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Abstract: To address the issue of decreased force measurement performance in piezoelectric six-
dimensional force/torque sensors due to inter-dimensional coupling, a decoupling algorithm for
piezoelectric six-dimensional force/torque sensors based on long short-term memory neural network
(LSTM) is proposed. Firstly, experimental data needed for the decoupling algorithm is obtained
through static calibration experiments of the six-dimensional force sensor and processed accordingly.
Then, by analyzing the causes of inter-dimensional coupling in sensors and the decoupling principle of the
LSTM neural network, an LSTM neural network decoupling model is constructed. Finally, the
decoupling algorithm based on the LLSTM neural network is used to optimize the multi-dimensional

nonlinear characteristics of the sensor output, obtaining the mapping relationship between sensor
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inputs and outputs after decoupling, and corresponding output data. A comparative analysis is

conducted with radial basis function (RBF) and least squares (L.S) decoupling algorithms. The

research results show that the maximum repeatability error of the four-point supported piezoelectric

six-dimensional force sensor is 1. 55%. After utilizing the LSTM-based neural network algorithm

for decoupling, the maximum nonlinear error and cross-coupling error of the sensor output results

are 0. 55% and 0. 28% respectively, both lower than those of the RBF and LS algorithms. The

LSTM neural network decoupling algorithm effectively reduces inter-dimensional coupling in the

six-dimensional force/torque sensor, improving measurement accuracy and holding important

implications for the development of the aerospace industry.

Keywords: six-dimensional force/torque sensor; piezoelectric sensor; decoupling algorithm; long

short-term memory neural network; interdimensional coupling
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Fig. 1 Force measuring crystal group diagram
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Fig. 2 Physical picture of four-point support piezoelectric

six-dimensional force/torque sensor
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Fig. 3 Calibration experiment of six dimensional force sensor
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