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Abstract: The maneuvering parameter identification of non-cooperative aircraft is studied when the known
information is sparse orbit elements. In this paper, a maneuver parameter identification method based on orbit
inversion and its corresponding solution algorithm are proposed. Firstly, the orbit inversion model and the
maneuvering parameter identification optimization model are established. Then, a double optimization algorithm
of “global optimization plus local correction” is proposed. Finally, the maneuvering parameter identification
method proposed is verified by simulation. The results show that the double optimization method can effectively
solve the optimization model, and the proposed method can effectively identify maneuvering parameters within
an acceptable error range. The research provides an idea for maneuvering identification of non-cooperative
aircraft with limited information, and ensures the on-orbit safety of spacecraft to a certain extent.
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Fig. 1 Double optimization solution process
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Table 1 Initial orbit elements of simulation

LT MR HfH
KBl /km 41 998.169 8
i L0 26 0.001 012
PEmIAA/C) 0.100 781
THag B/ () 100. 325 974
I S AR/ (O 93.206 678
FLE /O 212.213 330
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Table 2 Intermediate maneuver parameters of nominal orbit
I} i) MLETZH/ (m s
2020 12:00:00. 000 (3,0,0)
2020 00:00:00. 000 (3,1,3)
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Table 3 Standard deviation of orbit determination error

T PUEE ) o, /m  PUEER oy/m PUEREIT 0./m

T 1 500 500 500

TH 2 750 375 375

TH 3 1000 1000 1000
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Table 4 Maneuvering parameter identification results

T A 2 5 R BR 28 /min B ITARIREZ/(m - s71)

TH 1 3.59 0.109
TH 2 4.12 0.123
THL 3 8.06 0.278
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Table 5 Discrete orbit measurement data

b ] i) TEBLAE R
1 2020 07:00:00. 000 (41 996 513.117, 0.001 048, 0.101 429, 100.940 181, 93.276 745, 211.528 636)
2 2020 14:00:00.000 (42 079 340.303, 0.002 416, 0.102 038, 100.541 115, 43.142 503, 7.984 109)
3 2020 21:00:00.000 (42 079 699.105, 0.002 362, 0.103 964, 99.668 523, 44.743 716, 113.079 450)
4 2020 04:00:00.000 (42 160 333.026, 0.001 954, 0.089 816, 96.610 264, 107.420 106, 158.607 188)

FEZE 5 T E LA R DL SLE IR 4G L 15 5
B AR A SR A Tl i R BE A T S R
Mo AR B O A R 2 Tl ) B0 0 o ) E Y B
HO.

x10°

B %L

H b
~

0 50 100 150 200 250 300
HEAAREL
(a) DE

x10°

2.5

2.0

H AR %

2.0

0.5

0 10 20 30 40 50
HEALAR KL
(b) SQP
B 2 WU LA s ST

Fig. 2 Convergence of double optimization algorithm
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Table 6 Maneuvering identification error and calculation time of
different algorithms

Rk KA PR 2/ (mes™ D) TR/ s
A e s 0.074 382.002
DE & ¥: 0.674 54 561.015
SQP &y 2.980 239.270

2 SQP W & IE J5 19K AT # B 3l 2 B T 45 2R
7T 8 PR o B g T IR /AN LS T IS B PLsh 2 K
RO . ATLAE W 50 B /ML 30 B9 IR0 45 5 5 O 5 Bk
ANHLBI A 45 2 B0 43 3 AR B B0 I8 G i ) BIL 3l BIL 3l 3R )
M R ZEAE 0. 08 m/s LA I AR ZEAE 3 min DA,
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Table 7 Identification results of aircraft maneuvering parameters

K BLBl B 1] MBI ZH/ (mes™ D)
1 2020 12:01:39.827 (2.989 6, —0.019 4, 0.026 1
2 2020 20:31:46.142 (—0.105 0, 0.032 3, —0.009 3)
3 2020 23:56:20.455 (3.113 6, 0.931 9, 3.083 0)

x8 HATHRUHSEIRFNLER (BIBR/NAHF)
Table 8 Identification results of aircraft maneuvering parameters
(eliminate small manuver)

F BLB] I 1] MBI S8/ (mes™ ")
1 2020 11:59:53.226 (2.985 0, —0.025 9, —0.003 6)
2 2020 00:02:57.548 (3.013 9, 0.958 2, 3.074 8)
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