W40% 15 W D= {4 Vol. 40, No. 15
2020 4F 8 A Acta Optica Sinica August, 2020

Bl P A ML e 3 0 3
HEE L AAN L AR R B

DR R A EH R ILARE RS H b= RS E AL E, LR WE 264209;
Eoy [ AR 2 B I 5K R S0 I 0K JR) s [ e 5 R e, JE T 100101

WE XN E B AR RO A AR B A 44 PO PR R 07 20 . 2O R A A A IR BE ) R IT AR LR, N
By 07 2 HES O XA D AR S5 D T R HEAT O A AT T X A R B AT RE P AR . DT E AR R ARk
PEO 4 B Y 25 [ R R B0 4 76 07 B0 ) B, S A KR R I 2RI T 2 M K HE R RS T .4 &
28 cm A2 R 40 A IR DA A 2tk 15 em AR B B SR 4 A (U4 & 2. 4 %0 CHAI A XS 3D i 3. 6 %6 ()
IR . AWK 4E R A = R 4 B @2 UOE MM LTS 15 cm DR BB A A W
R BRI TE /N R iy zs e R, @ B03E 9% 28 em DR BRI G .

KW BRI R IA s SRR SRIEE 7 PEAR IR ;WL 5% m&

FESES Pl2 XHiRER A doi: 10.3788/A0S202040. 1504002

Simulation Analysis of Space Debris Observation Capability of
Multi-Optoelectronic Equipment

Hu Jingjing' ™", Hu Shaoming'”, Liu Jing®, Chen Xu', Du Junju'
' Shandong Key Laboratory of Optical Astronomy and Solar- Terrestrial Environment,
Institute of Space Sciences, Shandong University, Weihai, Shandong 264209, China ;
* Space Debris Monitoring and Application Center of China National Space Administration,

National Astronomical Observatories, CAS, Beijing 100101, China

Abstract In this study, two scanning methods are designed by combining photoelectric detection equipment having
different apertures. Further, a capability evaluation model is established for the multi-photoelectric detection
equipment. The model is simulated and analyzed from the scanning mode, arrangement mode and aperture of the
telescope, and the simulation results are evaluated. The simulation results show that for the selected catalog space
debris dataset, the detection results obtained via single-elevation-area scanning are better than those obtained via
multi-elevation-area scanning during the simulation time period. Under the same field of view, the number of debris
detected using a combination of four 28-cm-aperture telescopes increases only by 2.4% (single-elevation-area
scanning) and 3.6% (multi-elevation-area scanning) when compared with those detected using a 15-cm-aperture
telescope combination. The considerably cost-effective 15-cm-aperture telescope combination must be selected to
maintain a catalog of the existing space debris, and the 28-cm-aperture telescope combination must be selected for
detecting small-sized space debris.
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Table 1 Setting of telescope parameters and CCD parameters

Telescope parameter CCD parameter
Aperture /  FOV / Single pixel Metering k 4./ Celectrone K ou / Quantum  Detection
" Transmittance

cm L)X Y]  FOV /(D aperture /pixel s lepixel D) electron  efficiency  threshold

15 12X12 12. 38 0.7 3 0.15 3.7 0.7 5

28 6X6 6.99 0.7 5 0.15 3.7 0.7 5

K2 MiEEASBBE A AR R R RAFSEC 1 m,
Table 2 Setting of simulation basic parameters 3.2 AEAHEAFRMAFAHI AR EEZTEASH
Exposure time /s Albedo Band range /nm Duration /h R E
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#3 15 cm HERMEEBEAHGTE 2019 4F 7 H 1 H MR 4554

Table 3 Detection results of 15 cm aperture telescope combination on July 1, 2019

Mode Single-elevation-area scanning Multi-elevation-area scanning
Arrangement 6 X1 3X2 6 X1 3X2
Number of arcs 8513 8967 6092 6087
Number of pieces 1486 1526 1298 1349
Total detection time /s 286089. 2 286288. 2 201545. 6 196110. 4

#4 15 em HERWHEIZGEAAAE 2019 45 12 A 1 A BRI 45

Table 4 Detection results of 15 cm aperture telescope combination on December 1, 2019

Mode Single-elevation-area scanning Multi-elevation-area scanning
Arrangement 6X1 3X2 6X1 3X2
Number of arcs 8481 10277 7945 7878
Number of pieces 1219 1342 1209 1303
Total detection time /s 280906. 6 320303. 8 254221.1 246617. 4

F5 15 cm OARMEIZEAGTE 2019 48 12 A 5 H BEEM 25

Table 5 Detection results of 15 cm aperture telescope combination on December 5, 2019

Mode Single-elevation-area scanning Multi-elevation-area scanning
Arrangement 6X1 3X2 6X1 3X2
Number of arcs 6181 7378 5915 5853
Number of pieces 1273 1463 1281 1400
Total detection time /s 204944. 8 230270.5 187841. 9 182389. 1
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Table 6 Detection results of 28 cm aperture telescope combination under different scanning

methods and different arrangements

Mode Single-elevation-area scanning Multi-elevation-area scanning
Arrangement 4X1 2% 2 4x1 2% 2
Number of arcs 1809 1761 993 1153
Number of pieces 487 506 409 486
Total detection time /s 59184. 1 57289. 3 33166. 0 38617. 6
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Table 7 Detection results of combination of telescopes with different apertures in same field of view

Mode Single-elevation-area scanning Multi-elevation-area scanning
Arrangement 1X1 2X2 1X1 2X2
Aperture /cm 15 28 15 28

Number of arcs 1658 1761 1102 1153
Number of pieces 494 506 469 486

Total detection time /s 54139. 3

57289. 3 37087.6 38617.6

A8 A AR I S B4 A A AN () B3 7
A /N R
Table 8 Limiting size of debris detectable at different orbital

heights by telescopes of different diameters

Limiting size Limiting size

Height /km

(15 cm) /m (28 cm) /m
2000 0.08 0.06
20000 0.77 0.56
36000 1. 38 1. 00
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