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High-sensitivty detection of space targets at close range
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Abstract: In order to achieve high sensitivity space target imaging under the condition of close dis-
tance, the inertial space tracking and pointing model, terminal sliding mode control method which sta-
bilize the image, imaging frequency independent matching technology were designed to achieve space
target stable pointed and high signal-to-noise ratio imaging by high sensitivity CMOS camera. Finally,
satellite three axis attitude control simulation system, space-based LED target display system and high
sensitivity CMOS camera imaging system were used to simulate attitude control in inertial space track-
ing and stable point, and then high sensitivity imaging was tested in and out field. The results show
that when the attitude of stabilize imaging is better than 0. 02° and 0. 001 5 (°)/s in the process of the
stability of the inertial space target pointing, high SNR image which is 19 dB can obtain in 10 ms ex-
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: (No. 61705222, No. 61503360 ; (No.
SQ2016 YFGX040149)
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posure time; By using the GSENSE400 CMOS camera with F number of 10, out field experiment

which has object distance about 20 km can obtain high SNR image more than 18 dB under the condi-

tion of low illumination about 0. 05 Ix and the exposure time about 10 ms.

Key words: space surveillance; space target; high sensitivity; low illuminance; intelligent matching;

Signal Noise to Ratio(SNR)
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Tab.1 Imaging parameters on orbit

Serial Imaging parameters

number on orbit Value
1 Camera focal length/m 7
2 Camera pixel size/pm 7
3 Object distance/km 500
4 Resolution/m 0.5
5 Pitch angle/ (%) +30
6 Roll angle/(*) +25
7 Satellite velocity relative to target/(km e+ s~ ') 7.5
8 Exposure time/ms 10

2

Tab. 2 Parameters of ground simulation

Serial

Ground simulation parameters Value
number

1 Camera focal length/mm 7
2 Camera pixel size/pm 7
3 Object distance/m 5
4 Imaging resolution/mm 5
5 Pitch angle/ (%) +30
6 Roll angle/(*) +25
7  Target movement x speed/(pixel «+ s™') 16
8 Exposure time/ms 10

5
Fig. 5 Physical simulation system for tracking and

stability control imaging

LED
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Tab. 3 Parameters of GSENSE400 sensor

Serial number Parameter Value

2048 (H) X2048(V)
11 pmX11 pm
1. 5e"
27 V/lus » s @600nm
96 dB
+ s ! pixel @0°C
116 ke~
48 frame/s
12 bit

Resolution

Pixel size

Read noise

Sensitivity
Dynamic range
Dark current <1 e
Full well

Frame frequency

© 0 N O Ul R W NN =

Quantized output width
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Fig. 11 Physical map of image sensor GSENSE400
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Fig. 12 Schematic diagram of field imaging test equipment

13
Fig. 13 High-sensitivity imaging test at night
14 (18.5 dB.10 ms)
Fig. 14  High-sensitivity image at night(18.5 dB,10 ms)
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