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Fig.1 Schematic of lunar surface imaging process and mineral identification principle
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Fig.2 Spectral curves of representative lunar minerals
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Table 2 Optical instruments and datasets used for lunar mineral detection
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epe RS PR - _ FRIA 2 OH/HA0 #Y
2025 %M q)ﬁﬁ#ﬁfA) L 28 (HVM3) 7ﬁﬁmi%0 — 1 B
e HERAMIZ L (LTM) AT BRI A5

31 FNTFESHEERTXNSHEL

H R Wy 18 B RE T 0 4 T A B AU SF- & 44
A% e B T 2 SRR B R A R R
H i3 SO ) ph B HE A A
HARRPUE RS . R . BRGSO 2 P A
T2 PaRER, BlUES (WAM—5. 33k
T, ltk—5) R_EEDZEET . SiBEETES
BRI, S T R RS ] B XS p B2 0™ ) 3 A 5
P E LA HRiAE (IS ) LT AR
DX Y R o S i, O e SRR 5 R 20 O 1 AR HUE
1 (WREL#: 45, 2021); ABKE (NERZS)
17 AL AT ST A 55 5 8 A% 38 2o B e i
TE A Kb m R F A, W BEAT ALK A5 B
XoF WSS S5 SPI JE AEA T UL, DA AR B A BR 52 IX )
HEIEE S (Colaprete %, 2012) . ZF- 5 A
BB A T4 Bk 55 B A Bl A Y 22 RO UL
P2k, R TE T BRI Y 23 (A e v 5 R
TR

TE T BC B 7T, 56 B IE Hr i BN
H BRI Y A T7 1) o K77 WOG . mois i
B LA ARAL . LD AN A . WO A
MR RN, ARWEZHETE . ZHEMW

IR I A R o A9 Qs AT 55 FE R DU S vh i 2 1
LLAMIRLLAME AR . DRI BOGIE AR E R
A BT X3 S B TR MR AL AR S L
B s 7R OK e F5 T Y S A P R B R
(Ehlmann 4§, 2022),

TERE PR )2 T, H OGS & s C h
Wy B — MR R S 28 . 22 B WL A4
G ZOIEER . RIS T BUE . L AME ST
TR K RO I e R 2, AR A b E
ARG B — 20 A AR G RS R R R
BT FEAR A DEM (Digital Elevation Model) . &
B2 . M A IR A R o (REELE 4%,
2025). SULFEET, A3k EZEATRIY WA K E
Ko A 5 T e =L . B an b B 4R A AR
KO KA Z ge AN 36 [ i AT RABE R G5 N I AT
5 5B —AUE 55 B9 R & o B R A T Bl SCEE
(Li%:, 2025; Prockter %, 2021), I RWE{TE5 .
ZUR . WA AN s 1 A .

32 RIEEESH WISHEE

HERD™ Wy JE Ul ) S SR A T 4% TR I B ik
X2 WP WBCRIE B B 5 S AT RE D, JFEOR
H A8 0w 0 C 1% o3 W ok b R AR, DAAT R
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SINET P eiE 2 S . RIAMEA TS, WA
Bk 35 5B S R, 2R WGRGAEIL, 1L
TRE T HLE A ] W R, RERS THUIE
PN 5 M AR BC S, XF 8 A TR S B AR o A
FR (Masursky 5%, 1978). w3kl VTS B IRIE 4
R AN BRI AN LI R R G, AU
0T WGP AR, 5T S I 2T AR A
CLAMNE B, SEELT 5SS AT WO BORN 6 NI 4L
SMIEBL Z M IE R A ERE DT, S A Bk WA
R 2RI AL T ARG (McEwen #11 Robinson, 1997) .
WA, AT 55 R ARLT A1 53z BEUR I F e 26 1 1R
JES PR T, PR A BRIVIREE B8 T LA
(Lawson %, 2000) . Fifi 5 't 1% 8 I 75 5K 114 1 588
J5 BT 55 38 A 51 AT 2T 5155 5 I 21 A1 v e i %
Ao B an BN K Ry 8 B — 7 S e i —
AT 55T T EOETEAER ARG R T A
O A . ARHE A S5 SR ) B R W i, [R] s
FIAXT K G0 e i 3 B, RME ISR T R/ 8™
PRSP AR B R (RIS 55, 2025)

Hh L 1 R 9 55 R R B S 1S L A B
e ST, P B 00 O AR A S B T
GGG B AL 0.48 wm % 3.2 wm H9FA & (bRLL 7 45,
2023), 4R 1 Gk n s otRE ST . FEAS [H] 4B
I, PR SGRE AT TR T EEkE
P o BIANTE T — % TIM 2825 [A] 4 HER 2 28 200 m
(Ouyang 5%, 2010), H#i—% M SARTE Hirix
TR K70 m (GreenZF, 2011), 1 LROFE
YA ML AT SE AR 5 0.5 m 1923 BE% (Robinson
4502010), MIHZ T, HERAESHRITRENE
SR T A A AN, S 3T K R 1 R R B D, SR
T ONBITE ) 3043 4 21 2 18 J) 3 36 IE 1) D3 [R) HE S 4y
#. Hm—IUES (AR S) ERiEhE b
HIN R R Y B S SR, 45 A A AN 2
1, BERESEILXT OH/H0 25 FRAAIRA (anvk . 7%
I GEAUK) KRN EEE R [E A . 8
1 AT 3T T A —HALT A BE R RO, H B
HA&ZIAE Xk SEA [ 71 (Ehlmann 45,
2022),

SARRE, A ERER DG 2% 28 oy 0k 3% 1 Bl A9 4+
SLih e S At GG PR 23 W] 4 HEER A 3n)
PETE, (AT 2 BECHE T SR e )
CEEAMRT JIE CORSHRY e, HEsh H Bk
WY IRBE S A R . = 4ERE L AN A

BB
3.3 FENBMRSEHIERENZRS R

B 5 2 8 SR A A M RE B B T, H BRIE IERAT
55 W Bk H bR B I8 U0 3% 25 TR Ak 2 R4 B
R ST R T R SR RS AT (Li4%E, 2019b;
Lin 5%, 2024) . #AKAE, HERFEWAT 55 7 505
BF ] AR B 22 S, fHIHRF2E H bR 5 80 & ©
Ak H T B AR R 254

1Bk 3R 18 Y 55 UM R O 2 18 B GR  HL A St
Bl g o il an H R 3 53R BT H BRI AR
(Barabashov4s, 1961), Byi% R4 E b es JRal &
TR E AR ARHL, T bl X SR L S 5
BUEEIC S (Masursky 55, 1978) ., XS R4 18
TR 35 IR S5 T T i 55 0 s T K 7 B
B, 25 [\ 5r $E A% . B —, R 55 HAs L
“Yyadsk” NI WA 2GR OGS AT 1
B, AR TR OAES Z— wTIT
B 2P BN E T T X A BRFEE T X
REST; AMT—SEE T M MRS AL SP; P
] P 0 T — 5 P AR LIML, X ST 55 Y A BT 24
HEE A SRR DT, AR R ISR B A
WESEEGARGEMT, SHTARTYN
5 70 ) 50 B L 23 18] 43 A kg R AR, DN A ST
F 5 B XA A S 41 T Ok Sl (g7 4%,
2015) . Fifi A SR I 4 A B i, G2 BT
55 128 R A T A ol DX I 1) SR R T 28 L
WE o I =5 i) 2 B 1 H BROE T VS X
TR ERE O] WL LT AN GG, S B 4
ST RHETE R A, 35 H T IR A TSR A O
—4F (Wu il Hapke, 2018). BifkpdS1Eh ARG
MHEERAES, Eml— 3R A s -
I DR A RO R, #E— AT
BT 45 R 76 55 0 0 75 1 B Bcls (Li%%, 2019) .
B 0% 15 WK AT 55 BAR A “ BB+ RAEE+GIE
i MERGRIE, FEXVEE B sl kb ER X
WUORAE H BERESL TR, L H R0 Pk
HUR A6 ME B, SEBE B 5 3R [0 R i 1 28
NEUE (Liu %, 2022) . HoHr il oS 5 0 oF—
o, AR SRR A SR P E L%, B
FERRIY X eI 5 R YA Fe . (Yan
&, 2025) [Al—mH], SEEMH BReE SR T D
“RLAGIEIE+ A2 S AR A AR, S B AR X
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B FAIX OH/H0 PR R S FEE R, HEKRE
PR EE K—RRER—EHK MESEN, A
BRI IR S (Ehlmann 5%, 2022).

MG F R BAT 55 B LN IE NG . )
WO, B2 [0 o0 A 5 AR RO W BRE . AE 55
FHEMNPUESY R AR S A KA, B
g g e 2 2k K, B o it X i
SR ) 1R IR (BRI . AR5 HARBIAS
Wrikfk, 1E AR HERBEE AR . NS5/
TEhE 5K I 5 b i B OGBS 5 R S
(Zhang 55, 2023b). Zf LFTiR, H ERIE B P
WS TE B Wi 5 Az 51 . DLS G i o %
O AP a8 . 2885 R G AT
SR AR R AN S A YR T
FE R, oA A DX R A 5 R ok A28 A
PEUEATRPEE A AR BEEL

4 AP S oIk

Btxt A BROGIE Kt T R i B S R
B, S T H BRE T R B T, R RT

Kz WAL RAERCE S WICRIESE N R, Mg
P Hoal ) B S AT T R Pk . A BRET )
WU 5 35 B S A A% 0 AR 2 H UL B A Ol
x (M) IEWTE 7 Hbsidy (P2, dmocotis
SRR, IR AT RE IR 1 P S G2 R AR
HEHCAT g BEvE Sz AR RE T . WG — RIS R R,
A 25 I A 2, ORGSR AR R AR 15 4 55 e St
WA TR —PEALHEZE .

f?%%ﬁ%ﬂmmw) (3)

Arb, O Ym O s BRI A s (A5 6,),
X EE N o, YHESETIESEN0,; o (1) G
WA SOETER AR 15 £, (+) 9 VAR 2 F A
AR . B R Al b, = IROE A H AR 5 295
MR, DR A T LA 326 5 1 28001
FRIERAE SRR KBSt s 50 2 2 LIS Y S
HOH F 89y BRI ) A S R 5 3 3 LSRR
BEahE . WRAERS RO ZREDEIE R R
BN 33 9 3 AR 5 ik B AL Bk R ]
ML Hl

R3 IXAKTWIRHNEREAENRETLL

Table 3 Comparison of three classes of lunar mineral identification and inversion methods

%A EAES

H22k EERES

JEREE B DR IT RS |

Hapke Hif [i] + 35/~ 3fe v/ A i ik A/

U CHEI IR N ek |

Sty i FR R 5 (A5 91 ) Aﬁﬁﬁziiiﬁﬁﬁ> TG
R R & SRR ) 2
R g & 2 Hapke U 4
st BB 52 P e HES B I A A R AR
- PSSR, KA SUMARERE ., L
S AR A R 5 e
— B [y RLLLN |
e BT ok U ST A SRR R T X

41 SIS RS BRI ST

S A0 72 F 5 K008 K B e 5 2 S R
VR T S IS, T X WA 3 T
TERAE, I B2 S 68 B bR 2 [ B W5 56 R
HARKH G =f(d(x(1)))e Hrha(A) HIRIHEE
& (+) HOGHERA ST, WE SR 22 R 5 145 £ir
WO WU BRGNS A B )

HABRRAE s £,(+) A MWAFAE R HAr i (9743888 |
T S E RS AR, WA, E5Hla
) BRSO w HREAS A T
FETIXFIAEZS, MATVERTERE g 428 (1) IKYE
GG B S R AR 38 R A AT A 1 T U ) 2
TRBOT %, WG R BOL . WEBL AL (Lucey
&: . 2000; Tompkins # Pieters, 1999; Sudrez -
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Valencia %, 2024); (2) 3T &b A 0 w1 EL Y
DGR L, B IE S BB A MGM (Modified
Gaussian Model ) ; (3) BotisFEolidr #2850 M
ARFHEST X, SEBLPE U 5 Ak T % 1% DT i 5]
EHFE I (Clark %, 1990; Clark, 2004); (4) fE
FERAR BT . R AR BT, 2E
Sl ) S EEE IR Bh [ s S i, AR T
BE S 0 28 5 [0 15 5 4% Ge b1 2% 27 20 B it 31 i %
CES

SR EOT ARYE R G R E A & (-,
Wk B A . 8RS, 1 ORI Bk [l ) A5
FIHARE . Lucey (1998) RHHFE3ITTT 4 —iL
gLhb Z kA, I T2 T 950 nm/750 nm F
415 nm/750 nm 3§ B I3 AR B Gk A0 i
22 T4 HERFeO I TiO, S ARl . T8 E S
4 ) &z i Hl, Chen %% (2020) Sk 11Ut 4 =
VNIS A 8ud , Pk R Mnte, it $2 IBUi
ESE ST WP E, X b X Y 41 A ok
A . MOM J5 iR 8 ft iR S Wb, it 2
A 1m0 397 R B TR I BT R B R 2%, DA
X1 o A1 2 o 5% KAV B R SIT A8 R AE I ST 004 T i
Bro 40, Sunshine F1 Pieters (1993) B K %%
MGM i H Bk g 5 e i 12, il —
AT 3 oR B s 22 A v 30 oR B0 A S R g it
Wy, A B T MR A S RO A A W i, RS
BT A E mEAT T Gou 5F (2020) R H
MGM 2B ik, Xtk pU -5 H BR 42 3R U JRLAr
HeiG AT A, RIS S A P A —fk
o, AR5 THDS T YA i iSRRI R R T
LGS RS A R R TP, KRR S Y R AR
5 P R ST AR U SR SC R, B
SR HFRE . #lUn, PietersZ$ (2009) X HGiEIC
Fit 2 5 F MOBE X H 2 OH FIHL0 20 A A7 1 e vk
rHT; QiandFE (2023) MGG AR S Sk %
FEA B R MRS A, A5 T KOS T v L b A
(Procellarum—KREEP-Terrane ) X 3% 5 4 F B,
Sk T BR A kL3 B AR T AR T S
BHE 9K 2l [l )3 ol e 5 O iR AR B R AR SRR T B
P25 2] RRAE 2 B bR i A R A BN, SRR A%
(2010) 38 28 57 4 P AT v o0 FH B A0 K 1 6
F, AR R Y04y i B Blewett
2 (1997) FIHI T3 T TITAT 55 B9 220633 B4 A i

W BT 55 TP R A (Rl s RS, A L AR A A T
FeO &1, R4 T 2Bk FeO il . SCHF I
Bl SRR ) SRR Gl A o 2] S vkt gl T i
IS 50 4B Z R LR AL, I AE SR 5 X 5
ISE T HAA S (Bian%E, 2024; Bhatt%5, 2019;
Thoresen 55 , 2024) . T Korokhin % (2008) F
2008 4F B A A T N T M 45, R H BREE A
FEIEAE RN AR %, S TIO & i 5 24 6% 8
Bz AR L 56 R AL, I s D A 8 N T
SR TTIT 25, BT & H RE M Tio.+
& 5B (Korokhin 25, 2008) . i 4F %, Xia %%
(2019) T 391 H BRAE 55 R AE s I i 28 I 45 45
A, ST A Z R A A R ) Y B G
F, JPR N T IM AR, AREC T H R IR
6 AL Y i FE B K. QiudF (2022) FIH
SELENE (Kaguya) 201G E 6 86 PR 22
ROLEARTE 3 T FeO FITiOHY 2 /04, IE45 4%
5 A% 45 1) Sk [l I3 55 i AL AR AR L R 47 X6 L
IR A T 25 ) 45 A 7R 405 G T R I e M A
e i R . EULILRE I, Zhang 55
(2023a) E— 2 R FH I 0% 05 i &85 SR 0000 1 4%
BRI TSP s Yang %5 (2023) K ik 15 SR FE A5
SE AR A B IR B bR, S BN
L5 5 SELENE (1) 2 56185 M £548 22 [ A e 5 5¢
F, SR T 6 b A A A EE £60° Y P 1Y S i
Tl Mas§ (2022) WIZEE 48 HE s A
KIERF, MR IR MR, SC T
H ALY 2 B 1) X S8l T S 4

SR, i 3R AR5 B0 UK o) e G 5 70 L
AR R SEIFTE RS, A RTYR
FUBE S A A 1 v B8 5 e 0 0 RO 5 T A7,
T HIE FH 400 45 20 B A X 06T U AR SE s S 8ud 5L
J5 5 MM BRI SR AE T Wy 8 A vk . AT R
U IR AR R AIE 5 G DG i K A5 4% 3 U7 s R A ik
gy IRRE M B AR AL T B0 9K S AR AL U] E 4 3R
3R LA O R I R FEAS S T A 3 b
ENE] SR ) TN < 7 59 0 I NGl L I AN T
55U LA AR Ak i Ee A B, 38 RO R
B AR e & OIS, Bz X B RIR AL S
DAREE R () BEAERE 1, ME DL S 9 5 B 1 = kG
JE . E R
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42 YEBEIREERES KHEEE

W) B ) E AR R T Y DO i R AL
RIS A %L, BAOGTE A BEROR A BT i 2 IR
FCBE WS O e R i 2 T v DLRR AL
SRy A T AR AR LA U I O K ) B
28, HEERINYHESERMEERRIRE R
LMY/ S A S [ = 7 = N i Al 1 I RS
0Ea@TT”mAyJ%Ao;Li,e,@r+R(m,

y=h(0). HH F, SKIET Hapke L% (Hapke,
1981; Hapke Fll Wells, 1981; Hapke%%, 1993) #l
Shkuratov #8551 (Shkuratov 2%, 1999) Z&4y B Fi 1)
BIRL; @ FmRiAE . npFe’. FHPREL . FLKEEEEY)
MBS A, i, e, gRRDHE, FHZEK.
NG WA ML ROVYIEER N,
M B B A s AR, AT R A ()R
WY 07 5 Ry H br i . MUY T 3R 55 Hapke i [1] 22
Wi — J5 ] Jz e A Y DL B Shkuratov PR 33 Fif o] #5 Y |
BAEERNFLEE | ARk R SRR A
Hapke i [1) A5 — 5[] oz i A5 2 2 H 35Kk S S 2%
AN )RR Y — AR Y
i R MR T U KR AR RUR, HorP S 1
T R ECR AR AR /D Tk KAtk ARk
S5 95 (Aster %, 2018; Kelley, 2003). {4,
Lucey (2004) #|H Hapke #5545 1] 4 F L 75U 5™ 1)
BRI, AR BT AR R
TH W) FEE ;s Denevi % (2008) 7E Hapke 1%
I AGUKER (SMFe) FURIAEFZM0 , 4L 6 AP
Yy (063 FRAE 5 Cahill %5 (2009) #F— 2 3 F
Hapke Hif 1] EEAR—Ji5 [0 RS BL AL 5T T H 5204028
55 YL (Cahill %, 2009) ., LL_E R
ZEERAERFTIE T IARRE O, (HE 5 %=
TR B ECFEREDCTE], BRI T S i Sk SRS EE
I AE K 5 ) SR g TR WA K fe . ilan, L
FILi (2011) SR JH fe/s 3 s 25 A4 i ik AV A
FREOCFZEC, IR I T A BREE OGS 5L
g Linds (2015) 7EHILAE bk — D i Ay
SEF SR MRRNG . SR, Hapke BB ZE S PRI F
T im i3 A A . BRI S HOR BRI S Pk R,
SURTEN YR A E 2 X5, AR B AR FR
BRI 1 A 3 L ey 4 % o3 vt v g 4 T 0

Shkuratov 15 U2 55 —F i FH B9 G 15 4 S AL s 4
H1 Shkuratov 55 (1999) T 1999 4F§2 i . %A% [F]
R LT URL A Jot 22 RIS ML, {ELR T B Ry 1) 0
B RIBIE, Il ORI R R
S5 . Shkuratov £ 8K H HEML Ay i AN [R) 4 4y o kr
A EHA , & A T RREG R Ao
Poulet #l Erard (2004) TR %k 1 HAE H Bk & 1H
BRI 3E P Korokhin 55 (2024) MULKE I
BT MR, JT R H R0 Y80 LS50
REAESE . 5 Hapke BEBUAH Y, Shkuratov 152 B 7E
WHEACE EAAW RIS, HSHCE NG, &
FHT A b RN 43K RUBE 09 Wy S 2R . 2R
1M, HE o A S A = W ) AR RS, X T
TR MCRAIE S 25 OB, 005K R R S T fiE 0 AT
ABR .

ZE L RTIA TR A B A W AT 1 A
B — 5 ) S YA A AE ) BR 40 28 J S o 4
BEHA, HCBR AT AR S T Al . R
A6 F AT . Horf, Hapke S5ERYE 5 H] T
A B X4 Sz 38, 17 Shkuratov A5 89 I 55 3E HF R R
JET W3, RRAIREM —F S5RGBT
G5 VIHHE I AR 8 00 208 A AR AR R B R A, LA
S T AR (1% S A 5 3 7 1

43 RiERERE

33 BRI T B AR IR A R T, B
PAMGIE T S SR AL, HORR R £
AT DRI . I RIRAR L F8 R A T
R0 7, B A DRI S o I 3 3 76 O i
T o BE VL, SRS R R B o
R AR . R AEROLE, e AR IR T 4
LV 7 JEL R0 15 A e PR AR T (B e
N B TEIEHE AR AL B, 3 T 5 4 A
) FR R K IR A 5 TR % 86 S
2 /IN R 22 1A ) 2 UK U RN, B R
SPARLAE R, RIS A RSERAR AL
ARt (3), HMRABA Y y = £ (Sa). Hrh,
y = (x) e R WBEOY LG, hby BEAT
DAL S 2, AT L Hapke #9752 o 71
b B A AT A T 09T 5 S =[50, 500 -
se]e RS, R KAICHIRRE; o =[a, ay ) a,]'
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e R MRS R FEBE I o5 SO 2Rk oA LAY R
B, gl A B G AR IR A 1l R IR o =

arg min "y -f(Sa) H2 + R(a)s.t.(ak =0, iak = l)o
¢ =1

Fo, a, > 00 0, = 14 B4R R 20585

T —20, R 22 Tt SR S 0L () — 3Pk, e
FREEARME T R, R (a) AVEH T F B i
BYIE NI, T A A S B LU AR
e, ;AR B AR . 2 E P
NI

TELME IR B AL, e 2 R 2 20
e /N Z e vk 5 R b IR 7 1% (Heinz A1 Chein-1-
Chang, 2001; lordache %%, 2011). Fj#& EH/DN
FepoRfph A LIRS R 1T 2R, [

a, 20, >a,=1, PLRIEF LR MY B L.

Ahmad % (2022) Z5H5 AM—S5 M5 A 5
LIRS 4, 2T N-FINDR 42 o oo it % e 4 )
TNk O A R FE R, SRR T AR S
FE IS EE P A AT AT . Shuai % (2013) A
S (2012) MY T 25 s [A] KA R0N; 1) 22 i oG i
TRMESE | T 0% — 5 LIM BRdi A B 7 3 Fp 250
Wi == B TR . A B A TR vk DR R L, 98 80 W5
248 615 b 5 S TR o R A G i A B ot
PETHIRTRE Sz AkRE . Bilhn, Ui (2014)
EIMEE R T A SRR RER GG, RES
(2023) K- i IR FH T 1k 105 LMS B8, 3kA%
THERE XY A R AR MR IR T IR TE
SERIEMT . THRE RO R AR, B THAR
I OGS R 2 EHUN S YIRS PR, 7R
B 7 FH o T BE A ARG B 25 . Dl iy H IR R
WL AR IR A VLS, M — kR TR
LRVEfRIR T, HhIRE M SRR — P EE
T o 30 o 1) X 4% i o Y 3 114 R £ v 4
At #E, Zheng® (2024, 2025) HIRAEMGIK =5
VNIS JR 7 I S AR 5 | AP 0SS A0 18 47 31 2 1 i
B, FFRME T Yy E K Sh B R R D s R
BRI W £, R T — AR AR R A )
USSR NN ISE = VL /B I i =3 D
Hapke & SH& 5 FRIE R FEal, 8 SRR L5 R Bk
R S R R A T P R R TR
DA . Fln, A& (2019) K Hapke 15

TSR0 R T 45, MR 45 VNIS Rtk
BHEHEAT T YRR, s T4 B AR5 %
YE UKl T kA W T s RESE (2023) R
Hapke 2840 5 7 BRI IR G 505, SEBL T iRk
LMS %4 090 9 42 B Bt o X 2805 vk s A
Hapke #58), fdf i i AR HL 3 EOR A B2, DA
A R T ) B2 B Y m] S SR

Zi L, DGR IR Tk i IR S RO )R
BT AR AR, FEar A RUEE B2 1 A B
e W JRE B PR 4 SRS T B I D o TR
PR 5 VR E , B T IX R 4 H UE Y
RGP S8 5 T AR 2 A S 0l 3y AL 1
JEHAE A SRR R BE B AR | Ol S 7 T A X
R RAE IR R TRI AL AR Y
WE SRR, IS S Y BRI | TR M 4%
MITREE R, STt A 2R W) S8 iR B 5 2 1

5 SR A BRET YR

B 2 [E A BRI AT 55 B9 HE 1, PUE DG |
b ThT 228 S ) T DS AR 5 22 AR A UL T B AN
BE K, TRAC T X H R I oA R AR K
HORAEAL I RGN . FEX —HEZL R, H BRE™
1 3 ST 5 9 XA HEAO B — B U, A )
DA OGS BLE  J0ER 2 B B 5 A i 6 i A
LIRS RIRR . 5 Yesr i BRI C 1 2
BRILIE . XU HT . 50 560 E & OH/H,0 5155 2
AT BT E R AR, O H RN AL . TR
J32 B 5 7K BRI ML 45 S R 2 ) R 1 T
LA S

51 ARXREFWHILIAMNSHE

2R R A Wy T PRI AHE 3 D ° i JAk s
SEHL. BA A BOGSE R R R PO T | i i
Zibe 5 a3 a)  w LA R AE, T AR B Ul
2B S 3 RN S R o PR AR TOR [R] R R B R
BRSO 2 56 2 4 AR OB A R ) B
TE T O B iR I J i, w3l 1T %840
AT WL CHHBLRTRE R 5 M1 AR B 22 06135 R R %
B AR, (B BB 55 50 W) OBCRRAE 1Y
RHEALE , R RE U8 A e BT R RUEEHE) ™ Y
SRR . SR TT 20638 BHMR S B T TioF
FeO &t i e S, WK 3 (a) Fisn. Lucey %
(1998) #i T 5 FeO ZHULBIRL T 1L, W
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BT DX 23 T AHC A S b 5 2 . BJS . Lucey
(2004) #F— 25 F FH AR G kA BT 2 A RH
A IEHEA  HURHE A R A A R, 48
N T Y B S A A A B . Pieters 45
(2006) H:F 5031 17T LA AT WG RS IH-45 75 Bl i
RS R, il TR E R VA R BE Py 1 4
AnfE . BE, MIZGsEEdE L F AR EH AR
SEHLT L6 60" Yu B N MO A L RS AL IR
A SR A KRR B F B R, Ik — 2k
N T8RS H 0 R RVE M HIE (Lemelin
5, 2016) . XEERURUEM T 265U e P2
BRI . A EE 26 EE, m e A
G W 2 70 e LW AT 85 ) 1) 1 31V i ) o 3
H AR T AT 5551 A BIE SRS SP A a8 7R
AR A RN T RS, SR T AR
TEMG TR e 4 TR, JF 2 T 45 B +60° 11 FEl
B &k . Bk F B (Ohtake %5, 2009; Otake %5,
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abundances on the Moon based on in situ reflectance spectral data

Optical remote sensing for lunar mineral detection: Methodologies,
advances, and challenges
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Abstract: Understanding the mineralogical composition and abundance distribution of the lunar surface is essential for deciphering the
origin and evolution of the Moon, assessing its resource potential, and supporting future crewed and robotic exploration missions. Owing to
its wide spatial coverage, non-contact observation, and sensitivity to diagnostic spectral absorption features, optical remote sensing has
become one of the most important techniques for lunar mineral detection. This review provides a systematic overview of optical remote
sensing for lunar mineral exploration, focusing on its observational principles, payload development, data resources, inversion
methodologies, representative achievements, current challenges, and future prospects.

This review first outlines the physical basis of lunar mineral detection using optical remote sensing, including the spectral response
mechanisms of typical lunar minerals and the influence of the lunar surface environment on reflectance spectra. It then summarizes
representative optical payloads and data products from orbital and in-situ lunar exploration missions. Based on this, existing mineral
identification and inversion methods are classified into three categories: spectral feature characterization with data-driven mapping, physics-
based forward modeling with inverse retrieval, and spectral unmixing. Their theoretical assumptions, output variables, advantages,
limitations, and applicable scenarios are compared to establish a unified methodological framework for lunar mineral remote sensing.

Optical remote sensing has advanced lunar mineral detection from global mapping to regional interpretation and in-situ validation.
Multispectral and hyperspectral datasets from Clementine, Kaguya, Chang’ E-1, Chandrayaan-1, and other missions have enabled the
mapping of FeO, TiO:, optical maturity, and major minerals such as pyroxene, olivine, plagioclase, spinel, and volcanic glass. These
observations have revealed compositional differences between mare basalts and highland anorthosites, as well as possible exposures of deep-
seated materials around impact basins and crater margins. In-situ spectral measurements from Chang’ E-3, Chang’ E-4, Chang’ E-5, and
Chang’ E-6 have further provided local constraints and validation for orbital retrievals. In addition, the detection of OH/H-O absorption near
3 um has expanded lunar optical remote sensing from mineral mapping to hydration detection and resource-related studies.

Optical remote sensing has become a key approach for linking lunar mineral composition, geological evolution, and resource
assessment. However, lunar mineral retrieval still faces uncertainties caused by space weathering, grain-size variation, illumination and
shadow effects, preprocessing errors, nonlinear spectral mixing, and limited ground truth validation. Future studies should focus on
physically constrained preprocessing, nonlinear unmixing, uncertainty quantification, and the fusion of orbital, in-situ, laboratory, and
multimodal remote sensing data. These efforts will improve the accuracy, reliability, and geological interpretability of lunar mineral
detection and provide stronger support for future lunar exploration, resource evaluation, and in-situ resource utilization.

Key words: lunar, optical remote sensing, in-situ exploration, orbital remote sensing, mineral identification, spectral unmixing, abundance
estimation
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