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Development of Low Cost CCD Camera for Microsatellites

Zhou Jiankang Chen Xinhua Chen Yuheng Zhou Wang Shen Weimin
(Jiangsu Key Laboratory of Modern Optical Technology . Institute of Modern Optical Technology . Soochow University ,
Suzhow , Jiangsu 215006, China)

Abstract The microsatellite has many advantages, such as shorter development cycle, higher mobility and lower
cost than those of conventional satellites. It becomes a hot area of the remote sensing. The developing CCD camera is
one of the most important payloads of the microsatellite and it has 0.98/0.5 year reliability rate at a low cost. The
optical system adopts catadioptric structure with wide working temperature range and uses spherical-surfaces
components which are fabricated and assembled easily. Stray light reduction and environmental adaptation design can
further improve imaging capability of the system. The electric circuit system applies many new technologies such as
frame transfer CCD, field programmable gate array (FPGA). correlated double sampling (CDS). low-voltage
differential transferring (LVDS) and buck/boost voltage conversion, so the system has low cost, low power
consumption and good stability. The commercial-off-the-sheft (COTS) components are screened by destructive
physical analysis (DPA), additional screening, boarding tests and so on. The reasonable reliability methods are used
in the developing process of the CCD camera. The CCD camera maintains good imaging performance in the
environmental tests. calibration experiment and imaging capability tests.

Key words remote sensing; microsatellite CCD camera; catadioptric optical system; commercial-off-the-sheft
components; reliability
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Table 1 Parameters of the CCD camera

Parameters Value

Altitude /km 500

Swath /km 30.7X30.7
Ground sampling distance /m 30X 30
Radiometric resolution /bit 12
Wavelength range /nm 450~750

Field view /(%) 5X5

MTF >0.2 (Nyquist Frequency)
Weight /kg <3

Peak power consumption /W <2.5 (imaging)

=

Life /year 0.5

Working temperature / C 0~—+24

1 /N B A CCD AL

Fig. 1 Microsatellite CCD camera
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Fig. 2 Layout of optical system
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Fig. 3 Measured MTF curve of CCD camera
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Table 2 Failure rate of the circuit modules

Module Failure rate /(107°/h)
Current surge 0. 13081
Power supply 1. 23584
Microcontroller 0. 78871
LVDS 0. 36230
Waveform generator 0.25731
CCD 0. 88300
Signal processor 0. 77886
CCD camera (Total) 4.43684
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Fig. 8 Resolution target imaging

2% 3 AHML MTF M3 4%
Table 3 CCD camera MTF

MTF
Frequency /(lp/mm)

Sag Tan
27.50 0. 54 0.55
29. 14 0. 49 0.50
30. 86 0. 45 0. 46
32.69 0. 44 0. 39
34.65 0. 40 0. 39
36.73 0. 37 0. 38
38. 87 0.30 0. 33
41. 20 0. 26 0. 30
65. 48 0. 21 0. 21
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Fig. 9 Image test of CCD camera on the ground
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