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Abstract: To elucidate the unclear mechanisms of autonomous orbit-determination accuracy and the stable
maintenance of spatial reference under mutual support between Global Navigation Satellite System (GNSS)
satellites and Earth—-Moon Libration (EML) point satellites in an integrated cislunar-space Positioning,
Navigation, and Timing (PNT) system, this paper focuses on the mutually supported autonomous orbit-
determination method and the performance of GNSS and EML point satellites through intersatellite two-way
link observations. Based on simulation data, the orbit-determination accuracy is analyzed under three
scenarios, i.e., autonomous orbit determination of the EML point constellation, GNSS satellites anchoring
EML point satellites, and EML point satellites anchoring GNSS satellites, under different orbit arc lengths and
anchoring conditions. The results show that the orbit-determination accuracy of the EML point satellite
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constellation can reach the 10 m level under an orbit arc exceeding 5 days. Through the support of GNSS

satellite anchoring, the EML point constellation achieves 10-m accuracy under a 1 day orbit arc. Additionally,

when the EML point satellite constellation anchors the GNSS constellation with orbits exhibiting 12~29 m of

error and 1 day arc length, the average three-dimensional position error of GNSS MEO satellites is 4.99 m,

and the average orbit URE is 2.61 m. This study indicates that EML point satellites can provide an inertial

spatial reference for GNSS satellites. The 1-day anchoring effect of GNSS satellites can be equivalent to the

effect of autonomous orbit maintenance of EML point satellites for more than 5 days. These conclusions

provide a basis for constructing an integrated PNT system of MEO/GEO/IGSO and deep-space navigation

constellations as well as for supporting the construction of the cislunar-space situational-awareness system.

Key words: Global Navigation Satellite System; cislunar space; intersatellite link; autonomous orbit

determination; orbit-determination accuracy
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Fig. 1 Principle of intersatellite ranging
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Table 1 Initial orbit information of EML point satellites
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frEm —474 559 30 334 24 471
L2 546.158 673.644 171.449
L /(m - s 108.738 966.961 318.679
(7 m 394 999 23 520 19 299
L3 680.653 144.119 741.309
T /(m - s 102.138 928.294 306.612
(7 m —218 080 —307 419 —96 195
L4 220.549 283.390 310.784
HEE/(m - s 800.911 —544.389 ~205.426
(7 m ~178 497 347 506 121 065
L5 026.724 930.234 990.368

HEE/(m - s7) —903.778 -390.532 —-103.375
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Table 2 Simulation and orbit-determination
configurations for EML point satellites

P & ik

Hbr LA L1, L2, L3, L4, L5
Hepmen B R 2. PP
W EE A5 3 /m 0.1
Bl KA ] [ /min 1
R/ (m?® « kg™) 0.007 (Ifi£110.784 m>, JFi#£1456.3 kg)
KPHEESHE R B 1.24
o5 KSGRUM
BUr K /s 60
B RLR 22 PRS0 m 5 HEEIRZ0.5 (m - s7)
FERLAS K PR A R 15 22 +£5%
K/ 5.7
S48 SIS B a5, T2 o7 R
by TARER . NIRRTy . RBHARST . Huek

AEERE RS . A BRARRIE SRS . XS R

MGEHEE R LA, RIS d UL Kt
e, FohuBREAFECHRBEMRT 20m, M4
EPIK IR 7 d i, P28 TR A e Uk T
PIAEF 10m, 2, B3 LUEEGERE R 0.1 m,
EFIK 7 d 858 6], JB/R T L1, L4 Va1
BRI 220 P
32 GNSSIE#EMAFHRIEEHN

% 8 %] GNSS STt T2 Al L3k 2 55w 19 E Bl
K BE, W] LAE E RS B GNSS DA R HE, HA
FH GNSS T X b H -2 o5 R VAT A&, L #
BB S BRI AR B BAE , WL R GNSS Al H
-3 TR 22 ] R ] 2 (] i

DB oA T RRIEAEE 0.1 mAEr, 1d. 3d
17 d K rh GNSS T A E 5 Prah S T A, Hb
AVl S TRMEPNER . fE0FESER T, Bl



168 NS AN

532 4

®3 TFHLAIDEBETERRE (NEHEBEHRL mEHT)

Table 3 Autonomous orbit-determination accuracy of EML point satellites (with measurement data accuracy of 0.1 m)

T B IR /m AR/ (em - 5T
R T N B R T N B
L1 1.187 6.898 6.206 9355 0.0040 0.0048 0.0029 0.0069
L2 1.370 6.159 8.654 10.710 0.0039 0.0042 0.0032 0.0066
SERINES d L3 1.856 6.697 14.903 16.443 0.0039 0.0051 0.0056 0.0085
L4 7.492 2.556 12.952 15.179 0.0053 0.0047 0.0023 0.0075
Ls 7.063 3.599 16.297 18.123 0.0062 0.0032 0.0025 0.0074
L1 1.184 0.776 2721 3.067 0.0043 0.0028 0.0015 0.0054
L2 1.207 0.734 3.854 4.105 0.0044 0.0026 0.0013 0.0053
PN d L3 1.167 0.826 3.806 4.066 0.0043 0.0029 0.0009 0.0052
L4 0.574 1321 2.364 2.768 0.0020 0.0048 0.0005 0.0053
L5 1.138 0.865 3.162 3.470 0.0042 0.0031 0.0016 0.0055

+R-RMS:1.184 - T-RMS:0.776 «N-RMS:2.721 «3D-RMS:3.067
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Table 4 Experimental information for scenarios of GNSS
anchoring EML point satellites
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Table 5 Orbit-determination accuracy of EML point satellites anchored by GNSS (with measurement accuracy of 0.1 m)

{7 B 1R 2Em IR (em - s7)

B R T N =4k R T N =4k

L1 0.468 2.688 2.031 3.401 0.0046 0.0095 0.0018 0.0107

ERIKL d L2 0.365 4747 2.495 5.375 0.0042 0.0191 0.0019 0.0196
L3 0.347 5.679 1.235 5.822 0.0038 0.0222 0.0043 0.0230

L4 0.152 8.856 5.775 10.574 0.0028 0.0161 0.0006 0.0163

L5 0.086 11.053 5.941 12.548 0.0032 0.0160 0.0005 0.0163

L1 1.028 5233 1.593 5.566 0.0054 0.0042 0.0020 0.0071

L2 1.041 6.585 2272 7.044 0.0053 0.0077 0.0030 0.0098

FERINKS d L3 1.021 6.894 1.918 7.229 0.0053 0.0065 0.0018 0.0085
L4 0.438 5.260 6.461 8.343 0.0027 0.0054 0.0016 0.0063

L5 0.620 10.613 5.440 11.942 0.0041 0.0053 0.0008 0.0067

L1 1.133 1.792 3.145 3.793 0.0044 0.0029 0.0016 0.0055

L2 1.166 3.872 4375 5.958 0.0045 0.0030 0.0021 0.0058
FEPINKT d L3 1.122 8.600 4.543 9.791 0.0046 0.0029 0.0013 0.0056
L4 0.507 2.872 5.930 6.608 0.0021 0.0048 0.0008 0.0053

L5 1.095 4.988 4299 6.676 0.0043 0.0032 0.0010 0.0055

*R-RMS:1.133 - T-RMS:1.792 «N-RMS:3.145 « 3D-RMS:3.793
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Table 6 Experimental information for scenarios of EML
point satellites anchoring GNSS satellites

il ik
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Table 7 Orbit-determination accuracy of GNSS satellites (with measurement data accuracy of 0.1 m)
{7 B iR2E/m IR/ (em - 57
TR . Iy
R T N =4 URE R T N =4
19 7.481 8.822 8.170 14.162 8.305 0.0865 0.0885 0.1061 0.1630
20 29.256 32.810 30.348 53.417 32.182 0.6101 0.4048 0.4278 0.8481
21 2.718 4.269 3.432 6.115 3.176 0.0435 0.0306 0.0450 0.0697
22 3.125 5.317 4.286 7.510 3.737 0.0411 0.0375 0.0554 0.0785
FEHINK 6/h 23 33.716 32.056 15.160 48.930 35.354 0.7333 0.4363 0.2174 0.8806
24 10.577 9.868 5.799 15.584 11.120 0.2503 0.1229 0.0838 0.2911
25 17.017 8.831 16.338 25.189 17.906 0.2787 0.1444 0.2419 0.3963
38 31.040 60.755 21.040 71.396 39.148 0.3284 0.5742 0.1973 0.6903
39 23.070 11.754 17.212 31.091 24.243 0.1401 0.0285 0.0600 0.1551
40 14.463 24.173 31.192 42.029 20.618 0.3667 0.2307 0.4334 0.6128
5 17.246 19.866 15.298 31.542 19.579 0.288 0.210 0.187 0.419
19 1.881 3.802 0.398 4.261 2.203 0.0257 0.0255 0.0051 0.0366
20 2.101 4.039 0.912 4.643 2.441 0.0313 0.0285 0.0116 0.0438
21 2.154 4.070 0.542 4.637 2.481 0.0278 0.0291 0.0069 0.0408
22 1.917 4.009 0.484 4.470 2.268 0.0280 0.0259 0.0062 0.0386
23 1.848 3.940 1.510 4.607 2.240 0.0266 0.0252 0.0194 0.0415
P 1/d 24 1.888 3.414 2.366 4.563 2.262 0.0243 0.0257 0.0303 0.0465
25 3.332 5.022 2.309 6.454 3.722 0.0209 0.0235 0.0168 0.0357
38 1.555 3.940 3.594 5.555 2.525 0.0188 0.0113 0.0263 0.0342
39 2.593 3.899 0.688 4.733 2.975 0.0168 0.0179 0.0045 0.0249
40 2.215 4.890 2.562 5.949 3.021 0.0426 0.0301 0.0335 0.0620
5 2.148 4.103 1.537 4.987 2.614 0.026 0.024 0.014 0.040
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