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Abstract: To address the issues of insufficient accuracy. operational complexity, and the high cost of
popularizing precision calibration methods for micrometer-level precision motion stages in lithography and
similar precision equipment, a cost-effective visual calibration method was proposed based on adaptive gra-
dient Zernike moments( A-Zernike moments). First, initial edge points were screened based on the morpho-
logical features of the target. Adaptive extraction of sub-pixel edges was then achieved through a linear gra-
dient model, gradient sampling, and Gaussian fitting, thereby accurately obtaining the target center posi-
tion. Subsequently, by analyzing the variation patterns of errors, an association model was established be-
tween system parameters and changes in target position to realize multi-parameter integrated calibration.
Finally, based on the calibration results, a conversion relationship was constructed between image coordi-
nates and stage displacement to accomplish the calculation and compensation of positioning errors. Experi-
mental results show that the edge detection accuracy of the A-Zernike moment method is improved by
47.41% compared with traditional methods. and the maximum positioning error of the stage is reduced
from 15. 601 pm to 0. 783 pm after calibration. The proposed method significantly enhances the calibration
efficiency and reliability of micrometer-level motion stages.

Key words: precision motion stage; adaptive gradient Zernike moment; error calibration; visual mea-
surement; integrated calibration
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Fig.1 Visual calibration system of precision motion
stage positioning error
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Fig.2 Target contour extraction process
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Fig.3 Linear gradient edge modeling
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Fig.4 Edge point gradient direction sampling
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Fig.5 Schematic diagram of the parameters of the
system to be calibrated
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Fig.8 Schematic diagram of the change of target

position when the platform is moving
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Fig.9 Schematic diagram of error

compensation principle
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Tab.3 Comparison of edge detection results(pixel)
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Zernike

20 0.147 0.099 0.129 0.093
30 0.206 0.146 0.207 0.153
0 0.079 0.063 0.043 0.028
10 0.097 0.064 0.065 0.047

C-Zernike
20 0.138 0.088 0.117 0.086
30 0.194 0.138 0.198 0.147
0 0.048 0.035 0.009 0.007
10 0.061 0.043 0.052 0.041

A-Zernike
20 0.091 0.065 0.096 0.074
30 0.148 0.115 0.167 0.133
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Tab.4 Target center measurement results(pixel)

5 fir 1 fLE 2 fHE 3
1 (1333.761, (1382.557, (1331.457,
1091.306) 1105.202) 1088.581)
2 (1333.744, (1382.525, (1331.484,
1091.231) 1105.118) 1088.525)
3 (1333.750, (1382.553., (1331.475,
1091.260) 1105.185) 1088.609)
1 (1333.754, (1382.535, (1331.468,
1091.273) 1105.147) 1088.525)
- (1333.759, (1382.544, (1331.473,
0 1091.271) 1105.154) 1088.555)
6 (1333.747, (1382.540, (1331.469,
1091.266) 1105.167) 1088.557)
7 (1333.749, (1382.550, (1331.471,
1091.245) 1105.154) 1088.563)
3 (1333.756, (1382.533, (1331.470,
1091.319) 1105.177) 1088.543)
9 (1333.764, (1382.548, (1331.450,
1091.246) 1105.209) 1088.527)
10 (1333.742, (1382.534, (1331.491,
1091.291) 1105.111) 1088.579)
22 0.091 0.102 0.094
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Figl3 Experimental results of X-axis and Y-axis

error measurements
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Fig.14 Experimental results of X-axis and Y-axis

error compensation
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