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Design and Hardware Implementation of Spaceborne Stargazing Camera System
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(1. Electronic Information Engineering College, Changchun University, Changchun 130022, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: A complete star-viewing camera was designed using a NOIP1SN025KA CMOS detector to
improve the accuracy of attitude satellites. The anti-irradiation experiment was conducted using 60Co-y
radiation source under the environmental conditions of 24 °C irradiation temperature, 24 C test
temperature, and 37% RH test humidity. Subsequently, an optical system with a focal length of 500 mm, an
F-number of 4, and a field of view of 2.4° are designed. The electronic system uses an FPGA as the core
control device to control the CMOS output digital signal and transmits the signal back to the satellite data
transmission system through TLK2711. The mechanical structure was mainly composed of a main mirror
component, secondary mirror component, correction mirror component, baffle, and leg. The design scheme
of the measuring cylinder (invar) supporting the secondary mirror was adopted to ensure that the interval
change of the primary and secondary mirrors satisfied the tolerance requirements under the condition of
temperature change. The mirror assembly was designed with radial and axial flexibility to ensure accuracy
of the shape of the optical surface in the thermal environment. In the correction mirror assembly using
pressure ring tangential pressing lens installation, the lens stress is small, good to neutral, impact, and
vibration resistance, and can maintain good structural stability. The machine is connected to a satellite
through the main mirror backplane. A star camera has two working modes: imaging and transmission of
the threshold and coordinate information of the star point. Field imaging experiments showed that the
camera exhibited good imaging quality, portability, and reliability. Approximately ten stars can be captured
in the field of view, approximately 10 stars can be captured, and nine stars can be observed, which can
effectively assist the star sensor.
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Table 1 Average grayscale values of images under different cumulative irradiation doses and light intensity conditions

TID Light intensity/(W/m?)
/(krad(Si)) Dark field(0) 102 133 184 274 377
0 1.436614 139.0973 277.2640 523.7722 910.3104 1022.997
10 0 136.3080 271.7231 515.3462 899.2271 1022.995
30 8.162098 172.2558 299.8883 530.6562 893.2827 1022.997
50 0.000557 114.9043 253.6532 498.5578 876.6069 1022.997
75 0.000766 167.4559 278.3064 489.6474 822.3091 1022.986
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Table 2 Optical system design parameters
Parameter Parameter values Parameter Parameter values

Working band/um 0.49-0.66 Field/(°) 24

Focal length/mm 500 MTF(83 pairs per millimeter) 0.5

F numbers 4
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Fig.1 Layout of optical system structure for spaceborne
observation camera
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Fig.2 Hardware structure of electronic system
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Fig.5 Top level simulation waveform
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Fig.6  Structural dimensions of the spaceborne stargazing camera
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Table 3 Component materials and properties of camera
Material properties Lastic modulus/(GPa)  Density/(g/cm?) Poisson's ratio Coefficient of thermal
expansion/(10%/K)
Microcrystalline glass 91 2.53 0.05
invar 141 8.9 0.05
TC4 114 44 9.1
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__—Primary mirror
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Fig.7 Structural model of the main mirror component
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Fig.8 Structural design of secondary mirror assembly
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Fig.9 Finite element model of camera structure
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Table 4 Modal analysis results of primary and secondary mirror components

Main mirror

Secondary mirror

Order Frequency/Hz Vibration type

Order Frequency/Hz Vibration type

1 391 X-axis vibration 1 791 X-axis vibration
2 391 Y-direction vibration 2 791 Y-direction vibration
3 467 Z-direction vibration 3 1067 Z-direction vibration
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Fig.10 CMOS imaging circuit board installed on the base mirror
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Fig.11 The approximate location of the starry sky
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Fig.12 The brightest stars in the field of view
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Fig.13 An 8.9 magnitude star with the same grayscale value as noise in the field of view
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150 mm caliber, integration time 10 ms, the measurable maginitude is 1-9
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The number of observable stars in a single image
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Fig.14 Probability distribution of the number of observations at different positions in the starry sky
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