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Intention recognition for forced motion of space non-cooperative
targets based on BiGRU network

HUANG Hexiang'* , YANG Zhen'?* | LI Jiasheng'?, LUO Yazhong'’
(1. College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China;
2. State Key Laboratory of Space System Operation and Control, Changsha 410073, China)

Abstract; In order to solve the problem that it is difficult to identify the forced motion intention of non-cooperative targets, an intention

recognition method based on BiGRU ( bi-directional gated recurrent unit) network was proposed. The non-cooperative target was categorizes into five

forced motion intentions: "forced round fly-around" " forced drip-drop fly-around" " fixed-point oscillating" " line approach" and "hop approach" ,

and the forced motion intention maneuver information dataset of the non-cooperative target was established. Based on the maneuver time series

information of the non-cooperative target after entering the observation range of our spacecraft, the BIGRU network was utilized to train on the

potential correlation between the time series data and the forced motion intention, so as to realize the intention recognition of the non-cooperative

target. The simulation results demonstrate that the detection accuracy of the BIGRU network-based forced motion intention recognition method for

non-cooperative targets achieve 98.35% . This method can improve the ability to identify the intentions of non-cooperative targets and provide a

technical reference for the safety of our spacecraft in orbit.
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Fig. 1 Scenario for intention recognition
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Fig.2  Configuration of "forced round fly-around"
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Tab.1 Initial orbital elements of our spacecraft S

L7IRIEL 33 e
a/km 4.216 6 x 10*
e 0
i/ (°) 0.109 5
v (°) 89.627 7
w/(°) 151.729 7
77(°) 113.507 1
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Tab.2 Parameter setting of " forced round fly-around"

2R ivgisl

C./m 1 000

N, 8

N, 1
[d,,d,,d]"/m [200,0,0]"
[6..0,,0.1"/(°) [0, -90,0]"
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Tab.3 Maneuver data of "forced round fly-around"
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06:00:00 08:59:31 115902
AV,/(m/s) -0.037806 0.031543  0.044 607
AV,/(m/s)  0.043312 —-0.000 011  —0.000 000
AV/(m/s)  0.211438 -0.033355  0.029 738
AV/(m/s)  0.219 115  0.045908  0.053 611
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Fig.3 Configuration of " forced drip-drop fly-around"
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Tab.4 Parameter setting of " forced drip-drop fly-around"
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Fig.4 Configuration of " fixed-point oscillating”
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Fig.6  Configuration of "hop approach"
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Intention encoding
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Fig. 10  Detection accuracy of models with different

numbers of hidden layers and neurons
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Tab.5 Comparison of detection results of different models

B dfEEER OREERR AR F1L 3R
BiGRU 0.983 50 0.983 56 0.98350 0.983 50
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LSTM  0.91500 0.91506 0.91500 0.914 96
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