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Method to detect satellite historical orbit maneuver based on

fitting of prediction error distribution
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2. National Academy of Defense Science and Technology Innovation, Academy of Military Sciences, Beijing 100071, China)

Abstract; Orbit maneuvers can cause satellite orbital anomalies and are one of the key concerns of the space situational awareness. A method

to detect historical orbital maneuvers from satellite TLE (two line element) data was proposed. By analyzing the prediction errors, the abnormal

cataloging values of the selected orbital parameter were detected, and then the corresponding historical maneuvering information was obtained.

Firstly, a large number of sample data of prediction errors were obtained from the historical TLE data, and the probability distribution model of the

prediction errors expressed by the Gaussian mixture model was fitted from these sample data by the EM ( expectation maximization) algorithm.

Then, based on the fitted distribution model, the threshold of detecting abnormal cataloging values of orbital parameter through prediction errors was

determined. Finally, taking into account the relationship between orbital maneuvers and abnormal cataloging values of the orbital parameter, the

method to detect orbital maneuver from the cataloging sequence of the orbital parameter was determined. The results of maneuver detection on

typical active satellites show that the proposed method can detect historical maneuvers accurately while maintaining a low false detection rate.

Keywords: maneuver detection; two line element; Gaussian mixture model; expectation maximization algorithm

FE 57 ) HAR80e H #33 K B2 ARG 1E
HARTE 5, St & BT R A HUE B3l Al 13 fig
PRAEAS (Al HA B S — T, S RN
25 [A] AT RS B g SR BB 3k 114 Iy %) i it 2 5
B 5y, BT s LS AE S AT LA B B
Kt BTSSR FIAL SN AT A, A RS 2 ] 5 4
ST

BUENL 25 A5 6] H bR 9 B0IE S8, R
R € B S B0 v S A D s U EiE R
BHLENE B ARSGEE . 98 B Mg w] 88 & A )
PifT 4118 2 % ( Two Line Elements, TLE) {2

«  YgFE EHA2018 —10 — 14

F R 1823 T 22 A B e 5 46 1925 i) A dphi s £ 8
G A, AN E TR — RS MR 2
0 TLE B ok s HLah i g7 s . WEFE T &,
T AW, — R EH B g H AL R
HG A 7 s BRI TSR 0T, LUK G 3
B MR B 2k e
TE L2 S RS R S AR M0 0 4 R T
07 R R EDE HE 5 TLE B i i
1Y) SGPA/SDP4 B3l AR AR T ™ 1551 , 4 H {E 5
TOARARL A 22, BT 152 2 4 4 A S (R AGE T00 )
febR. T TLE 78 B 55 15 22 HL 9 IE PR k5

EE B 2295 (1990—) 5 Wi RE B A, -0 5T 4= , E-mail : 1itac0420@ 163. com;
Mg GBAETER) , 5 Bera s PE N, #80% , 18 1, 181 4E R0, E-mail ; chenl@ nudt. edu. cn



42 1 ARV, S5 P B R 22 3 A PO S B TR D S FLE AL SRS 1) 75 v - 115 -
W A—HRIP BRI, I I Tl 41 2R 22 fE R A A : T fs : t

FE PR H I3 A R S TR (B A 06 . B L)
R 75125 9 A 75 1 HME A8 43 A e 1 , SR T T4l
BRZEMGETH AN T 2205 B S (A D g ]
PR o J7 vk R I 5 TR 152 22 IR A g 30 20 A1 1 i
lx X ARG UE Y TS5 1 W] BE 230 Tt iR 22

HAEASIIN PR3 8T IC , 2 T 532 o AL 0 g o
Tﬁiio

ARSCHR Y — b T R R 22 0 A A5 O AL 3l
R 7 o 3 3k 20 B PR 15 22 A D A 2 00 5
o B (AT IR 58 22 AR 3 A B 2, 1T
SR D s B FE AT G . X H AR P st TLE
BRI T PR R 22 AR A TR 158 2 O REAS BN )
FI 4 B8 % KAk ( Expectation Maximization, EM)
B FEABAR U G158 DL IR SRR A 1Y
Pl iR 25 RSB A B AL . BT, DA A Bl i
B S WA 7 ¥k, IR R a5
BT S 22 ) T 0T I 6 AR S AL B A I . B
TEPCHALTE B TR Il H AR AT BLB A, 43
Mg e BT $ 5 L A AT AT PR FIBL S A I 1 B o 75 22
i A ZE TSGR FLE LSRN 75 b, T
S AT R HE S8 BRI AN S ME— 1Y, A SR
T A E K il DRy 9 % AL B A Ik R A T
B, SEBR bt AT DL BB A O3 BB R
S HAN S

1 ETHEHFENTRIRES BIUE

L1 BARYEAER

PR R ZE A B 1 2R O VR I 1 TR
FIFH SGP4/SDPA #5584 v, i ZI 1 TLE 2 H %18 2
B a, B WIWRAME R BEIS m A9 HAE T LE 1
TEFZ] €41 tivas ooy L » AT BAH N A 4R (6
@iy o %ﬁ%?)ﬁ?ﬁ@%*ﬁ@ﬂgéﬁ
HAEAR U, 8075 ) m > WA R 22 808 Aa,,,
Aa,.,, ., VAR R AR TA] Az, , =
Lot = AL =t =t A =, —

XF P VAV EUIE 2 5 B AR Bk
B, A DA 3 — ZR 51 55 AN [R) TR I 8] AH X B )
PR 22 50t o BT B T PR R 22 B R A KK
Wi AR NS So LA UREA RGN, AT DIAR 4 52
PRIG DL E 28 m WA DL IRAT & 18 i A %X
Pt

H T TR R 2E (8 70 A1 4 -5 TR A 8] 4 D0 AH
K FEABIR B T 00 A 005 2 i S 42 H P4
A AT 34 . 5 IB 3R] — 25 18] HARAY 46 R FR 3

a’i+2,i’ 5a[+mL

Aai+2,i P

v

B4 H BTE 2 Bla SRV e
FJRGEmA Y B FEHIT —

BT A IR R 22 R A R ) 78 T
Fig.1 Sample data generation of the prediction error
TLE 22 8] B A1 I 11 18] B — s B0E 4 400 ) R %
5 SRS A TR 2 0ok 7 11 THU9RR B ) — e
LA ABAAE T IUIE o 03 F) R A, % TR I 1) £
AT RLS HBGE R T BB RS, s B A
AR R FAT B ] 8 1R 22 R A T 0 4 o IR AR S
B LAY N AR, B
S=1S0, 80, S, (1)

WS, 4 55 B A7 TR I 18] ok A5 1038 ) 39 B 4T
BRI .
1.2 WHIREMSTHIUE

X PR R 22 B 0 A S ELAE P 2D 2 — AP
ST DA e SR G R R 3R 1) T % 22 RO 3R 0 A
o Bm 5 — P SR M EM B0k AR AR b
A BER AR YT S 4

PR TR 5 A2 S A R BE LS T M 3
A IO E A BRAS v 307 20 A1 B AR
e BE PR, HE A i BB 2
F TR S AT LI B IE R0 247
Boriiid o Je T mniR S R, TR 18] ok £
B JRIAR, TR IR 25 Aa W RES3R FE R EUT R
RUE

fi(Aa) = Zaf(Aa,,u,j,a') (2)
Hr, Jﬁmﬁﬁﬁﬁlﬁﬁﬁ/\éﬁ a; X R AR B
ﬁﬁ/@zaj = 1,f(Aa,, 3Mja0'j) %@ﬂ?ﬂjﬁﬂ\]u,\ﬁ
%0 o] B} Aa E‘J%ﬁﬁﬁj\?ﬁffﬁiﬁzﬁ PREL
2 (A M
f(Aa;,ufj’O-j> = — | (3)
EEEOE

e (2) 235 I HE 2R %5 4 R ?5(‘43 A E 1
SR = A3 AT AN T DA T A %) iy
IBEL o, B oo SCHRL 10 ] P v i 45 A5 28
Xt TLE v 8 Wi 222 i ME S 00 A e AT T 106, 25
RIS AN RO 3 2 DS B R A
HR . DL S IR, X B T =3, Hfh S5




- 116 - e AN o 4

542

WA EM 5335 DA T 4T 1 22 4 AR B gl b 2
35,

EM 53k J& — Bb ik AU Rk, 1977 4F i
Dempster % B4R T & Ba 8 i (1 %
(LSRE 2 G ON VRS 37 WG N EE o | S g
EM B i R Uk 2D 280 E 45 SRS M
A SRR AT EM SRS TR 0% 22 BR 4 S,
T £, (Aa) RS R i F

A B S, = {Aay, Aay, o+, Aag b B
Wi & HRL £, (Aa) .

i AR SRR A S o, W o)

1) IS E oIt T IR AR

2)E b AR YT S H, A A
PRI B Aay, FWE R

a,f( Aa, 3/"«ja0'f)

Yy = 7

ZaﬂAak;m,fﬁ)

j=1

k=12, K;j=172,] (4)
IIM A AR — BN R S5
K

];'i’ijak

iy = B
;714

K
kz’i\/kj (Aak _,U«j)z
_ k=

)= 12,000 (5)

A2
a;

sJ=1,2,--,J(6)

K
Zm-
k=1
K
. kz_:l')’kj
&= j=12,0 ()

4)FERH 2 R 3 8 HEE

XIS S A BER KR E R Eid A
1A B AT A B WUR A [R]0Y r1,r2, e N B R
TRIE I B L R AL, e N S, (Aa), f
(Aa), - fiy(Aa) o B EBEREA LGS /N 2252
MR ZZ 5 AT IR ROCR AR IR U A s 7 v 2
TRE A L BIEA

2 HEhtelriE

2.1 HESHREENEN

6 3 3 A T R 2 o I B R WA TR
M — AT Z A R T3 R T T A3 < AR
B SR HN G A9 R TR =5 4
(i<jHj-i<m)BBIRHHRIRIE Aa  FIRTER j
A A a; BB 5HE AR AR, IR S H e
T E PR 22 ARG 1T BR, 3 L T U515 2

FRE S o0 A B R A5 5]

R 1.1 5 R R A s 1) A ) i, T4
% Aa; WhE JB TREAS K S iy 3 8o 4.
B SS i RIS j A BUIE S50 B AR P ST ]
ZEW L Avy ;= rk  BPSET ok F5PUE I, N Aa, J2
Bl S, ot R . Rk, [l B AW Aa,  7E
B S, h RS E T R

PG LA 15 B 0 T 152 25 M58 43 A A 7
fo(Aa) FIRTEE T, 0T AR FHZ B0 n - o 35 A
SE SR E AT TRR X SEPR ERES TS, P BB
RNt 30 23 A B e gl i . 43 ic S, i gE Tt
ARGy 2250 A o, B o, WIARSE n - oI5
W, A5 Aa; FEAEX I [ — no oy, + 0o, 12250
WU R Ay S R R s, 55 7 A0 2 80 BHE
WK R R ), JF HAOR % A X ) [,y —
no iy + 0oy, | HER (IERN P,) AL n (A {E
E WM n=1,23 RKXIR P, =0.682 7, P, =
0.954 5,P, =0.997 3,

H2 25 IR BN W iR 22 I B S A0, B A 15
BN AL I3 AT R B S (Aa) FFAS— & i 2 e 2 o3
A7, M E N o — o 35 WHET S50 (8 F D O
AT, XHEBME 0 - o FNHR B —Fh ok r) 5
FAE AR L, A 44 on - P RN, an A 2
JIi7R o

¥ NIZ X ] A ESR
P=0.0073

FENZX [ AR
P~09545

‘EAﬁBM%%$1

PA06827

7\

N

b, b, B, ub, ub, ub,

B2 n-PENRER
Fig. 2 Diagram of the n — P rule

n =P NP X ][ b, ub, | B AL 38 AR
SEEAE, BRI, 0 = 1,23 R XN P, =
0.6827.P,=0.954 5 P, =0.997 3, X[a][lb,,
ub, | WIARHEAE 2 P, e 400515 21 () A 329 132 ok 4K
S (M) HHEARE], 105 £, (Aa) XF B RFRHE A
ST RRECH F, 0 b, F ub, WA



LT Py s B AL Sl I B 7 vk - 117

552 1 RV, G PRI R 22 0 A UL 5
- 1 _Pn
)
b oo F-! 1+P, (8)
uv, =1r, ( 2 )

IR Ag; AT XL, ub, ] Z P9, WA 5
JABUIES R B AR R B, 10 R E A
SR

BRI AL PR R (< Hj-i<
m) WHLES B H A B R IR 22 X 2 T A
RZEBAR L B — A, loar DU AT S 4%
BARAAS BLAEET 0 — P 5 B0 5 (BRI X
] X PR A b AN B8 T A 0L 7 B A 5 o
JEE R I L, Fo 2R X[ 38 o 6f AR 418 A 3 4 Fr) A
DX TAIA A2 ) o X TS B Y T4 1R 25 KL
Y, AR 2% 5 T L ) TR S 8], B ] 5 5 AL 19
AN DX 5] AR T 57 RN
2.2 HLEHBIEEN

PuBbLsh 2 HUE SO B 5k, R
PUE 2 FR Y 50 i (. e Bk
Y, K BE S A R 5 SR, B e) 52
BUMLEIAGI . SRTT, b F TLE AS By 4 & $df e i
(JX— Mg P A PR T I A o 7 P R A= il TLE
K B PUEAR S IIE R 25 LA BB R A A
BREYE) | RIMERA 2 F AR o 5200 {H, I A
AETATE & W82 B TE AL Bl Y

TEM PR 2 22 HEAT AL S A I (995 521,
BRI T, — A R J7 12 K BE 2 M
FHE 5 TR 25 2219 B ELRTE s AR5
AR I A 1) B4 1% 2 4 W s 52 4% 2 H (DI 75 5
W, AT RS A RS 23 2 H AT B A8 D e I
ANy 2 LBl S

FTZAE, NTLE B HE S B HAE T
Z s I s B0 AE ML 2 Y AR Ab HEA PR A

e

T ARG B HAE T 51 45 08 N
TR AR UE . X TR — B K OB A =
Ja2E m A HEFE T G R m 545 114
H i m AEAR TR ), MR 39 T A5 B 42 5 22 20 31 4
X m A FHER A0, e A
Ja al AR —ANP8 D, P8 ID HE i A JnERI
X T UBES g B SRS @ D onR o8 Bl
FLHERT, S5 2 m A~ G FAE P8R O 5 (e Y
M

IR 2000 T2 H Ay 51 Fp 5 18 7 0 i )
SRR AES 1 A 2 B LIE B Z AT m - 1
4 BN TR B HEHEA T 53 AR NI, 3] 1D v
XL TR BN 1o 2 RIZ S 3 (A B o Tl
FEUERT, P50 1D X TR E N mo R,
NG 3 | 2 Y B S 8 — MBEX D P 87 1D R
BEy m + 1 I{EZIN 2 (ARE LR BB . M iH
B TLE % e (19 140, P31 1D w4 i el Al
TOUR MM HICR AT 3 18 B, I
X B P U R EE N 0, e A A4 8 — 4
B2 N D,

FB] 31D, PRYAEZ 0 Al LA g 2 i
PUBNLEhE . %ISR SR U BT A A%
JUER AR B, B — 1 Rs BgoA ik —
AIENLSN , I H A B b i KOG R B0 I A
HRIEHE FITAE P TC I 2R LBl i 1]

3 BEHISH
3.1 &gt
DA B AL S A T 3k 4 G I BE , 08 X

7T ASAL ) LEO BUiE TR AR I B AR, ank 1
JR

%1 BHEDEER
Tab.1 Summary of selected satellites
DEBHSSN) KA WS min () B ke A gﬁﬁ "
i
25994 1999 - 12 - 18 98. 82 98.20 703 701 2003—2013 4=
26620 2000 -11 -21 98.72 98. 14 698 696 2001—2016 4%
27424 2002 -05 -04 98. 83 98.21 704 701 2003—2016 4%
28376 2004 -07 -15 98.83 98.21 704 701 2005—2016 4=
29499 2006 -10 - 19 101.30 98. 66 822 819 2007—2016 4%
29107 2006 - 04 -28 98.83 98.21 704 701 2007—2016 4=
29108 2006 -04 -28 98. 82 98.21 703 702 2007—2016 4
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