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Fig. 1 Astronomical image with smear
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DSE(f(x)) = max{f(x + y) : y ∈ SE}

ESE(f(x)) = min{f(x + y) : y ∈ SE}
. (1)���` (�?Æ D `G) +
}a)k℄*b+���*wi�1s SE {��`QE3�i*�Æ�1s{fy3�*iO℄*��?�U�32iT���8NU�$
��?�` (�?Æ E `G) l;}a)k:*b+���`QE3�*�Æ�1s{fy3�*iO:*�?�U�32����8NU�LiT��� 2 Æg+YiQ)3�NCi�1�^��a��3 f(x) Q D �`� E �`iIk��

� 2 
��5 f(x) ������aJl�
Fig. 2 Illustration of dilation and erosion for one dimensional signal
}����?`G�,�`Giwm'%�

OSE(f(x)) = DSE(ESE(f(x)))

CSE(f(x)) = ESE(DSE(f(x)))
. (2),`G (�?Æ O `G) QE�3 f(x) >�&��3Q�?�`�UQ���`�,`G1g�[�3�i0CG�*�6�8N�32��1�^+�G[�:iT$
��[��1�^qLo"C\iCG
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THSE(f(x)) = f(x) − OSE(f(x)) . (3)

TopHat !^&t�1�^ SE ��3 f(x) Q,�`�bUt����,�`Ui�3�TopHat !^+
}a6�*L%zb+� [4], Dtaai�1�^Q!^�,�`Ui�32+Ey��1�^C\iqLC"�	��qLC"~`�8N��t����,�`Ui�3�O5�3 +Ey��1�^Hi-|iqLC"�pU�zANNi�1�^��3�K,5R�1gbu�32E3iC"��[��iCG��t����,�`Ui�3� 1he+Eyv#C"ma=2Mi�6ri�3�ÆUi0!^U�32i2M�6r�Dt Spread TopHat !^ [5]:

STPSE(f(x)) = f(x) − OSE(CSE(f(x))) . (4)

STP !^&��3 f(x) Q��`��Q,�`�bUt����HiR`GQEUi�3�� TopHat �
C\� Spread TopHat �
_L
�����E�HiR`GQEUi�32�zA��F�3+���DLv#iE3C"�&sAZ>�Q�NNi�1�^�Dt TopHat�
J Spread TopHat�
�(QE�3�8N�32DByHBiCG��[rB�1iE3C"� |A)��i�N�
3 a�qn
3.1 �t%d?��1�^iQ��HiR�
iv`�>yO℄r0 [6], -|i�1�^hei�>_-�+|�℄G[i�1�^�N�6|N��b&jz=E3�	iC"�	�A℄iG[&jDQEUiE3�	av
:G[i�1�^�N�6|N*�|�FE3i�	C"�bA:iG[_`DhE3�	OPL:� � TopHat!^�ÆU�1|i�[,�`U�32i��C"�qD�1�^iqLHB���iHi�NPF�._eAZQEify�32���DY�3X�6iByHB�pU�Q�Y�3X�6i$H�1�^�ÆU}N��iqLHB��/!^U�323[i�6r�
<v`>|�Q��1�^:�Æ 1 3�
._e4|v#663�i�3�LG�℄�AZ�32E3) a
-℄} 7 3��1#Æ�32��CGÆB�℄} 7 3�i$H�1ilN�	E32-Z�C\�1�pU�Qw�1�^B�Æ 7 3��,�`U��32fy 7 ×1 3�i$HHB`�[�rB�1�8��o' (5) HfI� � x K y Xi�3 f(x, y), �1�^Æ 7×1 3�℄:�Y�3X�6�
SE = {f(x + 3, y), f(x + 2, y), f(x + 1, y), f(x, y), f(x− 1, y), f(x− 2, y), f(x− 3, y)} . (5)
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SE2, SE2G[A℄-�`DY�iE3+O�	�-J}�`_�iz7�pUQ� SE2Æ 3×1 3��Y�3X�6� SE1 �1st}8N��`U�32irBE3��[$H���1�._e��`UE3`

?��pU�QE>Q� SE1 G[Æ 9×1 3��Y�3X�6�' (6) HfI�

SE1 = {f(x + 4, y), f(x + 3, y), f(x + 2, y), f(x + 1, y), f(x, y),

f(x − 1, y), f(x − 2, y), f(x − 3, y), f(x − 4, y)} ,

SE2 = {f(x + 1, y), f(x, y), f(x − 1, y)} .

(6)

3.2 '8^�Hg.�ir3 ��F�3mQEUi�3�Dt SExtractor )�+oE3 1, bh+5C"��!QEiw���>�Dt~6��
�e�32i��QE�*v` J2000.0 �I�%iHgS#�� Tycho E&����&sQE>� �a/QE�DtN QEg�fy��i��Ev` 20 o�AW [7], �t o�AWv`QEiHgS#�zA~v|a��32�/��QE�.i3:��!�QEUQEw���ip:�W!4|v#iw���>�zA66;g����O%ij:E���EI��,66>3���3Y�{��v#�!Uv`+qiHgS#�*���EI��hL3:�j:Ei��EI��Æ m p�gM��-Ri��^��ÆU.9�HiR�`U�E3C�� (SNR, signal to noise ratio) ip:E��2t�3RiC��/Hv`�&s/H'%�
SNR =

S − B

σ
. (7)�2 S Æv#i+*� B Æ��i+*� σ Æ��i#C�:�

4 �C�w
4.1 MkU�{<^��v2t.U�
���g3�2li 400 ��^y��iu�66�3�KQE��3i+5W%'& 1 fI� Z 1 (9;4

Table 1 Information of image

Parameter Value

Size 1024 × 1024

Field of view 7◦× 7◦

Spatial sampling 24.6 arcsec

Exposure time 200 millisecond

CCD operating mode Full frame���QEUi�3'� 3 fI�
1Bertin E. SExtractor v2.5 User’s manual.



1 Æ d%Tm	KvYTJkTaH��SG�9m-hk���5 85

� 3 B\�5� (a) �G�5� (b) TopHat ��SG
�� (c) Spread TopHat ��SG
�
Fig. 3 Images for test. (a) Original image, (b) Transformed by TopHat, (c) Transformed by Spread

TopHatQ�a)QE�HiR�
QE�UE3il%�'� 4 fI�
� 4 G5km'�� (a) �GG5� (b) TopHat ��SG
�� (c) Spread TopHat ��SG
�

Fig. 4 Contour plot of images. (a) Original image. (b) Transformed by TopHat. (c) Transformed by

Spread TopHatW� 3∼4 2-z�)�HiR�
�Fi8NU66�32QEi���'=!-U�31R�℄�Up��	��iE3�℄��/UO�WR�W	�nUQEJ4|v#iC(z��yJ}p%E3iw����HiR�
+�a$�3QE�-N^,�i&ZC"���3��iNq|N���`_�7����-|HiR�
QEi�3u�w�AE2���i��QEWv'� 5 fI����Qw�>�S��ir0���i��QEWvO/��HiR�
QEU��
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Fig. 5 Background stars matched in astronomical orientation �fy�3�v`QE�Uj��32��QEiHgDW�:��>H� (RA) �H� (Dec) *Q~v�+��>'� 6 fI�

� 6 SGk�/ ;� (a) I�� (b) I�
Fig. 6 Residuals of position of stars. (a) RA, (b) Dec�QEi�32���QEHgS#��p:i��'� 7 fI�
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� 7 SGy���kr;� (a) I�� (b) I�
Fig. 7 Promotion of position accuracy of stars. (a)RA, (b) Dec�>'I� Spread TopHat�
�}��QEiHgS#��ip:��� 50% P{�	 TopHat �
ip:��� 25% P{��tHiR�
|p%�32QEiw���� Spread TopHat �
w} TopHat �
�HiR�
iQE�>�QE��32i�.�5�QEw���ip%�Dho�AWi��_+qp:�W	p%U4|e|v#iw����-|�
QEUQEi�+C��m�+C��p:��'� 8 fI�

� 8 SGkD���D��r;��� (a) D��� (b) D��kr;��
Fig. 8 Average SNR and SNR promotion of stars. (a)SNR, (b)Promotion of SNR�>'I�HiR�
y;ip%U�32QEiC����t TopHat �
�C��ip:���+� 50% P{� Spread TopHat �
�}C��ip:-' TopHat �
�p:��� 10% P{�Q6HiR�
~p%U�32QEiC���bKFC��:iQEiO℄p%��w}KFC��℄iQE�HiR�
p%QEw���i��+��FE3iC��C+Æ�/��o(q'�K�DtHiR�
p%U�32QEiC(`��zUu�w�2��QEi��Wv�p%U�32��QEiw�����}QEE3C��ip: TopHat �
w}

Spread TopHat�
�b Spread TopHat�
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4.2 Mk	��Xd^��v���4|v#l6ir0<^yQ6�aLv#T��℄�Dh CCD �3.)	HC�>i��
Za6L4|v#i3�QEi��av�Q6�;%��~�v#l6C(^A=z��nUv#iw����v#E3i�>��QEUil%�'�
9 fI��QEavi4|v#E3QE�>'� 10 fI�-z�)�HiR�
y;�NU4|v#i���QEUiE3yJ}v#iC(�w��

� 9 G5km'�� (a) �GG5� (b) TopHat ��SG
�� (c) Spread TopHat ��SG
�
Fig. 9 Contour plot of images. (a) Original image, (b) Transformed by TopHat, (c)Transformed by Spread

TopHat

� 10 G5km'�� (a) �GG5� (b) TopHat ��SG
�� (c) Spread TopHat ��SG
�
Fig. 10 Contour plot of images. (a) Original image, (b) Transformed by TopHat. (c) Transformed by

Spread TopHatQ�S��r0U8ij:EW%�QE�W�66�3��>'& 2, & 3 fI��2�Q)v#I4Z����p 3 )v#Z���E3�QE��avi�;�Z 2 �Ye$\�z��;KW
Table 2 Detections and average SNR of objects

Original results TopHat Spread TopHat

ID Detection Average SNR Detection Average SNR Detection Average SNR

1 24 8.19 57 34.41 57 30.43

2 2 7.47 14 34.50 16 34.28

3 10 9.25 22 36.67 21 34.63
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Table 3 Position accuracy of objects (Unit: ′′)

Original results TopHat Spread TopHat

ID Residuals of Residuals of Residuals of Residuals of Residuals of Residuals of

RA Dec RA Dec RA Dec

1 22.8 24.3 7.4 6.4 6.5 4.9

2 17.9 5.2 4.3 5.6 2.6 4.3

3 17.6 19.5 14.7 18.2 14.9 18.0�>'I��}I4>7��i4|v#�QEUv#iC��p:U� 4 ��l6W℄��z�w���_'=p%�v# 1 �-|�
QE�#)W�iw�3:'� 11 fI��}I4-Z����bE3�QE��avU8i4|v#�HiR�
w|�&w����||p%v#iC���p:v#il6`�
�8NUQE���v#E3av^Air0� �4|e|v#�Q6HiR�
QE;>+\�-|�
QEUv#iw����C��+:-℄�

� 11 x% X�k�/4;
Fig. 11 Residuals of positions of object in all the observation arc�}-S��r0ij:EW%�WQE�>& 4∼5 -z�)�QE�Uv#il6W�w���+:-℄�bQEUv#iC��℄�p%��}-^��i4|v#�Q6HiR�
QE;>+:-℄�
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Table 4 Number of detections and average SNR of objects

Original results TopHat Spread TopHat

ID Detection Average SNR Detection Average SNR Detection Average SNR

1 10 11.06 12 28.33 12 26.18

2 4 15.66 4 21.62 4 22.07Z 5 �Yeh/�j (
/� ′′)

Table 5 Position accuracy of objects (Unit: ′′)

Original results TopHat Spread TopHat

ID Residuals of Residuals of Residuals of Residuals of Residuals of Residuals of

RA Dec RA Dec RA Dec

1 21.2 22.6 22.7 15.4 13.7 17.7

2 12.2 20.7 10.2 15.8 9.5 16.8HiRQE�
p%U4|v#iC���1g℄�p%v#iw���Jl6`�y;Æ*U4|v#l6S��ir0�
5 ���4|v#iu�662-Dtf�7k�W	d- CCD �3.��U8�℄���nU�31R�D�3��!h����zUv#l6C(iz����DtWRHiR`G�QE66�32i�����QE�U�32��QE�4|v#iw����QZ&q�HiR�
|�Fi8N�32��QEi���p%�31R��nO�`�p%U��QE�4|v#iC��ml6`�O5p:U��QE�4|v#iw����JtHiR�
QE���Ax-R2&yawiqt{*�[ � 0 5
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Using Operators of Morphological Mathematic for
Processing Smeared Image of Camera without Shutter

SUN Rong-yu1,2,3 ZHAO Chang-yin1,2 PING Yi-ding1,2 XIONG Jian-ning1,2

ZHANG Chen1,2,3

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)

(2 Key Laboratory of Space Object and Debris Observation, Chinese Academy of

Sciences, Nanjing 210008)

(3 Graduate School of Chinese Academy of Sciences, Beijing 100049)

ABSTRACT In observations of space objects, the shutter of camera is often removed

and hence the smear noise is ineluctable. Smear noise brings in difficulties on target de-

tection and location calculation, so it must be handled properly. Based on the differences

of geometry between stars and smear noise, two operators (TopHat and Spread TopHat) of

morphological mathematic are presented to resolve this problem. They’re sufficiently flexible

to be applied. Tests carried out indicate that smear noise can be removed effectively, and

detection rate of objects and stars is improved distinctly. Through the compare of position

accuracy of stars and objects, it’s demonstrated that both two operators work with a high

degree of location precision, and Spread TopHat has a better performance when dealing

with stars. At last, the efficiency of methods is proved.

Key words space vehicles, technique: image processing


