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Grey wolf optimization based buried pipe leak localization
using dual-wave spectrum

Zheng Xiaoliang' , Xie Xiaoxian', Wang Qiang
(1. School of Electrical and Information Engineering, Anhui University of Science and Technology, Huainan 232001, China;
2. School of Safety Science and Engineering, Anhui University of Science and Technology, Huainan 232001, China)

Abstract: To efficiently and accurately locate the buried gas pipe leaks, a three-dimensional (3D) localization method for the leak-
induced vibroacoustic source based on the grey wolf optimization ( GWO) and the dual-wave spectrum estimation 3D is presented. A
dual-wave spectral function is formulated by using the mixed signal model of P1 and S waves detected by a ground-mounted accelerometer
array. The velocity is estimated by using the dual-wave velocity pairing based on the superimposing characteristic of dual-wave peaks.
Then, the estimated velocity is substituted into a 3D spectral function to perform 3D localization. Considering the 3D spectral function as
a fitness function, the procedures of dual-wave velocity pairing and 3D localization are optimized by using the GWO algorithm to replace
the grid search for 3D spectra. Experimental results show that the presented method can accurately estimate the velocity at which the
leak-induced vibroacoustic wave propagates along the soil, and thereby locating the underground leak. Compared with the conventional
method using 3D spectrum search, the localization accuracy of the presented method is increased by 25. 85% , and the search time for 3D
spectra is decreased by 99.95% .
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Fig. 1 Near-field signal mode of UCA
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Fig. 2 Grey wolf social hierarchy
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Fig.4 Experimental rig for buried pipe leak localization
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Fig. 6 Waveforms and spectra for sensors 1 and 2
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Fig. 9 Outputs of dual-wave spectrum for velocity estimation
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Table 3 Velocity estimation results of each model

Cp1 Cs
" S RERT
ikl A Szl E 44 {E RMSE ST 4 RMSE B
/(m-s™") /(m-s™") /% /(m-s™") /(m-s™") /%
GWO 1 106 5.000 0 130. 000 0 1.414 2 46.024 2
MFO 1 106 5.590 2 130. 000 0 1.732 1 47.654 5
PrE 1 1100 132
PSO 1108 6.123 7 130. 000 O 3.708 1 56.729 3
SA 1104 3.5355 131. 600 0 0.866 0 >100
GWO 1110 6.614 4 131.200 0 1.095 4 47.793 8
MFO 1 100 3.5355 130. 000 0 1..000 0 50.719 2
1 2 1100 132
PSO 1102 4.330 1 115.200 0 10.319 9 55.859 3
SA 1102 2.500 0 130. 400 0 1.581 1 >100
GWO 1 096 5.000 0 129. 600 0 0.894 4 46. 666 8
MFO 1108 7.071 1 137. 600 O 4.123 1 48.819 9
g3 1 100 132
PSO 1098 5.590 2 122. 400 0 6.782 3 55.341 6
SA 1098 2.500 0 130. 800 0 2.291 3 >100
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Fig. 10  Slices of 3D spatial spectra
T4 BEBFEMMHITER
Table 4 Location estimation results of each model
) A0 E/m
SV PRGBS
p I 1 g2 i3 X
24 /(mes) /s
1 (0.0200, 0.5100, -0.790 0)  (-0.5100, 0.510 0, -0.790 0)  (0.980 0, 1.000 0, —0.790 0)
2 (0.0100, 0.5100, -0.8100)  (—0.490 0, 0.500 0, —0.8200)  (1.040 0, 1.010 0, 0. 810 0)
HfE
% 3 (-0.0200, 0.500 0, -0.8100) (-0.5000, 0.510 0, —0.800 0) (0.990 0, 0.980 0, -0.8100) 0.0325 174.927 8
4 (0, 0.5100, —0.810 0) (-0.5100, 0.510 0, -0.800 0)  (1.060 0, 1.100 0, —0.790 0)
5 (0, 0.510 0, =0.790 0) (-0.490 0, 0.500 0, —0.790 0)  (0.980 0, 1.010 0, 0. 810 0)
1 (0.020 3, 0.511 7, -0.789 0) (-0.5089, 0.513 3, -0.789 7) (0.977 8,0.999 7, -0.786 2)
2 (0.000 3, 0.504 8, —0.790 8) (-0.4912, 0.498 6, -0.8129) (1.017 5, 0.992 2, -0.789 9)
GWO 3  (-0.0165,0.4977, —-0.8028) (-0.5028, 0.5096, -0.7951) (1.0101, 1.000 6, -0.8237)  0.0241  0.095 8
4 (0.000 8, 0.505 3, -0.797 5) (-0.509 7, 0.504 7, -0.791 2) (1.050 8, 1.0929, -0.786 2)
5 (=0.0011, 0.5134, -0.801 0) (-0.4968, 0.5102, -0.814 4) (0.970 4, 1.004 1, -0.800 7)
1 (0.0212,0.5126, -0.7913) (-0.5107, 0.5151, =0.7956) (1.017 0, 1.035 6, —0.816 1)
2 (0.010 1, 0.506 1, -=0.798 9) (-0.495 4, 0.501 6, -0.820 8) (1.009 5, 0.983 4, -0.7959)
MFO 3 (-0.016 5, 0.496 8, —-0.8013) (-0.5066, 0.5142, -0.8055) (0.968 9, 0.961 1, -0.792 7) 0.027 9 0.414 8
4 (0.0042,0.5056, -0.7992) (-0.5125,0.5079, -0.7972) (1.0700, 1.111 6, —0.790 0)
5  (-0.0042,0.5131, -0.7999) (-0.4952, 0.508 3, —0.8102)  (0.979 3, 1.012 5, —0.807 6)
1 (-0.0165, 0.496 8, -0.8013) (-0.5112,0.5156, -0.796 7) (0.990 5, 1.010 2, -0.796 6)
2 (0.0101,0.506 1, -0.7990) (-0.483 7, 0.489 0, -0.791 8)  (1.0256, 0.998 4, —0.798 1)
PSO 3 (-0.0165, 0.496 8, -0.8013) (-0.5024, 0.5100, -0.7963)  (0.9995, 0.9897, -0.8164)  0.0242  0.2394
4 (0.004 2, 0.505 6, -0.799 2) (-0.5102, 0.505 6, -0.791 9) (1.059 7, 1.1019, -0.790 5)
5 (-0.004 2, 0.5132, -0.8006) (-0.4951, 0.508 1, —0.809 9) (0.968 8, 1.002 4, —-0.799 8)
1 (0.021 4, 0.513 0, -0.791 9) (-0.5106, 0.514 8, -0.7955) (0.993 6, 1.013 4, -0.798 9)
2 (0.010 1, 0.506 1, -=0.798 9) (-0.4905, 0.496 6, -0.811 0) (1.026 2, 0.998 9, -0.798 9)
SA 3 (-0.0167, 0.496 2, -0.801 3) (-=0.5019, 0.509 4, -0.794 8) (1.000 3, 0.990 7, -0.816 7) 0.024 1 1.908 5
4 (0.0046,0.5058, -0.8006) (-0.5103,0.5058, -0.7927) (1.0603, 1.102 2, —0.790 6)
5 (-0.004 2, 0.513 1, =0.7990) (-0.4956, 0.508 4, -0.8107) (0.967 7, 1.001 6, —0.798 8)
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