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Cooperative target design method
in microsatellite rendezvous and docking pose measurement

ZHANG LIU, ZHANG WEN, WANG Ya-ming, LYU Xue-ying, WANG Wen-hua~
(College of Instrumentation & Electrical Engineering s Jilin University s Changchun 130012, China)

Abstract: Aiming at the problem that the cooperative target is difficult to be clearly recognized by the
camera in the large visual range rendezvous and docking of small satellites based on vision sensors,
this paper designs a new integrated cooperative target, which can achieve high precision to resolve the
relative poses of the binary stars from far to near in the measurement range of 100 m to 100 mm.
Firstly, a cooperative target model is established to determine the type of cooperative target.
Secondly, the PnP (Perspective-n-Point) algorithm is used to design the number and size of the coop-
erative target's feature points. Then, according to the constraint relationship between the camera’s
field of view, focal length and the cooperative target, the size of the cooperative target model is deter-
mined. Finally, it is verified by a combination of theory and experiment. The simulation experiment

results show that the attitude error is less than 4.01°, and the position error is less than 7.57 mm
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when the object distance is 100 m. When the object distance is 100 mm, the attitude error is less than

0.06°, and the position error is less than 0.02 mm.

Key words: rendezvous and docking; cooperative target; monocular vision;target recognition
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Fig.3 Schematic diagram of cooperation target size
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Fig.4 Principle of position measurement along axis Z
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Fig.9 Cooperative target 35 mm focal length imaging

system simulation imaging diagram. (a) 100 m
image; (b) 100 m image magnification; (¢) 10 m

image; (d) 10 m image magnification.
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ging system simulation imaging diagram.
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image; (d) 0.1 m image.
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Fig.11  Target remote imaging test. (a) Cooperative

target 70 m imaging; (b) Cooperative target
70 m imaging magnification; (c¢) Cooperative
target 20 m imaging; (d) Cooperative target 5

m imaging.
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Theoretical analysis and simulation error curves. (a) X-direction position data; (b) Y-direction posi-

tion data; (c¢) Z-direction position data; (d) X-direction attitude data; (e) Y-direction attitude data;

(f) Z-direction attitude data.
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Tab.3 Theoretical and simulation accuracy results

MARANPLEE B /mm  PIRA R /mm E A E B/ mm PGSR/ () Vi E BRI/ ()

100 000 5.00 7.57 2.89 4.01
1500 1.51 1.7 0.99 1.66
100 0.01 0.02 0.03 0.06
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