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Space-based identification method for space debris based on trajectory

consistency detection

Lei Yunfan', Wang Long'", Zhong Hongjun®, Zhang Hui', Wu Yanpeng'

(1. Beijing Institute of Control Engineering, Beijing 100190, China;
2. DFH Satellite Co., Ltd, Beijing 100094, China)

Abstract: Aiming at on-orbit correlation between space-based observations and cataloging of space debris,
observation model of space-based optical cameras for debris was established, the impact of on-orbit environment
on observations was analyzed, furthermore, a space debris identification method based on trajectory consistency
detection was designed. In order to satisfy the applications on-orbit, a debris identification method, fusion of
DTW and trajectory topography difference quantification, was proposed. Firstly, using DTW to screen out one
predicted trajectory which is closest to the real trajectory; Further, quantifying the morphology difference between
the closest trajectories found in the first step as the standard deviation of the total error between them; Finally,
using statistical testing to confirm the consistency between the two trajectories. The two trajectories were
consistent means that the debris was identified successfully. The comparison of the stability between the method
proposed in this paper and the method based on trajectory line fitting and parameter error testing was carried out,

and the results demonstrate that, method based on fusion of DTW and trajectory topography difference
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quantification is the more stable method, and the stability is improved by 56.5% compared with another method.

The method proposed in this paper is not being affected by the factors such as debris motion characteristics and

observation environment, and can be widely used in satellite perception and protection.
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Tab.1 Influence of data continuity rate on the identification stability between two methods

Simulated frame num  Data continuity rate  Angular rate of debris/(")'s™

Proportion of identified number to the total

Simulated total debris

Method1 Method2
20 100% 2700 100 97.1% 98.3%
20 90% 2700 100 90.1% 97.6%
20 80% 2700 100 83.6% 100.0%
20 70% 2700 100 77.2% 96.7%
20 60% 2700 100 72.0% 99.1%
20 50% 2700 100 67.8% 98.5%
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Tab.2 Influence of angular rate of debris on the identification stability between two methods

Simulated frame num  Data continuity rate  Angular rate of debris/(")'s™

Proportion of identified number to the total

Simulated total debris

Method1 Method2
20 60% 3 600 100 98.3% 100%
20 60% 2700 100 72.0% 96.2%
20 60% 1500 100 45.3% 97.5%
20 60% 720 100 26.1% 99.7%
20 60% 360 100 10.6% 98.3%
20 60% 200 100 0 97.1%
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Fig.9 Debris 1 trajectory fitting results. (a) Data continuity rate 100%; (b) Data continuity rate 50%
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Fig.10 Debris 2 trajectory fitting results. (a) Data continuity rate 100%; (b) Data continuity rate 50%
®3 HTEERIUAENERIRE
Tab.3 Fitting slope and error of simulation samples
Do not extract simulated observations Extract 10 frames from the simulated images
Name Fitting slope Fitting slope
Error Error
Real Predicted Real Predicted
Debris 1 17.587 17.885 0.298 17.743 17.471 0.272
Debris 2 0.710 4.236 3.526 —0.066 2 4.411 4.477
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Fig.11 Real trajectory and predicted trajectory of Cosmos-2344
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Tab.4 Identification results of low-orbit satellites in stargazing experiments

Proportion of identification times to the total

Name Zenith angle/(°) Magnitudes mV Total identification times
Method1 Method2
Object 1 87 35 100% 100%
Object 2 84 4.0 90% 100%
Object 3 81 4.6 72.7% 100%
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