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Abstract Considering the problem of low fusion accuracy of multi-sensor pipeline defect detection data, a data fusion
method of multi-instrument pipeline defect detection is proposed, which combines the improved bird swarm algorithm (IBSA)
with the weighted regularized extreme learning machine (WRELM). First, pipeline defect data are collected using
electromagnetic ultrasonic guided wave testing equipment, magnetic flux leakage testing equipment, and eddy current testing
equipment. The Gaussian kernel function sample weight matrix and the regularization parameter are subsequently introduced
into the extreme learning machine, and the WRELM data fusion model is established. The bird swarm algorithm is then
optimized by introducing chaotic variables and Gaussian perturbations, which optimizes vigilance behavior and changes the
step factor in the flight behavior. The IBSA is used to optimize the connection weight between the input layer and the hidden
layer and the bias of the hidden layer of WRELM. Finally, the data fusion platform for multi-instrument pipeline defect
detection is utilized for experimental analysis. The experimental results show that the error of the multi-instrument pipeline
defect data fusion model using the IBSA to optimize the WRELM is the smallest at just 2.33%. The fusion accuracy of
multi-instrument pipeline defect data is effectively improved.
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F1 Ko

Table 1

Test data

Electromagnetic ultrasonic

Magnetic flux Eddy current

No. Parameter Standard defect /mm )
guided waves output /mm leakage output /mm output /mm

Location x 35.63 35.63 35.72 35.78

Location y —59.47 —59.41 —59.27 —59.45

1 Size a 1.64 1.71 1.67 1.60
Size b 1.12 1.12 1.11 1.22

Size ¢ 1.34 1.31 1.40 1.34

Location x 22.70 22.84 22.86 22.73

Location y 22.87 22.87 22.89 22.00

2 Size a 0.57 0.77 0.75 0.52
Size b 1.50 1.44 1.54 1.33

Size ¢ 1.97 1.92 2.01 2.14
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Fig. 8 Error comparison diagrams. (a) Error of coordinate axis x; (b) error of coordinate axis y; (c) error of defect size x;
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Table 2 Average relative error of fusion data

Data fusion Locationx /% Locationy /% Sizex /%  Sizey/% Sizez /%  Error of fusion algorithm /%
IBSA-WRELM 1.21 4.10 3.10 4.20 2.72 2.33
BSA-ELM 25.09 13.74 43.75 69.01 34.69 37. 26
PSO-ELM 12.32 10. 97 18.61 11.42 9.65 12.59
ELM 34.71 22.41 42.87 71. 36 70. 04 48. 28
D-S NN 22.17 12. 37 20.76 14.52 18.19 17. 60
F-CONFIS D-S NN 8. 57 5.82 7.87 10. 28 7.61 8.03
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