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X BT AR BN ARE A www.space-track.org ZATHY 2010 4E 3 A 1 HE 1 HMITHREL,
it SGP4 BRI A B, FIRIBE R 2010 4E 3 H 2 HE 7 H (MJD 55257.0~55262.0),
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e R HE.
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Table 1 Error statistics of the orbit prediction of the satellite Ajisai in the five-day
span using TLEs

Term RMS error Maximum error
Coordinate = (m) 481.9051 1171.0943
Coordinate y (m) 479.2596 1467.1350
Coordinate z (m) 170.8760 498.6605

Position (m) 700.8001 1496.1654
Azimuth* () 42.9807 227.0201
Elevation* (") 78.3399 2249.0497
Range* (m) 415.6379 1211.5066

* For Changchun Observatory with elevation > 20°.
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Table 2 Error statistics of the three day’s arc orbit determination of the satellite

Ajisai using TLE simulated multi-station data

Term RMS error Maximum error
Coordinate z (m) 474.1399 1122.3224
Coordinate y (m) 470.3644 1098.6143
Coordinate z (m) 158.5206 395.1755

Position (m) 686.4256 1168.7608
Azimuth* (") 32.8158 574.1001
Elevation* (") 66.3073 2675.0114
Range* (m) 372.2249 1062.8395

* For Changchun Observatory with elevation > 20°.

3.4 HENEMIREN DR

B, BIBLIBCOR MBI R e B, R N SLR I BE BORL -5 SRR S
SLR MBEEGTRLG I, TSI ER. RubMETORBURE AT 7E 2010453 H 2 H 1d
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x 3 FITREEBHELE Ajisai $LEIRESITR
Table 3 Error statistics of the TLE aided orbit determination for the satellite Ajisai

Term RMS error Maximum error
Coordinate = (m) 133.5065 438.5936
Coordinate y (m) 149.3120 652.3535
Coordinate z (m) 126.9119 485.6350

Position (m) 237.1174 688.5467
Azimuth* (") 14.1722 448.5125
Elevation* () 11.9277 384.8954
Range* (m) 108.4366 519.8057

* For Changchun Observatory with elevation > 20°.
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Fig.1 Error time series of the TLE aided orbit determination for the satellite Ajisai
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Fig.2 Detailed plot of the error time series of the TLE aided orbit determination
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Table 4 Error statistics of the five-day prediction for the satellite Ajisai using the

TLE aided orbit determination result

Term RMS error Maximum error
Coordinate z (m) 9.6306 37.3617
Coordinate y (m) 9.6919 38.7627
Coordinate z (m) 7.7936 19.7638

Position (m) 15.7297 39.3758
Azimuth* () 0.4790 9.8808
Elevation* (/) 0.6152 19.0630
Range* (m) 5.9704 27.7826

* For Changchun Observatory with elevation > 20°.

K5 BAEMIE Ajisai Hifhk 5 d HEBRERITR
Table 5 Position error statistics of the five-day prediction for the satellite Ajisai

using different methods

Prediction method RMS error (m) Maximum error (m)
TLE+SGP4 700.8001 1496.1654
TLE aided orbit determination 15.7298 39.3758
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Fig.3 Error time series of the five-day prediction for the satellite Ajisai using the TLE aided orbit

determination result
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Two Line Element Aided Orbit Determination Using
Single Station SLR Data

LIANG Zhi-peng!?  LIU Cheng-zhi'! = FAN Cun-bo’ SUN Ming-guo®
(1 Changchun Observatory, National Astronomical Observatories, Chinese Academy of Sciences,
Changchun 130117)
(2 Graduate School of Chinese Academy of Sciences, Beijing 100049)

ABstrAaCT [t is difficult to use the single-station satellite laser ranging (SLR) data for
orbit determination, due to the singular geometrical distribution of the observations. The
single-station data generated by performing diffuse-reflection SLR to the orbital space debris
are therefore ineffective for orbit improvement.

We propose a method to resolve the singularity in the observation distribution. Since
the initial orbits of space debris such as the two line elements (TLE) exist prior to the SLR
tracking, we use it to simulate observations from other SLR sites. We combine the simulated
and actual observations with a proper weight to fit an orbit, thus resolving the singularity in
the observation distribution. We then propagate the fitted orbit forward in time to validate
against the precision ephemeris derived from the international laser ranging service (ILRS).

The method is implemented and applied to the satellite Ajisai. Using the single-station
SLR data of five passes in one day and corresponding TLE as the initial orbit, we fit the
orbit and the generated predictions. The predicted position error is less than 40 meter in
five-day span, significantly improved over the initial SGP4 propagated orbit. The method’s
potential application to space debris orbit improvement is also discussed.

Key words space vehicles, celestial mechanics: determination of orbit



