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Abstract Based on the fiber network built by fiber Bragg grating (FBG), the PSO algorithm combined with the
least squares support vector machine (LSSVM) was applied to the damage identification problem of 304 steel plate.
Information feature of FBG center wavelength variation was used as input quantity and the damage location of steel
plate structure was used as output quantity. LSSVM-based damage identification prediction model was constructed.
The model was compared with the back-propagation (BP) neural network prediction model constructed under the
same conditions. Damage location of steel plate structure was identified by kernel parameter ¢ and regularization
parameter ¥ of LSSVM damage identification model, which was optimized by PSO algorithm. In the experimental
area of 300 mm X300 mm X1 mm steel plate, 34 groups of samples were tested for damage location identification.
The results show that the injury position of 33 groups is accurately identified in the 34 samples, and the accuracy
rate is 97.06% . The PSO-based LSSVM damage prediction model has a self-diagnostic function.
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Fig. 1 Steel plate damage location identification system diagram
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Table 1 FBG sensor center wavelength

FBG No. x-axis location /mm  y-axis location /mm  Center wavelength A /nm  Grating length /mm Reflectivity /%

1 50 50 1529.76 10 =96
2 150 50 1532.94 10 =96
3 250 50 1534.38 10 =96
4 50 150 1535.38 10 =96
5 150 150 1537.56 10 =96
6 250 150 1540.64 10 =96
7 250 250 1542.50 10 =96
8 150 250 1545.24 10 =96
9 50 250 1549.02 10 =96

0 200.00 /mm y«—I
[ S |
100.00 ¢

2 JmE 6 N Iy 4K A o3 A

Fig. 2 Strain distribution of structure under 6 N force
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Table 2 Sample data for network training

FBG center wavelength change AA /pm Location /mm

No. 1 No. 2 No. 3 No. 4 No. 5 No. 6 No. 7 No. 8 No. 9 x axis  y axis
—12 23 70 10 0 —1 3 6 17 40 20
—14 35 72 12 5 —1 —1 12 23 60 40
1 22 38 0 —2 —13 —1 28 21 60 100
8 30 30 1 —4 —17 —2 27 23 80 120
15 22 24 —10 —11 —28 —7 24 20 100 140
18 15 22 —4 —6 —24 —10 34 22 120 180
24 10 17 25 23 11 23 131 33 140 240
26 20 23 —38 6 —10 —6 60 21 160 200
31 18 19 2 5 4 5 74 20 180 220
21 12 17 19 33 36 46 88 14 200 260
20 11 17 11 21 23 42 60 11 220 260
8 10 19 16 28 19 90 46 13 240 280
33 31 13 —2 7 12 16 17 25 260 200
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Table 3 Predictive results of BP and LSSVM

Algorithm Maximum distance error /mm Variance of the distance error Sample forecast rate /%
BP 39.82 9.23 88.24
LSSVM 38.73 8.71 94.12
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Table 4 Comparison of LSSVM and PSO-LSSVM predictive results

Algorithm Maximum distance error /mm Variance of the distance error Sample forecast rate /%
LSSVM 38.73 8.71 94.12
PSO-LSSVM 29.29 7.44 97.06
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