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Application of two step sensitivity matrix method
in Cassegrain telescope alighment
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Abstract: In order to adjust the position of the secondary mirror of Cassegrain telescope with large field of view, a
computer aided adjustment method of two-step sensitivity matrix model was proposed. Based on the analysis of the
shortcomings of the traditional sensitivity matrix method of the two order model, a fine tuning step was added based
on the characteristics of the sensitivity matrix and the traditional sensitivity matrix method was improved. For the
Cassegrain system, the relationship between the Zernike coefficients and the misalignment was analyzed, and the
calibration simulation of Cassegrain system with 300 mm aperture and 0.6° field of view was carried out. The simu-
lation results show that after correction by traditional sensitivity matrix method, the mean values of offset along x, y, z
axes and tilt around x,y axes are -0.0684 mm, -0.0892 mm, 0.0015 mm, 0.0498° and -0.0444°, respectively, and the
full field wavefront aberration RMS is less than 0.1A(A=632.8 nm). After correction by two step sensitivity matrix
correction method, the mean values are -0.0018 mm, -0.0012 mm, 0.0002 mm, 0.0008° and -0.0012°, respectively,
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and the full field wavefront aberration RMS is less than 0.03A, which is obviously superior to the traditional sensitivity

matrix method.
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Table 1 Optical system parameters of Cassegrain telescope ]
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Fig. 1 Layout of Cassegrain system
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Fig. 2 The relation graph of Zernike coefficient with different degrees of freedom
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Table 2 The degree of misalignment of each degree of freedom after coarse tuning
D,=0.9058 mm D,=0.3689 mm D,=0.8491 mm D,=0.4318 mm
D,=0.127 mm D,=0.5178 mm D,=0.934 mm D,=0.5625 mm
D,=0.8147 mm D,=0.2311 mm D,=0.0357 mm D,=0.1324 mm
T,=0.9134° T,=-0.1538° T,=0.6787° T,=0.7419°
T,~0.6324° T,~0.8126° T,=0.7577° 7,~0.8828°
D,/mm -0.0602 -0.0111 -0.0509 -0.1282
Dy,/mm -0.102 -0.1722 0.024 0.0125
D,/mm 0.0027 0.0011 -0.0043 0.0024
Td(°) 0.0984 0.1362 -0.0213 -0.0081
T/(°) -0.0426 -0.0074 -0.0323 -0.0872
K3 R0 REE %
Table 3 Sensitivity matrix of initial state
D,/mm D,/mm D,/mm TJ(°) T/(°)
2y 0.23 -0.56 0.22 -0.36 0 -79.55 45 53 41 56
z 0 21.82 0 0.054 0.64 -0.44 0 0.082 0 -33.42
7 0 0.054 0 21.84 -0.84 1.01 0 33.34 0 -0.083
z3 0.24 -0.54 0.24 -04 0 -78.53 -43 52 -4.1 5.54
Zs 0 10.69 0 0.011 0.28 -0.02 0 0.017 0 -16.35
7z 0 0.011 0 10.75 -0.34 0.48 0 16.38 0 -0.017
k4 MHRABOEABERAE
Table 4 The degree of misalignment of each degree of freedom after fine tuning
D,=0.9058 mm D,=0.3689 mm D,=0.8491 mm D,=0.4318 mm
D,=0.127 mm D,=0.5178 mm D,=0.934 mm D,=0.5625 mm
D,=0.8147 mm D,=0.2311 mm D,=0.0357 mm D,=0.1324 mm
T,=0.9134° T,=-0.1538° T,=0.6787° T,=0.7419°
7,=0.6324° 7,=0.8126° 7,=0.7577° 7,=0.8828°
D,/mm -0.0003 -0.0034 -0.0025 -0.001
D,/mm 0.0016 -0.005 0.0003 -0.0017
D,/mm 0.0002 0.0002 0.0002 0.0002
Td(°) -0.0011 0.0032 -0.0002 0.0011
T,J(°) -0.0002 -0.0022 -0.0017 -0.0006
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Table 5 First-order sensitivity matrix after coarse tuning

D,/mm D,/mm D,/mm Td(°) T,(°)
b4 0.0083 -0.0028 -79.4587 -0.0650 -0.1012
z 21.8904 0.0000 -0.0008 0.0001 35.2296
7 0.0000 21.8904 0.0014 33.7626 -0.0001
73 0.0086 -0.0030 -78.289%4 -0.0646 -0.1004
Zs 10.7042 0.0000 -0.0004 0.0000 -16.4869
z7 0.0000 10.7042 0.0007 16.4869 -0.0000
R 6 AR M — I REIEE
Table 6 First-order sensitivity matrix for fine tuning
D,/mm D,/mm D,/mm TJ(°) T/(°)
) -0.0085 -0.0482 -79.4451 0.2625 0.3028
z4 21.882 0.0002 0.0013 0.0016 -33.7492
2, -0.0002 21.8823 -0.0166 33.7494 -0.0016
z3 -0.0091 -0.0468 -78.2814 0.2629 0.3012
Zg 10.7025 -0.0001 -0.0002 0.0006 -16.4836
z7 -0.0004 10.7027 -0.0037 16.4839 -0.0008
AT HRORBEIEEEREENLAE
Table 7 Misalignment after correction by traditional sensitivity matrix method
D,=0.9058 mm D,=0.3689 mm D,=0.8491 mm D,=0.4318 mm
D,=0.127 mm D,=0.5178 mm D,=0.934 mm D,=0.5625 mm
D,=0.8147 mm D,=0.2311 mm D,=0.0357 mm D,=0.1324 mm
T,=0.9134° T,=-0.1538° T,=0.6787° T,=0.7419°
7,=0.6324° 7,20.8126° 7,70.7577° 7,=0.8828°
D,/mm -0.0782 0.0669 -0.1189 -0.1432
D,/mm -0.024 -0.2072 -0.087 -0.0385
D,/mm 0.0067 0.0031 -0.0043 0.0004
TJ(°) 0.0094 0.1192 0.0627 0.0079
T,/(°) -0.0426 0.0406 -0.0783 -0.0972
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Table 8 Zernike coefficient before and after correction

2 z4 2, 73 Zs z7
61.1902 1.7441 -34.3459 60.3361 0.8321 -16.7761
0.1165 -0.1204 -0.2506 0.122 -0.0579 -0.1194
-0.0293 -0.0002 0.0021 -0.0212 -0.0001 0.001
-0.5817 0.2735 0.208 -0.5655 0.1347 0.1019
16.3064 19.3113 -6.1533 16.1609 9.4315 -3.0148
-0.0343 -0.0068 0.0101 -0.0268 -0.0032 0.0089
-0.0294 -0.0007 -0.0012 -0.0134 -0.0004 -0.0006
-0.3284 -0.0937 0.5113 -0.3161 -0.0467 0.2527
-0.2186 6.8088 -43.1554 -0.2127 3.3268 -21.1387
-0.3907 -0.0406 0.0328 -0.4455 -0.0181 0.0195
-0.0293 -0.0027 0.0002 -0.0212 -0.0013 0.0001
0.2712 -0.0407 -0.2123 0.2747 -0.0181 -0.1024
6.0277 20.1141 -37.1608 5.9514 9.8478 -18.2063
0.1262 -0.1376 -0.0001 0.1319 -0.0653 -0.0003
-0.0293 0.0016 0.0001 -0.0212 0.0008 0.0001
-0.1005 -0.1469 0.576 -0.0915 -0.0696 0.2818
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Application of two step sensitivity matrix method
in Cassegrain telescope alignment
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e

Layout of Cassegrain system

Overview: With the development of telescope technology, the aperture and field of view of telescope are becoming
larger and larger, the structure of optical system is becoming more and more complex, and the difficulty of fabrication
and assembly is also increasing. The speckle pattern of the focal plane of the optical system can be measured by interfe-
rometer and other testing equipment, and the Zernike coefficients can be calculated by the speckle pattern. For Casse-
grain telescope, in order to obtain good imaging quality, it is necessary to correct the position of its secondary mirror.
By using computer-aided alignment technology, the optical system can be real-time detected and compared with the
theoretical results. By establishing a mathematical model between Zernike coefficient and misalignment, the misalign-
ment of the components can be corrected accurately. The most widely used computer-aided alignment method is the
sensitivity matrix method. Sensitivity matrix method is a method of correcting aberration by establishing mathematical
model of misalignment and Zernike coefficient on the basis of analyzing aberration characteristics. The traditional sen-
sitivity matrix method only carries out single correction. According to the meaning of Zernike coefficient, zs+ zs+ 25+ z6+
z7 and zs are chosen to construct the sensitivity matrix. Based on the analysis of the shortcomings of the traditional sen-
sitivity matrix method of the two order model, a fine tuning step was added based on the characteristics of the sensitivi-
ty matrix. The calculation method of sensitivity is improved. According to the relationship between misalignment and
Zernike coefficient, the selection principle of Zernike coefficient for constructing sensitivity matrix is proposed. The
traditional sensitivity matrix method is improved. For the Cassegrain system, the relationship between the Zernike coef-
ficients and the misadjustment was analyzed, and the calibration simulation of Cassegrain system with 300 mm aperture
and 0.6° field of view was carried out. The simulation results show that after correction by traditional sensitivity matrix
method, the mean values of offset along x, y, z axes and tilt around x,y axes are -0.0684 mm, -0.0892 mm, 0.0015 mm,
0.0498° and -0.0444°, respectively, and the full field wavefront aberration RMS is less than 0.1A (1=632.8 nm). After
correction by two step sensitivity matrix correction method, the mean values are -0.0018 mm, -0.0012 mm, 0.0002 mm,
0.0008° and -0.0012°, respectively, and the full field wavefront aberration RMS is less than 0.03A. The corrected optical
system reaches the diffraction limit and approaches the design position, which is obviously superior to the traditional
sensitivity matrix method.

Citation: Cao Y Z, Ma W L. Application of two step sensitivity matrix method in Cassegrain telescope alignment[J]. Op-
to-Electronic Engineering, 2020, 47(2): 180536
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