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On-board space debris recognition and accurate

positioning method

Zhai Guang, Zhao Qi, Zhang Jingrui
(School of Aerospace Engineering, Beijing Institute of Technology, Beijing 100081, China)

Abstract: A method of detecting and recognizing space debris based on visible light camera and laser
range finder was proposed in this paper. The shape of imaging was determined by the relative velocity,
and distance of space debris. In order to matching different images, an ellipse that had the same second-
order central moment was adopted to describe the edge of image. Based on the features of ellipse, the
rules of matching images will be established. By matching different images, the coordinate and azimuth
angles can be calculated. If only the azimuth angles were available, the relative position-velocity filter
was used for guiding the laser range finder. When the laser range finder worked properly, the extend-
Kalman filter was used for getting accurate movement information of the target.
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Fig.1 Schematic diagram of relative measurement model
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Fig.2 Camera imaging model
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Fig.3 Schematic diagram of two typical target trails
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Fig.4 Schematic diagram of frame matching

BRI Z Hh, b T E A s e o B A7 BRI, n
Kl 3 s, T A AR A LI G I (] N A% 3l 9 B
TARLAE TR 5 Kl i L, MR B R AR L 2 1
a ARHLERCIS 18] o, ARMLIA MR IR £, , X AR B WoTHde A
B O B R AT R <

S$129001-3



aohligk T2

% S1

www.irla.cn
——

% 45 %

m#wm»%ﬁa (8)

;& AR SRMTRE e OB B BR(ETUAY B, S AHAR
PG PP AT O B R TR BEL, A P
X IO PR DA AN RV

ZeWila] DT, BV AT 60 %E w5 iz s 07 ), il L
R A AR A IR RN 2 O 02 B AN 4 s, (1-1)
N b T AL | (1-2) 2 25 TR A AR B
6, G e DR C, AT A RIS Bl 1], TR SE 24

HTITHA R 25 SR 2 (o 3
u, 230 # M]C—I/[]C, (9)
— + €] .
Vi Vie 2(t‘:P+tm) V]C_V]C,
BRAMNARE

21 ARAENX

AR Wt [B] DG BC 285 5, w] DL OB 5 H AR B0
i 2 HAR AR w7 AL o, B H#EATIN &, J7 7 £ 2 AN
Bl 5 R,

o
&
o
g
=)
7

4
y

Pl 5 J5 4 #f 4 J L ARy A5 25

Fig.5 Geometric model of azimuth measurement
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Tab.1 Camera parameters

Resolution Field of view Exposure time Interval time

1024x1 024 10°x10° 0.02's 0.02's

BOCM AR 7> 283k 2 P,
R 2 HOEMEE NS

Tab.2 Parameters of laser range finder

Beam angle Ranging precision Time-delay

0.5°x0.5° 0.1 m(30) 0.03's
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Tab.3 Parameters of computer

CPU RAM oS Language
Intel(R) Core
(TM) i5-4590 4.00 GB Ubuntu 14.04 C++
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Tab.4 Initial relative motion state of debris

No X y Z x y z r
1 9000 600 =500 —-100 —600 400 0.1
2 8000 -600 500 100 300 -400 0.1
3 6000 300 400 -80 -100 -150  0.08
4 10000 600 700 -60 -10 -100 0.1
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Fig.10 True position and velocity of space debris
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Tab.5 Simulation time

Mean
1 2 3 4 5 .
time

Time/s  1.364 1.023 1.439 1.147 1.272 1.249
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