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Fig. 2 Self-calibration process schematic diagram of micro—angle measurement system
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Table 1 Different wavelength A; and its corresponding ¢; and k,,

A, = 546.081 10 nm A, = 576.967 84 nm Ay = 579.074 30 nm
g 0.766 4 0.616 3 0.2019
U, 0.010 2 0.009 9 0.009 5
ky 7325 6933 6908

I 1 g, #22 B8 2.1 vh T3k ik, ml LSRR A3 F-P AR i B ] B d= (2 015.524 1+0.000 3) pm, A
XFiR2EBR A Ad/d=1.5X10", #2215t i ik J5 vk |, 38 o 15 B4 2] 0 B 0 F-P A o FL 8] B& 09 18 1 (8
—0.537 6 pm , F 215 2ME IF 5 i AR B R B  '= (2 014.986 5£0.000 3) pm,
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Table 2 Comparison of micro—angle measurement results before and after self-calibration

Not self-calibrated Self-calibrated but not corrected ~ Self-calibrated and corrected
£=80 mm £:=78.178 mm f'=78.540 mm
No.  &/um  s5/um U,(f)/f,=0.361 U,(f)/£;/=0.014 U,(f/f'=0.007
a/(") U(a)/(") a/(") U(a)/(") /(") U(d)/(")

0-1 0.157 0.012 0.202 0.041 0.207 0.041 0.206 0.041
0-2 0.269 0.012 0.347 0.041 0.354 0.041 0.353 0.041
0-3 0.263 0.012 0.339 0.041 0.348 0.041 0.345 0.041
1-1 76.991 0.014 99.253 0.398 101.567 0.056 101.098 0.048
1-2 77.169  0.013 99.483 0.399 101.802 0.056 101.331 0.048
1-3 77.237  0.012 99.570 0.399 101.891 0.056 101.421 0.048
2-1 153.655  0.014 198.085 0.755 202.701 0.071 201.766 0.055
2-2 153.699  0.013 198.142 0.755 202.759 0.071 201.824 0.055
2-3 153.806  0.013 198.280 0.756 202.900 0.071 201.964 0.055
3-1 230.224  0.012 296.794 1.111 303.710 0.087 302.309 0.062
3-2 230.291  0.012 296.880 1.111 303.800 0.087 302.397 0.062
3-3 230.434  0.013 297.064 1.112 303.988 0.087 302.584 0.062
4-1 306.901  0.012 395.641 1.468 404.863 0.102 402.993 0.069
4-2 306.958  0.012 395.715 1.468 404.937 0.102 403.068 0.069
4-3 307.099 0.011 395.896 1.469 405.123 0.102 403.253 0.069
5-1 383.563  0.012 494.468 1.824 505.993 0.117 503.657 0.077
5-2 383.611 0.012 494.530 1.825 506.057 0.117 503.720 0.077
5-3 383.819 0.012 494.798 1.826 506.330 0.117 503.993 0.077
6-1 460.229  0.012 593.300 2.181 607.128 0.132 604.325 0.084
6-2 460.323  0.012 593.421 2.181 607.252 0.132 604.448 0.084
6-3 460.297  0.012 593.388 2.181 607.217 0.132 604.414 0.084
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Self-calibration Correction Measurement of Micro—angle Based on F-P
Etalon Multi-beam Interference Imaging

ZHOU Shinan, SHEN Xiaoyan, LI Dongsheng, WU Chenguang
(College of Metrology & Measurement Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract: The demand for high—accuracy measurement of micro—angle in modern industries is getting
higher and higher, and its measurement methods and measurement technologies are also constantly
improving. At present, The micro—angle measuring instrument with the highest accuracy in the world is the
ELCOMAT HR photoelectric autocollimator produced by MOLLER-WEDEL in Germany, and its angle
measurement uncertainty within the range of 300" can reach 0.06” (£=2). And the highest accuracy in
China 1s the AUTOMAT 5 000 photoelectric autocollimator produced by Tianjin Automate
Optoelectronics Co., which can achieve a measurement accuracy of +0.25” within the range of +=1 000".
With the continuous improvement of the precision of micro—angle measurement, higher and higher
requirements are put forward for the angle calibration, and some traditional angle calibration methods are
difficult to meet the current needs. Therefore, using the self-calibration technology to realize micro—angle
measurement has become a research hotspot in recent years. The current angle self-calibration technology
mainly focuses on the measurement of the circumference angle with the characteristic of circle closure, and
there are few studies on the self-calibration measurement of micro—angle. In the early stage, our research
group proposed a micro—angle measurement system based on F-P etalon, which used the displacement of
the concentric rings in the focal plane after F-P multi-beam interference ring imaging to achieve micro—
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angle measurement, and pointed out the possibility of using the system to realize the micro—angle self-
calibration measurement. This paper provides a comprehensive review and summary of the self-calibration
method for this micro—angle measurement. The key point of this self-calibration method is to use the exact
fraction method to measure the exact value of the F-P etalon interval, and then accurately calculate the
relative focal length of the imaging objective lens, and combine the relative displacement caused by the
small angle, so as to realize the self-calibration of the micro-angle measurement. The main research work
of this paper is as follows: 1) The principle and method of the self-calibration measurement of the micro-
angle measurement system are systematically and detailedly sorted out, and the calculation method of exact
fraction method is described in detail, and the complete micro—angle self-calibration measurement process
is finally obtained. 2) Special consideration is given to the effect of the algorithm error of the exact fraction
method, temperature and humidity on the measurement results of the F-P etalon. The interference image
under the theoretical interval d, is obtained through simulation by MATILAB, and the calculated interval d,
of the F-P etalon under this condition is obtained by using the exact fraction method, and compared with
the theoretical interval d,, the algorithm error and the temperature and humidity error of the exact fraction
method are obtained, and the correction of the calculation result of the F=P interval is realized. 3) The self-
calibrated micro—angle measurement experiments are carried out, and the accurate interval of the F-P
etalon in the current environmental conditions is measured. Combined with the simulation method in 1),
the corrected value under the current environmental conditions is obtained, and finally the corrected etalon
interval is obtained, which is ¢ '=(2 014.986 540.000 3) pm. The focal lengths of the imaging objective
and the micro—angle measurement results before and after self-calibration are obtained. The measurement
results show that under the current experimental conditions, the relative expanded measurement
uncertainty of the focal length after self-calibration has reduced from 0.014 to 0.007, while the angle
measurement uncertainty in 600" has decreased from 0.132” to 0.084” , which promotes the accuracy of
micro—angle measurement greatly.

Key words: Micro—angle measurement; Self-calibration; F-P etalon; Exact fraction method ; Uncertainty
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