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Hands-free Speech Recognition with Talker Localization

by a Microphone Array

TAKESHI YAMADA,t SATOSHI NAKAMURA! and KIYOHIRO SHIKANOt

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
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).

SNR [dB
Clean 20 10
S ThTAY WA 97.2 74.8 27.4

CUETEA > L 2
Rahi & K0 BEE WA 97.4 97.6 90.0
TLA | 100.0 | 100.0 | 100.0

GERIL WA 97.4 83.0 29.8
TLA | 100.0 56.6 24.1
_EIL WA 97.2 97.6 90.0

TLA 98.6 99.8 99.8
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(%] (¥y3ab—vav, GHHMBEE)
Table 2 Word recognition accuracy (WA) [%] and talker
localization accuracy (TLA) [%)] (simulation,
computer noise).

SNR [dB]
Clean 20 10
Y T4 WA 97.2 88.6 56.4

TLA = = e
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TLA | 100.0 | 100.0 | 100.0

G K iE WA 97.4 91.6 66.6
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_—EIL 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
YoMLY WA 92.0 72.4 2126

TLA i 5 Y
SEah & B WA 92.0 93.0 85.8
TLA | 100.0 | 100.0 | 100.0

37 WA 92.0 76.2 27.4
TLA | 100.0 55.2 217
REE WA 91.8 93.0 80.8

TLA 98.8 99.5 91.7

A UK YT V- AW REEAMRBICE B0 X 7)) - EER# 1281

i WERIEL D D BVEEFEEIFOATWVE I L
ﬁ)%z’))

4. EBRET — 2 & B -FHEEER

4.1 EREH

ERET — 7oK 2B 12 (2R, 12 i3
REREHLISHOMSEEERETHL. MiHE
BERZICBARERHIIATEOF 7 A A EOR
BEHRTELEW., =4 70507 Lb—idvA 0O
K14, <4 70k U HER 2.83cm OFMBER
BEITHY, <A 70k i IBEAEETHL. -
REEEFEITEIER 90°, MTEAMIZ40° L L, <
420K 7L—2062mOEBEICHREL TS, &
5, TRELELTAE—AE2FHLTVS. £2OM0E
EREMIL31EEFRTH 5.

4.2 vA470OKCT7 L —DigAM

90° Aah Stk 6 kHz DT Y 7 AME % gt &
HTROIBGEABEBHIFTEA 70k T L -0

5.83m

4.22m
weey

H12 MHEEERZICBIZFHELIA 70527 L—0OKE

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).
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Fig.14 Directive gain pattern (experimental room).

- Simulation
b — Experimental room
0.0
-0.2f
~
@ -0.4t N
&,
c
= -0.6}
S
-0.8f
-1.0t
-1.2 "
0 3 6
Frequency [kHz]

E15 90° KB B REABRBIEE
Fig.15 Frequency response for 90 degree.
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KL REEHREEE LR 4 IIRT. BRI,
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F4 HEZEE (WA) (%) EREEHHREMHE (TLA)
(%] (MSEEERE, HET 7 AME)
Table 4 Word recognition accuracy (WA) [%] and talker
localization accuracy (TLA) [%] (experimental
room, white Gaussian noise).

SNR [dB]
Clean 20 10
YT MTAR WA 64.4 32.8 7.8

PLA R Ze =t
REH B WA 75.0 67.6 48.4
TLA | 100.0 | 100.0 | 100.0

TER L WA 76.0 52.6 18.6
TEA 74.0 44.9 217
REE WA 75.0 62.6 42.8

TLA 98.4 86.3 73.4

&5 BIHEZEE (WA) [%] LREEHEREMHE (TLA)
(%] (MRHEBERE, stEBRME)
Table 5 Word recognition accuracy (WA) [%] and talker
localization accuracy (TLA) [%)] (experimental
room, computer noise).

SNR [dB]
Clean 20 10
PR e ) WA 64.4 54.2 33.8

TLA = 2 i
Fah& H B WA 75.0 70.4 61.8
TLA | 100.0 | 100.0 | 100.0

PERE WA 76.0 70.8 51.4
LA 74.0 65.3 49.1
REIL WA 75.0 65.0 60.0

TLA 98.4 92.8 93.4

MERL L TAHHERMET TRV L ZDERERS I

Y. EREREZLTICELDS.

o B HMBEEMOHFEZMAEIX, SNR 20dB D
L&, SNRIWWABDEEL DI, U742
ERNTRIBICKESN TS, L2LEXFDL, ¥
Ialb—YarOERLEETALLILVERLNS.
COFERERIZ, v A4 270Fk2 7 L—0REMEHHR
BV DIEREBETOHETEZVWI LD S.
SBIOERTIIEREYTO~Y A 70K T L—%K
WHATICREBELTWADT, RARLKDLLDOREHE
RPHMETAIENTERZY., XoT, 2KTEFID
~Arukry7TLV—%ERL, REBOHEEZA L
SEDLULENVDD.

o FTHEBME T 2 BEEE HMBEM O HEEREER
FEBT I AMZIHTIHELIN OB 2oTH
D, YIab—a yOEREHBIIZ>TVS,
DEEREIZ, 4.2 TR L) ICBREEY B BB
HEBRTETLTWAZ LIZDB.

o BEREDOFREE HTEREAEER, SNR OETIZD
NTRKELHIELTW R, —F, REETIE, SNR
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20dB Dk &, SNR10dB DL & & b ICHEREL D
BIFICRFEEHFMERE LTS, LALRHS,
HEEAFICHL TIREREL D HETT 25684
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MCHOlo TR LICER TR 2w eEZIONS,

el o e B I e

AL TIE, ERETTONY X7 ) —FERi#%
ERTADDOEEL LTTA 270k T7 L—D@EH
ICOWTHRET L., w4 20%k 07 L—%EHEZERIC
BHTABICIE, BEEOHMIERARE-L2RE
LT AT ENFBICEEL 25, ERETI, B
EEFMERET AOICEED/ ST — BB LTS
EEEOHEEREFIA LTS5, [KSNREET
% ETIIRFEHOREOEEIS S5 Thholz. K
XTI, IKSNRBEBET COREEHOREHEE %
MESE57-OICEFNFE OREHE L V) FRE &
BRIIER T2 HERREL, YIal—Yavif
SEBERZECRBERLIT I LICLNVAENELF
ffil7:. Z0&R, ARl AT LITERETOM
FIH L TRREL ) B REEAAREEE RS
N, ESNREBET COHBRHERZKIBICHETE
7. LAL%2S, ERET CIIRFEOHEZEE
PRREL D BETT 250 Ho7/. Thid, B
DEEI L) FTENFFEL 2V AE THRIEBESRE
SN, 0L REBRNIPREMICOZ o TR L 728
BT awhtEZONS. REFEOMEL HE TR
ETAHEREZEOTELIIRFAVLETH .

AKRLTIE L ANDRFEE LRBERO L VS IHFE
T HRIREEE L72H, SHRMBMEEDH 5MHEHVHIE
TAHRBICOVWTIHELZIT) FETHS. 72, B
DEFEVHFETHLVIORRSLEZRET % LTI,
BREDRFEAMEZ —BIIRET ALV IRHAATIE
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