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Method of Spacecraft Maneuver Detection
Based on Two-line Elements

CUI Wen  GUO Chao  ZHANG Wei

(Unit 63768 of PLA, Xi’an 710600)

Abstract Due to the missions and orbit types of different spacecraft are quite different, orbit maneu-
vers must be conducted by spacecraft irregularly to ensure that they could complete their tasks success-
fully. For the non-cooperative spacecraft, their possible orbit maneuvers are usually unknown and very
difficult to predict in advance, so it is necessary to identify possible orbit maneuver events in order to
adjust spacecraft detection strategy in time. Two-Line Element (TLE for short) published by the USA,
has the advantages of stable source, fast update frequency and easy acquisition, so it is proper to carry
out the research on the method of spacecraft maneuver detection based on TLE. According to laws of
operation and orbit control of spacecraft, this paper proposed a method based on TLE to detect maneu-
ver events, which happened in the orbit plane of spacecraft, by checking and comparing the changes in
semi-major axis and minimum ranges between two TLEs. The TLEs, from June, 2019 to September,
2019, of two spacecraft, METOP-A1 and IRNSS 1G, were taken for example to demonstrate the operat-

ing procedures and steps of maneuver detection using this method. Then, a large number of TLEs were
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generated by simulation, and on the basis, some calculations of maneuver detection were conducted cor-

respondingly. From the statistical result, it could be found that the deviation of maneuver detection re-

sults was influenced by the own precision of TLEs and the amplitude of changes in semi-major axis. This

method could effectively solve the problem of detecting the time and changes in semi-major axis of in-

plane maneuvers, and identifying multiple maneuvers, so its effectiveness and usability was fully proved.
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Table 2 Detection result of change in semi-major axis of target 29499
No. T Masiuer e Change 8 ST\ g Confirmed
1 TLE,~TLE, 31 Jul. 2019 04:16:15.2 -57.0 49.7 No
2 TLE,~TLE; 31 Jul. 2019 17:39:47.9 -58.3 102.8 No
3 TLE;~TLE, 1 Aug. 2019 06:50:50.0 —47.9 62.1 No
4 TLE,~TLE; 2 Aug. 2019 07:36:47.7 -144.6 227.3 No
5 TLE;~TLEg 14 Aug. 2019 20:16:43.2 336.5 55.9 Yes
&3 B 29499 IBXEER/MEHIBTLE R
Table 3 Judging result of minimum range of target 29499
No. TLE Mang;%mme Change:;:/ef’major Minimum range/m  Confirmed
1 TLE;~TLE; 1 Aug. 2019 10:58:19.3 115.3 142.2 No
2 TLE,~TLE, 31 Jul. 2019 16:39:47.7 163.2 243.2 No
3 TLE;~TLE;s 1 Aug. 2019 11:03:23.9 307.8 46.8 Yes
4 TLE,~TLE, 1 Aug. 2019 03:26:20.7 106.2 170.3 No
5 TLE,~TLE; 1 Aug. 2019 18:00:20.0 250.9 382.3 No
6 TLE;~TLE; 2 Aug. 2019 01:19:04.5 192.6 131.1 No
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Table 4 Maneuver detection result of target 29499

No. Maneuver time (BJT) Change in semi-major axis/m

1 1 Aug. 2019 11:03:23.9 307.8

4 14 Aug. 2019 20:16:43.2 336.5
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Table 5 Iteration process of maneuver detection

threshold of target 41469

Iterations Aa/m g /m 8q/m
1 304.7 676.6 2334.5
2 174.7 70.4 385.8
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Table 6

Maneuver detection result of target 41469

Maneuver time

Change in semi-major

No. TLE (BJT) axcis/m Minimum range/m Confirmed
1 TLE,;~TLE, 2019-06-21 14:50:25.5 -3278.1 642.3 Yes
2 TLE,~TLEs 2019-07-17 15:09:50.1 —4248.1 621.8 Yes
3 TLE;~TLE, 2019-08-14 23:44:26.4 -3810.2 595.0 Yes
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Table 7

Deviation of maneuver detection result of simulated spacecraft (LEO)

Altitude of simulated

<500 km 500~1000 km 1000~2000 km
spacecraft
Error of . .
L. . Error of Error of change Error of Error of change Error of
Deviation of maneuver change in . L . Lo
detection restlts semi-major maneuver in semi-major maneuver in semi-major maneuver
; . .0 . A .
axis,/ (%) time/h axis/(%) time/h axis/(%) time/h
Theoretical <20 m 68.3 5.5 54.1 3.2 50.3 2.7
HHARCIYEL - 90~100 m 38.9 3.7 30.6 1.0 28.4 0.8
>100 m 14.2 1.2 12.5 0.5 8.7 0.3

® 8 (FEMRFBINERRNEE (FH)

Table 8

Deviation of maneuver detection result of simulated spacecraft (HEO)

Altitude of simulated spacecraft

2000~10000 km

>10000 km

L Error of change in
Deviation of maneuver L.
semi-major

Error of maneuver

Error of change in
. . Error of maneuver
semi-major

detection results axis /(%) time/h axis (%) time/h
Theoretical <1000 m 10 0.8 8.8 0.8
fnaneuver 1~10 km 1.8 0.2 2.5 0.5
>10 km 0.5 0.1 0.1 0.05
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