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ABSTRACT

We developed an algorithm to efficiently detect streaks in survey images and made
a performance test with YSTAR-NEOPAT images obtained by the 0.5m telescope
stationed in South Africa. Fast moving objects whose apparent speeds exceed 10
arcsec/min are the main target of our algorithm; these include artificial satellites,
space debris, and very fast Near-Earth Objects. Our algorithm, based on the outline
shape of elongated sources employs a step of image subtraction in order to reduce
the confusion caused by dense distribution of faint stars. It takes less than a second

to find and characterize streaks present in normal astronomical images of 2K format.
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a9 1. AFESAA F A 1998WT] a9 2, B8 o= ggAges #EY 234
AA. 72 (Evans et al. 1998).

Comparison with visual inspection proves the efficiency and completeness of our au-
tomated detection algorithm. When applied to about 7,000 time-series images from
YSTAR telescope, nearly 700 incidents of streaks are detected. Fast moving objects
are identified by the presence of matching streaks in adjoining frames. Nearly all
of confirmed fast moving objects turn out to be artificial satellites or space debris.
Majority of streaks are however meteors and cosmic ray hits, whose identity is often

difficult to classify.
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gt oz g Zol A Ao Y BAES YdF o2 FAG Y A HHY, 23 F4A
2 BHE vehdA "o 23y, 37 oA JuFdog e wE =

LT AA S A Feje) AFA 22 veElA Hed, old BEXERE AN, 333 E(space
debris) ¥ wh2 A 52} o] A FH Z A A (Near-Earth Object) 5°] At} o] £

o] i RE A4 FAA MM E A FHEHA Jehiy, & 5 Bd3H% 2
= 1% 29 o] 49 Fel2 ey = A tHEvans et al. 1998).

ol 3 EAES FohlZ] A3 7/NLH €12l (Rabinowitz 1991, Schildknecht et al. 1995,
Milani & Villani 1996)S 0] oju] 2 AW 8457} e AU, ARG T E3F o) YA &
2 7] w&oll, 87t 822 3= EuelEHe 2e)7t glvh YSTAR-NEOPAT %732 YS-
TAR(Yonsei Survey Telescope for Astronomical Research) T2 A E9] A3 o7 FAjof Y3 &
o] &3l AHEAE BEE BE Foly, 3FoE F Gbyteo] B3+ 42 AR kA, 4
SEEO Folok T2 EE TYESET WE £4 °‘-T’—E|z°] 283t} o] B £g3l7] A
28 712 dnEEAE EHHY Nz g $nEEL AEstgdey, Add ¢ EE o] 83
o] YSTAR-NEOPAT && 94 £43+3th

274 EE guFe s 4B oY, 3FAE duEE o83t YSTAR-
NEOPAT #5442 4% 208 7|<stdth



AUTOMATED STREAK DETECTION FOR HIGH VELOCITY OBJECTS 387

(a) (b) (c)
3% 3. (a) €989, (b) ()9 box 44 E FUIT G4, (c) AZA FAYYE o] R8T T3 (b) HEY
A,
» L
L] * . » Mol QM
R T S =au
. . » ' e R b 0] {}
A a T

(a) (b)
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AREAE 935 712 QuelE5e A FA 2249 (border tracing method) 2.2, o] ]85}
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od rH

T3 A A D %/ (time-series images)2] A-¢, 24722 Aol Fold A AL A BAZS
Homn o] go] 24 Ad&H oz vehtes AF3 & o 4T = AFS F
3l 2 & QA ok meba g2 A 5 etttk et e 24 3 o] A Y §4
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21 A4S 4237 93 A8 AASE

o) 7 4 39
a WAL do]
b AR 27
Flattening HAHE (1 - b/a)
AvStd 445 24 7 pixel 2 2 Aeje] P 2F AR
Round AR Aol AvStde) 1] (AvStd/a)
22 AR LRHFY 2USE HaE A7
TR A B4 2 A ZHsecond)
FITS 44 971 1.6
AR A 0.3

$9) FA3E AX AL AFEA SuEdEY FAE F e W v PS5 F, YSTAR-
NEOPAT 9] 2048x2048 CCDol A JdojA <k SMbyte2] JAH-S 1X ol 243 ¥ 4= gt}

2.2 At A A7 ¥ (Image subtraction method)
2134 AFT AAAE 18 DL HEe] YA RelA £ 2 (false detection)©]
Hopxithe Holth F, AH T FE9 FAo) AE= AN A Fe9 AF o] TrEolA = L7 T

Astedl, ol A-Fol Lo FHA Y 2B AF R 298 5 Atkes GAHE AT o HE BF
< 27493718 (Alard & Lupton 1998)2 A8 8o 2 M £9 4 Jd&d, AAFG471HS 22 99
< BET F A oA S o), E3 Zo] A EAE AAG2EA BV AR HIE

= Bk gA Zopd £ JRF =oFE 7| elnk /dE AFYA g Fol AHE
AL A4 37 J4e Fe 7 3, Ad A AT vk AR 71 g
B} 248 &2 Oh & Byun(2005)9] 4 %5 o] gt}

NEE gaejEe A5 -E#"#E 9 3te] GolzElFhe] 9 X3t YSTAR-NEOPAT H94 o2 3
23 94 4009] FS BP9 o, o] A2 YSTAROIA TCNGCEZ HHE 998 82 gA4to]
t}. TCNGCE #= 7% % New General Catalogue(Dreyer 1888) AAE 7|F£o g A3 ddoz
% 197}2} TCNGC7} 9= o] gt

HAEE 584 AA8R] €a8Ey $2%E 5337 98 22304 A58 A7FE 437
HE& AR3A 3 ARGt HAE 0S+ Linux ¥ Cygwino] A X1¥ WindowXP F 744
o, HAE AR AFE S CPUE AMD AthlonXP 1700+°] 3, W2 g+ 512Mbyte gt} &
2¢ HaE 202, 4089 £PATL 12 1R AL B £ ok B3 H2E 08 4 £
Bz Aol A9 YERLER] gsktt

¢

3. YSTAR-NEOPAT & 24 duf

3.1 YSTAR-NEOPAT ¥4t
278X BT AHYA ¢uelE 22 YSTAR-NEOPAT #3943 < 7,000093& 433
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i 3. YSTAR-NEOPAT %1749 A9

YSTAR-NEOPAT TAAY A F
A dopz ez 333, Alolm g AdU= AEd
A&7 2048 x 2048 CCD (Apogee)
Z73 Ad 27 0.5m, F/2.0
Alopzt 1.8° x 1.8°(3.05" /pixel)
A 57 17 59
A8 24H R

a9 5 245 g 3E 499 TCT10230, TCT10979, TCT11856 & TCT08092.

on, o] G4 2003d 39 17¥ 2E 2003d 5¥€ 2¢9 7R BEHUY, F FE 5= 1690
YSTAR-NEOPAT #9179 A4 & 3004 B 4 Qlth EE J49 =2 AL 3003, AF
G e A7 A ok 202 R AFGAVIYE S o] &5te] BAslel AR FHE #Fe] HAUT
7} G442 YSTAR &2 A" oA TCTZ A A 49 323 4oz, 499 & &
2 -2 Optical Transient(Hudec 1999)2 Zrolu 7] Saf A o] A2, 4ol 7} 7,0000] Fo = vj¢ o
7) 2ol FAAQ ARE 7lo] AT, EF AAE 940122 AFIR7IHE o] §vto] B
o A 278 4S5 AE Aoz JUFH U Wi AP A4S E4 A&

1% 5% Guide Star Catalog 2.28 o] &3l TrEod Ad Su4 A= o B4 A1 o
48 A& J9g BAT 2tk #F 9 F TCT102300] =il 77hE A& B 5 Al-tﬂ
HE2E g 59 428 o] FEd] ZA o] BEZ(Sykes et al. 2002)3t= RS Zdvid 2R v
WE JAE A Fejo AFoz GA #EHUE Aoz A4s & £ Qlvk 2ev AARE

TCT102308] & #ZS A 7ho] ¢k 5A1 7ol B3317] W Zefl, 223 AAl= AL Vel & A2
2 AZE =23 ASgE B2 G4 Q7] B BAAA GA 2AHA g AoR 4%
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E 4. QA4 Axo B AFe Zo).

A= *o}(km) YSTAR-NEOPAT Aol vehl= #39 ZAoj(pixel) speed ("/hour)
AAE S 4 (LEO) 500 ~ 1500 1790 ~ 2195 182 - 223
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=, 2 F 30977 2ol sAAA LY,
L2 FAAE AAE 4N o
71e} o2 AFEF FEIAATE BE LKl FHAE
4 FAHERZ FE AL ol dAdol Jebd AAY do] Wi Eelrh B F3 &
FAA2] A4 dol= 2 300pixel 2, YSTAR-NEOPAT T A4 olA o] =9 dojz 1}
= AF AolA 2k 30.5°/hours] £EF XA Hid, o) AR SEE A ¢+ U= A
Qo FZHE ol o= §l7] W Eojth

% Eolo] g} YSTAR-NEOPAT g4l vehd 5= Qe 4ol & & 40 HAIS

AT E 45 JFANY AEE € AR 7R AN AR, AA AFAAH ) A= 7
T FT Aol7t g = ATh E 40A B $ g5 FAE 914 (Medium-Earth Orbit)#} 74 2] 9
’3 (Geostationary-Earth Orbit) @ AAE 94l (Low-Earth Orbit)-2 # &2l do] Aol Ao|7} &4
s, AN o) AAZ AR A8 B2 dolE M-+ A ¢+ Atk 21d 62 2HE 1
Lo HAEE Zoldl et 2™ J2EIYe R, A F Y 25 EAENH 4 2F2 E 49
A AL AAE 2 FAE 94 AZS] do] MY ol Eojvte AL AT 5+ Ut} &, AR
AHJFHAAES AT FdT Ao EA F}ES ¢ 4 oy, = AL Do
Ql 144 pixel £-2A = S2ETY A2 A7 02F, o)+ 31NN A X AL &
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