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Fig.1 Relation between SNR and time
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Fig.3 (a) Image with 500 ms exposure; (b) Stacked image of ten images with 500 ms exposure
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Fig.4 3D surface of star in 5 s exposure image

Xt T ELRBRG, BB IKEBIRAFETE R 0 ~ 8192, BRI AR (AAFR S it [a]
5 s), B+ Adu (Analog/Digital Unit, ML HAL) EETEEZY 11 000 EEEGCE
SRESWM, CEEW T BGES. 10 BEBRCEGREMNE, BBIKEFHEEE R
0 ~ 81920, X T4¢AL 5 s BYBRIGITTE],  Adu B EEEGA 60 000 Y 2BRAIRELERE R i TE
. BBREMAT ARG TR BT, BERBLERr R K By G ABRICI ], MREH
s 1k BB A, R R .



254 x X % # 53 &

10000
8000

2 6000
4000
2000

Bl 5 (a) 500 ms B ER 3 Eo5AAE;  (b) 10 i 500 ms EEENG 2B 3 K

Fig.5 (a) 3D surface of star in 500 ms exposure image; (b) 3D surface of star in stacked image
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Fig.6 Temporal variations of background (a) and noise (b)
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Fig.8 (a) Stacked image of 10 images with 500 ms exposure; (b) Image with 5 s exposure
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Fig.9 (a) SNR of objects before and after stacking; (b) Distribution diagram of SNR promotion
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Fig. 10 Position precision of stars before stacking
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A New Method for Detecting GEO Space Objects with
Image Stacking

SUN Rong-yu!'?3  PING Yi-ding'? ZHAO Chang-yin':?
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)
(2 Key Laboratory of Space Object and Debris Observation, Chinese Academy of Sciences,
Nanging 210008)
(3 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABsTrRACT To meet the needs of detecting GEO (Geosynchronous Orbit) space objects,
and prevent the saturation of CCD pixels with long exposure time, a method of stacking
series of images with short exposure time is presented. Using the method, the store range of
images is enlarged, and the signal to noise ratio (SNR) is promoted, and hence the detection
ability of the whole system is improved. The results of experiments demonstrate that the
saturation of pixels is eliminated effectively, and the SNR is increased by 3.2 times, and the
detection ability is increased by 2.5 magnitude when 10 seriate images are stacked. The
location accuracy of stars satisfies the requirement, and using the mean plate parameters
for astronomical orientation is reliable. At last the efficiency of the method is proved.

Key words space vehicles, techniques: image processing



