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Method to Measure the Radius of Curvature of Conic Off-Axis
Aspheric Mirror Using a Laser Tracker
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Abstract In order to measure the radius of curvature and conic factor of an off-axis aspheric mirror, a new method
to measure the conic surface with a laser tracker is proposed. The data processing procedure after spatial 3D
cordinates are obtained with the laser tracker is clearly explained. An off-axis reflecting aspheric mirror is tested in
the experiment and the radius of curvature and conic factor are obtained using nonlinear least square fitting method.
The root mean square error (RMSE) is only 1. 6 pm while the coefficient of determination is up to 0.999999954.
Besides, the results of our method and the existing methods are nearly the same. Both theoretical analyses and
experimental results demonstrate that this is a simple, general and easily operated method, which benefits from the fast and
reliable data processing. The proposed method meets the measurement requirements of conic aspheric mirrors.
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Fig. 1 Sketch map of the testing setup with a laser tracker
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Fig. 2 Distribution of contact positions on the aspheric surface
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Fig. 3 Aspheric surface and the corresponding surface composed of CCR center positions
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Fig. 4 Curved surface composed of CCR center positions and the corresponding aspheric surface
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Fig. 5 Coordinates deviation
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Fig. 6 Surface fitting of the CCR center positions. (a) Coordinates tested in experiment; (b) fitted surface
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Table 1 Fitted parameters and goodness of fitting

Result Index number Parameter Experiment 1 Experiment 2
1 ¢ /mm™! —0.000181941 —0.000181941
2 k —2.007433042 —2.006870528
3 a /rad 0. 040285765 0.021378092
) 4 B /rad —0.038997196 —0.004892555
Fitted parameter

5 y /rad 0. 648001846 —0.016116665

6 p1/mm —866. 7294116 —1014. 750294

7 p»/mm 1673. 644117 1191. 604795

8 p3/mm —3780. 155120 —3132. 251545
o 1 Coefficient of determination 0. 999999954 0.999999955

Goodness of fitting

2 RMSE /mm 0.001604039 0.001610625
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Table 2 Comparison of aspheric parameters between our method and the method in Ref. [9]

Parameter Experiment 1 Experiment 2 Method in Ref. [9]
¢ /mm! —0.000181941 —0.000181941 —0.000181921
k —2.007433042 —2.006870528 —2.009891807
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