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Collision Prediction Analysis Using
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Abstract With the expansion of human’s activity in the outer space, the population of the space
debris has grown greatly. Several collisions and breakup events in the recent period increased the
total number of space debris sharply. These debris are causing serious threat to orbital spacecraft,
and efficient protection must be done to deal with the growing collision risk. Space debris collision
avoidance job mainly aims at big space debris that can be monitored, and predicting the collision risk
between spacecraft and space debris and then evaluating the risk through certain collision criterion.
So a reasonable orbit maneuver decision can be made to perform any necessary mitigate action to
avoid possible collisions. Collision probability is the primary index to evaluate collision risk. The
combined object size, the minimum distance and errors are main factors affecting collision probability.
When the combined object size and the minimum distances are not different significantly, error data
will be the crucial factor affecting collision probability. This paper brings forward a method of using
refined error data to compute collision probability on the basis of whole day errors. And this method
makes improvement in analyzing possible collisions.
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Table 1 Error data of Object 33320 in April 2009
TR B /kom TEIIES R/l

UJiE NJE W T UJiE NJE W IJrH
0.1 0.0417 0.0172 0.0098 6 0.7690 0.2822 0.1344
0.2 0.0475 0.0129 0.0096 7 0.8290 0.3253 0.1494
0.3 0.0619 0.0154 0.0132 8 1.0400 0.3659 0.1651
0.4 0.0675 0.0178 0.0149 9 1.2656 0.4055 0.1798
0.5 0.0789 0.0199 0.0157 10 1.4179 0.4436 0.1896
1 0.1553 0.0455 0.0276 11 1.5342 0.4806 0.1965
2 0.3050 0.0998 0.0540 12 1.7593 0.5123 0.2012
3 0.3429 0.1464 0.0766 13 1.9867 0.5444 0.2055
4 0.4416 0.1924 0.0988 14 2.1929 0.5759 0.2151
5 0.6310 0.2368 0.1175 15 2.3906 0.6070 0.2285
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Table 2 Object 33320 refined error data
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U J7[7] N J7 [ W 5[]

2009-05-03 03:45 0.1847 0.0577 0.0094 0.0097
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2009-05-02 17:59 0.5917 0.0963 0.0301 0.0201
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2009-04-30 22:01 2.4236 0.2878 0.1204 0.0637

2009-04-30 17:08 2.6271 0.3109 0.1302 0.0682

2009-04-30 10:38 2.8979 0.3422 0.1430 0.0741
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Table 3 Collision probability results
using later TLE data

AT (UTC) Tl FE A A
2009-5-3 10:10 2.14x10~ 11
2009-5-3 11:53 1.68x10~10
2009-5-3 16:38 1.42x10~10
2009-5-3 18:24 2.08x10710
2009-5-3 21:39 2.75x 10~ 11
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