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Study on Hysteretic Characteristics of Piezoelectric Fast Steering Mirror

in Frequency Response
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Nonlinear hysteresis effects in piezoelectric fast steering mirrors (FSMs) are major culprits of deteriorating the servo
performance and reducing the robustness of a control system. In order to compensate for such nonlinearities, this paper
presents an identification and compensation method of piezoelectric hysteresis using frequency response measurements.
The relationship between hysteresis curves and frequency response was analyzed using various amplitudes of input
voltage and measured output displacements. Results proved that hysteresis curves could be reconstructed based on
frequency response measurements. By utilizing an inverse function from reconstructed hysteresis curves, parameters for
the compensation model were identified. Experimental results showed that the maximum range of output displacement at
the nominal position due to hysteresis was significantly decreased by 76% when the hysteresis model identified by the
proposed frequency-domain method was used. In addition, the compensated frequency response showed consistent
results regardless of input amplitudes, implying that linear dynamics of the piezoelectric FSM could be separately

measured.
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(a) Experimental setup of piezoelectric fast steering mirror

Zero displacement
(offset =75 V)
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(b) Schematic working principle of piezoelectric fast steering mirror
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(c) Control principle with 3 driving channels for 2-DOF tip/tilt
motion in the piezoelectric fast steering mirror

Fig. 1 Experimental setup and working principle of piezoelectric
fast steering mirror
Table 1 Specification of Piezo-FSM and voltage amplifier

Piezoelectric FSM (Coremorrow, S37.T4SF)
6.2 mrad (£3.1)

Max. tip/tilt angle

Resolution 0.04 urad
Unloaded resonance frequency 6 kHz
Platform length 46 mm
Mover diameter 21 mm

High-voltage amplifier (E01.D3)

Output voltage 0-150 V
Peak current 1A
Bandwidth >20 kHz
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Fig. 2 Measured hysteresis curve by using input sine waveform
with various amplitudes where V,,, indicates the peak-to-peak
voltage amplitude
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(a) Output angle and its fundamental harmonic from input sine wave
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(b) Hysteresis and fundamental harmonic curve in input-output plane

Fig. 3 Measured steady-state response from input sine wave and
fundamental harmonic of corresponding output waveform
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Fig. 4 Measured frequency responses with varying input levels
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Fig. 5 Schematic block diagram of FSM plant and inverse
hysteresis compensation by using PI model
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(b) Offset version of reconstructed curves

Fig. 6 Reconstructed curves by using measured frequency
responses
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Fig. 7 Schematic of parameter identification process for inverse
hysteresis PI model

Table 2 Identified parameters of PI model

Index Threshold (S) Weight (w)
1 ov 1.5412
2 15V -0.0272
3 3V -0.0172
4 45V -0.0343
5 75V -0.0553
6 12V -0.0674
7 225V -0.1074
8 45V -0.0837
9 75V -0.0516
10 105V -0.0364
11 135V -0.0082
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(b) Compensated frequency responses

Fig. 8 Measured frequency responses using hysteresis compensation
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Fig. 9 Measured hysteresis curve using hysteresis compensation
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