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Terminal analysis of flexible FBG shape reconstruction
based on ELM algorithm

Wang Yan,Zhu Wei, Wang Junliang, Xu Haoyu, Xu Shao

(School of Electrical and Information Engineering, Anhui University of Technology, Ma'anshan 243000, China)

Abstract: To improve the end precision of fiber Bragg grating ( FBG) flexible structure by using the orthogonal curvature 3D
reconstruction method, a mapping relationship is established in the reconstructed curvature end coordinates and actual spatial coordinates
through neural network. Firstly, the model of polyurethane glue rod is established by COMSOL simulation software. Two fiber Bragg
grating strings are orthogonal arranged with 8 gratings, and a dynamic coordinate system is established by the recursive angle algorithm
for three-dimensional reconstruction. The reconstructed end point coordinates are trained by back propagation (BP) neural network and
extreme learning machine (ELM) neural network. The results show that the average training errors of BP neural network and ELM neural
network are 0.443 6 and 0.008 2, respectively. Finally, an experimental platform is established to reconstruct the shape of the
polyurethane glue stick under stress, and it is substituted into the ELM model for training. The correlation coefficient R* of the training
results is 0. 985 8, and the root mean square error is 1. 363 0, which effectively improve the precision of the end coordinates of the shape
reconstruction compared with the BP neural network.
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Fig. 1 Recurrence formula of spatial curvilinear coordinates
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Table 1 Material model parameters
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Fig.2 Simulation diagram of tubular C-type deformation
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Fig. 3  Simulation diagram of tubular S-type deformation
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Table 2 Field point probe stress value
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1-20 1. 17x10° 2.35x10° 3.52x10° 4. 69x10° 5.86x10°
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Fig. 4 Space fitting diagram of different forces
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Table 4 FBG linear fitting relationship

g Hul K/ nm A I R*
1 530.001 28 y=13.31x-2.7 0.997 0
1 535.208 12 y=7.195x+12. 36 0.998 1
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1 539.939 03 y=13.71x+4.923 0.993 2
1549.018 35 y=14.44x-5.538 0.9955
1543.072 98 y=18. 46x-8. 05 0.993 1
1 549. 632 96 y=6.945x+33. 96 0.992 9
FBGs-2
1 554. 830 47 y=11.58x-3. 186 0.999 4
1 560. 102 19 y=14.71x-13.75 0.994 6
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