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SHORT- AND LONG- TERM APPROACH COLLISION
PROBABILITY OF THE OBJECTS IN SPACE DEBRIS CLOUD

Abstract. The main area of investigation is about self-production of the debris in orbit. This production is
mainly done by mutual collisions between the orbital debris. The presented analysis on space debris cloud evolution
and mutual collisions between the objects of the cloud have been based on the Gaussian distribution using position
covariance ellipsoids and the available data. The collision probability was then compared with the breakup energy
experimental results which can produce more and smaller objects. The probability density function (pdf), which
describes the uncertainties of the two objects positions was used to determine the probability that they are within a
specified volume. Then after the relative position of an object in space relative to another has been calculated their
relative positions uncertainty pdf has been obtained. These procedures have lead to be able to integrate over volume
part of the region where one object approaches another.
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The idea behind this paper is in understanding of the consequences and aftermath of the collisions,
explosions or breakups of artificial Earth satellites in space. In order to understand the behavior of the
objects at the instant of the collision we must approach this problem gradually in stages.

This paper introduces the stage of the probability of collision between two objects orbiting in space.
Generally this kind of collisions has three natures of outcome. First, the kinetic energy of particles (the
debris of the satellite-satellite collision, satellite-meteorite collision, etc.) is still quite high, to transfer the
energy within its reach region. To compute the probability of this event, it is necessary to formulate the
problem within the framework of probability theory. The probability density function (pdf) describes the
uncertainties of the positions of the two objects, this can give us the ability to determine the probability
that they are within a specified region.

Suppose that the RV (random variables) associated with these pdf are independent (or uncorrelated),
these pdf can be taken into product to obtain the joint pdf. We can then integrate over the product space of
RVs that corresponds to the specified volume of interest. Even for simple pdfs, this approach is rather
involved.

Another approach was to consider the relative position of one object with respect to the other and
obtain the pdf describing the uncertainty of their relative positions. Then we integrate over the region of
the space swept by the interested volume when an object moves towards another.

In this paper the presented analysis on space debris cloud mutual collisions probability are concerned
with close encounters between two or more orbiting objects. They are based on Gaussian distribution
because the primary object and secondary object can be tracked and their positions determined to within
the errors associated with the corresponding position covariance ellipsoids. The collisions probability is
then computed using this information.

1. Short-term encounters
The probability of collision for most short-term space objects encounters may be expressed

P= e7(1—e7). Where the dimensionless variables u and v defined in terms of the mean standard







