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Abstract: Objectives To analyze the orbit determination capability of spacecraft in Cislunar Space using in-
tersatellite Measurements. 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 upcoming Cislunar DRO Exploration (CDROE) mission
will utilize inter-satellites radiometric link among a LEO satellite, a DRO satellite and a RO satellite. The joint orbit
determination capability using inter satellite link measurement is analyzed. Results The results show that more than
10 days of tracking data is needed to obtain an orbit better than 100m using only ISL between DRO and RO, and
additional ISL data with LEO can shorten the tracking arc to 5 days. If the positioning data of LEO can be utilized,
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only 1-day data is needed. Conclusions The solution of systematic error is an important factor restricting the orbit

determination convergence, so the calibration of systematic errors introduced by equipment delay, clock error, prop-

agation medium, etc. is necessary.
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Table 3 The Joint Orbit Determination Accuracy for DRO and RO

gk A 1B
D DRO RO DRO RO
B EE B EE (A HE (A T
4 7482.09 1.465 8384.95 0.389 66582.94 12.308 87817.45 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 162430  0.237
7 154.09 0.014 22325 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 17890 0.028  227.17 0.056  1012.34  0.159
10 7.45 0.004 7998 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
12 232 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
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Table 4 The Joint Orbit Determination Accuracy for LEO and DRO

1 A FAFB
DRO LEO DRO LEO

(DAL W B W B WE E EE
1 17882.01 2.773 313.79 25.539 - - - -
2 640.83  0.153 1427  1.384 5851.79 1.050 11097 12914
3 96.47 0.018 1.93  0.194 111474 0573  41.80  4.640
4 41.57 0.008 091  0.103 27158 0.196 1295 1.457
5 32.18 0.005 0.68  0.078 199.29 0.136 8.40  0.967
6
7
8
9

CISS
(D

21.32 0.003 0.52  0.058 64.06 0.036 273 0.306
13.23  0.001 039  0.042 3596 0.014 1.69  0.179
10.26  0.001 034  0.035 31.51  0.008 1.38  0.145

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 0.006 090  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  0.004 047  0.049
13 0.47 0.000 0.07  0.005 9.76  0.003 040  0.042
14 0.43  0.000 0.07  0.005 8.46 0.003 036  0.036

BEYIERAHERKZIW, RO LEAE JT ZH LEO
(3) LEO A5 RO BERKEEH PREMMETZR 1 AMERL, 1 RUERIE LEO
FMH LEO L2 5 RO A DOWM #dE#t(T  PAERTTSLIAR T ERIREEE, RO PENFRE 3 K
BB, KRR 1.58 5 AAFEIBCTRES Y L ERIKBESRBUNT HRA B T 2% .
JiEGIHE. 5 DRO DR, BT LEO
#5  LEO 5 RO B& EHIERE
Table 5 The Joint Orbit Determination Accuracy for LEO and RO
A F1 B
I8N RO LEO RO LEO
(D (A= WE O fME O (A= WE OAE A
(m) (cm/s) (m) (cm/s) (m) (cm/s) (m) (cm/s)

1 3142.65 1.739 189.28 18.842 0.00 0.000  0.00 0.000
2 966.55 1.198 12877 13.116 171250 1368 148.74 15.017
3 110.69  0.150 16.17 1.644 52461 0361 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 10220 0.019 258 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

(4) LEO P& 5 DRO. RO PEBSEN

FIF LEO P25 RO P &. DRO T E4 S
R AT Z BICE L, KRR 158 6 e
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—BRIEEMEAMT, BRBEEEY LEO TA

B R R, 1 REGERIATSZEL LEO P2/ T
30m A7 E /72, DRO A5 RO PE/NT 500m
AL E T 225 2 REERI AT LEO PA/MT 5Sm
FIfr & 772, DRO TELH RO PE/NF 100m AL
B %

% 6 LEO 5 DRO. RO Bt & & LGRS E
Table 6 The Joint Orbit Determination Accuracy for LEO, DRO and RO

FAEA #1F B
K DRO RO LEO DRO RO LEO

@  E EE  tE O#E fE O#EE ME #E E g ME EE
(m) (cm/s) (m) (cm/s) (m)  (cm/s) (m) (cm/s) (m) (cm/s) (m) (cm/s)
1 420.32  0.513 483.14 0421 44.11 4505 537554 1.687 3913.86 1216 146.71 13.010
2 31.28 0.022 2776 0.016 1.72 0.178 29325 0.099 230.72  0.069 8.25 0.758
3 1229 0.003 9.47 0.002 034 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
6 242 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

3.4 DOWM 5 LEO BE B B EHEEE EH

LEO PR AT #Ea7 BN L, H A e MEdE N
“axhE &, A LI LEO 1M A PUE SRR 1 19 4
WM, A5 LEO PEMBAEMEIE, 5
DOWM #¥E — R se i i+ 5. #E%| LEO T2
15 N AT MR LF % 5 RS EOATR S, Ao
Mr B K %A% Bo

# 7 N LEO 43515 DRO BE. RO EEEA

EPEE R R 1 RINB %R, LEO T2 5 DRO
TEEBAEH, 2 REHRIATSLE DRO PEMT
50m HIFRERSE . LEO LA S RO TEBS T4,
1 REHE AT PASZEL RO AT 50m HIHIERE, 2 K
R AT SEEUR T 10m MHUE RS & . BRI dE 151
N, HAAERGRZE . SRR R SR 2 R
FRCAI I 24 5 IR 1 = LR 22 TR

xR 8 NZEEA AR, 1| REWEII sz
ZREMNT 50m KIELIERSE .
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Table 7 The Joint Orbit Determination Accuracy for LEO, DRO and RO
LEO+DRO E#L LEO+RO E#L
1SS DRO LEO RO LEO
(@ frE  EE O ME OEE ME R ME EE
(m) (cm/s) (m) (cm/s) (m) (cm/s) (m) (cm/s)




1 338.17 0.139 021 0.019 5482 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 0.009 334 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 0.007 249 0.001 0.08 0.007
7 4.66 0.002 0.07 0.007 228 0.001 0.07 0.006

# 8 LEO 5 DRO.

RO = BBk PLHIERE

Table 8 The Joint Orbit determination Accuracy for LEO, DRO and RO

LEO+DRO+RO 5EH

IRk DRO RO LEO
(4 frE  EE E O EE R EE
(m) (cm/s) (m) (cm/s) (m) (cm/s)
1 3858 0.023 1823 0.012 021 0.019
2 12.82 0009 564 0.005 0.14 0.012
3 7.57 0.005 353 0002 0.1 0.010
4 585 0.004 3.00 0002 0.9 0.008
5 357 0002 255 0001 0.08 0.007
6 322 0002 227 0001 0.07 0.006
7 296 0.002 201 0001 0.06 0.006
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