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Neural Network Model for the Dynamic

Hysteresis Based on the Expanded
Input Space

ZHANG Xin-Liang! = TAN Yong-Hong?

Abstract To solve the problem that the neural networks can-
not directly approximate the nonlinear hysteresis which is char-
acterized by multi-valued mapping, a new expanded input space
is proposed in this paper. A dynamic hysteretic operator is con-
structed to represent the rate-dependent characteristic of the
dynamic hysteresis. Then with the introduction of the input
variable, input change-rate and dynamic hysteretic operator, a
new expanded space is constructed. Hence, the multi-valued
mapping of the dynamic hysteresis can be transformed into a
one-to-one mapping on this expanded input space. Then, the
neural networks are implemented for the identification of the dy-
namic hysteresis based on the proposed expanded input space.
The proposed model is simple in structure and available for on-
line updating to adapt to the environmental changes. Finally,
the application of the proposed approach to the identification of
a piezoelectric actuator is presented.

Key words Hysteresis, multi-valued mapping, rate-
dependence, dynamic hysteretic operator, neural networks
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Fig.1 The dependence of hysteresis on the input change-rate
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Table 1  Performance comparision of neural networks with
different numbers of hidden nodes
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