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Abstract Orbital Anomaly of space object is an important problem for satellite operators and

users. It is very meaningful to find orbital anomaly timely and quickly. By analyzing orbital anomaly

of space objects, the avoidance or collision event can be found and discriminated, further the ability

of United States Space Surveillance Network (SSN) can be determined. This paper put forward a

simple orbital anomaly analysis method based on TLE data called Semi-major Axis Change Method

(SACM). This method is rapid and valid, and can be applied to orbital anomaly analysis of LEO

operational satellites and the breakup debris produced in the Cosmos 2251 and Iridium 33 satellite

collision. With this method, the discrimination accuracy rate can reach 100 percent. By analyzing

the orbit anomaly of American Russian breakup debris with SACM, it is found that US SSN can

steadily detect over 90 percent breakup debris.
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Fig. 1 Semi-major axis changes of Cosmos 2251 (a) and Iridium 33 (b) satellite for breakup
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Fig. 2 Semi-major axis changes of Iridium 33 satellite

before breakup
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Table 4 Comparison between SACM results

and human judgment results of anomaly

objects for Cosmos 2251 breakup debris
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Fig. 3 Semi-major axis changes of the breakup debris
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Table 5 Comparison of SACM results with

human judgment results of anomaly objects

for Iridium 33 breakup debris

�\l]mn 	��� 8

j�knmn 
y	� 6

v|u{ 2

%&?%q%&F1+�"�#� $!QL, `y
'ÆHIa:./,e� D6%&?%q+�"�
�!��$C#�5"M/�: 100%, %e��]
fg�,r%h^ 90% ,`#+�"�.

�3, Z}O#�!$CHI?, �!DG#_
z 23VF$CZ:#, 4G>��#� (QE
,*h^g3*#!J;, !P%&�!8&, q{
A<,|~JWr%,W4h^JW�},'R4)3
~,9-7.r%. "�'R87, q{CA<, |
~CT$!, .WWEh^, #S, �!M%"��
!#DG8&. UD+)fW����\O'DG
_z#~�, W��QE#���,}�?Z.

|}~�
[1] Patera R P. Space event method [C]//AIAA/AAS Spe-

cialists Conference. Colorado: Keystone, 2006: 21-24

[2] Johnson N L. Environmentally-induced debris sources [J].

Adv. Space Res., 2004, 34:993-999

[3] Patera R P. Space event detection method [J]. J. Spacecr.

Rockets, 2008, 45(3):554-559

[4] Kelecy T, Hall D, Hamada K, Stocker D. Satellite

maneuver detection using Two-Line Element (TLE)

data [C]//Proceedings of the Advanced Maui Optical and

Space Surveillance Technologies Conference. Wailea,

Maui, Hawaii: The Maui Economic Development Board,

2007


