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Hands-free Speech Recognition Based on 3-D Viterbi Search
Using Adaptive Beamforming

TAKESHI YAMADA,t SATOSHI NAKAMURAt and KIYOHIRO SHIKANO?

We are investigating a speech recognition algorithm based on 3-D Viterbi search using a
microphone array to realize hands-free speech recognition in real environments. The 3-D
Viterbi search method extracts a direction-frame sequence of parameter vectors by steering a
beamform to each direction every frame. Then Viterbi search is performed in 3-dimensional
trellis space composed of talker directions, input frames, and HMM states. A locus of the
talker and a phoneme sequence of the speech are obtained by finding an optimal path with the
highest likelihood. To improve the performance of the 3-D Viterbi search method in real envi-
ronments, this paper proposes a novel method based on an adaptive beamforming technique
instead of the delay-and-sum beamformer used in our previous study. Speaker-dependent
isolated-word recognition experiments were carried out on real environment data to evaluate
the effect of the adaptive beamformer. For a moving talker, the word recognition accuracy
of the 3-D Viterbi search method with the adaptive beamformer in SNR 10 dB was 42.6%
higher than that of the single microphone, and 28.7% higher than that of the 3-D Viterbi
search method with the delay-and-sum beamformer. These results show that the use of the
adaptive beamformer is very effective.

Feb. 1999

1. B U ®IC

BREOTEFRZRTIZ, BFEMTLREIC X 23088
BEOBET 2B o0, #iFE~ A 2wk oL H
RBLLTWS, ZoXyicOb~ 4 rzaky %+
EEETHRETAILICLY, EB0HETH (SNR:
Signal to Noise Ratio) #®<TAZ &N TE%. L
ML, TA 7R OMNEEZORICERL 225 %E
THRLENHEDT, BFA ¥ 72— ALLTHRK

T RREWRPFERNRER K FERR 2R
Graduate School of Information Science, Nara Institute
of Science and Technology

460

THEVBEFORWIDOTIE R, BFA V5 T72—2R
DR EETDCEIT 20, BRI TERIC
BEXEMY) SO BE SN EECHERCERT IR
B, ThbbNy X7 —EERBOBRHSLERT
RTH 5.

ERBET TNV A7) —EERBEPERT L7200
120FER, ~17axkr7L—%FHETHI LT
HbH,. wArukr7L -3 EROY IOk B
ZERICIEEBLZDDTH S, LoT, KA
Ok DEFEEFEICIITA 7 0k L FEOMER
FRITIGU 72 AR IRIEEN AL 52 L1k b, Zh
LOZRBW R EREFIATAZLIZLY, BEEDS



Vol. 40 No. 2

| (ALE) WEENE L, FRUANOFE (IE)
REAERWISIMEZ TER L CRIBMES P RESIET
BIENTED,

BiE, vA270xr 7V —%2 BV EEREY AT
AV ORBMEINTWBIY, DY AT
LTI, HEE/ ST R RREEANT -2 EDEFOY
BHLBECEE L CREZOBHUMNLHEET 5.
ZLC, #ELRBFEEOFMIRAMY — 4 21T
TEBDOIOOEER Y FIVEEHEL, SEEEBLT
9. LaL, £ SNREETLE THEEOBEIH
T IEREICHET AT LIT#EL (, RRBEOETOR
HEZoTWe, ERDYAF LTI, ¥4 70k
TL—%EERRORMBELL TLELZTWLEDT,
ARy 7LV —MBHTEL 2T — % R
WCEBET S LIZTER WV,

FEOLIX, COMBIIILT 5012, v 470k
YTV EERREHAL TRLBRADO R THS
FECZOWTKRILTEBY, v1 70k 7L —%H
Wiz 3RTTY F EIERICES S EERRE (UT, 3
RTEE ¥ CHERELIES) 2EL T059D, 3%
Yy CIERETIE, 47k 7L —DigA%kY —
L% T L= AT L IR ET B TTOHFENNERE
i, BRI I VoRE - 7V - LR EEET 5.
ZLTC, Hlak 7L —ut HMM ORENS % 5 3Kk
LMV YA ETROLEDEVSALERT ST LI
£, BEBEOBHMEE THRFIZEKICHEET 5.
INFTIIRA 7 Uk 7L —(EE0E L L CREER
TV—%2@EHAL, ERETREL 752 HWT3
KT ¥ CHEREOF DR EHEL T 1Y, KHX
T, 3RTY ¥ CFEREOWRET SO ICHET S
DISEICH 7 L — i ET BT IREL, BEEEH
ERFEEMEBEREE W) 2@ OEGTIERL ER
75 % B CEHET 5.

2. 3 Rk 2E BRkiE

RO A7 OR TV -2 BV EEREY AT
LOME7O— %1 IRTVV. I, GRS
=R BN R OB FEOYEN R I EER
LCRFBEOHAZHEET 5. BEZOBEIC LB
TEL LI, ZOMBIZEVERI LIZfThh 5.
ZLC, #EL HFEEOHPIIRIMEY — A% [T
THRBOIODEHHAN Y PVEEEL, BFREBLH
3. REROV AT LAOBEFIEE 2 IZRT. I T,
M OMVERIIBFEO BB, SARIESED
), ROERIIHEE SN RBEZOBEBMME FL
Twb, I, Abo O lZBEE7 MV ThHE. F

BEHT7 L —% B 3RTE Y FERICES NV X7 ) —FFEEH 461

Localization of
a talker direction || Speech

recognition

Beamforming

1 #EROTA79KTL—2HOEHERRY AT LAORH
AR
Fig. 1 A block diagram of the conventional speech
recognition systems using a microphone array.
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Fig. 5 A block diagram of adaptive beamforming.
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Table 1 Experiment conditions.
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®2 REHMEEEHOREESE (%] (CMN 2HVEVEE)
Table 2 Word recognition accuracy [%] for the fixed-
position talker (without CMN).

SNR [dB]
21 18 10
SUTNIAY 81.0 66.6 17.5
JREEFIT L — 81.0 81.9 66.6
AMNOR 89.3 87.9 83.7

®3 REENEREHOREZRE (%) (CMN 2HVY254)
Table 3 Word recognition accuracy [%] for the fixed-
position talker (with CMN).

SNR [dB]
21 18 10
TYTNRAY 89.8 76.8 37.0
BEAT L — 92.1 86.5 75.0
AMNOR 94.4 91.2 89.3
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Fig. 9 A relationship between response degradation and
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Fig. 11 A relationship between response degradation and
word recognition accuracy (with CMN).
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Fig. 12 An example of ¢(d, n) in a frame of the phone
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Fig. 13 An example of w(d,n) in a frame of the phone
/i/, where p = 80 and v = 10.

WED3RTE ¥ CEREOHETMRE2 R4 L FR5
IRY. POV VIV A7~ A 20k T L —
DYFHOTA 70K 2HVABEATHL., 22
T, RALEF LBV A~ A2 TS CMN %
AWwTwa, 3R ¥ UHEEE (BEMNT7 V) 7,
N7 P Vo KE - 7L — ARFIOFEISBIEN 7
L—%#HLTWwAZ LERT. AR, 3ATES
CiE#RE: (AMNOR) 12 AMNOR #@HLTWwa 2
LERY. BEABHE, X Q) 0EABBOFEL S
FA=FERLTWS., AMNOR D7 1 V¥ %l
VARY ZA%bE% 0.0 L L CEELTWS, BEE
B EER & #EEBHR O ERE R FEOMER
PHALNDEDT, T TRES DRFEBEROER
BRZUTICELDB.

e 3RV ¥y #EFE (AMNOR) DEABEMKE A
WABEDHERBRRIL, YoV A s RN
T SNR 18dB ® & % 11.1%, SNR 10dB ® & %
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Fa BEHMBEENO 3 ALY 5 CREEOHBEZEE (%] (CMN 2V254E)
Table 4 Word recognition accuracy [%)] for the fixed-position talker obtained by
the 3-D Viterbi search method (with CMN).

EENTY SNR [dB]
21 18 10
STy 89.8 76.8 37.0
3R & ¥ FFE GBEMT V) L 89.3 52.7 13.8
3 KILY ¥ CiRFE (BEMT L ) HH (u=80,v=10) 92.5 79.1 53.2
3 KLY ¥ ¥ F#ik (AMNOR) %L 93.5 88.8 81.0
3 KTY ¥ ¥ FE (AMNOR) HH (u=80,v=10) 93.9 89.8 83.3

x5 REHFBYO 3 ATY ¥ CEREOHGERRE (%) (CMN 2 HV254E)
Table 5 Word recognition accuracy [%] for the moving talker obtained by the 3-
D Viterbi search method (with CMN).

EEN S SNR [dB]

21 18 10

TN A” 92.5 77.7 38.4

3RILY ¥ ¥ RHE GREAT LV —) 38 89.8 60.6 23.1

3RTLY ¥ CFERE (BEMT L) Y (u=80,v=10) 89.3 81.9 52.3

3 KT ¥ ¥ 5 (AMNOR) &L 93.0 87.5 77.3

3 KLY ¥ ¥ EHiE (AMNOR) HY (u=80,v =10) 92.5 88.8 81.0

42.6% HEINT VD, V5.

o 3RTY ¥y HEHE (AMNOR) DELME*H -
5. 8 b 1)

WAHBADEETERRIL, AT FURERE (&
EM7V—) OEAEETBVLEEL HXTSNR
21dBD ¥ % 3.2%, SNR 18dB Dk % 6.9%, SNR
10dB D & X 7%KEEN TS, ZOFLER
1, WISE7 L —CIBEMT L — L0 b5 MHE
FEOFEICH L THEZSEHELTVEILIKEH B.
o 3XRTY FYHERE: (BEMTL —) 0EALBPHK
PRVLISEOEEZGFRE, EARRERHVWEW
AL T SNR 18dB @ & % 21.3%, SNR 10
dB D& X 202%HBEEINTWVWE, ZORRE, &
M7 L —TRIBMEOR B RT5272010, #
WAEEL & L B BEEO HINOBELHT LR
THhHILEZRLTVES,
e 3XTLY ¥ Y FEHKE (AMNOR) NDEHMEELH
WABAOBMERERIY, EARKRERAVEVES
ERTHOTLTEDIPFUEBIN TS,
PLEH»S, AMNOR % 3 RE ¥ Y HEEREICERE T
BIECXY, BIEMTL —2BETABEL T
BRI L KIBCHBECTE LD T0 5.
RHXTHEROHHEMEZ MR T 27200 KEmEL
LTAE— A2 AL 72H, 5RITERICARYG
LTWaF =% %2 REL CHET 2L EFH 5. F72,
REFBEOERLBEEN L HEL, BEEBHEICYH
BEEHARMOERE TV EZERXTWA, &5
12, BEAREE, L2 BSomERHE (8% -
EER), REREORVWRELRE TERLITHILE

REILTIE, 3RILE Y EREOMREL S 51T
ETHLOIHEICE T L —ic O HFERREL, B
EERE L RFEMBERTE VW) 2 @Y OLGTIEG
L EBET — ¥ 2 BWCEMEL /2.

¥, BEEOH D EBRATH 5 L) 4T AM-
NOR 2 feRkD~< A4 7 0k 7L —% B EHERH
VAT LCHEAL, BREEMBEEOERET -5 %
AWTFOHEARMERYFHEL /2. #0O#E, AMNOR
L CMN %2432 812X, SNR 21dBD & &
94.4%, SNR 18dB ® & % 91.2%, SNR 10dB D &
& 89.3% DHEEFBENBLON. KRIC, BFEEOSH
FDSRATH B &) T AMNOR % 3 KGY ¥
VHEFREBCHEAL, BEEVERZE L BEABHDOE
RET - EBAVCEONRE AR, 2OER, &
SEE MBI AMNOR & CMN 24T 235850 H
EEIEmAEIT, Y N A 7 LT SNR 18dB D
& % 11.1%, SNR 10dB D & & 42.6%, F7/-3EIEM
7L —¥& CMN 2 BT 5354 & k< T SNR 18dB
DE % 6.9%, SNR 10dB D& % 28 7% ESNT:.
37, REEMNBEERICOWT FREEDHBETR
BHEBESLN. Lo>T, AMNOR % 3 RkTE¥ ¥V iE
FECERET ALY, BEN7LV—%2EHTS
A AN THENSEL KIBICRETEL 225
Moz,

KFHFILTIE, AMNOR D7 4 V¥ Bk 475 4
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YTEEL WA, 4%, BEOEHIIHIET 20
W2, 74NVEREEFY T4V TEHT A HEICOW
TRETATFETHS. T/, BRORFEZICLIHE
FRICHE SN EFE L BT A0, 3RTLML Y
A% N-best 7 VT ) XL X D BEFET B HEICON
THREIFTAFETD 5.
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