y s g T PERTER
4 Ly’ i
(@ # #gl- % S o %1z A Eh: PEMFRKE SR EHUAS LRI

FEMELERFS

QPTICS AND PRECISION ENGINEERING . W

HERABPUE fEH/MT BRI BN EHF R
Trie, M, FEU%

RS

T, A, 2RIV, MR A R S /M T B IR ED L 05 B[], Ot R TR,
2020, 28(11): 2563-2571.

WANG Xin-tao, ZHENG Jian-hua, LI Ming-tao. Study on observation simulation for space—based
potentially hazardous asteroids warning mission on Earth trailing heliocentric orbit[J]. Optics and
Precision Engineering, 2020, 28(11): 2563-2571.

TEZL L View online: https://doi.org/10.37188/0PE.20202811.2563

FETT ARG HA S B

Articles you may be interested in

VT M T R BEAY BT DA ST
Photometry studies of physical properties for Near—Earth asteroids
Yz K% TR, 2020, 28(11): 2549-2562  https://doi.org/10.37188/0PE.20202811.2549

ARRZph T A R B L e o o) D) 3 Sl it
Degradation estimation for output power of silicon solar array of low earth orbit satellite

e K% T 2017, 25(122): 180-186  https://doi.org/10.3788/0PE.20172514.0180
TR A PeRaE R DR B AL A Ehn ik

Lunar calibration method through attitude maneuver of low—earth—orbit and high—resolution remote

sensing satellites

e K58 TR 2020, 28(9): 1913-1923  hitps://doi.org/10.37188/0PE.20202809.1913
HE Tk AT 0 3l H AR OGRS I

Dim moving target detection based on fluctuation analysis

Se2F K5 E TRE. 2020, 28(11): 2517-2526  hitps://doi.org/10.37188/0PE.20202811.2517

BT GPURY/IMT DL A WL P 5 S ik PR
A method of real-time data reduction of asteroid optical observation image based on GPU

Y2 K% T RE. 2020, 28(11): 2527-2534  https://doi.org/10.37188/0PE.20202811.2527


http://www.eope.net/
http://www.eope.net/
http://www.eope.net/
http://doi.org/10.37188/OPE.20202811.2563
http://doi.org/10.37188/OPE.20202811.2549
http://doi.org/10.3788/OPE.20172514.0180
http://doi.org/10.37188/OPE.20202809.1913
http://doi.org/10.37188/OPE.20202811.2517
http://doi.org/10.37188/OPE.20202811.2527

#28% H11M e R TR Vol.28 No. 11
2020 4E 11 A Optics and Precision Engineering Nov. 2020

XEHS 1004-924X(2020)11-2563-09

M BR /N B LI 75 /N AT B R S 5 A T 5 B R

EHA AL B F
(1.7 EHFK BEXZEAFEQ, b 101499;
2. #FE R F I k%, E 100049)

T /AT B MR TR T R AT B 9 AT B2 . 1 0P B0 5 0 12k W Ok B R PR U 1] /AT B Y [ AR SCIR IR T R
YNGEEBERS Lfts&‘%ﬂ.ﬁ’fﬁﬂ%ffﬁ}%ﬁﬁo B M ER AR = RG]y HE sl L S T B B I A R 5 N R LR E AR
L L% 29 o S BRI B 0 /AT AR A T LA AR R S T R e B Ol A B B A UL AN B R RE . i FLE AR R

i

B N 2 580 m/s HY 1 Tfi%l_’f‘ﬂ 6 4F P R TS I R 0 A e DR AR AN R A 6 06 5 X A At A e b /AT B BN L TE
W B S5 24 BYSRAETT bR A B B L B R 7E 6 AR R ULI 84. 5% B AR i 140 m MY HL/MT A, BEAE X R
F K BA 7 1) B £ b /NAT B HEAT R AT i&ﬂ% \ i 0L B B A B /N R LA A A ORI 5 il

X B W ATEGE; AT E RAKRF B Rk A P P A

hES2£ES:P185.7 SCEEARIRAD : A doi: 10. 37188/OPE. 20202811. 2563

]

Study on observation simulation for space-based potentially
hazardous asteroids warning mission on Earth trailing heliocentric orbit

WANG Xin-tao'?, ZHENG Jian-hua'?, LI Ming-tao’*"

(1. National Space Science Center , Chinese Academy of Science, Beijing 101499, China;
2. University o fChinese Academy of Science, Beijing 100049, China)

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

Abstract: Monitoring and early warning of asteroids are the premise of planetary defense. To monitor
and provide early warning of asteroids from the Sun direction, an Earth trailing heliocentric orbiting
optical telescope mission was proposed. Furthermore, considering the third-body gravitational
perturbation of the Earth, an orbit maintenance model was established for the telescope. Considering
apparent visual magnitude constraints of asteroids and field of view constraints of the telescope, an
observation model for potentially hazardous asteroids was established. The observation and early
warning efficiency of the telescope were evaluated. Simulation results showed that with delta-v of
approximately 580 m/s, the orbit drift distance of the telescope did not exceed the initial state by 6%
within 6 years. The telescope, under the condition of limited apparent visual magnitude of 24, could

observe 84.5% of potentially hazardous asteroids with a diameter of more than 140 m. It could also
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provide effective early warning for potentially hazardous asteroids from the Sun direction. Thus, the

optical telescope on an Earth trailing heliocentric orbit exhibited good observation and early warning

performance.

Key words: planetary defense; potentially hazardous asteroids; space-based optical monitoring; Earth

trailing heliocentric orbit; orbit maintenance

1 31 =

1 b /NT B U S i BR T A7 AR AS XL R AR
L5 b ER B () T RE L 5 s b Bk R 2 UG BT
B /N R AT W U L s Y,
Hb LB E BE 5 32 KA RASF R RS, H AR I
B P10 R M 0 SO 000 5 3550 S B e A5 %) SO S s (]
B, HICHE XSk 8 K BH 7 0] B /NT B R AT P& 5 R
FERD LA A B R AR Z KRR MR A w5
O R R A A A DR W T 2 /N AT I T
S g SR

FE M NEOCam 5 1H X 76 H Hi L1 55 %
AT R AT I LR S AE N R 2/3.10 4R
R 90X LA L HARM T 140 m 1Y fa i /MT RS,
Shy R B IT B B T b KA R ) /AT AL L S T IR ]
MU B612 e BB AR RPN E
5, R AE 6.5 4E N & BE 90 %0 LA 1l i
140 m BY/MTE™ . R. Michelsen %5 A2 1247
FEHBRBLIE 1Y Bering AT 45 , ¥ 8 3 F fe 4 R ~F o
A /T BB PR 43 Bt T DL SR SR /N L EE
28 SCPE B HEAT BY AU TH B R 43 BT 6T b T b S
IR 3 B89 BE X /NAT B & BLEE DL AL
Mainzer 25 N\ % F#8 A= i B /NAT B 008 22, X
HoH M L1 S8 5254 RH0E Eaa s, 05 545
B HH L1 iS5 K4 RPERTHEYN HE
140 m DA b Ay fa /47 2 HA A Y R 00 I sk
B . 2005 4, 2% [ [ 2 58 o < AR VA AR B O b R
TREZROE R AL NASA 7E 2020 4EXF 90 % B A2
R 140 m B/NMT 2 AT, R a2y
PR MEARBCY H H A SR T4 30% .

AR SCER X R A K BH 7 1) i b /N R e 0 0
%l‘rﬂﬂ S 4 LT B BR 2 B B S S Ol A B O B

AT WEDN . T S ) b BR A T B0 3E BE G B ) L R

fiﬂﬂﬂﬁ,\, 5B T YR BT 0 R R A AR
Jei VAN T AL A5 R R G s A 3 1 Ry A R A& A
SE/NT R AT UL R RS {7 E A A T A T MR A

BUTE L 2 B AL BT N fE b /N AT R R 00 N0 R
i

2 ARREHEBRZBAT R A KW G @
AT R WAL 5 AT

\

o 1 b BE g 5, i AT AR K 3 B A
T /N B2 K3 R 5 0 L3 T R e R AE H M R
4 L1 s s e BHED . RREBE R e
EE AT ok [ K BH 7 ) A /AT B I 37 n & 1
i

35 T SOOI 7 i) F b BR R A R, b R
RAMENCEET, FUBETE B B0 7 i 0 A 0, PR ot
K BH 7 1) 2 Hb 3O B e 55 I 15 X, 4 HLHE
o 07 5 B4 R R A AE R A E R R i
A AR A R B/ MT RS . kA K
J7 8] B /INAT B AR VR R R, S A G g o %
A WL fE

HH L1 50T H % LR B b ER 150 X 10" km
Aib A5 T % M A L R R BH O 1 /N T R R
A — T B BE 1, (1 B 2 HURE R b ek $E A 2
(150~180) X 10" km [ i 5 B

He 4 BB AT HER 0 A R T R BT
HbBRE NN N R B 2R S B E RS
HbEKAH 22 5K, B A 5 5 L EK (04 A 6L 22 &R B 210 AR
AL R A3 s ) B M ER A e . 24 /N AT AL N M ER
7 A U RO — 2 AR 2 A B AR
BRI A N L BRI G 7 A R i 4 S e 9

A SR A b R e A D A SR 6 T M
BRET T 8E J29 1 058 X 10" km &b, ¥ 37 I 4 45
] M EK 7 1] . B BRA % 08 5 sk s 2 AR 4 i 0L
AR 56 R R ISkt W0 R 11 oK BH 7 1) B /AT A
FLA 1S R R B AR e, T Sk i BR B AL a0t T

TANHEA TS, BTG sE Bk

I, B2 37 5 0 4 E M KT O B0 S O XN T B Y
WD A RE A Y . X B DA B B S A Hb Bk
J& 5 A BT AT B .



o511

T S M BRI S M /N T B R B A M 7 BT

N

o 2565

® Earth

(a) HHb L1 A5
(a)Sun-Earth L1 orbit

3 IR EEHE MM

WA R OR B 51 B S Bk
AL 22 46 2 AR KR 1 SE L AH iy T JE B b R ok A
M BRI K58 = AK S| 7 45 3 23 18 B2 G 45 L 3 O
T . il B G A AR X b BR AR T AL A 2 Y R
Y e R 4 AT U 4R
3.1 HE4HREE

TEAT: 55 73 i W01 A 1) B — 7 s [) ) B2 78 455 it
T ) R R L A SR B R R AE H AR 0 B

I, BB A, e F v, RN B

03 ey Bsf 220 RS S Tt o £ — YR G Y 0 22

s RN Avy o Z 5 B — R 8B 38 R 5 2
DS HOR A A

x;= [¢;,Av, . (D

PR b B e 5 0 4R 5 ST S EOR -

X =101V 2 X1 X0 0 X, 00000 x, . (2)

H b Ay B2 2L 8 78 B T 73 i A LT 4 R T R
Y )

J(o) = ZI]AU, > min. (3)

B Ik LB R i R G i
FR I B0 S IS I 2 2R
p(a)=|d—d,|—1.2X10°<0, 4
Horb d Sy B i 5 M BR A RS
X TR R R e 2 ) A 0 L R R AE R
BRG]y A 3R 2 = AR 51 J1 5% 3h T BR & T7

120X 10* km)

Telescope

()24 A HLE
(b) Venus-like orbit

B 1 ersms s ER
Fig. 1

Earth),

Sun

(o) M ER AN 5 BT

(c)Earth trailing heliocentric orbit

Schematic of telescope

r=v
— ) &)
L”%*J
Horb e pe 2000 KA ER 19 5] J1 2%, r 1
re o7 R BRI B ORI O BR 7E B M R b i B
K,
3.2 HEHRHEIKE
R T TE A R AR A i S TR A K Y TR oK
fiff BNF SR FH B 43— SR AR I DL Ak T s . T S X R R
AT B URACAL SR ik I 5 ) 7 35 % 530 0 R AT 4
JRA8 R IR s % Bk A 20 1 g AR T 5 R
R SQP #E 47 )R #FFH00 » B bR ek E5sk BCH it
M S BRI B RIS A B 120X 10" km fr
T O B[] $5 K, B
J:(x) =t —t,>max, (6)
Horr 7 SRy e B 1 R A, J5 EE I BRI RS A
F] 120X 10" km BYHFZ]
HE LR 2 AR B B g 0 it A
il o e 245 B B O B A T8 A R T S B0 R i
WAl x="[rosrve s xiox0v x50, 1 ARG A5 B Y
Jr & fe A A AR S WA A ¥ 4 ORI B
SQP AT R AR AL B =10 srvo s x1 5 X2,
Xiseee s x, | EUBR A L R 0 B B AE X b

BRI EE RS 2 AR ) -
J(x) = ZM,+Psz»min, <)

Hrp. P HHET AT, RAEEE 4 000;d A ET



2566 eI R 428 %
5 R 1T B L0

JRALZ SRR 72 6 SE PRI 8 YL 580. 1 m/s b
O T I 8 2252 55 A0 0 AR 24 0 8 B 10
BRI 635 798. 9 ke (Chy A B B2 328 5% AH X b 1.08
BRIE B 19 64 , BT 55 5 M BR 119 B 29 B 16D 25 1 106
WEBLANFEl 2 . A S e A b 28 1 5 1 ot
HOER T 0 R il hy 1 3R 7E F 0B 2R 0 i 0 ik b0
{9 7157 N 0 R L A6 30 7 L T S o

0 500 1000 1500 2000 2500

Al v R 1A T A B R T A S Y B O B
7 H HJE e A6 b5 & P as sh Gl an il 3 Ca) FTE
3P . HuER S 7% 9008 B e 5 2 T 8 1, Bk
F1%) S 348 5 i fin B 20 AR /NN 2R 1 BOR

Earth @

Telescope ¢

(0 B BETE H T % A 4k R P (9 Bk
(a) Telescope’s trajectory in the Sun-Earth rotation

coordinate system

t/day
[ 2 B3 2R 5 B B AR e b R 1 B i ) A AR £k
Fig. 2 Orbit drift distance of the telescope relative to the

Earth after orbit maintenance

(b) BRI i 1 H M e 5% AL A 25 HP 10 900528 i oKk ]

(b)Enlarged figure of the telescope’s trajectory in the

Sun-Earth rotation coordinate system

K3 MU 4E R B B TE H R AL AR R P B BT

Fig. 3 Trajectory of the telescope after orbit maintenance in the Sun-Earth rotation coordinate system

F1 HELEFBHZMNEEFEEXN
Tab.1 Time and value of delta_v

2 /d T,+93.7 T,+330.3 T,+587.5 T,+831.5 T,+1078.4 Ty+1328.7 T,+1579.0 T,+1 838.5
K/N/(me+s ') 63.4 70.9 76.9 70.6 72.7 70.9 78.6 76.2
D=1 329X10 " /\/pv, (8

4 AT EML AR

4.1 BEAXK

KIBHZ /N T BB 46 %5 5L 4 M an 5 /)N
PR I EE B R B 1AU By FE B &b, 78 “ K A
7 CHEEE Sk 0 M A1) WL 21 A4 /N A7 B 0
JNAT BRI A X R A bl R R LR R R RR R
HA S 2 (8 FiR .

Hd . D AT REER km) H B4 5% 2%, po
o R R BROR AR NR BB /MT RS S
AH TR R /N LA TR] B B8 1Y 1 €5 38 2 3 Bk =2 T 19 Lk
R RR SR po=0, &4 pv=1, K3 H
po=0. 1551,

P EL A5 2 i 0000 2 PR IR 2 A9 sl # CCD
5 5 R AT BE B BN S8 B By S 2 G . L
BAEm/MT RN RS NMT RSB E



o511

EHT A M BRI G M /N T R R DG M7 B 5T 2567

R 2 8] A AH AL DG R PRGE L KB | B A 5 /N
TR ZERAA R WME 4 fios, BAERHHEA
A= () R .

V=H-+5log(rXA)—

2.5log[ (1—G) P, () +GP, () ]
, €D

D, (a)=¢ * 33tan(e/2) % 6
1

D, (@)= LD

Hr. v 2/MTEMIRSE . r Z2/MTE S5 KHR
DHYFRES By AU A 2/ T RS BT B i
B AL AU« g2 K BR-/NT BB R E Y
K BALH rad; G RRPRESE HE R TO0 9
ANMTRER T LR O T R TR
BUMTRINRT G EE. N T REZHNMTAE G
AR BEAE Sy 0. 15, B 15 B2 3k 6 1) A PR A 2 45
Vo o /MT BB 20000 R 555 VL /N T B R
BT DLARAT R

V<V s (10)

B4 KRB VEIEE /MT R ACER

Fig.4 Phase relationship between sun, telescope and

asteroid

4.2 MFAR

B8 5 G B R AR 3 v 0 B 2K P R B AR )
BRI 1) R AT R T LA o R £ B 3
FTHER , I LA o S B B R/INT R 1) M 2 e 2
7 B B TE T TP B S R A IR o O
] B S A0 A AR B oA BR 3 B RI/INAT 2L I o 2 T
e F T BRI R U T TN I B 5 B B AR R AR
bt J5 1) 0 e Sy B B O g AR BR W 3 A
O+ P » BIL G R WA 5 s

Direction of the
center of visicy

’ -
Asteroid 2 28

Asteroid 1.7
4

.+ Telescope

K5 Bt B p ik R AL

Fig. 5 Telescope’s extreme field of view

SR FHER 70 B8 1) A RO 3 X6 /INATT B 1 T D e
T4 2, /N T B BAE AR BRI N B 4500 h
O Uy
B<Pux
4.3 IMTEERER
I H R AR BIE R H S AE 1.3 AU LYK

BH 2 /N K AR AL B /N T B R R 2 2, H s s /s
TREG 4 K28, 5k 8 a0 & i s e
0.05 AU MW HA X BE/NT 22 F Y T H
BRT 140 m) By Hb/NT BB 8 SR FE /T
BECYJ o B AT T BR XS g IR L
AT B e b /N7 2 BRI T2 & N MPC (Minor
Planet Center) PR3 /Y 1 971 Wi fa /N7 2 AE
HOLBE J2000 A6 45 2 F A 90 IE AR 400R 48 %) &
SRR DR AR AR N R AR AT A 0 A
JENMT R BEIE S ) 2R 2 (12) B

r=v

ot (12)
Horpor,v J/NT AR H O M AL AR R Y A7
BE e RBHS T E 5L

1D

5 HARBEAARAT AN

R 55 A B H 1 2026-05-18, F i
6 4. L MPC H3R15A9 1 971 Fifa /M7 2 A
T3 A o R A O BN I 5 B O B 1 A BR R 3
Qs = 45° s B = 457 P ELA F Hu3K 5 7 1 058 X
10" km Ab Hh 3K 23 e %9 18 ' 24 B 0 % 1 0L D 5
R



2568 b

% TR

i 28 4

5.1 Mg aE

e BT AE M T B AR B i B A
B 9 AT LB 4 fe K AR ik (] A 6 BT L A A
b R /IMT B BIERS , DA AR Ry /N T B AR B B A
iy 3% 22 0T UL B 1Y) B K 4 22 B ), JHE v mT O Ay
fE /N T R IE 1 665 0, 1 UL A /T A R LR
B KRR AR & — R AAA 1 0, L RE gLt
B4 0.7 do B8 v LT 4 38 f5 /N7 B AT DL
B 1 e KAF LR R 2E 1 d DA I

600
500
400}

T30kt

200ps

100

AR ]
1500 2000

e ol %, y‘:
1 000
Label of asteroid

&l 6 i b /INT B AT LR B Y e R R
Fig. 6 Maximum duration of asteroids’ visible arcs in

the database

R e B 1) 1B I A 3% 0 37 <67, ik I AL 4
P B T S 180 s AR R AL Sy 45°, SR T
7 B D7 B AE 81 000 sCRE 1T Al
SE IR BRI 9 3148 . SR Ik I 4 37 05 LI
AU /NET R D 1 665 W, PRI R R BR A 37
FRIBE I L 37 TF 8 M 00 R RE AT Al T2 15 R A

6°

- -

ey | | | | | [ [ [ | |
A 180 s !
—J8s
2x45°

K7 HimEEE s AR ERE
Fig. 7 Scanning method of the telescope

U, D7 BT BRI A PR A g 0L 0 2K i
AR R ] o 5 LA [ Al IR A2 25 T B e 5 O 1) ) /)

Fig. 8

TR 25 R B 8 Fraw , B AL A5 by 5[], 9\ 4
P Sy A [i) BsF ) B2 7 5 SO 0 381 1) /N SR AR B3 5 B e
JE rp /N R AR SR I LU AE, B BTV, = 24 B
6 AF PN AT UL AR 4 E 84 5960 By fa L /N T AR L L
Ve =25 B 7.0 %LV, =23 BF £ 12, 4%
15 FLAR B L 55 Ry 24 B B8 2 b /N T B IRk
SR 00 381 R AT DL B ) S S5 R AL AN T 9 BT L A AR
B R /NAT BB AR A DX TR], G0 Ak bR A AT D A A AR
BRI K [E] ) /N T R 5 T WL T R R
B HAE TR 2 8008 M /N T R IR R B Y
R A AE (23, 24 X ] N, AT D Ao 4 - 35 1R A 4 4
HfE (22, 24 JIX (A, 254 B 5 1 UL 00 585 g L ik PR
TR 5 Al A ST 00 e R R SR S0 s o e R AR 2 B Y
FIZOR B BIm S i BRI AF I B 24 &R
FRAY, LA E 07 B BR AR S5 1 0 24,

(=R

Completeness/%
w B W N
S S

(=]

—V,=23 |

20
—V,=24
10 — V=25 ]
0 L " " "
0 500 1000 1500 2000 2500

#d
8 AN [AI A B A AL A TR OUL I B /N T B 1 L
Number of asteroids observed with different limited

apparent visual magnitude

50
45 I Average apparent magnitude when visible

| I Apparent magnitude when first visible 1
40t

w
S W

Quantity/%
oW
S W

_—
(=2

(=

18 19 20 21 22 23 24
Vv

B9 Bt /T B UCBOULI B A B AL 45 0T DL I
Be HF- 3 0L AL AE

Fig. 9 Apparent visual magnitude of the asteroids in the

database when it was first observed and the

average apparent visual magnitude when visible



F11H

EHT A M BRI G M /N T R R DG M7 B 5T

2569

IRJe 7T B R /IMT R 6 AR I
2] WL BB A 10 Bz B AR AR SR T AL
IRER DAL AR g BAT 12 n] WL BUR i /AT B
SRR NT RSB L. (5 FLEE R R W EE
JEHR 70,000 B 16 L /NAT AR B A 24 AT ILAITEL
B2 W] ILIRBOA AT X /MT R AT ER

14

[
[

Quantity/%

S N A N X0 O

01 23 456 728 910
Frequency

10 Hds 2 T B AT s B i H
Fig. 10 Number of visible arcs of the asteroids in the
database

ZJE G T R B X B I R TR L oo
K CER A L2 /N7 BRI RE 1 . 7 BL25 3
W 11 FF7R S 45 5 3 W B8 0 B 6 45 i T 2 K il
INF 2 AU 1Y S b /TR BRI RE . B
It P R A /N BN T L B R A B A — J2 /)
ITREAHANRZBEANG N, /M1 AN S
Mt 24, FKECN 1 AU FBHE B3R £ 1A T[]
ANAT R DR S B /N AT B R e A 1 2 K A 4
L 5 HEm Y IR, R A BIEGERGN, 5
S 38 A 0 AN AT U 5 2 K Bl Rl 3R 3R A /N
175 A I 5 o 5 A I e e A IR TG
A S BRI F

1
0.9
08 .. ties )
0.7 ":..,.'., DRt

0.6
© 0.5

0.4

0.3

0.2

0.1

® Visible
e Invisible

0 <
0.5 1 1.5 2 2.5 3 3.5 4
a/AU

11 b BRA 5% 00 l 27 B 5 55 X A5l 2 vh AN TRl L3 o
F/IMT B0 fg
Fig. 11 Telescope’s ability to observe asteroids with

different orbital elements in the database

e Ja s R PEA BB X M ER 2 Bl AN )RR R IR Y
£ b /INT B UL B8 g, D7 R e 5 % £ 8l I
AR RS DX ) /INA T B2 1) SO0 50 36 B 00 5 4
B A A AT 55 T AT DL ) /AT R S /M T R
SECERHE . DG EERWE 12 Frow, AR
FRANF AN T BERT X T] G\ AR A Sy B 78 458 % 580
PP AL i ROSE DX [a] 9 G /N A7 B UL 5 4 B,
B E B X BB 1 AR M BR DX S IR I B4R 140 m DL
R fEH N T B WL 5 B B Ry 84. 504, Horh Xt
BARAE 140~300 m,300~500 m & 500 m UL I #Y
kb /AT AL UL 58 & B 43 5 A 76, 3%,87. 1%,
97. 2% . HER 2N 030 2 B B X RS A X 3¢
KA FE Hb /N7 B 00 5 o B A v TR R X /AT AL
5 EE 8 55 0 AH A 56 R AR R B RO /AT AL
A X B A T A

(=]

Quantity/%
Y )
S S

0 200 400 600 800
D/m

P12 B G o e IR PR A ) RO DX ) /AT B A LI 5 4 1

Fig. 12 Completeness of observations for asteroids in

1000

different size intervals in the database

5.2 TEXEE

A IC 5 1 M BR A 47 ff Ol 457, R 8 B T M R
WA B o 5 Bt B ] 5% 4 7 7 U BR R L 2 R Y
N ME 3 Fin.d 5r FEEWMTF XA,

r=d X sin 45°. (13)

AR T HL 3RS 5 1 058 X 10" km B,
A (13) 7] K1, e B B8 7 55 45 4 AT LA X B 2R
0.05 AURZS [ LBl &5 5% .

W R g e X fa M AT 2 E A b Bk
0. 05 AUTE Bl P Il 08I0 21 i) Yk £ 5 fi o /T 22
HEAHER 0. 05 AU Ul N A BOR B LU (B . 1
FL T 6 AF PN Ml BR A T 9 38 ' 2% B8 e g 0 B e v
Sk R /N T 0. 05 AU (1915 H/NT B2 1Y i
eoR 2 B A IH B e 5 T E B M BR /N T 0. 05 AU
F) i Hib /INAT R 9 T R R 100 %0 .t 3k 2 U, b
BR N T B0 1 BR i B 6 LBk A L 0. 05 AU Y Rl I
1) 2 ) B A A 4 v 7



2570

i 28 4

P13 BG4 v 58 4 A o K ] L TR A Rl
Fig. 13 Size of the space around the earth that telescope

can completely cover

T i R ] FELAS [ 407 B &b ZNAT A2 R Bk
e B R S R 24 BERY RS 15 2
I8 55 X N ) RUST i M /N R ) 900 5 e e
RERM 2K 20,.30,40,48,60,90,140 m 3k [ K
FH 77 [ (1) fs b /N T B R MR AR 29 215, 485, 650,
752,875,1 095,1 345X 10" km By T % 85 25, 0
K 14 B,

-0.2 -0.1 0 0.1 0.2
AU

P14 BB X ] RO A M /AT A ) U 9

Fig. 14 Early warning range of the telescope for potentially

hazardous asteroids of different diameters

SE Lk

(1] a2, F90.0%)00,F. /MTE BN HE . Z2PH
BT IR T B B Ao () R R O BEBOR [T ], A 52 38
k,2020,65(5) :346-372.

GONG Z ZH, LI M, CHEN CH, etal.. The fron-
tier science and key technologies of asteroid monito-
ring and early warning, security defense[]J]. Chi-
nese Science Bulletin ,2020,65(5) :346-372. (in Chi-

nese)

L BRI B By 32 B R ARBR B OB 2 Y 5
SUBEAE I B 17 7% B 14 A7 UL A A55008 000 B i) 7=
AN I HLICHE X R B ORBH 7 ) 1 /AT AL AT
P50 A SCHR BBk N e LT O 2 BRI AT 55
I o e 4 A7 6T S Ml /N B AT W

AT BT AT T b BR 2 e A0 B B L T 4
5 T T B9 TR L N 24 580 m/s 11 B FE 4
GRS DO S S ER I RL A N U
635 798. 9X 10" km Ch AL Bf B8 375 5% AH X Hb 2K B
B 60 s T /M7 B 1O 2Ea] AR AL, f
LR W RO e b LT i A fe /N B AT LB 1)
SFEEAFEAE 1 d DAL PR 7R R IR A B Y T 4R
T AT 2% A 2y %) WL R ek A B G A ) A FR A
PR A L 5 B 5 38 Ao 7 FLAS R A BR L AL 4 T
LI 3 e b/ NAT R IR | S /N AT B AT DL Y
PR B L 25 AL 5 S 1 B AR M B S A A IR AR
FEAFVCE R 24 J& A LY, I ER G 0 BRI
F b /NAT B LI 58 L FE Ry 84. 50405 LA 45°HL 4
FAFN 24 W B R A5 S5 AR AT 47 2L M BR N e LI
HeAF L BEAE 6 AF P AT 0L I 2 B8 i b 84, 5%
HAMBE 140 m M fa /N T A e Xk 0 K H 7
I HAE R 48 m MY G b /M7 B4R kR L 2y 752 X
10" km(0. 05 AU) By % B 55, 3% BH Ml Bk 0 5% 3
TE G2 B A A e A A W A N T B . TR
HAY S, AR SCAH MPC B 4 % B 18 /N5
FAE R B P S B R AT K S /N T B
FERBL T — 200 SR T /INAT B B30 5 A0 Ay At o ok
(R R AREAAE SRy /AT RO X UL 5 990 A4 e
TF Rk — 2 5 T .

(2] Ao, Eo6 R, A9E. 23 (] H bR K 5 4 0 W 0 =
GEXT LT ). S5 3 A, 2006,32(5) : 744-746.
QIAO K, WANG ZH L, CONG M Y. Analysis on
space based and ground based surveillance system to
space target[ J]. Optical Technique , 2006,32(5)
744-746. (in Chinese)

[3] DUNHAM D W, REITSEMA H J. LU E, etal..
A concept for providing warning of earth impacts by
small asteroids[J]. Solar System Research , 2013,
Vol. 47, No. 4, pp. 341-351.



5511 M0 TR S G RN e BT A /N R R B2 W D ) FURIE 5 2571
[4] REITSEMA H J, LU E T. Sentinel: A Space Tel- & Technology +2019,16(4) :508-516. (in Chinese)

(5]

[6]

(7]

[8]

[9]

[10]

[11]

escope Program to Create a 100-year Asteroid Im-
pact Warning[ M]. Cham:Springer, 2015.
MICHELSEN R, HAACK H, ANDERSEN A C, et
{.. Asteroid and NEA detection models[ C . Interna-
tional Con ference on Recent Advances in Space Tech-
nologies 5 Istanbul, Turkey: IEEE,2003.
MAINZER A, GRAV T, BAUER ], et al.. Sur-
vey simulations of a new near-earth asteroid detec-
tion system[J]. The Astronomical Journal, 2015,
149(5) .

LAy, EREEEHRAS wHNA] F
HE A, 1994, 2(6):67-74.
MA P ZH. Design and research of space telescope
[J]. Opt. Precision Eng., 1994, 2(6):67-74. (in
Chinese)

A= A /NAT B G b R, BB 3R AT B g2 [EB/
OL]. https://zhidao. baidu. com/daily/view? id =
4532,2015-06-02.

FRE, TR BIRRNKEREERHPIE LY
EMBEFELT]. Koml 4R, 2017, 4(1) . 77-81.
LIJJ, WANG D Y. The analysis for long-term in-
fluence of perturbations on orbit around mars[]].
Journal of Deep Space Exploration, 2017, 4(1) .
77-81. (in Chinese)

MUINONEN K, BELSKAYA I N, CELLINO A, et
al.. A three-parameter magnitude phase function for
asteroids[]] Icarus, 2010, 209(2);: 542-555.
& X F. T H K A BUE B A SR [T, XU

;Lia#i7i:,2019,16(4) :508-516.

YANG ZH T, LIU ]J. Summary of Near-Earth Ob-

RE

jects Warning and Defensel J]. Astronomical Research

EE R

FEHFFQ995—), B ILARFH A+
WFoEA: 2017 48 T 46 J7 Tl K 2% 3 A5 2
t2E iy, FENE/NMTE WIS A
BB 12 5 . E-mail

(@mails. ucas. ac. cn

wangxintaol7

BIREE .

FHFEA982—) . B E L5
B A 50, 2005 4R T PE AL Tl ok
2R 22 7, 2010 4E T o [ B2 B
WhoE A Bk 2 A, = BN K Bh
F12 5 P AT 2 B A S A D5 T 8 F

5% . E-mail: limingtao@nssc. ac. cn

[12]

[13]

[14]

[15]

[16]

[17]

w3k, E W G /T R RS A BT
AROID =48 # 4k, 2016,3(1) :10-17.
MA P B, BAOYIN H X. Research status of the
near-Earth asteroids’ hazard and mitigation [ ] ].
Journal of Deep Space Exploration, 2016, 3(1) .
10-17. (in Chinese)
Minor Planet Cente. [EB/OL]. https://www. mi-
norplanetcenter. net/db_search.
NA C Y, ESPOSITO L. W. Bulletin of the american
astronomical society [J]. AAS/Division for Planetary
Sciences Meeting Abstracts # 27, 1995,1071(27); 27.
I EET 29N Bl o BUE A IR A B H AR A o
EP T EMRID] o RiE. %S RE I KX
% ,2017.
WANG X. STudy on the Precise Orbit Elements De-
termination of Low-Orbital Space Target Based on
Multi-Arc Measured Data| D). Harbin: Harbin In-
stitute of Technology ,2017. (in Chinese)
B REF A BE, F P EHUE BRI DR
WRLLT]. 6% M2 T42,2017,25(10) :2584-2590.
GAO Y, ZHAOJ Y, LIU J CH, etal.. Ground-
based photoelectric surveillance for mid-high orbit
target[J . Opt. Precision Eng. . 2017.,25(10):
2584-2590. (in Chinese)
?«‘VEJ}F L7 | Esﬁ%d 50N 2 [ H AR R
PO S e [) ] 2% # % 1L 42,2015,23
(2):589-599.
LI1ZH W, ZHANG T, SUN M G. Fast recogni-
tion and precise orientation of space objects in star
background[ ] ]. Opt. , 2015, 23
(2):589-599. (in Chinese)

Precision Eng.

ML (1966 —) . Lo, W EF B N BF5R
B S0 . 1996 4E F A /R EE Tolk
KR 2 0, 32 50 R RISk
BRI , SRR S IRIER G
A R S ) B BRI 55 IR E, TR
F 3 S0/ PR G BN 6AT 8l ) S
R A BRI AR T AR R R
457 T B 5E

@ nssc. ac. cn

E-mail: zhengjianhua



