W44k W3 2/ M Fx % W Vol. 44 No. 3
2023 4 3 H Chinese Journal of Scientific Instrument Mar. 2023

DOLI: 10. 19650/j. cnki. ¢jsi. J2210679

B EE MR =R R- KRR A AT TE

I OB A FEEE AL
(L ZREL TR AR 5 IR WM 232001; 2. SROE TR P SEE TR W/ 232001)

& ST S MRS 0 S 7, (e P S0 A SRR AR A D I U U 2 7 U, R AR S ST AR A) LB RS A it
U8 =LA BRI A A T 1, RILRAERS) LIB RS N i/ MLEE L F55, /ML FRFESS G Root-MUSIC LR 45
I8 DOA S5 AR, BRI ARILE L A TR M S (5 VR IR 88 ) 4 25 MEAL T, R 5 R AR A 45 3 = 4k Ak b
TR, O SR 2 R AE T LB RS ERE M Pilet: , 56T LIERES B A AG 1A B A TR R R340 F 1 3itt U
PRzl 7 AL HE R, IR R VR A0 = A Al b, AR T P B Bl T 4 58 S %, BB A I R (IR 25 PRI T 90. 9% , i T
BRI R 2N T8 S AR RE M, A A Tk BT RRERT b OE 4 = 22 (S A TR T 88% , FLE Aok RIS, AR/
PP BT v~ SR T BBl P 1T SRS B E £

SRR AR P EAG T S A AR A L S AL

RES S, TN911.7 THS6 MEERIRES, A ERREFZRSEKRE. 510.40

A joint 3D coordinate and wave-speed estimation method for

the buried pipe leak localization
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Abstract: To accurately locate the leak in the buried gas pipes, accelerometers are mounted on the ground to detect the leak-induced
vibroacoustic waves. A new method using nonuniform L-shape array is proposed to jointly estimate the 3D coordinate and wave-speed. A
small-aperture L-shape subarray is embedded into the large-aperture L-shape array and is combined with the Root-MUSIC algorithm to
find the relationship between DOA of far-field source and wave-speed. Then, the large-aperture L-shape array is used to perform 2D
spatial spectrum estimation for wave-speed and near-field source distance. Finally, the 3D coordinate is calculated using the estimation
results and the computational complexity is reduced. The results of localization experiments show a superiority performance of the used
L-shaped array. The joint estimation method based on the L-shaped array can estimate the propagation speeds of leak-induced
vibroacoustic waves in multiple soil conditions and the 3D coordinate of leak source is derived. Compared with the localization method
using theoretical wave-speeds, the error in joint estimation method is reduced by 90.9% , which avoids the influence of error in
theoretical wave-speed on localization. Compared with the direct 3D spatial spectrum estimation, the calculation time of the joint
estimation method is reduced by 88% and the localization accuracy remains well. The range of signal source, r,, ~7 is calculated by

min max ?

using the far-and near-filed criteria. Experiments evaluate that accurate localization can be achieved within this range.
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Fig. 1 Schematic of the joint estimation method
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Table 5 Calculation time of the joint estimation

method and 3D spatial spectrum search
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