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Abstract [t is very important to capture distant-talking speech with high quality for voice-controlled systems
or teleconferencing systems. A microphone array steering is an idela candidate as an effective method for cap-
turing distant talking speech with high quality. However, it requires to localize a target talker before capturing
distant-talking speech. For this purpose, a talker localization method based on CSP (Cross-power Spectrum Phase)
analysis has been proposed, for example. However, talker localization performance of the CSP analysis is degraded
in higher noisy environments. To deal with this problem, in this papaer, we propose a subband CSP analysis with
weighting of average speech spectrum and we propose a specialized localization method for speech. In addition. we
evaluate the ASR (Automatic Speech Recognition) performance when the microphone array steering is steered to
the estimated talker direction by the proposed method. As a result of evaluation experiments in a real room, we
confirmed that the proposed method provides better talker localization performance than the conventional method.
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1. FL&IC

TLUE Ry AT LREEHEY A7 LIcBV T, #EE,D
BN/-MBICHEIAI/OR/ THEDERERET B HE
HRERPERAZTORBCL O RELLEBEOEFN BHERT,
BEEMET T2V 5l@ENHS. T T, BHELOEENIAL
BIcHBIA/0R/TLHEEDEREBEREICRET A%
LT, M7k TL—HEEENTED, BAICHED
T3, ThHOMETIE, v/ 7aF/T7L—2AN
TEBOHACEAREEET I LICLVEEELREFOR
ERERLTVS. R4k 7L—E2HAVTEREN 5
MAERRELMNTIBE, FEDOAMICHNL TRIEMER KT
BEBEMT L — (1] L HEBERPREOARICHL TRAZERT
BHESET L — (2], 8] ICAETE 5. MFEL bIEMMEMER
HROCMETEZLh 5, EFETIEFTHLL ICBAIC
FIAMRETEN TV 5 [4].

LALRAIaky7L—Ti&, REEOHANIEMERHEE
ERL TRESEOEFZRRAICRET I, REEON
BREETHCLHILELES. TOkYD, FIRERNE
i (MV : Minimum Variance) & 23  ZE&(BEHE 5],
MUSIC (MUliple SIgnal Classification) i&IC D { FEELE
#£E£1% [6], CSP (Cross-power Spectrum Phase) iic &3 <
SEEMBHEE (7], 8] REMRRIN TS, INLDEE(]L
BHEZED S S, HEROBESNTEAES, SFEMER 2 ch
DA TRy (AR /RT) ODHTHETES CSP
®iE, EMCENEFETHSD. £, CSPHEOMEENEEH
B LT, CSPERBE—DI A ORIy XTh SO A Y
TRV ART7ICHIEL fo CSP RENE R (9] $REEh TV 3.
LA L, CSP REUNERIMERAT A< A7k X7 D=
RL, FAFhOIA70FR /X7 T CSP FEEHET 34
ENHB. CORY, FARTRE—DRA /ORI RTDH%E
AL T, ERICESMBEAHRETICLERTTS.

CSP i3, HEMHMBDO—ETH S CSP HEICEDVTRE
EE0FRAMEHETSFETHS. CSPHEICIE, RERE
BDARY MIVEHICKEL BV EMRRBRAE#EEN T 5
EVIEENDH BT [10), REBEBEOANFEY 2RETIE
FEICEEMNBREEETES. LHL, BREFRETICEV TR
CSP BEDEIRAMHEEMEENSHEL TLE S LW SRENH -
7z, 7z, CSP BERBESOLAMEEHHZMEML T CSP
FEETEL, FRAMEHET 220, BHESOREBREER
HEEZBL EHOWMABEHEEI PRI MELREEEATST
L TEBRAEHEMENRESNZAIRENNHS. T TER
Tid, BMSERSHEICIREL #7815 CSP HE21BRL, &F
ENEE FHICHET 3 L 2RAT 5.

ARBTIR, FTH 2. TCSPRICEDFEEMBHELRL T
OFIESIC DV THAT 3. Z0O%, #i 3. ICBVTREFE
ICDVTHBAL, # 4. THRERTIT > o fHMBEREIC DV TER
BH9 5.

2. CSP (Cross-power Spectrum Phase) %
ITEI(HEFEMNBHEEELEL TOMER

ARTE, R1ICRT XIS, M7k R7ICHLTAH
M 05 BERNERT ZIRNERET 5. OB, (70
A M M, TRELIES si(t) & s.(t) ZHEAL T, CSP
(Cross-power Spectrum Phase) %, FIRFfE% (TDOA :
Time Delay Of Arrival) XU ERFE (DAO : Direction Of
Arrival) 2R (1), X (2) BIUK B)ick->TRkHB T &H
TE5.

K1) T, A7 RV/RTTRELIESET7—VL
LT, RIBTERLRITS. ZL THMEEZRD%, ¥
7=V I EHRITV CSP FREERD TS, FLTHK (2) I
&b, CSP#HREMRKICK 2H/ZE (HENRL BV RRE)
ERHBLICED, BREEMEZEOHERITS. ZD%, K (3)
I & o THRERD 5 BENDEBRZITOERAAZHET 5.

DFT(s:(t)] - DFT[s.(£)]"

csrtn = R | -
T = arg;nax(CSP(k)). (2)
0 = cos™? (;;), (3)

TTTtE kISR, DFT[] 3887 —) & (DFT
: Discrete Fourier Transform) , IDFT[] & DFT, * 1385
&, T IXEOREEEE, c3EHE, dRYA IR RTHEDE
B, F QYT TREE,. 0 BERAAERT.

Sound signal

Mi M-
¢ : Sound propagation speed

d : Distance between
two transducers
- =T

6 : Direction of arrival

7 : Time delay of arrival
Si(n) Se(n)

K1 A7k R_7IC & BRE0EN

CSP #E, K (1) IERT &SI, BEEBOEBTERILE
NHEHAEZERTRCLICEST, BEESDART MY
B RIEL AW EHESBBRATRHERITS T LM TE 3 [10].
T, FIzIEK 2a) IKRT X S5HBNZTOINEET S
H—ZHEEETTE, 20b) IRy &I, BNSOERA
NS TS B REEIZED CSP HRED BV EZRDIY, CSP &
R ENZEORR A% EHICHET ST ENTES. KEL,
X 2(b) T, CSP ##E X (4) i & b FHi#lh CSP(k) 55
dl CSP() ICZE#L TV %

i) @

LAL, CSPEICIIEIRARHMEEENEHSRETTEL
KHELTLES LV IRESENDHS. K 3(a) ICRT K DI,

6 =cos™* (
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(a) (b)
X3 HIELHENEET SR

AR/ RTHENBFOH TR MBFLRAMCRET S &
SEBEICBOTIE, K 3(b)ISRT &S, BHEOEAR
ST BRRIZED CSP FREE DL, MBEOEBRAMICHIE
T RHEED CSP REOANBMERRDILHHSB. TD
&, CSP HIMZORIRAME BHSORIRAME L THE
LTLE 578, BHREOBRAMEEICKNT ST Licikd.
TOXSEFRAEHREDKIIS, SHELOERZO/IT—H
KEVIERICEET BEANHS. COD, BRESERETIC
B % CSP EOEIRAAHEERERRET S0, BN
BEOFR RO CSP FREEERAL, HEDEBRA MO CSP £
BENETZLENHS. TTTABETIE, CSP EORMBEAIC
DWTREEToK. CSP &I &> TR (1) T CSP FE#at
HY 358, REESOLRAKNHREMERTS. COrd
AREEES BT, BRHESONT A AR E
ERL T CSP REZHELZIEA, TORAHKHHTILA
BEEIE T OSSN (SNR : Signal to Noise Ratio) &
b LN SNRAMEST B Lickdz8, BMESDE|
RAMED CSP EEDEASNBTRENNH S, £, BHES
DRABEFHCEDOONEHFBEEAL, SHEO CSP
BEICRU BT LT, BIESD/T—AEVERBHEETE
SNz CSP ZEH AN, X 5ICBIRAMREE ERED &
ThBAEENNH B.

—A, A4 7aFr7L—ERAVEEERETIIENESE
ANBEOREE (BF) ICBETHENTES. ZTTHARTE,
HELEEOFEMR AT MV R

2840
2603
2367
2130
1893
1657
1420
1183
947
710
473
234
0

Mel frequency [Hz]

0 1000 2000 3000 4000 5000 6000 7000 8000
Linear frequency [Hz]

K5 BBl —Hfl

BBREVHRECEDE, EEOTHYARY MV TERFF
TN EIE CSP 2 RRL, CSP k& EBMEMERE
BICFHEE R B T L 2R 3.

3. BEF &%

REFEOWBELEK 4I1RT. RRFETIR, FHEORKMESR
ZRU I AREHEESEEITY, SEREHEET i CSP %
BENETS. R, BEOTHARY bV S2EBL 534
EHFRZ CSP REICRL, SAREEEO CSP 2B T3
T L TRAM CSP fREEZFEL, FEMBRHET 5.

FRTIE, 8 3.1 THAKBHERSEICOVWT, #38.2TH
WEARREICDWT, f 3.3 TRBEEHERINCOWVWT, #
3.4 TEHEEMBHEIC DV TRNS.

3.1 FR¥HESE

AFEDORTEEFEFAAS 20 ~ 20,000 Hz THBDICNL T, FF
3BLZ 100 ~ 6,000 Hz ThH 3. BEOEREMMEELLT,
B1II7ANIVE, BE2T74RVEREI T/ RS
IRV ERECHHC EEONRT—DEFT 5. £, EEOHK
HMMBEL LT, SEOTEARY MU 800 Hz ¥ TIIEE
TR EMNZ D, 800 Hz LA EIX —10 dB/oct. REDIER %
FO(11). TOTehbl, BEDNRT—IGEVEREHEEZ
EBNTENDNB. o> THARTIE, 1KV EAREHEE fH
<AL, BORBEHEEE R ETIIic, AVERK
BT ERMMRIC Al BE TV, ST LI CSP &
BRHET 3. BEARE fH 5 AVEEE fra ~NOEHBRR
ZR (5) ITRT.

Frer = 2595 - log (1 + %0)

CCTT fua EAVEREE, fIISBAESEET

X 5 i B B0—FERT. K5IRTLIIC, A
VR T ERRIC A ERITS C LT, WA

©)

Mic. array 1
D ®e l—— ‘e —>
| | Frequency o | . 7?1 Frequency [7*] CSP DOA
D band CSP | | Weight : band : coefficients [~ Estimation
o) division coefficient coeff. multi- —» selection addition
calculation plication

M4 RETEOME
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M6 HEBERHHTRENI CSP D —Hi

ETRECAREHEEN AN  FEIEh, BVEBREEE
mpEIENS.

Z0#%, X (6)ICX>T, BAWKBHET Lic CSP %
HETS.

_ si(w) - s7(w)
CSPy(k) = IDFT [M O T (w)l] , (6)
W = WLy, , WHy,
b=1, -, B,

TTT, CSPs(k)id b BEDRARBFEHTIS NI CSP ¥,
spp(w) (& sp(t) DEABEERR, wr, & b FEORREFHOT
FREEHE, wa, (& b BEOEREHEO HRAKE®, B
ARSI ERT. X6l SFREHHTELN CSP
FBO—FlERY.

3.2 AMTEHREE

FHRTIE, X (7) THELLEEFOFHYARY FUTED
T, INEHFEEER (8) ICL > TRDI:.

L N

DD lswilt, n

3(w) — =1 n=1L , (7)
2N
=1
2o, 3w)
Wy = 20 - logm m ) (8)
b b
b=1 ---, B,

CCTLREFY NI LBEHORFECBIZT7L—LK
s(will, n)) IBEDARY ML, 5w) BBFFOFHRARY b
W, wh(b) & b BEDEABEEHO FIREAKE, wo ()& bE
BOREEHEO TRRARE, wb) & b BEORERKEFEEOY
WEHFREE, BIEIHEIEIBET. ARTE, TiEE 14
%, BMEE 64D ATR503 XEMAL, 7L —LEIX 32 ms
(NIVTR), 7L—LY 7 ME 16 ms DEETEEEIT- 1.
TICOMERMFEERT.

3.3 RR¥FERR

BEOFETRBEBHSE, BE1 7400, B2740L
IV, B3ITANTU M EEREEN TV 330 ~4,000 Hz
WCRFPLTW3. FTT, 330 ~ 4,000 Hz Ic B EN % AKE

o
©

o
®

o
3

Analysis weight coefficient
o
>

o
o
=
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Frequency [Hz]

K7 SHERMRE

I TE5 NI CSP ¥R INET 3.

3.4 FEEMEHE

5 3.1 TEHEL LAREHEET 0 CSP f#¥c, #3.2T
HBEUOMEHFERERCTMETZC LT, R(9) k-
THEKRMNZ CSP B EHETS. ZD%, R (11) TEEAR
EHET 5.

B
CSP(k) = > w, - CSPs(k), (9)
b=1
T = argmax(CSP(k)), (10)
k
6 = cos™! (;;s), (11)
TTTORHEINIFEAAEET.
4. FMER

AT, K8ICRIHMBICBVTIHEERET->/-. B
BEE~ ARy T U—c ML TEEAM (90 °) 25, 24
FiZEAM (40 °) AANSERT B, A7 akyTL—¢&
BEFEOHEEI 1.5 m THS. CORBEICHEVT, ESMNES
Et (SNR : Signal to Noise Ratio) Z &L X B FADEEN
BHEEERHMEL 72. ¥5ic, BEFHICL->TEEHOE
WELE, A0k TL—Ic &> THNEERBAL -
BEDEF MRS S TIHEL 7

4.1 EBEH

& LICRT T — ZINERRM L & 2 IORTRREMIC & b 31
KRZTo/. T—2NEEIToHRBICIEFERY—1 D 4
BEM T B8, BHABSEL VA 50.1 dBA LIEEICEHE

Deskl [ Desk | Desk
g ( Arithmetical
(=] O Loud- servers |
a L5m speaker E’ﬁ E £
D alle
ars L B )
au.. =il
40° o
Loud- | Desk | Desk | =
speaker
6.0m
X8 EERERE
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£1 W8N

HNEEE 50.1 dBA
FENEHE Teo 0.47 sec.
VNI 16 kHz
A4 oaRyTL— 8 #F, ATH 21.25 mm
SNR ({55 #H k) |-5dB. ~, 20dB
&2 EBREH
FRNF—4
HE (A—=7) ATR F#NF /R 216 Hif
(tEE# 1 %, BMSEHE 1 4)
e Bty AT, EV S
FEGREE
BB RS E 12
JL—LE 64 msec. (Hanning %)
<A ok HE# | 148.75 (= 21.25 x 7) mm.
HFEmE +10°
EEDH
E%® HMM IPA ZEETIV(13]
AR RV MFCC, AMFCC, A /87—

{%E>TV3. TAMTF—ZIZIE ATR EF/NT VR 216 B3
ERVE. BERCE, 2RERTEH—RAXY MUEEER
DHBMEL, -3 dB/oct. DARY MVEEERL, A
ZIO NEOZEORMEVE Y VHSRERL.. COX
BERHTICHBVT, CSP &, BEBFEFE (300 ~ 4,000 Hz) 24
L T- CSP BB LU RRFEDEEN BHEE AR FEL 7-.
EEMBHER, A 7ORVTL—OBNIFDOIA 7Ry
N7 EMEHAL TiTo7. EEMNE#ENEEINX (12) ITRTE
ENIEREZE (TLR : Talker Localization Rate) i &> TFHH
L.
L N

D> Lall, 7

TLR = =22 (12)

>
Leo:[l, n] = {;

|Dansll, n] = Desell, n]| £ Err.
|Dansll, 7] = Dewt[l, n)| > Err.

T, TLRIGFENBRES, LIIHEER N E I EBO
B BT BT — L, Dansll, n] @B TL—LICHIF BE
PREEBNIE, Dew|n) 3BT L —LIcEB) 2HEFENE, Err
RHFBRERKT. FHWTIE, Dansl, n]EHIC0°THD,
TLRICBI BHFEREG £10° & L. 7, FEMEHT

BEERBOMCBNT, 64 ms DIL—LT LIl B
BRI, IR -EE (MEENET3510) F—20D 55,
BEEL NV EEBLZBEU EDONRT—EFEDTL—LEE
BREELTYIh L .

EHIC, BFECX->THEMBEREL K, 170k
Y7Ll X > TENEFRZBRAL IFROEREMEREL &
bR THMML 7o, FHREMEAE BAEZHE (WRR : Word
Recognition Rate) IC & > TFHEL 7.

06
05 Noise signal direction  Desired talker direction
04
303
% 02
8]
01
0
0.1
02
030776 20 30 40 50 60 70 80 90 100110120130 140 150160 170 180
Direction [degrees]
(a) CSP &
06
05 Noise signal direction  Desired talker direction
04
& 03
% 02
O
0.1
0
0.1
02
030736 20 30 40 50 60 70 80 90 100110720130 140 150 160 170 7180

Direction [degrees]|

(b) REFk
X9 SNR 10 dB OHEBHERE TIC KT 5 CSP ##

4.2 RBRER

I 9(a)(b) I SNR 10 dB DEEMEESE FTE5h /- CSP
(R RT. 772U CSP BEE R (4) o & 1 BERIE CSP(k)
5 Ak CSP(9) ICEBL T3, K9(a) &b, CSPET
8505 CSP REU, FEEAMMN 90 ° THRICHLBEHLLTH
BEAHED 40 ° D CSP RBOANKEREITZ> TV B8,
CSP #ISFEEMBEOHEICKKL T0BHT ENThB. L
L, ®ob) &b, REFETHELNS CSP R, FEEAHA
D CSP FREMERAET N HEZARD CSP HFE& b & KRER{EIC
BoT3lY, BRFEIEHICESMBEE#ETEZRT LY
a3

R, B 10(a)(b) ICFEEMBEHE L SERROEBERE R
T. K 10(a) RHBMERETICEIT 2ERERE, X 10(b)
BV IHERETICET 2RBERERT. K 10(a)(b) D
RS 57 3EEEREREY, 855 73 EHERRMERE
ZFYT. £/, K 10(a)(b) D “Observed signal” i1 71k
YTL—TRELIESHLS 1 ch DESEYIHHLTHERAL
HEDEBHER, “Conventional CSP” i3 CSP EDEBREER,
“Conventional CSP.,” & B #E% L /= CSP DR
R, “Subband CSP” I3HIHITEIE! CSP HDEBEREET.

ETRIICFEENBHEEZBROBRICOVTHRETS. K
10(a) &b, BEEBSOLHHEMAL: CSPELDE, BFE
HEE L 7o CSP OFENMBHEREO AN KB IN S
TVRTENNhB. Thid, BEFFHEEZERTELTHESE
FmED CSP FREM@AI N/ TH3. T5ic, REFE
OFEMBHERENIRLE LA B, KT, K 10(a)
LK 10(b) & LLBEL 1358, ¥V I MSRIE T COFEEMEE
ERENHEMBRE T COEEMBHREEES D & 2N
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(b) €V U MEREIT

B 10 FEEGIEHETE L SHDROKBRER

HEL TR T EHbh 3. chik, BEHY AEEH LA
B T B AR 7 M IVREER DD KL, U 7 HER
—3 dB/oct. DIERERFEDOL D BEDARY hJURHEIE W
EThBIBELEABNS. LAL, &Y EHEIGLVEED
UV IHBERETICBONTE, BEFETRLBVEEMER
EURHEEBOLNDI T L EHRL
RICEHERBREROERICOVTHAT . K 10(a)(b) &
b, CSP#, SEHEEMML - CSP ETHEMBERHEL
1ok, BIENT L—IC X > TEREBRARIT o IBEDEHRH
B, EEHRZITOEVEEOFTHEFRZ TE->TWAT
Ehvbh B, Thid, BEABICSA 70k 7L —ofsmt
PRSI ER, EEHhEEIh, EEVHLLIIHTS
BrEZNSS. K 10(a)(b) &b, SNRICESTREFET
SEEMBERHEEL 2%, BEMTL—IC K-> TERERAEZIT>
TERADEERBENREES B> TVWBT L BHEEL L

U EDOEBEFMEROBREL D, BREL IHHSHIR CSP
FC BRI EEMBHEDEIERHIE TS LNTERL. L
ML, FEROTHEMBHEICEART 2EEONHS. Chid,

BENIEE OIRT—HFOT L — LTI HERNC SNR HE
FLTLE 578, BEFEICKS CSP RECEANENET
LTLES3HTHBLEZLNS. £oT, SHRIITORE

AL, BRFEOFEMBHRELEL S SICHET ZLE
nH%.

5 £ & 8

BT, vk 7L—2BVTERREEEEREIC
ET BHBIC LB LR B REEMEHESR ERICIT S 72ic,
BREOPYARY MV TERF Shi- #8588 CSP #ic
ED(EEMUBEHEERREL 2. BEEL N 50.1 dBA O
BRIC B 2 RRBEEROZER, RRFZIAGHS, ¥
HENEFETHIRTCBOT, MRFELOBVESMEET
HHEEBONLC L EHRLE. T, REFHCX-THEE
MEZHEL 2HICIA70F T L - X > THNEERR
ALIEBIC, BEREEIROLBEINIT L ZHRLI.
SHOFELL T, BNEEOIRAME HZOBIKAEDHE
HEOEZEX TREFEOMERET 5 &, FEEERIC
FATAHSOBER BRI RN BT oN B,

H 23

AREO—EIE, XBNEE)—T 47 0TIt v
Society” & FI2ERFF B MBS No. 14780288 IC K 5.
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