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Likelihood-Based Detection of Faint Moving Astronomical Object
Kazuyuki ITAGAKI and Noriaki MIURA

Department of Computer Sciences, Kitami Institute of Technology, 165 Koen-cho, Kitami 090-
8507

We propose a new method using likelihood evaluation for detecting faint moving astronomical
objects. A major problem in the detection of such objects is that they are hardly distinguishable
from noise. To cope with the problem, we introduce a probabilistic interpretation of pixel values
and likelihood evaluation in the detection. In our definition of likelihood, statistical processing is
done both over the extent of an object and over some images with different observational times.
Our method produces two-dimensional distribution of likelihood, the value of which is useful as
the index of assurance in the detection. We apply our method to observed images, and show its
effectiveness in the detection of faint moving astronomical objects.
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Fig.1 Simulated images of a moving object (a) with and
(b) without atmospheric turbulence. Region D in (c),
which is used in Eq. (5), is determined through expanding
three times non-black region in (b).
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Fig.2 The positions (x, y,) and (x5, v5) of a moving
object in frame 2 and 3 can be derived from its position (x,
y) in frame 1 and a supposed velocity.
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Fig. 3 Observed images for experiment 1. The upper part
shows full images. The lower part shows two series of
enlarged partial images in regions (a) and (b). The expo-
sure time is 150 [s] for all images. The exposure intervals
between frames 1 and 2 and between frames 2 and 3 are
1186 [s] and 1101 [s], respectively.
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Fig. 4 The coordinate system. A parameter 4 specifies the
direction of the velocity v.

Table 1 Experimental parameters.

Parameter Range Interval
x [pixel] 0-511 1
v [pixel] 0-511 1
u [arcsec/min] 0.50-0.80 0.05
6 [deg] 0-359 1
m 16.0-21.0 0.5
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(1) (3)
Fig.5 Detection results from Fig. 3. Numbers (1), (2)

and (3) correspond to those of detection order in Table 2
(Experiment 1).
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Fig. 6 Observed images with the same region as Fig. 5
(3). A noise pattern similar to that of a moving object
appears in frame 3.
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Fig. 7 Observed images for experiment 2. The upper part
shows full images. The lower part shows two series of
enlarged partial images in regions (a) and (b). The expo-
sure time is 150 [s] for all images. The exposure intervals
between frames 1 and 2 and between frames 2 and 3 are
1181 [s] and 1281 [s], respectively.
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Fig. 8 Detection results from Fig. 7. Numbers (1), (2),
(3) and (4) correspond to those of detection order in Table
2 (Experiment 2).
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Table 2 Experimental results.

Detection order I(x, y) x [pixel] v [pixel] « [arcsec/min] 6 [deg] m
Experiment 1 o)) 0.3812 141 315 0.70 336 18.5
(Fig. 3) () 0.2812 355 88 0.55 334 18.5
(3) 0.2698 382 333 0.75 55 19.0
Experiment 2 1) 0.5821 336 366 0.55 5 17.5
(Fig. 7) ) 0.3622 341 186 0.75 356 18.0
(3) 0.2868 100 265 0.65 346 18.0
(4) 0.2696 69 346 0.65 128 18.0
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Fig.9 Comparisons of the intensities of moving objects
with noise level. Graphs (a) and (b) correspond to Fig. 3
and Fig. 7, respectively.

LTHY, RHICKIILTWwWa ZeBbnbd, o LER
IR, B2 LT WINERBIZEREREELS
EOHIERTE S, 0k, Bonk BESEME (x,y)
ERBERERHOM» S LS OFEEE L THWS Z &8
TE3EEZONS, LrLEMNS, BuBIIREOLE
BEhRDER, /A XDFREMNECE->TLES, &
FHEEERALT 2103, BECBBHRETHLLWZh
FEREEEDE, F7213REWRL /A X THEEwz 5L
R OE L, 02 & « KW o & - BERERE
R EDRLHIFIERFHETORBEZEL T, Thth
ROTHTLEND S,
6.5 /AXLRILEDIEER

22T, ERICHWBRERF DO 4 Ao B
B RAAEDTEAET 2 FEELOBERE L ~L & % H L CAFED
HHEEEET 2,

FTHEEOCRA N T LERKD, TORBHEEZ NNy 77
ZUrNEET S, R, BAEGRTO (FERIGEALR)
EPFELRWEBETT, Ny 777y v FEEEECL
7o EEOERERE o KD, ThE /A AV N)LEE
£T 5, Fio, BEIKEEE (KOS E 2L > TLY -
ToREEE) CHBRMEOFERD, ThenNy s 779
RAE & OFE 2 BEREEE L~V & L7z, Bl Fig. 3

440 (56)

HATBETH B, T2/ 4 AW L EBmHE <720, M
% 20 WRE LIz LT 5L, Fig. 7(a) O/NRELISZ
M TER W I b b, RFETIH /A AV ULfhl
DOHEE LV~ % OBEIRENEFEELELTH, ZTh%x
BEADERIC D 2 HMEHLE 23 5 2 Lic & > THRED
AJREIC 2> T\ 5,

7. % & ¥

ARG TUE, TOEEFH % o 72 055 e B R AR ik &
BEL, KHXTHRE L TWAROWBEREDSES,
BHTESNIERTIE ) A XOFESEMCKE L &
5., ZORORFETIE, BonHRESMEZOE
BHICHW S DT L, HEENCEREITo7:. 2L T
BERAROZEELR D &, BRI 0 R 2 @HE MO
EfRIZ DTz > TIHFHLE 21T, 2R BESRICEBRL
BEIRIE OB 25472,
AFFEOBHBEHRAOBARR T, [ERETEBREL
HEEThH 2 LEZONLBORBEIREERET 5 2 1Ak
L Tw3, £7:856 02 BEMINEL, BEEREKLO
Eme LSDEE LTHWA Z EMNARETH . 2 OfE
ERRTEIEICEST, BHIFEL2XET L2 L09T
x5,

S, SEFSERFHTTEAFEEERL, RAERL
EDOMREEHSPICT 2LEND S,

Kitse e D 5 1c bz, ZRE WA REN, FH



RlSe e || EBhEdE, & o CICENI R A ENE =1
HAFITEL RS W - LS. FRHERERL vl
IR R TYMERESESHRICESE#H L
A

X BR

1) K. E. Edgeworth: “The origin and evolution of the solar
system,” Mon. Not. R. Astron. Soc., 109 (1949) 600-609.

9) G. P. Kuiper: “On the origin of the solar system,” Astro-

physics, ed. J. A. Hynek (McGraw-Hill, New York, 1951)
pp. 357-424.
3) MRHEAISE, ZiAIRE  “EIE Radon ZHRO/NEEMBIADIE

31#% 5% (2002)

4)

5)

7, 6%, 30 (2001) 187-193.

H. F. Levison and M. J. Duncan: “A search for proto-
comets in the outer regions of the solar system,” Astron. J.,
100 (1990) 1669-1675.

D. L. Rabinowitz: “Detection of earth-approaching aster-
oids in near real time,” Astron. J., 101 (1991) 1518-1529.
M. Irwin, S. Tremaine and A. N. Zytkow: “A search for
slow-moving objects and the luminosity function of the
Kuiper belt,” Astron. J., 110 (1995) 3082-3092.

C. Trujillo and D. Jewitt: “A semiautomated sky survey for
slow-moving objects suitable for a pluto express mission
encounter,” Astron. J., 115 (1998) 1680-1687.

sy R=y, ILW.D 7y Feofibis, #1R R
2R, fuEE, 1992) pp. 89-102.

441 (57)





