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Abstract: Optical angles and laser ranging data are two common types of space debris accurate tracking
data. After a great deal of simulated experiments, the performance of debris orbit determination and
prediction were investigated using these two types of data, in an effort to understand their characteristics
and use these sparse data in a better manner in the future. At first, the simulated angular data of 1”
accuracy and ranging data of 1 m accuracy were generated using Consolidated Prediction Format (CPF)

orbits of Starlette and Larets in January, 2015 for four observation stations in China. Then, orbit
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determination cases using data from single station and two stations were formed. For all orbit

determination cases, data from either full pass or shorter pass were used in orbit computations. Result

shows that the Orbit Prediction (OP) results using angular data are more stable than those using ranging

data. Specifically, about 75% of 1-2 day OPs using angular data of two 90 second passes have accuracy

better than 20”. It also shows that the OP performances using two single-station passes are very similar to

those using two passes from two stations.

Key words: angular data; laser ranging;
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Tab.1 Related information of four SLR stations in China

Name D X/m Z/m Latitude (N) Longitude (E)
Changchun 7237 -2674 386.739 3757 189.307 4391 508.401 43.790 5 125.443 3
Beijing 7249 -2 148 760.301 4426 759.556 4044 509.699 39.606 9 115.892 0
Shanghai 7821 -2 830 744.208 4676 580.396 3275072.920 31.096 1 121.186 6
Kunming 7820 —1281 275.692 5640 727.251 2682 925.899 25.02 99 102.797 2
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Tab.2 Single-station orbit determination cases of

Starlette and Larets in January, 2015

. Number of . Number of
Station Station
cases cases
7237 202 7237 121
(Changchun) (Changchun)
7 249(Beijing) 212 7 249(Beijing) 120
21 21
8 . 197 8 . 96
(Shanghai) (Shanghai)
20 20
8 ( 138 8 ( 95
(Kunming) (Kunming)
Total 749 Total 432
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Tab.3 Two-station orbit determination cases of

Starlette and Larets in January, 2015

. Number . Number
Station Station
of cases of cases
7237(Changchun)— 217 7 237(Changchun)— 126
7820 7 820
7237(Ch: hun)— 7237(Ch hun)—
(Changchun) 389 (Changchun) 233
7821 7821
7237(Changchun)— 408 7 237(Changchun)— 239
7249 7249
7 820(Kunming)— 251 7820(Kunming)— 199
7249 7249
7 820(Kunming)— 255 7 820(Kunming)— 124
7821 7821
7 249(Beijing)—
(Beijing) 398  ||7249(Beijing)-7821 231
7821
Total 1911 Total 1152
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plotted by "box plots"
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Tab.4 Values of the third quartiles of 1-day orbit prediction error series of ranging data and angular data

Data type Ranging data Angular data
pass duration/
s 60 120 180 30 60 90 Full
Q3/(") 499.92 117.46 43.64 88.21 32.94 19.07 8.53
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Tab.5 Values of the third quartiles of 1 and 2—days orbit prediction error series of ranging data

and angular data

Ranging data

Angular data

Data type
pass duration/s 60 120 180 Full 30 60 90 Full
1 day 499.92 117.46 43.64 8.25 88.21 32.94 19.07 8.53
Q3/("
2 day 506.25 119.38 47.11 11.53 93.29 36.39 23.68 12.6
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Tab.6 Latitude information of four SLR stations

and corresponding pass times of simulated

data
Pass times
Station Latitude
Starlette Larets

7 237(Changchun) 43.790 5N 200 111
7 249(Beijing) 39.606 9 N 210 109

7 821(Shanghai) 31.096 1 N 205 92
7 820(Kunming) 25.0299 N 155 94
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