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2 ;�jH
2.1 �N5iFCa2769d��a CCD 8?X[1D{8U�8�~B��T�jg=q�i}%T�&LW4�T��s�T�D~KT� [3]. x0�T (SNR) W78�BEw478T�d ��CZS?d4��T R
W [4]:
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Fig. 1 Relation between SNR and timeW:�h GEOU'd97~B�[hZSd4d�l�)xy�P��2�d4�ld[h��T 2j[h�?,CU'd97�,Ex℄/�\��lU'27���t?�ldd4ÆW�hJBKrÆU�
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3 4�h!H.+
3.1 3�,)W: hMxuh�U'�T d>���T&xd GEO U'��v�$d4�l5^Mx�2759d4�
L"�W 500 mm,  ; 1.9◦ × 1.9◦, CCD ÆL8"W
1024× 1024, *�R�Wwe�+�GM���~K 9 e�xHd .IW 6.68′′, MxUO℄(W 14.W:�5�d4�<Es5d?d4�-�g/GT�d}^tG��A_ CCD sZR�dZe�?d4�lW 5 s, 4R�T 10 ms ��p 100 ms, G[h 10 ms�v)$d4�l��v 10 Æ�T 200 ms ��p 1 500 ms, G[h 100 ms �x)$d4�l��v 14 Æ��MT 2 s p 5 s G# 0.5 s �v)$d4�l�� �.�v: 31 $/G
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(
�� GEO U'S ;u#Eq�x�℄d4�lt���J�dx'Eq���t?dd4�lW�J�dx%D?E��
3.2 �F,)XvMxM�r 10 e�d4MxuhW)�Mx�uh�G$xH�x�5�2M�guhMMxuU'�T d��F�� hMxuhd�
[>��U'd97[1�>C�vd GEOU'��US���4�2�l%R�4R/uhjMxd��~(�T�~(-_U'd�T ��v 10 eMxqb�(�d�l�uhMMxd(�Zku�guhDdZeMx_� hMxdk_x℄����/ ;uJ�dJ��J[ [6], E�*ud27+H(� t�J 10 e�d4MxuJ�℄q6:d�lDk_<(d��:�>C��lZ��n{%RI}�4Rk_<(%R'I}�v�<Mxk_<(d�l�-_3�d4dul���Æ[�ouhMMxuU'℄qd/�
4 Q�A7<1\
4.1 %>a6�7dd4 5 s Mx��d4 500 ms Mx_ 10 e 500 ms uhdMx~M 2 �M
3(a) _M 3(b) 6��

O 2 f6 5 s Oz
Fig. 2 Image with 5 s exposure
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O 3 (a) f6 500 ms Oz� (b) 10 g 500 ms wjNOz
Fig. 3 (a) Image with 500 ms exposure; (b) Stacked image of ten images with 500 ms exposureTM 2 �-	o�d4�l 5 s dMxu�US�y?�Dd�x�i�8KotX^u�M 3 u�Ze 500 ms d4Mxd�y?�Ddn#� 10e 500 ms MxuhM�g~d4�l'W 5 s, \Mxud�y?�DxH��x�86A��5d?�D�x

3 Y�1~M 4 ∼ 5 6��

O 4 5 s f6Ozv	z 3 Z�2O
Fig. 4 3D surface of star in 5 s exposure image�CZSd4�MxdV�(�UOUW 0 ∼ 8192, t?�ld\� (~\��l

5 s), Mxu Adu (Analog/Digital Unit, R(�UZ℄) �l~(O 11 000 dJ�xH,�X8?�D��y7u:�x�8� 10 ��d4MxuhM�MxV�UOUW
0 ∼ 81920, �Cg~ 5 s dd4�l� Adu �l~(W 60 000 d�x|[YH6Ad�8�Mxuh�-[hxHV�UOdU�e[YH�/?d?~d4�l�B[?~�o�x?�D�>�Mxt8�
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O 5 (a) 500 ms Ozv	z 3 Z�2O� (b) 10 g 500 ms OzwjN	zf 3 Z�2O
Fig. 5 (a) 3D surface of star in 500 ms exposure image; (b) 3D surface of star in stacked image

4.2 �CgkP/Gd4�lMxd��~(ET�~(oM 6,Mxd�7��~(Ed4�lD�"rÆ0h�hJ���du5�?�<6AdrÆ��T�~(Ed4�lD7�rÆ0h�T�urS 100 ms E 500 ms tld�BXCS 600 ms p 5 s tld�B�4R�℄d4�l�C 500 ms ��Mxd~KT�_}^n℄�T�2�ld[hBtX�uhMU'�T /~sG�ld?d4�d4�lXC 500 ms ��}�4�T�_}^dtG�T�d[?ur�Bks�?,CMxuh�

O 6 Oz�� (a) FV��* (b) 3�n&S1j
Fig. 6 Temporal variations of background (a) and noise (b)

4.3 K�bk�/[�d4 500 ms Mx� 10 e 500 ms d4uhMMx-_ZS?�4 5 s Mx~M
7 �M 8(a) �M 8(b) 6�� ;u#'Kd�x`WU'��CZS?�ldd4��lU'd�x'Ko:�D2Kdn#�7uU'℄qd/���593��e�d
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O 7 [g 500 ms f6Oz
Fig. 7 Image with 500 ms exposure

O 8 (a) 10 g 500 ms f6wjOz� (b) [g 5 s f6Oz
Fig. 8 (a) Stacked image of 10 images with 500 ms exposure; (b) Image with 5 s exposure/Gd4�l�5dZeMx_uhMMxuU'd�T ~M 9(a) 6���MxuhM�U'�T d>��(~M 9(b) 6��TM 9 /Y	o�[hd4�lDuh�d4Mx|[>�U'�T � 10 e�d4MxuhM�U'�T b�>�: 3.2 ��A�d$uh?F>�:hJd℄q97�g� 10 eMxuh97�g~,>�: 2.5 �g��T d>��h:�U'd97[1�>�:U'dx℄���
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O 9 (a) W)wjkNf�V"� (b) �V"�wjN� f�*
Fig. 9 (a) SNR of objects before and after stacking; (b) Distribution diagram of SNR promotion�%+Nd��uhMMxuU'd�T /)x<CsG�ld?d4Mx�b�>Cd4�lt���Mxd~KT�_}%n℄�.~ 4 s ?d4Mxu�U'�T W 105.47, � 10 e 400 ms MxuhM�?~d4�lW 4 s, \U'�T |W 78.5.y��Mxuhd�
�h:Mxt8�4R�-�o)?d'd4�l�>�hJ�U'd97[1�.~d4 5 s d� Mxu�U'�T W 115.46, \U'�xDJ��x|,?�D��y7ux℄/�d
S�f*�u�9�� 10 e 700 ms MxuhM�?~d4�lW 7 s, U'�T W 120.5, luhMMxu�xt86A�?,CU'℄qd/�

4.4 $M'XB(J�<MxuJ�x℄��d�l�w=~M 10 6��uhjd�d4Mxu�J�J[dx℄��<C 0.2′′, ℄d4�l/B? 3 s ��J�J�dx℄��'<C
0.2′′. 2�d4�ld[h�J�J�d6:E[Xds��b�>C2�d4�ld[h��x�J��{%?�sj:x�����A_��dxH .IW 6.68′′, uhjMxdk_<(���E�%qd�/�<Mxd 6 $k_<(d��:�~M 11 6��2�d4�ld[h�Mx�<dk_<(%R|p[X�\℄d4�lS 100 ms D 3 000 ms jl���<Mxdk_<(%RI}�k_<(u>vv a � d d��'f:S 10−6 8a�)vv b �
c � e � f d��'f:W 10−9 ∼ 10−8. �<Mxdk_<(I�/X��x℄��d7u}C 1′′. 4R��9�<Mxk_<(d�l�U'�Cax℄�w=���d�
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O 10 wjkOzvK	fy_��
Fig. 10 Position precision of stars before stacking

O 11 0If6�nfma>* RMS

Fig. 11 RMS of plate parameters with different exposure time

5 AIW:�h� GEO �lU'd97[1�27SS�%t?dd4�l��d4�ld[h�Mxu4��x?�D�7uMxt8��a��:F?Mxuh97 GEOU'd�
�uh3� 10 e�d4Mx��-�o�x�D�G��>C27?Fu��T�d2ZÆE/�DÆ�U'd�T _:>��hJ�U'd97[1_�h�F?� � 10 eMx�uhM�U'd�T >�: 3.2 ��97[1~,>�:
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A New Method for Detecting GEO Space Objects with
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ABSTRACT 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


