266 & 26 2 1
2025 F 3 A

K X % ik
ACTA ASTRONOMICA SINICA

doi: 10.15940/j.cnki.0001-5245.2025.02.009

2o pE AN BN b 3: 0p liwi b N2 S U S b

S+ o
FRBIRF
EF o R

1 FERFRESLERTE BE 210023)
2 FPEMFEARAAER XS =AM F¥IR 6 230026)

FEE /M7 (Near-Earth Asteroids, NEAs) A 4Bk % 4 Bl O E IR, 6t HR I SRS L. £
I FH 388 K BRATE 8% 4 (Multi-A pplication Survey Telescope Array, MASTA) B AW A, ZHiEs. BKOEZ
S 1 A SR MT AR TR, € T B SR TR (3 MM T AR TRE 1. A RIEMASTA {3 /)5
TEIRMR S, SR T —Fm s RG0S, FEHET BRI, B2 T SO R MR i A 1% B
(193 T L S A BB R MASTA (I M/ MT AR RCAE, Iy 7R AR S 7 0 FARAE, FEHE4T T — R i
TR FAT B, 7 FLLE R 0T H IR0 B 05 5 7 1 396 S MA S TA T H T (A K 1 73 RS 0t AT 40 1
ARG F I P, HEIMASTA AR H bR, MASTA—AEHR I (3 M /T S8 550 ke T34 LA R A
11.29%.

XHEiE BmiR, AMMTE, KX, MWEX, 5% O

Vol. 66 No. 2
Mar., 2025

FEDHES: P185;  XHEAFFIRES: A

51

I R AR IE H AR g < 1.3 auff KR & /)
KA, /M7 B e EE R H R 7. L/ MT
ERPUIE T e 5 ERPUB AT, X 2Bk e
TR AE JEH, TR R B A B R S KA
GO ) B R R R A AT B T B
TE AR % AN KK, LINEAR (Lincoln Near
Earth Asteroid Research)l, CSS (Catalina Sky
Survey)lZ filPan-STARRS (Panoramic Survey Tele-
scope And Rapid Response System )iz /N7
PRI B Tk oK, #RCE H AT 5 R B 12671,

2024-03-1345E Ji i, 2024-05-2205 BE S

1

L54TAMITOSATRT /M7 2. I H L /M7 24
T UAEWAEA W A e . 3 1 R A4 B2 17 6% (China
Near-Earth Object Survey Telescope, CNEOST).
T i K B 55 (Wide Field Survey Telescope,
WFST)FBATC (Beijing-Arizona-Taipei-Connec-
ticut) B 0 B8 73 il K B T 42, TRIBRT H N AT B
PN S USRSl plik: VAN AR 73U b e <
3 ] 30 s /T B AR RE J1IE R AN 2. TTMASTA
(Multi-Application Survey Telescope Array)H A
K. 2Bt s. BRI 55 R AR I 5e ) 55
Rt AR R G /MT BRI R, €A
REM I 2 S T3 3 /AT B PR e

*E X E SRR E (2023YFA1608100), 25 (A1 H 5L Hi /N7 2 BRI E (KISP2020020204) K /M7 R A 44

A
t2x22x2061702@163.com
tydping@pmo.ac.cn

20-1



66 & N

3

s
&

b 2 #

B8 7> K AEMASTALE T 3 /M7 2 AR _E
T3, TR A T B R AR G R SR MR T
125 IR SR Sy B8 v a8 R T Rl R T o E ) SR
i, FLART S AR & BAE RN RXVEE. =
B MRS UR FE T BEAT IR, 0 T/ T B X e
€ H bR IR R, 1] E 18R SRS I b 75 225 18 2

T 16 F 38 R 3 Bl N 2228 18 21 /N7 B I B0 A0 3 R
X 25 =, BROGIR 55 3 % T AR i B ' I [) A2 4k H.
R L, R L A S BRI R X ik, H AT
B PR b 3 B /T B TR R T AN TR 8K
s LINEARRE H 3 — U mT LR =, &0y
RIXBEHERZ R, AR WIAL, R KX g
Fe5IR, BERIEEARBE30 min, PEYGES [E] A5 330 s,
e R A2 25 mT DLk $1)19.225 01, CSSHFIFH i & A [F
328 5% R 1 43 53148 221000 deg?F14000 deg? AT 41K
7, MRS RIX BG4, BIREEG30 s, I & it
() A% B 22 58 7 3 BE 08 05 31021555 F119.555 1) Pan-
STARRSHI3mil KX #AN TR S HEAT IR, g,
rv iy oz y T HIRBBARE AT ARYT I, AR
MR, X BEAS R X B G20, BRI (8] 430 s260 s,
A B 2 S5 TT LAIA F|2255 5

IR 2 5 188 TR SR PR AR S, g T
R KM A 5 R WL 95 42 HR T 244 ) R T R0 00 2%
PRl as AR B e, DABR s R, 8 R A
KV 36 T B AN T RN TR S R P 2R T VR SR I B
S 55 S0 920 525 4 0 26 P DA 5)
T AWINHE S, FEASE RO RIEMLEE ¥ S H
2. R I B R R AR T T 0 EIER,
MHST (Hubble Space Telescope)®! AILSST (Large
Synoptic Survey Telescope)!™ 437K T A T4
22 X 28 R i Ak 7 2 J7 k. TS B ) D s T A Ak B
ROy — BN 1) A PRI A 55 72 Hir R0 8] 9 g A 0
FZe, BN BER A MM T7 7%, LCOGT (Las Cum-
bres Observatory Global Telescope Network)!®l 1
ZTF (The Zwicky Transient Facility)®145>R F 7 %%
BANERNR T 7%, HAZTFRIE A & /ELCOGT
PRI R B J5 AT S ) — RO A Y. ZTF Rk A

20-2

RIRE0E 25 6 5 W 2% AR A DG ) S 3045 B ok T oK i
FEXR I F 22, & 0 LASE LA B bR 65 A A0 i P
Fils FE I A 1Z AR A MASTA K R R LI AR
AR BETHAE T S, HiE ik 5 4 1E MMASTA
sk, X EFNMASTAR —E L Bk, £5
S HFR WS, AT L ZTF 2 a0 s =X, 1)
.

1. MASTA B & [R]— B (B AT 2 ME S 538 3R
W& P T e

2. MASTARIA [F L2 H b5 4775 A I 19 7] B
‘fi;

3. PATASFIBF 5 H AR 10 00 5 AT 55 1) B e
] RIEHA.

R, AT 784> RIEMASTA [RIX B i, 74y
Pict 265 30 b, IR A 8 TR 4D UL s ) 0 8 0 A IR 1) i 4
T, FHEEFZTF, MASTA T Hh A 16 K 51 R 45 0 8
T ELEAE LR TR, 32 A R

L. ARIE/NT BRI 834 R DX A S I

2. RUATREZ O (R X, 3 K/MT R R
TH A

3. HR 8 M I 2% A4 i B T P AR A 15 L, E I 2%
PR PR B T B A3 N B 2 B e

4. AR b IR AR TR AKE R ) B S R A B R
LI, 5 20 B .

BT UL EJEN, AR T —FIMASTAT 1
FAAR G TR S AN I R AR AT I3 3ok 3 730 s
AT B SL T W H AR, R B 153, oF
fili 7 AR R 1) 2 I LA X MA STATE I R &I A5
BRI o/ NMT R BRI Ak RE.

2 MASTATEN

MASTA B 43 i 75 g4 (AL £ 38.58°. R4
93.88°, 1K 3800 m) = B KBk (Jb£625.68°. RE&E
101.05°, ¥R 2500 m) Bl 5 %20 5 R i 4

1. ASCHTMASTAR) A W10k 58 73 BEAT 05 5, T
Vot i) 3 S S HOW I 2.



66 &

FEBR AR AR JET 22 W A a0 % BT B 1A 3 3t R A 8 R LR A R 7

2

*1 MASTAEESH
Table 1 The main parameters of MASTA

Parameter Value
Aperture/mm 710
f Number f/1.7
Optical Structure prime
FOV /deg? 3.75 x 3.75

Back-illuminated
Detector Type

sCMOS
Image Resolution 8120 x 8120
QE (Quantum Efficiency) 90%
Pixel Scale/” 1.67
Readout Noise/(e™'-p~1) 3.0
Readout Rate/fps 20.0 MAX
Da:ffff :N?;Se/ < 0.05 @—25°C
Band/nm 400~900
Astrometric Precision/” <0.1
Photometric Precision/mag < 0.01

F2 MIHESH(OH)
Table 2 The parameters of LengHu site

Parameter Value
Location® 38.58° N, 93.88° E, 3800 m
Seeing /"’ 0.85
Sky Brightness/mag 21~22
Observation Night 0.8
Coefficient”
Wind Speed/(m-s™) 0~15

 http://lenghu.china-vo.org;
> The observation night coefficient refers to the ratio
of the number of observable nights to the total num-

ber of nights in a year.
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Fig.1 Sky map for the division of fields in the near-Earth object survey of MASTA
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Fig.2 The variation of theoretical limiting magnitude and
FOM (under different overhead times) with exposure time

(pc: parsec)
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Table 3 The parameters in simulation

Parameter Value
Effective Aperture/cm 60
FOV /deg? 3.75 x 3.75
QE 90%
Pixel Scale/” 1.67
Readout Noise/(e™'-p™t) 3.0
Dark Current Noise/(e™-p~'-s71) 0.05
Exposure Time/s 40
Overhead Time/s 5
Sky Brightness/mag 21
Seeing/"” 0.85
Atmospheric Extinction Coefficient 0.2%
Observation Night Coefficient® 0.8

* http://spiff.rit.edu/richmond/signal.shtml
> The observation night coefficient refers to the ra-
tio of the number of observable nights to the total

number of nights in a year.
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Table 4 The minimum number of telescopes
required for near-Earth object survey under
different exposure times when the observation

duration is 60 minutes
The minimum number

Exposure Time/s
of telescopes

5 2
10 3
15 4
20 5
25 6
30 7
35 8
40 10
45 10
50 12
55 12
60 14
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Table 5 The minimum observation time for each
observation period of near-Earth object survey
under different exposure times when using 20

telescopes

. The minimum observation
Exposure Time/s

time/min

5 7

10 10
15 13
20 17
25 20
30 23
35 27
40 30
45 33
50 36
55 38
60 40
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Fig.8 Completion rates of various tasks under different number of telescopes (nte: number of telescopes)
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A Near-Earth Object Survey Planning Model for
Multi-Application Survey Telescope Array
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AsstracT It has become a consensus that near-Earth asteroids (NEAs) threaten global security, thus
the detection of them is of great significance. The Multi-Application Survey Telescope Array (MASTA)
features a large field of view, multiple telescopes, and a large aperture. It is fully suitable for the needs
of asteroid detection. Its addition can significantly improve domestic capabilities of detecting near-Earth
asteroids. In order to give full play to MASTA’s advantages in detecting near-Earth asteroids, a survey
strategy is proposed, and a survey planning model is built based on the integer linear programming model.
To evaluate the performance of this model and the near-Earth asteroid detection efficiency of MASTA
under this model, a set of simulated asteroids is created by expanding the known near-Earth asteroid
samples, and a one-year near-Earth object survey simulation is conducted. Simulation results show that
the survey planning model can well meet the needs of MASTA’s near-Earth object survey; it can optimize
the observation resource allocation of near-Earth object survey and take into account MASTA’s other
scientific goals; the number of near-Earth asteroids detected by MASTA in a year can reach 1.29% of its
estimated sample size.

Key words telescopes, near-earth asteroids, surveys, optimization algorithms, methods: analytical
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