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Analysis of Orbit Determination Capability for Cislunar Space Probes
Using ISL Data
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Abstract: Objectives: The study aims to analyze the orbit determination capability of spacecraft in cislunar
space through the utilization of inter—satellite measurement data. The objective is to elucidate how these
measurement data can enhance the precision of orbit determination. Methods: According to the application
requirements of cislunar space inter satellite link, the observation model of dual-one-way measurement is
established, and the algorithm for the sum combination is implemented in the realm of the general relativity.
The cislunar distant retrograde orbit (DRO) exploration (CDROE) mission will utilize inter—satellites radio-
metric link among a low Earth orbit (LEO) satellite, a DRO satellite and a resonant orbit (RO) satellite.
The joint orbit determination capability using inter satellite link measurement is analyzed. Results: The re-
sults show that more than 10 d of tracking data is needed to obtain an orbit better than 100 m using only in-
ter satellite link (ISL) between DRO and RO, and additional ISL data with LEO can shorten the tracking
arc to 5 d. If the positioning data of LEO can be utilized, only 1 d data is needed. Conclusions: The solu-
tion of systematic error is an important factor restricting the orbit determination convergence, so the calibra-
tion of systematic errors introduced by equipment delay, clock error, propagation medium, etc. is neces-

sary.
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Table 2 Strategy for Orbit Simulation and Orbit Determination
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Table 3 Joint Orbit Determination Accuracy for DRO and RO Under Two Conditions
FM(D) A (2)
I /d DRO RO DRO RO
i /m  #E/(ecms") {7 & /m B/ (ems™")  fIE/m A/ (cms™") {7 & /m P /(emes™)
4 7482.09 1.465 8 384.95 0.389 66 582.94 12.308 87 817.45 4.850
5 391.86 0.146 967.45 0.127 3019.66 1.069 7993.76 0.824
6 156.20 0.026 272.79 0.045 1469.91 0.215 1624.30 0.237
7 154.09 0.014 223.25 0.037 1461.75 0.126 1411.65 0.198
8 62.84 0.010 211.65 0.035 539.96 0.073 1174.69 0.181
9 19.46 0.007 178.90 0.028 227.17 0.056 1012.34 0.159
10 7.45 0.004 79.98 0.014 87.37 0.039 800.63 0.134
11 3.45 0.001 26.75 0.005 62.45 0.019 351.56 0.053
12 2.32 0.001 12.99 0.002 44.82 0.009 204.19 0.031
13 0.91 0.000 1.83 0.000 14.98 0.004 38.80 0.007
14 0.43 0.000 1.46 0.000 13.82 0.004 25.12 0.006
*4 WHENEZGTLEOSDROBEENHMEREE
Table 4 Joint Orbit Determination Accuracy for LEO and DRO Under Two Conditions
(D) F1k(2)
MK DRO LEO DRO LEO
i {7 /m T /(cmes™") fiE/m  HE/ (cms) {7 & /m U /(emes™") e /m B/ (emes™)
1 17 882.01 2.773 313.79 25.539
2 640.83 0.153 14.27 1.384 5851.79 1.050 110.97 12.914
3 96.47 0.018 1.93 0.194 1114.74 0.573 41.80 4.640
4 41.57 0.008 0.91 0.103 271.58 0.196 12.95 1.457
5 32.18 0.005 0.68 0.078 199.29 0.136 8.40 0.967
6 21.32 0.003 0.52 0.058 64.06 0.036 2.73 0.306
7 13.23 0.001 0.39 0.042 35.96 0.014 1.69 0.179
8 10.26 0.001 0.34 0.035 31.51 0.008 1.38 0.145
9 5.44 0.001 0.20 0.020 27.21 0.007 1.19 0.125
10 1.95 0.000 0.11 0.010 19.91 0.006 0.90 0.094
11 0.92 0.000 0.08 0.007 14.07 0.005 0.62 0.065
12 0.56 0.000 0.07 0.006 11.53 0.004 0.47 0.049
13 0.47 0.000 0.07 0.005 9.76 0.003 0.40 0.042
14 0.43 0.000 0.07 0.005 8.46 0.003 0.36 0.036
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Table 5 The Joint Orbit Determination Accuracy for LEO and RO Under Two Conditions
F(1) FIH(2)
MK /d RO LEO RO LEO
{7 & /m W/ (emes™)  fiE/m HE/(emesTh) {7 & /m T /(cmes™") {7 /m P/ (emes™)
1 3 142.65 1.739 189.28 18.842 0.00 0.000 0.00 0.000
2 966.55 1.198 128.77 13.116 1712.50 1.368 148.74 15.017
3 110.69 0.150 16.17 1.644 524.61 0.361 39.73 3.916
4 14.10 0.010 1.07 0.106 193.11 0.035 4.81 0.269
5 9.64 0.009 0.93 0.095 111.86 0.024 3.03 0.148
6 8.00 0.008 0.87 0.088 110.81 0.023 2.97 0.137
7 6.75 0.007 0.79 0.080 107.25 0.021 2.78 0.117
8 5.81 0.006 0.64 0.065 102.20 0.019 2.58 0.096
9 4.73 0.003 0.39 0.038 93.63 0.017 2.26 0.062
10 3.91 0.002 0.23 0.020 86.99 0.014 2.07 0.042
11 3.24 0.001 0.17 0.014 84.08 0.014 1.98 0.037
12 2.80 0.001 0.16 0.014 82.35 0.013 1.94 0.036
13 2.65 0.001 0.15 0.013 76.29 0.012 1.79 0.035
14 2.58 0.001 0.14 0.013 73.78 0.012 1.73 0.034
®6 WHMEHNKZHETLEOS5DROROBKEENNEREE
Table 6 Joint Orbit Determination Accuracy for LEO, DRO and RO Under Two Conditions
(D FMH(2)
DRO RO LEO DRO RO LEO
MK /d
gm0 mmm P g P e P pwm P pam 2
cmes (emes™") (c (cmes™)
1 420.32 0.513 483.14 0.421 44.11 4.505 537554 1.687 3913.86 1.216 146.71  13.010
2 31.28 0.022 27.76 0.016 1.72 0.178 293.25  0.099 230.72  0.069 8.25 0.758
3 12.29 0.003 9.47 0.002 0.34 0.033 70.02  0.021 55.11  0.013 1.57 0.128
4 6.16 0.001 4.36 0.000 0.16 0.016 26.17  0.009 20.18  0.005 0.54 0.048
5 3.89 0.001 2.91 0.000 0.12 0.011 12.21  0.005 9.09  0.002 0.23 0.025
6 2.42 0.000 1.90 0.000 0.10 0.008 8.96  0.003 6.55  0.002 0.15 0.017
7 1.63 0.000 1.31 0.000 0.09 0.007 6.44  0.003 4.42  0.001 0.12 0.012
8 1.13 0.000 0.93 0.000 0.07 0.006 4.87  0.002 3.25  0.001 0.10 0.010
9 0.76 0.000 0.64 0.000 0.07 0.005 3.92  0.002 2.53  0.001 0.09 0.009
10 0.47 0.000 0.46 0.000 0.06 0.005 3.37  0.002 2.16  0.001 0.09 0.008
11 0.29 0.000 0.37 0.000 0.06 0.005 2.95  0.002 1.84  0.000 0.08 0.008
12 0.22 0.000 0.32 0.000 0.05 0.003 2.38  0.001 1.40  0.000 0.08 0.007
13 0.19 0.000 0.28 0.000 0.04 0.003 1.79  0.000 1.06  0.000 0.07 0.005
14 0.16 0.000 0.27 0.000 0.04 0.003 1.50  0.000 0.96  0.000 0.06 0.005

EHZE R LEO LA S RO LA \DRO T2 2t 4
W, LEO TR BB A B T &, RO 5 DRO #iE 2
HEMF, DRO TR BB K B B 45 R R B
DOW M X 5| g A % Bk 5 5 114 T2 900 24 SR B 3

1)DOWM 7] 3% # DRO U & RO DA 5
LEO TR M#E I . 40T ,DRO T
BY5RO T EASGMHEW SR 2ZE,FE10d

DL b B SIUBE AT DL S0 T A R B9 8LE ; 5 LEO 1L
B A B WSO 5 % 0L N B A i 4 L, S d
A b SICBE BRI AT S 3007 K B il R B 3 AR 4 o A
N, T 3 A% B B A S LN, A fof A 55 22 )
FE ARG R 22,2 d LA A9 Bt T 5230 1 0K A9 A
R . e, B R E I BB E
LR v



5550 &5 4 4

I A5l T s TR A R () 6 I E BURE D 20 AT 645

X7 LEO# 3 5DRO.ROBATEHMERE

Table 7 Joint Orbit Determination Accuracy for LEO with DRO and RO, Respectively
LEO+DRO Z# LEO+ROE#L
K /d DRO LEO RO LEO
f7'E /m MR/ (ems™)  fiE/m B /(ems™)  fiE/m I /(emes™!) f7E /m HE/(emes™)
1 338.17 0.139 0.21 0.019 54.82 0.024 0.22 0.019
2 31.92 0.018 0.14 0.013 6.54 0.007 0.15 0.014
3 14.17 0.009 0.12 0.010 4.00 0.002 0.12 0.010
4 10.28 0.007 0.10 0.009 3.34 0.002 0.10 0.009
5 8.26 0.005 0.09 0.008 2.77 0.002 0.09 0.008
6 5.53 0.003 0.08 0.007 2.49 0.001 0.08 0.007
7 4.66 0.002 0.07 0.007 2.28 0.001 0.07 0.006
%8 LEO5DRO.ROZEBSEHNHNEREE (3] BRWA 5K, @akig, & Wik =5 DEMNHEHES
Table 8 Joint Orbit Determination Accuracy for LEO, MBFEARLT]. BH22@E 48, 2012, 57(9) . 689-696.
DRO and RO CHEN Ming, ZHANG Yu, CAO Jianfeng, et al.
LEO+DRO+RO &% Orbit Determination and Tracking Technology of
MK DRO RO LEO CE-2 Satellite[J]. Chinese Science Bulletin, 2012,
/A O i i L 57(9): 689-696.
/m /lems™)  /m Jlems™)  /m o /(emsT!) (4] HE, BMEY, 2R, & W =97 A Bk
1 3858 0023 1823 0012 021 0019 SRR R D], RS aR . 2014, 59
2 12.82 0.009 5.64  0.005 0.14 0.012 (23): 2268-2277.
3 7.1 0.005 3.53 - 0.002 0.1 0.010 HUANG Yong, CHANG Shengqi, LI Peijia, et al.
4 5.85  0.004 300 0.002 0.09 0.008 Orbit Determination of Chang’E 3 and Positioning of
g 357 0.002 255 0.001 0.08 0.007 the Lander and the Rover[J]. Chinese Science Bulle-
O gz O00m 2T 0000007 0.006 tin, 2014, 59(23) : 2268-2277.
e (5] sk, Wabsh, Babbh, % . B = 5RO B4
BAERBIE B Iy 2 R AME R SC R [T]. o4l
2)LEO T & H & 7 B s 19 51 A Al LL . 2% 45 2015, 36(5): 489-495.

ﬁ%?ﬂﬂ?ﬁ%’ﬂ‘] X B K ,1d UL E g B AT 512 2y ZHANG Yu, CAO lJianfeng, DUAN Jianfeng, et

S i h AN al. Orbit Dynamics Model Compensation and Imple-
DFH A DOWM AT EHITE , EF%i1nEW mentation for Continuous Attitude Control of Chang’E

ﬁ@ﬁ%ﬁ%%ﬁ ) B 45 B 4 i . 2% B 3 ProbelJ]. Journal of Astronautics, 2015, 36(5) :

SR AL LDURE SR UL SR EL T T 5 6] iglizlli;A M P, BERNSTEIN H, CUNNING

IR AR B 2e feRf N TGS AR R DR 22 HAM K E, et al. Global Positioning System (GPS)

5 % X W Autonomous Navigation [ C]//IEEE Symposium on
Position Location and Navigation: A Decade of Ex-

(1] AR, EAD . A ERS T RNEHE[T]. cellence in the Navigation Sciences, Las Vegas,
TR, 2022, 43(6): 705-712. NV, USA, 1990.

BAO Weimin, WANG Xiaowei. Some Thoughts [7] CODIK A. Autonomous Navigation of GPS Satel-
About Cislunar Exploration and Exploitation [J]. lites: A Challenge for the Future [J]. Navigation,
Journal of Astronautics, 2022, 43(6): 705-712. 1985, 32(3). 221-232.

(2] BRWd, REfcss, &idig, &5 IR — 5 28 3 T [8] RAJAN J A. Highlights of GPS [l -R Autonomous
EREE NI RN R (E BB AR, Navigation[ C]//The 58th Annual Meeting of the In-
2011, 36(2): 212-217. stitute of Navigation and CIGTF 21st Guidance Test
CHEN Ming, TANG Geshi, CAO lJianfeng, et al. Symposium, New York, USA, 2022.

Precision Orbit Determination of CE-1 Lunar Satel- (9] P, R/ANE, BE/ANAK, 25 & )& 00 B0E 5

lite [J]. Geomatics and Information Science of Wu-

han University, 2011, 36(2): 212-217.

feJr kit g 7], DR %2 4 (fF BB R0 |
2013, 38(10): 1201-1206.



646

DR 2 R (R

ISR Y

2025 -4 H

[10]

[11]

[12]

[13]

MAO Yue, SONG Xiaoyong, JIA Xiaolin, et al.
Naturalisation Method Research on Inter—satellite
Link Observation Data[J]. Geomatics and Informa-
tion Science of Wuhan University, 2013, 38 (10) :
1201-1206.

TANG CP, HU X G, ZHOU S S, et al. Initial Re-
sults of Centralized Autonomous Orbit Determina-
tion of the New—-Generation BDS Satellites with In-
ter-Satellite Link Measurements[J]. Journal of Geo-
desy, 2018, 92(10): 1155-1169.

ks, WS, K, &L =S DREEMEA
A& KT 2 E LRI AR AR T ], RO i (5 B
BH#R) , 2020, 45(10) : 1493-1500.

CAT Hongliang, MENG Yinan, GENG Tao, et al.
Initial Results of Precise Orbit Determination Using
Satellite-Ground and Inter-satellite Link Observa-
tions for BDS-3 Satellites[J]. Geomatics and Infor-
mation Science of Wuhan University, 2020, 45
(10): 1493-1500.

WANG W B, SHU L Z, LIU J K, et al. Joint Navi-
gation Performance of Distant Retrograde Orbits and
Cislunar Orbits via LIAISON Considering Dynamic
and Clock Model Errors[J]. Navigation, 2019, 66
(4): 781-802.

T3 . T DRO: LEO 4 BA 4 s A it K48 A =+
FAL S BT (D], db st B R BE K
2020.

WANG Wenbin. Autonomous Navigation and Timing

[14]

[16]

[18]

[19]

in Cislunar Space Enabled by DRO-LEO Formation
[D].
Sciences, 2020.

PUJ, LIS, ZHANG H, et al. Space-Based Orbit

Determination for a Lunar Low—Energy Transfer Or-

Beijing: University of Chinese Academy of

bit [C]//The 28th International Symposium on
Space Flight Dynamics, Beijing, China, 2022.

LIS, PUJ, GAOY, etal. High-Fidelity Autono-
mous Navigation Based on DRO-LEO Inter—satel-
lite Links [C]//The 28th International Symposium
on Space Flight Dynamics, Beijing, China, 2022.
KAPLAN G. The IAU Resolutions on Astronomi-
cal Reference Systems, Time Scales, and Earth Ro-
tation Models: CIRCULAR No. 179[R]. Washing-
ton D C:United States Naval Observatory, 2005.
MOYER T D. Formulation for Observed and Com-
puted Values of Deep Space Network Data Types
for Navigation[ R]. California, USA: Jet Propulsion
Laboratory, 2000.

W, R, BUK, L ORI R Z RN E LK
PRI, RS BRI, 2022, 9(5): 532-541.

CAO Jianfeng, LI Xie, JU Bing, et al. Multi-satel~
lite Precision Orbit Determination and Data Analysis
Software in Solar System[J]. Journal of Deep Space
Exploration, 2022, 9(5): 532-541.

TAPLEY B D, SCHUTZ B E, BORN G H. Sta-
tistical Orbit Determination M ]. Amsterdam: Else-

vier Academic Press, 2004.



