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Abstract

complex, and the number of non cooperative targets in space is growing. Ground operators find it diffi-

Under the conditions of informatization, the space environment has become increasingly

cult to quickly and accurately identify the intentions of non cooperative targets based on their motion
patterns. Therefore, a spatial non cooperative target behavior intention recognition model based on
Stacked Autoencoder (SAE) and Gated Recurrent network Unit (GRU) was proposed to assist ground
operators in identifying the intention of non cooperative targets. This model utilizes an autoencoder to
compress time series data, extract key features, and uses a GRU network to classify trajectories. At
present, there is no publicly available orbit data for non cooperative target behavior, and it is difficult to
fully train the model with only a small amount of known data. To solve the problem of poor recognition
performance caused by insufficient samples, a simulation sample generation method is proposed, which
obtains a large amount of target behavior trajectory data through simulation for the recognition of spa-
tial non cooperative target behavior intentions. After the simulation data is obtained, the simulation da-
ta set is used as the input. The experimental results show that compared with the single model only us-
ing the Long and Short Term Memory network (LSTM), GRU-FCN, SAE, and Back-Propagation (BP),

this method has significantly improved the accuracy and loss value performance indicators, reaching
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97.8% accuracy.
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Table 2 Orbital elements of intended target satellites and non-cooperative target satellites for detection intent
HUE AL Hbr LA FEERBR LA 7 BIEL RS 5 RS LI AL
KA a/km 12000.5667 7000.0789 12000 9182.77
0 e 0 0 0 0.360
HUE A/ (°) 10 10 0.175 7.436
HEEMARLZQ/(°) 0 0 3.126 101.496
b SR Ao/ (°) 235 235 321.858 339.325
VLT RS MY () 0 0 3.142 33.034
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Fig. 9  Simulation results for detection intent

(Red is the target satellite, blue is the

non-cooperative target satellite)
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2.2 SAE-GRU &%

SAE-GRU BBty A Fai % g F1 73 2845 P T 234
B A4l as (Autoencoder) J&—F I Wi B X £ A5 A
A0, 55 St a8 PR E P2 S aeior i A Bl ke
SYEVIRAE T e RN (WFR R dafi), SEELEE AT
BORARFIRAAE 22 2] . A H Gt 25 N Shad R v, B AH
X BEAE A AR IEES di e, B i AL e i
S P AR R . e — 20, A gt A i
R B iR B8 DN D 2 5 v B B e S5 A SRR AT
DMES AT BE AR A S5 S AR . 42 T R dn i A i
JF RS R B A 6 25 iR 2%, I I RN 2
FEIE B i A S s AR e s X, i
Bdn. 2tk B gt a5 nT LL2E ST B Y R 46 2w, T B
PRI A5 18] HAR 728 I OCHEAFAE. HRERS FH 3= 2] 3]

(x10%)

5 o)
x [ km
HUE PR EAS R (A h R TR, EE
HAEGAE B bR DA, BHER S A B HLIE)
Fig. 10
intent (Red part is the target satellite, the blue part is

K 10

Simulation results for orbit maintenance

the non-cooperative target satellite, and the black

frame part is the part that is off track)

®3 HERFEEBERESIFEAERRENERY

Table 3 Orbital elements of target satellites and non-cooperative target satellites for orbit maintenance intent
PUE AL Hir L2 SR TEA P e E
PR a/km 14000 7333 7338
fiiptrAe 0 0.233 0.233
BuEtasag/(°) 10 12 12
HEEmiAHL /(%) 0 0 360
IH IR o /(%) 235 235 234.9
LA M/(°) 0 0 94.97
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Intent space

Approach Detection ‘Orbit
maintenance
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Fig. 12 Diagram of intent category encoding
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P, A B T4 R0 A L B s g AR G R
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EA1E BirryE B sr2s. Hat A=
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Fig. 13  Experimental results of model
parameter setting
F4 EEBSY
Table 4 Hyperparameters of the model
[ 2% EE S (=8
SRR 0.001
RS 128
HEAH 100
fefess Adam
FEALR IG5/ (%) 50

)Xo LT DR R T A R SRR 1 100%. IR
AR % Ok AT 0 PRI R TR R R ARV
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1.0 — BP val _loss (a)
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0.8 — LSTM val_loss
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Fig. 14 Training loss and accuracy for
different models
x5 ILEXWHER
Table 5 Comparison of experimental results
i UIERTER YILRHERR /(%)
SAE-GRU 0.0882 97.80
GRU-FCN 0.1843 94.72
LSTM 0.1775 95.34
BP 0.2342 88.89
SAE 0.2121 90.89
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