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Abstract; For problems of poor linearity and too many inter-dimensional coupling errors of a four-point
supporting piezoelectric six-dimensional force sensor, the decoupling algorithms based on Redial Basis
Function (RBF) neural network were proposed. Main factors to produce coupling errors were
analyzed and the RBF neural network was established. The six-dimensional force sensor was
calibrated experimentally to obtain experimental data for decoupling, and the data were processed by
the nonlinear decoupling algorithm based on RBF neural network. Then the mapping relation between
input and output was acquired by decoupling and the decoupled data from the sensor was obtained.
These data were analyzed, and the result shows that the biggest class I error and class [[ error by the
proposed nonlinear decoupling algorithm based on RBF neural network are 1. 29% and 1. 56%

respectively. The experimental analysis shows that it will effectively reduce the class | errors and the
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class Il errors through nonlinear decoupling algorithm based on RBF neural network, and meets the

requirements that the two kinds of error indicators of the sensor should be less than 2%. The proposed

algorithm improves the measuring accuracy of sensors and overcomes the difficulty on decoupling.

Key words: six-dimensional force sensor; piezoelectric sensor; Radial Basis Function (RBF) neural

network; decoupling algorithm
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Fig. 1 Photo of six-dimensional force sensor
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Fig. 2 Measuring performance of the F, before decoupling
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Fig. 3 Measuring performance of the F, before decoupling
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Fig. 4 Measuring performance of the F. before decoupling

%25 %
1 000,
500} e
gt ;
= _sppl0 100 200 300 400 500 600
~ 1000 "y i
e I e — UF,
=-13500f - UF,
= —2000} §i8 E‘:";
-2 500} ~__ |-—uM
-3 000+ * =W
-3 500° MJ/(N = m)

PS5 fREHTZ R A M, Bl e

Fig. 5 Measuring performance of the M, before decoupling
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Fig. 6 Measuring performance of the M, before decoupling
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Fig. 7 Measuring performance of the M. before decoupling
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Fig. 8 RBF neural network model of the sensor
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Fig. 9 Training error curve of RBF neural network model
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Fig. 10 Measuring performance of the F, after RBF decoupling
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Fig. 11 Measuring performance of the F, after RBF decoupling

25 000 [ [==F
~—UF,
20 000 f |- s

— UM, bl
15000 H . af g
%- —— UM, //
L 10000 H__ ] e

Stk ‘//

0 5000 10 000

-5 000 FIN

15000 20000 25000

&l 12 RBF ff#55 B 26 Fo vk g
Fig. 12 Measuring performance of the F. after RBF decoupling
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Fig. 13 Measuring performance of the M, after RBF decoupling
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Fig. 14 Measuring performance of the M, after RBF decoupling
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Fig. 15 Measuring performance of the M. after RBF decoupling
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