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1 Abstract

The piezoelectric stacks (PS) are widely used in high-
precision control system due to their pushing force capabil-
ities, fast responses and high positioning accuracies. In this
study, we establish a Luenberger-wise observer for compen-
sating the hysteresis effect in PS actuator, and an observer-
based robust controller.

2 Problem statements

Strong hysteresis nonlinearity which carried by piezoelec-
tric materials inevitably compromises the performance of
the PS. Specifically, hysteretic effect may induce 10%⇠15%
positioning error at low frequency for open-looped systems,
and error is even larger at high frequency.
For depicting the characters of PS system, many mathematic
models have been made. The classical Bouc-Wen hysteresis
model was modified by[Wen (1976)]. The model contains
two sets of differential equation to describe the relationship
between input driving voltage u(t) and displacement x(t) of
the actuator, it can be stated as follows

mẍ(t)+bẋ(t)+ kx = k[du(t)�h(t)] (1)

ḣ(t) = adu̇(t)�b |u̇(t)|h(t)� g u̇(t)|h(t)| (2)

The block diagram of the observer-based compensation sys-
tem is shown in Figure 1. Within this framework, the
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Figure 1: The Framework of the observer-based compensation
system

hysteresis observer proposed is given by
8
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ẋ (t) = T ÃX̃(t)+T B̃ū(t)+ |u2(t)|T M1X̃(t)

+u2(t)T G|X̃(t)|+L[y(t)� ˆ̃CX(t)]
ˆ̃X(t) = x (t)+Ny(t)

(3)

and the robust controller is given by

u(t) =k�1{�k1[z2(t)� k3z1(t)]�A1[z1(t)+ r(t)]

�A2[z2(t)+ ṙ(t)� k3z1(t)]� f̆sgn[s(t)]+ r̈(t)
� k3ż1(t)� k2[s(t)+ k4sgn(s(t))]}.

(4)

The experiment platform and the control performance are
shown in Figure 2 and Figure 3.

Figure 2: Experimental platform
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Figure 3: The output of the PS actuator
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