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Fig.1 Typical satellite velocity changes of different natural satellite systems
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Fig.2 Images of JVIII, JIX, JXI before (up) and after (down) stacking. Both before and after stacking
JVIII is obvious; before stacking JIX is fuzzily visible, after stacking JIX is obvious; before stacking JXI

is invisible, after stacking JXI is obvious.

&1 1 mM2.4 mBRFAMCCDERMZF A
Table 1 Specifications of the 1 m and 2.4 m telescopes and CCD detectors

Parameter 1m 24m
Approximate focal length 1300 cm 1920 cm
F-Ratio 13 8
Diameter of parimary mirror 100 cm 240 cm
CCD field of view ~ 71 x 7.1 ~9 x9
Size of CCD array 2048 x 2048 1900 x 1900
0.209" 0.286"

Approximate angular extent per pixel

F2 1 mEBEFENTERDH

Table 2 Distributions of observations by 1 m telescope

Obs-Date JVI JVII JVIII JIX JXI
2019-04-09 11 10 8 - -
2019-04-10 10 10 10 30 -
2019-04-11 9 10 10 10 18
2019-04-12 9 8 9 8 49
Total 39 38 37 48 67
Exposure time/s 60 80 100 100 100

28-5



61 & X X %= K 3

®3 24 mERFINERSH
Table 3 Distributions of observations by 2.4 m telescope

Obs-Date Jvl JVII JVIII JIX JXI
2019-04-09 12 12 12 11 12
2019-04-10 7 7 6 6 10
2019-04-13 6 7 6 6 10

Total 25 26 24 23 32

Exposure time/s 20 20 20 60 60

3.2 XREMERAEIE

FEXS A AN T2 0 7 B S VA SR JRATTSR A T U =2 1) = B B TR G
DR2 (Data Release 2)IE NS # B3R, XA B K 0T340 B T 80 K SR B m R4
P, A B IHE TAEP SR 7 E bR Bz A, bR R A7 B vk 832 [ E 5O S iR
JRIM S HERE SIS S R A I TPLI R,

b — RO I 77 1200 BUR AT HE B (N1 m B 55 R EAT HE S ), AR
I, BELOME HE S ) — 08 BRI BERE CRIE H AR SRAFHF BOA5 W EL, [ I 3 2 fi 22 7 Sk 1Y)
SEM BN P B, FRATTHS A 10ME 125 HE B A2 — kS (I W) 5 B2 £/ T-17 min), %R A
AELOMR I M HEBAE S, HES 5 AR B AR EEE0E R4, £No. of frames AHES J5 K]
BHE.

*4 BUHBETRBREGHE
Table 4 Number of images of different targets after shift-and-add

JVI JVII JVIII JIX JXI
No. of frames 4 4 4 5 7

1 mE G BB & iR SO BRI R

(L)X TR E B LR, Xof B Al 2 v PR A5 o f) M A AT 248 v 20 R 300 5 SR P2
AR, BARIE TR WSCHR[14]. HEB 2 R RO A, X B ARE R R 1 75 2047 5E O

(2158 FE Z AR 5 O 5 RN B H )3l Co AL A L (55 BB KT A0 ), SRR R S T2 ) P
T 5 L

(3R BAR I g 0 25 R HEAT JUAT HL I (GD) B IE. A& £ 1O H 309 b i 3k 45
FIGDE A AT GDUIE RS 17

(4)5RAFIE A & O th Sk Ja, A B ARG &, JF 5IPLII R BEAT LK, 3k
R ZEO-C (WME-TH51H).

2.4 mBm WM E A IR S BRI A 5, AR RETHS, H
PR EIAL B B HL i COD R & il &
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4 HER5HH

FATHE L mEE B2 IRAS UL Bk} 0 9 B 45 SR 5 A H 2.4 mBE 2 45 0 Bk U5
HEE R AT L . R L g R RS, R AR & IR 4 7 1) (1 O-CF 348 43 73 FH (O-
CYyra F1(O-C)pp &, FrifEZE 73 7l FISDra MISDpr . 1 mEE o4 A 2 2 3 & J5 1K
GRATIRE 25 R, SE AR AT DARR 2 N =0

=5 TRIBEFEO-CHRENGITE
Table 5 Statistics of O-C residuals for different telescopes

Object (mag) Reference (O-C)ra/”’ SDra (O-C)pr/” SDpgr

24m 0.050 0.014 0.016 0.026

JVI (15.11)
1m 0.055 0.004 0.014 0.008
24m 0.033 0.035  —0.055  0.020

JVII (17.00)
1m 0.028 0022  —0.054 0013
24m ~0.106  0.023 0.029 0.023

JVIII (17.38)
1m ~0.103  0.012 0.040 0.009
24m 0.039 0.047 0.007 0.040

JXI (18.39)
1m 0.001 0.020 0.018 0.021
24m —0.093  0.035  —0.092  0.022

JIX (18.68)
1m ~0.129 0015  —0.105  0.018

MRS AE H, TR RAR PR (JVIL JVID), ATHES RS R, 524 m
A AR BORME 45 R LR, CPO-CTE R M ARG 7 4 RIFH— 8. o FABEE
PO RS 59 RAR DR (JVIIL. JIX. JXI), A GVEBRHEARE R, 524 mBms %
BHF H G5 R, P O-CLEARE Iy ) A AR 26 7 [ [E AR R T A0 1) — SOME (FEAH B % 22
TaHEA).

— MR, o HARASS T8 B bR, D7 ORI AR R, B A AT LR e 3, J-
PLJIFR IR, AL 2 S iy, Rk, #ig - H AP 5% (0-C) &kt H
B2 PR T K. AN H AR 14 5% 2 (O-C) B 2 235 1k L3, K APmag N JPLJJ)
R H MRS St B RO E N2 1(O-C) Sk aA N P52 2% B br
IS FE BRI IE K, IX — 45 SRR A BATHI T,

X TS H bR (IXT) BB & R (O-C) B T80 52 B AR (IVI), FATIXFEERMF: PR
ST, H bR el ek FARIAAAL, JIRARER ORTEFT A B 1, se B MALE — i T E,
(A S AT R 2 HHELIE H AR I 2 5% 22 0 T 52 B AR Il & 5% 22 1915 L. 7£ Gomes-Jtnior%s
NSt B T IXTAL B & [ (O-C) i F IVIFI 5 5L

FATAT LAAS X FE R 4578 1 mBE e B o vk B HE 00 I & 1) 1% 55 R 48 1 (W JTX
IXT), AT AC B J5, AN GEHEAT A S5 00 I &, [ B I LR R T A ) TR
(0-C)52.4 mEEzse 1 A 545 B 1l — k.
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Fig.3 Distribution of absolute values of mean residuals of different targets
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Image Shift-and-add Method for Astrometry of Faint
Natural Satellites

LI Can-wei? PENG Qing-yu'»?
(1 Department of Computer Science, Jinan University, Guangzhou 510632)

(2 Sino-French Joint Laboratory for Astrometry, Dynamics and Space, Jinan University,
Guangzhou 510632 )

AsstracT Faint natural satellites have the characteristics of lower brightness and
faster movement variation when they are compared with those of Main Belt Asteroids.
When observing such satellites, one cannot simply increase the time of exposure to
improve their signal-to-noise ratio (SNR). We attempt to obtain multiple short-exposure
images and use the shift-and-add method to improve the SNR of target, and then obtain
accurate measurement results of faint satellites. The 229 CCD (charge-coupled device)
frames of Jupiter’s 5 faint satellites that we obtained by the 1 m telescope at Yunnan
Obervatories, Chinese Academy of Sciences (1 m telescope) on April 9—12, 2018 are
used to carry out the CCD image shift-and-add experiment. And we use the CCD
images of the same satellites obtained by the 2.4 m telescope at Yunnan Obervatories,
Chinese Academy of Sciences (2.4 m telescope) to verify the correctness of the result.
The theoretical positions of the satellites are retrived from the JPL (Jet Propulsion
Laboratory) ephemeris. Our results show that using this method, the 1 m telescope of
Yunnan Observatories can observe the satellites as faint as about 19 magnitudes, and
their accuracies are in good agreement with the corresponding results derived by the
2.4 m telescope.

Key words astrometry, instrumentation, telescope, techniques: image processing,
methods: observational, methods: data analysis
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