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Abstract:In order to detect maneuvers of the uncooperative space objects, the universal detection algorithms and
procedures are presented innovatively in this paper. The different thrust dynamic models are described in details, based on
which the detection strategies are provided, including space-based and ground-based observations simulation strategies,
software platform of data processing, detection algorithms and procedures for impulse thrust, high and low finite thrust, and
accuracy evaluation strategies. The simulation analyses are made on different thrust maneuvers detection and orbit accuracy
recovery based on the space-based and ground-based simulation observations. The work confirms that the detection method in
the article can satisfy most of tasks for uncooperative objects detection, and provides a salutary lesson for engineering tasks.
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ground-based observation simulation
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The initial parameters setting for ground-based stations coordinate

Wk 2 4/ (°) 2R/ (°)
| #nyi 40.117 116.228
WE AT 3k 39.505 75.929
BB 25.027 102. 796
LB 29.650 91.100

F2-2 REATS Pul SRS 1R HARPUERIE (1 Jan 2015 00:00:00.000( UTC) )
Table 2 -2 The initial parameters setting for space-based mission orbitsand uncooperative space objects

(1 Jan 2015 00:00:00. 000( UTC) )

BinZEm a/(km) e i/ (%) w/ (%) () 0/(°)

SBSS1/2/3/4 7178. 140 0 98.608 0 150 0/90/180/270

C03 42164.30 0. 000693 1.554 23.351 310. 167 288. 684




258

T

L
e

{1

537 &

#2-3 HUBPLSIFIIZEL

Table 2 =3  The initial parameters setting for orbit maneuvers

DIRSIEE YUBEHLBIT )
kL5l 4 Jan 2015 01:30:00,0.1/1.0 m/s,3# [f], T & 545 : 1800 kg
4 Jan 2015 00:00:00 — 4 Jan 2015 00:30:00 ( #ELWI ) ,
i FRKAE T 3 Jan 2015 16:00:00 — 3 Jan 2015 16:30:00 ( RILWM) ,
HESIIEE 100 N3 i), TLALJG AL 21800 kg, Isp:350 s
FBR/NHE S 3 Jan 2015 00:00:00 - 5 Jan 2015 24.00.00, #fE /7 fE 5 :0. 1 N, 48] k), TR JFiH 1800 kg, Isp:3500 s

3 HEEHSH

S T ] ] P 43 bl Tty (G o A L R
Bl R % 0k ) 0 B R BE AT 55 #13E (Space based
space surveillance, SBSS) AT AT M L S R
INEADF L, S A 33 7 [] — 91U T ) ol K B ) 20
PUIE O R AT 5 BaE, R BedE sk =5 03 A
(110.5° E) JFe A5 965 4F H bno H AL BB 0
ARAR KBRS BUEWIME ARG AR BLEWIE L
EHLBIF AN 2 R

1) ARk A A 45

XFF ke A, B i o — K 4 A2 h
B4 h SEEIFG . TR SECh 6 MUEZ R KM
JEEZ B Dk it s RN 507 1), 4 58S
1 m/s 50. 1 m/s kbl g4 -5 000 25 14 7
PUBEHLEIA I B, B AR AR 2 AL Sl L
B (6] Ji PR -5 LBl o BB s ) B~ I TR P 2 )
L SR 2R, RIS M I 451, Al
(R Ik i i 22 55 /M DL a2 3, JE R T ARSI )47
{EL, BB HIL 3l i 8 T 46 2 B, 1% IR (8 ), Bl
PLhJE BAS EEIR EAG DLUNER 3 Fiz o

20

£ wof| gl
o — L] .
i Of ==
,]3 ___________ -
= 23:00 4 Jan 2015 01:00  02:00  03:00  04:00
(UTC)
22 T
<1 BRI Rfal| == e .
£ ot ) A -
B -
" . ) PR =1
) 23:00 4 Jan 2015 01:00  02:00  03:00  04:00
(UTC)
K4 1 /s ke g 45 A5 B0 250 T
BUBEALS A I B

Fig.4 Maneuvers detection based on ground-based

observations and 1 m/s impulse thrust
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Table 3 The results for impulse thrust maneuvers

detection and orbit recovery

T Kepkob L AR BaERAE
FHEFE (UTC) /N (m-s~t)  Aff)/h
4 Jan 2015
1 m/s 013003 0.995 19.5
b L
4 Jan 2015
0.1 m/s 01,2918 0.112 9.5
4 Jan 2015
1 m/s 01.31 12 0.970 48.5
FEE
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0.1 m/s 0133 .27 0.204 26.5
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ot 3SR HE SR, I R 0.5 min []
PRI E . TS 6 NMIIEZE R KGR
SR ESME T KNG T ). DA B LR K HE S
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Fig. 6 Residual variation of orbit determination based on
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Table 5 The iteration of random impulse noise on
ground-based observations and low finite thrust
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Fig. 10 Maneuvers detection based on ground-based
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