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Abstract In order to meet the increasing requirement of lunar global positioning services for future
lunar exploration and exploitation missions, the Lunar Global Positioning System (LGPS) using the
Near Rectilinear Halo Orbit (NRHO) as a reference orbit is proposed. First, multiple constellation config-
uration schemes are designed, considering configuration parameters such as orbit distribution, satellite
number, orbit size, etc. Then, the impact of different constellation configuration parameters on the navi-
gation performance of the LGPS constellation is analyzed, including the number of visible satellites, the
lunar global coverage characteristics and the Geometric Dilution of Precision (GDOP, ogpop). Simula-
tion results show that, compared with the Halo orbit case, the NRHO-based LGPS is superior in the con-
tinuous coverage and positioning accuracy (ogpor < 3) within the lunar high latitude region, especially

in the lunar polar region. This study can provide technical reference on the navigation and positioning
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service for future lunar exploitation missions.
Key words

Continuous coverage, Positioning accuracy
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*x 2 L, H—dtik NRHO 4 27 W 1%F&¢pop
Table 2  Visibility and ogpop of L, single northern NRHO with 4 satellites
T, / km ZRE/(°) /() /NP EEL R T E% FGpop Scre /(%)
2000 25 0 3 4 170.6065 5.58
2000 —55 45 3 4 2230.7161 88.75
2000 35 80 0 1 — 0
2000 85 85 3 4 1467.1571 94.33
8000 25 0 3 4 49.7617 10.92
8000 55 45 3 4 2982.7853 60.58
8000 35 -80 0 1 — 0
8000 85 85 3 4 401.7979 75.50
12000 25 0 3 4 31.8642 9.58
12000 —55 45 3 4 297.0158 45.75
12000 35 -80 0 1 — 0
12000 85 85 3 4 330.2189 60.08
16000 25 0 3 4 23.3501 11.25
16000 —55 45 3 4 44.2958 30.42
16000 35 80 0 1 — 0
16000 85 85 3 4 323.9554 47.08
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£3 WH S EMFARMTRMEMecpor
Table 3  Visibility and agpop of two schemes for 8-satellite-2-orbit
L, FiJLNRHO Ly, L, JL%NRHO
"o/ Jm HERR/C) /N R TR Gapop Scre /(%) /N R TBRE Gapop Scre /(%)
2000 25,0 6/8 15.7933 100 3/5 28.8518 35.25
2000 55, 45 3/5 1978.9484 88.75 6/8 11.8093 100
2000 35, —80 3/4 1396.0754 95.67 0/2 — 0
2000 85, 85 3/4 1385.3785 95.67 6/8 11.1710 100
8000 25,0 6/8 6.9092 100 3/5 8.2863 56.83
8000 —55, 45 3/5 1795.0248 68.75 6/8 3.1919 100
8000 35, —80 3/4 359.5158 94.00 0/2 — 0
8000 85, 85 3/4 308.5043 94.00 6/8 3.0121 100
12000 25,0 6/8 5.2746 100 3/5 5.6048 65.92
12000 55, 45 3/5 8.2629 61.58 6/8 2.4515 100
12000 35, -80 3/5 223.0813 91.33 0/2 — 0
12000 85, 85 3/4 205.5970 92.67 6/8 2.2291 100
16000 25,0 6/8 4.5476 100 3/5 4.1621 68.50
16000 55, 45 3/5 10.7901 82.92 5/7 2.1632 100
16000 35, —80 3/5 162.3518 91.67 0/2 — 0
16000 85, 85 3/5 162.1141 90.00 6/8 1.9270 100

PO, A7 H BRWAR DX 38k 4 FH 2w AL 2112
BRI ST T, FEAME S — 2P eRk A sk
PSR TLA. 4 4 NRHO 7] DARIERE TR K 2450 %) 5
A A TR AT

PUBAEL A ( ELA5 R an e 4 B, ATLLE ), i
NAT LB RBGRE] T 6 B, Bl L dorp=100%, TRIE
TSRS T UL P A R R MR AN, ENIKE
FEWASE] T ok, GDOP AYMEFERITE T 20 LI,
FLFfE T H T2 A2 B 3G in i S BRI A R A

T I HOUL GDOP BYIEh s 4k, & 9 45
T 7,48 %1 R 2000 km A1 12000 km P F 1f &0 T
GDOP BRI AR fh e &, o, B 9(a) M3 H a5
RN, FISCHR [10] WFFEY) Halo PUFL 16 AR
FENIRESIAH Y, GDOP 8L JLF7E 5~25. i Kik A
SRR F] 12000 km, ATWEEE]E 9(b) H Y GDOP
W /)N, GDOP BY(EARELE 5 LA, 53¢k [10]
Halo DU 24 FAEHRY) 2 57 BE 1A Y.

Ak S GE A AR, IR IEAS LD,
AHEL T 16000 km Y PUBLAG Y AT WL R EOL-F A AE,
GDOP ZEfbth AR/, BUERETE 1~2.
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Fig. 8 4-NRHO-16-satellite LGPS constellation (r;,
=12000 km)
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%4 L, L, NRHO Fdti&3iE 16 ERT L EF Gepop
Table 4 Visibility and ogpop for L; and L, southern and northern NRHO with 16 satellites

vy il 1y /km ZHE/(°) iz /(%) BN B TR Fanor Scrw /(%)
2000 25 0 6 10 11.8770 100
2000 -55 45 6 9 11.7464 100
2000 35 -80 6 8 11.1813 100
2000 85 85 6 8 11.1531 100
8000 25 0 6 10 4.3464 100
8000 -55 45 6 9 2.5860 100
8000 35 -80 6 8 2.8616 100
8000 85 85 6 8 2.8570 100
12000 25 0 6 10 2.9649 100
12000 —55 45 6 10 1.9135 100
12000 35 -80 6 9 2.0141 100
12000 85 85 6 9 2.0059 100
16000 25 0 6 10 2.5497 100
16000 -55 45 6 9 1.5447 100
16000 35 -80 6 9 1.6469 100
16000 85 85 6 9 1.6422 100
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3.0r 1 Fig. 10  Variation of GDOP within 50-day for
L 25 | the user at North pole (7, =9 d)
o
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©20 A LA 1, DR ] A GDOP 75 {52 3
s 7, GDOP FEI{H 4N 3.1518, CTP & 100%, ] L4
SEPON H A B, 5 ERIT R HA R —
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K9 50 RNJE T GDOP HyZE{L
Fig. 9 Variation of GDOP within 50-day for
the user at North pole
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JorIv] — st 220 68 08 0 7 ‘T DL ) TR S i L RECKS
GDOP #5310 LAN. SRT, AT V0% 16 5 AL,
VUi 24 BERE R OORS LT A W] S A s, BT
BT R R AT A R, ZEA IR L 2
N R L R S AR , DU 16 B AR LR LGPS
ok $E, T OH Y B KRR H SRR (km
12000 km) B, BTS2 BLEE = 09 A KS B (GDOP /)
T 3).

4 %55

ARSCHFGE THLA & Ly Al L, NRHO 7£ LGPS
R PR, B TR 4 2 XL 8 BRI 16 £
GBI, IR BURE T SRS L
AMRFMAE, AW THE S TEEH . FLER
1A R R RIS RO H BERAERAG AT WL | R RS R A
PERERY . FEELERIT.

(1) B4 NRHO X 32 il 14 4 X2 ml 08 1, {5
J& LGPS {55 ml M2 R .

(2) WA AR AN [R] A 2038 25 X6 T LI A7
B ALRE 1A B AR AR R SR EUR— -3 £ R
JCHERBTE , o o v i AL A SN AT DA R DL
SRABBL ST A] NS BEIESE I 20 4 BT, MK
25 B2 PR 8 S B S S B s RO A F Bl
Ly A Lo BV ol p T BT AR, b2l A IXFH P o
AT DAGRAIERESE v] UL, 7 LR B A RS B R
JE X 5 — M R R DX R P DS BB PRI T AR, X
ICEE B P B SR BB ARE R DL 2 SR AR Ay B[R] P
AHeESEi ).

(3) i Ly 1 L, B NRHO ¥ & PU%L 16 2
SRR, BA T LA LN 8 BT M, Tl
DA f % 2] UL 5 8 AR BE B 25K . 2 NRHO Y
H 225008 (2000 km) B, 5807 RE 3L fENS 5 Ha-
lo DU L 16 & A4 B AH 24, X R 69 JL AT A B N
(GDOP) JL-F-#/NT 20; FEE I H s BARRIE K, 1Y
16 22 NRHO 22 V8 i SRS B BB 38 (oepop <
3), YT Halo PU#L 24 AR & (A FE .

PRI, 256 25 8T WA | o 60 B2 R A8 AR
NRHO PU# 16 2 1Y LGPS BB ik, 5
F NRHO K LGPS 7E M X A1 H Bk T i 45 10453,
AT LA RO AR A Bl DX . H BRY R FE AT

Chin. J. Space Sci. =AFFFIR 2025, 45(2)
FHIRAE . A E LIRSS

ASCALKT CRTBP £ A s 47 T Ak
RESHT, BT NRHO 1ESEPR 8RR I A REZE 75
WE, N, ESEPRAE S5 hils 225 R ANk sh . Bl
He3p A SE HABH R . 55 5h, ACHMIR T
NRHO E24 LGPS 2% Hul 5 5L, 52w 58 nl LA
i H ARSI A 73 fUB0E , 40 DRO., Butterfly #1
B DA KA [F) 2R BB 22 18] 10 20 5 55 5E 2 T RE A AT ST
JrgE, VLSS SCHE AR A BRIT R FIAIH].
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