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Abstract: Objectives: China has formulated plans to undertake a proximity exploration of comet 311P/
PANSTARRS ( previously known as P/2013 P5) around 2034. However, the successful execution of this
mission is contingent upon obtaining an accurate determination of the orbit of comet 311P. Methods: The
small body precise orbit determination toolkit (SPOT) developed by the planetary radio science team of Wu-
han University is used to perform a study of the precise orbit determination for comet 311P in the context of
China’s small body exploration mission. We used the optical observations of ground—based and space—based
telescopes released from October 17, 2005 to January 18, 2021. Results: The position and velocity uncer-
tainties of comet 311P obtained by SPOT are about 129.5 km and 5.034 X 10° m/s respectively, which are in
close agreement with the position and velocity uncertainties (135.8 km and 5.270>X10"° m/s) calculated by
the well-known OrbFit. Conclusions: This experimental outcome not only validated the dependability of
the optical data—based orbit determination module of the SPOT software, but also highlighted that the cur-
rent positional uncertainty of comet 311P’s orbit is on the order of hundreds of meters. Furthermore, this

study investigates the influence of the mechanical model utilized in the orbit determination process on the
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calculation results. The findings indicate that the gravitational field of the 16 large main—belt asteroids, as

well as the perturbations caused by general relativity and solar light pressure, can be neglected in the cur-

rent orbit determination process of 311P. Additionally, this paper evaluates the potential impact of ground-

based optical observations conducted before the mission on the orbit determination of comet 311P. Conclu-

sions: The results suggest that such observations have the potential to reduce the orbital uncertainty of the

comet, but the uncertainty in the position of the orbit still remains significant, with values reaching tens of

kilometers.

Key words: SPOT; comet 311P; minor planet; optical data; precise orbit determination; space—based
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Fig. 1 Ground-Based Optical Measurement Model

P LAY DL 2 20 T R 3 S F N K
NS I =Y N
Re=R,+7=—R+ R, +7 (1)
A, 7R N RAK B H O 5 R, S K B B
{3758 5 R Sy 03 1 3 00 o7
76 B 2 /N T MRS 5 5 WUt PR oh L 1
AT LU . W SURIXIE T B4 A 28 /1
T VA AE ¢ 220 19 S BT 0 R <
Re'=Re—d v, (2)
Kb, d=| Re|/e 5 1 5 16 4 69 0 ) 5 o=
299 792 458.0'm/s KIEH v, A/ NFARA H TR,
HR R ROSAERAEX, Y, 209 =4
AR 26 o AR 2 0 1 BEIE ORI (B 58 20 -

! !
Cy .
—, 0 = arcsin

'
R..

a = arctan ‘ L (3)

R/’

1.1.2 KA AR
R O I A 5 M e ORI L, A S A
BRAZKRAZE BEZENREZmW IR 16
R H G270 AR RS B i A T M R A
e, TEOE 0 3 A [R] HCAE EEO sORE DG K
B 285t T B — UL 2B 2] oty o R IR G S
INRAR m 2Z (8] @ R A 5 OC &R
AINR AR

REENHENTE

KFH
B2 RAEEE2 AR
Fig. 2 Space-Based Optical Measurement Model

5 b, 58 U 3000 55 TR0 R AR, DR R T 3l A N R AR Y
KRR XA (D ZfEa B 3) 1t
SAR AN A R IR & ARSI R, R
TR R BNk 22 b s B B 220 B A T E
HST & #1786 & -

1.2 BfE=EEE

SPOT S5 58 BB He rp i) 25 2 28 HE 0 i) ik
WF iz 3 BRI R Bk A bn R T #4719 & Fn
Iy HE S8 5 i SPICE Kernels #2 it . SPICE J&
% B E A K JmAT BRI S — DT
) R 25 RIAT: 55 S I Pr f5 15 B R g, H E



W I 95 45 L 5L 311P K Jh— M BL Y6 22 B &

E LR B 43 # 877

SPICE$UR4RE H WFRh Kernels, 1m0k )AL
TE [ PR 35k 2 2 HE LR 434, AL bR R 48 22 (8] 1) %
W5 2% T K30 SOFA Y T8, BUy i
B 2 4 % HI K FBH & 51 0 31 77 2% i) (barycentric dy-
namical time, TDB) , {H i T 000 {5 B A %o 1 B[]
£ 5t S th 8 i A BF (coodinated universal time,
UTC) H#5 X I UTC A TDB MR ] R G095 e,
BRSO SES % T SOF A S R 4.

2 EE3IPREBEENSH

21 ¥iE

BZE HAT, R 311P AT 4R A UL B 2
6 B | 3 207 41, B — LU0 R — X AR 4
FIIRER o 3 2 2% M B s 7T L MPC T #4%
F| , iwf A # Bk 2005-10-17—2021-01-18, 7E 3%
S S SO K Bl v b R ' A 00 B A 1 165
M, Ay A2 1 HST K E 2= M E s . HST
6 27 K 4 4 WL 7E 2013-10-18—2014-02-11,
25 B EE R /4, MK 4 H R
SR 0] 45 £ /L L O 000 s i) B B A e )RR AE o

O 25 WL 5 Al ) K B T L 5 3 U
FIF [E0] R A= o8 U8 0 45 4 B BT A R ) L e o S, Al
F Veres 55 508 & A 189 56 24 O8I0 4504 B3 A A
BUOBERY %R — i R b 2Bk 1O Bk
BB F BT AL 3 e B B AN W RN AT
Y R G 22, UL I (E AU 3 8 2% T B Rk
RO URIINER: R IIE- S N Sl Fri S S R
TR 311P AN I sk WL I AR X BT Veres 4
{14 3% D R ASCRE R rh AU, ph 6 1 AT LB B R

F1 EWIEITETF Veres "R E ch 912 (E
Table 1 Weight Value of Each Station in the Model of

Veres et al.["”!
ML RE #IE My AUE ik
250 1.300 HST Q62 1.000
RURIIES &/

691 0.500 E10 0.400

645 0.300 C10 1.000

G96 0.500 215 1.000  p 3L
F51 0.200 iy JE X0 0 G36 1.000 &4
568 0.200 Bl w96 1.000

W87  0.566 Q11 1.000

H21 1.000 HO06 0.600

K91 0.693

Hh HST R 35k S0 100 50 40 ) S AL 2 L b, 5 SO0 30 5 4
FIAUE R . X ATRES HST WUMRE 4 &, HS T F 20
et & G, e B R R 2 d T 21 4l 4o
HAE M 0.200 B F51(Pan-STARRS 1, Haleakala)
ST T 2008 4F IR, 7E BUE B 8 HST K AR
L 0 K5 Al R AR Ay b TET O 27 0 D00 K A Y — A AR
I b 7, (B A 4R T 8 UORE B 5 i, HS T O 2%
IS 1 DT R AN K
22 FAFERE

HE PR ) F BRI @ R 3 )
PSR rp 2 T K B 0 45 £ &L 311P Y R B
F1, NKAT R A BR VR DL 16 g K A7/
17 Bt fn 45 5 A 311P 1 NR$E3h 01,2k A KR
I SCAH X RN LA K K BH AR S Rk sh . %
TR O T 4 A T L 2.

%2 311P/PANSTARRS HiRE R &
Table 2 Force Model Configuration for 311P/PANSTARRS

ALY N2 (B s B2/ (kmes ™) T
LN KA 10° B2 07 R F W A A 5
- NKRITE AR EEAE WA A Ceres SE# A Vesta B 5% (Jet Propulsion
Nk o B 101
o DL 8 i B Pallas £ 8 1 16 4> 245 /M T 3h Laboratory,JPL)
g 7 )
I SCHDGE 8 B IR PR B U AR 0 IE 10" DE441 1 sb441-n16""
B Cannonball 5 % (HUEE B 47 & 311P 28 542N 0.20 km, X EY A
PNEECE )i " 5 o . 10 i
B 3300 kg/m®, UL JZ BSR4 0.3) SCHk[21]

23 HREFEHELSW

F T 82,1 B R B S22 /Yy AR )
SPOT A& 2 31IPHATH B E . B3N
JE LT R AL | M 2 O I B A 2 I L rh s
SRR IR ATR 2 A RN IR AR 25 . B3 TT
DLE PR RO 1) 5 22 R 3 50 o3 A 78 OB Bt ik

& B B8 1 P B e LA T O B . gt
FE UG R EE MR I G R - b R ' A UL £
5 5% 22 (19 34 77 MR (root mean square , RMS) 43 ] A
0.192 7".0.377 2" ,0.339 7" , 43 T MPCERMZAH
49 8 30 41 5% 22 i RMS (0.300 0”) , 3% i — 25 & 1
U B O B BB A R AT AR .



878 VRIS NE= =5 S QS S W =3 7)) 2025 45 H
2F X @ X
%X ® 4 x ‘ >>§ X
04+t % X
1t - X
> - > ¢ o X
10 W0 8 8
= of : g o ¥ x g e . g . %
= * . % = 4 i
= x 3 = 0}« %
R-1r ¥ x B é
m @ ; i
H T -0.2
ol . $
X
) ) ) ) X ) ) -04¢ x
2006 2008 2010 2012 2014 2016 2018 2020 2013 2014
A Ay
(a) b SE B4 ik 22 18 (b) HSTHI i H 5% 7248

X NG @ IR
B3 EPURREE RGN (R 2 R 5 ) 5k 22
Fig. 3 Residual of Optical Observations (Right Ascension and Declination) of the Space-Based and

Ground-Based After Orbit Determination

3T TR ENTZIE B 311 P M EAR I &
N AR E R . N 3BT R A S
WY = 457 BN B R 129.5 km, = 4 BN

FEFE R 5.034 X 10 ° m/s, 2 W 24 /i 09 WL & s H g
P B 311P BBIE A B AR E B A9 F] 100 km £
K LEEAREEARF 10 *m/s B,

%3 SPOTHHMEERE E 311P % 2013-01-17T12:00:00( TDB Bt ) ) 7 B % B R N8 E B
Table 3 Uncertainty of Comet 311P’s Position, Velocity Calculated by SPOT Software at 12:00:00 (TDB) on Jan. 17, 2013
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