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Abstract Beamforming with microphone array is ideal candidate for distant-talking speech recognition. Adap-
tive beamformer can realize beamforming with small size microphone-array, but those had difficulty in extracting
distant-moving speeches and in reducing moving noise, because those must rapidly train multiple-channel adaptive
filters with long filter length by using observed noises with microphone-array. However, if positions of talkers and
noise can be estimated, it may be not necessary that adaptive filters are trained in real noisy environments. There-
fore, we propose the multiple-nulls-steering beamformer based on talkers and noises localization, which doesn 't
require training with observed noises.

Key words Beamforming, Microphone array, Distant-talking speech recognition, Talkers and noises localization,

multiple-nulls-steering beamformer

£ 2 H % REUIALIRE DRSO B HAT (HEER) O A 70k
- URERTHS. ThUE, CTREL OEEN A 7 aRric &

W, TLESHY AT LNEFR AN THRBEHIET S A DBEXSETBIHAFHICE SNR (Signal-to-Noise Ratio)
FLRELTNAYRT V=LK BEBEANAYZ—T 2 —ADH OGEATEER O THS. Lirl, #ERT A 7Ok %5
BEAEESTVS. THEDONY AT Y=V AT LENY Ly KO AEDLL XX, 1—PADOKEZEEICES. —F, &

1.

- 107 -
This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere.
Copyright ©2011 by [EICE



PRERBEID~Y A 7R /iE, A—PAO&EICEE WA X
TV—AYBZT 2—ATHBR, AmhsinifEo< 12
ORVTHEERSETHLENS B8, TEESDBEDE

@kibﬁ SRS T AMEN DS . BEEEFESZHFES SNR

BETHRODOFEMELT, <Ak 7 L—REREN

Tw%.747D$V?b—t&%@—A7ﬁ—377(Z?

TVYY T 4V EORENC X BIEMEOHE) 2T5T LT,

RATVAR D LN EEDESEREREICEETES.
REMWZE — LT+ —IVTHEME LT, BEM7L—[1] &
HISEY L— 2)~[4) 55 5. BERT L —3 BEOBR

RORTATFT VT T 4V EHNRESD, BLFEEELE

LRV, —F, BEISET L —d ORI RNTH -

THLHZORMUC & D BICANTERERRT 208, BF v

FIWVDRTFTTIT T 2V E GEEHIET V7)) OFEGFEE

BRBERARTH BT, 1—FHBEIT % BERHE 28

CEMT 2RBCORICEEIERTEZ AV EERS S 5. Fik,

WSFEE R ThRVEIGR T L—E LT, 2ch BERIT L — (5]

WHBM, EHTEBLAVIELZCH WD, FRETIE 59

MR RET E R VHELN D B,

LA L, BHCES L ESHEOAMUSHETEETHNT, ]

BHEICHT 3 BOFEZBZRITOEL THHBEORMICRE

DIEAELKT B LIBTRETHS. FTT, KT, 57

FELHEROMBHEZITY, TOHERBREBHTRCED
FHECRFTL ICRBOFEATIET « )b 2% AV % 8 EITA )

HEIY — L7 4 —<FIERTE. EFEICBWVT, Bnt
BOFFIME CSP #: (6] ZAWTHEEER TV, FEOTA,
AT BD  SERIRERE [7) 2RV TS NBHEERTS.

BB, YIal—YarETV», BEFEOHAMZ MR
L7z.

2. WEERFE

2.1 CSPZEICKBFROIIRARIHE [6]

TATOFRY 4§ TIER si(t), s;(t) BERETHL, CSP &
L&D 2ch DZFESD CSP RV ERIFHZZHET E
%. CSP REMRUBREMEZEOH#HERZR (1), (2) IKRT

DFT[s:(t))DFT[s;(t)]*

= PFT | DT (s: (2)IDF Ts; (]

CSP; ;(k)

(1)
7 = argmax{CSP; ;(k)) (2)
k

TTT, tISEEUEH [s], CSPi (k) i3 CSP fREL, 73BNk
Rz, DFT[s;(t)]* i& DFT[s;(t)] DEHRRZERT.

X (1) Tld, 2ch DFBFEFRT-VIEHBLT, KIEBTE
BULZITS. 2L TAMERRRD T 7 — ) TEHZITV CSP
ZEERH TS, EHICK (2) K& D CSP ROk E iz
BEERE (FHEOMWESREIZE) ERD S T 210 & D FIRIFR 7
DOHEEEITD.

ERED—DOUNEEL R VR B TEIED DOA ZH#HE
THEER, R(Q), QWKLY rZRDTR 3) ICKDHRES
fMEHEE T UL K.

Talker (Target object)
#
4

S

Dx D:’ D,
~ /Dyt

.@t‘ a. ;",w_ Microphone 2
. ’

A Y
?Loudspeaker

1 FREABHETFEOHIER

Fig.1 Overview of talker localization method.
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Table 1 Simulation conditions.

Parameter settings
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16 kHz (16 bit)
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32 msec (Hanning window)
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70, 105 and 140 degrees
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30 dB

Test data(open)

Desired sound
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Phoneme balanced 216 words in
ATR-DB {9] (1 male)

Disturbed sound
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Phoneme balanced 216 words in
ATR-DB (1 female)

Noise sound source

White noise

SNR

-5, 0, 5, 10, 15 dB

Acoustic model
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# 2 SNR DTl
Table 2 The evaluation of SNR (Signal-to-Noise Ratio).

SNR [dB} -5 0 5 10 15
NSF for 70 deg. 4.7 | 59 | 64 | 6.5 | 6.6
NSF for 105 deg. 4.0 | 89 | 13.6|17.9|21.1
NSF for 140 deg. 4.6 | 89 (12.3]|14.3}15.2
NSF for 70 and 105 deg. 8.3 |12.2|14.816.2 | 16.7
NSF for 70 and 140 deg. 7.7 |1 8689|9090
NSF for 105 and 140 deg. 4.4 | 94 [ 14.2|18.71224
NSF for 70, 105 and 140 deg. | 11.3 | 14.4 | 16.0 | 16.7 | 16.9
Proposed method 13.2116.3 | 18.8 | 22.1 | 24.7
GJ array 1.7 12 |-00|-03¢ 1.2

FEENTW3. ¥blc, BRFHETIE, K 5(a)~(h) ETOH
HEEBORMEEIT->TWAEY, THIC SNRARELTH
BT ENbMB. Ei, K 5(G) ORRFETHS GJ array O
YIal—varvERED, AV Ial—arvEHTE, ¥
IGEBHRRMETH D, +EEERETERVI LD S.
#F2ICTL—HH%BD SNROFERERT. £2D¥ 32
L—aUisREb, AV Ial—v 3 r&HTR, #ERFERE

TH B GJ array Tld SNR OKENEHL N LAV oT & -

7=, BSNREE, hbb, MHEALCE>TSNRARES
BT, NSF for 70, 105 and 140 deg. D K DI T XT D5
BHACITEBERAT 5L D, NSF for 105 and 140 deg. ©
K SIS BRI LRV TEE RS 540 SNR O
EBNENT ENbh oM. CThiE, A 7Ry ENDEN

0 e
-10
3
.20
g
]
-30
N ik
-0} |-.- 000 e
~-~3800 Hz
El00diiie
sof | 28008 £
60

b0 W P
Angle [degree]

{(g) NSF for 70, 105 and 140 deg.

4 FEAGET « 2 OBEME A Z—
Fig.4 Directionality pattern of null-steering filter.
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Table 3 The evaluation of ASR (Automatic Speech Recognition)

3 3 (%]
£ £ SNR [dB] 510 |5 ]10] 15
NSF for 70 deg. 29.6 | 31.0 | 31.5 | 28.7 | 31.9
) - o - " NSF for 105 deg. 26.7 | 50.5 | 67.6 | 80.1 | 83.8
Tome sl Timelsl NSF for 140 deg. 21.3134.7 | 52.3 | 63.9 | 66.7
1 (a) NSF for 70 deg. 1 (b) NSF for 105 deg. NSF for 70 and 105 deg. 57.9 | 65.3 | 66.7 | 69.4 | 71.3
NSF for 70 and 140 deg. 34.7 | 34.7 | 37.5 | 36.6 | 36.6
. . NSF for 105 and 140 deg. 22.7 | 46.3 | 65.7 | 85.6 | 89.8
;;_ ;i NSF for 70, 105 and 140 deg. { 64.8 | 69.0 | 69.0 | 69.4 | 72.7
2 € Proposed method 727 | 741787 | 86.1 | 87.0
GJ array 2323|2819 |28
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(g) NSF for 70, 105 and 140 deg. (h) Proposed method.
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Fig.5 Waveform of output signals and observed signal.

{(j) Observed signal.
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