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Fig.1 Astronomical image with smear
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DF(f(z)) = max{f(z+y):y € SE}
ESE(f(x)) = min{f(z +y):y € SE}
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Fig.2 Tllustration of dilation and erosion for one dimensional signal
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TR BB S A ER, BRERGTRAIBIR, RE SR, sz 4
& X TopHat A¢# [3:

THE(f(2)) = f(z) = O%F (f(x)). (3)

TopHat 225 FIZ M 7T SE X EMR f(x) BOTEH, BRI IREME 112 575 1
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STPE(f(x)) = f(z) — OFF(C5F(f(x))). (4)
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S’EZ{f(x+3,y),f(x+2,y),f(;v+1,y),f(x,y),f(x—1,y),f(x—2,y),f(x—3,y)}. (5)
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Table 1 Information of image

Parameter Value
Size 1024 x 1024
Field of view Tox 7°
Spatial sampling 24.6 arcsec
Exposure time 200 millisecond
CCD operating mode Full frame

JE B 5 b ER e Y R AN 3 BT 7.

1Bertin E. SExtractor v2.5 User’s manual.
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Fig. 3 Images for test. (a) Original image, (b) Transformed by TopHat, (¢) Transformed by Spread
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Fig.4 Contour plot of images. (a) Original image. (b) Transformed by TopHat. (c) Transformed by

Spread TopHat
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Fig.5 Background stars matched in astronomical orientation
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Fig.7 Promotion of position accuracy of stars. (a)RA, (b) Dec
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Fig.9 Contour plot of images. (a) Original image, (b) Transformed by TopHat, (c)Transformed by Spread
TopHat
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Fig. 10 Contour plot of images. (a) Original image, (b) Transformed by TopHat. (c) Transformed by
Spread TopHat
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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




14 PhRAEE: FREHE R HT IR ET R TR R ER

89

®3 HiMEMEE (B )
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

GERER, WTHST AR EEER, LHEERMERLET T4 464, &8
MEBCRIESE I, EOARERRERRE. B 1 £ARRTNEAHE, BB EAFRZ M
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TR R B R AR E S (E R LA AR,
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Residuals of RA/"
o
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Fig. 11 Residuals of positions of object in all the observation arc
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R4 BRI TEEREE
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 22.07

x5 BRHEMHEE (B ")
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 16.8

BT IER R T 2 B AR fE MR B, FTRAKIEAR = B A7 i 8 0K BE AR R,
AR T 25 18] B AR R 32 4t R B R

5 it

TEZE 8] H AR R SO A A LR, A58 CCD B L™ &, KiFE
FEfR T BRI, MEGERERESR, BT BARRIRBIBIXMER. A XE AR
SEET, AN E SRR, WAL BRTE EE P ERIER S 26 H AR E AL
. iRERY, BESEINAREENHRERPERERNRE, REERRE, FIRE
R, BE T HREE SR R ER L IARE. BARA T ERER S =W E R
BB RS, B RS20k A B B AR S2bs LR B — e A,
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Using Operators of Morphological Mathematic for
Processing Smeared Image of Camera without Shutter

SUN Rong-yu?3  ZHAO Chang-yin’? PING Yi-ding"? XIONG Jian-ning!»?

ZHANG Chen'23

(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



