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Abstract

Research on Hysteresis Characteristics of Pneumatic Arm for Pneumatic Artificial Muscle Robot: Modeling and
Error Analysis Based on RBFNN and DRNN

Driven by the advantages of flexible actuation, the pneumatic artificial muscle drive system has broad application
prospects in the field of rehabilitation robots, yet the inherent hysteretic nonlinearity of the system seriously
impairs the control accuracy. Focusing on this problem, this paper conducts research on how to establish an
accurate mathematical model for characterization.

To accurately represent the hysteresis characteristics, this paper describes the complex hysteretic nonlinearity of
the pneumatic actuator based on the Nonlinear Auto Regressive Moving Average Exogenous (NARMAX) model.
To address the problem of a large number of to-be-identified parameters in the NARMAX model, the Diagonal
Recurrent Neural Network (DRNN) and Radial Basis Function Neural Network (RBFNN) are combined to identify
the parameters of the NARMAX model, thereby establishing a NARMAX hysteretic nonlinear model with high
modeling accuracy. Simulation results show that the NARMAX model identified based on neural networks can
effectively describe the hysteretic nonlinear characteristics of the pneumatic artificial muscle actuator, which
verifies the feasibility and effectiveness of the proposed model.

Firstly, the input and output data of the system under different air pressures, loads and input frequencies are
collected through the experimental platform, and the PLAY hysteresis operator is constructed as an exogenous
variable integrated into the NARMAX model to enhance the model's ability to describe the hysteretic memory.
Secondly, taking advantage of the dynamic recurrent characteristic of DRNN and the local approximation
advantage of RBFNN, the high-dimensional nonlinear parameters of the NARMAX model are identified
respectively. Among them, DRNN realizes real-time parameter update via the gradient descent method, and
RBFNN optimizes the basis function parameters through two-stage learning. Finally, the model performance is
verified by simulation experiments.Both models can accurately capture the hysteretic nonlinear characteristics of
the pneumatic artificial muscle drive system, providing a reliable model support for the design of high-precision
control strategies in the follow-up research.
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