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Abstract: The moon is Earth’s most important natural satellite, and currently, there is a new wave
of lunar exploration worldwide, with numerous institutions and commercial teams planning mis-
sions to explore the moon and envisioning the possibility of astronauts living on the moon for ex-
tended periods of time. The space race around the moon has just begun. The significance of lunar
GNSS (lunar satellite communication-navigation and positioning based on the existing Earth-based
GNSS, as well as the new circumlunar satellite communication and navigation infrastructure) is
the space reference scientific research foundation and can provide spacecraft landing positioning and
lunar surface (and its coverage space) positioning, navigation and timing services. At the same
time, the Moon can be used as a test site to expand the navigation toolkit to farther destinations
(such as Mars). This review mainly summarizes the recent lunar GNSS plans released by Europe and
America, including the American Lunar GNSS Receiver Experiment (LuGRE) program and the European
MoonLight program, and the American mid-to-long-term Lunar Communication Relay and Navigation

System (LCRNS) program. This review can provide technical reference for China’s lunar GNSS planning.
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Fig. 1 The positioning principle of lunar GNSS
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2 Z%[E LuGRE it%l

2.1 LuGRE HE

R T WS AE HOER B SCitE GNSS 2 7 AT Y
AT M, NASA 5 & KAt K J5 (Ttalian space a-
gency, ASD & 1/EH % T LuGRE %I, LuGRE
SRk T 3K AT 3L 3 7 Ik 55 (commercial lunar pay-
load services, CLPS) 1 “19D” {5 19 10 4~ &% 3%
fif B — A~ AT 55 R 26 AR S 5T Firefly Aer-
ospace 2\ F] 2 LR 55 .

NASA JFit%] T 2023 4F¥ LuGRE B4 2%
T2 B 7E Blue Ghost J BR % Fifi #5 I (& 2), I 1%
Y& 1E H 3k &1 (Mare Crisium) X 38, 78 H ¥k % i 12
P& 12 A Bk HYY a0 T H BRIE AR5
£ Ve 43 W Y — 8 T i, 7 F 560 km X420 km {8
FBL PN L T ARG 17. 6 J7 km?® . R 1 M A3, LuGRE
P 7E 12 DX H Bk 3% A4S 5 — A4 GNSS & fif
455, LuGRE 2 k H GPS il Galileo M15 %5,
WA B 0 BOHE A T T R AT R E 9 A Bk GNSS D
B R 0 A BRAT 55
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& 2 Firefly Aerospace 2 5 B Blue Ghost
RAKEMRESE
Fig. 2 A concept image of Firefly Aerospace’s Blue
Ghost lunar lander

(from https://firefly. com/blue-ghost/ )
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Tab. 1 Technical parameters of the LuGRE receiver
28 fE

itk / kg 1.24

/W 14 (max. operating)

Hhre Rk 19.0 emX18.0 em X 3. 95 cm

TP S R/ C —35~50
e . GPS L1 (/A anc{ L5; -
Galileo Open Service El and E5a

ESEERCEEIR

< 23
PREE A/ (dB « Hz)

B XA BRI YR R R S R P AR s R AR 1Q

y P15y
e FEA 5 A2 1 e 5 5 O B0 1 1%
BN T AT s FLA BT 22 10 R R
S8 FORBAL L S O B LI | 22 A AR )
e T P A A T B s DR UL | 25 3 A R L Bk

AR 8 RS L C /N o (R M 75 4 1) |
JhR 1Q HEA

D HFR 176 H 3K B4 GNSS {55 . i B4
IFHA A Bk GNSS {55 5% 5

2) Ads 2. A AE A BRUCEE 19 GNSS %8s 3 7R
AU [R]85

3) H AR 3 F AW 4R 21 0 ol SR L T XA
BRAEHT B GNSS FIHLEIT %

® 49 T LuGRE W BR 4 55 1 B, 58 0%
145 J5 e % 3k B LuGRE 1 208} 2% R, M1 5 /2
SRR 5 20K . LuGRE #4558 JT BRIR BT AT Bk 3R
T GNSS {55 H ORI S 1Y & i3 7s 2 — ook
B H BRAE 55 CHNAE P )3 5 1) L AL g AR A 26 2 i
i) PR AT A P 4P 3 B e &L T A LuGRE B2
TR AR AT B 8 IERE A S b A A T R s
GNSS 1K JE& .

&4 LuGRE Mt M ZELFE
Tab. 4 LuGRE’s list of expected scientific tasks

% 2 LuGRE HGA #i R¥5tR HAR ES
Tab.2  LuGRE HGA technical indicators T 55 1015 5 30 B AR 200 £ B B U
BH fif e
i HBR L W AT 25 00 090 0 355 R0
i/ kg 2.2
i . A AT 55 300 0 0 5t 2 3 0 008 0 25 0 0 0% 43
" A 73Sl 25 00 T 00, 1022
bh7e RF 43.0 cmX43.0 cm X 2. 00 cm . . i
e ] AEAT A5 1T FG 86T 25 o T A4 5/
T IR BE G L/ C —145~125 el =
R VR R 5 AT 55 90 1) 1 508 56 T U 4 0 R 19
L 7 e P 1AL T
Wi 2% /B =1 " 2548 T AR T 6 5 90U UL A T A
T L5752 4 12,276 My (L1/ED BB B Blue Ghost 5 At g Jr 50 #E47 Lot
A ) ) TEAN AT 25 oo 0 0 4 T S 52 4 O 84
TARSE: 2 1176.45 +/— 10.230 MHz (L5/E5a) P
"
o] 1x SMA
5 P M T 9 T LA B GNSS AT UL 0 4R
o ZURBURAOREE) L AU S B ) BR T A1 A
e kR R
%3 LuGRE LNA AR PR S i LaGRE #0108, 0 JH T 08 A £
Tab.3 LuGRE LNA technical indicators 5 Al 52 P S i M g
BH i
Bk /ke 0.5 3 B MoonLight it+%1
WHR/W 0.7
AN 9.3 emx10.2 cmX 1. 8 cm 3.1 MoonLight #fZ=

T FH R/ C
TAEM B 1
TAEM B 2

1 74 /dB <3

—35~50
1575.42 +/— 12.276 MHz (L1/E1)

1176.45 +/— 10. 230 MHz (L5/E5a)

Epan| 2x SMA

2.4 LuGRE H#r
LuGRE T 3 T2 HEr, X 3 4~ HinIL[F
SERL T AE A B L STEE GNSS B9 PNT B9 Sk B A% .

ESA R 2021 4E 5 H 19 H i, ESA 815
BT B BRI g B Ak 5a 45 A A 55 1Y
MoonLight T8 & & & i1 %", MoonLight & Ji& & —
A3 3 £l 15 B R 55 42 Bk OR P B ) Bk £ A B
4k TR M 4%, MoonLight %] # 57 78 ESPRIT & {5
BT Lunar Pathfinder H2EAE -, I EMEH 2
Al AT BA T J A DG HE A 0 5%, i 5T 45 SR B B AC 2022
FIRZATH) ESA FK S WH L, Moonlight JF %
TRITE 2023 4F TG 3, 7E 4~5 FFNHBAEBTT.
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3.2 MoonLight &=

ESA IE7EN NASA 19 Artemis 34841 2 4 it
ALY, A T A BR A ] b i R B s AR XY
ESPRIT i {5 B 545 . [AlA, ESA IE 7 fil 7 By K 7
Wi 5 Bl 2% (large logistic lander, EL3) i8I, DI
HER TR B TE N2 B0 55 . AR Artemis fiff K 53 §2
HERh 2 Bk ST B L A B R R R AT 55, 2
SRR A B MR IS = A H BKR AT 55 . AR S IX
R 2025 4F LU TFiR 8 9 5 5 FHF2E 3] 2030 4F.

WA — DT ITHF HEREASMRA R IR RS
A LAREAIR A 5 AT 55 B 52 2k L AT 55 R fig T
LT HZ OIS, BT BRAIR R A ] DL
W2 ESA WU ERE8 A 3 A & H R 1 H BT 55
it LA ESA fEN M 5 RS E# T T 2
AT AT RS, LA T A H Bk s L P Rl 95 S50 O
PR MR B 1) B AR T RE A . X T30 15 b 4k IR
55, M BRORN ) 3k 22 [ 1) A0 2 e K 02 o A o g A KR
JE HCARR DT ) 3RAT: 55 9 500 2 T LA 5 K e vl AR
L SE T A 20 56 T3 F 2028 4F 5 % 405 A% i )
RO SRS . AE B R R L Y 5 R L ESA £ i
T PER I H Bk I AF ST B MoonLight %1,

3.3 MoonLight A&

MoonLight BRI 702 3 A BE-

(1) By Bt 1: MoonLight/Lunar Pathfinder-GNSS
TERIN T & A BR e PERE GNSS #2000l

TE X — B Bt , Lunar Pathfinder T8 & 1% F 2024
ARG, VTR H BRI R 45 I s AT 8 4R,
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Fig. 3 MoonLight Lunar Pathfinder spacecraft
(from https://www. sstl. co. uk/what-

we-do/lunar-mission-services)
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Fig. 4 Summary of the MoonLight Lunar Pathfinder experiment
(from https://www. sstl. co. uk/what-we-

do/lunar-mission-services)
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Tab. 5 Main performance of navigation service
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Tab. 6 Phase tasks for LCRNS
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Tab. 8 Three GNSS PNT key technologies for the Moon
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Fig. 5 Summary of European and American lunar GNSS missions
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