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General Method for Calculating Spacecraft Collision Probability

WANG Hua LI Hai-yang TANG Guo-jin
College of Aerospace and Material Engineering National Univ. of Defense Technology Changsha 410073  China

Abstract A general method for calculating spacecraft collision probability is developed. In this method the input required to perform
a calculation includes the respective state vectors position error covariance matrices and physical sizes of objects involved. The method
is valid for the general case because it only relies on the general form of error covariance matrices. The relative velocity is assumed to be
vector having constant direction and then the collision probability problem can be reduced to two dimensions in encounter plane normal
to the relative velocity vector by eliminating the dimension parallel to the relative velocity vector. Three kinds of method resolving the two
dimensions problem are developed and compared. Test case results indicate the method is valid and applicable .
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Fig.1  Collision probability density and projection of
11 combined envelope sphere in the encounter plane
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Fig.3  Collision probability density and projection

The case in which the origin lies within
of combined envelop sphere transformed

the projection of combined envelop sphere
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Tab.1  Collision probability results for Sphere rocket using three calculation method

m m m
1 40 40000 1.6917E-6 1.6925E-6 1.6831E-6
2 10 20000 3.7150E-6 3.7167TE-6 3.6962E - 6
3 60 800 1.1415E-5 2.5760E-5 2.5455E-5
Tab.2  Collision probability results for sphere and cylinder rocket
m m m
1 4 20000 40000 6.8941E -7 1.9385E -7
2 10 20000 20000 3.6962E - 6 8.6879E -7
3 6 200 800 2.1762E -5 3.4986E - 6
1
2%
3 55%
11%
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