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Improved Time-Delay Estimation Algorithm for Mutual Power Spectrum

WAN Meng-Shi, WU Xiao-Pei, ZHANG Chao
(College of Computer Science and Technology, Anhui University, Hefei 230601, China)

Abstract: The sound source location of the microphone array has been a hot topic in the field of array signal processing.
The time-delay estimation method, which is represented by mutual power spectrum phase estimation (CSP), is widely
used because of its simple principle, small computation, and easy implementation. Although the CSP algorithm has a good
estimation effect in the high SNR environment, the accuracy is drastically reduch when the' SNR is low and the acoustic
scene is much complicated. In order to solve this problem, this study improvés the CSP algorithm. By filtering the time-
delay estimation results of the CSP algorithm, the unreasonable dgl‘éy value is eliminated, the algorithm parameters are
updated and estimated again to obtain reasonable delay value, and through multiple frame signal to obtain the time-delay
and position information of the sound'source. In order to verify the effectiveness of the proposed algorithm, this paper
experimentally validates in Matlab "ana real environment respectively, and the results show that the enhanced CSP
algorithm has improyed the zi\écuracy of the time-delay estimation compared with the original algorithm.

Key words: microphone array; the sound source localization; time delay estimation; mutual power spectrum

VN

i R LAY 3N T A, R 7 A b e

T T KRB P Y R A SRR R B R HAR S R BRI T B A A e
W% B 1S, A R IEAE S G 2 M L6 YR AR TR VR SEREE . ARSI RN R A
R, A EENACE SR, BT EE IR 2R T

© ek E]: 2017-12-05; 1& SO [A]: 2017-12-27; KA []: 2018-01-19; csa #E £k H i [8]: 2018-07-28

Research and Development ff 7 7 & 247

© EREERREST  hup/iwww.c-s-a.org.en


http://www.c-s-a.org.cn/1003-3254/6486.html
mailto:cas@iscas.ac.cn
http://dx.doi.org/10.15888/j.cnki.csa.006486
http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20184F #5274 5 8

SRRV R VR DR =] s i el |54 DA
=Y ERL TS AL T E A BE
B e LR, Hodp, BT 2K (8] % (Time Differences
Of Arrival, TDOA) [ JUE A FIRE MM 20, 423K
ST WLEE N BRTT 2 W R v PR N A5 A4 P S FH A
NP BT TDOA I 5E AL T i 2 —Fh XUE &
DT SeiEAT I ZE 5 T (Time Delay Estimation,
TDE) fli 1 75 U5 A5 5 BI3A 2 v AT (1 I 1) 22, 3 1 e ik
JUfRI R R 58 YR A

E e )N4EAR, Knapp F Carter™ 32 H 7 FI ] B
AH O BR EUAG THIN RE ) SCH AR 9%V (Generalized Cross
Correlation, GCC), 4 P B4 15 &5 15 5 10 B Ih R 1% #1738
WS SR BB AR NI REAS THE. GCC LR T2
R A, T4 T GCC HE A2 TR M I S M K, — L84
0 HoAl T 23, Champagne! 42 (21335 FT0E
(CEpstral Prefiltering, CEP) % AR 5ERHE 5 #EAT Tl L,
A H A2 B 55w A2 TR W 0 5™ 5 R 4, R
U 5 13 5@t GCC 7 vk 47t [ IR Ak T
Ja, XBHEEH I T 3T 23 (8] 5 ) B O R AR AEAE 7
fi# (Adaptive Eigenvalue Decomposition Algorithm,
AEDA) VRIFE T 75 2245 5% 0 S EL (Acoustic Transfer
Functions ratio, ATF)* Sk E47 I SE 4k 1 1) 5 5, BES A
25 ot e TR i R 7 R 2

1994 4 Omologo ' #2 H T H. 3 H M A7 (Cross-
power Spectrum Phase, CSP) 5ik. IX Fh v 5t Fp R TR
WA AR B R4V E F, W] 7 — KAt 223 i O, A —
SEST R AT T ok, I TR 25T CSP A
B J2E A T+ BVE AN R F 3 5201, b, SCHR[13)3R T

A Ty R PR AT A ST A e 1) e AR S S

J7iE . R A QI PR ER S R 1) 5B G I T Z AR e i
6] IR B B EL, X AETEN 2 G oA B b o F Al 5.
SCHR[ 1478 I‘Eﬂéﬁmwﬁiﬂféﬁﬁéﬁﬁmﬁ B H TN
MO G, B S Al ST P RS S IR
T R G R B, R 5 AT 1) U L B A P o B R B
HBEAT RBIAL AL B, 45457 A H 2 1 2 AN AN [F) 5 R
T 045 CLEAT BRERE B 1% 7 IR R T AEANLAR S )
Rl 0 B S R PR 15 O 11 22 B A 5 S A i LT A
T, & TN LA B BRI 5 A I T e PR )
BRI S/, SCIR[ISIRA 7 B3R5 g A+
AZ 4 (CSP-SCOT) BXE AL & £ v, X A5 s AT 2
(4 2R 1 LRI 45 R B, 7 [F) S VR e B e 7 2% 1R
W5 VEHEAAR T CSP M SCOT #3%, Hid T/l

248 W7t JF K Research and Development

TEAFES.

FH R bR 20 T Dh P (5 5 Re IS R A1
fE, ESEPRAETE D, VF 2 A D RIS A S A Bk
W EE A B, HLERE TR R B, ASSCER N CSP HEALE
SR TR 5 A TR B I S RCR Z IS O, S 17— Fh
K] CSP Sy B3k 32 BT X I ST Al AR A V8 3
oL, 16t AN BRI A AR, SR S AL R
EZHUE T AG T, 15 206 N G AE R 2 woin e
??’%L'—ﬁzﬂ%ﬁﬁkﬁ‘/&E‘Jﬁﬁﬂﬁ%%ﬁ;%ﬁ@ﬁ”%ﬁ%

1 HINZEARAEYE
Tl 192 SO UL AR I B 91, 48 5 — AN PR, 7E
PHARR T8 £ AN S RTE ¢ I BB (5 B TR
RN
Xi(t) = a;s(t —7;) +vi(t) = hi(t) * s(t) + n;(t) (1)
Hrh, a(o,<1) 2P HEHR HO eI B, o) AP R B3k
5 i AN TR RRIN AT, vi(r) o7 PRI 7S | 7 e
FERUE, s(t) NFIELE 2, n(0) IR,
AR, 2 A B P B 4% M TG 13 5 L M St 8
i AN TR B T B R T
Ry, (1) = ELxi(0)x;(1=7)] 2)
Hr, E[TRRIAEE.
B4 15 A AR, 2 Q) AT :
Ry (T) = i@ Ry, (T — Tij) + Ry (T) 3)
S, Roy (o) 9 BRI B O RS HRHE, R, (1) R
155 vi(0) A8 vi(0) 1 ELAROR R 4L
1 AR 6 6 K P R T, 4 72, =0, B o=y, I,
R (DB A R BB 5 x,(0) 5 () T
e B M R, 1 AR H 22 7 R 5 R 2 18]
FFE.
2 9, TDOA B 1T L M A 5% 5 ¥ 06 1 4 12
5 RAEBLSLIR IR, 5 % 225 2 O A
2 70N, HEE T RIS VE  £  Eh 7 UE  f
Pk TR IR SR AL PR 15K I SR 1 A E T R bl i,
R 5 S A AR P (B 1 ).
CSP BE LRI T B Bl FHR K. M (3) %
AR AR 3] x(r) 5 x(r) W EL D53

Px.x;(w) = aijPs,s (w)e 7 + Pyy (w)  (4)

Hdr, Pxx;(w)s Pss;(w)s Pyy(w) 73 5 AR (1)~
Ry (T)~ Ry (DFITHAUE R AL 58 SR A R A

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 5 81

http://www.c-s-a.org.cn

i H AR SN A

0 100 200 300 400 500 600
RAF A

BT AR O R K Ve e Dy e st

~ 1 iwt
Rcsp(T) = j:oo mpxixj (a))e dw (5)

o, 1IPxx ()l I BURT 24 e 8 B, B
D, (w) # Dy, () I, FITA 5 o8 BT AR ELAR () o
A, £33 R TDOA K IR s IF L, 7645 5 e

I oy BE i T %, I 2 kiR 210 SCER[17]7E 53 BE

RN —NEE SRR IX — IR, 415K (6) A, N
*XE‘JHE%%ﬁE?Jt%*Eﬁ%%T%ttﬂéj)ﬁfﬁﬂuﬂ?a, SGiBuS
r KRG CSP A {7 M LU AR BRI, 1T 384 435 e L v PO 0
MBStk E. o F

Rm_csp(T) = f —rPXixj(a))eleda) (6)
- |PX[.X].(0J)|

2 ik CSP Hk

CSP St s/, B RUFIOER BT 6 ), 16
FAF- 52t R 46 H AT CLZAIE B CSP 817 o 25 o g
FE LRI PR R P I, (B SR A b R W,
YA TARAS R L . BRI S LIRS, CSP B
B e 2 e, R 22 B BN . A SC i B O TE T b

CSP SIS F OB 3, IR S T 9

ARG, XRe R IR .

2 FiR AT R AR . HRiE S S
YR PR E, o xR E (9 & 15 5 4T Bl
#, B 3E S RERIBE. ¢

F[B,ETA BRI M W45 5l CSP S04t i 4L,
13205 k(B<k<B+M) Wif5 5 B IE1H 1d(p)(p=1,2,3).
H¥E T CSP BVL IR, HIWT td(p) & AT & I
ZEX[E[CI,C2I(ME X A AR (12) HHEAFE]) 2 (8], /£
BEIX ] P B S T LA, ez, SEBTIBLA 7 r
T 57 2 R 5 13 3 B I A8 B AN 7E A FRIX ]
P, U 58 — VR S45 BU I IR MY td(1) 5 b — it
SEAH 7, MOBUE A 24 1T W I 24 7 4K 2 M i
B 34 7,001, B¢ ) AT IR M AN SE{ESRIME, 1E AR
PR R ZE A .

XU IE T
fE5RE s
x| x0 4
v
Trihb 2 fﬂﬁﬁa‘r
o | [B El A
"y =0.85
CSPHL AT MW ZE
H kS SE R

FEHTINAL AL

¥r
A
< ot 110
SR -2 e,

B2 it CSP HEm AR

2.1 FsbIE
AR HHE S E S BB ARE T — . 23 i.
3. Ui s (Voice Activity Detection, VAD) 25 14N
7%,
”éﬁ'a#%ﬂiﬁitéi%%{%%iﬁﬁgaﬂMﬁ?&, H—1k
Je REAS B 08 S VO & [~ 1,10, 2R )G, A — AL s
HEAT A0, 0 A B, TINS5 T iR 22, o,
WUy 512, WSS 64, B 2B 6. RS, %4
INE e B35 3515 5 2EAT 0 R, ABR RS L s A
R U 4 BB BB FRRA, SR DL B R
B [B.E], i 3 FioR, 24 B1=B2 I}, B=B1=B2; 4
B1#B2 i, B=max(B1,B2). [A#, 4 E1=E2 i},
E=E1=F2; *4 E1#E2 I}, E=min(E1,E2).
22 SIEREXETE
MR IR SRR . SRIR AR, B Ih A R B
T 55 57 N 7 R I (1) 52 ) HE AR 22, T S e g AR A
SIS R k- R I 1R i o - B X (A S R = =
BATGIN A G I SE [X [0, 5 T J0 R0 e 347 51
B, ANI$E o ST SR S I AE R
W 4 7R, WEYE S BIFE 5 K m, IR 0, 5
Hom, 5 m, BIWEEEA d,,, B:

¥

N

cosf =

in )

Research and Development fiJf 72 7T & 249

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://www.c-s-a.org.cn

i E R %N

http://www.c-s-a.org.cn

20184F 5527 5 8 1

—x1(  x:20
— Bl

(N AVAVAVAVAVAVAVAYAVA!

=
'

1 1 1 1
1000 2000 3000 4000 5000
KFE R
1 T T
—x2® X: 2240
— B2 -
VaVaYaVaVavaVaVaVa
20
-1 | | | |
1000 2000 3000 4000 5000
(a) B1=B2
1 - -
- —x1(t
X: 3600 ®
a
Jlaz=g
=
_1 1 1 1
1000 2000 3000 4000 5000
KR s
1 - -
—x2(t
X: 3600 ®
)
@ g gt Pt o
Jieiz:g
=
1 1 1

1000 2000 3000 4000 5000

REERA
(c) E1=E2

\ \
B3 VAD i%%ﬁi@ﬁ?ﬂlu\‘ P -

1 T
—x1 ()
- BI -
= O P WA A
4 . .
1000 2000 3000 4000 5000
SRR
L p—y '
X: 1760
- B2 .
m
= MWW'V
— L L L L
1000 2000 3000 4000 5000
P
(b) B1#B2
1 T T T
—x1(t
X: 3360 ®
— El
m A A
2 0
-1 1 1 1 1
1000 2000 3000 4000 5000
P
X2 (b)
- E2
Hm e
L%E

4 I I I I
1000 2000 3000 4000 5000
SR
() E14E2
-

oy TR s

K4 HERPBE NG S

Hp, e INFETEIA my 1] Smy AETELL MIZE S, omy N
e B m, MIHEE.

—HAEOLR, AR S 32 v KU A R s KT
FedlfLEE d ). PRI, FHETZR m ) my IR B mye,

250 7 H K Research and Development

L. .
COSQ ~ M = E (8)
12 dn

HorF, Dy WEETE R my WIS m > 252 50 K m, I BE
B, 1 NE TR my 5 my KIFAE, ¢ 975,
T ITEZR R, FERFE RN SRR LE KD,
N5t RZER:
N=1-Fs 9)
Hor, Fs RFESIZ.
¥ 9) # A (8), HH-1<cosb<1 Al f5:

_dlz-FSS Sd]g-FS (10)
c

ZIEFIH ML myom, KB ELL me MIRZE, 155
VR 55 22 70 AU 5 R B RO I R =R TR FLEE

N

© MEREEBIK T

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 5 81

http://www.c-s-a.org.cn

i H AR G N A

BN, B PR 2 T AR B IR /N T FLBE A AR 2D
L. 2 AR 322 v KU B B B 5 B 27 FLERAR S5 I
W 5 o, WZEE BICORE, B R 2 B O fLER

dip M1=53 2.
: DQ@@)

5 EiRE
I BEHr = (10) J9:
3d12 -Fs

3d12-FS
- <N< 11
2c T 2 (1

MU EAENEXE[CL,C2], HHF
C1=-3d,, Fs/2c, C2=3d,, Fs/2c.
2.3 EFMNEF

CSP B AL T 1(0.5<r<1) I35 B )y B .
r AR R S R AR AR 2, (A I/ X2t B
B, i UG RG I AN IE R, — R, 7 K /N FR 2R 56
E.ON T B E AR SCEUEE VR r 0B SUE, A SR
100 ZHA RS M LU s &5 53T T i 540t x4
HiIEFES O HHHE r 4 0.65. 0.70. 0.75. 0.80.
0.85. 0.90. 0.95. 1 I} HYIFZELE R, I 5 S ZE
bl 1053 T S AT B SR Ak TE 25 S R v fE. 3R
B2 W/ NRER r A A IR 7, it ds
B 1 PR,

R 1 AFE BB RNRZE R

2.3 ZES IR

CSP 59 R 2t & 45 5 8 Al BUAL T I 4E,
B VAD 535 2 B 28 4 A I 21 1 1 3 528 B
[BETRTREANIE]. N T 982> VAD $i% J g s i i 4 5 1
SR NIR2 MR, A SCAE T 22 U SE AT 324 (4 75 20K 3%
e SR B PR, I B AP BN BET M 5 1
HIfE.

M Y IUE A FRATE S RE A 1AL MR/, iR b
IEABUIMBUR R MR K 2 AR SEE AT R N
TG MAE, ASCEEXS 100 His & E 53T
WL S8 M AT 5 WACRE . ft R E S S
(I SEAEL 7 79

T=(T1+T2+T3+T4+75)/5 (12)

b, 7y, oo, o5 0B B AL BLRT 5 WSS I AE.

3 SEES AT

N T BRAEAR ST AT SRE A S, AR Sy AT
TS S LSS,

3.1 MATLAB{5&

SIS S0 3L IS s [A] A AN [R)A M B 1) e
ST, PRI XX L 5 5 & 8 CSP Bk
S oSk B 58 RO Ak T, 5 X P A T 2
AT HREEE A3 4T

A SCAE P B A% 95 7 110 5 T Jbk v i R 5
A A E A RER 258 0 dby 5 db. 10
db. 15db 5 20 db I BB (5 5. XX (55 70 5l
Afi P A S Bt L 5 22 8 CSP SLVE Al T IR SE, 5286 b
FEYRETAE N 2.88, WHEIEAG TR ND 5 2.88 tHZEE
o1 ONEE R TE, BT 2 IND-2.88|<1 A IEMfEE, X4
IND-2.88>1 ARl 1. 45 Rk 2 frk.

K2 FERSUEETEIEHE (%)

B R AERELL (db) Clean 20 15 10 5 0

CSP 5. 97 92 917 88.7 66.7 583
PNy e i AT 972 935 931 92 8 79.1

r 1 095 0.9 0.85 0.8 0.75 0.7 0.65
num 5 4 9 44 19 6 11 1

xRS rERA T RS B SE I IR
. B H ] LU H, 7=0.85 IS B /MR 2 BT BUR
Z, HEETHME. 0.80 5 0.70 k2, 43 A HES —
K55 = A7, SR SCAE L 0.85 YR NIRRT r (4T 46
8. 0.80 A1 0.70 A5 HiH.

% 2 W LLE H, 140 CSP Sk (5 e LU 3R 358
TIEH R, A RBIE T 90%; HAEGE K
IEE T IE R B, #ilhn 0 db i 505 IE# R A
58%. AHEL T4t CSP Sk, A STl BIETE S5 L
BN IER A 2T 78 10 db. 15 db #1120 db 2545
S MR LU IR T 1 I 2R IR 2 95% LA b ikt 5 db.
0 db ZEILEME LLIAEE R 0l 17 16% 5 21%, 3
BB TR R IR

Research and Development W 7 & 251


http://www.c-s-a.org.cn

it E RGN

http://www.c-s-a.org.cn

20184F 55274 5 81

R, FT R — ié’mﬁﬁrzfﬁwn HIRET T IR
SE R, 8 F R TE 2 v AR A LS (R R AR T
250 HiB &5, 7 lEH CSP 5k 5 AL ot Hv
BEAT o3 M. FLUR, TH 22 5 BB 1) 22 R 4, i 2
T AR B35 22 (19 Bt — B R T SR IR 2R
32,1 f55R%E

AR SCASE A 5T 2R D7 W S BRI T BT R I SR i
5 8 A AT SR S, RS R 6
Fi7R.

(a) Z 5 (©) iﬁi’xﬁﬁ

(b) 15 2 RAE A HHAX
@ 6. SRR

a@ﬁﬁiﬂmﬁ L2 A 5 v KU B, 27 5 R[] R
0.6 m, PEFIEEHLTE 75 cm. 5256 % 55 A4 7.28 m, B8 5.56 m,
i1 3.4 m. LU AL B S AR, X my s my
ABFRST 5N (3,0.6,0.75) 5 (3.6,0.6,0.75).

AR RS EE O my, B R, s
TFARIS, S50 N 50 R my 10122 58 K my J7 [ AR AES),
HAEFER, EREF AL E ST 2 S5 AT XLy
BAL T EwREESIP) n/6. n/3. n/2. 2m/3.
5n/6 4b), jESE— BN —HiB &GS, RN 250 i,
AR F] 250 HiE 5. FHERWE 7 Fros.

Z/m

*32 3.4
Pk :
- BT -
¥ 1
5
®
.. ¢
® )0 o - X/m
x® % 7.8
55 B K7 s
54 ‘%} o
5.56

Y/m
Bl 7 (55 RERR

322 FETRKHE
BZATRENIE, HE RS NE
Ze BTN L S IR AL, BN,

252 i FH K Research and Development

A A S N A B AR S RIER S r 2 R RS
RN 22 v e AL RS BE. Rk, AN TR B s TR, 7R e
A7 2 HI N HEAT 2 v AR HE AR, PABRAK 55 18] 22 40 715 ok
(52 LR 25 A SCAE AR N R hiE S5 St e
A7 5256, FH-5 T I R R S Br A B AT LA, 13 315
BB % ZE 1.

SIS BETH R e G S 2 N ), P S
IVE S 152 SE50 = P RS 75 S5 AL R Ak, fEDLZE
KA R ) 0—m/2 }i‘iﬁ/l:ﬂw\ltﬁn /9 WHE A
W& 55, FL1 9 NI & %ﬁwﬁ%&%* I £ A AR R
fE@Jﬂ% 9 AN A 3?7(1‘:!:/1\15'15 '5 CH T e R — VST
A 30{4\ ‘f%rﬁﬁo YRGEEESES

!

3 N 1

2t T | T T * 4
z 1 B T i T ]
5 +
-1t | ]
K | 1 1 +

-2 r 1 ) l ‘ 1

_3 L i 4

4 L + +

1 2 3 4 5 6 71 8 9
PR

K8 FRFEFIRZERME

ff A S vt Bk 30 AXUEEESES

TR AE, 5 SERRE PUES 2122 70 RBERS R ZE{E, &l 8
B, 1 Matlab i plotfit B SRR 51 (10,4 19 51
V22 R, JF E A2 KU ST T4 0— P i 2
SR TR SR,
323\ SRUSTER

ot IR SR AR B 250 LHE S S g CSP 4
VR AR SO RN I 2 v AR T S AR S et
CSP BEHHAT I RE Ao, WRVEAN T 45 R ND 5 R 5L
2z Z R AXHER T 1 RUAE RAG TF. 2id sk s =
Tl L R RAR R, 36 3 PR,

K3 BERSUERTEERE (%)

NRHE SR w6 w3 w2 2n/3 5u/6

CSP 5i% 172 128 6.8 11.2 192
N a5 G TR 72 63 32 56 8
2 o RS HE+ AR SC ek BT 41 37 13 30 39

R 3T LLEH, B CSP Bk I R 5 26 L itk
AT B PR A, T e 2 o RURE A A1 5t B0k i iR R
b2 SCH T . AR B SRR IR RS A, o H
T EVESGE AT G, TEHIT n/2 B R IR B R AR, T4

© TEREBIK R

http://www.c-s-a.org.cn


http://www.c-s-a.org.cn

20184F 55274 5 81

http://www.c-s-a.org.cn

i H AR SN A

0 5 w5 vty A FE AR R BOK. ok 5 vk
R FRAR, Horb Sn/6 4LAR R T MR %, 55
11.2% B AR, n/2 A G RA 3.2% HIH®R
A W RS . Bt ) 22 7 R B RS A S 1)
Hodt CSP Bkt AR 2Rk F BE B R A 527, Ho
AR R R — 410 n/6 4L 4.1%, B/ /2 410
R 1.3%. FIHL T4 8 CSP Bk, 2 70 KR HE 5 I 2L
HE CSP BT HBRK T 10.2% RIHRR, Hh 5n/6 41
BRI T 15.3%, KRFT T HIEIEMR, sSLingh R
FWIA ST HE NG CSP 5L A 2k

AR

AR SCEIKE CSP S A1 f75 8 L 8 5 PR Bl
PR K TG, 4Rt T SRS T SRR 7 IE R
A k. SR PR R 5 R A T 5
HH 22 T AU B R 2 R A BN A X ) AR R A IR
T4 FUEA CSP SV RTHIT A, Bh iR 15 & B 4
IX 160 P e 0, BB R T2 B4R PR Al 25
AT 2 YA O SEA 7R 2 3R, R At
SEAEL 5 505 VRIS A B AF 49 24 B T e 4 £
S50 I 25 T P B 22 3R 5 U A8 P 75 Bt
PV AR S, TG e VL A . S B
USG5 IR BT SR 9 5 5 S0 B T A
SCRCHE B RO, SR B IE S B BT

WIRE T 10.2%, 3% 7 CSP HikEE MESHE T
(R, 3 7 CSP BEI IE 2 5 SR k.

&30k
1 P 8, 0, gk — T T 32 T KU A7 B RS U E L R 4
HHENURI, 2012, 32(5): 1457-1459.
2 Magassouba A, Bertin N, Chaumette F. First applications of
sound-based control on a mobile robot equipped with two
Proceedings. of R 2016° IEEE International
Stockholm,

microphones.
Conference on ' Robotics ‘and Automation.
Sweden. 2016. 2557-2562.

Jang Y, Kim J, Kim J. The development of the vehicle sound
source localization system. Proceedings of 2015 Asia-Pacific

w

Signal and Information Processing Association Annual

Summit and Conference, Hong Kong, China. 2016.
1241-1244.

4 Hirano Y, Iwai T, Kominami D, et al. Implementation of a
sound-source localization method for calling frog in an
outdoor environment using a wireless sensor network.
Proceedings of 2016 International Conference on Wireless
Communications, Signal Processing
Chennai, India. 2016. 2458-2462.

5 Knapp C, Carter G. The generalized correlation method for

and Networking.

o0

10

11

12

13

14

16

17

19

estimation of time delay. IEEE Transactions on Acoustics,
Speech, and Signal Processing, 1976, 24(4): 320-327. [doi:
10.1109/TASSP.1976.1162830]

Stéphenne A, Champagne B. A new cepstral prefiltering
technique for estimating time delay under reverberant
conditions. Signal Processing, 1997, 59(3): 253-266. [doi:
10.1016/S0165-1684(97)00051-0]

Benesty J. Adaptive eigenvalue decomposition algorithm for
passive acoustic source localization. The Journal of the
Acoustical Society of America, 2000, 107(1): 384-391. [doi:
10.1121/1.428310]

Dvorkind TG, Gannot S. Time wdifference of arrival
estimation of speech source in a noisy and reverberant
environment. Signal Processing, 2005, 85(1): 177-204. [doi:
10.1016/j.sigpro.2004:09.014]

Ol;nologoy'M, Svaizer P. Acoustic event localization using a
crosspower-spectrum phase based technique. Proceedings of
1994 IEEE International Conference on Acoustics, Speech,
and Signal Processing. Adelaide, SA, Australia. 1994.
11/273-11/276.

Kou WZ, Duan WJ, Li MY. An improved time delay
estimation method based on cross-power spectrum phase.
Proceedings of 2012 IEEE International Conference on
Signal Processing, Communication and Computing. Hong
Kong, China. 2012. 686—690.

Zhou WZ, Ling Y, Zhang YQ, et al. Time difference
calculation based on signal starting point detection.
Proceedings of the 2015 7th International Conference on
Modelling, Identification and Control. Sousse, Tunisia. 2015.
1-5.

Mao HD, Zhang LH. An improved agcumulated cross-power
spectrum phase method for time -delay estimation.
Proceedings of 2015 IEEE® Advanced
Technology, Electroniesand Automation Control Conference
Chongging, China. 2015. 563-566.

WA, TE/NIE. — e G A O 2 R RE A T R LA
SPRAL I EE S R E RS WS W
& P62, 2015,

KR, T, TP RS ORI I G bR Al vt A T
TF%, 2016, 36(6): 127-130. [doi: 10.3969/j.issn.1672-9730.
2016.06.034]

M2, X, SO GCC BVETE IR i A A 5T, |
Fi 5, 2017, (10): 180, 186.

FEFRFR. JE T2 50 ARG 51 1 7R U E o 518 5
[ 224718 3. AL TR, 2009.
Rabinkin DV, Renomeron RJ, Dahl AlJ, DSP
implementation of source location using microphone arrays.
Journal of the Acoustical Society of America, 1996, 99(4):
88-99.

Rl e 3HE. ik T 22 o X 47 ST L 75 8 5 Aoz [ -
KB TR, 2003.

Fu ZH, Li JW. GPU-Based Image Method For Room
Impulse Response Calculation. Hingham, MA, USA: Kluwer
Academic Publishers, 2016.

Information

HESRTTERT I

et al.

ESVAT S RPN

Research and Development fJf 737 & 253

© TEREBIK R

http:/fwww.c-s-a.org.cn


http://dx.doi.org/10.1109/TASSP.1976.1162830
http://dx.doi.org/10.1016/S0165-1684(97)00051-0
http://dx.doi.org/10.1121/1.428310
http://dx.doi.org/10.1016/j.sigpro.2004.09.014
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://dx.doi.org/10.1109/TASSP.1976.1162830
http://dx.doi.org/10.1016/S0165-1684(97)00051-0
http://dx.doi.org/10.1121/1.428310
http://dx.doi.org/10.1016/j.sigpro.2004.09.014
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://dx.doi.org/10.1109/TASSP.1976.1162830
http://dx.doi.org/10.1016/S0165-1684(97)00051-0
http://dx.doi.org/10.1121/1.428310
http://dx.doi.org/10.1016/j.sigpro.2004.09.014
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://dx.doi.org/10.1109/TASSP.1976.1162830
http://dx.doi.org/10.1016/S0165-1684(97)00051-0
http://dx.doi.org/10.1121/1.428310
http://dx.doi.org/10.1016/j.sigpro.2004.09.014
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://dx.doi.org/10.1109/TASSP.1976.1162830
http://dx.doi.org/10.1016/S0165-1684(97)00051-0
http://dx.doi.org/10.1121/1.428310
http://dx.doi.org/10.1016/j.sigpro.2004.09.014
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://dx.doi.org/10.3969/j.issn.1672-9730.2016.06.034
http://www.c-s-a.org.cn

