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Abstract Micro-actuators play a crucial role in achieving ultra-precision motion in the field of semiconductor e-
quipment due to their exceptional response characteristics and micro-nano step size. However, nonlinear charac-
teristics such as hysteresis and creep significantly limit the improvement of accuracy and stability. Traditional
modeling methods suffer from issues like high computational cost, complex models, and inability to directly ob-
tain inverse models. To overcome these challenges, this study introduces the sparse identification of nonlinear
dynamics (SINDy) algorithm for optimizing parameter adaptation of model expressions and enhancing modeling
accuracy. Firstly, an orthogonal candidate database of nonlinear elements is established using the SINDy algo-
rithm. Then, sparse regression operators are combined with regularization to penalize the constructed model, re-
sulting in a simplified framework expression that includes input and output variables. In order to address overfit-
ting caused by decreased accuracy during sparse punishment in SINDy algorithm, this paper proposes an im-
proved particle optimization algorithm with enhanced inertia weight inspired by cycloidal principle for parameter
optimization on the framework expression of SINDy model. Experimental results demonstrate superior
performance of the improved SINDy algorithm which not only reduces modeling costs and complexity but also

significantly improves fitting accuracy compared to existing methods.
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Fig. 8 BCPSO-SINDy hysteresis model for PIA

% 2 PIA 9 BCPSO-SINDy & &

Table 2 BCPSO-SINDy model for PIA
Bk P-1 SINDy BCPSO-SINDy
¥ 75 25 /pm 0.001 4  0.0039 0.001 0
WRIRZE/pm 0.056 7  0.020 4 0.010 2
X R2E/ % 2.2780  0.817 9 0.409 0
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Fig. 10 BCPSO-SINDy Hysteresis model for MSA(1 A@20 Hz)
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Table 4 BCPSO-SINDy model for MSA(1 A@20 Hz)

Bk Bouc-Wen  SINDy BCPSO-SINDy
¥1Jr 2% /pm 0.0021  0.0655 0.002 0
R/ pm 0.1552  0.176 4 0.138 2
AHXT R 22/ % 2.1275  0.0450 0.0316
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&5 MSA B BCPSO-SINDy # 8 (3 A@20 Hz)
Table 5 BCPSO-SINDy model for MSA(3 A@20 Hz)

RS Bouc-Wen  SINDy BCPSO-SINDy
)5 %/ pm 0.007 9  0.342 0 0. 006 7
BKIRZE/ pm 0.5138  0.6909 0.311 1
AHXT R 22/ % 1.836 0  0.344 3 0.778 6

&6 MSA H BCPSO-SINDy # 8 (5 A@20 Hz)
Table 6 BCPSO-SINDy model for MSA(5 A@20 Hz)

Bk Bouc-Wen SINDy BCPSO-SINDy
Y105 2%/ pm 0.024 6  1.0931 0.009 6
BRIR2E/ pm 1.1350  3.0279 0.245 3
AHXT IR 22/ % 2.5898  0.4509 0.061 3
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