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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
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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

BOLI LG 7> 280k 2 fios,
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Tab.2 Parameters of laser range finder

Beam angle Ranging precision Time-delay

0.5°%0.5° 0.1m(30) 0.03's
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Tab.3 Parameters of computer
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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 v Z r

1 9 000 600 -500 =100 —600 400 0.1

2 8000 -600 500 100 300 -400 0.1
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TE PR ERUG 5 AT, AT BUE DT B, I R

JERCR TG =1 s, i AR ANIE 6 s,

Debris 4 .
lj Debris 3 E

Debris 1

Interference 1 Debris 2 |:|

[ 6 Bl 1%

Fig.6 Simulative image

K6 S —mis il EIR, AL m AP EEE
b, X YR DE Bl AR AT 8 i T B AR B
BEALYE , #2 F — Wi &b, T4 H bR nl g 3 A LS
HE R B, MR 1.4 75 i g e DS 5 o 0], 2805
B UE A DG BC e 0 2 1R T4 H AR Tk E A T
PR A — i G, T8 H bR g HEBR o 28 Wi ] T
Bl , #4552 3K (0) fff B A0 5 O 5 R, O S 1) i B
W,

AT AL AR 4 L, O LA O o ot ] DC I 2% 1F , RES
A RS IR R ot ] DT B, SRR R B H AR B 7~ 15T 9
bR W, 2800 — TR i, B O L ARG R R
B 107 BRI E G DR POTIRBOR B

4 5

Azimuth/(°)
=)
Azimuth/(°)
(=

_2_ -y
» (a) Debris 1. > o ~ " (b) Debris 2
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
tls
4.0
E E 3.5f
= 2
E g..
< <7
(c) Debris 3 (d) Debris 4
c i 1 1 2.5 1 1 I
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
t/s t/s
7 W B2 A
Fig.7 True azimuth of space debris
§ 0.02}(a) Debris 1_. a & 0.02} (b) Debris 2.. a
5 P E P T
5 g o001
= =
2 B 4
£ g
< 2001

Azimuth error/(°)

1.0 1.5 2.0
t/s

8 FEHLH th I fA 1 22

Fig.8 Azimuth errors of camera measurement

g\: 8x10? |’(d) Debris 17 o %10X101—-(b) Debris 2-- 4
=] o H H
5 4x10° o § 5x107

2 A g '

£ ot £ oF-1x;

& —4x10° i ~5x10°

£ ax107] £ 10x107

— -

E 3| 8

5 2x10°t 5 5x107

2 o

£ ot £ of-
E—ZXIO’ /IR IR A T SR E*SXIOS

P9 J5 i f g i 22

Fig.9 Filtering errors of azimuth

S129001-6



aohligk T2

% S1 3

www.irla.cn

% 45 %

X 4 iRt i 4 SETIHOCINEE | I AR A Y
A7 GEEEAS B, WE 10 iR,

~59.960 000
10000 @l - ©)
£ 9900t & ~59.980 000 /
»
>
s ~60.000 000 -
7800 I 2 0 i 2
tls t/s
600 @] -, ~10.000000 @
£ ssof & -10.000000}
N
5605 - )" 10000000 : .
t/s t/s
1000 _-100.000 000
@] ®
—© i
£ soof & ~100.010000
N
N
o5 - 17 ~100.020 000 - !

t/s t/s
& 10 B BLSE A

Fig.10 True position and velocity of space debris
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Tab.5 Simulation time

Mean
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