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Target signal detection using MUSIC spectrum in noise environments
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ABSTRACT

In this paper, a target signal detection method using multiple signal classification (MUSIC) algorithm is proposed. The
MUSIC algorithm is a subspace-based direction of arrival (DOA) estimation method. Using the inverse of the

eigenvalue-weighted eigen spectra, the algorithm detects the DOAs of multiple sources. To apply the algorithm in target

signal detection for GSC-based beamforming, we utilize its spectral response for the DOA of the target source in noisy

conditions. The performance of the proposed target signal detection method is compared with those of the normalized

cross-correlation (NCC), the fixed beamforming, and the power ratio method. Experimental results show that the proposed

algorithm significantly outperforms the conventional ones in receiver operating characteristics (ROC) curves.

Keywords: target signal detection, multiple signal classification, direction of arrival, beamforming
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Figure 1. The basic structure of the GSC-based beamforming
algorithm
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Figure 3. (a) Input signal with 5dB SNR (b) Normalized Cross
Correlation contour (c) Power ratio contour between y,,-(n) and
vn) (d) Power contour of fixed beamforming result (e)
MUSIC spectrum contour (f) Weighted MUSIC spectrum
contour (*One second for a tick on the horizontal axis)



<
c
Fﬁ
a
[>
e
Im
0y
1o
=)
00
ro
il
00
o
oy
2
x
10
o
H
=
fol
1
~
1
W

True acceptance rate

0 0.2 0.4 0.6 0.8 1
False acceptance rate

% 4. ROC A
Figure 4. ROC curves
(soild : NCC, dashed : Power Ratio, dashed-dotted: MUSIC
dotted : FBF, thick soild : Weighted MUSIC )

A
duEE e
(Area Under the ROC Curve)
NCC 0.6685
Power Ratio 0.7431
FBF 0.8051
MUSIC 0.7690
Weighted-MUSIC 0.8494
5. 48
2 =FodAe MUSIC ¢18% 78 DOA F47HE &
&3t 58 AE 70 HAE ¢ugEe Adsag. 494y,
ARk Wil 98-8 7|E duElFE M F2 A4S R
S AP E] £HE o] &3t= Wi Hls) ¢k 5% o
Zrast ek 3 A B A5 AZE7)E GSC T2 2
et FEAA e FEAZIL S48A0471Y EH AE
7% -g3te] MUSIC 2HEY 74 thald -S4 ¢lE]H o
220 i3] A7 g Holt).

A 2

o] =& AXAAT 7R R FHEANA
TEAA[10041610, 1AAIAE]E 718E A StollA] ¢le]
o AHg2L 3099l tisl] AAE 9% T3 ARk Al
A3 B9 R A AR QY 7 A (1R LS
ol FRYHJAFUT

Error rate

L
0 5 10 15 20
SNR

% 5. SNR (dB) ¥ H& 2ak&
Figure 5. Minimum error rates for each SNR
(‘x> NCC, “*: Power Ratio, ‘4’: MUSIC, ‘@’: FBF, ‘W
Weighted MUSIC)

N

F1Ed

[1] ETSI (2005). Speech processing, transmission & quality
aspects (STQ), v.1.1.2, ES 202 212.

[2 Jeong, S. & Hahn, M. (2001). Speech quality and recognition
rate improvement in car noise environments, Electronics
Letters. Vol. 37, No. 12, 801-802.

[3] Benesty, J., Chen, J. & Huang, Y. (2008). Microphone array
signal processing (Springer topics in signal processing),
Springer.

[4] Lee, Y., Kim, S., Han, S., Hahn, M., Kim, Y. & Jeong, S.
(2009). Probabilistic Target Speech Detection and Its
Application to Multi-Input-Based Speech Enhancement,
Phonetics and Speech Sciences. Vol. 1, No. 3, 97-104.
194, A=, e, T, A9, A8 (2009). &

BX EX 94 AES 5 oAd o4 ik o4 A, 2
29t A8t 149, 35, 97-104)

[5] Hoshuyama, O. et al. (1999). A robust adaptive beamformer
for microphone arrays with a blocking matrix using constrained
adaptive filters, /EEE Trans. Signal Proc. Vol 47, No. 10,
2677-2688.

[6] Schmidt, R. O. (1986). Multiple emitter location and signal
parameter estimation, /EEE Trans. Antennas and Propagation.
Vol 34, No. 3, 276-280.

[7] Varma, K. (2002). Time-delay-estimate based direction-of-
arrival estimation for speech in reverberant environments, M. S.
thesis, Dept. of Electrical and Computer Engineering, Virginia

Polytechnic Institute and State University, Virginia, USA



110

[8] Hayes, M. (1996). Statistical digital signal processing and
modeling, John Wiley & Sons.

[9] Hwang H. K, et al. (2008). Direction of arrival estimation
using a root-MUSIC algorithm, Proceedings of IMECS 2008.
Vol. 2, 19-21.

* BF4E (Park, Sangjun)
F=Hsr|ed A7) 9 AA-FsH
HAFHA AT ez 291
Tel: 042-350-8074 Fax: 042-350-7619
Email: psj@kaist.ac.kr
WARokE S5 AT
A F=Heried A7) g AAEs WAk

* 44 (Jeong, Sangbae) 1l A A}
737t St sh(E el 74)
73 AFA 7HHs 9004
Tel: 055-772-1727 Fax: 055-772-1729
Email: jeongsb@gnu.ac.kr
Aok 441 EA
A Adstn AA-gst zus



