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A time delay estimation method using canonical correlation
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ABSTRACT: The localization of sources has a numerous number of applications. To estimate the position of
sources, the relative time delay between two or more received signals for the direct signal must be determined.
Although the GCC (Generalized Cross-Correlation) method is the most popular technique, an approach based on
CCA (Canonical Correlation Analysis) was also proposed for the TDE (Time Delay Estimation). In this paper, we
propose a new adaptive algorithm based on CCA in order to utilized the sparsity in the eigenvector of CCA based
time delay estimator. The proposed algorithm uses the eigenvector corresponding to the maximum eigenvalue
with log-sum regularization in order to utilize the sparsity in the eigenvector. We have performed simulations for
several SNR(signal to noise ratio)s, showing that the new CCA based algorithm can estimate the time delays more
accurately than the conventional CCA and GCC based TDE algorithms.
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Table 1. Mean square error in (dB) in the 1st experi-
ment.

SNR Algorithm
(dB) ;rg"(fr‘i’f}fi CCATDE® | GCC TDE™
0 4.9 414 397
-49.9 -48 -45.9
10 -56.0 533 49.1
15 -59.9 -58.0 -54.0
20 -64.4 -62.9 -59.7
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Fig. 4. Performance comparison in case of colored
signal source (——: proposed algorithm, — CCA
based TDE,'® —x—: GCC™).

Table 2. Mean square error in (dB) in the 2nd experi-
ment.

SNR Algorithm
(dB) fl’lrgo(f’r‘.:tﬁi CCATDE® | GcC TDE®
5 522 483 456
10 55 52,9 -49.6
15 61.4 57.8 -54.6
20 65.4 633 -60

o] that A17E A9 5 A& AL ) 21w 5 dB
WA OC T I3 5 dB~7dB 4 AP )
2 AT B 7N g

o1

al 7<
& o -2H] oA 2dB~4dB A = A5 A
o]0 °

ox 2
>
4>
2y
i
o
ol
N
-~
>,
)
B
I

o
ol
QoL
N

o 4
e
o ot o
S
%)
rJ
)i
2
u
z
i)
=)
ot
1204
fot
(oA
il M Ay
oxl of ox
rE
il

SN
ofl

filo
N
ey
)
8
£
N
B
=2
é

o P Ho

b Lo
>,
B
A
2
A
o
oZ
rE
o
4
=
ol

o >~
>

14
e S
N

w L

o
e
ofr
K
R
$0
Oy

o
© i
)
i)
o
o
b
=
e
o
™

P}

B
o
ofj

o,
lo op
9#
)
o
filo
R C) 7
(e 4l

de o T

2
U
o
o
QL
K
»Y
o
rir
o=
rE
©
ooy

.
M
=2

The Journal of the Acoustical Society of Korea Vol.36, No.4 (2017)



3|4 A5 A o] dgko s 2 -3 e B4
ol Ao 2 Frhsto] Bl d A o
1ES VHEAL 7129 GCC W 823 A3 &4
7IRE A7 A1 FAET A2 vlaskgict 21 2
I AR AR o] 93 24 AWE ST
&= A

Aol 2

£ AT skl 740) 2| 4g ot 3y
2J-2(UD160015DD).

References

1. D. Havelock, S. Kuwano, and M. Vorlander, Handbook
of signal processing in acoustics (Springer, Berlin,
2008), pp. 33-52.

2. J. F. Ferreira, C. Pinho, and J. Dias, “Implementation
and calibration of a Bayesian binaural system for 3D
localisation,” IEEE international conference on robotics
and biomimetics, 1722-1727 (2009).

3. E. Tiana-Roig, F. Jacobsen, and E. Grande, “Beamforming
with a circular microphone array for localization of
environmental noise sources,” J. Acoust. Soc. Am.
128, 3535-42 (2010).

4. T. May, S. Par, and A. Kohlrausch, “A probabilistic
model for robust localization based on a binaural
auditory front-end,” IEEE Trans. Audio, Speech, Lang.
Process. 19, 1-13 (2011).

5. G. C. Carter, Coherence and Time Delay Estimation:
An Applied Tutorial for Research, Development, Test
and Evaluation Engineers (IEEE press, New York,
1993), pp. 1-29.

6. C. H. Knapp and G. C. Carter, “The generalized
correlation method for estimation of time delay,” IEEE
Trans. Acoust., Speech, Signal Process. 24, 320-327,
(1976).

7. J. Benesty, “Adaptive eigenvalue decomposition algo-
rithm for passive acoustic source localization,” J. Acoust.
Soc. Am. 107, 384-391 (2000).

8. S. Doclo and M. Moonen, “Robust adaptive time
delay estimation for speaker localization in noisy and
reverberant acoustic environments,” EURASIP J. Appl.
Signal Process. 11, 1110-124 (2003).

9. J. Lim and W. Hong, “An adaptive time delay
estimation method based on canonical correlation
analysis” (in Korean), J. Acoust. Soc. Kr. 32, 548-555
(2013).

IR YFOIIX] H36W H4Z (2017)

o
of,
N

10. J. Via, I. Santamaria, and J. Perez, “A learning algorithm
for adaptive canonical correlation analysis of several
data set,” Neural Network, 20, 139-152 (2007).

11. Y. Chen, Y. Gu, and A. O. Hero 111, “Sparse LMS for
system identification,” Proc. ICASSP, 3125-3128 (2009).

| xxt bz

» 2 &= M (Jun-Seok Lim)
1986 22 MSrHstw MXlSstat stAt

=0
| 19881 284 MSCHET KALZE D AA}
;0—1
19061 88 MSTHSHm FXFZ St} UhAt
ZF_O'i
=2d

199647€l ~ 1997 H10: LGSEV ||
Bk MBSt HAIZ st mes

»H 2 2 (Young-Guk Pyeon)

199311 288 ZIchstm FXFZ Skt StAL
_._O-I

199614 22 =Sy MA|Esk} MAL S

o
=

2004131 29 MIELHSHT FXKZ ST} AL
=

» 0] M Zl (Seokjin Lee)

2006\ 8: MSCHEIw M7 |HFEIZSE
StAb

200814 82k A2rHStn 7 |HREIZ SR
AA

20123 2 MECHstn M7 | ARE IS
EINy

2012 38 (FLGEX} CTOHTA A2l
AR

20143 3%~ 3K 247 |chetm MKKEstat

SN

» XM o = (MyoungJun Cheong)

20044 22 T{chstm M7 | MRS
Stat StAL

2006 28 M2OHStw M7 |HFESSnt
A4AL

200653 1€ ~ SRY: ZDfSHATA Mo
A






