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All-aluminum high-resolution camera with lightweight
and compact size
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Abstract: In order to meet the urgent need of developing lightweight and compact space cameras quickly, ef-
fectively, and rapidly, a detailed comparative analysis is conducted, including optical system forms and ima-
ging systems. The optical system form of RC+ compensation group is determined, and the imaging system of
small F#+micropixel is adopted. Compared with the detailed parameters of the DOVE camera, a lightweight
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all-aluminum high-resolution camera with a resolution of 3.48 m at an orbital altitude of 500 km is designed.
The overall design results of the camera, its optical and optomechanical structures, imaging electronics, and
thermal control are described in detail. The optical design results of the RC+ compensation group of F5.6 are
obtained. Using RSA-6061 microcrystalline aluminum alloy as the structural material of the mirror, coupled
with an integrated high-rigidity hard aluminum alloy structure, the static (gravity and temperature deforma-
tion) simulation analysis results meet the optical design tolerance requirements. The dynamic simulation ana-
lysis results show that the first order mode is 302.92 Hz, which has a sufficiently high dynamic stiffness and
safety redundancy. The imaging electronics using a 3.2 um large area array 9 Kx7 K detector is designed for
low noise miniaturization. Thermal control is provided by the satellite platform at a temperature level of
20 °C+ 4 °C for the camera. Integration test results show that: (1) The RMS wave aberration of the central
field of view is M/15.6, and the wavefront aberration of the five fields of view is better than A/12.3, which en-
sure high-quality imaging near the diffraction limit of the camera. The measured optical transfer function at
Nyquist frequency is 0.217; (2) The maximum sinusoidal vibration of the camera in three directions is ampli-
fied 1.17 times, and the first-order mode of the camera is 295 Hz, with a deviation of 2.61% from the simula-
tion result. The structural stiffness is high and the mechanical stability is good. Under vacuum environment
of 10~ Pa and three different temperatures of 16 °C, 20 °C and 24 °C, the image is clear and can distinguish
the corresponding resolution plate image at Nyquist frequency; (3) The image of 2 km outfield target is good,
as well as clear and distinct grayscale image with sharp shadow boundaries. The all-aluminum high-resolu-
tion camera is achieved 3.48 m resolution at a track height of 500 km,width of 15 kmx15 km and a total
weight of 2 kg. The structural rigidity and strength test results meet the requirements of space launch scenari-
0s, and these can provide theoretical guidance and engineering reference for the design of lightweight and

higher-resolution space cameras.
Key words: lightweight and compact size high rigidity dynamic stiffness low noise
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1100 CCD 3~5m
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Tab.1 Comparison of types and characteristics for common optical systems
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Fig. 1 Overall structure of the camera
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Tab.2 Optical design results of all-aluminum high res-
olution camera with lightweight and compact
size
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Fig. 2 Optical design results of the camera

3
Tab. 3 Stability tolerances of the optical system
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2 +6 +6 +10 +3 +3 +20 ®32.5 mm 3(C)
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3 22 mm
3.3
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[14]
15 pm
10" 3(d)

85%



. 1455

+4 °C 3

100 Hz 2

20 °C+4 °C 4

3

Fig. 3 Structure of each optical component
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Fig. 4 Static analysis results of the camera
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Fig. 5 First-order vibration mode of the camera

4
Tab. 4 Static and dynamic analysis results of the cam-
era
X nm Y nm Z nm
RMS 5.222 5.222 1.939
0.151" 0.151" 0.009"
1.396
RMS 1.557 1.587 0.036
0.578" 0.601" 0.012"
0.741
302.92 Hz
109
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24.53 MPa 6
400 MPa
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Fig. 6 Stress and its distribution of the camera under 10 g
sinusoidal input
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Tab.5 Each component's temperature under low tem-
perature on the behavior of sun-tracking

65 mmx
I°C
79 mmx25 mm 7
1 20.4
2 20.1
3 20.7
4 16.9~21.1
7 8
Fig. 7 Physical photograph of camera imaging electronics Fig. 8 Steady-state analysis under low temperature on the

system behavior of sun-tracking
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Fig. 9 Mechanical test site of the camera
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Tab.6 Mechanical vibration test conditions of the cam-
era
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Fig. 11 Random vibration results in three directions
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Fig. 12 Thermal vacuum test site and imaging effect
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7
Tab.7 Wavefront aberration results of the camera
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Fig. 15 Test images of the optical transfer function of the
camera
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Fig. 16 Imaging of 2 km target outfield
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Fig. 13 Interference detection results of five FOVs
4
12 14 F + RC+
15
348 m

0.217



y o 1461

[1]

[2]

[31

[4]

(51

(6]

[71

(8l

(91

[10]

[11]

[12]

[13]

[14]

M15.6 5 RMS N12.3

2 kg 0217  2km
295 Hz
RMS

: : . [J1. ( )
2021 14 5 1184-1193.
WANG F P, LI X N, XU CH, et al.. Optical testing path design for LOT aspheric segmented mirrors with reflective-
diffractive compensation[J]. Chinese Optics, 2021, 14 5 : 1184-1193. (in Chinese)
, , , . P@500mm SiC [J1. ( ) 2020 13 6 1352-
1361.
ZHAOQ Y, SU CH ZH, ZHAO G J, et al.. Structural optimization for the design of an ultra-lightweight SiC mirror with a
diameter of 500 mm[J]. Chinese Optics, 2020, 13 6 : 1352-1361. (in Chinese)
, , . [J]. 2022 43 2 54-
61.
CAO M H, XIN H W, CHEN CH ZH, et al.. A lightweight design of carbon fiber integrated main frame for the micro
space camera[J]. Chinese Journal of Scientific Instrument, 2022, 43 2 : 54-61. (in Chinese)
, , . [J1. ( ) 2021 14 4 754-763.
LIU Y J, ZHANG F, XIE T, et al.. Polarization-multiplexed metalens enabled by adjoint optimization[J]. Chinese
Optics, 2021, 14 4 : 754-763. (in Chinese)
, , , [J1. 2019 36 6 98-102.
KONG D CH, LIU W, YAN CH X, et al.. Optimization design of fundamental frequency on space satellite camera
installation[J]. Computer Simulation, 2019, 36 6 : 98-102. (in Chinese)
XIE'Y J, MAO X L, LI J P, et al.. Optical design and fabrication of an all-aluminum unobscured two-mirror freeform
imaging telescope[J]. Applied Optics, 2020, 59 3 : 833-840.
, , . [J1. 2022 44 4 364-370.
WANG SH, ZHANG X X, ZHU J Q. Design and analysis of all aluminum alloy optical mechanical structure of space
cameras[J]. Infrared Technology, 2022, 44 4 : 364-370. (in Chinese)
RISSE S, GEBHARDT A, DAMM C, et al.. Novel TMA telescope based on ultra precise metal mirrors[J]. Proceedings
of SPIE, 2008, 7010: 701016.
JUNAID M. The development of a hardware-in-the-loop platform for the attitude determination and control testing of a
small satellite[J]. Byte Espafi a, 2015, 1 4 : 78-80.
HAND E. Startup liftoff[J]. Science, 2015, 348 6231 : 172-177.
, . 2022 []. 2023 2 26-33.
GONG R, JIANG D Y. Overview of the development of foreign civil and commercial earth observation satellites in
2022[J]. Space International, 2023 2 : 26-33. (in Chinese)
, . [J1. 2021 42 5 782-789.
WU Y X, WANG L P. Optical system of star sensor with miniaturization and wide spectral band[J]. Journal of Applied
Optics, 2021, 42 5 : 782-789. (in Chinese)
, , . F 1 2007 15 2 155-159.
JIN G, ZHANG L, HU F SH. Investigation on space optical system of high F number and high resolution[J]. Optics and
Precision Engineering, 2007, 15 2 : 155-159. (in Chinese)
, , . [J1. ( ) 2021 51 2 478-485.
ZHANG L, ZHENG X Y, ZHANG F, et al.. Structural optimization design of large tolerance and multi-flexibility lens


https://doi.org/10.37188/CO.2020-0218
https://doi.org/10.37188/CO.2020-0218
https://doi.org/10.37188/CO.2020-0218
https://doi.org/10.37188/CO.2020-0218
https://doi.org/10.37188/CO.2020-0218
https://doi.org/10.37188/CO.2020-0218
https://doi.org/10.37188/CO.2019-0201
https://doi.org/10.37188/CO.2019-0201
https://doi.org/10.37188/CO.2019-0201
https://doi.org/10.37188/CO.2019-0201
https://doi.org/10.37188/CO.2019-0201
https://doi.org/10.37188/CO.2019-0201
https://doi.org/10.37188/CO.2021-0035
https://doi.org/10.37188/CO.2021-0035
https://doi.org/10.37188/CO.2021-0035
https://doi.org/10.37188/CO.2021-0035
https://doi.org/10.37188/CO.2021-0035
https://doi.org/10.37188/CO.2021-0035
https://doi.org/10.37188/CO.2021-0035
https://doi.org/10.1364/AO.379324
https://doi.org/10.1117/12.789824
https://doi.org/10.1117/12.789824
https://doi.org/10.1126/science.348.6231.172
https://doi.org/10.5768/JAO202142.0501004
https://doi.org/10.5768/JAO202142.0501004
https://doi.org/10.5768/JAO202142.0501004

1462 16

subassembly[J]. Journal of Jilin University (Engineering and Technology Edition), 2021, 51 2 : 478-485. (in Chinese)

[15] , , .. 1. 2022 30 2 217-226.
ZHOU P J, WANG X D, DONG J H, et al.. Imaging noise analyzing and suppressing for Tianwen-1 high-resolution
camera[J]. Optics and Precision Engineering, 2022, 30 2 : 217-226. (in Chinese)

[16] , , , [J1. ( ) 2021 14 3 625-633.
WEN ZH K, ZHANG Q J, LI SH, et al.. Multi-optical axis parallelism calibration of space photoelectric tracking and
aiming system[J]. Chinese Optics, 2021, 14 3 : 625-633. (in Chinese)

[17]1 , , .. 1. ( ) 2022 15 1
65-71.

LI H SH, LI B, LI H CH, et al.. Optical design of a wide-spectrum ultraviolet imager based on a single material[J].
Chinese Optics, 2022, 15 1 : 65-71. (in Chinese)

1984— 2015
E-mail sunjingxu2004@163.com



https://doi.org/10.37188/OPE.20223002.0217
https://doi.org/10.37188/OPE.20223002.0217
https://doi.org/10.37188/OPE.20223002.0217
https://doi.org/10.37188/OPE.20223002.0217
https://doi.org/10.37188/CO.2020-0133
https://doi.org/10.37188/CO.2020-0133
https://doi.org/10.37188/CO.2020-0133
https://doi.org/10.37188/CO.2020-0133
https://doi.org/10.37188/CO.2020-0133
https://doi.org/10.37188/CO.2020-0133
https://doi.org/10.37188/CO.2021-0127
https://doi.org/10.37188/CO.2021-0127
https://doi.org/10.37188/CO.2021-0127
https://doi.org/10.37188/CO.2021-0127
https://doi.org/10.37188/CO.2021-0127
https://doi.org/10.37188/CO.2021-0127
mailto:sunjingxu2004@163.com

	1 引　言
	2 相机成像技术体制
	2.1 光学系统形式选择
	2.2 成像体制确定

	3 轻小型空间相机设计
	3.1 总体设计
	3.2 光学设计
	3.3 光机结构
	3.4 调焦机构
	3.5 成像电子学
	3.6 热控设计

	4 集成测试
	4.1 环境试验
	4.2 面形与传递函数测试
	4.3 外场成像

	5 结　论
	参考文献

