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1 5 7

WA AR T B KR, 7EI6 K
LUy 0 FE P A B A 2 TN 2 i AR O B S
(Miyamoto %%, 2005). FEFIURBNEL, MEaa KMk
W, BRI R R . IS S it
FErf, TR S AR RV BT 2 I i I B 22
SRR, KA R AR HI ST B — 1 [ 45 Y A1
Too MATERTHE R, W BT E aRr
B Z AR IR . Ahsen] LR B4Ry B, ffifs
FRAE IR R R IR SRR T gl . 2 kil 45
IEEAE R B . ST s, B
4 (Léveille #l Datta, 2010; M 16 %5, 2018).
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fdifg e A A N TR /A ) B2 R T 3%, R B T
TSRO B R R, XM A b
S IL, WIERURGaEE, A aiEE, WCE
JMHE (Hurwitz 5, 2013), Bk2edy o e A .
WeAh, Aok B S REE R AR S s il
WA B IR, 5RERTHEFERRZ MFabT (pit). 56
e Ry G IR, FEDT R B AT SR O i T
B BE RN ] R 30 2% (Wagner Fl Robinson,
2014), KE Al A BREE ST B — Rl
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S5 T I R IR AR 5 065 3 Tt 00 ) B I
Mt S R RAR RIS (AR . ). R
B4:) X (Hulme, 1974; Calvari fl Pinkerton,
1998) . # A8 M IR i B S R, BEE
JEEIE AN L W, BE . R RTINS
E AR, A A0 2 R O [ R B A
AL, JEHROR BR A FR T A A R YRR, AN
KM (A 4, 2024), HER EAGKE A4S G
PR — e TR, HR—BChECk . X T8
TIEARI HBREERAK, BEE BN R, &
JIEE OO AR B A B IR BB OK, I
K EEERFIL AR (Blairds, 2017). &%
HUERIE 54 AR IR, R A R 2% A — e vk &
B N — SN A TE 4 R (Miyamoto 55, 2005) ,
F kb 5 8 T L% B A R 28 73 A R AE

A BRI S I RE TR S TR RE (BRI A 3%
ZE AR R EIRE) MEESEEA L, HABK
Hi L E ATy (LRO) AR BORDIZEEI Y 150 1
FALTAG B TR EE 292 75 m, FEEAE 49—106 m
e |F]] (Hamyama%, 2009; RobinsonZf, 2012), 3
TE AR T FIA RS N ) 2 HCR AL SR AR
(T TOURAR 1) o BE XU B e RE Y 1/3) : XTI
JEEJE 50 m RS E I s, BB SR AT 343 3.5 km;
M A TR R3] 200 mi, R TERE N 5.25 km
WIRZRGE Y 5 X T TOAR Ly 500 m B 45738 7
G EIRE S km PR HHE (BlairZs, 2017).

388 A ) BR LT SRR 22 i TA) AR ] 58 i o
30404, TR AR ARLHE I L HROK T 20 424
i (Ziethe %, 2009), SRTIAKLINH g SEH IR
M1 8 5 e A5 /N AR KL 35 1 A A 2 B 9 I S ok
LG B 25 A5 W% e (Braden 5%, 2014; Zhang
8, 2021), JF HIESH IS AEM R T 29 1.2424
HIAOLAERTE U SRS 2R (Wang 55, 2024a), A
i FEAKRN A IA H Bk E S E 420k (Stern
4, 2018), HIRMEAE ERAWERD . K,
ST A ERMIE TG B4 k. XU AR 55 LA K
BARASFAMESRAF, 250 MR8 9 BRI A48 18 N
AT LA e R B 2R o A A AR BRI 1] (Kempe
1 Werner, 2003).

H BRI 8 AR HL A E 2 18] K5 Rl H
BAEZIMEEME, B, EMRAEE, &
wERTERT (A Y E AR LL e K M) A B
TR B e s HOR, IR R

FEYME &P (Benaroya, 2017),
ARG 2 TSR, 18, BaER 2N
AT LA 45 FE W BRI BT, R XTI BE A 5 B
SIS SR 2 T o A0 R FOR BHAR S IS 5k i
viis I B2 AR A . TN R A fE o 45 BB (Rapp,
2006; Benaroya, 2017) . feia, KA SR TR
JERE T ] BEA A TAEAFK, BOFR— 1 FER
YRR R, AT B P HEOR A AR W R AR A B
SEIEE (Léveille fll Datta, 2010), {HAFHZ. WSk,
WA R B ie RN BER ML TS B
B L2y, AU AT DL A A R I ROTE
TEABEAT AR B 16 00 B AT 8 £ 7 BRI )
F T WA Ty i LR R A A P S A Y
FHAE AT (Wagner 1 Robinson, 2022).

FBR B0 5 4 T LT AR M ek 42 08 0 i
PEAT 5], MR A A A Y B0 2 25 J7 12 H X
HAERARA AT, A BRI RE . HiE
FEAE R A A AR (Haruyama 55, 2009;
Je A5, 2018) . HEEE NIRRT &R R E T
AL, AR ) S RIS R i
SHATIHT (ChappazZs, 2017). KA E RGO
TR T A R AR B OR R B S B,
Jii Bl DX A7 7 I R B 22 e, R b S i PR T
A B RE S (Horvath 55, 2022),

FET WIS, e B T A A S
AAFTER R VE 2 5, GG R R 58 5 A
A BRI, 23 [ H R IR B RO, TRl
oA g, R, ik B HE A
EE ST, BIEAESRIEA . AR B S A]
XA E AT S (Esmaeili5F, 20205 Qiu
FlDing, 2023). HHT, $EHLE K X IR 54
Ik AR Z A B (Miyamoto 55, 2005; £
W AE, 2024), WREEAE AR RS O K EA KA
B MUEHT, U T H B X ] W ik
A Hsidcpps (SELENE) #52k0% H 2R A HR MY
LRS (Lunar Radar Sounder) (KakuZ§, 2017; Donini
4§, 2022) FILRO 58 ML 4L (Mini-RF)
(Carrer 4§, 2024), VIS Ut 35145 H Rhde sl
A Bk (Ding%F, 2021; ZhouZE, 2025).
WAL, b TR AP R P I (Arecibo) TETE N &
BT BE R0 Bl A kL XU AL B L S 1 0 S A B B B
(Campbell %, 2014),

i bRk, Askias B EE AR T
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ME, FEEETHEEN TR —, A4
H BRI 545 10 BRI BRI ATE 50 i SR BT 2L B2
T AR S MRS H LI 76 35 1 e & AR 45 3
A SCNPIANT7 T 53 S G AH SRS LR - BV e
BE A AR (4 Arecibo Al Mini—RF) FIVK 3
JZ PRSI AR B ER K (LRS M K g 14 o
LN AL G A T RN S S ] 30 R S AR
HERE, RS AR F R TR ST E A TR B
WX A SR — K RE B, A
BRIEH e | M T 2 ) ) B A BRI AT 55 R 4
ARRAR K TAESRAERL AR 557%

2 WLIMENA BRAE A Y E Ik A

Wk F AT, MR K P AR R A A
i T IR UL KA T 58 UR A B A R el
TR, PSR A X 3 28 T IR A TR R AL
PR A .

2.1 MEEFIE

WL H BRE L EE TR IS AR 2, ERR EE A
AFTE VI (Arecibo) Fik. THIHE (Haystack)
Wik, B (Millstone) 55, &1 KHREIR
GSSR) . &k f#
(Greenbank) 75 ik 4F (Campbell, 2016; Slade &%,
2011; Thompson %5, 2016), ENMA = (M
). A, dhs . FASTS A (ZENgIE 4%,
20215 EHNI 55, 2024). HAG, 1L Arecibo WLl
BRI BUR W S B E S, LR Arecibo AH
KAFOL o

Arecibo i T 36 [ Z B 4%, ZARAWK N
12.6 cm (SPEEL) F170 em (PUEE) MILEHL, IF
555 —H 1y 7 B IR A MU TR IS R GE, X H ER
TE VLI AR (Campbell %5, 2007, 2010), ikt
Tk TAEMER PR E AL E, FIR A Z
V] () AE R 3z 2l O 28 T 2B BRE A [+ DI UL
g, R R A K5 R Z U RE, IR
AEINE P9 T S AR A M 1 8 55

Arecibo LI J] 3kt 72 AT 7 SRR R . IR
M) SRR, 1) ) R A SR 8 R A4 ) BRI M A H U8
18 ) SN ERA  E BAS 2 1) ST I 23 A HE
SPERGE, SRIG Mgk TR IR HMUR O W, B
[Fi) B 22 A A i R A e 1 IR AR Ak [l g, b 55 2 55
A I ) AR TR) £ 1T Bk Ay T ) e 2 B (SC)

(Gold stone solar system radar,

FHR B FR A S gl i (OC), 3% — 3% iyt s
SrgE Z WWRRON BRI AEAR (P 45, 2022).

Je 1) ST TR A 2 0 B i ALAR B IS (SAR)
SRRSO E IR RIR LS, FikEIRE
[0 g Ty 58 S5 B304k T oA fige g ) 0 S0 AR E 25 AH OC
M5 S o H IR )Z ) 8 38 I 1) B >k U5 AT 4
3o (K1) ARAApEET (R,
surface scattering) . RIS BT A A IR (K
HUHT, volume scattering) 1 F 8 5 B i L 75 L 1a]
ROECET (JLIEHST, substrate scattering) , ARHUST
TS G IR 2 52 30 XU Ak J2 0 Jo X Fl i 3 A 1) i B
2 (Campbell %, 2014) . M RALJZE NG AR
H AR FERRI B I 5 R 3

RIHEGT

PREC SR AU

s T

ox AL JZ B
- ’ r® o 8

Q4 Q ._,r".- EATH

1 A BRI Z P BEAS A 5 A O AL 7R
(&K H Campbell 55,2014)
Fig. 1 Schematic of regolith physical structure and associated
radar scattering mechanisms (Modified from Campbell

etal., 2014)

22 HEHRTIX

HUIE #% TRIA ISH BRLE s, W T A
] R E ST RRED: , IFIGERIZ S IRRIZ AW
[0, i Je MR R0k R A i 1R 26 2 5 W 3R 2 i I
RRAE . AR R S5 R TR], BB E A W
Fre FEHF A RAULAE SAR, g MR8 i 7y =X,
U Mini-RF, fit B4R I Arecibo BYFEAR —5 (&%
K1), REHTREZHNIBENRGW TR, N
E R, ANLRS, Mini—RF H1LRS WL 4
IS AR W I BV R SIEA 4, I =&
AT o

Mini-RF /23 [ 2009 4 & 3 /) LRO # fif Z —,
KA SUEEE (12.6 em) BEXIEEE (4.2 em) BAL(E
S, TR A IE SR AR AL [R5 S (Raney
&, 2011) . FIH SAR S5 SCHE AT IS 8] 8O R1 9%
55 AT RS AL BE, FZRL 2% B bR iF 5T H BRE
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T P14 4 B AR RN 4% B 52 XK vk 90 S5 A B9
(Nozette 25, 2010), Hrp SrBEIEE S T2 AR
67% Xk (FAdUA XA 99%), X B R
AR X B (Cahill %, 2014). SHEET K
I, BRI BOESURAE 3 A T X —2, 1
SYHERE R, RETUNE 2B N S AT

LRS J& H A F 2007 4F % 5 09 H 52 & 1 5
(SELENE) #UiE#sr#mz—, FEZHTHIMH Bk
IR L Z N LER (Ono %, 2010) . LRS Z&—Fh
BV Tk (4-6 MHz), FL0 %N 5 MHz,
PR~60 m, MPEAA CITRE R 100 km B, ¥
AT H FRAFERIBREEE S 75 m (Ono #1 Oya,
2000; Ono%5:, 2010). UNE 2fF7%, LRS KL H:
FREERLE W IE N RSG5, P55 h 54—
T REEN, EHMERESTEERHE
LR ILTRIREE, B3] H RMREZ N AL 5
FUE B e A I (RO RGN, AR E S m
W A5 1B 18 R AT 4007 5 f B A BRI R IZ BN
FELR Y L P 1 Y AR R A L

SELENE

T Hh T

F2  AERERENAL(LRS) B0 5 2 7R 2 F
(i 46,2011)

Fig. 2 Schematic of lunar radar sounder detecting principle

(Zheng et al., 2011)

T H Bk Y 5 4%, LRS 76 = Hh X Sl 3k
B ) 504 AR e o vk 2 2 4 A8 E AT A AU B (Ono
&5, 2010) . {H A MR HIIEIEARH, 48] F LRS
Bt Xk H I N RS MR AR A TR . LRSI H
T N2 S S 5 76 T IR MR S B UK
G3AR AP S R RS A I % e e FL R UL

W, S5 BRI AR R AL A0 S 30 g 2 b [a] K
BT B B R 2, HE T 1 m (Ono 4,
2009; Oshigami %5, 2012). KL, LRSF|FiH 5]
G H VR 2 A

23 KMEEFL

F BRI 85% F 38 2 I 2 Bl g #5415 1Y H 3k 42
BT H RIATIRAREN, 5P TR L,
LT I 119 25 1) 4% 196 0 RE RN 25 0] 52 2 L G T 52 S5
FIRZEGAAX R Z . BT, SEHH BREIER IR
PRI (1 T2 50 31 Sy 9 [ 0 BT 38t 2 17 4T 55 e ) 1)
TR 35 M 455 (EERI 45, 2020), Ak,
& [ 1R B A TAE I X R TRl . BT % 17
(IR 25 B I8 TAERT, & 5 R4k [ 16 ] Bk 3R 1
LW R ER e B AR i A%, Bl A AL A8 i B 47
A HLUH BRI FE A E DI, DL RS IR R 2
ZEMBIFSE (Grimm, 2018). WEE3 5455k
WUJE: e S R 2 RV IR 2 35 2 e a4, 0 3l
BEE AN (60 MHz) 14 (500 MHz) i,
FARTAER BN 3 B, ik R SHHL™ 4l ey
(IR ki, 38 A AR n] H 322 T i 55 H o ik o
5%, HBBNE B 2B R BT
TR WAL E P BT AIRSE, SRS, &
AR A, HodaR B H RS SRl R 4k
ook, Zead— RGN Ab PR E A T R T TR
AL AR R T 7 Ik R )2 A R B 5 24540 455 B
(THW %, 2015),

LB

I
b

=
o O

DEfE ™

R3S TS TR I (B E T &M% ,2015)
Fig. 3 The working principle schematic of the Chang—E Rover
Radar (Modified from Ding et al., 2015)

T HEI0R BE FLr BER e I AR, A Y
HF 5% B SR 2 WA Itk ooy A 0 T R B RS 2
() AWK J2 A 38 8 A S B0 TG A A%, T K 40 i 3
TN RIE R Z T RA LA 29 T g,
R Z AW ks S 3 (Xiao 5, 20155
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Cao%, 2023; LiuZs, 2023). KHSEBR R (r) SAHBEER () AR, IHHE
25 Fprik, HILEEIA (Arecibo) . HLIE S 1A Nk

(Mini—RF F1 LRS) LA i A0 25 F5 15 (I gk 3 5 r=%— (1)
45 AESEE B A L ZE 1, o LRS FlE &
1 3/4 5 RIS MR EEAR B AR IR IR B, SR
S R VB R I, A0 13 8 5 i =
SEAE AR (). mEs gy 0 A0m ] (Pommerol %,
F1 MEFENESFTEKASFTIENEXSHEERR

Table 1 Relevant parameter table of Earth—based radar, orbiter radar and rover radar

fan, B K2R R 2 AT A L AL
TEAFN9 Z A, W LRS A TE B HER A A T17E 25 m
2010),

2 FK HH IR i PRI I HER
BB P 1/ Arecibo HFEE A H 2 SAR % 430 MHz(P i Bf) >10m* ~300 m/pixel”
I FHARAL/Mini-RF HiBEARE A £ SAR B % 2.38 GHz(S B 1-2m* 15%30 m*
HERE B ERI/LRS HUEAR S KR JZNFREE I L% 5 MHz 5km* 75m*
60 MHz >100 m*° ~1m*
W1k 3/4 57535 MRS T IR WRIZNTREE I 1%
500 MHz =30 m° 03 m°

RS B ARTE a—(Morgan 55 ,2016) 5 b—(Campbell 55,2025) ; ¢—(Cahill %,2014) ; d=(0no%%,2010) ; e—(Li%,2015).

e FERELE S00—800 m ([4), 437 [ 1 F 75
3 AN LXEE' SAR %IE 23 ¥y

i§§4l (SRRl (i, IFAh T 5 S T BT T BRIk,
OIS R 55 5 L £ E (PR . R e 432 s B

AERSAR FZHTARMUE, EHAVRE . 5 LRAKHEIT Bessel f il T, sl DI ILAg R M bR
Wkt . RS RET A RN AEEMLE ., e KR ERESIRS Y (Chent %, 2016), {Hili T
F IR R 2T A A MG R R 2, RIHENR . AR A I %A 5 Bessel BB 3T JLAN 5 37 5L 90

PR mRRAE  CIRT 4 88 o il 26 BB PN 1 DX 38 B A IS 6
IR ) T T S ), T S G i R e = —
Arecibo F) P Bt SAR UG AE H ERVE TN LB T OFHPE 2 B BRI G R 2 T 2 g

“H A

3.1 HiE SARIAZ IS EE 1B PA B ST HHE

R AL, RATRER A KALZYB  (Robinson %, 2012), &ﬁAﬁ%%ﬁW%Eﬁﬂ
I — R IR F&ﬁmm%&ﬁﬁm(@mmm A2 20 ) 4 70 1 W e L i R T R R I
S5, 2014) . ZHMIBEFRIREG LERZDHEEL B REASANDL ﬁﬂ%?&ﬁ%%ﬁﬁi
PEEOIUE 0 A R AR, X SEmE (2 SR AT o0 A, R (E E SOR AR

(d) I:l@ fil %?a /Tﬁﬁﬂi@}ﬂé ﬁﬁﬂhﬁ (b) ﬁ‘f@éﬁ%%f’*éﬁﬁLﬂi@%’% fﬁ%ﬂﬁﬂlﬁ
(a) White arrows denote several prominent radar—dark linear features (b) Yellow lines display radar—dark linear features

Kl 4 V5V Bessel 45 o bn 25 508 X A ) b 2 55 A8 70 em P SC S (B A Cdmpbell:ff 2014)

Fig. 4 Earth—based 70 ¢cm wavelength SC—polarization radar image of east region of Bessel crater in Mare Serenitatis

(Modified from Campbell et al., 2014)
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3.2 HESRSARIEHINBEE XA ESHIFE

RN —A K% (8.3355°N, 33.222°E) %
AP RACEY i shE s (K5), EHE S HEIA
Mini—RF SAR % b e 81 H 3 er 1) 55 28 ISR AE
I R UE W SR B T 7 AR S A T B s )
IRUEDE o R GBI IR AN 548 s TRl Y 2

(a) NAC 1% (%5 M155023632R )
(a) NAC image (No. M155023632R)

EREE PN Wagner Fl Robinson,, 2022)
Fig. 5 The skylight in Mare Tranquillitatis (Wagner and Robinson, 2022)

& 6 }i% K 73 # Mini-RF S 2 Bt SAR K%, K&
RIS RN 55 1= N B F=iem > U LU ANy 1 I U A
JEH~48.9°, H5iG RETESURHE, Al FR A S
T IR AE 5 BRI DPE O E A S 7 PN 1) 2 BE LR i
FALRE . El6 (a) W RAEEBRE PHMISME H
R TR R A B GE, hiL H RIE A
RECADLFR I B AR 45 SR HEBR T Dy R I sm 4 2 th H %
WL A RTRE, A8 KT 0 — 4Tl T a5 L
SRR 6 (a) THIK T HME 50 X I 4 58 1) 5
L S p B RE RO I B, T A A S 0 U T O B
TR HIR7TIEE (Carrers:, 2024), HFRHLE S
SAR B4 3 B Hb BRI 258 K B0 FLAT AH RS R AiE
(7 21 0 2 4% VB 2 110 T 7 T SR 100 6 X 4k, ORIy
5 6 FHEFTES IR, ZIELREB N R Tk
[ 35t ) 3R 8 5 1) 2 € X0, Pl O T B BE LML T 3
TE RO T A BRI B0, TR R AR
T — {00 4 3 ) S e B 2 2k P K e R E R U
FET BT (Carrer %, 2024),

BEAk ., Mini—RF SR F 1) 46 B AL Al (Nord 45,
2009), AR m—chi RAGFFIE S E03 i 7 AR IR
B TR 2 EUHE B, %  RA B L
P 1T #ie B RGB BHR A iy 2Nk A5 th ik B
(6 (b)), P e BRI ol A Ak B

Mgk Binz —, HETER O HEE~100 m, W50
HIE T 0] T 15—30 m VB P4 52 90 R A i) e -
PRIES, F10] T K g b RE 3 0 e 1 HIREAE 75—
80 m Z [u], & [ Hij 38 43 T 50 ) 4 4 2R A TR A B 470
(Wagner fll Robinson, 2022; Carrer4§, 2024),
W HA RN

(b) SEAHRE R

(b) Stereoscopic model

(bs), LLEAFTR " UKHET (db), SEOAFTRIREUN L
BEMLIAL S (vs), MK 3 283068 1Y 5 W6 ) 3k
HHRE 07 8 = b B R AL 28 B A7 7E (Raney 5%,
2012) . B IEEUER A m—chi 8% 1k 7 ik 25 J 48 R % i
T R IR 3 )2 A8 T Y TR IR A 5 R ORI
506 A = A A A TR B O P A R — B
(Carrer 3, 2023, 2024),

4 NERES A B TR U e e
[T Rk

FHT H BRIk 3R 2 N 3845 #8) A5 ) 7 3k AT #8300
MR AE, IIATRER G ERETHRER, BT,
S HR PN S KA AR 0 B IR A BT 17 (BB 2SR
ik (Porcello %, 1974) . LRS G 3/4 5K PL4%
Fiko Hr, LRSFIGE HC LS 5 1k AT 5E iR 3
XA EH I B, MR MBI
4.1 HEJRFIRIRF B EE B EFTE

2009 4 SELENE #4 2k i #UP AH MLAE 5 5L 15
- (Marius Hill) DXIg04A48 2 0] GEJ2 M5 A5 8 A 1
W R B, SRR AU H BRI 5
AYIEHE (HaruyamaZ$, 2009), Bfif5 8% LRO 7 ff
AIHL (NAC) FAFEAAIA (Robinson %, 2012).
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(a) Mini-RF SAR % (b) m—chi H AL /3 , bs FK7m SR HLS vs Fem (A HUT
(a) Mini-RF SAR image db 7R R U

(b) M—chi polarimetric decomposition, bs: single bounce,

vs: volume scattering, db: double bounce

K6 R &Ik EE (BELH Carrer 5 ,2024) ,
Fig. 6 Radar images of the Mare Tranquillitatis skylight (Modified from Carrer et al., 2024)

0__50m Shy 2 T ] 308 TR R W (L 22 ] 1) [ 3 ) 53R 2 Tl s 3557
X I07 AT BRI e e B I e S R
75 m, WURM&EE/NT75 m; HIEEEL 75 m,
TR AR 75 m (Kaku %5, 2017),

10
ot
@-10}
FEIT ECF 2 55 R A L B 3 X £ ol
BESAR Ef& (Carrer 45,2024) ,‘
Fig. 7 X-band SAR image a series of lava tube skylights in =0 (\,\/\
Lanzarote,, Spain (Carrer et al., 2024) 7400 3 | n - 35 s 20
TRJ%/km
B FLARE A PRI B ROA TR IEROBIE AR g 5 Marius 26707 A X0 045 4445 LIS 91 A-scan
JEHET LRSEHR 2 BT ( Kaku%'f: , 2017; Haruyama (19 [ Kaku % ,2017)
& 2017), FEES Marius X5 7 8 f 17 B9 LRS E14 Fig. 8 The A-scan image of the LRS echo of the lava tube

possibly associated with the Marius skylight (Modified from
Kaku et al., 2017)

(I8 FIIEl 9 By R HT kA8 /R AL ) o 1|l 3 Ty 5
TEf KW (E L BUS SURI T M, B33 LR 9

WA CHRURGT I P 8 Fh 2T (A [R] &gt — F FN i (5 )y SR, Kobayashi 5% (2021) X b4 4 45 ol
Po), gy A 3R Z T o nlig e iy, I3 4% B 3 MFRIEE I N A, #8H Kaku 558 (2017)
HAVTF AR (1) SRMEPEHRL, W REEW0EE THEFEL NS, B
FE/NT 125 m IR 3R JZ DX P 013 Dy 26 °F B 2ot 25 H#Z N JCLRS B AR S A B, Jf 4
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Fig. 9 The B-scan image of the LRS echo of the suspected lava tube in Marius region (Modified from Haruyama et al., 2017)
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Fig. 13 The lava tube interpreted by CE—4 low frequency radar (Modified from Zhou et al., 2025)
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Fig. 15 The Earth—based radar 70 ¢cm wavelength CPR color
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The progress and prospects of radar detection research on Lunar lava tubes
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Abstract: Lava tubes are one of the important sites for insights into the Moon's internal geological features, volcanic eruptions, and lunar
soil formation history. Due to stable internal temperature, radiation shielding capabilities, and ability to avoid impacts from small celestial
bodies, lava tubes are ideal locations for future human lunar base construction. The Moon is the closest natural celestial body to Earth, and
lunar lava tubes are likely to become one of the preferred targets for human on-site exploration and base construction. Radar is one of the
key means to detect and identify lava tubes. Summarizing the research results of radar data on lunar lava tubes has significant scientific and
engineering meaning. Based on the radar imaging results, the present study reviews the echo features of lunar lava tubes from two aspects:
Synthetic Aperture Radar (SAR) imaging for lunar surface and radar imaging for subsurface internal structure. Among them, SAR is mainly
conducive to identifying lunar pits formed by the collapse of the top of lava tubes, where SAR image exhibits specific backscattering
characteristics due to the differences of pit degradation degree; the key to the internal structure imaging radar identifying hidden lava tubes is
the phase inversion characteristics of the echoes from the cave top and bottom interfaces. Based on these, this paper proposes four prospects
for future scientific and engineering-related research on lunar lava tubes. It is hoped that the present content will provide scientific basis and
reference for related work such as sites selection, scientific exploration, and utilization of subsurface space for lunar bases in the planning of
future deep space exploration missions.
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