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Fig. 1 2015 XF261 asteroid orbit"
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Fig.2 2015 XF261 asteroid brightness variation curve "’
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Fig. 4 Other types of asteroids and spectral characteristics
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Fig. 5 Variation of a single station’s penetration depth with the tangent of
asteroid loss angle

MR ol TR AT A, PRI I MT B IRER R
TRMTR S LN R 3 o
®3 IMTERNE R BLIERNNZFERE

Table 3 Penetration depth of asteroid detection radar single
station detection

MERE bR KAEIE AT i
RS (E2) /m 7.5 0.25

20 PR L5y P e

RERMDHEZRT RAWREB, maPEH
okt 448 S

PRI E KR E 18] 53 2 Ad ono N
Kv Kc
2B 2B+&

o KMAUREYE RE v BBEE AT L A
R NGB B LRI e AN FARXT
HEH, RB ARG KB R BRI ESHK
B S RECKEL2, S B SR ER9, R
1E0.01,

N IE G A TN B A T R FRAR VR RE I, G —K
MBS N E X, B R4FTR.

Admono =

2)

F4 MTERVBZRE RS HER
Table 4 Asteroid penetrating radar depth resolution
HinMT 2

PERETEIR

RSuEIE BiBiE
R JZ RN E /m 50 8

i

MR L M7 R KA A AL AR R
P TE AE RN N T B IR BE 73 B R IR S TR

RS RNBXRERSHE
Table 5 Penetrating radar depth resolution
HbR/MT
RS IE LB IE
2.5 0.083

PERETR R
BRI /m

25 SBRERFIRUEKRSH
251 RSN RS

FE R Sy o3 T B & R B TE 1~ 150 amuZ 8] [ 53
T, XATEH A ERE TATEE WAE RS, WH,.
NH;. N,. H,0. CO. CO,. CyHx. H,SHIH#A
Sk KRN 2, WA T R WA SRR KW
AU, WA, M FEIEEWSE, FikRex
HAR/IMT B2 B A A V) ATV 30 E

ER Y Sy T T & 7 F % AE 1~ 10 amu, &
B/NT0.25 amu, 7RSS AR RSS2 5S4
B R I 5 R R R SR P A B 22 A LA T R
HATHER X 77, FmEAARE M E W, 1
11~150 amu/hF1 amu, A6 3E [E] 5 55K 4% & 45
HEAT AR R 23 B AN .

252 BB RS

WRIFEFF R, DR E T ZE X BT
BT JE R AR IR AT IR . R T RUEA IR &
B HAE A PR 75 i JE B N 3R B2 8 2 Rl i = & IR 4L
i, Wk PR IR R 2 AR IR AR A IR A, X)
AR FRPP R R, KRS @8 &
I3 HEERI .

FLAR ATHOK B 22K 5 2 ] 4 2 15 R A% DN £ 3 136 38
U I B 7%, S EAE 1~ 500 my/s [ 44 2 12 55
EIRFEHZ AT L, JIEAEL x 107°~3 x 107 git
FE] PN 1 [ Ak 2 422 I 0 o P O 9 AR i R, TR
153 x 107 ~4 x 107" gyt [ Py [ 74 42 25 5 &2 00 & FH 3R EL
e JE B RO T B ARIRIIRAE . HE. BhE
B BT AR O A I A g T — AN R R R, R — A
BB W RS, AR RG DI AT T,
R AR F ful g I 2 5 e AR H AT pm~1 mm.
BRI 1~500 m/s. HBADIRTE3 x 10°~4 % 10" g
V0[] R A SRR M S B R I

TEWER AP A E — N QCMAL 8%, DL
24 DL BB 1R 2051 3E R VIS TABOE A4 B a% 5 o 7E
1% 107°~3 x 107 gy [l Py (2R3 kL7 R AU A0 7y
(RN B o XA I b S R S B ok A% 0
P, 4G RMEER T, AT N R E R



174 WA R Ch3E30)

20244F

PR IR A R B (1350 4315 BRI
253 BSFERNTE R HT

X BH RS B AR TEAT B B 1 0 AR rh s 3 /T B
W, a5 /MTREPFAMBAER . AHEAE 58 IR
T/NMT BRI /N REAG SR FE o AH ELAE R
2 HOK BH RCRL T3 B /NT B TR, (H— 35890 K BH R
KL F 20 S BUR,  ROd k2 5 m KRB S 4. KFH
RATHE/AMT R RTINS, 5/MTERMAHTIEM, W%
WHBET. H—m, KHEEIEES=4 T,
FEAMT BT B 412, 2 s PR i 55 5
T,

NSRS /M7 B IAR AR, & EXTRE &
Ja eV ~ke VIR RE F+ AKPHRHETF KBH K
R BB RIS B T AT R, BRI S B AR
BT HIRER. iR EEM .

ST I (Rosetta) {155 sl A BH X5 H,
TRk, HREEE SR ke, HEABEE TR
BEAE L, XS AR PRI T SR T a0 . DRosetta
SCIES T RERE T PO BER L A30%, BRI
7% (1) BE B 70 3 ST AR UE A RAE A, m s R 41
giK); QRGN EFRERERNMESESR, BT
Wit BT E RS eV~5keV, T%MEEREDHFED
TREL128 N AeiE; (32 sh [A] 73 2 1] DASE L2 T K
N JROBE 23 (R G5 R AR s @K BH B 3 /AT 22 5 6] P R
TREEMIG AT 21 eV, mim NG 210 keV /e
Hi, 5eV~10 keVr i FEAEEIGE, 7%MEREE
PR 144ReE T LB R RESE % O EA
2 T SR ARG B R I IAR, W0 R OK BH RS - A/
A7 BB T R [R] B R 3

ANAT B T T A BT R R PRI /M T B I S
BT R, EE LSS A, B RS
RIS HMES, FS R ESEES:
O X B FIBER TSI I8, &2 B B R
IR S BRI, R EF R A s
BT AF RGP BCRRRIN LA 5, H—0
THT 2 AR ARG AN 25 AR JEG T 75 R B2 v A3 2% 1 4 0 15 M L
@/IMT B & T By = A, HT R A0 o A
7, R B EA TS M AN [ O AT
RIX 4y o T BT BRI R G 206 AT B ) 1 &
SR S IR 1 I S 3 R R

3 BUEHMARE

RAE AR bR, LSRN & 70 Bl 28 20T
MBI IR ], VL E4 B R B I E, B

o U RO =R A PR BB, SR
HIES BRERT M. B H ARS8 B
RAWMEOF7R .

#o6 MEBRSAHHEMEXFE
Table 6 Correspondence table between scientific objectives and
payloads

5 A iR A RO

WO E bR MTREIPUESR | PR ML
fiE, $RoR B Iy AR | ik ROt = 4RI

LR AL

Sk e WOk = BN

ERE N

B G R4 AT X
TFRHTEAR AL RS | PR AL

3 GRS TE, R | i ROt =R
SRR ARG RT3 AT

1

TR E b MTEBR. K
2 N iIE 7 P e |
ARk

Tl KOs = HEPRINACELAE GG 2 A A0 R A
B, Jeig MR R SRIBUMT BRI A AT )5
LW M5 S, A 23 B AT 2 B o
WS SREMEE A BOLHEIERA =4
W Thae, RN HE&—4iTihae, Ka/MTE
il FE AN Ge RSB /AMT BRI = AR A 2 AT
Al a0 =48 U & B /MT 2T e LT 41
JEARM, Mg /MT ERSF R LT ANE,  DATE Al Hfi
BRI NI R A BRI S5 B 3. ORIE
AL R AR HLIA B B, 45 & RN 88T 6 AL
BB WEEER, B = 4RI
i, MEMTEN=4ESehiR, 1HEAMTEE
W Kb Bith, AREFIESERAYHSH, Ofd
A8 I A R LW I R S, 45 & 4RI &
B 2 SRl BT TT/IMT A5 H, I R
DN P FEAR A AN o WA T R, i SR AT R
TR A, T S AR SR @A
EI/MT RIS A REETESE TR K/
AN (B I A IR AR A HGAL,  RZ/IMT B R AL Z HTE
JRATIR 25 AR AL AR, BIF 7 H 2R TR o 6 i T i 3 A
S8

PRI T T G R e PRI 45 5 IO R0 75 58, 3Rk
BT BARJZ AR T ik Bl At , S IR B 45 1
RS AR 2 AR, WF AR T AN A R4 Tl
SURL KD s I 72 NP ER PR S /S P = eSS R
T A S RO = 4RGN ACERI 2 14 BT R 73
B, oA/ MT ERBURCE LSS, Dy R0 A M
SRR

BRI G HLT T A BHA R S5 B 46 O
INAT R AR T HT A 7 AR N R O Y 5 BRI



F2M

AR, e /MTEBIERIRAE S B AR 50 R i B 175

B BASRE KL W AR, TR /INMT R R
TGRS AARTE B &5 — 2R 51 B R ] BT 7
@RI /AT B K BH X 7 34858 DA R /INMT 2 ST
Wl 78, WFFUKFR XS /MT B A A RIS AR
LHVEL; JEERNNMT BRI, 45 A TSR
SRR BAE S, NT/MT BRSO T
i #r.

4 % B

Bl 5 v [ 30 e J8 ol B A8/ T 2 AR PURHIEAE 55 (K 4E
PO 5 R REVEAL TR, S SRR IEAE 55 (10 KAT AR
X TFRE T B Re i B A /IMT AR SURAIEAE 55 1B 27
Hbrieit. M4 B R/MT ERRHE, i E6E &
BOt =4ERA PR aMIL. RUEL, 2R
SR T4 G A R, T /AMT B 2R AT A ER
PVEALARFAERT L, $87n/MT B AR PUEITR
SRR RS, BT U ek e R R /M T B A
oI S PUE IR, AR SR S /INMT B AT 55
PP AR -

2 £ x W

[1]  SCHMIDT N. Planetary defense: global collaboration for defending
earth from asteroids and comets[M]. Cham, Switzerland: Springer,
2019.

[2]  European Space Agency. ESA NEO risk page [EB/OL]. (2017-01-15)
[2022-01-15]. https: /neo.ssa.esa.int/risk-list.

[3] RUMPF C M, LEWIS H G, ATKINSON P M. Asteroid impact effects
and their immediate hazards for human populations[J]. Geophysical
Research Letter, 2017, 44(8) : 3433-3440

[4] KOENIG D, CHYBA C. Impact deflection of potentially hazardous
asteroids using current launch vehicles[J]. Science and Global
Security,2007(15) : 57-83.

[S] HERNANDEZ S, BARBEE B W. Design of spacecraft missions to test
kinetic impact for asteroid deflection[C]//Proceedings of AAS/ATAA
Space Flight Mechanics Conference. [S. 1.]: AIAA,2012.

[6] MCINNES C R. Defection of near-Earth asteroids by kinetic energy
impacts from retrograde orbits[J]. Planetary and Space Science, 2004,
52(7):587-590.

[77 WANG X T,ZHENG J H,LI M T, et al. Warning of asteroids
approaching Earth from the sunword direction using two Earth leading
heliocentric telescopes[J]. Icarus, 2022,377: 1-15.

[8] BOTTKE J, WILLIAM F, et al. The Yarkovsky and YORP effects:
implications for asteroid dynamics[J]. Annual Review of Earth and
Planetary SciencesAnnu, 2006, 34: 157-191.

[97 VOKROUHLICK'Y D. Yarkovsky effect on small near-Earth
asteroids: mathematical formulation and examples[J]. Icarus,
2000(148):118-138.

[10] CAPEK D,DAVID VOKROUHLICKY. Accurate model for the

Yarkovsky effect[C]//Proceedings of International Astronomical

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Union: Dynamics of Populations of Planetary Systems. [S. 1.]:IAU,
2005.

HYLAND D C, ALTWAIIRY H A, GE S, et al. A permanently-acting
NEA damage mitigation technique via the Yarkovsky effect[J]. Cosmic
Research,2010,48(5): 430-436.

SONG G M, CHEN C,GONG Z Z, et al. Experimental study on
momentum coupling law of interaction between pulse laser and asteroid
like material[C]//Proceedings of the 71th International Astronautical
Congress. Dubai: [s. n.] 2021.

LIMT, WANG Y R, WANG Y L, et al. Enhanced kinetic impactor for
defecting large potentially hazardous asteroids via maneuvering space
rocks[J]. Scientific Reports, 2020(10): 1-15.

WANG Y R,LIM T, GONG Z Z, et al. assembled kinetic impactor for
deflecting asteroids by combining the spacecraft with the launch
vehicle upper stage[J]. Icarus, 2021,368(1): 1-15.

POPESCU M, BIRLAN M, NEDELCU D A. Modeling of Asteroid
spectra-M4AST[J]. Astronomy and Astrophysics, 2012, 554: A130.
BUS S J, BINZEL R P. Phase II of the small main-belt asteroid
spectroscopic survey: a feature-based taxonomy[J]. Icarus, 2002, 158:
146-177.

BUS S J,BINZEL R P. Phase II of the small main-belt asteroid
spectroscopic survey: the observations[J]. Icarus, 2002, 106-145.
DEMEO F E, BINZEL R P, et al. An extension of the Bus asteroid
taxonomy into the near-infrared [J]. Icarus, 2009,202: 160-180.
STANN B L, DAMMANN J F, GIORNO M D, et al. Integration and
demonstration of MEMS-scanned LADAR for robotic navigation[J].
Proceedings of SPIE, 2014, 9084: 90840J.

STANN B L, DAMMANN J F, GIZAA M M, et al. MEMS-scanned
ladar for small unmanned air vehicles[J]. Proceedings of SPIE, 2018,
10636: 106360E.

SORNSIN B A, SHORT B W, BOURBEAU T N, et al. Global shutter
solid state flash LIDAR for spacecraft navigation and docking
applications[J]. Proceedings of SPIE, 2019, 11005: 110050W.

TSUDA Y,NAKAZAWA S,KUSHIKI K, et al. Flight status of
robotic asteroid sample return mission Hayabusa 2[J]. Acta
Astronautica, 2016, 127: 702-709.

CARMO J P D. Imaging LIDAR technology developments at the
European Space Agency[J]. Proceedings of SPIE, 2011, 19:800129.

RF Uk, 1R PHY, AR, TAT B SN BCE B B0 E X RS
[CY/TEF AR RMBEAR LA R BHEERER. K
Jie op B A R IR B Ll 2R B £, 2013,

KOBAYASHI T, OYA H,ONO T. A-scope analysis of subsurface
radar sounding of lunar mare region[J]. Earth Planets Space, 2002,
54(2002):973-982.

KOBAYASHI T, OYA H, ONO T. B-scan analysis of subsurface radar
sounding of lunar highland region[J]. Earth Planets Space, 2002,
54(2002): 983-991.

HERIQUE A, AGNUS B, ASPHAUG E, et al. Direct observations of
asteroid interior and regolith structure:science measurement
requirements[J]. Advances in Space Research, 2018, 62(8):2141-2162.
JEWITT D. The active asteroids [EB/OL]. (2019-04-21) [2023-03-07].
http: //www2.ess.ucla.edu/~jewitt/mbc.html.

HENRY H H. Main-belt comets [EB/OL]. (2019-04-21)[2023-03-07].
https: //web. archive. org/web/20110806021852/http: //www.ifa.hawaii.
edu/~hsieh/ mbcs.shtml.


https://doi.org/10.1002/2017GL073191
https://doi.org/10.1002/2017GL073191
https://doi.org/10.1016/j.pss.2003.12.010
https://doi.org/10.1146/annurev.earth.34.031405.125154
https://doi.org/10.1146/annurev.earth.34.031405.125154
https://doi.org/10.1134/S0010952510050096
https://doi.org/10.1134/S0010952510050096
https://doi.org/10.1006/icar.2002.6856
https://doi.org/10.1016/j.actaastro.2016.01.027
https://doi.org/10.1016/j.actaastro.2016.01.027

176 PRI 2 (R3S 20244F

[30] AUSTER H U,RICHTER I, GLASSMEIER K, et al. Magnetic field ST HIHE s [ R 22 5 2 TR 7 6 (100190)
investigations during Rosetta’s 2867 Steins flyby[J]. Planetary and Hif: 13501054001
Space Science,2010,58(9): 1124-1128. E-mail: zouyongliao@nssc.ac.cn
[31] PATZOLD M, ANDERT T P, ASMAR S W, et al. Asteroid 21 lutetia: BEESR1972-), B, WHFE , L ERI T E R T E B RS
low mass, high density[J]. Science, 2011, 334(6055) : 491-492. IR BT RGBT 5 AR SCBESEE .
YE# T TAF L T R 27 o [ 2K 2 LR 27 02 (100190)
ARABE1964—), 55, W FT 53, BT 1A F BR824 BRI 11 ik s Rif: 13910260395
AR SR BRI E-mail: xuechangbin@nssc.ac.cn

Scientific Objectives and Configuration Payloads of Asteroid Defense Test Missions

ZOU Yongliao"?, XUE Changbin', JIA Yingzhuo', LI Mingtao', XU Haitao', LYU Bohan',
GU Zheng', TANG Yuhua', CHEN Qi’, WANG Chi"*
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2. State Key Laboratory of Space Weather, National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
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Abstract: As for China’s first near-Earth asteroid defense on-orbit verification mission, the defensive disposal of the potential
risk of near-Earth asteroid impact on the Earth was verified. The scientific objectives, scientific exploration mission were put
forward, the scientific payload requirements analysis was conducted, scientific payload configuration was proposed. This study
may provide a basis for decision-making for the implementation of the future asteroid defense missions .
Keywords: asteroid defense; scientific objective; scientific payload
Highlights:
e A near-Earth asteroid with a diameter of approximately 30 meters was selected as the experimental disposal target to conduct on-
orbit demonstration verification of kinetic energy impact deflection of asteroid orbits, and the experimental effect using space-based
and ground-based observation facilities was evaluated.
e The overall scientific objectives of the first asteroid defense mission was desigend and completed.
e The configuration of four scientific payloads has been preliminarily determined, including spectral and laser 3D detectors, mid

field color cameras, detection radars, and dust and particle analyzers.
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