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Figure 1 Schematic diagram of the pickup system and acoustic environment in the enclosed space
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Figure 2 Algorithm diagram of speech picking for speech systems with auditory attention ability
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Figure 3 Experimental room configuration of target speech detection
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Table 1 Description of DOA distribution on both target speech signal and coherent interference signal in each experimental
set
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60 90
B P A B ).

TR AR R A T 18 Fh A 2 SR AT 5 ) E bR A DU SR A LA, X 18 AN
FEALE 3 R EIZRAY (Tho 43514 150, 300 A1 600 ms), 3 A H br 4% 75 35 FEFIIEE S (1, 2, 3 m), ALK
PIFRR B AR TR S CRE TIMIT #dlE ERE S AN AR). REMA4RH B&K A5 3050-B-060
ZIHIE R RN S 4958 (L 3% KA 24 bit EALH 32 kHz RFER. B2 18 MU FE 135 il
T PR RAE R 16 bit AL 16 kHz KFEE.

N T IRAERR SRR, FRATRE] Ok B RS IERT T BARE S E S, It 7ok HAL B b7
I EPRESESIER. & 1AHT BRESEESMTIE ST DOA /04, 75 18 MR EH,
MRS T 11 g

WIR JUR S SR R i 1) B AR E 515 5 B e ae L, BSR40 S i) 5 a8 777k AMR2 141
BT DOA —F: (DOA homogeneity) FIRUEIE J77% 15 LI Cohen $2H XGHIE H AR iE &5 54
7532 OO ASCIRIT 5 T RN S5 (b AR SS) AUhnss i (bric v SS) i 21 H b5
EEE SRR

LI S A H BRI YERE L, B R EE . TEPRFEE R A BIVE N TR R R, AMR2
TR TR A R R XN AMR2 J5ik 2@ e AR R, FIFEEIX P Az 5

1314



HHERY FEERY B 45 H H 10 M

0.7 . 0.7 § 0.7
3 % AMR2 ; %, % AMR2 ; 5 % AMR2 ]
0.6 80A Homogeneity 0.6 8OA Homogeneity 0.6 s, BOA Homogeneity
o ; 4+7g%§&ﬂw%§s o g 4+7E%§§ﬁwg§s o " 4+7F%§&%w@§s
§ 05 roposed w 5 05 roposed w 5 05 roposed w
= = =]
204 S 04 £ 04
3 8 3
203 " 03 X 203 *
2 2 2
= 0.2 2 02 = 02
= &5 =
0.1 0.1 0.1
o @ o L) 0l©
0 0.1 02 03 04 0506 0.7 0 0.1 02 03 04 0506 0.7 0 0.1 02 03 04 05 0.6 0.7
False acceptance rate False acceptance rate False acceptance rate
0.7 0.7 0.7 .
* AMR2 : * AMR2 - % AMR2 ;
0.6 ggzanomogeneny 0.6 CgéﬂHomogenelly 0.6 ", C&%ﬂHomogeneny
2 T Propoved Wes® 8 T broposed wes® e e R
505 Toposecy 05 2 05 =
= = =
204 £ 04 2 04
203 203 £ 03
2 2 2
= 0.2 = 02 = 02
s S =
0.1 0.1 0.1
0 0 0 i
0 0.1 02 03 04 0506 07 0 0.1 02 03 04 05 0.6 0.7 0 0.1 02 03 04 05 0.6 0.7
False acceptance rate False acceptance rate False acceptance rate
0.7 - 0.7 0.7
* AMR2 ; * AMR2 ) * AMR2 )
0.6 --‘---------([:)(())/gnHomogcncny 0.6 """"""([:)OO/QHHOWIO.EC"C“}’ 0.6 "‘""""'Bgé‘nH"m"gC“C“y
o % | —+—Proposed w/g SS o —+— Proposed w/g SS © * | ——Proposed w/g SS
§ 05 Proposed w SS § 05 Proposed w SS § 05 Proposed w SS
5 g g " .
= 04 * = 04 = 04
Q Q Q
2 Ko} 2
203 203 2 03
2 2 2
= 0.2 = 0.2 = 0.2
0.1 0.1 0.1
h
oL@ o™ 0
0 0.1 02 03 04 0506 07 0 0.1 02 03 04 05 0.6 0.7 0 0.1 02 03 04 050.6 0.7
False acceptance rate False acceptance rate False acceptance rate

4 MTFHFRFRAEER ROC HLk
Figure 4 The ROC curves when coherent interference is speech. (a)~(c) Target source/mic distance=1 m, Tgo =~ 150,
300, 600 ms; (d)~(f) target source/mic distance=2 m, Tgo ~ 150, 300, 600 ms; (g)~(i) target source/mic distance=3 m,
Teo ~ 150, 300, 600 ms
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Figure 5 The ROC curves when coherent interference is music. (a)~(c) Target source/mic distance=1 m, Tg9 =~ 150,
300, 600 ms; (d)~(f) target source/mic distance=2 m, Tgo &~ 150, 300, 600 ms; (g)~(i) target source/mic distance=3 m,
Ts0 ~ 150, 300, 600 ms
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&G T IR e A A 1T B AR ] Y AT BT VR A I IR AN R TE . (delay-and-sum beamformer),
BN P AT T AT I A AMEE, gk TN 2 B AE S BT A ACEA I, BT E S (BEH), A
FTES (RIEY #2240 221 B abBAR NP R T B, i 2 1 B A [ 5 fi 17 PR
TE PTG R TT 1% B3 24) | Bef 4F — T8 15100 T B L by 100 1) YR P F 52 1

5.2 BHARGYPHRFSEIEKGE

RS B 5 AT A 1R 1 B RORT 55 18] o L A8 AR, G R RENS A T B T8 o Sz, 568 R0 45
SREATIEPER, WAL ERENS e A THRRIR . Jitt, A — IR G R8I 5 R T ) pf
PEI R, I LA B TR .

WL ZEIEE RGHERTNEN N 7 B geit, BT e 0 B AR A T 55 1A e R X
KOTASEET /N AT E RGEPHRTT I B BTN Tk 29 DR 2 EiE LMS
Newton HIER 77k BT~ (HE, IXEEH RGHHRITIEARE LA LU R ISR b, B 1. AR
BRI A 75 45 2 8] (4% 3 bR SO AE SR R I s 2. S 5 BOAR SR AR I 2 T R 11

T BRSO AR SR R, BT U EL T 3T 2 IE L PE T (linear prediction) H757%. EAIME
H ALY AR F A5 T, 4RI I 2 38 38 2 R T 7 vk HR R 4t B0~32) . (H R IR S5V R T I —
SE L 5, o TA] ek IS S I R AR Y, PR R AR SR AL AR [ N TR R IR, D T e
Wi 7 FY B e AR, R R A AR v R B PR Bk, JF BRI REE G AR T R R R T
SRS, XRRGHFR G E 2 52 RIS M, AL S BRI o, e A L SIR Toik et G ).

2 CUR 7S Y A% 7 5 A7 b O SN, YRR T DA I 3 T SR AT B, H T S R O
A/ NARERGE, TN R ARANAE BT (5] P, L SR R0 2 T M R Vel A £ BRSO SR 14 5 vk
Hh I8 R R S RO N 3 AR O B ML AR R Al R ST, AR 2 BB RIS Tk, AT BLE g
MINT 759 B3 SO e ke, FoARN 2B AOUE B s I B S SR IR R I8 55 D9 IR B B s B
B, PTLCR LTy A ES@E S MINT 759% B4 R, A 2 M A PR G R0 TH R 22 B I & i,
BT LA R 2 S A T ik 1391,

R RRMAAR S E ] LUEEE REURE ST seil, (EASLPRN 2, dh bsEe
TR PR IR AR R M S TP R, %2R AR MEAVE BT R EOK, I AR K R R 1E.

5.3 TEIBIBAYSIA

T i A R P UV P 5 P 59, B W A A ) A o, RT AR AU _E A TPt S T . R
PR A — A RS P8, PR Z T TR0, AT 25 BRI B2y JF ot i 35 &
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B R 1 R 07 VAR AE (B T SR T B0, A O S A S S AE (R AR I — i A,
U, AT AR FH U AELAS 0 7 3 0 ) e S 75 3 G PRV VR AL, ATV B VR P i . B X vk R Y - faj
FRTRMERRY. Dy, 1R 22 7R EE T 2 K 1 22 3 TE G VE TR 5V, AERA ZE 1AM, i 1 m] )5
FHL (AR RE) IR ALFEEE 5 BT30) (ER 2T R B AR O IR 5 5 5 R aE 555
(K] AR R EUHIF], BB AP A7 AL M 7 IR AR iR AL

A T BRI T P P R R AT R, T DA I R TE TR R 4 (400 Tt — 2B RO 2
A R A o SRR A A D F S R T SRR AR A Al SR TR A — TR B
PR, FLE IR 12 1 55 8] (VR MRS 18] (T0) TRAE Y.

BRI T3 T 52 3 Bk R i i 52, A BESR A RIS TR L ;B RGUHR IR 15
SR FEANE 75 R SR, A2 SR 32 BRI R AE SR, e T (R S ) O HESR BAT — BhE, 1 o
JHEWBL TR OL S, B, SAffi g om iR A A AR IR B R D, 75 AR 3 SR MR 410
HIREE Z (A HEAT 4 ep 12 Dhyitk, mT AR X 75 237 55 B0 B sl iR 19981 3 20 P AN [ )10 8 1 49 e SR
W, BE U5 A ORI B DR, M= F A AR M S, IR ORI RUIR A T R 2R

6 IBEHIEE

SR RS A EEOR, ERIE AR S 5T, FETH A 0 H AR & 803 I 30 I 7S
gy, IS BT AR R BOR. S5 NEWr i SR, EOEsin S Rk Re, [RIAE NS AT REF
HARiE & R AR,

AR R FH A% 75 SR 0, VS G 5 AT 0 Dy SIE I U7 R AN 22 G U5 . b BB AE D7 IR RE M T o
B RN IR, F2B0E A AR PP AR T SR MR AR B AR R AE RIS L, T 22 S IE VA AT BRI H AR
(¥ DOA Rk, ATk B AF HAx77 [ B AE-FAamE A 5346, 1642 S48 805 S K st i ge
g IRIG 2R FE IS (55, W] B A5 SRR R B T3,

6.1 HiBEIESEIERE

PRV 30 5 3 TR FH A R 7 L I AU S A (10 2 S T S LR P Y . AR R 7 R A
RO T S AL 7S AT HE IR, I8 B 1Y 5 1T DL A S ECR AR SR a2, Hid, S8k
T DB AL (U0 AR B IR TE & KRS S, PRI i (S S B K ST DAk, S
PR (W0 Kalman JEVEA%) X HFE(S S HHT AR, AESH5 800 A5 THE S DL F S 51
GUitEEE, 5 LURE BARME 5. fEOUE 10 B E S 1 sm 7k, JES 5807 S T 3 SR

SRS, B BB RS JRE A Wiener JE 5%, 0GB T 3L T S8 i H AL () 07
5 R E T G R A RIS T Gauss BEAUR W T AL I IR BE i /NS 7 iR 22 (MMSE) (441 i
oL A X B FE A T (MMISE-LSA) 49 [ 598, (6 ML mi b 3 3ok o 4 A B A0 sk (003 3515 5 @ ST A7AE
MERAERL ] L% MMSE-LSA (%92 (OMLSA) 46 347 2k, tbjs, AMITH Gamma BERUFD Laplace
RS S 3 A YA, Gauss B8, DATEINAFA8 5 2600 0 0, o808 15 3 1Y 98 (10 14 Be.

AR, BT A L I BRI T 2 B AN, G/ 2GR HAERL (MVDR) HIESE. 1R
MVDR Sk, &S T Wr H ARG 5 MM a) B AR SR MR 2 R e 1, JF B T DU A 80se i il
i U7 X B T IME S R A

LT T R R ) P A A ) R M S A T AR S B A M A T, A PR S ) OGN 3R 1T
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JREMSCRBIRE & R RN, OB TENE 08 SRR 2 00 N B8 B8 St m (5 e L, JUHRT
FAMRFS (MRS« ZEMRss) A B MOV BRBCR. (HX TR PR 5, t1 T ek S Al e s A I L,
FIE I F G R M ACRE A S BAR. 5 IR, BF 7R B s IE T E R RO AN REA ROt iR miE &
FIMERE. PRI, SIN R RN A 18] 2 ATRFAE, SR BAT 25 (R 6k ) 2 I8 1 g 9 S0k, RENs AT ot
THERAET A2 S T

6.2 ZiBEEZER

ZIHIEIE F IR A 1 AR AR R A (a5 BRI RE ), AT RASE &I SR UL R E RS S, 3R
St S 8 X PRI BE 7). IRTEAS R AL BRI B, 22 BB G S g 9 VAT LAY N 3 38 BORIB K
LeJE i ZT Ut Fo ik BT E RS BTk

6.2.1 KRN IEEE

WA LR SRR O 725 I B, A 75 i R 0 1) 7 ) gk R PR AR AR I T . X — R K BR]
P, B 2 R AR (fixed beamforming) Fll H &M SR AR (adaptive beamforming).

[P 7 AR SRR ] — A 2 DA O g I s DASE 9 A T2 5 T ) (B2 ) HO A I, T [ P T
REMLARAR KR B HAR T ) (RLE) AIAIR, BB (S0 LE A BOR . M7 [ 58 RO BRI SE IR A
T R e A (220 [ S R R 1 U A AR R A AL F AT REAT ¥oE, HANBERS [ BN 5 A
WM AZ A, PRIk, 24 P8 23R B A2 21T 22 AR I, "B e 7 ()4 e AR AT AN 8 78 2

3T YRR T RS FR) U8 i 2% B0 A A\ B0 AR AT A A AR, DT RS I N AR ) 7 2 A 15 3]
FAFIAE R Hoh ML RN ZE 53 (linearly constrained minimum variance, LCMV 48] J& 5.
(19 3 L AR . R I XS IR 575 (generalized sidelobe canceller, GSC) 491 ¢ LCMV
Hh R LIRS AR T R A O e 20 SR Il R, ANCSE ] 88, 0 HACR B2, BRIERAS 1T 2 B
F. SR, AE TP AR RO EH 22 T T E A A B H TS DL, R AR HOE P I AR A B b B
TR AT AR TR RE S W TR, 5340, EAE-PAR T HUNBRSM E AR O R, B & LB TE 1k
5 L A (VAT SR 2 TR 1) R, AR DG I Sk 7 (5051 BAREAG T — @ b0, (H &t AnE
PRSI REATS AR SRAFA S A T

WA FBE W A 7 [ P30, (HE g — DR E e LI o, W W 5 B n B sy, M
B AR MR . DL 5 BB VB TR S T () e P A DG TR IR S5 DR A 5259 DL R T HARiE &R
SR 7 B Ho BT B ARG SR R R I T B ARE S E S AR, M AR AR
I 2 PR AR, REWS BB AR S AR AR A T (S M bL, (A AETE & R H A L. K& 4% GSC NS g
BTVEAE G RER, BT A 5 IR R I f kAT 22 JE TE R i 120 AN RECRAIE 11 3& S RO B 6
PE, T HA A 1R B (5 LY A

6.2.2 ETWRIHRISTENIESESE

Wb 37 5% 53 TR H 9 B D 225K Cherry £ 1953 AR BRI, BINZRWT 3 REAE 08 M E IR TR &
B A R R R IR R — TR AR &, XN XGRS (cocktail-party problem)” 121, B[
FER LG e PR AATTATS SR BEE 33 T B BT IO BRI H FR1E 515 5, 10 2 ) A A g
PGS RSP RRENT 535t (auditory scene analysis, ASA). AJSHr 5 75 BE 75 IR 5 HH % H AR
BRI TR, I T 2RSS (S B B 560 4% B SR AR A B S ). XU
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iﬁ%ﬁ*ﬁﬁﬁﬁﬁﬁﬁ, ﬁﬁﬁﬂ‘ﬁm%ﬁwifﬂ, RIS 58 37 52 40 (computational auditory scene
analysis, CASA). CASA /71K 75 3 0 110 8% 75 J5AH B0 B8, Bl Bl iE CASA == BUR| HE & 1 5
BURFERHATVE S5 5 B0 B A o b/ BB 0CEE CASA T my DA R iR A R0 7 A0S S, Rei B
UFHhERER . 4> B e sE B9 H AR s

6.2.3 BETS

H R4 B 5% (blind source separation, BSS) 5 _ AWML B ZEM PO 2 BINAIFES A
ER, BEBR AN SRR H AR IR AL B AR AR, BIE BN EX LR IG5 S, R R
5T VRN SR ST BB S A, R TR U 3 ) 22 B S S AT AT AL B, X 5 AME SRS ST 0.
JOERRFIRITFRGE TEZ W, HIR B SR N ARG —E RS, Bk, XA R B =
TG MSLI, T — s AR S PR FP AR MEAS 206 2 FLk, AESLE M Bk sk, 52 i iz
S, 70 B E HEB AN E & il ) R B

6.3 FEFEFEHRKR

LR T RGN 75 SRS SN, AR R SO A 75 8 R AR IR, JF OV MR 5 40, IXFR N “F5
#[E A7 (acoustic echo), &2 B BFGIEH I MUK BUE. DO TE & 1845 RGN, Wik 1, 2t s
NITE B AEA M 2247 75 2340 T8, G o5 TR 49 i A% 75 282Ul SR MUAC i A 75 28 R 2 A o e 16 A
PRV T — LI o] Bzt vy, IXFE, o 1 Nt Wr 2 B SRl . Stk R 22 R EEER (acoustic
echo cancellation, AEC) iR, i %47 75 #5 F1 22 5 XU (8] f) 0] 75 A5 #8842 (loudspeaker-enclosure-
microphone, LEM) BT RGHFIR, HI&E NG RI G, AT BRI S A% 745 &5 b i) [0S gy, 38
EER=li—¢

A2, AEC R B RGEHHR M BAAAE LR HES: 1. X LEM BT 7870 H g AR o 75
T B uE e a%, THREECR; 2. HIENIER S KNG 5 AR IEER, 2B IuEp s il
BE; 3. MUTIRAEAETE RS, BIHIEL “XUF (double-talk, DT) Jal I, [ 38 M € i 218 vl RE R B, TIE
B ml A . R FE AR I 3 SR A T DS M A R AT A ) R — 7 1D, AEARUER) F B IR B R R R
FRAR TSR BT S —J71H, BH Fourier Z8¥#t (discrete fourier transform, DFT) REWEK 4 NAE 5 2 AH
R (581 AT i v Y i FOMCSIC B2 . 9 PRAIE “SUF 5100 S ATI R BE S A ROt Al T [l 75, 38 W 5 2 B &8
VSV AR AEAT AL I S T8 7 IR TS L 2845 1 ARAR, AN AE T i 1 35 P s AR DA SE B P Wi sl ¥R 22 S0k
AR 7 BVERAR PIZ A ), X BB VL AT LA NP BT X (double-talk detection, DTD)
[ EIEFIIE T AP (variable step size, VSS) IBE. BT 0UHF A i A il Hh i 15 J5 45 1E
PEVEARIEAR, CAORFEX X & atE. BIA 1 DTD HykA sl bhissk 5% 60 FIAH ¢ ik 161~63]
L HSE, BT EIES H G, BT X R EEE — N L E ) DTD A e R ) L
K FEOERABRAEA W PARINER /it S KB, B, BT VSS MEVEBONIE F o, ik
T VSS EE B R JGE A R AT AR, 1 H 38 SR A R R ST S e i [R]
XX WU, — R A U SR R DU MU R G 7200 B bR, I B Al T (64.65) Biak i
IAIEARAL T 66670 Byl vk i ARIE AP K. B, X T7VA5 B SR R A0 K AR -5 AR 0 (1 ke 4% [ 75 AH
K, BRITATX 55 (1 1 R 52 B3k AR (B A Al AR I B s, o) — R LA R I T B (ST = I 5T,
XKTTEH AEC I RGEHHR A i — MR [ R, TR SRS & 5N B SRR S
H ARSI A 1 1 X S AT 2 B A A PR e (68~701 X SRR S S Hhont sl 1)
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35p o
300 o
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= = =FD Vega
Proposedl
e Proposed2

ERLE (dB)

S0 | Vega (DTD)
/ = = =FD Vega 1

Proposedl | |
e Proposed2

T T B S T 0 1 2 3 4 5 6 7 8 910
Time (s) Time (s)

B 6 ERLE, SZMAABKRE, IEKREE 5s & 7 ERLE, $EMARIES, QFREXE 5 s K&

Sy g
Figure 6 ERLE. The input signal is a white Gaussion Figure 7 ERLE. The input signal is speech. Echo path
noise. Echo path change takes place after 5 s change takes place after 5 s

R HANEE B L

FATHE S —Fh e T B Gt S AU KA H1 J57%, fER MR L, DL/ MU Ja 36 iR 22 9 N,
X Y I # A AR AR, (R B S SE iz SR ) 2 8. RAE S i) B T B gt 2= 1P K45
SRAREL, AT DAZESIUER ) AN 305 R b X i ik 2 IS AP KA [R] ) R ), B BR ) 5 2 2845 5 1 iR
JEBR R ALK, IR EAE K 5SS SR IR, 7T DU SGEE IR A S S ae, O/ IR
P&, [FIRY, f5% PNLMS (proportionate normalized least mean square) H[H] 55 B8 I #% R 201 1
A8, R R AT — Wt 8 i o R A, W RIS H0HAT B @ N b SE R, ik — 0 R e e Sl

SRV R WSSOV RE AN ST ity 40 0 B R IR 07 SRR BEAT SRR, St A SR 0 AR DU AT 05
B, NEHRHISEIHEIEIC A Proposed 1, H &N BT R H S8 B EE1C N Proposed 2. X f &1
fdE: (1) FERNEET Eg T E ML 09 ZEARE & 1 7 Z ORI 28 20 PR R L SE B (2) A
AR KA B 04 e, LR <l A T HE M ANE SRS B S S, Bk SoR
A TERE, FRI A IR R LIE S (echo return loss rnhancement, ERLE) E il . 45 345 5437 4n
Bl 6 F1 7 Frow, Hor, BFlalamRire 5 s AR A M. WA B8 aT LLE 2, 52 H SRR Vega
(771 BAT S i B EEUSCSIRE 7). I B, 3 0 BEVEAE o B oo 182 5 A= 5038 I ) R i 2 A B T A
SR B, (S22, Proposed 2 Eb Proposed 1 A B RIICSGEE, iX 15 25 T BRI S 4L
() R BT, K, PO AR AR I i TN ) B R, F RS R E (misalignment) 1F Al
DI R 8 Fiw, 48 8 s A Bl THiE 2. MBI LUE R, $2H I EETIRE “Rip 82
KPP B, #OEA RN RGN, R T im T4 RE

ZESLIL B AR ANTE S R, IR R AT A SR T IR L Dk, (55 7 NSRRI BEvE
BNV, AEEE R BREAH BN T X H AR E S AT F X 0 PERFAE, s X 7 PRk
FRIAN TR EORT BE B, SABAT 52 o AN T BT S B0 FR I RE . e, e IX 7 PR AE AT AR | TG 1R
SE (I in], R U AT CURRSE ST H A7 s AN, 20300 5IN HARTE & DOA L i N S A 5%
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Figure 8 Misalignment. Far-end input signal is speech. Double-talk occurs after 8 s. The near-end signal to far-end echo
ratio is 0 dB
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Speech-picking for speech systems with auditory attention
ability

WANG XiaoFei, GUO YanMeng, GE FengPei, WU Chao, FU Qiang* & YAN YongHong

Key Laboratory of Speech Acoustics and Content Understanding, Institute of Acoustics, Chinese Academy of Sci-
ences, Beijing 100190, China
*E-mail: fugiang@hccl.ioa.ac.cn

Abstract Currently, a natural speech-picking mode is badly needed in speech communication and in human-
computer interaction systems. However, speech is usually corrupted by attenuation, multi-path propagation, and
various interferences before it is received, especially when there exist several speech systems and users. It is
important for practical speech systems to pick the correct speech signal within complex environments. In this
paper, the mechanism of auditory attention ability is simulated through a target speech-picking system in which
the a priori knowledge of the target speech and interference of sound sources are used carefully to detect and
improve the target speech. The technologies of microphone arrays, wake-up-words, target speech detection, speech
enhancement, and dereverberation are combined in this strategy to fulfill the task of robust target speech-picking.

Keywords microphone array, wake up word, acoustic echo control, speech enhancement, target speech detec-
tion, dereverberation
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