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Abstract: As an important carrier of the national new energy strategy, the leakage of gas pressure pipelines in forest
areas not only causes direct economic losses, but also may lead to secondary disasters such as soil pollution, vegetation
destruction and even forest fires due to the sensitivity of forest ecosystems. The current ultrasonic sound source-based lo-
calization methods suffer from challenges such as high sidelobe artifact interference and insufficient localization accuracy
caused by wide main lobe beamwidth in multi-leakage source scenarios. Moreover, the complex terrain, dense vegeta-
tion coverage, and environmental noise in forest areas further compromise the applicability of conventional detection tech-
niques. In this paper, an adaptive inverse convolution beamforming algorithm is proposed to achieve high-precision leak-
age localization by optimising the weight matrix and the inverse convolution iteration strategy. Firstly, the initial weight
matrix is constructed based on the minimum variance distortionless response (MVDR) criterion, and the weights are ad-

justed with adaptive iteration to enhance the focusing ability of the target signal while suppressing the interference of the
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sidelobes. Secondly, the main lobe width is compressed through Gauss-Seidel deconvolutional iteration, thereby enhanc-
ing resolution. To validate the algorithm’s performance, this study establishes a pressure pipeline model with a diameter
of 150 mm and operating pressure of 0. 8 MPa to simulate ultrasonic signals from 0. 5 mm and 0. 7 mm leakage orifices,
while constructing an experimental system for comparative analysis. Results demonstrate that compared with conven-
tional deconvolution beamforming, the proposed algorithm reduces localization errors by 0. 06 m for Source 1 (0.7 mm
orifice) and 0. 05 m for Source 2 (0.5 mm orifice) under signal-to-noise ratio (SNR) conditions ranging from =10 dB to
20 dB, while effectively eliminating artifact interference. The experiments further validate the method’s robustness and
computational efficiency advantages under low SNR conditions (=10 dB to 20 dB). This study provides a high-precision
solution for non-contact detection of minor pressure pipeline leaks in forest environments, characterized by strong anti-in-
terference capability and superior environmental adaptability. The findings hold significant implications for ensuring en-
ergy transportation safety and ecological conservation.

Keywords: Ultrasonic detection; beamforming; source localization; gas leakage; adaptive; deconvolution; array signal

processing; microphone array; acoustic imaging
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Fig. 2 Sensor array receives leakage acoustic wave signal image
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Tab. 1 Coordinates table of each sound Source

BERFS XH4FR/m YAAFR/m ZHFR/m $Z/kHz
Source ID X-coordinate Y-coordinate Z-coordinate Acoustic frequency
1 0.25 0.25 1 28
2 -0.25 -0.25 1 34
0.8
9]
o
o O o 0 O ©
0.015F 5 ° o o o 0.6
b o © OO o
0.010F o 5 °© 5 9 o oo 04}
o %o ° 9 ° °
0.005 00,0 o 02t
€8 o © o ooooOoo ©0°%o0 g8
=g oo o o © o =g
w8 0 o g 0 o e 0f
iz o 0% .o oo Jt i)
Y a) 0,0 o 000 o o =A
-0.005F o , °99% 5 0, o -02f R
o o o o o
-0.010 F o O ° o Oo e -04F
o ° o © d o
-0.015 e o o2 5 -0.6}
[¢] o e}
o o
1 1 ° o 1 1 08 1 1 1 L 1 1 1
-0.02 -0.01 0 0.01 0.02 -0.8 -06 -04 -02 0 02 04 06 08
HH B /m B ES /m
Distance Distance

(a) 1283818 UnderBrink AT 14 & 241
(a) 128-channel UnderBrink spiral sensor array

(b) P R
(b) Sound source location diagram

3 UnderBrink S iEE iEPESIFI R 2 Bl
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Tab. 2 Simulation parameter table

ZH HlEALIEH ZH HiERTEHE
Parameter Numerical values and ranges || Parameter Numerical values and ranges
FEFIRAER/m SRAFSZE /KHz
. . 0.04 . 300
Maximum array diameter Sampling rate
RN SRAF B E) /us
128 . . 100
Number of sensors Sampling time
W& FE S /m R /m
) 1 ) . . 1.6x1.6
Measurement distance Scanning plane dimensions
{EMgLL/dB 4T T A% S L
- . . 20 . . 101x101
Signal-to-noise ratio Total number of scanning plane grids
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Tab. 3 Sound source positioning errors of conventional beamforming and adaptive deconvolution beamforming algorithms
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