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ABSTRACT 

On a routine basis, ESA predicts close conjunctions for 
its own satelli tes and assesses the associated collision 
risk. This process is supported by acquiring external 
tracking data to improve the knowledge on orbit state 
and associated uncertainties of the secondary object, and 
by evaluating close approach notifications and 
conjunction summary messages received from the US 
Joint Space Operations Center (JSpOC). The process 
also includes screening of planned manoeuvres for close 
conjunctions. ESOC-operated missions in low Earth 
orbit and in highly-eccentric orbits are covered. 
Recently, the process has been extended to cover third 
party missions. 

We describe the applied process and present the latest 
status, including a history of high-risk conjunction 
events and processed CSMs, and we revisit major recent 
software developments. 

As this process has been in place for some years, we can 
use the archived results for a detailed assessment of the 
close conjunctions from an operator’s perspective. We 
analyse the evolution of object classes and the 
accumulated risk from TLE-based information for 
secondary objects. The impact of the severe colli sion 
events in 2007 and 2009 is also part of this discussion. 

1 I NTRODUCTI ON 

Spacecraft, in particular operated in the Low Earth Orbit 
(LEO) and Geostationary Orbit (GEO) regimes, face a 
risk due to colli sion with other space objects. Depending 
on the energy-to-mass ratio that characterises such a 
collision event, the effect might be either ‘catastrophic’ , 
i.e. leading to the destruction of the objects, ‘ lethal’ , i.e. 
leading to the loss of main functionalities or the abilit y 
to meet the mission objectives, or even negligible. In 
any case, recent severe fragmentation events, such as the 
destruction of Fenyun-1C in 2007, the Iridium-
33/Cosmos-2251 collision in 2009, and the Briz-M 
explosions of 2012 increased the space debris 
population and underline the need to consider collision 
avoidance as part of the routine operations. Active 
collision avoidance should also be seen as a good 
practice in view of space debris mitigation. ESA has an 
operational coll ision avoidance process in place that 
currently covers LEO missions and missions in 
eccentric orbits. The process can also be applied to 
third-party missions [1]. 

We start our discussion by (re)-introducing ESA’s 
collision avoidance process in section 2. As this process 
has been in place for some years now, we are in a 
position to use the archived close approach predictions 
as well  as other related analysis results for a detailed 
revisit of the process, taking an operator’s perspective. 
We will focus on the data and results obtained since 
2007 in section 3. We cover the breakdown of 
conjunction events by object classes, the accumulated 
collision risk, and the performed collision avoidance 
manoeuvres. We briefly address Conjunction Summary 
Messages (CSMs), and experiments to validate CSMs in 
section 4. In section 5 we finally use the new upcoming 
version of ESA’s Debris Risk And Mitigation Analysis 
tool (DRAMA) [2] for a cross-check of the obtained 
estimates, i.e. we estimate the collision avoidance 
manoeuvre frequency for a selected example, and how 
this frequency evolved in recent years. 

2 APPL I ED PROCESS 

In this section we describe ESA’s collision avoidance 
process, based on detailed description in earlier work 
([3], [4]).  

Figure 1 introduces the main roles and functions of this 
two-step process. We note that two tools are central. 
ESA’s CRASS (Colli sion Risk Assessment Software) is 
used to predict daily conjunction events and to assess 
the associated collision probabilit y ([5],[6]). ODIN 
(Orbit Determination by Improved Normal Equations) 
is used to improve orbits of objects involved in high-
risk conjunction events through processing of external 
tracking data, acquired by radar or optical means [7].  

Figure 1 introduces the first step (orange): a daily, 
automated screening to identify close approaches 
between covered mission and a catalogue containing 
Two-Line Element (TLE) data obtained from 
USSTRATCOM; and the second step (green) that is 
applied in the case of high-risk conjunction events when 
the estimated colli sion probabilit y exceeds a given 
threshold. In case of high-risk event tracking data might 
be acquired and processed by an operator in the loop 
leading to improved orbit and covariance information. 
ESA primaril y uses the Tracking and Imaging Radar 
(TIRA) located near Wachtberg in Germany for its 
collision avoidance activities. TIRA is owned by the 
Fraunhofer research establishment. Such tracking 
activity has not been performed since 2011, except 
during the Envisat contingency in April  and May 2012. 
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collision avoidance already in the mission design phase. 
For the operational phase of missions, the Space Debris 
Off ice at ESA/ESOC has a complete operational 
colli sion avoidance process available that has 
demonstrated capabilities to support ESA and third 
party missions. 
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