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Hands-free Speech Recognition with Talker Localization
by a Microphone Array

TAKESHI YAMADA,t SATOSHI NAKAMURA! and KIYOHIRO SHIKANO?

This paper shows a speech recognition system with talker localization by a microphone
array to realize hands-free speech interface in real environments. In order to localize talker
direction exactly in low SNR conditions, a talker localization algorithm based on extracting
a pitch harmonics is used. To evaluate the performance of the proposed method, the speech
recognition experiments are carried out both in simulation and in an experimental room.
These results show that the proposed method attains the higher talker localization accuracy
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and word recognition accuracy than a conventional method.
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Table 1 Word recognition accuracy (WA) [%] and talker
localization accuracy (TLA) [%] (simulation,
white Gaussian noise).

(TLA)

SNR [dB
Clean 20 10
TN AT WA 97.2 74.8 27.4

TLA — — —
FEEA SR | WA 97.4 97.6 90.0
TLA | 100.0 | 100.0 | 100.0

[ #37R WA 97.4 83.0 29.8
TLA | 100.0 56.6 24.1
RE: WA 97.2 97.6 90.0

TLA 98.6 99.8 99.8
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Table 2 Word recognition accuracy (WA) [%] and talker
localization accuracy (TLA) [%] (simulation,
computer noise).

SNR [dB
Clean 20 10
PR 2 4 WA 97.2 88.6 56.4

TLA — — —
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TLA | 100.0 | 100.0 | 100.0

ek WA 97.4 91.6 66.6
TLA | 100.0 | 85.0 67.9
REL WA 97.2 91.4 71.0

TLA 98.6 99.3 99.5
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Table 3 Word recognition accuracy (WA) [%] and talker
localization accuracy (TLA) (%] for a woman

talker FTK (simulation, white Gaussian noise).

SNR [dB]
Clean 20 10
ERe a4 WA 92.0 72.4 21.6

TLA — — —
REEEE G | WA 92.0 93.0 85.8
TLA | 100.0 | 100.0 | 100.0

ek WA 92.0 76.2 27.4
TLA | 100.0 55.2 21.7
REDE WA 91.8 93.0 80.8

TLA 98.8 99.5 91.7
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Fig. 12 Sound sources and a microphone array in an
experimental room.
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Fig.13 Directive gain pattern for each frequency
(experimental room).



1282 TEHINE 2R

Target direction (90" )
¥

I 1
0 -10  -20 -20 -10 0

Gain [dB]
14 &5icada~Arzoss7b—-0fEmtt (HSEEE
BRE)

Fig.14 Directive gain pattern (experimental room).
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Fig.15 Frequency response for 90 degree.
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#4 HEREE (WA) [%] LRFEHORILEE (TLA)
(%] (MPEFEERSE, QBT ARE)
Table 4 Word recognition accuracy (WA) [%] and talker
localization accuracy (TLA) [%] (experimental
room, white Gaussian noise).

SNR [dB
Clean 20 10
P WA 64.4 32.8 7.8

TLA — — —
BHEEH MBS | WA 75.0 67.6 48.4
TLA | 100.0 | 100.0 | 100.0

BERTE WA 76.0 52.6 18.6
TLA | 74.0 44.9 21.7
R WA 75.0 62.6 42.8

TLA 98.4 86.3 73.4

®5  HEAMAE (WA) [%] & BEBHARIBHE (TLA)
[%] (MBEBERE, BHHEMES)
Table 5 Word recognition accuracy (WA) [%] and talker
localization accuracy (TLA) [%)] (experimental
room, computer noise).

SNR [dB
Clean 20 10
P % a4 WA 64.4 54.2 33.8

TLA — — —
SEREH R | WA 75.0 70.4 61.8
TLA | 100.0 | 100.0 | 100.0

A WA 76.0 70.8 51.4
TLA | 74.0 65.3 49.1
REE WA 75.0 65.0 60.0

TLA 98.4 92.8 93.4
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o HEEEFIMELE O BRI, SNR 20dB O
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Ial—YarvoBEL BT LHIFROND.
COERERIZ, <427 0RyT L—OREEIH
WD Il RE Y TAHETE LW LD D,
LHEOEBRTIIERETNOT 4 7087 L—%2RK
WKEAFIBEBLTWEDT, RIELKELLDORHE
FHET A ENTELR V. X oT, 2RTEFID
<A rakr7L—2EHL, BEOMIEELMEL
SHDLLEVFHD.

o EFEBEMT N T 2 BEEE H B O BEERRE
IEETY ARSI TEEELINIELk>TH
D, YIalb—TavoRERLHEIIZoTWES, 2
DERIE, 4.2 HTHERZ L D ICBREENBBKEK
EHTETLTWAILIIHA.

o TERIEDRERE HIAMKHAERE L, SNR OETIZD
NTRELHILLTWE, —F, REETIE, SNR
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20dBD & %, SNR10AB D& & L b IcfeskiE Ly
BIFCRFEEFMERBLTWS, LALEYDS,
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5. b ¥

RFLTHE, EBETTONV A7) —EFRH%
ERTHLODFEE LTI 70k0 7 L—0@H
IZOWTHRET L7, =470k 7 L— % BRI
BHTABICI, BEEOFANHAEY — A 2 RE
LTH 52 EWHEFICEEL 25, fERETIE, %
HEHHMERE TS 20 FRO T — R TE
FEEOHBEEREFAE L TWwaAY, K SNR BET
% ETREFEHFNRBOBEN 5 Thhol. K
WX TIE, K SNR RET COREEHAREEE %
M E &2 70 EEEEOREEEL VS ERERHK
WENERT A2 HELREL, YIab—Tarifl
SEBERS THRMERLIT) S LI VBNl %EE
fliL72. #OER, BBy ARS L ERES O
FHxt LTk & Y B RBEE H IR EE DS S
., K SNR BB T COHERBEL KIBICkETE
oo LarLadss, ERET CRBREOHETSE
PUEREL ) BIETTHHEVH o7z, i, KRE
DB L) FEAEIE L BV HE CHRMEEE T
BN, TOLI)LBEYIEREICDL > TER L6
BTEBRVHILEELZONS, REEORMEL HEI TR
ETHAHEREE GO TELIIRAVLETH .

AL TIE 1 ADOFEE LB L WS HE
THRINEE L7205, SBAEEDD BT VL
THREICOWTEEZIT I FETHS. T/, Bl
DEFEEVFAET DLV IHIRRLCBRET 2 LT,
REOHKFEEHMNE —BITRET S L v AT
ST 5 ZEATERV. 5%, BEEEFHOBME
PHRBEIRCER L 20 TR IT ) HiEIcow
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