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Research on wide-area low-frequency acoustic localization method

ZHANG Chenwen, YANG Jun®, LIAO Yunhong, ZHANG Runze
(AVIC Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: Traditional location methods based on microphone arrays have certain limitations in locating wide -area
low-frequency acoustic signals at kilometer-scale distances. To improve location accuracy , field experiments were con-
ducted using a 32-element acoustic array to investigate the locating performance of the time delay minimum variance
(TDMV) method and the beamforming (BF) method in a 5 km outdoor environment, focusing on low-frequency sound sig-
nals from the same source. Experimental results indicate that compared to the traditional BF method, the TDMV method
exhibits a significant advantage in location accuracy over wide-area ranges, achieving an improvement of more than 2.1%
in precision. These findings extend the effective range of sound source location and provide a feasible solution for the ac-
curate location of low-frequency sound sources.
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Fig.1 Low-frequency acoustic sensor and power supply module

FRAE LA R, ARG Al 31 A2,
ATE 6 D/NES A5 5 R . A R
TRV SR M S, NS AR K S
NEEIN AL S SRR, R4 1A BRI 6
AL o AR B S BR A T BN 2 TR

h T AR BRSO R, AL 2R S
T S R AR B PR A S, A I A B vk s
T fe /N5 220784y N BT RS e X, A
3. B4R, xRS E X oA s, e
RS AEAS [R) 5 1) L () 4 BERE 1, FFKe 7 R A 1 7
W44 3 B BE 0 e v B X, LB T G AN
ORI, BEHIIR A 20 He 75 (55, DADLTRE
RIS A PF T B A E, TR AR EL R 51 1) 43 i BE
FIRT R o A AT RS E X A A, R
L 2R A R BNE S L, R 2l
TI AR B A AR R

K3, E4nTLE L %A 25 5 4 ¢
AE 7 0 A DX 3 32 2 A7 T 3R BT R 81 A R Al 2R O 1)



<144 - HE, NiKERE

20254 % 45 K F 4

A AR A1 [

38°07'30"N [l

5113

38°07'N

38°0620'N

B 38°00'15'N N

200 fts Maxar

H2450E 112°45°E
i

38°06'10"N

112°45E

X
& 38°06'50"N

38°06'45"N

112°46'E
23553

38°06'55"N

38°07'45"N

w O, 1 "
4 38°0740'N

on72ang S0m T/
38°0735NE00 1t el Maxar
112°4720"E  112°4730"E
YA

ET)X

38°07'25"N

i 38°0742'N

2R

200071 0N WP
gﬁ3807]0N

38°07'05"N

112°46'50"E  112°47'E
E “E

112°46"20"E 112°46'30"E

LR

K2 g EA B il

Fig.2  Microphone location layout
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Fig.3  Array positioning two-dimensional beam pattern
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Fig.4 Array positioning two-dimensional time delay variance plot
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Tab.1 Coordinates and sampling time of 6 base arrays
FEFEARRR /(%) FEFEAL S RAERT (]
38.077N, 112.474E A 12 h 56 m 45 s 284 ms
38.073N, 112.472KE B 12h 56 m 43 s 472 ms
38.068N, 112.464E C 12h 56 m 46 s 752 ms
38.071N, 112.469E D 12h 56 m 44 s 132 ms
38.068N, 112.465E E 12h55m46s 713 ms
38.072N, 112.470E F 12h 56 m 44 s 132 ms

T JU AE B 35500 2 AL AR I, LS e 4%
Wi R P IR BLAR 5 U B i A AR . B,
PR B EOR B T, T e 5 T S R Y
TS, WL 1R AR 22 Al R R 22 . AR,
o T R 1) RS E B e I HE T A AR
A I P A P I SE A TR R . B, RS
LB IR EAE NS, BTN ES%E

ML 22 5 R RE AL DR 2E I I T T
FE « MFR, JCHRAEAHRE A IRTT AL T
UL AT A T B AT R AR R F A& DT R IR S
SN A T i A= AL 2R S (S e
s, IO 7 12060 75 U5 5 0547 E AL
MR A AL 7 A R AL BRSO HEE (25 2R kAT
O3M, el LA RN T B o

K /dB
T | = 0
38.130 B SNSRIy .« it i | 0
R v 4 4 = & <% X 8
> $ -
AV ¢ N W
38.125 CA 5k N 7
> 6
X 38.120 R 5
&
4
38.115 3
2
38.110 , 1
3 L 0
112.770 112.775 112.780 112.785112.790 112.795

2 (%)
7 16 TCRER A B i 45 5 #

Fig.7 Diagram of beamforming positioning results of

16-element array
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Tab.2  Positioning error of beamforming method
28 WAOERGERLER /() PR IRAE /() w22/(%) ENIEPRRZE Im ENRZE %
BB 112.791 4 112.790 5 0.000 9 98.79 4.93
el 8.1236 8.124 8 0.001 2 139.10 6.96
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Tab.3  Positioning error of TDMV method
28 NAE T 22t e i s 1 (0)  SEBRAIRALE / (°) w22/ () FENISEPRIRZE /m ENLIRZE /%
G 112.790 0 112.790 5 0.000 5 55.50 2.78
i 38.1250 38.124 6 0.000 4 36.27 1.81
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