3R oo 453 ol 2=
sose) iR 2 R TR

Joumnal of Deep Space Exploration

“RlIE—5” X B RIS S R T
WS, A, Ak, M R, A OE, kK, F O, ot A, LB, xS
Topography Modeling, Mapping and Analysis of China’s First Mars Mission Tianwen-1 Landing Area from Remote
Sensing Images

LIU Sicong, TONG Xiaohua, LIU Shijie, XIE Huan, ZHAO Hui, LIU Dayong, XU Xiong, YE Zhen, WANG Chao, and LIU Xianglei

TELR L View online: https://doi.org/10.15982/j.issn.2096-9287.2022.20220005

T REROGERA HA S

Articles you may be interested in

CKI 5" BEESEARERE AT IR T
Performance Analysis and Experimental Study of Tianwen—1 Parachute Material
VRASHEIPEHIOIESC ) 2021, 8(5): 478-485
“Klal—5" ERZ YU RER R T T 515 i
Design and Test Verification of Energy Absorption Material in the Soft Landing Gear for Tianwen—1 Mars Probe
WA TRIEAR(PHE30) . 2021, 8(5): 472-477
“RIAl—57 R BHAE B FRSER R 22 7T S IE
Analysis of Delay Error Correction of Solar Plasma Region on Tianwen—1

TRZS PRI (P HE S0 ) . 2021, 8(6): 592-599

12020 1L 445 il DX R A 8 B2 6F2020 7 [ KCRAT: 55 46 AR ISR 43 1) — L S 2
The Status of NASA Mars 2020 Rover Landing Site Selection and Some Thoughts on the Landing Part of China 2020 Mars Mission
WA TRIEAR(THE3C0) . 2017, 4(4): 310-324

Hh U R PRI 55 3 T L R

Ground Research and Application System of China's First Mars Exploration Mission
AR AR (TPIE30) . 2018, 5(5): 414-425

Hh UK R RN 55 L s 5 A sk T

Scientific Objectives and Payload Configuration of China's First Mars Exploration Mission

VSRR (0 ) . 2018, 5(5): 406-413

P
2>
do =
St
3m

}g{ §
N
\‘\

E‘;E
b

g

PSR



s N N ] 2N =4 v
%9 % %3 W ®xE R OMN ZF KR (PR Vol.9 No.3
2022 4 6 A Journal of Deep Space Exploration June 2022

“Xla)—5 "G XE R IRER S HIE 74

MEER, RN, xRN, ok, ROBN, x kK, O, o AY
x &, NHFE
(1. LT R 2 PR B =5 (AR N i 5200 =, 1 2000925 2. [RIGF K2 M4 S5 HbH(E B2, LI 2000925 3. ZUH FR = R A A
Forpl FFF RSOy, BRI 2000925 4. JbRTEEK S MI2e S50 25 (A5 B 2R, JbAT 102616)

W E: SGEMAKENERZIERGGEIE, WdT KBRS 03030k, SelaEks
HHIE R JEARE: (Shape From Shading, SFS) B FMIME T “K il —5 75 it X ¥ /0 PR = 4E U, @l R E SR ms
0o 2 5o A Bl DX T3 8 00 B LA AT HEAT 43 2803 W o ST 20 W 45 SRR B, P th O R (0 ks BE s R 88 5 by SE )
EL R AT KR B 0 PR B s AR A (Digital Elevation Model, DEM) 77, EFEiRZ HME 4 5 91.866 mA11.074 m,
BIRER S —8E. shah, @l KIS i eT DUE B bR I R3O LU R, 3 i s B R R AR AR AR BE AN
KF30cm, LAMIRIE T “RA—5 "5k XA H-F5. BRINEHL—, FERNSEZEEHRTER B=Rin—s”
o 3 AR ALEOE B (TR B 43 2 45 AT RS A T4 Bl BOSAR AR X T SRAFAE 0, & HIRISE 4% 2 Y5 K 2 1B IR

P, AONJE SRRl S 7 RO 2R AR PR A B R R BRI S E R
XEEIF: RKA—5; KERN; HAEHIE; FF152; HIRISE; HIiRIC

RESES: P237 HEAFRIRES: A
DOI:10.15982/j.issn.2096-9287.2022.20220005

XEHS: 2096-9287(2022)03-0338-10

SIAME: MUEHE, EAH, XA, & RIS E R XREBIE SRS H B (1] IR R4 Ch

W), 2022, 9 (3): 338-347.

Reference format: LIU S C, TONG X H, LIUSJ, etal. Topography modeling, mapping and analysis of China’s

first Mars mission Tianwen-1 landing area from remote sensing images[J]. Journal of Deep Space Exploration, 2022,

9 (3): 338-347.

51 5

KRR 55 7T 2 53 M K B2 5 ) 32 B 384K
SRR K R R R T R T R K B AT
B33 21 KK UK IR A} 2 BfF e 412 41 5 2 1) 00 S
$, I REN ML AMT BRI S T A A S BT T R
TR AR A AR, (R NS0T 5 0 A i R R
RER, NI A WL .

20204E7 H23H, HE“R 57 KRR AL
B SCE RS T G, 32 B PR S g AUE i iR
ARPIER R RG, AR5 B bR A] DARESE N “FR e« 35 i F
VU3, B — ORGSR K R A RIS
RN J A v DX e T AR . 2021482 H10H, 4R
DN A E AR GR KRB T T2021425 H 15 H BIh &
bt F K R SFEFRF R (Utopia Planitia) Fe ¥8 % & i
X, dr&EPE A E KBRS AR R, A
7 v B ol 4 5 T 2 S B8 AN KR T R SR T AL AR

W H B 2022-01-13  EETH#: 2022-01-25

M ER, W EFRF AR R EKE
X ERFE . BE20214E12H31H, “Ria—5 735
MIEPBITS26 %, BEBSHIERZ)3.5{Ckm; “Fifh5 "k
B KERE TIE225MKEH, Ritirmig
1400 mo 5 S0 4k 22 1) 5 FE RV J5L R 30 11 oy g ot 22 ¢
HhHAT I, SR R AR E RIS

BT B 2R 38 BT A 10 22 IR R AR, ‘R
] — 5 7R X K R R T K IR T R W R R A
QPRI K TSR RFAE 5 BF 70 b o A i T Ak s QBRI K
BRI R e KK A L @ORF T KR
TR R SR B A s @40 HT KR KRR S 2
R R SAGE S ERHE; O K B HEA RS 70
PWERRE A Hodh, RIFAUIE RS m o PR IR RS
A SRS P T A & 7 FE T3 I i, BBl
SR A IR R R AT E S, [ KR
SRREAE VR 3 5 1 5 V5 A 2 A it R () R B S

HEWHH: FXERREREESETIE (42071324, 42171363, 418041660 ; L “BHLAIHATEHR7 B AT H (21QA1409100)



F3M

BB, 5. ORIA 57 il D Y S R ) [T 23 A 339

MR 2B FEUESE, R 2 5 8 K BRI ). K
UK W SRR R EA

ARSI IX —H R K, DA [ KRR R
] —5 735 B XA 5, R T IR K R SR T T SRS A
A BB REOR, R R I B A W R R R
JR7% (Shape From Shading, SFS) #ilfE T & X =4y
A HTE , B IR BE o 8 I 24 70 28 T v SR B i X
AT B, FFE 0 B o A 7 3 Bk IXB i T 3
e R AR TR 2 4. BB L s 2.

1 EASMIRITIR

L1 “Rigl—S"EEXHRIRK

W D256 R H 2 R B X “ R e — 5 75 Fifi X
FER TSGR AL, AR AT TRl Py &
WIMHERS . SCHER[71E BB RS . T FEATE Ui 4 R0
“RI— 5B EFEAT I E AL, AR E R E
#iE N (25.066°N, 109.925°E) ; SCHA[8]FIH £ ki
AR X R A — 5 BRI FEATHEIL, ] T 2 R
SURHIE TR 78 D41 IR W A R B HKIKAE K 5y, IF
G 7R X A 5, A CHRS T KRR
ASRARMFINANR 5 R L B 2L S STHR[9)
Zatfil] 7R 0] 5 I AR B X S FE IR SR X e
BB, X% X A B E R AT TR b S
BR[10]2% THIRISERICTXR4, W9 T SR
B KUSARAAE, TR R W) — 57 F Bl X R ARV A 2
FIMEZE/NT3%; SCHR[11IA 9T 7 “R ) — 5 73 fifi X K
S THTIR: B2 1 72 () A O B L 5 30 1t 32 0 555 DA =1 g
TREZ, AT 7RG RIA— 5" ERE LK
R AEAF ST I B R R AL
12 AXESHEERHERFRIR

oK B B ROR R, O A R ) SR
U A B 70 R RE AL OB L ART B A 1 g
S ARUUES S R RUEE JGHET L AT
HFEAE A (Digital Elevation Model, DEM) A7 1E
SH524% & (Digital Orthophoto Map, DOM) 257 R¥R
I ITTVERIAR b, KR R ) B ) 77V AT 3 R
HSEARG T RS, SHZGESHES G
SF SV F 0" DN e A4 oV M T = K775 . B
WK (European Space Agency, ESA) “KEMZE
5” (Mars Express) = #H R AKMPL (High
Resolution Stereo Camera, HRSC) KA A=
77, KHRSCRAGAH G152 1 hrE ) 21550
i AT R = AR EE . DEM Y24 % 24
AIDOM Y SR KA SCHR[ 141K K 2 BLIE S0

M4 (Mars Orbiter Laser Altimeter, MOLA) #(#
TN BIHRSCRAG e F 2R o, 3k T /KPR
4~Tm. FAEREEE11~15 miHUIE = 5 USGSHEI B\
MISISFISCOCET SET# M, XIHiRISEFAZ AT
1B, 85, TS JofF (Charge-Coupled Device,
CCD) Pf#z. “FZE. UL SDEMA K% RVIA L )5,
AR TORE FE R T P Y SCER[16] FHHRSC L4l
AR O T 72 G B B T 4% 1) 9, 0 AN HIRISEAE ™
FERGEB A A, B3 T m 0 PR DEMIE
SCHR[17] AMOL A4 A= il [V DEM Ay B, Bo e 1
HRSC. CTX. HiRISE 3 ¥4 £ s I DEM™ it o [
WA ZE A5 B TR R, Bl H TR, hEE
By 228 Jak 5 007 Hh BRI 5T T 45 (4] BA 0] < 2 2 S o P
ARIFRETARZHT, BWR T RAIGIE RS . BAr, 1)
A7AE — 6 o 0 5 AT P B AT T, S KA
(10 DX 33 i) P i 4% 5 W i 75 9k 5 SFS U7 125 11 R0 36 vl 7L
AR TE 15 53 3% 26 SUAS 78 w5 50/ 1 DX 3 £ i 22 V5 40
a1 = 2 e A M T 7 5
1.3 KREFREEMDLARIK

] P4 Ah 2 3 BT K B B 2R 518 S FL AR BUFTDEMY
DOMHITEHHE, WK RTEH > KFF R T MR . ST
BRI1STAIF #4558 (Digital Terrain Model,
DTM) ##i, 38 ik =l B 75 1 %o S H P 4 A R A ) o
HATES, Bk EFEETY &M (Terra Cimmeria) [X
WLy iomi . BT, KM, AR X S
TESFPZEI; SCHR[191MRFEMOLA DEM 403, ™[V
FNI FEIFPRHAE B, SR T B R v K R B A
Wi (Tharsis) X3 IE ) BROK S SCHR[20]7E £ L
BB (WHRSC. MOLA) _FHEHE A HAG X 41
(REAE, I F D45y 25 88 fllboosting 7 2 4%, Kt T
REOERI IR b, A kb2, # XU X
Ry BCH A R 2, K b 5 AR AE R 43 T
JE YR EEYURE . R AL koS K
s STHR[2 1AM SCHR[22] 5K FH R B 42 5 RS S 53 W 2%
Deeplab, f“/k/22020” (Mars 2020) {TL4-84MFik %
fi X, FFHHIRISESA GG HIL S 2 17K, N
15396 25 Tl DX AT AT VE 0 A it T AT HE R . R T KB R
TSR G I, o HOE kAT #4028 I 73 ] 1L 2
5 it A% 2 A 3 T R 35 K BE B9 AT A 1) SR . iR
A PR AT IR TR R N [ S DR s AT M, B
FEAAL B B T . MR RPUE A X LTR
HMEIBAT, R XA S FEERMITE. T, A%
FANE X A B



340 PRI 2 (R3S

20224F

2 MREXFHIESE

2.1 MREXEN

RN 57 K BRI 2R B il XA T KR SR
S JiR R R TIOGE A Bl X AR R KR AR
AWM ANE LA, HA243200km, £—F) %
WIS AR, FARAT. AR FM—®Ef,
ZX AR S22 (Viking 2) fEKE FHIERS
RE X SGFEFEP IR AR 37 M7 7 F 9 A2
R KUK IIAELE , A8 R KO BRINAT 55 (1 4 i 45 16
DX e A (B AR 2 AR DX 3
2.2 HiRISE#RE

HiRISE&NASA“ K2 il #L1E KiT 28" (Mars

Reconnaissance Orbiter, MRO) _F## 152 %1%
&, MR ARG L RS, BA149CCD (104
P B 2N S BM2AE LA B o B
CCD H #9138 77 M 192 048/ME 2 MR BLE 77 1 1)
128 MG EAL A, 10N B (700 nm)
CCDALTHI[A™, HiRISER#2ft =51450.25 m/ & K i
BT HERRAZY . H20064E LAk, HiRISE L3RG T
48 0001& E 14, B%ﬁﬁzﬂﬂﬂﬁﬁk‘%%ﬂfiﬁ\ Kl
L MELER L WRSE, FRIRMEATATRA I mEiE KR
RIMERGT, HlRlsMH?%f%&ﬁu%%lﬁﬁ%o

%1 HIRISEFMHIiRICHHX S
Table 1 Related parameters of HIRISE and HiRIC instruments

25 HiRISE

HiRIC

HREERE RS/ (em-18 K™ 30 (300 km s E4b)
W 440.4~0.6, £10.55~0.85, iTZL4h

50 (265 kmEEab)

#0.45~0.52. ££0.52~0.60. £10.63~0.69. IT4£00.76~0.90. A=ff

ekt pm 0.8~1.0 0.45~0.9
Wins 1.14x0.18 2x0.693
£ 5F /mm 11 994.998 8 4 640
B A1 7E/um 12 8.75 (&) | 35 (£
2.3 HiRICHUE FIHWIMEDEMATHIRISEHRME LG 5, 456 6H

T PR AL (High Resolution Imaging Camera,
HIiRIC) & [H“R ] —5 7 KRR 2§ 530 3 2
A 2 — . HIRICEE IR 456 & 22 TDI CCD##
2§ F024TH BECMOS (Complementary Metal Oxide
Semiconductors) PRI, 43 ) S I HEF AR AN i [ B
ARG o Fe 32 B T 3R K R SR TH B TE A
265~800 km H AR &1 B 1 A/ T 100 MR X 5 1
miE E A EE ™. TDI CCD W] LA A (8 R £ ok
WEEG . A B CCDHEH G E HiIRIC BN FEFR
A, 427 HE R AE 5 265 kmAb FIA0.5 m, 1 FE
9 km, VASCHRENT KBTS, Hb T 45 14 S b o 3 4 1R A
FLE, HIRICHH RS R 1 R

3 WMRERSHESHREE

3.0 EOBRZHMTEESE

B o HERHIRISERAAG 200G, Hokitir 24
CCDHIPH . ®IE. WIMEE SR, REH
ROCHE N Z BB BB AN T e R . TR
@@ﬂﬁﬁﬂ%ﬂﬁﬁﬁ#@l SR JE X W aE L 2 B AT AR
Egnie, AT R S E R s B s, WIES I
U5 HIDEM.

S8 MW HEE, BRI R 5 EORIR
Jil), AR S R R AT VE P 5 AR AT IR, Bl
FRA BT X DEMIFTHUE IR, A5 214040 f5 1)
BRI R . B G N E AR P E
éﬁﬂi%mﬂﬁ“f@ﬂ/Q’Jﬂﬂ’ﬁﬁﬁjﬂwéﬁﬁ, Ha) 5 kT
SFSI A R & (FLkIABD , did /Ml s ik £
D, W&i%ﬁﬂﬁﬁ/h(x, )

[ S {ulh @) -Ta ey RG] +

PIVCR I+ 2[R (xy) —ho (e 0)Pdxdy (1)
SFSTE 2| IDEM4E 5 5 HiRISE 1% EL A 5 2% 5 45

HEAR o AR T A R = R T A S YRR AR
K1~

HiRISE
SLARAG K
v
- HiRISEHL1E
N AR kLB SFS AT

(Shape from Shading) DEM

v
B EE

y’ 7%
I FEDEM YIUHEDEM

BT R R R = A T

Fig. 1 High-resolution DEM construction process



% 3 40

PIENE, & ORISR DR BIE SRS ] B A 341

32 EDMERRSESGE

HiRISEF R 0 #F R [1£0.25 m, “K]—5”
HIiRICEAAZ 2 #4 090.7 m (BB R 370 km) o 1E
TR o MR RAR b, RERE T T Hh 43 1% Hh 5 B X )
£ o7 | VA T = ST o¥ - & R = S
KERMEFRFAE . X 257 B SURFIE 43 A X BE A2 K
B ZE S5 R 2 R () B ER IX,  [R] B A AT R T
TE A 5 XU BT 7E o (H R YE HE X 3N ThR i 22
FAERS 27y, HARL4E R N EWMHE KRR L. H
RTRFE 5 2] 5 1A T3z N T B ISR 10 42 25 5 H ks
W, NG MRS I NG VGG, HAEERAE
RIRHE R R AE /7, T L4540 ) T 4 H0H0s 1 AT R AE 32

PisaR

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

BRoy 2, TFR AN TR rRHE",

AL AR 1 BT 3 4 28 05 v I R o L2 B
e H, fHFZRALTVGGHI G A # 4 & 34T K2R
PR NE IR BRI 2. i B E
WA 28 ZR R I3 T, HidiConv[3x3]:64 8 /R B R K
N33, HREEANBON64, BNRRERIT LR, 1§
FHEIReludiG pR %, FC 100038 422 107 S 50N
1 000, ClassNumAFEAZRRIEL, 1 SoftMaxi#h AT i
Lo, BRSSPI ZRREARG R A, EFR
JAFE - KN (II31x31) [fiPatch, %\ 3 WX % ik
TN, RN 1 0 28 k4 RO s A4 3E 47 0 25
RIS A Adam R4k #%, 5221 % °50.000 1, HERKAS
WENI2S.

¢ wnvaen (e (s |
[ s

assNum

1000 500 !

BRI P 2%

B2 MR IR RO R

Fig. 2 The flow chart of the proposed high-resolution topography classification method

A Patch
)
X
E E E 215 2 3
& & & & & & &
Z z z Z 18 4 z
faa) faa) aa) 2] g 2] 2a]
=

— — =
% K g
215 2 2 215 ZE
53 Q Q Q —_—
“| & & & “||l g oz
Z|8 P Z Z|lg 52
[l =2 aal aal M|l e EQ
g 5 2
= = A

B3 B A AR I 2 2 I

Fig.3 Convolutional neural network architecture

4 ZR55H

4.1 EFPRMEHEERSSH

HHTNASA HiRISEHIPA L&A 1 “Kin]— 5”&
SR I B I mAR R S 2 B DEM P, R E E S
KRR FH K 7] — 5718 2 HiRICHEUE i/ T3.5 m/
BFEMER S HIDEM™ . A SCH FHHIRISEX
KB H 45 A BRI = 5 SFS I b il B 5 i, E
FHIMET “R i) — 574 b £ I25.2 kmx4.7 km i H 4
0.25 m/ G HK =2 PR DEM, H45BRnE4R. A
BB IR BT YEDEMIK A &t A ml M, g G Bl

X3 AH B BE 1 km P8 (D Ev F) ML (AL
B. C) Jrin EZHFN ML mRE CnE4h a4 i
7R) o NASARAiINASA-HIRISE-DEMAICNSA K i
[ “ K 3] — 5 ”CNSA-HiRIC-DEM M I 7 i 3£ 47 %F b 2y
Mr, @RWMES (a) ~ (F) Frm. Bk
FEXT L RBME R Z G iE, W] LU W3 T A ST A
[IDEM 5NASA-HiRISE-DEMZE & f5 b 22 B M A
1.866 m, 5 CNSA-HiRIC-DEM )& e T35 22 Ml N
1.074 m, —EMEEGE, WTHT RSB EESS
LIRS 8



342 PRI 2 (R3S

20224F

25°5'0"N

25°4'0"N

25°3'0"N * El
fH

25020"™N iH: —4076.13 m

I i%: -4 13042 m
(a) B PHEDEM (0.25 mA520) Rl 28 /At il

25°5'0"N

25°4'0"N

25°3'0"N x El
fH

. B1:-4076.13m

Sk -4 13042 m

(b) DEMZEA

25°2'0"N

4 ASCHAE R “R I — 5" H R X &2 HFEDEM  (0.25m/{% %)
Fig. 4 High-resolution DEM (0.25m/ Pixel) that made in this paper of Tianwen-1 landing area

—4085 ~4095 —4 095
-4 090 A .(j"\ -4 100 —4100
PP
_ , [
é 4093 S| ES -4105 & -4105
g 4 £ 4110 -' £ 4110 Y Wt b
B 4105 o 2 4 B Vi g Jaﬂ.‘-
# 4115 + // 4115 + vl
SO ki fHiRISE SFS DEM L i i i N
o — 1 - N F — AH . . /L p— il YTHi . B
4115 p© ~NASAHRISE DEM 4120 P/ ESRIERERERSTS M g0 B SRS RIS DRV
CNSA-HiRIC-DEM CNSA-HiRIC-DEM "~ CNSA-HiRIC-DEM
—4120 4125 4125
NI NN RN IR NN AR IR IR IR VOO LIS NINLSED
AN\ PN NN R\ PN RN PN MR\ NN\ PN RN AN N AN A\ PN RN} NN\ PN RN AN N AN R\ PN RN}
EESENCERNCENERCIN NS EENENCERECEN RN NS EENENCENECEN RN NS
T 2K /m T 22K /m T K% /m
(a) AL = FR A (b) HIHIBAL = FEE (c) HlHCAb il
~4095 N ~4085 ~4080 N
B T Bl L B T
-4 100 '\_I‘ CNSA-HiRIC-DEM CNSA-HIRIC-DEM 4090 CNSA-HiRIC-DEM
g . . E 4095 [ £ it o
@ 4105 A @ ' a 405 1 MM
] N @G @ 4100 = 4100 A
4110 Lo ) ey T 05 u)
i -\.,-x;“ -4105 b TS
M —4110 R
4115 4110 NS s g,
L,
-4120 —4115 5 -4120

NI R N N NN NN
NN PNE NN
P T T T D 5 S

T K /m
(d) HIHDA RFR(H

RO LSOO
INFOPNFOFNENENFERNPENEN
PN T T DS

T /m
(e) HITEALFIFE(E

RO LS. L.O®
PSS
PN TS DS

T 26 4 5 /m
) HIHFA R

5 ARSCTTIEHIAE T DEMM B 5 A TF A P AR A [ B T R AR (R b

Fig. 5 The elevation values comparison in different sections of DEM data produced by our method and published products

AR 14 BT s A SCHIE FIDEMMtL T it R 1+
5 [l s BRI DX S 38 R AR P HEAT 04, 46
KA. ME6 (a) I EER T AL, &
Belf PRI X SR AR RSB AE3O UL, R RO
Hy gbsh, HAEAR1.25m N BZAR R TSR A SR s
AR ZZEORIEAT IR B 0 A, A6 (b) ALKE &S
Bl DL . 3 Bl o PR 3t 3 RS AR R FE AN KT
30 cm, FEAIMIBAAR LR, KT A KERNASAEZIX I
2 A i AN i AR 1 TR K

42 BENPERMESEERSHHR

ASCRIH K ) — 57 % B X B IE FTHiRISE M
HiRICHUIE 2% fm 7 HER AR TR, B0 RS
H290.25 mAN0.7 m,  FT i X 3R RN A2 9791%
x5 60215 KT 44815 %<6 712318 % . WM IX 1
FESRFRAE . KR ZE QAR A A G 1) S R X DL R 3K
PRI AR R T TE B0, A SO T 78 X TE 3K 2 e 1
KAk JZ . KRR T CERFHRERILZ . A%
3R], BAREIINET R . PSS S PR
B LSRRI AR FRILAE B2,



H3M MBS, 2. R

5 A i DR TR SR RS ] A 343

25°5'0"N
25°4'0"N

25°3'0"N Wi/ (°)
|l 03
[ 3~10
1 10~15
-5

25°2'0"N

(a) YK

*CBLRS” HRX

25°5'0"N
25°4'0"N
“ (=)
2593/0"N * “ULALS " HREX
HHRE % /m
25°2'0"N N 0~0.3
[ 103~1.0
10

(b) HKEFER

Bl 6 ARSCHIARIR R I — 575 il DX 3 T8 7= it 2 Rk e P

Fig. 6 The slope map and roughness map of the terrain products in Tianwen-1 landing area produced in this paper

(a) eI KA (b) HAfEFRM (o) Wi
B 7 ORI 5 H R X R 302K 50 K 7w
Fig. 7 Topography categories and examples in Mars Tianwen-1 landing zone
R2 BUBRRRINGHEN
Table 2 Data description and number of training samples
. WG A BB R
HH BRAR 3% /m PN S S \ \
M AL HLRER T Wi
HiRISE (E[ED 0.25 2 9795 602 89 700 46 112 88214
HiRIC (D 0.70 7 448x6 723 101 703 46 521 28 942

P8 7 A FH A SR Y I 2R VGG AR 42 X 2% 7
TAE PRl K 2 B A B RS TR 3 o0 K 1R
R IR R HB 4 R HEAT OK LAE — 25 X L AT PR A
FTELE A Bl BT 08 300 73 A1 3 22 e X
WE . IRSLHV R A RS XA 2 S5 RS R T
Prf . b, Sl RALE N EEZHAB]; D
WﬁﬁEW%EB\m1ﬁ§%Eﬂ$i%$ﬁé%
Wi 55 o AT X8R 22 4 (R A [ S H AR 0, FEAIE 7T X %
B A, AR RE R A 2 AR FE 20 R 07 AR B 18 3R
il o

K9 (a) Jeon 1 b “HLRh 5 7 KR 4 AL B £k A

AL X IR, K H 5 A SCIEHIRISE. HiRICHLIE 285X
LS RERENER, SRWE (b . (o
fizm. ATLVESR], HT#EPRNMS, HIRISER
% (0.25 m) REHE T 47 b [X 7y — LT SUAN T RRAE,
ANERUE T HORUN B i T USRS AR I T 3 A b
52 H PP HIRICHHE A Sy #h 78 . BRI gl &,
2 AT G 5N AL ST e e, fE— e FE R 2
S0 1) P (R0 RG B AR . FEHIRICEZ AR (0.7 m) |,
WA RS TR SR IE B I35, KR B AR RS &
OB ONTEMT (LY ) o “PLRS T KR LR
SRR AR AT L R, B AT TR AT H bR X



344 PRI 2 (R3S 20224

o
X kA
!

(d) HiRISEZ»2H (f) HiRISER#IH A - IX D
Hae

8  HiRISERIHIRICHUIE 25 i 43 MR 5 7y B4 R A
Fig. 8 Topography classification results of HIRISE and HiRIC orbiters high-resolution image presented in this paper

—80
—160
—240
-320
—400
—480
-560
—640
—720
—800
—880
—960

—1 040
-1120

400 240 -80 80 240 400
(a) KRBT EEY (b) IR LL B IHIRISEI 514 35 & (¢) ML LB IHIRICTE 3 4 25 &

B9 “PLRbS” KR I SHIRISE. HIRICTH 34 2845 G 8 L ]
Fig. 9 Zhurong rover patrol route and its overlapping with HiRISE and HiRIC topography classification results
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Topography Modeling, Mapping and Analysis of China’s First Mars Mission

Tianwen-1 Landing Area from Remote Sensing Images

LIU Sicong"?, TONG Xiaohua"“, LIU Shijie"’, XIE Huan"’, ZHAO Hui’, LIU Dayong’, XU Xiong’,
YE Zhen’, WANG Chao’, LIU Xianglei'
(1. Shanghai Key Laboratory of Space Mapping and Remote Sensing for Planetary Exploration, Shanghai 200092, China;
2. College of Surveying and Geo-Informatics, Tongji University, Shanghai 200092, China;
3. Center of Space Exploration, Ministry of Education, Tongji Unit, Shanghai 200092, China;
4. School of Geomatics and Urban Spatial Information, Beijing University of Civil Engineering and Architecture, Beijing 102616, China)

Abstract: By using multi-source remote sensing image data from Mars Orbiters, the technical framework for Martian surface
topography fine 3D modeling and automatic classification was developed. The high-resolution terrain of Tianwen-1 landing area was
made by combining the photogrammetry and the Shape-from-Shading (SFS) methods, and high-resolution images were used to
classify and analyze the topography category and distribution of the land area using a deep convolution neural network. The profile
analysis results show that the high-precision terrain data presented in this paper are highly consistent with high resolution digital
elevation model (DEM) products published by China and US, resulting in the mean elevation errors equal to 1.866 m and 1.074 m,
respectively. Furthermore, it can be seen from the comprehensive terrain and morphology analysis by using the orbiter remote
sensing images that near the landing point the slope is less than 3° and the fluctuation of the surface is less than 30 cm. This indicates
that the overall terrain of Tianwen-1 landing area is flat and the morphology category is relatively single, which meets the
requirements of the probe’s safe landing. The terrain produced by Tianwen-1 high-resolution camera data and classification results,
which can be effectively applied to the morphological analysis of the landing and patrol areas, when combined with multi-source
Mars remote sensing data such as HiRISE, can provide important basic data and reference information for subsequent scientific

explorations of Zhurong patrol.

Keywords: Tianwen-1; Mars exploration; terrain production; topography classification; HiRISE; HiRIC

Highlights:

e High-resolution terrain data of Tianwen-1 landing area is made by jointly using the photogrammetry and the Shape from Shading
(SFS) methods.

e Topography category and distribution of the landing area is classified by using a deep convolution neural network.

e The high-resolution terrain data made in this paper is highly consistent with NASA and CNSA developed DEM products.

e Results indicate that the overall terrain of Tianwen-1 landing area is flat and the morphology category is relatively single, which
meets the requirements of the probe’s safe landing.

e Subsequent scientific explorations of Zhurong Mars Rover can be comprehensively considered by using multi-source high-

resolution terrain data and topography classification results.
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