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Abstract: Aiming at the problems of tracking and measuring GEO objects with ground-based space
surveillance systems, such as blind spots in space and time, inability to obtain real-time spatial situational
awareness information of GEO objects, and ineffective space surveillance for non-cooperative GEO
objects, this paper proposed the orbit determination of GEO objects using dual GEO platforms with space-
based optical cameras. After data filtering with optical visible conditions, the Geo target orbit is
determined according to the generated simulation data and compared with the reference orbit. The
simulation results show that under the conditions of platform noise of 5 m and measurement accuracy of
0. 5", when the orbit determination arc length is 1 h, the accuracy of the orbit determination of GEO
object by a single GEO platform is on the order of 150 kilometers; when the orbit determination arc length
is 1 h, the orbit determination accuracy of the dual GEO platforms for the GEO object can reach the order
of 10 m; when the measurement accuracy is 5" and the orbit determination arc length is 1 h, the orbit
determination accuracy of the dual GEO platforms can reach the order of 100 m. In conclusion, the joint
observations by dual GEO platforms can improve the orbit determination accuracy of GEO space objects effectively.
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Tah, 2 Platform and Target Initial Ephemeris
/km /(km/s)

1 X —34 775 171 279  Vax 1. 738 813
GEO Y —23 846. 929 107  Vy —2. 535 662
100° A 69. 323 863 Vz —0. 003 460

2 X —11 310. 846 504 Vx 2. 961 897
GEO Y —40 620. 901 166  Vy —0. 824 740
140° 4 22. 603 515 Vz —0. 005 900

1 X —24 521. 857 873 Vx 2. 501 196
GEO Y —34 302 616 009 Vy —1 788 033
120° 4 48 913 536 V= —0. 004 980

2 X 17 445. 949 056  Vx 2.799 077
GEO Y —38387. 902 118 Vy 1. 272 087
180° 4 —34. 693 270 Vz —0. 005 579




12 47
2 4 )
241 GEO GEO
, 0. 5", ) RTN
5m , GEO 1 1 o 3 )
1 h, 1 3 , (RMS)
242 GEO GEO
O 5//
5 m, 1 2 1
1, 0.5 h 5.
3 GEO GEO 1h
Fig 3 POD Residuals GEO-GEO with One Hour
5 GEO GEO 0.5h 1

4 GEO GEO
Fig 4 Comparison of Orbit Determination and Simulation

Orbits of Single GEO to GEO Target

4 GEO GEO
RTN )
1 h, 150 km, o
RTN
, (6),
ug = ﬁ,uK = ‘:i:‘ sur = uy Xug  (6)
u , R, T, N s
. R ,
3 T R )
) ; N

Fig 5 POD Residuals Dual GEO to GEO with
Half An Hour for Platform One

6 GEO GEO 2
Fig 6 POD Residuals Dual GEO to GEO with
Half An Hour for Platform 2

7 RTN ,

10 m .



1 . . GEO 13

4 N GEO GEO

Tah 4 Comparison of Simulation and Orbit Determination
Results of GEO Targets Using Single and Dual GEO

Space-based Platforms

/m
7  GEO GEO /A /O
Fig 7 Comparison of Orbit Determination and Simulation GEO 100 120 159 685 711 9
Orbits of Dual GEO to GEO Target 100
GEO 140 120 4. 926 2
, 0 5!/‘ 3 O//‘ oo
50", 1 2 2 GEO " 180 10. 039 6
’ 3 100
GEO 140 200 19. 073 4
3 3
Tab. 3 Comparison of Simulation and Orbit Determination ’
Results of Three Kinds of Measurement Accuracy GEO ’
e h i , CCD
0.5 10. 257 5 °
0.5 ’
L0 10. 039 6
05 66. 821 6 °
3.0
Lo 66. 336 7 3
05 113, 313 6 .
50 GEO ,
Lo 112. 035 8 .
GEO
3 s GEO ,
0 5" CCD , ,
10 m ; 30" ’
70 , GEO GEO
m;
50", 1h, , | '
; GEO GEO
25
: 0.5", '
1h, GEO GEO T :
. i} GEO .
GEO GEO .
\ GEO N
° GEO o
4 , 1 . GEO
GEO GEO
. GEO ’
. GEO ,
° [1] s . . GEO

. N N LJl. ,2019,28(6):



14

47

(2]

(3]

(4]

[5]

L6]

L7]

(8]

9]

87-95. (FAN Zhihan, CAI Yaxing, LI Fengzan. Study
on development of American space-based situational
awareness technology for GEO objects[ J]. Spacecraft
Engineering,2019,28(6) :87-95.)

L1 »2012,33(3) :50-60. (LI Yanbin,
JIANG Lizhong, HUANG Yong. Development research
on space-based target detection and surveillance system
[JJ. Guidance & Fuze,2012,33(3):50-60.)

.o CCD
[l ,2019,
39(3):365-372. (YU Yong, LUO Hao, MAO Yindun,

’ s

et al. Orbit determination for geostationary earth orbit
targets based on the CCD drift-scan photoelectric
telescope at one single station[ J]. Chinese Journal of
Space Science,2019,39(3) :365-372.)

[l 22020, 41(3); 270-275.
(SONG Yezhi, HUANG Yong., YANG Jianhua, et al.
Orbit determination for FY-4 satellite using two-way
ranging system[ ] ]. Journal of Astronautics, 2020, 41
(3):270-275.)

1. +2006,23(6): 772-776. (YU Jianhui,
SU Zengli, TAN Qian. Analysis on the space-based
optic observation mode for space object [ J]. Chinese
Journal of Quantum Electronics, 2006, 23 (6 ).
772-776.)

(Il . 2018, 26 (4) : 825-833.
(YANG Xiubin, LIU Chunyu, FAN Guowei, et al.
High-sensitivty detection of space targets at close
range[ J ]. Optics and Precision Engineering, 2018, 26
(4):825-833.)
[JJ. ,2013,21(6)
1394-1403. ( WANG Xiuhong, LI Junfeng, WANG
Yanrong. Orbit determination and precision analysis of
space object with space-based camera[ J]. Optics and
Precision Engineering,2013,21(6) :1394-1403.)

[Jl.
Yiyu, LI Jun,

,2008,35(4):43-48. (ZHOU
AN  Wei.
technology in optical space-based space surveillance

[J]. Opto-Electronic Engineering,2008,35(4) :43-48.)

Information processing

s s

[Jl. ,2015,31(2);

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

24-26. (TANG Zeying, HUANG Xianfeng, CAI Zongbao.

Development status and enlightenment of foreign
space-based space surveillance systems[ ] ]. Aerospace
Electronic Warfare,2015,31(2) :24-26.)

[J]. ,2017,10(3) :310-320. (NIU
Zhaodong, WANG Lin, DUAN Yu, et al. Review of
foreign space-based optical surveillance strategies for
GEO objects [ J]. Chinese Optics, 2017, 10 (3):
310-320.)
FLOHRER T, KRAG H, KLINKRAD H,

Feasibility of performing space surveillance tasks with

et al.

a proposed space-based optical architecture [ J ].

Advances in Space Research,2011,47(6):1029-1042.
[Jl. ,2020,38(1):80-83. (HUANG
Pu,GUO Pu,ZHANG Guoxue. A method to calculate
bearings-only initial orbit of high orbitsatellite by low
orbit satellite [ J ]. Flight Dynamics, 2020, 38 (1):
80-83.)
.GEO [D]. :
, 2014, (XU Wei. Space-based
observation mission research of GEO targets [ D].
Changsha: National University of Defense Technology,
2014.)
L. .2018,36(3):40-45,
(ZHANG Xuemin, LI Meng, XIONG Chao. Orbit
determination of non-cooperative space target with
space-based single-satellite angle tracking[J]. Aerospace
Control,2018,36(3) :40-45. )
, GEO
[J1. » 2015, 32 (6): 34-38. (SUN Jie, LI
Dong. Orbit determination for GEO objects using
optical observations [ J 1.

space-based Aerospace

Shanghai,2015,32(6) :34-38.)
(1. .2016.
24(7):1541-1549. (WANG Xiuhong, LI Junfeng, GAO
Yanping. et al. Orbit determination of space objects
with single satellite optical observations and virtual
range[ J]. Optics and Precision Engineering, 2016, 24
(7):1541-1549.)

[M]. : )
2000:415-431. (LIU Lin. Orbit theory of spacecraft
[M]. Beijing: National Defense Industry Press, 2000
415-431.)



