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Abstract: In order to improve the ability of the star sensor to detect limited magnitude, a combination of
the improved Cassegrain system, aperture-corrected spherical lens group and field-of-view corrected
spherical lens group is adopted to design an optical system of a large aperture catadioptric star sensor
capable of correcting astigmatism, field curvature and distortion, with the spectral range of 450 ~
950 nm, the semifield of 1.4°, an entrance pupil diameter of 250 mm and the focal length of 425 mm.
According to the calculation of the initial structure parameters of the system based on the aberration
theory and the optimization design of Ray tracing in Zemax software, the blocking ratio of the secondary
mirror of the optical system reaches 0.43, the energy concentration of the imaging point is 80 % within
30 pm, and the maximum distortion is 0.081%. The modulation transfer function is greater than 0.75 at
a Nyquist frequency of 34 lp/mm, and the maximum magnification chromatic aberration is 1.138 pm,
which meets the imaging requirements of star sensor pairs. Through the tolerance analysis of optical
system, in the 20 Monte Carlo analysis results, the best structure is the 13th structure with the

performance function of 4.975 16 pm, the worst structure is the 20th structure with the performance
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function of 7.799 57 pm. Through the performance function analysis of 20 times Monte Carlo structure,
the selected tolerance value can well meet the basic requirements of optical system performance, and
provide the basis for the errors in the process of processing and installation.
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Table 1 Specifications of the star sensor optical system

Parameter Value
Focal length 425 mm
Entrance diameter 250 mm
Half field of view(diagonal) 1.4°
Spectral range 450~950 nm
Primary wavelength 600 nm
Pixel size of CCD detector 15 pm x15 pm
Displacement of centroid <{0.43 pm
Relative distortion <0.1%
Lateral color <2 pm
Modulation transfer function =0.5@34 lp/mm
Spotradius encircled 80% energy <15 pm
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Fig.1 Curves of e,* and e, versus 8

(a) Optical path of the R-C system and (b) Optical path of the optimized star sensor
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Fig.2 Optimal design of optical path of optical system
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Table 2 Optical lens parameters

Radius of curvature Lens thickness _ Air thickness
Lens Diameter d /mm Glass
ri/mm T/mm L/mm
] 791.965 ,
C, 37.000 285.3 65.0 SILICA
—4 921.341
. —659.988
C, _ 28.000 269.3 189.0 SILICA
—10 500
—849.753 .
M, 15.875 257.2 —189.0 Mirror
—849.753
—10 500 ,
M, _ 8.750 132.9 178.0 Mirror
—10 500
. —146.253
C, 7.000 49.5 1.9 H-LAF2
107.419
107.982
C, 17.500 48.4 0.6 H-LAK10
—132.483
. 138.007
Cs 22.000 45.3 28.0 H-LAK10
722.838

®3 ERMEFRBHEERSAZITERE

Table 3 Comparison between the performance indexes of star sensors at home and abroad and the proposed design indexes

Country Index Detectable stellar magnitude/Mv Quality/kg

Germany ASTRO5 6 1.5
U.S.A HD 1003S 6 3.2
U.K. altair-HB 7.5 1.8
China Beijing observatory 6.5 4
China This system 15 1.45
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Fig.3 Spot diagram of optical system
0611002-5



D/ R S 14

x4 TEAGTHRBEHEEXNMREEP L EBE

Table 4 Diameter and energy center deviation of the diffuse spot in different field of view

Field/ (") Spot diameter /pm Displacement of centroid /pm
0.0 8.054 0.000
0.7 9.964 0.039
1.0 11.75 0.027
1.2 13.258 0.009
1.4 15.03 0.001
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Fig.5 The lateral aberration curve of the optical system of star sensor
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Table 5 Lateral color value

Field /(* Short-long wave/pm  Short-primary wave/pm Long-primary wave/pm
0 0 0 0
0.7 —0.741 0.514 —0.228
1 —1.1 0.756 —0.342
1.2 —1.38 0.946 —0.435
1.4 —1.67 1.138 —0.532
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Fig.6 MTF curves of the star sensor Fig.7 Curves of the encircled energy
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Fig.8 Optical lens tolerance setting
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Table 6 20 Monte Carlo statistical analysis results
Parameter Value
Percentage of Monte Carlo/ % 90 80 50 20 10
Structural number 18 16 10 4 2
RMS spot radius/pm 7.509 63 7.303 33 6.310 13 5.389 58 5.136 95

5 45

ASCHT R-C RYE OG- R I BRI 2 5 20 F0 00 37 A 1F BR 10 378 B8 2 AH 45 5 i 45 10, 03T T — Fh Al HL A8
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B R A RBUESR N R G ZNE RGN 0.43,80% M AE 4 P #E 30 pm W, 5 KI5 AE
0.081 % . V2 4% 1% pR B MTF 78 43 28 B 5 45 % 33.3 Ip/mm 4 KT 0.75, e RAG R (A2 0 1,138 pm. &% it
BRI B E RGWR BT R AF &I VR B EY 5) L 81 BE R 47, R BB B O /N 458 1 78 48 Fn R BL Y
it 1 R IR A T L B RN 1) o 5 i s SR L3l 2 22 3 B RN B 0 1 22 (E BB 5 AR 4 b WG 2 O SR R SRk g
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