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Abstract: Based on the proper orthogonal decomposition-radial basis function (POD-RBF') , a geometric iden-
tification method for pipeline inner wall was proposed to solve the internal corrosion detection problem of natu-
ral gas and oil pipelines. In view of the static magnetic field, the simplified finite element model for the pipe-
lines was established, and the variable-geometry sample library was constructed, to realize the response predic-
tion of arbitrary geometry by the POD-RBF. The proposed method achieves reduced-order analysis and avoids
repeated solution of the stiffness matrix due to the geometrical change during the identification process. Hence,
it can significantly improve the computation efficiency. Finally, the grey wolf optimization (GWO) algorithm
was used to optimize the objective function and avoid the calculation of the sensitivity in the process of geome-
try change. The numerical examples show that, the proposed method has high efficiency and accuracy in the ge-

ometric identification of the pipeline inner wall, with good stability even under introduced noises.
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Table 1  The identified results
sample feature N =10 N =120 N =40
a,/m 0.532 89 0.532 98 0.533 01
absolute error Aap /m 1.1x107* 2.0x107° 1.0x107°
relative error 8 /% 0.020 6 0.003 8 0.001 9
3 —=—N=10 0.9 —=—N=10
1E-1 —e N=20 —o— N=20
1 —a— N=40 0.84 —a— N=40
1E-34 ’
3 0.7
1E-54 Eﬁ
S ® 0.6
1E-7 4
1 0.5 T
1E-94
1 \ NN 0.4
1E-1 T T } T T T T T T T T T T T
0 4 8 12 16 0 4 8 12 16
14 t
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Fig. 7 Objective function values with different sample sizes Fig. 8 Geometric parameters with different sample sizes
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Table 2 Identification results with different schemes

scheme real radius R /m identified radius R; /m relative error 8 /%
1 0.45 0.499 02 10.892 1
2 0.46 0.499 14 8.508 5
3 0.47 0.499 48 6.271 8
4 0.48 0.499 90 4.1459
5 0.49 0.500 57 2.156 1
6 0.50 0.501 22 0.244 6
7 0.51 0.514 09 0.800 9
8 0.53 0.529 95 0.009 9
9 0.55 0.549 94 0.011 0
10 0.57 0.569 93 0.013 0
11 0.59 0.590 20 0.034 6
12 0.60 0.599 99 0.001 6
13 0.61 0.605 79 0.689 8
14 0.62 0.609 70 1.660 9
15 0.63 0.612 84 27235
16 0.64 0.615 56 3.818 5
17 0.65 0.617 77 4.9579
18 0.66 0.619 81 6.089 3
19 0.67 0.621 66 7.214 4
20 0.68 0.623 50 8.309 2

21 0.69 0.625 25 9.384 0
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Table 3 The identified results

error level 6 /% the corresponding parameter &, /m
0 [0.525 41,0.576 20,0.524 89,0.544 12,0.514 53,0.529 19,0.529 58,0.565 94,0.486 45,0.548 11,0.530 33,0.578 421"
1 [0.546 53,0.562 76,0.541 14,0.556 05,0.541 27,0.572 85,0.537 73,0.565 71,0.520 06,0.556 62,0.545 09,0.564 277"
2 [0.534 33,0.564 35,0.542 28,0.538 52,0.550 63,0.535 66,0.548 13,0.564 59,0.509 82,0.551 63,0.532 63,0.576 501"

3 [0.530 88,0.504 95,0.513 75,0.539 59,0.534 85,0.536 71,0.550 55,0.534 37,0.550 73,0.573 37,0.563 28,0.564 127"
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Fig. 16 The calculated magnetic potential contours with different pipeline inner wall geometries
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