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Table 1 Scientific objectives and payload configuration of international asteroid exploration missions in the past 30 years
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Table 3 Payload detection tasks and technical specifications

FRNAE S AR ) B Z I RE . EEECRFEARA
TISEILH R B AR IR 3P o

T i LR R AT SR FL
STy N - S L /N 2 HeE R 70.45~4.50 pm
gy |) SR MPRRIDLREIEREAIERE | ppm. 775001 YRIMT 9 5 R B R
i BEATE: 0S5 m@EUEEE km RS ALK L,

1 g
1%

AdEA
i#x

£
b

LEwT P
LR EEV)H

3]

6 W

H BT
7 Hrepikk
TIHTAL

W3 53
Brix

T

Bot—1k
10 16 S
Jegn

2) X/MTERFE X BEATIT BRI, SRR M
A= N0 WSS AW AN T=P) B 5 i &

1) BREUIMT 2 R G AT OGS B E R, 70
AT B MRG0 R A I RS
2) FHUMT B BERFOGERARE, TR 5o
AT

D MMTREATE MR, RIS
B

2) RERAEDCHEATRG 2 I BV ORI, ke oR 4
R R, FEMBIRAE H bR

XPAMT BT R, SRR, Kb, Rk
EINNER L R IR

RBUMT BR R ANRCR 28 E M s, JT /M7
B IRRIZEEHRN

D) SHMT B RESARN, 3BT T R8RS /A
Kot

2) KT ERUIHREN, TR A TR 5
M

DD o= Pt ipline Sl R NP W A CIEA SN
BT RE T REEG RN, 25 a R BRI
&2, AREWEERNUVZNRERRREEL. £
R IS S VYR IR AL

2) X EWEHBENMT RS S THAENE, 4565
(37, ORI /M7 B RAR AR

PRI R 5 R R SRR S A ] A
IR, 50 R A R0 B R 3 T B RRAIE

XAMT R/ BT, PR MT R/ W R
FITAR R/ RS AR S IS S HRHIE

SEBVNRAIE = 4 w0, SREGIEE . I K
i 2R R

FEHFRRI#R0.2, KPR AM30°M, BHEME

Mi bt =40 dB

Jei i L T5.0~50.0 pm

HeiE R LT 10 /em

WA AT 100
RN TC AP T3.3 mrad
Botm . T 15 m@HiE =3 km

ek 4t F480~1 000 nm

WEH: AT

Mz A/DT60x6°

BB IEE: B/ T2048%2 048
BAZIER: 1 20.5 m~ o<

WBER: 8T10.45~0.76 ym
FRAZEERS: 4m~o<

B ¥R 103 m@HUE R E3 km

AR AU 33 0% 150 MHz + 500 kHz, TAF

595 =40 MHz

AT IE TP 900 MHz + 500 kHz, T./E

9 =1.2 GHz

BB RZ600 m, A L HLER9, MFEIEY)
0.0 LT, RBUEESRIR K T35 m,

e B TE SR FE R TS m

BKEFE: A/NF£65 000 nT
MEEWEE: A/ F2000nT
SHER: £F0.01 nT

B KSE: R7°0.01 nT/ v/Hz
ZE: fLT0.01 nT/C

e R R H ) T B R

AN/NT1~150 amu
BETHRETEE: RNT5eV~30keV
TR RIEHE: A/ TS5 ev~10keV

FER 53 B -

AN F1~150 amu

FER 3 IN & RUE

1 F10 4+ 5us/(1/em’)

PRI 14 A4 152 FOR I 50 <
AHT1x10"~ 4x10" g
AR =6x10"g/em’s
AR B E: 1x10° ~ 3x107 g/em’

HeREJE: 450~800 nm(4xth), A WG

s

AR <8 prad
X% 2.9°

PRI RS -

>1025 (F5rAFA]1100 ms)

MEFEE: 600m (S5 %0.2)
Mz AN T60%6.5°

MFEREE: <3 cm (30) @300 m
BUZKF 43 35%: 3 em@300 m

PHUMT BRI S S

PR M7 AN 5 2 R )
JRESy ATREFIK A HLAE,
LUK S S BRI, BRI

EHMAERER

PRI/INMT S AR 2 B IS
REPIR Sy, FEUNMT R B
1 515 8

WEMFEMEFERNEHS
B TBRKNEMESH, R
AMT RN E R RIS

BT B R 5 5 BN s
1

BRIANMT BA R IRE S
[IEZSTAEY-)

TR MT AN E 5 R )
gl

PR R B B AR T b R
MR, LR TR
HAR TR

W MFEMEFERNBERS
. ARKNEESH, B
AMT R T E RS, R

MTRFERETTRER

BRIMANMT RRFE X HITBS, 3R
MTERSEERER




3 W]

FEK, e R TSRS H A R E 309

3 “RiEIZS7RMNETF R

HpE R ) 5 T RRIAT 2578 [l bR B Ok B Bk
HE PR T E BRI 5, BA SRR .

HBRUE TR R M ERIL PR AR 3TN B ) RS 2 —,
SERFA I — ML . BEH T, HERILPUMT
Brp, dET R T SH. 2016 HOy 2 Sl Bl IE )
HhBRvE TR, X HPUE R G SRR TR
Z o EEFR oo FLHEAT B I A R T2
JS 53 53 BT R A SR A AL AR, TSR A H AR AN R AR 1 FdE
SPIRAS . REFHE. RO M ES—FRINEGE, ot
T AE 7 FE SRR 40t B AT . R I 2O, KA AT AR
(el 25 Hh Bk o TL R 1) A YR A5 EE R 2 ) IR, AT AR
ZINAT R TR 240 A8 285N R IV. 7R Rk SR 37 35 RS2 A B /NAT B )
772 A 5 T B BT PRI T R . SR
2016 HOSFE i T & S50 SR 4l 3 A, (EHL R Al
DA% %sf A BH 2 958 A0 R0 2B i i 306 UL & W ] R S5 R
S0 A T T, S AR R

FME R MT R E R, BHiEte
B EA s R N 158, EEFEERITREE
wEEITIPHRI, AEAE RS REMRERER. £
wE BRI B E R AARESINE JEE
BRI R AR RIS AR, DL R EE
HREER, AMTREZIE MRS58 45 5 6
PERIRFE R -

4 % i

AL EFLLS 7302 R E Br/MT E RN DIk
ANSGTE B R 2 L, S5 “ R 57 TR SE It 5
&, R TP EMT ESRIES R B AR, IR
TN A AT B E

o W

SRR ) =57 R S U7 S 1B IE AL R A AT B

SRR WAL .

2 £ x MW

(11 EEARERE R, =R R R A ARE 55485 H k517 2R
%%, GB/T 30114.4-2014[S]. 4t 5% : 7 E bRk H AR At 2013.

[2] P EERREE B RS S T FRE. 20238 S HTVE [EB/OL]. (2023-
11-28)[2023-12-11]. http: //www.casisd.cn/zkcg/zxcg/202311/P02024
0105542012235470.pdf.

[3] VEVERKA J,BELTON M, KLAASEN K, et al. Galileo’s encounter
with 951 Gaspra: overview[J]. Icarus, 1999, 107(1): 2-17.

[4] RAYMAN M D, VARGHESE P, LEHMAN D H, et al. Results from

the Deep Space 1 technology validation mission[J]. Acta Astronautica,
2000,472-9):475-487.
[5] AUSTER H U,RICHTER I, GLASSMEIER K, et al. Magnetic field

[6]

(7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

investigations during Rosetta's 2867 Steins flyby[J]. Planetary and
Space Science, 2010, 58(9): 1124-1128.

PATZOLD M, ANDERT T P, ASMAR S W, et al. Asteroid 21 lutetia:
low Mass, high density[J]. Science,2011,334(6055):491-492.

ZOU X D, LI C L, LIU JJ, et al. The preliminary analysis of the 4179
Toutatis snapshots of the Chang’E-2 flyby[J]. Icarus,2014,229: 348-
354.

ZUBER M T, SMITH D E, CHENG A F, et al. The shape of 433 Eros
from the NEAR-shoemaker laser rangefinder[J]. Science, 2000,
289(5487):2097-2101.

RUSSELL C T,RAYMOND C A. The Dawn mission to Vesta and
Ceres[J]. Space Science Reviews,2011(163):3-23.

GLASSMEIER K H, BOEHNHARDT H, KOSCHNY D. et al. The
Rosetta mission: flying towards the origin of the solar system[J]. Space
Science Reviews,2007(128): 1-21.

AKIRA F. The rubble-pile asteroid Itokawa as observed by
Hayabusa[J]. Science, 2006, 312(5778) : 1330-1334.

YUICHI T, MAKOTO Y. MASANAO A, et al. System design of the
Hayabusa 2 asteroid sample return mission to 1999 JU3[J]. Acta
Astronautica, 2013(91) : 356-362.

LAURETTA D S, BALRAM-KNUTSON S S, BESHORE E, et al.
OSIRIS-REx: sample return from asteroid (101955) Bennu[J]. Space
Science Reviews,2017,212:925-984.

TR, EE, 4, &5 MT BIRINELY B bRt i 5 R[], R
PRI ZEAR RS0, 2019, 6(5) : 424-436.

LICL, LIUJJ, YAN W, et al. Overview of scientific objectives for
minor planets exploration[J]. Journal of Deep Space Exploration,
2019, 6(5) : 424-436.

AR, BRI, AMT RIR S RN AR 2 SOR R B, MRt
J&,2005,20(11):107-114.

XU W B, ZHAO H B. Deep space exploration of asteroid: the science
perspectives[J]. Advances in Earth Science,2005,20(11):107-114.
NASA. NSSDC master catalog: spacecraft-NEAR shoemaker [EB/OL].
(2019-04-21)[2023-12-11].https: //nssdc.gsfc.nasa.gov/nme/space-
craftDisplay.do?id=1996-008A.

NASA. Solar system exploration: hayabusa [EB/OL]. (2019-04-21)
[2023-12-11]. https://solarsystem.nasa.gov/missions/hayabusa/in-
depth/.

ESA. Science & technology: Rosetta [EB/OL]. (2019-09-01) [2023-12-
11]. https: //sci.esa.int/web/rosetta/-/47366-fact-sheet.

JPL NASA. Dawn: mission overview [EB/OL]. (2019-04-21)[2023-
12-11]. https: //dawn.jpl.nasa.gov/mission/.

NASA. Explorers and heliophysics projects division. OSIRIS-Rex
factsheet [R]. USA: NASA,2011.

CHENG A F,RIVKIN A S, MICHEL P, et al. AIDA DART asteroid
deflection test: planetary defense and science objectives[J]. Planetary
and Space Science, 2018(157): 104-115.

RUMFORD T E. Demonstration of autonomous rendezvous
technology (DART) project summary[C]//Proceedings of SPIE 5088,
Space Systems Technology and Operations. [S. 1.]: SPIE, 2003.

SWRI. Lucy mission overview[EB/OL]. (2018-06-25)[2023-12-11].
http: //lucy.swri.edu/mission/Overview.html.

NASA. Solar system exploration: in depth Psyche mission[EB/OL].
(2023-01-03) [2023-12-11]. https: //www.nasa.gov/mission_pages/psyche/

overview/index.html.


https://doi.org/10.1016/S0094-5765(00)00087-4
https://doi.org/10.1016/j.pss.2010.01.006
https://doi.org/10.1016/j.pss.2010.01.006
https://doi.org/10.1126/science.1209389
https://doi.org/10.1016/j.icarus.2013.11.002
https://doi.org/10.1126/science.289.5487.2097
https://doi.org/10.1126/science.1125841
https://doi.org/10.1007/s11214-017-0405-1
https://doi.org/10.1007/s11214-017-0405-1

310 PRI 2 (R3S 20244F

[25]

[26]

[27]

[28]

[29]

International Astronomical Union. Minor planet center: latest published smallest and closest Earth quasi-satellite[J]. Monthly Notices of the
data [EB/OL]. 2022-12-31)[2023-12-11]. https: //www.minorplanetcenter. Royal Astronomical Society, 2016, 462 (4) : 3441-3456.
net/mpc/summary. [30] JEWITT D, WEAVER H, MUTCHLER M, et al. The nucleus of active
HSIEH H H, JEWITT D. A population of comets in the main asteroid asteroid 311P/(2013 P5) PANSTARRS[J]. The Astronomical Journal,
belt[J]. Science, 2006, 312(5773): 561-563. 2018(155): 231.

REDDY V,KUHN O, THIROUIN A,et al. Ground-based

characterization of Earth quasi satellite (469219) 2016HO; It ELE

[C]//Proceedings of American Astronomical Society, DPS Meeting. FEFRA965-) 55, 0I5, ETHFILI7 1A IR IR AT RAHF A
USA: AIAA, 2017. AICBIEAFE .

WARNER B D, HARRIS A W, PRAVEC P. The asteroid lightcurve AF L LRI XK B R 205 (10010D

database[J]. Icarus, 2009, 202(1) : 134-146. i (010)64888708

MARCOS C F ,MARCOS R F. Asteroid (469219) 2016 HO3, the E-mail: licl@nao.cas.cn

Scientific Objectives and Payloads Configuration of the Tianwen-2 Mission

2

LI Chunlai"®, LIU Jianjun"’, REN Xin"’, YAN Wei"’, ZHANG Zhoubin"*,
LI Haiying"’, OUYANG Ziyuan'

(1. Key Laboratory of Lunar and Deep Space Exploration, Chinese Academy of Sciences, Beijing 100101, China;

2. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: In this paper, scientific objectives and payloads configuration of international asteroid exploration missions in the
past three decades were reviewed. On the basis of summarizing the main scientific questions of asteroid exploration, the selection
of detection objects, scientific objectives and payloads configuration of China’s asteroid exploration project, which named
Tianwen-2 mission were discussed. Focusing on the realization of scientific objectives, corresponding scientific research contents
and payload technical specifications were proposed.

Keywords: Tianwen-2; asteroid exploration; scientific objectives; payloads

Highlights:

e Asteroid exploration was a new development direction for space explorations in the Solar system and an important research field

for exploring the origin of the solar system.

e With the experience of the successful implementation of lunar and Mars exploration projects, China’s Tianwen-2 asteroid

exploration mission has the advantage of a high starting point.

e The selection of detection objects, scientific objectives and payloads configuration of Tianwen-2 mission were discussed.

e Tianwen-2 mission is the first in the world to choose Earth quasi-satellites and main-belt comets as exploration objects, which

was a distinctive characteristic
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