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Abstract: Since the release of a series of Large Language Model (LLM) at the end of 2022, the new generation of Artificial
Intelligence (AI) technology LLM has become a research hotspot and has attracted great attention, and the ensuing domain-specific
LLM will definitely reshape thousands of industries. The field of lunar and planetary science is a representative of the frontiers of
science and technology, and the establishment of domain-specific LLM in this field is an inevitable trend for the future. This article
proposes the concept of Lunar and Planetary Multimodal Large Language Model (LP-MLLM) for the first time, and elaborates and
discusses the details of its definition, design, and application scenarios. LP-MLLM aims to help more people know the Moon and
understand it, as well as assist more scholars to process and analyze the lunar and planetary big data, promote the excavation of
implicit or non-linear relationships among different lunar and planetary data, proactively discover and solve unknown scientific
problems, all of which are leading the way in driving the new research paradigm of big data-driven scientific discovery to take root
in lunar and planetary science.
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N T.# 6 (artificial intelligence , Al) , /F A201H42
DA f5c Ay R Z0 R e HL 52 e g BB S, LSRG T
195543 S BL 2= S - Al e /R B R s - ZE 0 L 45
YEF & B0 E > N LA B2 F LogicTheorist (T 3CFF4F
2023) . WAEC N TR BRZAAE -2 K% (John Mc
Carthy ) RS T N TR RE”—10, If- e T HASK
AT A B s . B, N TR R IE s — A 0F
FEOUR (FEZERTAF , 20195 T3CHF4E,2023) . MR —F
H AN A R R AR 44 [R] AL o FILIE ] | BRARE
JFAF (AR20FE,2007) o fH iR TiH5ae 1 B, 201
70U I TR ROk T MR, MI7E1980
AR L B R RS R, 2011) RN T H 28 N 2%
(EHAE,2018) U N T REAT 155 IR R 9 4440
BRI L R RGAEFAAN T HARKS, B FF— kAT
BREERA TR o (HX — B By o) — UOR—— A A
2o 2% AT T P A R a3t el A5 oA ke RIS
P PR 22 I 28 N 2 iR T RTRE o N TR BB A2 — Ik
DL AR B E T . 201 14F  IBMZA )Y A SR 1B
& 3 HL Waston (Ferrucei, 2012) , 20 1 24F f 35—
B2 M 45 AlexNet (Krizhevsky et al.,2012) LA
F20164F-Googlef{J AlphaGo(Silver et al.,2016)% A
T RE RS AN i A B B U T T AR B 2R S
FAR OIS = IR N TR REH

NTAERRM S, AE— BIERR WA EHLE %
PRIG S AERE S . MIRE = A, Bt — P ikiE
& B AE G G S SR (Statistical Language
Model,SLM) (Jelinek,1997;Gao and Lin,2004) % &
R A EF B (Neural Language Model ,NLM)
(Bengio et al.,2000;Mikolov et al.,2015), ITH¥R,
3 1 KRR R i) 45, 2T 12 B 4% (Transfor-
mer) 288 (Vaswani et al.,2017) )Tl 2515 5 8
(Pretrained Language Model, PLM)7£ fi# P 4525 H 4R
1% 5 AL P (Natural Language Processing, NLP){T-45 |
LI T8 KIEE T BENLPU i i 5 #2731 T —
ANHT Y A& TR B X AMUR T 2K R AR B
5% (Peters et al.,2018;Devlin et al.,2018), BEENTIT
ANWTITRA  BHIE N 51 & 30 R I 25455 2 g 6 aF —
R S AL HE R RE ) R R B T AN E A AT S AR
AW “TRILEES " (Wei et al.,2022a) , MJEHF5E FIE
5 3 R TR A R i 44 A KB H A (Large
Language Model,LLM) (Shanahan,2023;Wei et al.,
2023;Zhao et al.,2023),

RAIE F BRI ARy KA 2 A KA AT

TPHIAE . I EREAT AN 2 RS IR A S B R IR

BHA Y P, H & e B T2 HOBn A e, o2 4% R —
REARZEAIZOOI ., KRR HBEEETE LS
B 22 00 285 i 20, ASALSE B T X AR I E
B ST X ARG IIE T R G R EEAR R e T
— ROV TR F AT S5 (755 ,2023) o ARAJE R VG
Bl , RS A S R ST 43 Sy 38 ] RABE AL RNl R A 7
Fifr o 8 FH RS 7R A 45 40 Sl RN 2B AT 5 K 32 A g
T3, Ml AR DU 23 FH AR A A R A b
AT (Fine-tuning ) B A5 21 (1, I 7845 1 SR P9 19 11 55
ik LA EAF RIS (Wu et al.,2023). HAT, 4%
£ e A & AR T H 93 A AR A 5 b [ ) 4
R EH SO —F BT EGE TR B R A
LI [ ZM i ChatGPT LLaVa%:pi Al . Hirp LIGPT-3.5
by BE Al HEAT O AT B A R BS R LRI ChatGPT
(Brown et al.,2020) , — £ [ {8 /=4 T H K. 7
20234E3 5, OpenAL#E — L 7EGPT-3. 50 B il [ A& Al
T GPT-4Z #1485 KAV E F A4 (Multimodal Large Lan-
guage Model ,MLLM) X ChatGPT Plusiif X#L#s A
(OpenAl,2023a), PLGPT-4 0403 SR8 KR
HE— 2047 e T AR (%) AL B I BE ) R S8 1R
W H BRI R F SCAR I 2R R B M B T 2R
A HRUCRE T R AEAR S IR A F B8 7 5T 11
& PR AR LR ) #E— 2 T AL TAT AL AR
(epiin

JRUAE A KA A 45 40 3813 ok ELAT A b i R
T3, A 42 FH R A DR s 40U ) 52 24 [ R 3
SR RNVF 2 Ry I A AR R IR B (GR 1) S A
F B[R SR A AR A e M DL R A
B4 BRIEFFEL(Ling et al.,2023), it Bk LK
IoA Ko B8 ) RASE T A 4 5 AU Ak T 2R AT TS
sz, HRiAEYES(Gu et al.,2021;Jin et al.,
2023;Li et al.,2023;Zhang et al.,2023) 4@l (Wu et
al.,2023) . #( & (InternLM Team,2023) 3% (Zheng
et al.,2023) IR B A A0 T AH R U £l K
B LSRN FH AR A A T 7 1) b B SR

T R 25 R I 54l Sy v 9 R — L D) ok B AR R
FIRTHT , TR T KBRAYAIF ST T8, E A S5k
AR IE AR 5 B AL R S R - R S0 R
B BRI R TR RS TR ) B AT 5 2 — BT
HER” (PMIG2 5, 2022) AR Ao H 2R (12 5%
2023) MR 4R K A F BRI 55 1) v ek St A A
BRBE2F 1 PR e e B AR B AL i BUH SRR SRR
e, TR T UIReBT (BORWIIT HE L4 dE R0 o 35 55
RS, B — B H Bk VB NI T A I %
B R B LRI | TR S AR 2 E o — AR 3
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Table 1 The example of the General Language Model’s answer in the field of lunar and planetary science

T RAERLE T A BR S 1T A B AU il Y o] 20
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& - SR H Bk BRI T A — AT R Z3SICAERT . B BT At A BRI AL A T2 AR
B, Btk A A R T B R RE R, SR T A A NS RO R DR, X S R B KRR R R
HOER T —AE R, RIK 13 km, HAEZH2500 km, fE SRS KRS O RERIE R 2 b BN T —1E R
MO RR . X ST T A BRI, B 55 T2 B KSR, TR TRl bRk, Hak, stk S A I s | &
THAREMGP S AERL BT A AR R A AL DAL T A . X I M I AL T A Bk L2 kil
TG BGRB8 I LLg s AE AR IR B AE T H Bk i A, ket A ER G S AL A T R .
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TS M X AT TR ] BR 00 3 A D3 e AR ST L 4R o R LA F 2L & (OpenAl 2023b).
TR M1 ISR , J2 R R At FUAR T BT o (LRI Il 8 7 R e S oty L 0 B T S A R TRTSE X — S S B e
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A&, FATECT A BRE SEB T 0 A BRB il ) oAk
RAE LR FRIBFWI LRSI FTiE R AL
FHRZVE—ERET A RS i m, Tig e H
i i 22 R A, i SR U P & R R BSE 5H ZRES
R A DRV & o 8244 ADREER AR 25119
TET, S8 87 A RS SRS, LA BR51T
FE R Z RS IR SR AT SE B AT 2 R A Y
IR LV BB R S RS AT SO ) BR S 1T BR
BT AR LR A BRI P S A3 SRS v T £5 7 4K
Ptz AR 12 R R R o M A2 48 2 IR 55, IR
SRR B IR BB 2 K SR 1 H A

AR SCLA AR FIH T A Bk ok B SEa o7 g
HERGAT BB 2SR S ARSI 5
IR AR YI R A O BOR S AR BEATIRAGTIE

1 AXEGATEMFSZESKAERZ XL

Wl R M A T DR &, LSRR (R B AR A
B REALARE L A BT IR, B/ BE 58 1E AR SRR 5 (5
—E) HIR R (B TE ) M ERL S (5 =3
3, 10 5000 7 4 TR 2 9 B8 D s X—— B4l 3K 5l
Flep R B BRI X B (P 1) o 5 D i 38 o o %o

R R ES A5 19475 418 20 BT 2 BB R 27 [l BRI, 58
BT LAEERE R E rh 5 2 BT 37 KOs B AT FR A5 JR)
B, IFEHE TR =R Z A AR AR 7S, g 1 27 il
DU AT REE CRIN T % ,2018) o FRBIRT7E B RL 2=
F ARG F AL B R R F AT B RSO AR
JARFISCA R RE ) 58 1 e 1T AR TV, IX i IE 2R
BHIEBK S A2 e ) S oS 1)

A Bk 517 R 288 KA (lunar and plane-
tary multimodal large language model, LP-MLLM) , J&
S TERFH R B2 EiiR AU B KRR,
SCREMSCHR ST 0 05 25 SO Eidls h A shaz 4 0T 3R
A AP, R SR AR DL Bk 55 2 IR
B vh g 1 RO R B, S BUECT H BRI R AL
S H AHZ R DI RE , 58 BT A Bk o B RIS . A
R ZHBE LSRR ), A EFH KBS
DRk 26 e AN R B ival | R7 2 1 AN B G A T
PUZHE 5T 51 38 RIS , LLOR I - b4 T B
B FRAR BRI 3 B A 55, 42 48 20t vh i e A0 B
KR, BRI B2z 08 . LP-MLLMJE 785 P03
A IAE Y BRZ) N B A= i 774, Herp 248825 A Al
FIH BR ST R RB 2 HOCHE . @57 LP-MLLMJZ
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K1 BRAIar) & (B8 F Hey et al., 2009 ; X R
72355 ,2013)
Fig.1 The development of scientific research paradigm

(modified after Hey et al.,2009,Deng and Li,2013)
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IR SRl & IRAEA T R4 P A AR b R AR
2 AXGATERFLESAEARIT
2.1 ZBEESHIESE ( Multimodal Dataset )

ol HEE AR ) R R R R A Y = R OC B
2, TR B I 2 BT A R R )1 X R4, PRI s TR 1
Bn g A s H S AU B B (0 G 8E (Yuan et al.,
2022), FEASCH, ZHSHHE R LP-MLLM A 37 Al
IR BN R 2 — B T 3 A8 A BB 4, 2
RS BAR AR F— 20 FL A AT R R B Rk 27 B 4
(G KR KR & BSATR) SR gy . HAr,
BE AR = A HRE SR T 1 PB (SIS 26 4%
2022), IR T K B H BR S EE |, A5 5
FISCHR AR P G U0 1555 SCAR 288000, DA K —
FRINAESCAEE | an 2 BARBLEIA  SL R P AR RS |

TPHIAE . I EREAT AN 2 RS IR A S B R IR

AR TS DL JCRR IR SN o X A AT B R
I 5 Bl 2 R B | 32 B [ P K ) — 5 X 2k
B HRIECHE , EPR A RS0 kR KR A RS
17 B AR IEEE |, LR A S0 W e R A & A (6]
J5 Pl B SCHR 9 ) 45 R BSCHE (322) o B % bR
HEATA RO L B B INER (Lee et al.,2022) 5 BE
DL AN AR 25K 19 48— (Zhu et al.,2022;Li et al.,
2022;Zhang et al., 2023 ) ZEE s Ab BT A K545 2035 H
TLP-MLLM I 25 i /55 o1 e Bl 4
2.2 EEIER

LP-MLLM [ 3= B 20 WA 45 22 155 28 K AYIE 5 il
RS AR PR
221 ZHMEXRABEZHEAE(MLLM) AR
BB A AR 2Rk 2 n) RN FH A 5 b i) B 4
JEZ IR AN, IR U 57 BB 0% R I Ak B3R B 22 Fh
RS FUOHE () OB AY | R0 A Bk ) R B g —
Mo ASCHR B LP-MLLMAHE 37 76 T U5 A 2225 K
BRI Bl b 38 A < WO R+ i TR 2ok 1 o
HoAe A BRS 1T BRG0S0 S B R 7 e Bk
J1o FETYNZRBY B , 5 ) F AR A e 1) Z2 4552 Bl 4R
HEATTC W B B TN 2 | 2% > Z2 RS2 B A0 22 ] 1 i o 6
FMRIR . MITERIA R B, BRI TR 248 H 3R 517 B B
SEAHSAT 55 10 SCA R ik 5 2 B BUE i AR T 4
b X R A R 2 R AT IO . SRR ATRL R
WK S R S 4 Ok 2 AR S Mo ik 2
2 NPLE ], LoRA (Low-Rank Adaptation) (Hu et al.,
2021) .P-tuning v2(Liu et al.,2022) Freeze% =41
SBURE 5 1k, ) i e T BB BEASE R S0 K Z Y )
A Rl RE T RO AR . Hoh  LoRART DL S HE
TR T AR S A )R B BB IR AR AT U n) 4
B I FYI SR AE AR v 7 38 1 I 4 22 S B50R s 9 i
FRIG A3 D7 1, KKUD T OB S50 19 TR
HIIN R AR, I LI R HRUAS 5 4 A B D vk 2Bl

F2 ZESBIREHAR
Table 2 The composition of Multimodal Dataset

NE Belifiiig it
B HERE R E Ik Z Y TFECE-1/2/3/4, H A A BRIR T 55-€04% Apollo . Clementine . Lunar Obiter ,Lunar Respecter ,Galileo , 491056 TB
— A BRI GRAIL ,LRO ,SELENEfIChandrayaan-145$4 % 14 Fh 0 257 T AR IR B AR B
A1 250 7 MBI A AT AT BREGE AN K] 8 BT | SG E BR b P RERERE ] PR R R
B A e R PHAETE IR 353040 A FIREE 25 B PREE R | o SR 5l | A ki 44 w3t 2l a8l L A sk bt 493 TB
—RE R TEHAE SRR D7 s A BRITISCHR B S RAR AT SRR RS R LR SO B i
R R A5 BRSBTS P T4
[F R [l —5 kRIS, EAM KR KR 4 BRI S5 15 Mars Express ,Mars Reconnaissance Orbiter ,
AT S ExoMars 2001 Mars Odyssey ,Mars Global Surveyor , Viking Orbiter 1, Viking Orbiter 2, MESSENGER ,Magellan
Sy BERE BRI A IR I AT I RIS o DA BB 27 R A , A6 R BT R SR S RIS R e (TES)) B 24600 TB

TSI (LR AR BHAT RS AT 3% MR 1)) (AR A 2B K R B A Rl oe

Ry, G M A SR LA B D PSR A A 4
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BRI AR A H Bk 51T B2 RS A LE R
BrBE oK

22 RS KA AN KA TE AR S < K ok $4
T 5 AR AMEIEE . ERgEze
PR BN R , AT DK SCAR B R4 7 4 | i
AT LU H b 288 78 1 5040 2 ) 280 R ] 24 T 3K o foff A A5
TR A% 1 B — (L ST BB 5. &
B2 KB A BLAA Sy S = AN B AR I — A Se BT
K BRI A LTS SRS %
B DL N LLMAHBI AL 8 43 (Yin et al.,2023),

(1) ZHiZ5 454 18 (Multimodal Instruction Tun-
ing, M-IT) . J&= 4 i i 15 2 1 TE X0 AT 55 204 T4
IR I A R R 1) 2 RS A EE (F12) , DUk i 2
RRAS RAREARY | AT 44 v A0 7 22 A2 Bl L 1 2R A
HUATHE J1 (Wei et al.,2022b;Liu et al.,2023), EIH5:
AIEREEME =ACE AL ZHEHEA K E,

K2 RS S R A& R ]
Fig.2 The conceptual example of M-IT

(2)Z 25 E T 3% 3 (Multimodal In-Context
Learning ,M-ICL) : | N 305 2 R[] FA& 48 K it 4k
P rpz A R OC R B B 2 2 B S AR 2
M H -2 (Dong et al.,2023). HAj T3>
HRAGEFHEAAMEE S 0k EF 2 EREARFMT
HIAE S5 S T RAFA RS o I N4 7E 22 B AR A
EEI= =l N ol &= < N i) V9 3 DN IR NS Gl B N 4
TRy eS| 1 2 KRR EIE , AT Z PRy 28RS B
T (E3).

K3 25 BT S ISR
Fig.3 The conceptual example of M-ICL
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(3) 2R B 44 (Multimodal  Chain-of-Thought,
M-CoT) : B4 (CoT) By Lo H AR AR B AL
AN i e 28 58 ) B 3 5 0 A I 225 22 ) P ok
FESEAFIR ] (Yin et al.,2023). ZNLPHIJS & , b
SRR BE OB i ) 2 RS e s AT YR A
SCARZSHAR RO H A 2 S B E 1 45 & AL AT DLXT2E
ST R A B S (814) .

4 A AERE A S
Fig.4 The conceptual example of M-CoT

(4)LLMZ%H B 09 #0856 #E 3 (LLM-Aided Visual
Reasoning, LAVR) : iX J& — Fh I H KB 15 75 LA ok 1
S AL HE PR RE ) AR | 12 S By = R A R 2
BOSEUE 5 TR DU B 2 B R AT B 52 2414
1£5%5 . BEE Z RSB R A WG N, 288 KR
T ALY RN RE ) id 2tk — D AR v BR i A5 3
ik
222 ARSATESESIIRE  BGNAMPER
TR BN T ak AL #8380 i R SOAR 2 SO A
SR 55 AT T, U TR RIS AL 4155, T
T LB T TR IZ I8 5 . AT TLP-MLLM, f&
Se (0 FAR RS T AN S .

HER 517 B 2886 8 2 o 2 RS HH
MR, BRSBTS T 2N A RS B,
o g A Rz 25 ) S 0HE o S TRD B R0 ale () A6
KB AP XA A ] — @ B b s AL
GROROCR AR . L, S TS S R H R
17 B A R, Z R85 808 ] A RS X 55 (Modality
Alignment) /2 A AR A] /D) (Yin et al.,2023)., FZXT
FrEARR A RIS B, g ek i
A B Gt — g i 2 A [R] 1) 2 25 ], IR R AT 55
Bt — R AR R A 553 2, DA T 52 300 LA (] ) 5 75 A 42
KIS B Z BB BT T2 EEE
1155 BAEHIAS . Transformer ,CLIP(Radford et al.,
2021) \ALIGN(Jia et al.,2021)%, HoH Transformer
B P B33 57 (Attention ) LT AEAS 18 N 45 R 2R AU Y
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$i (Huang et al.,2023) ,3X — AR ML 15 25035
Bl R AE A 20 55 R IR I 4, L AELP-
MLLMH | $206F Transformer ) fi B g8 4E 28 50
iy R38O o 2B A AR SR LS N SR T
B e T 2 BRI
2.3 HREMERSHBEHREILT

AR SCHRE H I LP-MLL M HAHE 42 28 1 4n [ 5 i
TNo ERSEARG B R B A 2R REIAS 2
AFREEPIER 5 o Y TR 52 2% 9 L by G508k [) A ), A58
TR R 308 Tk 55 2 G A i o A TR A28 0 B8 A0 A T AR
XF 5, WL B 58— [ R 7S (] B 2 B8R . B
P 22 LS R R AE Ll N TR 1) Al b AT T DA
SIS Y )l TR IE SERASCR

KI5 A BkE1T BB A 2B IBRIESE
Fig.5 The framework of LP-MLLM

JUE RGO B B T 5k A 1) 22 55 2 KB 8 S 40k
1T 7RG AN SR B T RERIE KRS80, U2
— A B G1T B RL 2 BS KR K T3 %
RS Ty, PRt K A BR 51T B AR 2B ER A
= 3L B B A S ) BRI AE NPT L = IR |
Google Cloud% = it5-F G LRy & RE AL TR
Fah b S A Bk 54T B RN RS RBRLAY RO
Yk HEMTEE ST H B3k 517 B RL2E 2 RS KA (K6) .

3 AXREATEMFLZESKEA N A
I

H 20t 22604 LISk , N2EFF R T — &%) H BRIE

TPHIAE . I EREAT AN 2 RS IR A S B R IR

Ko HAERSTT BRSO R Tt
Fig.6 The software and hardware design of LP-MLLM

WA Ry fithe 308 BURE AL | ] RG340 DL J R
T R0 Jo 2 SR 1 o 45 ) A ARt 1 R s o B
BRI BE ) R LS T A BR 5 AT A 0y E s
TEAWEG I . GG itk 22 0yl 1 EE B i T 80iE
B A R G R e R 0 A BT R, B WA
2 BR5 47 BBl 1 B 2 R) 8 ) A A Tk (Varatharajan
et al.,2021),

KA R A £ SR 2 AE 55 1, % T B R 5 Ab
B MG BT R A T e B SRR BR )
Bl T ATTE R BE 2 (0] )7 T 9 A e, Ay b3 [m) 7L 11 fie
Pt T A . ARSI I A Bk 51T R R R 2R
KBRS G 1 P B AU 0 AP AR, I S FF
ARG HAI Y iy AR AT 55 I PAT o BEHUTE T B
51T B R Z RIS AR R SR L 8 3 3 R BT
VETEC R AR, 455 9P B H P & 9 Im) 0 fige ok
(R, DL E B B A R K e 58 AR 15 5,
AR LP-MLLM BN 3% 5 06T T W (7)), Bk
AFELL T LA

(1) SCA I BEARVBR A £ X ] P 6T A sk 517
EERLAA I [ B2 4 ) i 88 R [ 2

(2) BARPUN BB SRR R B0 A | REAE AR 45
FE AT K, SEBE AR R H ShFUIE S

(3) B SCAE B BB SR RGN SCA$ 48 1 I 191
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Fig.7 The schematic diagram of application scenarios for LP-MLLM
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