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Model-based Hysteresis and Cross-coupling Compensation for Precision
Control of Piezoelectric Fast Steering Mirror
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This paper presents model-based hysteresis and cross-coupling compensators designed for precise control of a
piezoelectric fast steering mirror (FSM). The hysteresis compensators are developed by inversely modeling the variation in
the force constant relative fo various excitation voltages, enabling the system to maintain linear response characteristics
across a broad range of input amplitudes. The cross-coupling compensator is formulated by creating a decoupling matrix
that cancels out coupling effects, generating signals of equal magnitude and opposite phase for each axis. The
implementation of these compensators reduces the hysteresis band and magnitude uncertainty in the FSM dynamics by
over 89.6% and 74.2%, respectively, while also significantly suppressing cross-coupling effects by more than 85.5%.
Furthermore, the performance of the proposed compensators is validated in a closed-loop control system, demonstrating a
notable reduction in cross-axis vibrations and improved tracking performance in response to step reference inputs and high-
frequency sinusoidal trajectories.
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Fig. 1 (a) Experimental testbed for the precision measurement and
control of the FSM Plant and (b) Physical signal wiring
between the DAQ system and the FSM plant
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Table 1 Specifications of FSM plant and DAQ system

Piezoelectric FSM (Coremorrow, S37.T4SF)

Moving range +3.1 mrad
Unloaded resonance frequency 5.9 kHz
Capacitance 72 ny
Piezo amplifier (Coremorrow, E00.D3)
Input voltage range +5 \%
Output voltage range +75 v
Voltage amplification ratio 15 VIV
Bandwidth >20 kHz
Sensor signal sensitivity 1.626 V/mrad
Peak current 1 A
DAQ system (National instruments, NI 7856R)
Analog I/O voltage range +10 v
Analog I/O sampling rate 1 MHz
Analog I/O resolution 16 bit
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Fig. 2 Hammerstein-Wiener structure of the FSM plant, consisting
of static nonlinear hysteresis in each axis and linear dynamics
of the flexure hinge with cross-coupling effects
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Fig. 4 Frequency response of the tip axis (a) without and (b) with
hysteresis compensator
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