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Abstract

Using electromagnetic waves that possess different propagation characteristics in different mate-
rials, Ground Penetrating Radar (GPR) is an efficient and non-invasive technique for probing ter-
restrial and planetary subsurfaces. Since the 1970s, GPR has been applied to lunar exploration
programs, including the mapping of lunar regolith and the detection of subsurface geologic struc-
tures and water ice. Along with the application, Chinese Chang’E-3 lunar penetrating radar (LPR)
onboard Yutu lunar rover stands out as one of the notable achievements. As the first situ lunar
radar detector, Chang’E-3 LPR demonstrated that GPR can be used to determine subsurface strati-
graphy on the Moon. This paper provides a review of the study on LPR equipment and data
processing method as well as the results of the application of GPR technology in lunar exploration.
Furthermore, as shown in the last part, GPR also applies to surveys of other planets, such as Mars.
However, human are still faced with several problems in this field. For example, it is of much dif-
ficulty to carry out research on the far side of the moon with situ detectors.
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1. 5|

WIAEA—MII . SRS RIEAR, TR RS TEE, Bl CArEsR A TR AR
RENZ N HERIRERIEAR [ PR, HAE H Bk BT, /KBS AN H SRR IIBT 78 5507 1 D& g 7+
TR B R . 1972 4F, 35k %' 17 5 (Apollo17) 44 45 1 H BRER I S 56 75 35 %k H F3E4T T K2 13 AN/ wi ],
RIS T H R H BRIKER 2 1 HUH SR 1 DA H BRER 2 I b 3R 45 M RRAE[1] [2], TFRE T ANZRAE
B IE BRI AR BT H BB AR 8w . X225, SFAMEARENSR RS — EZREAMES TR
T 2R R EMIER, 412007 4 H A H 54045 (SELENE) [3] [4], 2009 435 [F H BREHMIFLIE €17 %45 (The
Lunar Reconnaissance Orbiter) [5], 2013 {FH[E “f k=5 " #RNMFF(Chang’E-3)F#EH T AR B it
17 HERBLEWT R [6], S5 B 5 76 1# % 3 4 (Arecibo Observatory) f14: 47 & [ % (Golden Stone Solar System
Radar, GSSR)Mi I E At H BRFEAT 17 2 U0l . A% H Aix LRl 2 it 4 fe it 1 40iE 4 H & b b
DA 3 LR R . X delbh R 45 4 25 o B H BRBHAAE BT

BIAPRIET F R, H BRR IR T EC A S i i . i I aT (= 3 A /e — e A2 b
RAETEAZASMRE, fah it E S aemE S e REEE s 2 B, 87 R m AP, 14t
H BRI KR R TE ) X A JEAE 2 [ AT AT € 1, A H BRR Z IR 1 i 45 18 T R B 2%,
DRI SR TBE SRR 7 VEFIA 25 B T = RS B, A Re A BRI &5 R s st sE 5. H AT T F BRRHEAR I 7
ISR 5 XA DY, MR, BRI MRS PRI AN A AT BRI [6] o b ERI J7 v F b i oK 4%
A LA T IANT A BREEAT I, IR AR, BORGREE, (H A ()4 R R [8] HLIC VA IR B A BRI T
R RSN E RS TR B 7EIE A PuE Bt A BRI AR gy 5, B R R 4 H
M EER . KSR, AR B 5t W B IR G IR KRR R & B TR,
AN FEEAMAT G GR, &6 7T ERE B SHIEETAMNE, B 7 EREENERMAE,
REETE, BEHR AP F ORI A RN R IR RS AAE H BRSNS b 1) 52 b 8 Bl iR 77 =X,
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A DASRAGAN R X 3 545 02, AR A R0 7 SORS S v, A O AR AN AR B A R 3 2275 50
(SRR

BEER T RMANTE A= THRINE, HERMBAR SOy B oA 87782 RN 7
Bz PETERIT 2018 SRS RO DY 5 BRI S AN 2020 £ 56 A K R AR 2 #0A 45 5 o S8 PRI
s o ASCE A =5 A TEIL, il RSUEE 7> B PRH 1 R XA R A BRIKCR
R IVEARTE 2 o AENEBr B A R AR T AL, Ok = I T A BT A R K A vk E
RT3 SAE S BRI P S BE5E 1 R Al o A8 B W AR 7 S et S8 0 T, I =5 I A TSk
WIS WA BARSE AR SR AWK S HNAE, AN A TEIETT BT Bk B
J IS HE AL R AR T i DL BRE IR BRI BT LRI DU AN 7 AT ER/18 , DA% Ja A G FLiR (2%

2. MBEIESEMR

IS B R RN G, FIEARRIZERERIR, ZaHLB kB 2 A BRI LU H BRI
RIZWANESER) 73 FLHIN R A B 5 F d T IR OR il B [ 5 i o0 S, &
R LASRAS H BRUCR R b5 5 08 o D FE AR AR H BR o0 PP T m et RE PRI G0 A 451 35 DL AT LA
PROJE TE A T R SRR AL R, T IR B BN H BB 0 Y AR T 5

AP AL R IEFER KBTI W1, P AR T et 5t v 8% MARMZE R AT Stk . Tk ik
#H IR ZHCRIESEOE W BOER), HSEINAE ST DGR IR/ RE S A A A PR, 4 A R 2
THETAEZ 5, M E LR TR+ AR BT HRAES IR RN ARG 2, &
B B bR N RIAEIT R R L U SR [9], i SLI 45 R AL S ZORI LS, W & sS4t
TR, PR IR AR AR A R EHENRE ST, DRAIER AR S5 IR S i IR A R E 55
IA AR TR IR, Dok ok iR e AR 5%

TR T K ARG 7> N R SN T5 T, A A 2 B R KA O T B RS s
HZMR IR AE ST, 2 BORAERAT T W0 BORD A b E R DRSS BOR B A BRUCR R AL [10]; B4k
O ARG, X BRZEAN S AR IR ZE M 52 1 PURR MR RE LA S A BRZE AT 2 M RE 48 45 5 T ik
AP o 0 =5 1 R AR I 37 R A B VD 5 DA S S K BT e A AR T, AR R
Tt B e, RO TETEEL, VORI HT e, BT A A S 25 U T2 1 P el A BRIA S (R 7 1]

3. MWABEEMFREMF

HXS T R A NI AL, S AR T I T8, R B A AR B R KT 2 [ 7 N
XIS T HE[6] 0 Ik =5 I F ik i 5 b S SR A L g SR 3 ik, AR AR 2
AR IL, KB PERERSN6]. BEEIBE. Rt KERaBRe /) LA TR v & ke
FIe T, AR B2 B RAAAT AN AR IIAE 55 (0 T2 77 2o BRI 77 2R A A 8 8 v 6 el i/
RRE RSB LG E AN 7 27 BT (3 ] A B e AT BRSO L B ) A s o RS ATLAE 7 328 2 42 ) 4 A 3 11
KIS B R R A EOR MK PS5, JFHREAR ST 2% BRSCR SRR T H AR RS 5 J5 %
IRLE N AT IOR . AR IR T4l dh BT Byl fRand— R P B i A B da e SR [12].
AEABIR R E A RMFAFA L], NAZ7E 0 BT+ A BRI 1 S AGE . R shaR[0]. 95w bt
L AR S5 T THI PRV 52 RE I A& L BE I [138]. 9 18 T IT J Jm SR AL BE AR M 205 B 3R A, 76 7 BRG- A
BBCE BT RISE BL A BT T BRI sl 59 A (B IR A ELRE I [14] 0 Bk, W TREEIS B TR
O AR HRIACE R T, ERBR AN A MEEER, BT AR CRIESR AR 26 T, 2]
REMLAR A AR R R RT .
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FED A BB W& TAES, RERGBIT BN/ 2 —[15]. REMBLTT 415 B2 H
PRRFIE S HIBRRPE. 5403, POV IS, IS5 AR RREET A SR E bR AR 5 LA TR 55 DR 25 A DT
BC[16]. [, EER KL R HIEKTRES R BB, Aabe. %EEA[L7]. PR, 1
IR BG5BT Ao 3 A BRSP4 FTRRAE, (R R N | T R IR AR O, i1
PRINTR FEAZ e o DALY B8 R 3R R S5 6 2% LR IR B8 40 W 28 SRR BE (1) 25K [18] 0 v [ 4 0 =5l ] T s
K AR A B8 LA, BTt T PN BRI, T — A TE R R D AR 43 i) 60
MHz #1500 MHz [19], FeBUARMIR A 73 Hr e 0 Bk o RN I TE (152 THRI AR FE 43 310 9 100 m A1 30 m,
W HEE A A KA 0.3 m [19]. UhAh, HBRTESEAMRIRE LT 5E 4 AT, B2 7 4% B i 4
JEM R H BRZE 25 55 IR 1 R T3, SR XX 1R Ak R 25 AT DLIA BB 1R 2 R [20] FEFR =48
Bk, AT R 2k SR FH ST AR I R [17], =5 I R A S O R
BT R . TEMSRISOR RERJ5 7 1 B AR Y L Br il , T AR iRy RER I sm S PR RE, 3898k B b T 1)
FEHES, Wbk B BT

4. MABEHBIRAIET %

WA A B R B R MG HE, TS0 LA e B AT A RE o 7 J2 R A0 b S PR3 7
JiaH, B AR S IR 2R B e 2 i RS R LA I SR R 2 — X T A R I R R A Sk, SRR
N AT =S A B R AA O, R SR R A SO L R S AR R AR AR 5 7 A
Hitpr = ES 7 ASES, FEIEREBEEH E LT E ARG ZUGHE B E 1), B2t 5
UEECR AT AL ], A Re itk — D AT I PRI S AT AR A

X F R BARMNCE H 48 O AR TE 10 MHz 72 43) SR LR TR I8, T 4 B0 55 7™ 58 119 ) 2 3R J2 [R1 9%
DM ER R 2 I » R B R R i Ak R o AH OGS AR, SR FH BB AH I (F =2 8855, 2011).
I RLS i 4| 7732 (B G 1, 2013) B KON 75 38 22 IS 5 3047 B N (B A%, 2015) 48 B A 1R 4 (1)
RO, AHRME e T e i AR U 4544 [17] [21] [22].

XFF AL BRI R A, AR TR IR A AR BE 25 SRARMT (Wi i =5 A T5 B R ZREE H RAE 1 KB [23]),
B R AE B G B S5 T A5 SR AT LB AN R S (0 1 1 HR PR A B8 T HE B B 1 DX 30 IR AS M L
FRfE. A ESLEMIRENA RS, WHREERZR. HEREF LA RE T K10 EE HIE[24].
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Figure 1. Raw data from Channel 2-B of Lunar Penetrating Radar onboard Chang’E-3 spacecraft. As shown in the box 1,
clutter of reflect signals indicates the movement of Yutu rover, while the horizontal and continuous banding indicates the
pause. Discontinuity in the box 2 is caused by the change of the first arrival time of radar data
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KAESHORM UL S BRAEAEAT B L b R 2 5 T BF 2 1380 S BB PRI AN TR (5] 1)35 . I H s
Kot b RFIRVE (AC P TARNS BT, NI d A R R SEE, ZERMSEBA A0S | BRI H[24]. i
[A) % RS IR ST PR AL BR AR A o AR =5 DN A AR SRR Bl T, T AR AR I 1) e LA B AR P
Bt h o S, BRI E R B E RS A USSR, X R AR R L R e AR
PR35 AL B o X A PV B 805 1 A I Sl s e R AR B v, AMURESIBR B > B, B R R I
PP IEIT A M EIAGAE SRR [24] . =, BRIYHG S BRI A FA AR H BRI
TR, 0TI RT DR I ARIE AN 4G i A5 Ak TR 5 v AR S R I (A M 38 A E i R R [14]
[25]. =, SRIIRTPUHE K Ats A SRR AR 5 o 5 I8 B 1) 70 R [25] [26], (H2 RABRUR AT RER T
PE RIS E 6 BT R IEREEAT O [14] [26]. EASTERAR, KB mECE IN ZOE R R A, B
DN TERRAR G P25 A 85 A AR 2 PEAH 7 #5 4 2 SRR IN B G5 5 IR a——BI “IREHNL” [27] [28]

R I T3 A5 5 B4 BRI (N IR L 0 , 5 A5 P R TR B A ot PP A% AR PR BE o AR SR UG R T I
SRR R LB, H M Y B T SR B E A B B, BRI, IRAORMRE, BoR L
RffE, BRRHETIA[29], WA GVA[23] 45 . FEARAE FL il SR IR B A (K9 R R B, T
AR BT 27 SRR A0 ) 7 M 6 R BEAT KB 55 [19] -

5. WABEEHRMAR

7E QBRI 2205 1, B IR RN BOR 32 224 EAtE28 60~80 FEARIRAF 2N A [7] [30] [31], #n4K
Z A B ARN LA O = BT R A BB I . BT SRIESE . A ERIRRZ S5 UL K A BRAK KR
DX =7 I 7R AT 2RI

51. RIREE

KFHER, BAVLVTA MGREGE AR Ay B0 a1 A 8RR 55885 5 [32]
VIRDEZRUILT SN R S JE DR I~

AR CALE 1) H SRR R, AR (M X 988k B R [33], 1M b 2 AR R I A 0 A e X ) 3R o
Hi P35 F 38R SR I 10 oK, TR AR 19 A WX 29 4~5 m [32] [34]5 A Bk LA FseR i X o g
FOVEE . VEUE AR T3 F S S AT, 2008 6.3~6.5 >K[35]. Mdskift, FHEAGHLBA AL A LIRS
PIERAR = 2R YRR AR B 17 5 BV A A R R A [36],  FE AR, NENH
H REMATTRRAE: =E R0 I =5 PR fl—— AL (O ] 2), LT A BRER T o 4
YT, I T AMT RS Y H BRR T A s . 1 RS X E . R R ECR 78 4 AL
i YOS TR Z UL R A 5 S22 [ 23] [26] .
5.2. RREMREIFEN

N5 F A FH T IA IR B AT A BRIR R ZERME TE RT3 S 17 SAT S s BLm[37]. Bl Tk 9
R E M F B R R, 21 thad HBRRER ZERINEE T 98 W R . H BRIKER 2 b i 45 44t ]
AR NPRFPEERL, H— AR miisy, FEAAE, TEAXRSE, WEEM s, x5
HIERHZERE—FEN; DA EEMEA, FENHE, FREENZRE, R FEAXEEE
I T HRAGZ , R TR G IR X [4] [7]0 B A% N dT 1 rp Bk = 500 ik % TRl O s
N A ER BRI AR X AT FE 4 9 ML, M BB R 9m 5K a-i (Wnl#] 2). & LT a-c 2N A
%, NHLERF FEMEL 10 K; d. fo gy hy | IKIRANEZRICRALFINELH EANZREZE, dxT
FIR R R K LIES); ZRFEd LM ML 2 A B 2 1 e EN—ANH b 5E[26]. i8R CL4 T 2015
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Figure 2. Sketched geological cross section and an inferred profile of the CE-3 landing site. Yutu has detected at list nine
sub-surface interfaces, which formed from Imbrian to Copernican [26]
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5.3. BBk

KA IR, AR ERKUKSEC R B A BRAE A R BAEE. FALRRSAEA K L KERSES
HEE B, 1961 4, Watson 25 N\ 1 K2 HH BRAFLE KUK % [38], (HETF HBR B2 EH KA, 21 it
LRI €18 . 20 40 90 ALK 21 t2dy), “FRINT 57 « “HERERE S UL “HM—5”
HB I H BRI M AT REAFAE /K IIEHE[39] [40] [41] [42], {HFIIR 2 Rl K BB ST o MIARHS e AR 5
TER T =R WA Tsang(1985 4F) [43]. F7KR(2004 4F) [44]1%5 NN AANRENT 2 A Bk LR BAEKIK, Hik
BRI K AR B NS A ) 35 2 T HEDRS 252 JEC At A5 S L o) 10 2 2050 S A v 110 (BRI AN A 23, AT A8 % A R R 7K UK 1 e
SHEFE; Nozette(1996 £F) [40]. 5KF5E (1999 4E) [39]. Spudis (2008 £E) [41]1%5 A\ A ifi L — 287k AW
XA ZEDEH, FFEKUKAEERI AT, T I B0 AR AL 238 3 R KUK SEAFAE R s o) — 282
#(Stacy &, 1997 [45]; Thomson 55, 2012 [46]) WA H B EIHAAELE RKTARFIKIK, AEAHEBRAAAE 7
B AR T TR IE 7 HE R KUK

ELF| 2009 4F, 2 [H E KNSR R (NASA) K H BREDIELE 2% (LRO)FIH BREG LTI 5 3% & T2
(LCROSS){i i H BkEG#) [) Cabeus 7K A FIIEIT, AUESE T H ERAf SLA77E K (Colaprete %, 2010) [47]. 2013
4, Spudis & ANRYE LRO #5415 ISR S B A A 0] () T TR J5cHis , dE— D4R ) BRI AR I — 28 S i i e o
TR 2~3 KGN AT REAEAE R T FIE 4l vk 48], (B B SRS T ANUER 4518, MFE R e EIER Y
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HER , NASA %1 2018 K & HJ LunaH-Map it & #3085 57 A BRI 3E 47 58 hn 40 IR [49], & B RENE N
HER B RATELZ DK K DA Rl sAFAE IX A ) SR L s e DI & ..

6. [EEFRE

[ N SR A A2, BRI B AE A BB EBE T S 248 . M) 2 F RN A B E T b
TEH SR ML TR I, R 2 AT LASRE A H Hoi - Ry A ) E BT A, DARCE ARG B B E R
TR BRI, B AR AR IS BE A AR LB /5, 7EPRIUAT 55 Hh HUAS R A HTE ol SRt SR = i
124 1 EE bR B OAE A BRER I 3 2y, F 28R, F BRI R Z R DB K OKAAAE VS5 7 T L
BT FWRIF R . B E P ExE A BRREER AT R R 0 35K, ks B I R R A K
TEARSK IR AT S S8 S B AT . (2, KT B IABARIRH 9 HARLE LR L7 T ) il 7

1) WM =5 BRI TR A AR R, 5 Bl s e H BRI HTHT o (H7E F BRAE T A0 A v L
AR R EAE . BT A BRI TSR M ER, A ISR 38 T0 i B2 e O HAS 5 A%, A5
gk B (At iV S ERIE T R L2 TR )T EE AR B B R, XE 5 R T e A R U
(R EL R AR AR i [50]

2) WA =5 H T A HUS R R, SRR B FE . R I R R A AR )
PR 77 Ko AATEE B B H AT R A S E LT — RS R A BRI, A AT AR B IR K B JE A (]

3) M BRI 7T 75 BRI o8 A MU ER B B EE A B BT S A R, IR nT R 2 1E 24T ik
FRIGAIE . (HENE T BRI, BRIBHEHE LIRS . CAE B, IS 5 3 BARYE 45 O L HE 3K 43,
FTCVEIAF o R SR 22 77 T TRk, SO0 S0 Bk T R 5E AR MRRE 7 V2002 R SR H BRBL £ R I 4
Sl T If 1Y) B2 o) . —

TR ARANH THRA , 12K RS HARSN B AR BRI E AR EUR T 2 Bt : B K= (ESA) 2003
AR S5 R PR ZE S M2 [ [ S A R R (NASA) 2005 4F K 567 K B B B3 AT 2% (MRO)HITE K 2
FRBLT KUKAEAE B DIE#E[51] [52] [53]. HAr, HEZEREEARRE ) OB A FIHTE] . ANTR.
WH THREER LI T HER B RR, CRWER “ =287 KRERaTH 2. Kk 5~10 4,
FEL A7 0 bR S i L ORI 9 B 55 (R S 4RI . 2020 4E52/IMT R . KRR R H BRGS0 230 T
FET7 R A S AR O . T IE TR ARAE R —FhPuis . SR @ P AR, wE
T A RMUR B E B 5T 28 2 32 B 1) —H 53 [54] [55] [56]
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