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Research on the method for simultaneously detecting piston and tip-tilt
errors of segmented telescopes based on multiple CNNs

Li Xiang,Zhao Weirui

(School of Optics and Photonics, Beijing Institute of Technology, Beijing 100081, China)

Abstract: Most large telescopes adopt the design scheme of segmented mirror. In order to obtain high-quality imaging effect, it is
necessary to control the piston and tip-tilt errors of segmented telescope system. Compared with traditional detection methods, the error
detection method based on neural networks has some advantages, but it is limited to detecting only a single type of error. This paper
proposes a method for synchronous detection of piston and tip-tilt errors based on a multi-convolutional neural network. By setting a mask
with a sparse sub-pupils configuration at the exit pupil, the sub-waves reflected by the segmented mirrors generate interference-diffraction
phenomena, thereby constructing a dataset containing rich piston and tip-tilt errors information. The design includes coarse measurement
and fine measurement networks to meet the requirements of large-range and high-precision synchronous detection. Results demonstrate
that the method achieves nanometer-level detection of piston errors within the coherent length of the input light source and sub-
milliarcsecond detection of tip-tilt errors within a range of 10 prad. The method exhibits robust resistance to 40 dB CCD noise, a
tolerance of 0. 05 N RMS (\,=600 nm) for surface shape errors, and portability to six-mirror systems. Additionally, the method has
simple optical path, convenient operation and practical significance.

Keywords : piston error; tip-tilt error; segmented telescope; neural networks
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(b) The structure of the discrete sub-apertures
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Table 2 Networks detection results corresponding to
different face shape errors

W% CMN fERE  FMN R FMN i
/Ny RMS /% Piston/Ay RMS  Tip/\, RMS
0.03 96. 01 0. 009 20 0.010 98
0.04 95.85 0.014 53 0.018 57
0.05 94. 90 0.019 26 0.024 31
0. 06 92.42 0.028 30 0. 029 80

T AR T A B AT R AR TR 90 % LA b, B CMN 7E 5
T535 R G A = R R

®3 CMN EHZE
Table 3 CMN accuracy

e F5% 1 2 3 4 5
HEMAR/%  93.70 93. 50 92.30 92.05 92.90
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Table 4 FMN precision
Piston Tip
BT s /\o RMS /\o RMS
1 0. 004 74 0. 005 36
2 0.003 76 0.005 12
3 0. 006 36 0.011 26
4 0.012 05 0.020 76
5 0. 008 80 0.018 20
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