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Soft sensor model of bending angle integrated mechanism
and data for soft gripper

Qiao Jinghui Li Hongda Chen Yuxi Zhang Yan

(School of Mechanical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract: Due to the strong nonlinearity of material used in soft gripper, it is difficult to establish a precise mechanism model for
measuring the bending angle of the soft gripper. To address this challenge, a mechanism and data-driven soft sensor model for the
bending angle of the soft gripper is proposed. The model consists of a mechanism model and an adaptive block increment stochastic
configuration networks ( ABSCN) compensation model, which includes information scent evaporation and inertia weights. The mechanism
model parameter is identified using least squares, and ABSCN is used to predict compensation for high order unmodeled dynamics. By
adaptively optimizing the number of incremental block configurations in block incremental stochastic configuration networks (BSC) , the
compactness of the model is improved, and the training time is reduced. Finally, through simulation experiments and comparison with
real data using a hybrid model, it is shown that the proposed method significantly improves the accuracy.
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Fig. 1 Structure diagram of the finger of the soft gripper
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Fig.2  Structure diagram of the soft gripper
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Fig.3 Mechanism and data-driven modeling
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Fig.4 Diagram of the bending angle of the soft gripper
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Fig. 5 Bending force analysis of the soft gripper
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Table 2 Dataset properties

igiE WA premh FEALL fE5%
DB1 8 1 4177 [ 5
DB2 9 1 1 461 [=] )5

FEHE sigmoid FREL g(x) = 1/(1 +exp( -x)) 1EHN
PRRR AR 3 1Y) B J2 00 pR B, B 3H T MR R 22 ((root
mean square error, RMSE ) YE MM IE M2 /b ERE, &
PRUREL k75 580 L RMSE 1735 {5 ANy 2238 31 50 1
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Table 3 Performance comparison of ABSCN,
BSC-II and SCN-III

ik Hek/h L k RMSE
SCN-III 1 64.52 64.52 0.003 5
5 75.28 32.42 0. 003 8

BSC-II
10 81.50 25.48 0.004 0
1 62.34 62.34 0.004 1
ABSCN 5 68. 86 45.92 0.004 3
10 70. 42 44.04 0.003 9

y(x)=0. 26_“0"_4)2 + 0. 56_(8%_40)2 +
0.3 "% < [0,1] (44)
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Table 4 Comparison of training time of ABSCN, BSC-II and SCN-III

YIZRI E)/s

N =] i o K
(=R He AN T, o (R R D o) ® o) ®

100 47.502 202 48. 666 121 47. 189 726 47.757 902 47.124 154

SCN-II ! 200 97. 446 230 96. 295 799 99. 198 626 97.211 847 99. 305 783

100 28.553 037 26.979 410 26. 919 008 27. 940 898 30. 061 658

BSCLIT > 200 53.713 878 56.789 547 53.610 142 49.765 161 54.482 982

100 22.527 088 23.055 879 22.593 667 23.445 701 23.704 128

10 200 46. 573 233 43.515 874 47.445 315 44. 842 593 41. 231 447

100 29. 368 039 29. 675 067 28.356 679 28.315 502 28.593 341

! 200 46.063 167  46.039 640  45.109 130 43.579 167 49. 470 932

100 24. 174 796 24. 808 757 24.448 711 22. 665 860 23.169 461

ABSCN 3 200 34. 892 347 35.423 113 36. 186 934 36.701 384 35.256 110

o 100 22.754096  21.500 974  23.028 857 21. 386 396 22.926 908

200 36.963 383 37.833 821 37.116 941 36.268 108 35.252 314
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A (e =0.072.e, =0.018),
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A X T SCN-TIL AR A | A AR B 2215 s B0 BSC-11 il
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Table 5 Comparison of training performance on ABSCN, BSC-II and SCN-III benchmark datasets

) Ty (KRR NN T CROKBLEL \ i
HHEE B b - L Bl EE B - Lo IR
wHO Jil/s WED
100 62.86  89.699 100 32.42 10. 651
SCN-III 1 SCN-III 1
200 60. 18 157.32 200 31.44 23.310
5 100 69. 56 53. 896 5 100 35. 88 7. 668
200 66.20  83.893 200 34.52 9.369
BSC-II BSC-II
10 100 75.00  38.303 10 100 43. 88 3. 062
200 70. 44 61. 839 200 41. 56 4.670
DB1 DB2
1 100 69. 62 36. 659 I 100 35. 80 4. 495
200 66.68  47.438 200 33.28 6.215
100 69. 96 35. 655 100 36. 20 4. 199
ABSCN 5 ABSCN 5
200 66. 76 47. 117 200 33. 84 5. 687
10 100 70. 62 33.978 10 100 37.72 3.516
200 67.52  41.839 200 36.08 4.733
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0 02 04 06 08 10

RMSE
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-0.62360.114 2}T,D =[1.276 - 2.2220. 654 0.244 7 (a) BLELE etk
0.049 951" . (a) Approximation characteristic of model
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Fig. 8 Approximation characteristics and convergence
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