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Abstract : In order to solve the problem of low resolution and poor estimation accuracy of direction of arrival (DOA) when the number of
microphones is small, so that designing an effective sound source localization system, this paper deeply studies and optimizes the MUSIC
algorithm. The generalized cross-correlation is used to estimate the time difference between the sound source signals reaching each
microphone, and building the corresponding vector signal. Finally, the DOA estimation value is determined by calculating the spectral

function. The simulation and experimental results show that the optimized MUSIC algorithm can get sharper directional beam, lower

sidelobe, and the positioning accuracy of azimuth angle can reach +4° and elevation angle can reach +5° respectively.
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Fig.3 Simulation results with azimuth angle
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Table 2 DOA simulation results in different directions (°)
bR A MUSIC 533 0] MUSIC 553 0] AR TR 25 R DA TR 15 2
(¢, 6,) %éfj%(ﬂozy 0,) igé%(AQDlvAel) (@3, 03) (Ap,, AG,)
(45.00,20. 81) (45,24) (0.00,3.82) (45,21) (0.00,0. 19)
(70.34,26.62) (70,25) (0.34,0.38) (70,27) (0.34,0.38)
(133.01,48.95) (133,49) (0.01,0.05) (135,49) (0.01,0.05)
(170.01,59.97) (170,53) (0,6.97) (170,60) (0,0.03)
(225.56,69.41) (226,90) (0.44,20.59) (226,72) (0.44,2.59)
(272.87,77.89) (273,90) (0.13,12.11) (273,83) (0.13,5.11)
(335.87,86.56) (336,90) (0.13,3.44) (336,90) (0.13,3.44)
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Fig.4 Simulation results with azimuth angle ¢ =113° and pitch angle 6=24°
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Table 3 DOA simulation results in different directions (°)
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(¢1, 0,) (¢, 6,) (Apy, A8)) (¢3, 63) (Agp,, A6,)
(45.00,20.81) (45,23) (0,2.9) (45,21) (0,0.19)
(70.34,26. 62) (70,25) (0.34,1.62) (70,27) (0.34,0.38)
(133.01,48. 95) (133,49) (0.01,0.05) (133,49) (0.01,0.05)
(170.01,59.97) (170,51) (0.01,8.97) (171,61) (0.01,1.03)
(225.56,69.41) (225,90) (0.56,20.59) (225,72) (0,2.59)
(272.87,77.89) (273,90) (0.13,12. 11) (273,83) (0.13,5.11)
(335. 87,86. 56) (336,90) (0.13,3.44) (336,90) (0.13,3.44)
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Fig. 5 Source localization system based on microphone array
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angle ¢=45°and pitch angle 6=12°
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Fig. 7 Experimental measurement results with the azimuth
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Table 4 DOA estimates based on single-frequency

signals in various directions (°)
b fALRE 6) P AT i i 25 DA SRR Y
e o (65, 0,) 222 (Aw,,A0,)
(47.05,18. 14) (49,17) (1.95,2.14)
(74.34,26.62) (72,28) (2.34,1.34)
(129.27,45.81) (132,43) (2.73,2.81)
(175.24,55.61) (177,58) (1.76,2.39)
(231.47,67.43) (229,65) (2.47,2.43)
(272.36,76.92) (276,75) (3.64,1.92)
(328.47,85.58) (331,90) (2.53,4.42)
5.3 ZWHMH
R A S 56000 i 540 T M A5 - R T 1) A A i

P E (0°<H<10°F1 80°<O<90°) I FT i+ 45 J ()15 22
R, EERETE T A IR AN IR 2578 Se A2 4, I A
TE 32° <O<T2°Ju B PN BF A AR I 6 45 2R LU AR UE , 1R 22
e 2025y, FRIRIE T IR ZEEC R E I KIRZE N
4° FETTNE AR 180° ZE AT I IR 22/, MR AEE AL RGE Y
uﬂl SR PRIk MUSIC 33035 1T DA 50006 fifk v L
B8, R RE 4t e 1 R Ge p AR e P (o) s 45 SR v

6 & it

ARSI T Bk MUSIC 532 (4 75 e 0 7 i, B
B3R T BGHE MUSIC A5 32:  oi 0 SR AN AL J5 12,
FI & A IC 5 275 [ 02 [8) B I IR SR A X6 0 2 {5 5
JEHEAT DOA ATt ZEARRAS A ZRAE T XA HT RO
PRI RS RETEA T X L A3 #r, T LA i, et 9 MUSIC
BERCR . AT LA RO fiff R g XS [] AT, -
HABRS A5 2 SR BLAY MR, 300 550 , ol 7 BT H 4L
AT BT AT DA BRI I A5 2R

R G FURISE B dha 00 e S8 2 W, ¥ 0 [ G 14 7
A I 2 O 0° < @ <3600, A1 A1 1y I i R R
0°<6<90°, IS B MUSIC 554 S L Tk T4
TS B P U o BB E VS SN R R T R
TENIAERE
SZ 3k
[ 1] PAVLIDI D, GRIFFIN A, PUIGT M. Real-time multiple

sound source localization and counting using a circular
microphone array [ J |. IEEE Transactions on Audio,
Speech and Language Processing, 2013, 21(10) : 2193-
2206.

[2] FAYAD Y, WANG C, CAO Q. Temporal-spatial
subspaces modern combination method for 2D-DOA
estimation in MIMO radar [ J ].
Engineering and Electronics, 2017, 28(4) . 697-702.

[3] ALIR L, KHAN S A, ALI A. A robust least mean

square algorithm for adaptive array signal processing[ J].

2013, 68 (4):

Journal of Systems

Wireless Personal Communications,
1449-1461.
[ 4] SILVA B D, AN B, STEENHAUT K, et al.

considerations when accelerating an FPGA-based digital

Design

microphone array for sound-source localization [ J ].
Journal of Sensors, 2017(4) ;: 1-20.

(5] G, mlE, W, 5 Ay e RS A R %
75 8] 5 F AR BF 5T [0 ], AR AL 3R 2 4, 2017,
38(6) : 1540-1546.
WEN J J, YANG D G, MIAO F, et al. Research on
spatial relationship calibration technique for microphone

array and camera in sound field visualization system[ ] ].



- 218 - GRS SRR 35 %
Chinese Journal of Scientific Instrument, 2017, 38(6) : location system based on microphone array [ D ].
1540-1546. Kunming: Yunnan Normal University, 2018.

[ 6] FLANAGAN J L. Bandwidth design for speech-seeking [15] =BEIEE JET MEMS s st M3 II IRE A RS D .
microphone arrays [ C]. IEEE International Conference FOM M R, 2017.
on Acoustics, Speech and Signal Processing, 1985. 732- GUO J F. Research on sound source location system
735. based on MEMS digital microphone array [ D ].

[ 7] SUD, VIDAL-CALLEJA T, MIRO J V. Towards real- Zhengzhou : Zhengzhou University, 2017.
time 3D sound sources mapping with linear microphone [16] LUO Z, LIU W, WANG Z, et al. Monitoring of laser
arrays[ C]. IEEE International Conference on Robotics welding using source localization and tracking processing
and Automation, 2017 1662-1668. by microphone array [ J ]. International Journal of

[ 8] ATE i, keE. FLTF DU CAL 7 28 B ) 1) 75 R 4 Advanced Manufacturing Technology, 2016, 86 (1-4) .
T AL [ ] LA R 7 4k, 2018, 39 (11) 21-28.

43-50. [17] SRR, Wiog, 0r, 45, 2 T I 1] S e i B R A 52 1
XING H Y, YANG X, ZHANG J Y. Sound source B SRR 8 6r 7 1 [T ] AR A 3R 2 4, 2020,
omnidirectional location algorithm based on four-element 41(6) :1580-1585.

microphone array [ J ]. Chinese Journal of Scientific QL T T, CHEN X, LI X, et al.. Singular value
Instrument 2018, 39( 11) ; 43-50. decomposition beamforming method for sound source

[9] KIM UH, NAKADAI K, OKUNO H G. Improved sound identification [ J |]. Chinese Journal of Scientific
source localization and front-back disambiguation for Instrument, 2020,41(6) :1580-1585.
humanoid robots with two ears [ J]. Lecture Notes in [18] KNAPP C, CARTER G. The generalized correlation
Computer Science, 2013, 7906, 282-291. method for estimation of time delay [ J]. IEEE

[10]  BENCHE, M4 BN, 25, ST+ T B g sh s @ v Transactions on  Acoustics, Speech and Signal

GIEREREATHIT] . ALERALFR 4], 2016,37(4) Processing, 1976, 24(4) . 320-327.
827-833. [19] MATOUSEK Z, BABJAK M, OCHODNICKY J.
LU J Y, YE D, CHEN G, et al. Passive acoustic Correlation-based TDOA  algorithm for the target
localization fusion algorithm and performance analysis of localization at low signal to noise ratio[ C ]. International
double five element cross array[ J]. Chinese Journal of Conference on New Trends in Signal Processing, 2016.
Scientific Instrument, 2016,37(4) ;827-833. 65-69.

[11] SALVATI D, DRIOLI C, FORESTI G L. A low [20] ZHE D, MING Y. Research on TDOA based microphone
complexity robust beamforming using diagonal unloading array acoustic localization[ C ]. 12th IEEE International
for acoustic source localization [ J ]. IEEE/ACM Conference on Electronic Measurement & Instruments,
Transactionson Audio, Speech and Language Processing, 2015 1077-1081.

2018, 26(3) : 609-622. [21] 323, 3k4E BEAM R, % 2T GCC-PHAT AUk

[12] PR BT At I8 B bR S AT D . Fﬂﬂ?iEuﬁF&“[ﬂ B R (R L 2016,

ThEH TR 3T RS, 2017, 40(6) :557-562.
BAN Q. Research on the far source target localization LIANG Y, ZHANG H, CHEN L M, et al.. Improved
based on microphone array technology [ D ]. Shenyang: acoustic source localization algorithm based on GCC-
Shenyang Ligong University, 2017. PHAT in near-field situation[ J]. Journal of Nanchang

[13] X097, BRH M, %‘V‘#ﬂ“ A PRI X 7 R A K University ( Natural Science) , 2016, 40(6) : 557-562.

M C]. 2 E 2 AR EH AW, 2010:  [22] SEEM, E TR, KT LT ZUMOCHT SCEAH R
414-415. ZEREF L )] AU Tk K244, 2016,42(2) -
LIU ZH, CHEN R L, LUO K L, et al. Research of how 197-202.
the variation of detection distance will affect the accuracy DOU H J, WANG Q L, ZHANG X. Generalized cross-
of location [ C]. National Congress and Academic correlation algorithm based on secondary relation [ J].
Conference of Acoustic Society of China, 2010: 414-415. Journal of Beijing University of Technology, 2016,

[14] Ry IETEFIREESIA RS M RSB0 55T D] 42(2): 197-202
R 2 RImE K%, 2018. (23] IR, RS, ARIER. B T IhE A T i) 2 5o XU 51—

ZHENG J J.

Design and research of sound source

HEaAr[J]. 2 B2 (A AR ,2017,56(2)



5 8 3]

LTIk MUSIC 75 P52 A 7 vk - 219 -

175-181.
YAO H, ZHU M Y, ZHU X Q. Analysis on microphone
array consistency based on time delay [ J]. Journal of
Fudan University ( Natural Science) , 2017, 56(2) : 175-
181.

[24] DUFF A L, HAMDI S E, PLANTIER G, et al. Time

delay estimation for acoustic source location by means of

short-time cross-correlation [ C]. Proceedings of IEEE

Sensors, 2011, 1885-1888.
fEBE I

FEHF,2007 4F TR RRFRT L
AL, BN A E AT FR 2 W BRI 5324 R4
ARABZEBH, TR T 7 0] A AR A
BN
Email ; shufeng_li@ 163. com

Li Shufeng received his B. Sc. degree in

2007 from University of South China. Now he is the manager of
Technology Department of Shenzhen Branch of China Nuclear
Power Maintenance Co., Litd. His main research interest

includes application of new instrument equipment in nuclear

power plant.

XISREL, 2017 4F T AL ) R KA
P m o, TAE T h R A R A
TINIF 2 RIBRER , EEWFFE 7 ) AT
BB N
E-mail ; bingzheng_liu@ 163. com

Liu Bingzheng received his B. Sc.
degree in 2017 from Northeast Electric Power University. Now he
is working in Technology Department of Shenzhen Branch of
China Nuclear Power Maintenance Co. , Ltd. His main research
interest includes application of new instrument equipment in

nuclear power plant.



