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Design of FBG tactile sensing unit based on graphene-silicone
composite packaging

Sun Shizheng, Chen Shengkang, He Jiang, Dong Shaojiang
(School of Mechatronics and Vehicle Engineering, Chongqing Jiaotong University, Chongqing 400074, China)

Abstract: The level of refined operation of a robotic hand depends on its fingertip tactile perception performance. To enhance the tactile
perception performance of FBG-based robotic fingertips, a diagonal cross-shaped FBG tactile perception unit was developed, featuring a
flexible packaging structure composed of a graphene-silicone composite material. This design addressed key challenges such as poor
thermal conductivity and the cross-sensitivity between contact force and contact temperature commonly observed in conventional FBG soft
perception units. To resolve the coupling issue between force and temperature, a decoupling method based on an Osprey optimization
algorithm optimized convolutional neural network (OOA-CNN) was proposed. First, simulation analyses were conducted to compare the
temperature response and strain response of FBG sensors embedded in graphene-silica gel composite packaging versus pure silica gel
packaging. Then, experimental analyses were performed to investigate the impact of different graphene mass fractions (1%, 1.5% , 2%,
2.5%, and 3% ) on the thermal conductivity of composite materials. Using a three-fingered robotic hand, fingertip perception
experiments were carried out to evaluate the sensitivity of the FBG tactile perception unit to both contact force and contact temperature.
Finally, coupled analysis was performed on the composite perception data of contact force and temperature. The decoupling performance
of the proposed OOA-CNN model was validated through comparative experiments against a standard CNN model and a least squares
method. Simulation and experimental results show that incorporating 1. 5% mass fraction graphene as a thermally conductive filler in the
silicone matrix significantly enhances its thermal conductivity while preserving the FBG's tactile sensing performance. The FBG tactile

unit exhibited a sensitivity of 31.281 pm/N to contact force and 10. 787 pm/C to contact temperature. Furthermore, the OOA-CNN

W ks B #9.2025-03-21 Received Date: 2025-03-21
« FOTH, EIRH HARB AL 05 & RS L4 W H (CSTB2023NSCQ-LZX0081) IR # & Z 2R #H AR5 W H (KJZD-
K202200705) | H BE i ARG -5 N & 8 % 50 8 KI5 H ((CSTB2023TIAD-STX0016) %5 B



545

PIMIEEL 45 . 36T 0 8805 - A B PR FBG i st UM B C B0 41

decoupling model has a better decoupling effect compared to the least squares method and the CNN decoupling model, with an average

absolute error reduction of 40. 73% for contact temperature and 41. 33% for contact force.

Keywords : FBG; machine fingertips; tactile sensing; OOA-CNN decoupling model
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Fig. 1 Schematic diagram of the FBG sensing
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Table 2 Comparison of contact temperature decoupling

effect predicted by different models

3 MAE MSE RMSE MAPE
e 37 1.240 4 2.027 4 1.4239 0.044 3
CNN 1.133 6 1.944 6 1.394 5 0.0322
OOA-CNN 0.7352 0.888 0 0.942 3 0.0212

R3 AEEE R EBERI
Table 3 Comparison of contact force decoupling effect

predicted by different models

A MAE MSE RMSE MAPE
/N3 0.5512 1.310 8 1.144 9 0.176 5
CNN 0.419 3 0.375 1 0.6125 0.1158
00A-CNN 0.323 4 0.2112 0.4596  0.099 4
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