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Abstract
Objectives: The ephemeris of small bodies is an important and basic supporting data in small body exploration
missions, which has strong practical significance in engineering and science. This paper aims at the near-Earth
asteroid, 2016HO3, one of the exploration targets of the Tianwen 2 mission.
Methods: First, we introduce and analyze the available ground-based observation data, and then establish the
process of using ground-based observation data to solve the ephemeris of small celestial body, 2016HO3.
According to the solving epoch, weighting and observation selection, 16 orbit determination schemes were
compared.
Results: The results show that the observed residuals after fitting in the right ascension and declination
directions are almost within 1.0”, which confirms the rationality of the data processing flow and the calculation
strategy. Compared with the ephemeris published by JPL/Horizons, during one year the differences between the
two are less than 0.025" and 0.25" in the right ascension and declination directions respectively. It has been
also noticed that different weighting models and the processing of observations significantly affect the orbit
determination of 2016HO3.
Conclusions: When using observations excluding two observations at 2004 combined with the vfcc17 weight
model, the root mean square of position difference with respect to the ephemeris provided by JPL/Horizons
during 50-year is about 87.39 km. This study will provide some reference and basic data support for the
measurement data processing of the upcoming Tianwen 2 mission.

Keywords: Astrometry; Ephemeris; Minor planets; 2016HO3
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Table 1 Perturbation asteroids and their masses (referred to INPOP ephemerise)

INRAR YR 4 Ji & /kg NI E FE Ikg
1 Ceres 9.38E+20 2.21E+18
2 Pallas 2.05E+20 1.47E+18
3 Juno 2.53E+19 7.88E+17
4 Vesta 2.59E+20 7.73E+17
6 Hebe 9.11E+18 8.73E+17
7 Iris 1.01E+19 5.58E+17
10 Hygiea 8.67E+19 4.29E+18
15 Eunomia 2.96E+19 1.05E+18
16 Psyche 2.11E+19 2.12E+18
29 Amphitrite 8.60E+18 1.23E+18
52 Europa 3.05E+19 2.54E+18
65 Cybele 2.01E+19 3.39E+18
87 Sylvia 1.83E+19 3.57E+18
88 Thisbe 3.70E+14 1.81E+14

511 Davida 1.81E+19 3.84E+18

704 Interamnia 4.18E+19 4.40E+18
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Figure 1 The integrated orbit difference of 2016HO3 between ours and JPL/Horizon’s results
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AR 1/MT 2 2016HO3 1565 W >k 5 T B Pr/M7 £ 50 (Minor Planet Center, MPC)
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Table 2 Parameters about observatories and telescopes for 2016HO3 observations

EH 75 44 B fi 5 1E5% K& (7]
Pan-STARRS 1 PS1 B R FK /S IR 702
Great Shefford GS FAF  (Peter Birtwhistle) 18.4' x 18.4'

LPL/Spacewatch II LPL V) 8 8 K 22 /38 R AR B R /N R AR 5 20" x 20’

Mauna Kea MK 1 NP N EEPR I 19' x 19

AR.O ARO  Astronomical Research Institute 5 NASA & {E M T b K & 25.6' x 25.6'
Tenagra 11 TII A (Michael Scwhartz) FHIIA IAWN 1.35° x 1.35°
La Palma LP 25°2
Apache Point AP B8 VY BN A2 K220 Astrophysical Research Consortium 16’ x 16’
SDSS SDSS R IER 302
Mauna Kea MK2 E) NN EE R SR 19’ x 19’

ME 2 FTLAEF], M Eim s LR TEE 0.4~3.5 m, WIE B 1 B4R P 7R R B, WL 4%
YU Y 20~24 55, ot Mauna Kea v W B i 2, 3L 218 4. B 3 4] 1 /M7 B0 E 5 L g
HOEEMR R, ATRLE S| 2016HO3 ¥ O FEAE IR 3 2R 7E 2 000~4 000 J5T2K, H.-LEEZH
1.4 x 107~1.6 X 107km. &R MM 2004 2| 2021 F75 5% T 2 ADHEHI, HH T 0N =D
HAES TR MM E H,  H AT JPL/Horizons 7EZL 1 3 R Gt 5 T MPC $R BE 6 2 I HHE 45 /M T
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Figure 2 The observations and observatory distribution
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Figure 3 2016HO3 observations corresponding to the earth and heliocentric distance
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Table 3 The initial orbital parameters

PUBEITR Bl
a 1.0011046710529334
e*sin(LP) 0.024475026134328
e*cos(LP) 0.101119475838630
tan(i/2)*sin(LN) 0.062286625080603
tan(i/2)*cos(LN) 0.027117735634020
mean long 101.2664885024991

00 U 2 MO 1 4, 4y B4 T RSB AR % (Right Ascension) il 7k £
(Declination) 77 1 L HIBR2 4047, RIS F W A 3K 1R ISk 7T BLES), LA g o
[y 2010 4% 2018 4F 1), ARZRIARL T IR MIIERZEAE 1.07BARY, ST ARSIIR 2SR, o]
L 2 4 SR AR BT, AR SIRURL AR 5 W Y A 2

& 4 WL Hda Ul 5 e 5k 22

Figure 4 Observation residuals at post-fit
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1H1THZE 12 H31H. FE. FEEMELHIER S, EHRET7R EH#HZMLE 0.025" AN, fERET
] i = EAE 0.25 LA .
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Figure 5 Difference on the right ascension and declination between this study and JPL/Horizons
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HIBIE 22, o 2013 FERTIEMERZ B K E . WE 6 (a) Fl (b) B tERE, MEMNEER
HARUUMESY, RELEAE—-NER L, UL T ARG RAABUFNINETFEIE. FEUH, 7304
IR RUEE b, A TR SR 2016HO3 PI RS BERS 4 T HL A5, EEIRDITALHE 1 2004 ) 2021 41
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(a) Tian Wei’s result(®]. (b) Our results
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Figure 6 Position difference comparing with other study
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Table 4 Several solving strategies
i S K HhiE
A %l NEODyS A i (R4 &
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D R 0 O A 7 22 8 B L& K T 3o 7 B b v

Fzl A LEHL NEODyS Rufi S i L IMABCE ; #l B AR A HUZEAT_FRE 2004 2 A 400 501
Birs #E C NMRAALE: WP R ZE A E30Z MR EN 1", 20-30EN 0.5, lo-20EN
0.2", 1oWE Y 0.1"; HX D UFERIE A LAl 5] BRAEWLI B i 72 KT 3o ML i, 3% 5~3 8 FuRAE
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Table 5 Solutions with different initial epoch parameters and strategies

fi 2 st 2] P r(km) v(em-s™Y) RMS R.A.(") RMS_ Dec (")
A 160.4580 2.9203 0.1879 0.1553
2000 B 115.5245 2.1063 0.1878 0.1364
c 291.4885 5.3056 0.1891 0.1423
D 143.3548 2.6087 0.1125 0.089
A 160.5750 2.9224 0.1879 0.1552
2010 B 115.6754 2.1090 0.1877 0.1364
C 291.4885 5.3056 0.1891 0.1423
D 143.3548 2.6087 0.1125 0.0894
A 160.5749 2.9224 0.1879 0.1552
2017 B 115.6753 2.1090 0.1877 0.1364
c 291.4885 5.3056 0.1891 0.1423
D 143.3550 2.6087 0.1124 0.0894
A 160.5750 2.9224 0.1879 0.1552
2020 B 115.6755 2.1090 0.1877 0.1364
c 291.4885 5.3056 0.1891 0.1423
D 143.3548 2.6087 0.1124 0.0894

M S FT UL, UMM EAS AN 2 R S OB BB 2R . 25 BR 2004 45 5 75 210 I
Bl e, PUBMERGEEIETT 25%. MBCT AWM, X e Bk 2 A A JE A M A0 A 2E AT 5 Bk
JG, PUEREREESRTL 11%. NIGE 2016HO3 IR KA EAGEE, %L T 2000451 4 1 H 00: 00
#2050 % 1 A 1 H 00: 00 8], ASCRAE B 5 I3RA JPL/Horizons 7R AE K FH 2 -t 12000
TR BN E R ZE R, 2HIfEE 7.

& 72010 F B R THRHEL RS IPL/Horizons [iRER
Figure 7 Ephemeris difference between ours (with the initial orbit at 2010 and strategy B) and JPL/Horizons results
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Table 6 Solution differences using different weight models

PR R r/km  vjem-s-t EMSRA- RMSpe

/() AQ)
ofecl? A 273.204 4.953 0.189 0.144
B 87.393 1.590 0.188 0.137
fect1d A 160.575 2.922 0.188 0.155
B 115.676 20109 0.188 0.136
4 & #

ASCHEF R E R M 55 BPR TR, EE5F 2016HO3 0 B AR 4 HYREE IR 0T T Hi BRSOk
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