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Research on tactile perception of machine fingertip based on FBG

Sun Shizheng,He Jiang, Qin Hongyu, Xu Xiangyang, Chen Renxiang

(School of Mechatronics and Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract:In order to improve the sensitivity and accuracy of the tactile perception of the fingertip of the machine, based on the analysis
of the mechanism of the fingertip tactile perception machine, a feature-separated double-layer “cross” -type FBG tactile sensing unit was
designed, and finite-element simulation analysis was carried out, and calibration experiments and grip sensing experiments were carried
out for the sensing unit. Based on the composite perception of contact temperature and grip force, a coupling analysis was carried out,
and a decoupling method based on whale optimization algorithm for optimising back propagation neural network ( WOA-BPNN) is
proposed. The experimental results show that the contact temperature sensitivity of the FBG sensing unit is 11. 255 pm/°C, and the grip
force sensitivity is 17. 342 nm/MPa; the average absolute error of the contact temperature of the WOA-BP decoupling model is reduced
by 72.53% , and the average absolute error of the grip force is reduced by 68. 55%.
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Fig. 1 The fiber Bragg grating sensing principle
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Fig.4 Force simulation analysis
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Table 1 Comparison of temperature decoupling effect

predicted by different models

A MAE MSE RMSE MAPE/%
FRAHT 1.724 9 4.1522 2.037 7 10. 062 3
BP 0. 696 9 0.684 5 0.827 4 2.660 3
WOA-BP 0.473 8 0.3459 0.588 2 1.5102
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Table 2 Comparison of force decoupling effect predicted

by different models

A MAE MSE RMSE MAPE/%
f AT 0.398 7 0.210 7 0.459 0 13.635 6
BP 0.2517 0.099 1 0.3149 9.395 5
WOA-BP 0.125 4 0.028 1 0.167 7 2.9722
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YXFTRZEW/N T 50. 19% , SFHERTAH L, WOA-BP fif##
AR (1032 ik YL - 1 4 X DR 220N T 72, 53% |, 3R g °F
WU IR /N T 68.55%
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SHIE S B T R T WOA-BP #4545 () fift 45 5
2L A5 AU, FBG i i SR R, 2 ek VR B R U
11.255 pm/C ,JU4E J1 RELE N 17. 342 nm/MPa, F 5K
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