REME: BARE
SCIENTIA SINICA Technologica

2024 &= HE54% £ 1H3: 149 ~ 164 OPER2E ) Zekit

SCIENCE CHINA PRESS

techcn.scichina.com
CrossMark

& click for updates

“Plihs” Kk BEAREM R 5K

FEE, kB, KREY, LD, EEE RIH, IH, 35, HKE

Hh R 5 A ) Rk 2 oy, B3 100190

* E-mail: wanglg@nssc.ac.cn

Wk 1 393: 2022-03-25; 4352 H #H1]: 2022-05-31; W28 fiz &% 3% H #: 2023-02-17
FE Z R SRR A 5K TRE A0 UK R E ¥ B

WE AFKEF LEEA R HAT KERTCANRN, 77 DA K E & E JE 3 X IR & i E A F 3R K
EXFFRENARKTEE: FAMYHEIN(GOGNCRRANEA). ZAEMAI. KEFRAKERMEFL. K
ERE AL TN KEXRTHFEUNAKESFME N, B & — R B 5 H 85X BT AT
A EE. AN FREREGTEEEFN S RFTATHARFRUNFTR, XA FKARTER 7%, BIHE
TR TFARTRE ER—EMEERY, QR T ET TAEX LN EHE T RFTRNEX, RRE T
BEEEEE, Y EETNHERTRTRENES. MBI KEFCEFHT AT RTEARNES, EHK

RERETHELE, RMBEFR KAXNAT KEFARET R RO E LI R

KA OKEF, ARERA, RARit, B ZHKN

1 5%

“R A5 KRR ZE B PR Geds A ff 1A 2 40
&, R A B EE AR R R R, 202047 H 23
H, “KAESS7IEF K E R i — 57 K B IR 48 L)
HE N B K FERE G, 2021455 15H, & Rl o
) A Wil oK 5 R S~ D5 T 3 ik A it X (109.9°E,
25.1°N). SH22H, “Plfls” K873 KRR,
TR TR . 3. BN TE. H%28H
15H, “#lfts kKRB KERMIZIT0MKEH
(192N HERH), BiHATH889 m, A Bl JF
LRI, JL3RELZ10 GBJEGAEE, “Hla S K2 E
[5]37%5 5€ B B s AL PR MAT 45, Je 8 K R R 4k 4k m)

B FE AT R e A o v AT A AT B, S A R
£,

E 5 b, EENASACHIKEE S PGS 5
R AT S U KR BRI R K B R T
TFRE AR 5. NASA KR ZE WA B R G A
KAER— 67 ZE, BMEREMmT%E
B e T BT

REN LI TS =" 15 HBRGE AR
1155, R T — %A BN RGE R — A AR 2
2B (EARNT T A BRGE A RO AR, Bk B
Fer PRI THT G B R 240 SR B8 w7 %1, I8 {5 A, IR K, T
SR R . PR, T AR =T D05 Bk
O SRR — AR B AT 2 1 7 R Bl B AT 0. &

149-164, doi: 10.1360/SST-2022-0111

SIS T, A, KR, % RS KRR M R ARSI FE R BRI, 2024, 54: 149-164
Wang L G, Zhu'Y, Zhang B M, et al. Design and implementation of payload system of the Zhurong Mars rover (in Chinese). Sci Sin Tech, 2024, 54:

©2023 (HEMFE) FiEH

www.scichina.com


https://doi.org/10.1360/SST-2022-0111
http://www.scichina.com
http://techcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/SST-2022-0111&amp;domain=pdf&amp;date_stamp=2022-09-20

FHERE S PR S R YA R ARGt 550

L R F) AT FL S R B A U R A R LR A
t, M T R, HERREE. i
R B R R, JE TR AR B Bk 2
AN R AT PR AR, SERRA R BRI 55 R
T TR N AR 2t AP T AR P B A 5277
28] AT A AR TN T B D0 T 58 Rk S 4R
f£%.

ASCA T BT KR T A R AR A
FEOR ARG R RAMBARAE L, IR TR G R
i RGBT, 25 G AEPLSE TS DXt R S
T IERPE AT Rk BEAT T B

2 AR R SRR

KRR ER IR 22T 55 5 IR T K2 R X,
TE R kG PR AR, A4 R R DX TS5 R 5 #4
IEPRI, KR A X - 398 25 ) (G THD ) PR FH 7K DK R 2
KEBMXRMICER . T PRE AR, KR
WX KW BARRAE 5 2R T R B M)

NT SERIR LR R TS, KEE FRENE
AT SN ZREAENL. KRG
KEFRMFEE . KERTEHRN KRR
PRIMACRTK S ZMEAL. F AT AL SR B &
TR IR ELYE, SCRE KR AR LRI ANER I B bRk £,
HH T IF RS E S MR A E R 7T, KRR IRR
JERIE AR R LR 7 2R 45 M s, Tk R
JE R 3T, BRT AT BEAEAE I T /KUK, KBS R
BEAGRIURE . AR RE. KSR 584E, H
TIF R KA B AE I 7T, KB 3R T R 3 R A
SRR B, KRR R 2ok
AHMLIR BURE 2 25 A . 13925 S0 H A 16 06 0% 2088,
HF R EMT ARG Pror . T B A,
TESUREAE 5 1 5 A4 1 B 72 D) e A2 B K B ZEGNC o &
45 (1 S AL SSHLR, ZARPL 3B S50 Th BE M b T
SRS TR, AR SCEA UL S UL BT e
LA L.

FRYERL A RMAT 55 75 R ALK R IR S, “Plilsk
B AT R G HAT SR s AR LR AN T TH

(1) FIRLI o

AREAT R E R BEFIEE B L A
2. KRR B ERIE T, N T @ MR A R E R

150

KBRERNFAT S LI, & B U AR PR E W 2
KEFGIEI YRR, KREERIEI AR, BR
AT BRI/ N B T, H4E W a& TAERHK, G 5t BER 2 i
WA R E SRR KRN KA H
B, @R GegR AR E S, BERAE 2RSS EE B
M, e &4 Rk far 1AL B 2979100 Mb. 90~k
BHJE, W B EEIRE, BRICH 1GEEE
M, BRTEEAE & 0, P& — ™. gL, &
A% B DUR AT B/ I B SRR IIE 2%, B
45 FATIR AR R AT R S5

() HEES

PR 1 R KR, 5 KR IR IARA 78 57,
BRI, KR LR ES TR k%
B k. ERE KIS B, 7 ENE RN S12E
M IR RAUE SRR, R B X A
NPT A AN, e A IR R A i T SR B
BTN, AT % T R R AR AR BN 1 A ) R,
DA% g 160 A ARG T I PO 88 46 70 e B A oM 4% 7
WL TAERE-60C, RIAAEIRE-130CHIA
BRELR.

TN, AR (A5 B AR AT KRR AL, T
KBV ARMREMR, TR0 BB A e, 25 ek
AR TG R RS

(3) 5 HEAT TE FR AN 7T 43 1 1 T 56 11 1560

S A R T 90 F 56 2 A 25k A 18 % AT 5%
R TR B A 2%, AR R AR, A e A
A IR UF RS0 5 AR R 2%, TR I 1 % A AT
SRR T %, WIS SR, H XL s
ALk 2 PR,

(4) A &M A EBiT R RE

KERMESAFTRAMLS, KERMNES
T 325 A i S B K, b oK [B] B B SE B K AT 3544 min,
Tkt AT S g, IR H IR A R, KEEEHE
BE S KR B b A s R Y T
AR RS, 7R A ETEN P ERMAT S5
RIBEAT B AT IR F7. XN RN E N 2 B AT 5%
PE FRNE R, ARSI TS
fy sk U,

g5 b, IRIEAT 5 R FT S5 S oA, A 3k Ao 75
RN . ARIEIAEEE N PE . B T3 BRI A X
TR — RYICEH A, R FR



RERE: HAREY: 2024 5 BB S4B

R 1 AN RGREHA

Table 1 Key technology of payload system
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Figure 1 Payload system composition and connection diagram.
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Figure 2 Location of payload on Mars rover.
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Figure 3 Working principle diagram of efficient autonomous operation and management.
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Table 2 Working mode program used during the design life
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Table 3 Definition of abnormal event codes for online monitoring
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Figure 4 (Color online) Multispectral camera physical picture.
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Table 4 Multispectral camera main technical parameters
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Figure 5 (Color online) Mars rover penetrating radar physical picture.
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Figure 6 (Color online) Mars rover penetrating radar low frequency
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Figure 7 (Color online) Mars rover penetrating radar high frequency
antennas physical picture.
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Table 5 Mars rover penetrating radar main technical parameters

5 HARIERR
RANEE fR AE
TAESIZ (MHz) 15~95 450~2150
FOMIR (MHz) 55 1300
REHLThZ (W) >0.5 >0.5
;cgqu(ggi;@mg <-85 <-105
UE RUR RSN 100 MHz 80 kHz
KL RS (cm) 50 (44, ") 20 (%14, 7Ti)
) 5, 10F115 psal i 4ms
RETE BT R Vivaldi K £%
KL >-10dBi@55 MHz  >2 dBi@1300 MHz
R4 (dB) >90 >125
JEIE AL HH HH, HV, VH, VV
JELFEE 4y e K JE K2R

>100 (7K, £=3.0), >10 (WK, £=3.0),

<R B \
PRITRIEL (m) >10 (3%, £=3.0~4.0) >3 (3%, £=3.0~4.0)

B s 48 AEGE 2.5:1. 4:1E450 %k
Ji (kg) <6.15
TIFE (W) <30

156

(LIBS). JH LA A S s g Thfe, xf k2R
VIR GRSy B A S AT R 0 1 SR AL R
W, KERMER RN e3R8 M8, ek,
JEREAC . P T IT . LIBSERS . I E br
BRALRR, 5B & B E8 Firzs. KRR I R PRI
PP BT 5 SRBLE 2 WSTR[ 16,17].

KORRME BRI T EAEE R, AR DhFEA
KEREART, LI ARl m o e a i a8
FIAERA 5 s B 16 E e B AT, RN T e A7 B AR,
T AT H AR AT RS RS 1 A SRR ThAE. A
WRARSEIE, RAIOEE. o TIEMER. K2
PRIAT 55 B3 i AE T KR B3 20 FORL R 45 R BRI
AR, O TS5 ER, FERERHLTR
5 B 0 75 15 T 1A UL FEE S TR AR ) s 1 R 5 R A
kKRR R RS T LA TR AR

(1) Z4EsR bR R KR TAEHA

YR LR S sRUR £ 4, URL AR R %
BTy An i AR, T A5 22 35 B ARl R Fa 1 B e
BELE WS BRI 28 b |), 3 I BRAT 5 B 3 Sk
SR A AR ) B ML A R A R AR
PAK T R SR, R AREE M RER F G — I A4
(30%) RS WAL EE A AR, S AN HH AL & B4 1 #
Rk RERFF— 8 RS R m I R PR AR T
JE, FEXF 25 A B ORI A S5 A PR R FH ST C PR T e
i — KM R DL BARARIR N AR A ILRD, PRy
R AR IR 2 50T DL S BI il AR A A e A e
FAUCHL, = b R AR SR 2 0 1) S 43 I8 17 ) Bsf
B E PR IR T .

(2) N2 FRIABEIE MR A

2SI T KR MRS, FE T
BRI = KEB 4 ak. el B 5 kg4l

B8 (WL RROR &) R AR T R AR e 6 S B
Figure 8 (Color online) Mars surface composition detector physical
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Figure 9 (Color online) Mars rover magnetometer probe physical
picture.
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Table 7 Mars rover magnetometer main technical parameters
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Figure 10 (Color online) Mars climate station physical picture (the
left is air temperature and pressure sensor; the right is wind and sound
sensor).
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Table 8 Mars climate station main technical parameters

TiH BRI

AIRMETEE (C) —120~50
IR FEE (C) 0.1
SEAERE (C) 11
R 1IK/s, IY’K/minf?% (/’;ltlélﬁ})gn 1¥X/30 min,
SEMETHE (Pa) 1~1500
SRS (Pa) 0.1
SEERRE ¥ 1%
R RRER 1ik/s, lik/minf?j{\?/ﬁ;zégg;n, 1#/%/30 min,
P &G (m/s) 0~70
R 0~100}: 4£F0.2
K FEZ (m/s) KIH A 10~200F: 48T-0.3

KIE H20~700F: 8F-0.5

KA 0~100F: HLT1
KE H10~200F: HEF1.5
KIE F20~700F: I8 F-2.1

1k/s, 1¥&/min, 17%/10 min, 17//30 min,

WIEHER L (m/s)

PERAE A 10/h(7T i)
AT T () 0~360
K53 () LFs
RUAIHERARE (°) 15
R 1Rk /s, Nk/minl, {% ﬁggn 1¥X/30 min,
7B A 20 Hz~2.5 kHz 2.5~20 kHz
P RAEIR (kHz) 5 40
FEH RS (mV/Pa) #F50
A BT (dB) >90
FEERFERT T (s) 10, 30, 60, 120, 300(T %)
EREAIEL (bits) 16
RV ON 1x, 4, 16%, 64x 7] %
7 B RO e 4 16:2, 16:4, 16:87] ik
i (kg) <18
DiFE (W) <13

L. 538437 R 125 B0 58 FI A BT PRI 2% (R ], 3
A B B AL B TC AR TR 8 UM ST AR G R
B, WA RSB A, HARBAIEN S, K
LB AR, SR AT R AL, A7
il 4.

(2) ARG R B BB TR BOR

R TAERE AR 77 A SE B AE L A s AT 4%
. SR 10 R M 8T I B T ie AT ], Bl

159



FHERE S PR S R YA R ARGt 550

B a1 (RO ) B Pl 2% 0k 1B s
Figure 11 (Color online) Mars payload controller exploded view and
physical picture.
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Figure 12 Process of autonomous explore using work mode program.
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Design and implementation of payload system of the Zhurong Mars
rover

WANG LianGuo, ZHU Yan, ZHANG BaoMing, SHEN WeiHua, SHANGGUAN Zhi,
ZHANG WenZhang, WANG Wei, LI Xue & DU QingGuo

National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China

Using the scientific payload configured on the Mars rover to explore the Mars surface can conduct high-resolution in sifu surveys in a
critical area of Mars. The scientific payloads configured on the rover include Navigation and Terrain Camera (NaTeCam),
Multispectral Camera (MSCam), Mars Rover Penetrating Radar (RoPeR), Mars Surface Composition Detector (MarSCoDe), Mars
Rover Magnetometer (ROMAG) and Mars Climate Station (MCS). The payloads are controlled and managed by the integrated
payload controller. In view of the demand for autonomous control of multiple payloads for collaborative scientific exploration under
the resource shortage condition, the centralized payloads control method was adopted, and a novel integrated hardware architecture of
payloads electronics, and payloads data management was established. An efficient autonomous payloads explore mode based on the
working mode program was innovatively designed, and several health management measures were taken to perform fault detection,
isolation and recovery (FDIR). The Zhurong Mars rover has successfully completed the scheduled exploration mission. All payloads
work normally, and the exploration data are valid. This paper introduces the design and implementation of the payload system of the
Mars rover.
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