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Figure 1 (Color online) Observation sky of Lunar based telescope
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Table 1 Comparative analysis of telescopes deployed in different positions

Site Polar (South) Polar (North) Equator (near side) Equator (far side)
Advantageous sky area South hemisphere North hemisphere = Near sid hemisphere Far side hemisphere
Blind sky area North hemisphere South hemisphere Far side hemisphere Near side hemisphere
Earth occlusion None None Yes None
Communication condition Moderate Moderate Good Need relay satellite
Solar elevation variation Small Small Drastic Drastic

(b)

2 (MEARFE) BIkER. ERIBELRE. (a) FITTFHEGNA; (b) EETHETINA
Figure 2 (Color online) Telescope deployed in Lunar poles. (a) View in ecliptic plane; (b) view perpendicular to ecliptic
plane
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Figure 3 (Color online) Libration points in the Earth-Moon system
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Figure 4 (Color online) Schematic diagram of observation system in L4 and L5 point orbits
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Figure 5 (Color online) Schematic diagram of typical sky observation area

X. RIFHERIZ BN T ], FR 40°~145° NATAIX, 1T —145°~—40° N FIX. HIE B 50 BE 7 22 BH Al
JUAS/NES AT LA BIET A XORIX, (EU) # BE A, 45 S M LU FRAIC. A3, R B m A 38 S L
AN AT DA B 5 2 X R X, (E A AR P ARG, 2 PR A5 e B

FREBIFIE . MR | BEIR LA A, R I e T — MR R A DX R 2 X AN, 76 5 1
T A AN R, R B e B B L d il TR R FHI R X, S2Br b, ZE B R
HERE 7 WA N R ARSI R H X A KX, 48R, X R A SRS, 4 S E0BIE — 0ok HOKFE
] (AT L NT R, BRI A I, T DR B AR N IR S EE, L A s Bk AT LIS B Hh Bk B R
T 123240 Xt M 2 PRI A R ) R 3 R G 1 M 22

DL L4/L5 riBE BRI s, HUBERA HARE &z 3, b3kt AR U % X f I A L5124 A
1/2. HAHETFIEN, BHTEPE L, BA KR, B EHERAE AR £6° (KT Hh3K IR [ 17k M
(Z1°81.9°)), AT LATH5 H MRS AT UK X RS LA 6.3%. 25 REA0R 75 0 S T BT 45° )
KALRR X AT T, R L gt — D BRI 3 0.84%.

[FEE, BT A ERCGERERUN RO R, A £3° (KT HERBETAKMA (48 0.5°)),
DUV AT DA 50 B A] W R X Y EE A 3.2%. 5 Re BB T R J7 d 3, S8 e — 25 PR
# 0.2%.

IR TR £ B, bR A H BRAE AT R X R4 B 2900 1%, A7 T8RRI, fFAERE A 12° x 12°,
6° x 6° MIFLIH. AHEL 2 x 95° x 90° ) HAr K IXVER, JLF AT LA 20,

L UL B e, R AR T T RIS 1% BRI R X, AFAE S BRI B, 28 RO Fry 52 e 1R
N RS BRI A3 — R 10 P57 A A, R DATE S SRS e T, Jad 4 AR ple b A R4 1 K
X, S fFH H A FEER B R AR MR X, DU 6 N, 755 A I, foei e 2 R X 765 A i i
RSN

3.4.2 EEMAEN La/L5 WETFEIN KL Z T

B8 L4 mi, Lo s, HUER, AER, KBHRMALIC R, Bt 7SS, @ AE L A, L5 /O
I & S VI, A5 M & B B 70 5 WL DN R~ DXAE X, Wnlsl 7 fos.

1176



HEBYERRE B2 HTH

X.x
vy X

B e (MEHRFE) A L4 SERENMNRXAELTE

Figure 6 (Color online) Schematic diagram of the sky observation area of the L4 telescope blocked by the Earth and
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Figure 7 (Color online) Schematic diagram of cooperative observation of the L4 and L5 telescopes
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Table 2 Simulation parameters for observation capability analysis

Parameter Value
Telescope aperture 500 mm
Focal length 1m
Optical efficiency 0.8
Wavelength band 8~12 pm
Quantum efficiency 0.6
Dark current noise 4000 e/s/pixel @8~12 pm
Instrument self radiation noise 294 e/s/pixel@8~13 um
Readout noise 30e” RMS@500 kHz
Inverse gain 105 /214
Pixel size 18 pm
Asteroid temperature Fast rotator model
Asteroid emission rate 0.9
Asteroid albedo 0.15
Integration time 180
SNR 6

300

200

100

-1 05 0 0.5 1
X (AU)

B 8 (MERFE) WNEHFSLk

Figure 8 (Color online) Observation capacity contour
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* 3 WNEENHELR (FROEHE 180 7))

Table 3 Simulation results of observation capability (integration time: 180 s)

Limited detection range corresponding to different

solar phase angles (10 thousand km)

Asteroid diameter (m)

45° 90° 180°
20 5250 3850 3140
50 14000 8400 6260
90 19600 12600 9250
140 23800 16400 12000

* 4 WNEEHNHELER (FRoEHE 30 7)

Table 4 Simulation results of observation capability (integration time: 30 s)

Limited detection range corresponding to different

solar phase angles (10 thousand km)

Asteroid diameter (m)

45° 90° 180°
20 2700 2300 1950
50 8300 5350 4200
90 14300 8600 6400
140 18500 11750 8600

KT WTREIR /NMT B (R 45 K ORI 8 B 2R EL A, Holsapple %5 261 78 2019 4F45A T #5807 B 454
FIFASRIE T, JFan i TSR EAR/MT 2T R R E . S5 30k [26] I RER S LA, 7T LA
g o 5 01 ELAR 20 30 SKIE A 28/ MT 2P E R RN, B MT 20 ROk, i
AR R B R A, e/ MT B fa T, VR S IMT B BUE 1R A, AR SERr b, BOA
MT RS IR BN, 255G /IMT ERET RRBUE U7 55 T Fe A RER € iR/ MT R A5 T

R

INT IR, RS2 H A S, R RS 13, LA, L5 AR, AT A
Fi e, FPORZAMT AT AR EAAG, WP o Fir. AL RS S ML, WA TR, SOt
fo R R, R RN

R T 28 0E P 7F L3, L4 AT L5 A1, BT 1 km/s MOEEEIE &, LA (A 5 K, @ $uiEsh 2
PR, T RATH B e o 3% AR B AT A X3, A&l 10 s, AT RAE L, W RAEH ) R4 L3, L4 A1 Ls A
B 3 AMEd R, RSS2 AMT EEE ), TR 2 s A BEE, 29 80 A HM
7 o0 . 2 4B T LKk N 7 40 P P PN AR AT 2

ATUVE H, S A R4 L3 mUE A, AT DUSEES AN R D7 T8 KR/ AMT AR, REs g hni=ak
T gEg A, B, WARE SE&VERIA L, 16 L3 S PuEsS i — B 2R A 2. L3 i PR WA L
A U, R B 2 K T R (HI R B T 2 R AT FE e R

RRAL A7 SERLIN A B vt 3R TS R R, R WAT AR RTINS He A T dskve SR B 0 B 7 A v
i AT /), H TR AR A H AR TT S TR L.

1180



HERBYERRE B 528 BT H

Asteriod
\

9 (MEEMFE) Tt/ MTEEBREE

Figure 9 (Color online) Schematic diagram of near-Earth asteroid interception
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Figure 10 (Color online) Reachable range of Earth-Moon libration point interceptors

6 HRMFNH

6.1 ZELIMNRI
ZLAN R BT RE NS XHAT B PR A AT IR, X BB A LT RAMTE L fHEBRAEIAT RN

1181



JE RS 25 (B N T B LI R ST 5T

ZLANRSCHETE.

6.2 FEMIEFMTEKXS

o % 28 TR A R R B A, R o ) 2 T Y 2 e A B G AT IR, 4o KRB S (Rl
AR, AR 25 (R PR SRR B SR, Syt A 2 (IR AN 5 H S g3 (R R ST iR 55

6.3 SRS
FEML ] L4a/L5 ] DAFE S m e e I Bh, A s 1l Ta) S v 54 S, (b eI S8 R

GEAETT; EBOEIE R AT, S A (A S P AR RE ). M RORIRZR R VLBI R4, $RTHAT R
DU B AE SCRFRE AT, (R ARt ] 2] 35 LR ST A

6.4 ZFESHRA

FEHLH L4/L5 R B G Bk [F P B0 0 B B RE ), RS S 3o i K [R) 25 B3 At 1) 2 H
BT, SRT1 o0 [E P B A w0 2 1) 557 (K DR e

7 EFrE{ESEREEIN

b AT E IR L RES 5 DA MR IR G 7 R U IO AR SG AR, Xt 78 i B 0l =2 Ll
B X BB, it I LT 45 B A B R S, AR AR 5 BRI LE YL H L1
BT DRO UTE I R FE I R G0 A BBC &, R AR, I HE . 3 ad {5 A 2 A 25 34k
R A At LA I RV E I RIS, ARORA S A ) 2 () R 5 WL R 4.

7.1 A1ER

RAATUAT H BRIt 2 B N H BRI 28R 22 58 FOR AR AR, 7870 MU I B 5 VR BRI,
HEB AR L 2730 ORI E PR A AR TR, 0B B it A 2 R 23 A W &R 4

o (£ ZIREAE: AT 207 3 5 RS H La A1 L5 mOWIIMESS, LAJAE F BRAS ] b 35 A5 ¥ 34 48 B
B, SRR it 3 BB 45 WL 2R 4

o BAT SR A AR DLIRIE Dy 3 58 B A (R LN 28 Ge i) A S A, oAt L 5T S aleer, 25 5 it
LRI B fe 458

o B IHIR AR I AMR AL AR &5 55 S Bl B A B, B 58 BT 1) R GEER I WL A A
ZH R T

o BRI E HERERIAN I AL RFART U, SCILEUE L=, DT RIS B2 07T, S K
E

7.2 EBIRK&LE

e g G E R TR, 0 EHE. FPset. WrE M i s, 2Pk H 23 /M7 B0
M ARG,

%100, S A RS L4/Ls Gk DEARS, THRPUEIZITIESR] . WIEES . WIS HA
Bk, TR /MT BN GE, AEAE 55 AT e /IMT 2 3 pe i o it

1182



HEB FERE B52E BT

55 200, RIEPUEIRIRSIR, G REh A R4 L4/Ls siBPUENN R i, Bl ibiz
AT HOH H A 1AINMT BN R G AE3E I ik, #h78 L3 mUBUE WL 2R G id e, M SHE e I 750 5 e
Wb )R FE R GiAT R T .

55 3 00, KFCIHE bR A BRI, BN R AR B AL B H R LA B, I e A 3R /MT
6.

9 400, R AR, A 815 SAUR AR S N SE 2 iR, B
3t 22 1) L 2R ¢

8 i

AT I e = B BN W 8 B AOAS R, 70 H 1 3t 22 TR 0 2 498 55 3t 0l 2 B e 5 WL
W2 B AN B FIVE T, 3R M T AEHS ) RGE L4/L5 s 2 LA B Bl ki 4%, T3l s /N7 B 00,
L oA T B BN RE Ay, 32D R TR Sk e BRI A B S VR B AR 0 AR B, st H A
TE AL 2R 8 BE 0% 5 1 SR e B UL I DX 2% AE I DX o U B I S W B ] 5 07 T RCELAD, g
i 4k AR H BRERIN TRE OB LA, Rl 2N 2, B RIAFIA SR AT, RN AT 5 R STiaE | 58
SR HUE S RA PUE AL BT AN, SRR BT /IMT B R W INAR 2R . R AT 78 70 A [ B A A B, 12
AR A AL MT BN AR S, @ TR R RS0, 2 A L S S AN E A R S
JERt e, ASOT R AT TR TR B By, R B /070 b INEECBE T . fEBLAL B mT St
PE WK /MT R S50 55 5 T IS 75 1t — 2B IRAL.

B R FALR A BTN S BRI R K I T A
i1ib.

S

1 Brown P G, Assink J D, Astiz L, et al. A 500-kiloton airburst over Chelyabinsk and an enhanced hazard from small
impactors. Nature, 2013, 503: 238-241

2 Micheli M, Wainscoat R J, Denneau L. Detectability of Chelyabinsk-like impactors with Pan-STARRS. Icarus, 2018,
303: 265-272

3 O’Keefe J D, Ahrens T J. Impact production of CO2 by the Cretaceous/Tertiary extinction bolide and the resultant
heating of the Earth. Nature, 1989, 338: 247-249

4  Granvik M, Morbidelli A, Jedicke R, et al. Debiased orbit and absolute-magnitude distributions for near-Earth objects.
Icarus, 2018, 312: 181-207

5 Veres P, Jedicke R, Wainscoat R, et al. Detection of Earth-impacting asteroids with the next generation all-sky surveys.
Icarus, 2009, 203: 472-485

6 Emel’yanenko V V, Popova O P, Chugai N N, et al. Astronomical and physical aspects of the Chelyabinsk event
(February 15, 2013). Sol Syst Res, 2013, 47: 240-254

7 Wie B, Zimmerman B, Lyzhoft J, et al. Planetary defense mission concepts for disrupting/pulverizing hazardous

asteroids with short warning time. Astrodynamics, 2017, 1: 3-21

8 Jedicke R, Morbidelli A, Spahr T, et al. Earth and space-based NEO survey simulations: prospects for achieving the
spaceguard goal. Icarus, 2003, 161: 17-33

9 Coder R D, Wetterer C J, Hamada K M, et al. Inferring active control mode of the hubble space telescope using
unresolved imagery. J Guidance Control Dyn, 2018, 41: 164-170

10 Pei Z Y, Liu J Z, Wang Q, et al. Overview of Lunar exploration and International Lunar Research Station. Chin

Sci Bull, 2020, 65: 2577-2586 [3EREF:, X4k, TAE, 5. HERERNE R S5 E R H BRI 6. B8R, 2020, 65:

1183



EE

Motz b A R /T 2 I R e T

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

1184

2577-2586]

Mainzer A, Grav T, Bauer J, et al. Survey simulations of a new near-Earth asteroid detection system. Astron J, 2015,
149: 172-189

Li Z-W, Zhang T, Zhang N, et al. High precision orientation of faint space objects. Optics Precision Eng, 2015, 23:
2627-2634 [ZEHRAR, TV, Tk, & BEES IR B ARI SR FE B L. Yete R % LR, 2015, 23: 2627-2634]

Lyzhoft J, Basart J, Wie B. A new terminal guidance sensor system for asteroid intercept or rendezvous missions.
Acta Astronaut, 2016, 119: 147-159

Wang S-H, Hu M-F, Chen Z-P. Noise analysis and the study of SNR model on the astronomical CCD camera. Semi-
conductor Optoelectronics, 2007, 28: 731-734 [ 1572, BHEVE, BRYEF. K3 CCD ML B 4347 515 e LA Y
FIBF 7. 2SR, 2007, 28: 731-734]

Sun C M, Yuan Y, Zhao F. Analysis of SNR for space-based imaging detection of space object. Infrared Laser Eng,
2015, 44: 1654-1659 [FhRH], 24, B4R 23 8] B AR R IE AR IS e LL 23 . 08N S5 IH0E LR, 2015, 44: 1654-1659
Michelsen R, Haack H, Andersen A C, et al. Asteroid and NEA detection models. In: Proceedings of International
Conference on Recent Advances in Space Technologies, 2003

Gong Z Z, Li M, Chen C, et al. The frontier science and key technologies of asteroid monitoring and early warning,
security defense and resource utilization. Chin Sci Bull, 2020, 65: 346-372 [%QJ‘E, éﬁﬂ, B,iﬁ}ll, E—% d‘?f%ﬂﬁ{}ﬂﬁﬁ
B BRI BT RRA R OCHER. Bk, 2020, 65: 346-372]

Wang X B, Huang J N, Wang A, et al. Photometry studies of physical properties for Near-Earth asteroids. Optics
Precision Eng, 2020, 28: 2549-2562 [LWHet, HET, T#, &, T /MTEEEAY BV AL, 5% 1T
£, 2020, 28: 2549-2562]

Wang X-H, Li J-F, Wang Y-R. Orbit determination and precision analysis of space object with space-based camera.
Optics Precision Eng, 2013, 21: 1394-1403 [EF54L, ZR0E, T Z o2, RILRAANU I 23 (8] B b5 2 B 15 KRG B 45
Br. 6k THE, 2013, 21: 1394-1403)

Wang X. Study on the precise orbit elements determination of low-orbital space target based on multi-arc measured
data. Dissertation for Master’s Degree. Harbin: Harbin Institute of Technology, 2017 [If]] F T 2 B & E R 1)
AICEAS 8] B ARSI 8 U VBRI 5. B2 A0 10 0. e IR IRV kR %7, 2017)

Hou X Y, Liu L. On quasi-periodic motions around the triangular libration points of the real Earth-Moon system.
Celest Mech Dyn Astr, 2010, 108: 301-313

Grav T, Mainzer A, Sonnett S, et al. The NEO Surveillance Mission (NEOSM) Survey Simulations. In: Proceedings
of AAS/Division for Planetary Sciences Meeting Abstracts, 2020. 52: 208-03

Wang X T, Zheng J H, Li M T. Study on observation simulation for space-based potentially hazardous asteroids
warning mission on Earth trailing heliocentric orbit. Optics Precision Eng, 2020, 28: 25632571 [I%ﬁ{fr, IR, 2
BV, BRI TE fo /MT B R EG 2 I 07 BT 7. 62k % A2, 2020, 28: 2563-2571]

Wang X T, Zheng J H, Li M T, et al. Warning of asteroids approaching Earth from the sunward direction using two
Earth-leading heliocentric orbiting telescopes. Icarus, 2022, 377: 114906

Ma P B, Baoyin H X. Research status of the near-Earth asteroids’ hazard and mitigation. J Deep Space Exploration,
2016, 3: 10-17 [H MK, T &P, i /MT 2B -5 BT LR, TR SR, 2016, 3: 10-17)

Holsapple K A, Housen K R. The catastrophic disruptions of asteroids: History, features, new constraints and inter-
pretations. Planet Space Sci, 2019, 179: 104724

Dunham D W, Reitsema H J, Lu E, et al. A concept for providing warning of earth impacts by small asteroids. Sol
Syst Res, 2013, 47: 315-324



HEB FERE B52E BT

Near-Earth asteroids observation system in cislunar space

Yuhua TANG!, Weiren WU'2, Mingtao LI®*", Siyuan HAN®, Haiming QI®, Xintao WANG?3*,
Qi ZHOU?, Zhe ZHANG!, Shaojie TIAN', Meng SHI! & Xiao JIN'

. Lunar Exploration and Space Engineering Center, Beijing 100080, China;

. Deep Space Exploration Laboratory, Beijing 100080, China;

. National Space Science Center, Chinese Academy of Sciences, Beijing 100080, Ching;
. University of Chinese Academy of Sciences, Beijing 100049, China;

. China National Space Administration, Betjing 100048, China

Corresponding author. E-mail: limingtao@nssc.ac.cn

¥ OU b W N

Abstract One major threat to humanity is the impact of near-Earth asteroids (NEAs). Planetary defense is
a shared responsibility of all human beings to protect our home planet. For planetary defense, we must first set
up an asteroid monitoring system. At the moment, asteroid monitoring mostly relies on ground-based optical
systems. Because of the limitations of optical observation conditions, asteroids from the sunward direction during
the daytime cannot be detected and tracked in time during the day. Due to its specific location advantages, an
appropriate space-based monitoring system would be a useful supplement to the ground-based observation system.
In this paper, the problems and shortcomings of the ground-based monitoring system, as well as the benefits and
drawbacks of space-based telescopes, were summarized. The mission concept of space-based telescopes for NEAs
observation based on the L4 and L5 point orbits of an Earth-Moon system is proposed. Furthermore, suggestions
for international cooperation are made. This research will be useful in the future when building the NEAs
monitoring system.

Keywords cislunar space, planetary defense, near-Earth asteroids, Lagrange point orbit, infrared telescope
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