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Effect of Sample Quantity on Space Debris Ranging Precision

XUE Li, SUN Bin, HUANG Chen, WANG Kunpeng , WU Wentang » WANG Dongya

(Beijing Institute of Tracking and Telecommunications Technology, Beijing, 100094, China)

Abstract; The increasing number of space debris has drawn public attentions, as the safety of spacecraft
is severely threatened. Luckily, high-repetition-rate laser ranging technology provides an effective way
for space debris measurements. The high repetition rate of laser pulses brings along a large sample
quantity, while there is little research about the demanded sample quantity for the needed ranging preci-
sion. In this study, the effect of sample quantity on ranging precision is researched based on the high-
repetition sampling, and the minimum sample quantity is obtained. Firstly, the orbit elements of space
debris is applied as the priori information for preprocessing. Then the effective samples are obtained by
polynomial fitting and iteration. By gradually decreasing the sample quantity, a precision-sample quanti-
ty curve is drawn, where the minimum sample quantity can be estimated form the threshold in the
curve. Based on the minimum sample quantity, the transmitted repetition rate of the laser ranging sys-
tem can be adjusted. Experimental results for some space debris show that the effective sample quantity
can be decreased by about 30%—60% based on the current system parameters.
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Fig. 3 Polynomial fitting for effective samples acquirement
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Fig. 4 Process for RMS-neff curve acquirement
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Fig. 6 RMS-neff curves for debris
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Tab.1 Minimum Sample Size for Some Space Debris

s L

P Ngua s N (At /ngu)/ Y6 RMS/m
K 6(a) 17 150 305 120 60. 66 0. 740
6(b) 50349 196 121 38. 27 0.631
K 6(c) 63315 182 126 30. 77 1. 566
[ 6(d) 59268 241 131 45. 64 1. 370

ARG R W X TR R SO R A AR
RN 125, FEWR T R ALMR . W2
PR SESR B REAS 5 4R 15 B AR BRI B Ane/ g0 K2
h 3006600, FEA T B R R B0 2 OE S 4
A Xt AN ] (1 E AT AR % R A ) 0 BT DA R A
21 B AR 3 22 B T ASORE A i 1 A (IR B0k
EEFE K 1 kHz BFEFEA & 1 000, HAgrF 900
MREAR MR FEA 100 SR BFEAR . AR
A A 100 REAR Ry 50 B, 42 B 900 MRS A A 11

YERIAN 450 MR AR A B A T L-F- AR [R] L PRy e s 1
R IES /. PFrl R % 500 Hz B BOEE R %
FEAT DAARAR 3 T (50+450) M EREA 5D . I, A
it BURE A3 FRE A 2 (9 R /N G R L ] DAl o A2
WOLM M R B TR 3040602,

45 #

AR O] A5 (8] R OGN BE AR A i R AT T S
SIS IR T R T A RSO I B A SBORE o AR A
MR . R R R R ST TR AR R R I BEORG B
AOSZA . DN 3 78 Ak O R il 2 i) A o AT LA SR AR
T A2 DN SRS 3 SR Y die /AR A S O 3 B R S
G X T T ORI BE 0 5258 EAT T R E . 5 R )
F G0 RN i o T M 75 IR N IE 2 oA AR AR A /N AR
AR OB R 0 AR A LU B
30%—60% .,

B T IR B A WO I R A5 A e EE R R
OGN B RE Ty WO R R A AR Y e X T s A
Z G AEHOC I BE B 20 L AR SR AR
DN RG22 8] OC AR A B9 B T 17 38 0 3 7
JENE JE SR B4 G0 T DA SR A R R AT O6 DI BE
M RTREE . BEAL BRAS B BOG I B M A B B T
R AT 2 TR R S5O 00 B ) A



28

PN

¥ oF

5% 50 %

S & k-

(1]

(2]

[3]

[4]

[6]

[7]

(8]

HEINER K. Space debris: models and risk analysis
[M]. Berlin: Springer, 2006.

XUE L, L1Z, ZHANG L, et al. Satellite laser ran-
ging using superconducting nanowire single-photon
detectors at 1064 nm wavelength[J]. Optics Letters,
2016, 41(16) . 3848-3851.

XUE L, LI M, ZHANG L, et al. Long-range laser
ranging using superconducting nanowire single-pho-
ton detectors[ J]. Chinese Optics Letters, 2016, 14
(7): 071201.

SCHILDKNECHT T, MUSCI R, PLONER M, et
al. Optical observation of space debris in the geosta-
tionary ring[J]. Space Debris. 2001,473:89-93.
sREENE B, GAO Y, MOORE C. Laser tracking of
space debris [ C]//13th International Workshop on
Laser Ranging Instrumentation. Washington DC: [s.
n. |, 2002.

BEAT, BARTH, B0, 55 LTSRS R0
MEE RS AE R BE 8§ 43 A (1], S22 k. 2016 (3):
21-29.

XUE LI, ZHAI DONGSHENG. LI YUQIANG, et
al. Ranging capability analysis for laser ranging sys-
tem using superconducting nanowire detectors [ ] ].
Acta Optica Sinica, 2016, 36(3): 0304001.
KIRCHNER G, KOIDL F. Graz kHz SLR system:
Design, experiences and results[ C]//Proceedings of
14th International Workshop on Laser Ranging. San
Fernando, Spain: [s.n. |, 2004; 501-505.
DEGNAN J J, MCGARRY J F. SLR2000: Eye-safe

and autonomous single-photoelectron satellite laser

(9]

[10]

[11]

(12]

[13]

[14]

ranging at kilohertz rates[ C]//Laser Radar Ranging
and Atmospheric Lidar Techniques. International So-
ciety for Optics and Photonics. [S. 1. ]: [s. n. ],
1997,3218:63-78.

GIBBS P, APPLEBY G. POTTER C. A reassess-
ment of laser ranging accuracy at SGF Herstmon-
ceux, UK[C]//Proc ILRS 2006 Workshop. Canber-
ra:[s.n. ], 2007:154-158.

ZHANG Zhongping, YANG Fumin, WEI Zhibo, et
al. The experiment of kHz laser ranging with nano-
second pulses at Shanghai SLR[ C]//Proc 16th Int
Workshop on Laser Ranging. [S.1. ]: [s.n. ], 2008,
47(1) . 318-325.

LIY Q. XIONG Y H. Observational accuracy analysis
of space debris[ J]. Publications of the National Astro-
nomical Observatories of China, 2006, 3. 21-27.
BONETT D G. Sample size requirements for estima-
ting intraclass correlations with desired precision[]J].
Statistics in medicine, 2002, 21(9): 1331-1335.

YA W. Analysis of the orbital element influence on data
receipted by polar orbiting meteorological satellite[ J].
Science Technology and Engineering, 2009, 2. 022.
XU Z, JI'Y, ZHOU D. Real-time reliability predic-
tion for a dynamic system based on the hidden degra-
dation process identification[ J]. IEEE Transactions

on Reliability, 2008, 57(2): 230-242.

[15] ZENG Z, CHEN Y, KANG R. Simulation-based

constructions of reliability confidence intervals from
degradation data [ C]//Quality, Reliability, Risk,
Maintenance, and Safety Engineering (QR2MSE),
[S. L]: IEEE,

2013 International Conference on.

2013: 908-913.

(% 4 3K 75



