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Figure 1 Some samples of degraded Helene’s images.
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Figure 2 Some samples of Helene’s images that can not be measured due to irregular shape.
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Figure 3 Some samples of measurable images of Helene. The white dot in the box is Helene.
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Table 1 A sample of results of the astrometry reduction of Helene (The complete data is available at https://astrometry.jnu.edu.cn/paper/main.htm or

https://drive.google.com/drive/folders/1JZy9TqRqUhF_1zdX9jG6QrsGvZSCOcGj?usp=sharing)
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Figure 4 Residual for all Helene’s results in x, y direction respectively, in pixel.
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Figure 5 Residual for all Helene’s results in a * cos §, ¢ direction respectively, in arcsec.

019502-5


https://astrometry.jnu.edu.cn/paper/main.htm
https://drive.google.com/drive/folders/1JZy9TqRqUhF_IzdX9jG6QrsGvZSCOcGj?usp=sharing
https://drive.google.com/drive/folders/1JZy9TqRqUhF_IzdX9jG6QrsGvZSCOcGj?usp=sharing
https://astrometry.jnu.edu.cn/paper/main.htm
https://drive.google.com/drive/folders/1JZy9TqRqUhF_IzdX9jG6QrsGvZSCOcGj?usp=sharing

FRIRESE.  ERE WY % RE

20194F H49%F F1M

10 T T T T T T T T T
gL . L 1 [ i
- Fat oy Lt " .
BRI A R R N
e . d
§, 41+ = ‘." e " b " "r, 4
. L . - . & -
o, Wl N T I
Fiind i m 1 = g : 1 1
2 of g v L, =5
S Y L -
R oL e P fuh ' N
g o :l e 2 -
8 -4t e T " . o 1 A
* L -'h [ '
S 6fF .ov % 1
I A 1 .
8F = :". - R
~10 1 . 1 . 1 . 1 . 1 . 1
2004 2006 2008 2010 2012 2014 2016
T

6 Helene M 545 R1Ea + cos ST M HIFR 2, 407 Nkm

10 T T T T T T
8 4
6 4
—~ 4
IS L
x
— 2
& o
= -2
,Q +
o -4
-6
-8 4
-10 1 1 s 1 s 1 s 1 s 1
2004 2006 2008 2010 2012 2014 2016
s

Figure 6 Residual for all Helene’s results in « * cos d, § direction respectively, in km.
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Table 2  Residuals of all the results in different directions

ZH ¥i7 b2
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6 (km) -0.63 2.23

EEG LA BN E, L EMEIEE. iz
1£0.2-0.3M& &= 2 [8]. TEa*coss Aoy M b3 51 LA fA
JE (arcsec N HA 60 AR 5 (kmoN $LA2) SR Gi it T LLE
H 35 ZE A LR IR0, AR EER, WA T 1] (1) 5% ZE A
HEZ1E0.2-0.4 arcsecZ [A]. MFE K&, bk 2= &
3 kmffEL.

N T T T S 7R Cassind ML R4S B2 AR 35, FRATTHS
AT 25 5 B 3 R 3% 1 9% T Helene ) A0 I i3 4T
ELER. U TR, 5 I Helene WL A 2000 F120034F
IR (1 b T UL T1S- 1610 DL K2 20064F K 3R THS TR A
U7 SR AR S T I I A () O-C, R
T EORE BE, AN I IX ek 2 S DA AR RS s R
K@) R T 9% HCassini WL I (1)K BE AR 35, 01X LA
B G— B E R DT KRB IR S fE A b, R )R
HEAT R RV A WL 4R i B AR AR R A
], B 9t O, B kO (WTHSTES # Cassini),
{H 2 EATH 2 ICRFAL AR 2 T 1) s, X 00 DASE &
LN IR ZAEA R AL bR & b A 2 o3, DRt
TR B ORG FE B LU A BRI LR BRI B i,

1 SCHR[15-17125 A9 #R & A AP, X B 3ATTR A
il BT AR (R T VA e AT B e O T oK B a2 4
o0 B 4 2 BE RS 2 R B 12,774 42T K@
i 19 °F ¥4 BE B9)(https://nssdc.gsfc.nasa.gov/planetary/
factsheet/saturnfact.html), 2 & Helene 3| + & ) A 55,
ZBSHSTR b0 1) BE 59, 2R 5 15 31 29 B 1) KG FE 45
A E A I AR, A AR R E % b
() 22 S, 20 W& ) 2008 I AN 52 ) i) 25 ) S 5 R ),
W3 Hd, BT CEON7TIR &4 7B 7R iR
2, N T G R, HAh g Rgd 77 R
7. J1 4N SCHERI17170 0 45 Y 7 HSTHIPCHIWER A
AH ML & 45 5, B DA, 3R 2 0l 25 e, 43 S )
ANFrench%$2006 PCHIFrench:2006 WFP 17. [A] i
SCHRILTIEA 4 s e 22 508, BT LAFR Hh i O A O
4. MR T LUE H, Cassini ISS EI& 1R A4 &
PR IR BE BRE BEAH LG T R i U0 SSCH ST (4
BAJHEE RO S X R 7 i
B AR (1) 7% [a] BB AE AR I 2 77 T A 25

% 3 Helenel17ll 5% 2 1 LLER

Table 3  Comparison of Helene’s astrometry residuals from different
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Astrometric reduction of Cassini ISS images of Helene
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Helene is a small irregular Saturnian satellite. It is difficult to observe Helene by ground-based telescopes because of its
weak lightness (18.5 mag) and proximity to Saturn’s rings. The number of historical observations of the satellite is small,
but a large number of images of Helene were obtained between 2004 and 2017 using the Imaging Science Subsystem (ISS)
in Cassini Spacecraft. In this paper, astrometry reduction was performed based on these observations. Specifically, we first
corrected the initial pointing of the Narrow Angle Camera in ISS using the referencing Gaia DR2, and then measured the
Helene’s center position in image coordinates using the two-dimensional Gaussian fitting method. Finally the position was
transformed to the Right Ascension (@) and Declination (9) in International Celestial Reference Frame (ICRF) centered
at Cassini. The result was compared with JPL SAT393 ephemerides, and the position residual was calculated. Totally
890 images were effectively measured. The results showed that compared with SAT393, the mean values of all residuals
in axcos(d) and ¢ directions were 0.23 and —0.63 km, respectively, and the standard deviations were 3.48 and 2.23 km,
respectively. This precision was much higher than that of ground observations, indicating the advantage of space-based
observations.

Helene, astrometry, Cassini, ISS, ephemeris
PACS: 95.10.Jk, 96.30.N-, 95.75.-z, 95.55.Fw, 95.75.Mn
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