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Hybrid modeling of spherical robot based on

NARX dynamic neural network

Luo Wenlong, Zhang Zheng, Fu Yongpeng, Zhang Junsheng, Liu Sixian
(School of Information Science and Engineering, Wuhan University of Science and Technology, Wuhan 430081 )
Abstract

Spherical robot has the characteristics of underactuation, non-holonomic constraint, complex mathematical
model, etc. In order to solve the problem that it is difficult to establish accurate mathematical model, a hybrid
modeling method based on nonlinear auto-regressive with exogeneous inputs ( NARX) dynamic neural network data-
driven modeling is proposed. Firstly, based on the spherical robot platform, Lagrange equation is used to establish
its dynamics model. Then, aiming at the modeling deviation caused by mechanism assumption and nonlinear pro-
cessing, a adaptive wavelet packet denoising ( AWPD) algorithm and a data-driven modeling method based on
NARX dynamic neural network are designed. By adopting the adaptive threshold function strategy, the threshold
value of AWPD algorithm can be adjusted adaptically according to the noise distribution law of each layer to improve
the noise reduction effect of data. Meanwhile, the data-driven model of spherical robot is established by using
NARX dynamic neural network. On this basis, the dynamic model and data-driven model are combined to build a
hybrid model of spherical robot. Finally, the experimental results show that the hybrid modeling method designed in
this paper has stronger data denoising ability, higher modeling accuracy and generalization ability compared with
the traditional mechanism modeling and data-driven modeling methods.
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