0254-6124,/2014/34(2)-208-06 Chin. J. Space Sci. % A% %4

Wang Ronglan, Liu Wei, Liu Siqing, Yan Ruidong, Gong Jiancun. An orbital anomaly analysis method based on TLE data (in
Chinese). Chin. J. Space Sci., 2014, 34(2): 208-213, doi:10.11728/cjss2014.02.208

9

MET TLE HENMESRESHTHE

Fxr= X I AMWEE Hm&Kx RZEN

(FEBEBEZ B2 SR AR FL L 100190)

B BT YRR P R R R TR R S R S B [ R, R bk BUAGE e B K, a4y
Mr 2= [P PR A B e, R DA B A SR T A 3 e Rl 0, SR TR TR B BB F7. AR SR — ok
F TLE B 9 {87 B 308 55 o0 A 7R . 207 dig 20, B SR AE ) TR A SE Ak A e
ARSI, SRR ESIRAI A AR 100%; X SRR A AT H0E R0 AT 5 A5, 96 [ 23 ) W ot 0o
AR B 90% LA b i .

KEEE  HuERE, KRR, R

hE4SES V528

An Orbital Anomaly Analysis Method
Based on TLE Data

WANG Ronglan LIU Wei  LIU Siqging
YAN Ruidong GONG Jiancun

(Center for Space Science and Applied Research, Chinese Academy of Sciences, Beijing 100190)

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.

Key words Orbital anomaly, Semi-major axis changes, Standard bias
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Semi-major axis changes of Cosmos 2251 (a) and Iridium 33 (b) satellite for breakup



212

3.2 BRMERFEISHN

T EREFEARAGE H 2 e B BRI, X
T PR G AR AR S BT & D T AL
PR FIAG RS, T E i T RRRRE A SRR, i
JRCERII IR XE, AR FRARRE 9 BLIE R T BLS7
AR AR AR W AT IR AR TLER
TR ], XARARE 24T PUE SR A

SEMRARAE B BLE S Ry —FE: (1)
PLEVIIEATAE; (2) PUERAERE; (3) BRI E
e, BUEHES, B 3 Brs.

fp R R R AR RO AN A R B I TR PRRE
TR G, TRXE LR AR AR BE &
R GRRABAE R ol TR BRI T R AY, (HEX
FHER ELEE/D, T RE R M I BB 7 R 1 R 1 B
P TR0 500 ) B (L Rty TSR 5 R Y. B

Chin. J. Space Sci. =TRAFFR 2014, 34(2)

B H AT B A EZR S R PLE R .
H1 TS TR P 5 BEAR /DS, e e R T S AL
S BIBER AR WY, R, AR e A
G PUE S, AR Fr i) 5 A SERR AT Sk
5 [ 2% [v] e R 19 4R D00

A AR 2 AR AL 0 Sk T R B AR AR 32k
FTHUESRH AT, RAL 2009 4F_E~E4FH) TLE Bodk
PEIHEZS, X 2009 4F T AR i) SR TR Al SRR PR
Fr #EATHUE SR oA T DA AT S A R fEL
RIFR AT H 4R, RAHE k= 10 B, 57
AT R e N AR
3.2.1 TFH 2251 HEHMERESR

T 2251 FRAE B B BB R AT AR AT

(1) THEARE] 49 MR, Hd 10 PR
B (8 TR T BEFANBY). MR A PUESE
PR T HUE W TR, WA R R WL

7155.84 HIIEFIR A 100% (W38 4).
1
: H |
g 7155829 a A :
~ >
2 A ;/ :/ # 4 FH 2251 BHRANEFITERIAT
7155.80 1 . & - =
5 : 4 SIK 40 5 RS B
< [ ]
f 7155.78 - Table 4 Comparison between SACM results
2 .
& and human judgment results of anomaly
7155.76 1 objects for Cosmos 2251 breakup debris
2007-12-2 2008-3-2 2008-6-2 2008-9-2 2008-12-2 B R SR 49
date
NTHBrh R RN 39
M2 RiEEARTEE 33 AUELE KL FEAL (RSN 2
Fig.2 Semi-major axis changes of Iridium 33 satellite -
& jor ax § [LZREIEIN 8
before breakup
b
g 7164.665 4 (2) ®) ()
u 7183.9 71421
x} 7164.660{ =* 71838 ]
%7164.655{ : 7141.9
5 7164650 718371
= ' 7183.6 | 7141.7
£ 7164.645
; 7183.5 1
7164640 /‘\.\' 71415
g 7183.4 ]
» 7164.635 1
: . 7183.3 . . . T . ) 7141.3 " . T . .
2009-1-28 2009-5-28 2009-1-1 2009-5-1 2009-9-1 2010-1-1 2009-2-28 2009-6-28 2009-10-28
date date date

Bl 3 SEMARARE F A BIE 7 W R X

Fig.3 Semi-major axis changes of the breakup debris



ERZF: —MHET TLE HBORERFHM 7 %

(2) 39 MHASE A EPUE R0 BT FH 2251 B,
BIFTEL 39 MIREEEREN 4 4, AL
FIWTEI 2 45 A, Hdr 38 MR R PR
FEH N E /M, F 1 MRS
FANTNLH AR, BIRF A 1 A~
3.2.2 $RE 33 FHBRNERELSH

BKE 33 B IELE R TS R

(1) WHHEBE 8 Mk RY, Hd 2 METH
EEAGB. RN R PUERAC TR T HIE
W, MR PG 21 7 H Y BO IEB 2 100% (W
& 5).

(2) 6 MESERERE RS, BF IR
th 6 MEHEB, NLTHMrE 7 BB, BN
T 1R
3.2.3 /NG

MR L2347 AR 21, b il LU ZCH ) 58
AR AT SRR B BLE R0 ko = 10 W, 3
SR L R SRR AACHRE i 57 o A A, BBt
W AAPB SRR E T PUE RN, 2000 45 4
FK TR R ARRRE R i 20 R (B R RO
S 2.2% (BKE 33 B F) M 5.7% (‘T 2251
Fr), 58 2251 B R A RECKE 33 WER 2.

4 2R

BUE S W R AR TR SR G — > ] .
A4 HPE W e SOF AT 28, d@ad APl
SR TEERBRCR, R T —FRA S
HUBRF TRk, RIARYE T S0 %
e, THEEA IR s [ P BT b =gl 5 X S A g 24 LA
trEfmz, DX SRR RAT R, AEREIR
IR HRRFE BB R IR, 28 S TR B[R] ]
BT F SR R ML, 0590 BESA Ak i S 0.

B AE IR PLIE TN S T R AR AT
AT T HIE R T, 45 HRBLE

213

x5 KE 33 BOEBRFIVEFITER
ATHMREFE S EXIE
Table 5 Comparison of SACM results with
human judgment results of anomaly objects

for Iridium 33 breakup debris

R4 R S 8
N T HIr 4 5% WasE 6
G- 3N 2

TR SR TR AR AR B PLE AR A, Bk
TZITIEPREA R BB TE A TR SRR
SR YIRS AT F A IEBRRAAE] 100%, RE 25 M
PR E] ATR AR 90% DA L 4 fAc it .

TN, BT B R AT R, R B (E R R
BRI 2R, HAE SR HLE. Fik
PARARINBE ST SR AR, i T D@ W EOR, Bk
AU, S HAXT R, X HARMAART 2 5, — AR
SR HERRE. WA — BN, RN, 2
SAWARAL, A EARMERD, FUL, 85 R
TR EER. ASCERE XD RS T B
BRI, XU R i T AR S

SE3CH

[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

Wailea,

Maui, Hawaii: The Maui Economic Development Board,

2007

Space Surveillance Technologies Conference.



