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Abstract

In 1995 ESA distributed a f-version of their meteoroid
and space debris terrestrial environment reference
model (MASTER) to a limited number of reviewers. Re-
sulting improvements and new developments have
been merged into a first MASTER release version which
will be introduced in this paper. The MASTER model is
based on quasi-deterministic principles, using compre-
hensive orbit propagation theories and volume
discretisation techniques to derive spatial densities and
velocity distributions in a 3D control volume ranging
from LEO to GEO altitudes. The particulate environment
is derived for objects larger than 0.1 mm. Space debris
are generated for 132 historic fragmentation events,
and they are propagated to a reference epoch of
31-Mar-1996. At this time the debris are merged with
the non-fragment catalog population. Meteoroids are
retained for the core and asteroidal populations of the
Divine/Staubach model at 1 AU. Collisional flux from
debris and meteoroids can be analysed with high infor-
mation content of results for arbitrary, user defined
target orbits in the MASTER Analyst version. For mod-
erately eccentric target orbits flux results of the same
accuracy but with reduced information content can be
computed with a CPU time efficient MASTER Engineer-
ing version. The entire MASTER model, including exe-
cutable code, data files, documentation, and auxiliary
software, is distributed for a wide range of computer
platforms on a single 680 MByte CD ROM. The MASTER
CD ROMs will be available to interested users as of May
1997.

1. Introduction

Today, in March 1897, the Space Surveillance Network
(SSN) of the US Space Command (USSPACECOM) is
routinely tracking, correlating, and cataloging some
8,300 objects between low earth orbit (LEO) and
geostationary (GEO) altitudes. Due to limitations in the
sensitivities of the radar and electro-optical SSN sen-
sors, the detection threshold ranges from 10 cm diam-
eters in LEO to 1 m diameters in GEO and the GEO
transfer orbits (GTO). Experimental observation cam-
paigns with advanced radar and optical sensors indicate
that at the lower end of the SSN detection threshold the

catalog population may be incomplete by up to a factor

2 (also know as “Henize Factor”). In particular, a large

population of cm-size objects was observed at altitudes
between 700 and 1000 km, in high inclination orbits.
Reflection properties and radar polarization sighatures
indicate that these may be Na-K droplets which could
have escaped from the more than 30 nuclear reactors
which have been raised to these deposit orbits at the
end of Russian RORSAT missions.

The current catalog population of 8,300 is the remainder
of almost 24,800 space objects which have been tracked
and correlated to date. The other 16,500 objects have
decayed under the influence of airdrag, with increased
removal rates from LEO at times of high solar activity.
The on-orbit objects, which are the result of about 3,800
launches so far, can be classified as spent upper stages
(16%), defunct satellites (20%), and only 6% opera-
tional payloads. With 53%, however, the majority of the
catalog objects, and nearly all uncatalogued sub-
decimeter objects are originating from 136 on-orbit
fragmentations since 1961. With the exception of 2 or 3
collisions, all these were accidential or deliberate ex-
plosions of satellites or rocket upper stages. One of the
most recent events, the explosion on 03-Jun-1996 of a
Hydrazine Auxiliary Propulsion System (HAPS) of a
Pegasus rocket (1994-029B) caused 700 trackable frag-
ments from an original mass of 97 kg. Also recently, on
24-Jul-1996, the first collision between two catalog ob-
jects was recorded when the gravity gradient boom of
the French Cerise satellite (1995-033B) was severed by
a fragment (86-019RF) of an Ariane-1 upper stage ex-
plosion. While such conjunction events can be predicted
with a certain probability by means of deterministic
methods, the collision risk from the far more abundant
non-trackable and also non-shieldable objects of diam-
eters Tcm<d<10cm (expected to be 8 to 20 times
the catalog population) must be assessed by statistical
methods. The ESA MASTER model uses such concepts
to predict the debris collision flux for a given earth orbit
and for a given mass or size threshold of the impactor.

The MASTER model has been developed under ESA
contracts with TU Braunschweig and Battelle Germany,
and with own ESA contributions in the past few years
(Ref.7). The model covers space debris and meteoroids
of diameters d = 0.1 mm, and it is applicable to any
earth orbit between 185 km and the geostationary ring.
The modeling approach, the structure of the MASTER
model, and the concept of its CD ROM implementation
will be explained in the following.
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