRUATIEIH 25, »L1REH
FHDPKEL o583, #0OHEETH 2TV
L—tOBMZETS. 20X 5, 1 D08
LEEOTF T L= b 2RWAIEILEY, BRTAS



Vol. 39 No. 12

M4 ARG RORE
Fig. 4 Set initial tracking point.
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Fig. 5 Tracking error detection.
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Fig. 6 Flow of lip detection.
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Table 2 Classification by ravine shape.
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Table 3 Feature detection result.
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Table 4 Reduce candidates result.
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3.0 | 96.7% | 6.9 18 | 95.4% | 7.2 19
5.0 99.3% | 8.6 23 | 98.0% | 8.8 24
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B2 BHE L RKERMELF I BEEHET 5%
BThHb, 8610, EGjdi>jntEdi—j%
FOMOL ZIZ0DER LY, BREINVN-T 4 L
FINV—T § OFFRHOBEINNE VW E W) RIS
BEEE 0:>0; LT 5.
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Fig. 10 Parameters for speech possibility.
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4.2 BOBHEICLIZEHM

BOBEERENEEHEEF AL 2 HAGDE
THIFEL LT, BOBE» SEFOFELHERT
LEpEZLONS, 22X, RRLE-TWVEEE
ENRFFEL TRV ZIMOANDRE LFEIFA o725
&, COTFIIMT L LTRVR) RETH ) BHRO
WMHEELTEZLZW. LAL, ShEEHEFHRED
TIIDIFEFICERBETH L LV D, 0L ) 2l
BUBOBE P O RFOFEPFTPNIFNTHL L
Wz 5,

HEBWTW5S E &R, BRPEVWTWLLETHE
ZLTWEBWESESVOT, BEOBEPOLRFNE
WAREICAMAZ EHEETHS. L, O%HL
TREED D BRERBET S L FRBHFE L TRV E
Vo TInThHs9).

FZC, Bt 1B HEEETRE p(t) ZEM ¢
TOBCE ) &, DRtk a 7V —AATORO
E OB KM max(t,a) & &/ME min(t,a) 2> TR
B)D &) IcEHTS (F10). 72720, LIZRKT
5.

d(t,a) = max(t,a) — min(t, a)
po(t) = h(t) + d(t,a)

0 if po(t) <0 (3)
p(t) = po(t)/L if 0< po(t) <L
1 otherwise

ZHICEY, p O THAHEETIEIHNR L EoT
BEZIRHELTVWRWVWEEZIOLNLEDT, AOFEW
ATV THEFNEBHTRETHLE V. 20X )%
HHCTREFDENDANETFOFEZ0OICLT, &
FRBZHFREG LBV ) ICTRIEIRHRERNTH 5.

FIT, p DEIEITTEEFRBRNOANTED
ERBYAHTHILERAL. RATZOFEELHEE
FRELFATNS.

ERIIEIFEER TRy, THTR (@)D X
LT, ANEEOFELEMNEED. 2B, 3, 0

FERIERE TEEROMAI L S 5HER 3239

BAELTERL R v, OB 0.1 23 L7z,

Pout(t) = pow (p(t>, —71—) - Pan(t) (4)
ZITC, Pin(t) BEU Py (t) &, BRI EICBITAA
FEEBIVCHIERORELZERT. 72, pow(z,y)
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4.3 HEBOAELEZNICEI(RIIAA
LEEBIIERESIMEE AL TWE S ITEM M
BORWEEEZRIETE 5%, FRESICIEEIZEEL
MEIWEZ 5 EHREIKIBICET 5. 2L T,
BRI MARIEE C v, BRESOZELIZL
AEZTRW, ZoZers, BEOBEEOKRE S
B U THREBRICL BV ALDOBELHIHTLZ L
2§ 5.

ST RIREF RV EOTRTH LN, s
FLTOWARWTENE 1 —pit) 20EAZERL, A
EFEOEBOKRE S |Pn(t)] OMETFY & UTHSE
Eaxkos X (6).
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n=<= = . (5)
ow | 1~ p(t), —
;p ( 1’“%)
2Rl T BASITF -y oRIERTET. T/,
Vo RELERERTRET, 9, =05 L L7
COMER D BHoT k/n (K I3RH) REKYA
HEUEE L TNIE, BEPD BV E XKD AADIHE
{, BENWREVEZIZERYVAARPBEDLLBHDT
MEOBINC L EMEOBERTEBIX 52T
x5,

5. #EIC & B BRMBEDFHE

BEBOEET—5 (MERL) 1L T0~22dB
DEENMUERET*RHETHIab—a v
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FIELZ. &8, Hho [KyAi] [RRETRE] &
FNENOFE B TEHERR L MASbE e
%, [ BEEEEEm] [BEXEER] 3 ERFHEER
HeHIHAEbE ) 2T, BEKEE AFTHRE
LEBAL, BETHRE» S BEEEr L BELE

O, R p = 1 SR BARAERERBKLL, 20
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Fig. 11 Speech recognition result in artificial noisy

environment.

RY. MEE, SR AAREELHET L2000
Bk ICoWTIE, FHERICL > TR L HEEIO
EOHPLEDS RIFAERPBOLRIZDDEHV:.
H11 5 2 00FEZFARICHAAEDLE S LR
WEWI LG9 5E. i, EWW6dB D& i3
MBS 5.24% 55 915BICKIBICHETE TS,
o, [REFRERA] O L & 38D ARDHEEIRN
(F4) Thobo ¥, FFEEMEME L L &I
[ HEREEEAL 2% DV EREZ B Cv5 (1 11).
FIT, IOYIal—varyTEOREDEKY AA
PO T EE@ELL (R5). £5%RabL
BOAARDRBIIEF AR RoTV A, B [5
EXEEM] oL &3 [RFXBEES] & BB L TR
NAREBRODZ LI > TEREAERE 8% EIC
L, MORAAORKEEFEL TNDEI LG5S, Z
NHEDZ LD, B AMIEE L 2 WE#ETREHN
EBIHIBCTES L)1, MY AAOEBELHIH T2
W, BHRFOUEBIRIEETHLLVL D,

Dec. 1998

®5 MHERICEIIBYRAROER
Table 5 Reduce candidates result in artificial noisy
environment using noise based reduction.

ST — 5 (b)

RAEXEEEM (k=1.5) | BEXMEEM (k= 3.0)

#h A RN

S/N | IEf# OB Ef% BOBHE
(dB) | &#H% | ¥¥ | &Kk | 4% | P | &K
0.2 | 99.2% | 3.6 15 | 98.2% | 4.9 20
3.1 | 99.2% | 4.0 18 | 98.7% | 5.5 23
6.0 | 99.2% | 4.8 18 | 98.9% | 6.2 24
105 | 99.5% | 5.8 21 | 99.0% | 7.2 27
14.0 | 99.7% | 6.7 24 | 99.0% | 7.7 28
20.0 | 99.7% | 7.7 28 | 99.0% | 8.1 28
6. bW

EEEESE>SEOBH X EME T 5K, BXU,
BoOg) 2 1EHREEFFRBOKEFTRICOVTIHERT.
BoOBEHMBTE, OELOBRM %2 EOMBFRL LIC
BO# &+ ERBTHHETELI L%, TFRHLD
METIE, LEOFETHRLEOR X EREFIH
FTAHILILED, HEOHMIC L 2EFRHOMRIE
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