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Abstract Lunar and Martian exploration ventures embody a magnitude of grand scale, elongated ope-
rational timelines, elevated execution complexities, and the engagement of multifaceted mission phases
alongside a diverse array of objectives. These inherent characteristics underscore the imperative need for
a comprehensive strategic roadmap to navigate these ambitious undertakings. In response, an alliance of
institutions under the auspices of the National Aeronautics and Space Administration (NASA) has pub-
lished the Moon to Mars Architecture Definition Document, thereby furnishing a guiding compass for
both lunar and Martian exploration missions. This study commences with an overview of NASA’s meti-
culously crafted M2M architecture, delving into the intricacies of its strategic goal hierarchy. It proceeds

to meticulously untangle the system implementation phases, accompanied by a critical examination of
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the archetype missions embedded within these phases. The investigation also encompasses a thorough
discourse on the criteria utilized for the appraisal of this strategic infrastructure, elucidating the metrics
and principles that underpin its evaluation. Through meticulous dissection of the M2M Architecture Def-
inition Document, this research illuminates the nuanced definitions and classifications of strategic objec-
tives, unraveling the systemic functionality requisites across various mission execution stages. Moreover,
it conducts a rigorous gap analysis, pinpointing disparities against the backdrop of the strategic architec-
ture’s evaluative benchmarks. Culminating from this exhaustive analysis, the paper advances a forward-
thinking perspective, distilled from a meticulous parsing of the “Moon to Mars Architecture”. This per-
spective aims to illuminate prospective avenues, offering a strategic compass for strategic trajectory plan-
ning of our nation’s impending space exploration endeavors, and formulating a holistic blueprint for lu-
nar and Martian exploration programs. It aspires to contribute a set of insightful and actionable recom-

mendations, thereby enriching the strategic discourse and enhancing the practical utility of future mis-

2025, 45(1)

sion planning in the realm of celestial exploration.
Key words

Extraterrestrial construction

0 5%

H 20 T 28 50 4R A, 75 3K R0 38 [ R T T
40 4R H Bk A AR fA %, 6T T 2 R A AT
502 HER K EARIE S A SRR K [R5
TR | AR5 PATHERE & . W 2 MES B S
225 HPRBYER A, TR T AR G B 48 AT 45 1 T
J&. 3 TR TRV BOUR AT B B A k2 [a] BOR 1 T2
W R G A, FEOT 23 BRI 5 8] AN L2k,
AT HARA TRLE 20 4 80 4F X5 Wit
B NK SRR A AALS5, 2N S s b i
23 [RGB AT E PR A4, SXFPBOR sl m T 25 H
B S LR SR (NASA) AR BRI AN H $447 Y
FE M, InZ &0 MBGAMEE E S, JEE 80T
KL BNE RS IPE. SEA 21 22Dk, Kol
M ENRE . HARSEAAAEA A T IR ZS 00 5428 35 28
55 R B K 5 1A [376], % [H KA BT Artemis 1 RI1ECH
F 2024 AFHIR A Bk, LA R 3¢ 78 2 (B4 45038 11
HufE; BRI 23 [A)JR) (ESA) 48 H i H BRI 45 B e
S FEPRCE H BRI & DL B9 . BR 56
UEAE 2 8 H bR BRI SER g A i 2 54155, Ark
ED R HLA A Bk A TR A 00 AL AR B0 E
(IRE 7. TRZS BRI SR I B A2 LRI A ST 55 T
JRITZEE T, B — SRS N 2 —.

21 2R ke, 2 F A BUR 204 K [ N BHIF LR 5
T2 24 A Bk 2B 3007 %8 NASA F

Lunar exploration, Mars exploration, Strategic planning, Lunar construction,

2013 4E KA T “H BRI K2 V1.3, 20137 7 B
T3 E T BRI A s H AR SO0 S B, JFik T
TR 4 R L, T 2016 4F 3 B AL
T “H BRI E V1.3, 20167 . L A iR
BRI F B, NASA A7 T Artemis 7517, %
TR0 B A s H BRPLIE 25 ] 0 | Artemis KA E
W | a3 [a] kS RS RGN ST 5. AT TR 4k
SRS EUFEE, NASA WEKHER Artemis 371091
55, A ERE RGO IF L4, 20244F 1 H 9 H,
NASA B Artemis 2 54F 55 M 2024 FEHEIR EA
T 2025 4F 9 A, it FERRIA B ol | 4E4E &R
e BETE N 22 AN A O AR )L 2023 4F 4 7
NASA FEMMHER ARG EAESHFH 2 SR TaME
SRS E R AMRESE 5 VKRG EA T
“H ER 3] kG427 (Moon to Mars Architec-
ture) 5E SCCHE R TR,

Hofl 25 FE AR AR A T B 2S BRI TR 5 R w4
SISO, TR T b 2 TRl A S AR H AR S B B
FEAES. ESA T 2015 4F & A5 i “28 [ 4R 0 e P
BIAG T H BRBL 2 BRI 0 JE R 5 48 T IR )L 2022 4,
ESA &7 T “BiHbEk 2030+ m% s 12 7 O e, %
SCHFRIAR T ESA T 20 tH48 30 SRR URAS BRI () % ms
WK, I8 H BSA BT 2030 AR5 B A H IR A BRAY
AR, k2 BT 508 E UR 25 800 403k i e JEE AR 22 ¥
AR A Luna26-28 1155 - X H Bk ra B 1) TR BE 4R
W R E B AR A WF5E I R WL (Japan



B 5 NASA A 33| K2 Bk 22 M 64 AT

Aerospace Exploration Agency, JAXA) FIE[J& %3 1]
44 (Indian Space Research Organisation, IS-
RO) WS 5 EPras [ A1E, B “Artemis P
g7 P s

o ETEIR TR =B ICE TS, B AR T
T DU A ATIK, 164 £ [ i [ B A BB . R
SR A TR — 5 RIS 1 RIS,
Rzi s YR NIUNE @ il 57 NI NDE B2 & (T IE7 3
VIR A BRFEASR 0145 8 28 AR, Wik S AR S5 hn il
rh Bk K S RN 2 S, A 2 = AN Beig Sl
HAERFEAGR M E 5. BT seplint, hERA T/
VUM T 2021 4F 12 H ARAE S, WSR-S | koS
F -GS A R\ S 4 AT S5 AR L gk g
SET 2018 4F 12 A RS, SE8l T A E A 2SI
B BRI s 18k 5 2T 2024 4F 6 H A&, 58
BT UOA BRA TERAE IR (81 i kL5 R ke /\
SN BRI BEA Y T H BRI PRI AT
% . bR H BRI e T B UBOR b T B A,
M REIR 2 1 RS0 815 B R GUR H iz i R 505
B2 A, A REIRAEN Rl | i 5 S0
AR . A A EDIRE, 7K RS T R R 2R
W, BRI & BRI UESE 2228 2 H bR KRB
FEARTE S, desh, BHFub a5 A ARk vl fig iy A B3k
WFF RAT 55 BEHE ST, LA Ry KB TR 37 R R 25 4800
FRALZE Y A ARTER.

Moon to Mars {42 (M2M)! 2 35 FE R 25
FRMATE 55 B T0UZ BRI, 76 H 3RS IO B0 g k] 5
PRAR B4 D7 T B H R AT SR L. M2M SUEHE R
2 EIR 2 BRI R e TR AE SR gl 7 b i bk L AR i
—, XT38 E Bk 5 K BB S5 T RGPEA G5 5
W R AR TSR, AL T LA HARAR R 519, BB
MRS AT R 7 A PPAL EI D de S0 R e T
HESL. M2M AR SO i NASA & AUd 3
SRR T 1A T s R AR T 5 s A, B
HRIEMNS Rt RS, AR B R &5k
Bk, PRHERAR | BRI AUAIRTE H BRSO BEIAT:
%5 Z [ L 50, DT 42 i 4T 55 19 R85 R R )
. M2M kB SRA A P FATE T I oA ok 14 2 [B] 4800
AT -5 — MR RIES, K ESMD, SOMD 5
STMD 5L FHU TR I £ 58N s Gk, i
LIV NS IR ZS B0 T2 A A 12 11

17

A SCAR A NASA 57 9“1 BR 2 KA s 2
a7 B M2M S AR R, 0 HCRO 4 RGeS
4 [ B TR AT 55 LA K A VA 1 DU R4 23 B . ARG
M2M IS A 7 SO s AR B 5 S5 732
1T 55 S B B ) 22 GE DI BE 5 SR B s A A v )0
(AT 2ZEREA0AT, VIR T BT ARAT T BRE AR g
A 1 3RAS 0 S AR, LA v R SRR 23 R
155 O T2 O S A LRI 55 H Bk B R PR B AT
Ly E RIS

1 NASA M2M k& HArfA &R

RSB R KRBT 55 1 SR B AR, M2M
B E SCSCHE (ADD)!Y 32 B8 H AR 5 | B R AR U,
iSr T LA BRSS9 M2M RS 424, 8 sk
HArdrfi Rl AR5 Bk, JEahixt Hir . s fE 4
Hir 51z B4 A U2RAT55 HbR. 32X BT X 484
DRSO R ) 3B, T RSB Hr H BRI ZE A 1)
s BARMA SR, 73t ik B bRk R0 S 22T 55 T Y
gEM.
1.1 RERXEE@E

M2M ZEA45E SLSCPEXT H BRI SEA 21T T g
(5] &5 AT, EESL T ERE KR 4R Y e B bRk
22 S 3 T O ] AR — ) R, W T
M2M B2 (R J st SOk slias 5 B ARG =0
TTEEZE IR A Ay i SR SC S R 43 B 1 1 820
BR. 5lH s 8o b et SE AR BAR . i AS S
5 FE T MR LE LRI BE ) . RGENOZIR A [T 37
AT SE IR R D) YL BT b AR e ) R
W& 5508, NASA i 7 LUIRH#AE 55 Bin b A2 5] .
Fefih st H b 8% | i s Hbr h kB 128 4k
P E AR R T ) M2M e BRI R, g 1 pos.
1.2 M=EZEF

BEEAE S BARME S M2M 0 HAr A R i k4
g1, AR5 Bix ., Bleeiilae 5 0 R H
b, WhaE 7 HEK /AT ERRE L RIAYEE, A fleE . )
RN Bl ae 5 R AR e 1 poR™Y @
X HER . KRS R M R S A TY, JEr AT
BERARPEREE R | b BT v AR A . K PH R AR IR A R0
iy s AR ) A IA ;. A A 35k 5 ok R R T AR 1Y)
T A R L i, DA TR 25 SR A ) R 58 I
Hd Bk A R sk 2 iR, BlEitag 5 n



18

When will we achieve
Lunar objectives

Multi-decadal campaign

Support annual cadence of
crewed missions

What foundational capabilities
are needed

ity destination pl

Chin. J. Space Sci.

wEAFER 2025, 45(1)

M2M Lunar architecture

Why explore

Long-duration microgravi

Science

Low earth orbit assets and infrastructure | Understand the universe

Development of permanent
infrastructure

Expansion of economic
sphere to the Moon

South Pole
Who does this approach include

NASA
US government
Industry

International partners
Academia
Public

Ensure access to the Lunar

Capability for non-polar sorties i

Earth <& NRHO < Lunar surface
Surface mobility

Direct observations

Where should systems be

Inspiration

“ Artemis Generation”
Overcome challenges
| Succeed with hard work

How will we get there and return

National Posture

Enrich lives on Earth
Technology development
International partnerships

Lunar microgravity staging
operations in NRHO

BT A BRI RS S A

Fig. 1  Analysis of key issues in lunar architecture decision making
x1 H#iRFEEZSEREX
Table 1  Objective definition of basic sciences
EE =S H b5 = 155 Bt
AR /ATHR LPS-1 WFFE A BR B ICAAT 2 Ha 7 A BH ZR AR PR R g

LPS-2 WEFT A BRNFRGEHY | 5 5 s R A B HE b i 7 J e
LPS-3 WFFEH BRI R R, #6378 KB R R R IR
LPS-4 WIS B R R e L 15 I

KHP P HS-1

WFFEZS IR, i xd H BRA KRR

HS-2 T BRI LA T SR AR B RIOR FH 2R A o
HS-3 VAABR, K RIS E, DA S o TG R, GG AR 5 4 s TR AR BV,
I E AT
HS-4 HE—28 T fifp A BRIR I A2 TR P P i 245 D R FH XU 2
R HBS-1 WIS R KRR S FREE T AR SO B X A, S ), B8 A R AL
HI ) R G S
HBS-2 PEAG AN RS 7 T HBER (95 DU HEANZERS RS, TP IR AT S IR [a]
HBS-3 B E MG RS S TR 2 PR RO AR LA
YRR PPS-1 D R TAT Ay Tk L TR BT o0 P AT 4R
PPS-2 FIFHABR . RGBSR, it Xl ) B A

B 5 Hbrds I A Bk 5 R R ) s 215 ) 38
WAL= 5T, DLl e BT S e g iy Rl 2 )
B, T R SR A TR S K BB S PR R g it
WE Sp e N
1.3 EatigiEBir

AR H AR M2 M Emg HFRIR £ 10 T3
P A A BREE B B R it R 4, KN
5 [ KR PR AR AR AR S A e ] /g F T R R T

DASEE H BR B FRGEE T A 0. St B AR
Rl feit it i f A AR ), LA AR KN H
THTGE B SR AR SO SRR F AR g H k] 15252
FEA R SRS IR HIARE T, X A BRAFEE K
URBEIR ., A-3 BHRIEAT IR RIS Al KON T, S B2
P47 R R A Tt n sk 3 s a8t B
PRSI St xR B i S R 48, O BRI
PEHERETR LSS ; So Uk T lb MUAE A S 82 BEUER T BE 5



B 5 NASA A 33| K2 Bk 22 M 64 AT

®2 MEMESNAMZEEX

Table 2  Objective definition of enabling and applied science
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Lunar safe haven. (a) Concept, (b) support structure, (c) night structural thermal analysis,

Fig. 5

(d) mid-day structural thermal analysis
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Molten Regolith Electrolysis (MRE). (a) Concept, (b) equipment structure,

(c) characterization of material behavior at different cooling speed
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(c) radiation shielding flux of LiH/W complex cruciform structure radiation protection device
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