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ABSTRACT 

We present ESA’s Database and Information System 
Characterizing Objects in Space (DISCOS). DISCOS 
not only plays an essential role in the colli sion 
avoidance and re-entry prediction services provided by 
ESA’s Space Debris Off ice, it is also providing input to 
numerous and very differently scoped engineering 
activities, within ESA and throughout industry. We 
introduce the central functionalities of DISCOS, present 
the available reporting capabiliti es, and describe 
selected data modelling features. Finally, we revisit the 
developments of the recent years and take a sneak 
preview of the on-going replacement of DISCOS web 
front-end. 

1 I NTRODUCTI ON 

In order to support operational and academic activities 
related to space debris, the European Space Agency 
ESA is maintaining a Database and Information System 
Characterising Objects in Space (DISCOS). DISCOS is 
located at the European Space Operations Centre ESOC, 
in Darmstadt, Germany. The system is maintained by 
the Space Debris Off ice, and it has been in operation 
since 1990 ([1], [2]).  

The first set-up of DISCOS followed the 
recommendations of an ESA Space Debris Working 
Group. In a contract with the University of Kent at 
Canterbury the initial installation was developed in 1989 
and became operational in a Vax environment one year 
later. From that time onwards, DISCOS was operated 
and maintained by the Mission Analysis Off ice and later 
on by the Space Debris Off ice at ESOC. A major 
milestone was the addition of DISPAD (DISCOS Space 
Data Publication and Documentation System) in 
1995/96, which allowed the generation of high-qualit y 
reports from DISCOS ([3], [4]). Other extensions of 
DISCOS that became available since the end of the 
1990s are 

• LASCO (Lifetime Assessment of Catalogued 
Objects), 

• MARWIN (Master Remote Web Interface), 
and 

• SatTrack (external tool).  
 

The porting to Solaris OS finished in 1999, and to Linux 
in 2009. The web-based front-end is also hosted in a 
Linux environment, in a demilitarized zone (DMZ), 
since 2013. This finall y allowed the functional split  
between database back-end and front-end, as it is state-
of-the-art today. 

We start our discussion by (re)-introducing the central 
functionalities of DISCOS in section 2. One example of 
the reporting capabilities is subject of section 3.Current 
activities focus on the complete overhaul of the front-
end and on improving the database model and analysis 
algorithms at the back-end. These activities are 
addressed by sections 4 and 5 of this paper.  

2 CENTRAL  FUNCTI ONAL I TI ES OF 
DI SCOS 

ESA’s DISCOS database assembles launch information, 
object registration details, launch vehicle descriptions, 
spacecraft information (e.g. size, mass, shape, mission 
objectives, owner), as well as orbital data histories for 
all trackable, unclassified objects which sum up to more 
than 39000 objects  

To maintain these data records DISCOS relies on 
various sources from which information is 
automatically retrieved and ingested into the database, 
such as:  

- USSTRATCOM Two Line Elements,  
- Satellite Situation Reports, 
- ESA/RAE Table of Earth Satellites,  
- NASA History of On-Orbit Satellite 

Fragmentations, 
- Launch information provided under ESA 

contracts,  
- Own and contracted research at ESA.  

 
Today, DISCOS is a central tool for supporting the 
various dail y activities at the Space Debris Off ice, and it 
is the basis for operational processes in colli sion 
avoidance ([5], [6]), re-entry analyses [7], and for 
contingency support [8].  

Currently, about 35 users in agencies, industry, 
academia and governments worldwide are authorised to 
access DISCOS via a web front-end. It is due to 
DISCOS that ESA today serves as the primary supplier 
on launch data for COSPAR. 
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The comparison of LASCO to FOCUS (which is the 
reference tool for the Space Debris Off ice, a tool that 
must be precisely configured and operated by a 
specialist), as well as to the US TIP messages reveals a 
very good agreement.  

LASCO predictions are updated daily and are 
comparably precise. It is, however, clear that for the last 
phase of a re-entry, specialist tools should be used for 
making predictions of the impact window and impact 
epoch more accurately. 

4.2 SHAPE M ODELL I NG IN DI SCOS 

Based on interpretation of an expert all objects are 
associated with geometric dimensions, if they can be 
positively identified as an intact piece with a known 
origin. This data is deliberately kept simple and includes 
the height, length and maximum span of an object. 
These three numbers are suff icient to describe most of 
the known intact objects. Whenever an object stored in 
the DISCOS database has these dimensions, it is also 
attributed with a structured text describing the shape 
based on predefined keywords, which adds more context 
to the dimensions.  

First of all, the overall shape of the object is described 
by one or more geometric forms.  These forms include a 
box, sphere, cylinder, torus, cone, elli psoid and  
polyhedron. These shapes can be accompanied by one 
or more adjectives, such as ‘half’ or ‘truncated’ , in order 
to increase the accuracy of the description. This 
description of the overall  shape, together with the 
bounding dimensions of the object, are used to compute 
the minimum, maximum and average geometric cross-
section of an object. When only one shape, with or 
without adjectives, is used to describe an object, the 
calculation of these cross-sections can be done exactly 

by applying Chaucy’s theorem on the projected area of 
convex bodies and Pappus’  geometric centroid theorem. 
If  more than one geometric form is present, an 
approximation is made to determine which basic form is 
best suitable as an overall approximation. 

Of course, more geometric shapes are not suff icient 
when we want to take into account large structures 
attached to a spacecraft’s main body, e.g. solar panels or 
a tether, which significantly influence the stored span 
dimension. A large amount of keywords, including 
panel, antenna, cable, nozzle, etc., are foreseen to 
functionally describe the object with more detail.  
Frequently used extensions, impacting the span 
dimension, are taken into account when estimating the 
cross-section values for the object. As this process is 
intended to be full y generic, it is tuned to fit the most 
average condition in which these extra objects appear. 

The rigid use of a keyword scheme opens new analysis 
options. For example, it is now a simple SQL query to 
estimate that 14 objects were launched in the first two 
months of 2013, which have solar panels attached to the 
main spacecraft bus. Moreover, from the same query 
one can deduce that a total of 29 related solar panels add 
an estimated average area of  11.23 m2 each. 

The accuracy of the cross-section estimation based on 
the simple model set out earlier, can be verified by 
comparing it with a by-product of LASCO’s as 
described in the previous section. For the lifetime 
estimations, the mass to area ratio of an object is 
calculated with the shooting method from a subset of 
recent TLE data. Combining the average computed 
cross-section with the researched mass of the object as 
stored in DISCOS, we obtain another mass to area ratio. 
In Figure 4� the two values are compared for payloads 
launched after the year 2000, which are still,  as on 
March 2013, residing on a circular orbit with an altitude 
below 1000km. The objects known to have been 
manoeuvring during the time required for convergence 
of the shooting method are removed, leaving a total of 
65 objects for analysis. 

A linear trend with a slope around the unity is clearly 
visible in the data, indicating a rather good match 
between both independent mass to area estimation 
methods. The bias towards higher mass for the DISCOS 
data estimate can partially be explained by the use of a 
wet-mass estimated at mission start for the overall mass 
estimate. An off axis group of about 10 spacecraft 
having a higher LASCO estimate are thought to might 
have manoeuvred within the analysis period.   
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4.3 NEW OWNER/OPERAT OR M ODEL  

 In the first years of space exploration, it was clear that 
only national authorities had the capabilities to launch 
and operate space assets. However, as space activities 
have evolved to a more commercial endeavour, it is 
clear that keeping only a country classif ication (the 
“ launching state”) in the DISCOS database is not always 
suff icient. Exemplary cases, which could lead to 
possible errors, ambiguities, or misinterpretation are 
highlighted in the following.  

x Some commercial organisations were initiall y 
located in one particular country, but have been 
bought by a company in another country, 
making unclear to which country ownership 
and operations of new satellites should be 
assigned, or if in fact a reassignment of the old 
objects is required for a complete picture.  

x Some international organisations have been 
founded or ceased to exist, have added or 
changed members, making it dif ficult to keep 
track of the countries related to them and their 
evolution.  

x Some new countries have appeared, others 
disappeared, or changed their name.  

All of these problems are now handled with a new 
owner/operator model, extending the storage of the 
“ launching state”  information. The new model keeps 
track of the operator organisations in addition of just 
storing countries, and also stores the related transitions 
over time. Organisations can now be countries, 

international organisations, commercial companies, 
universities, etc.   

Technically, new tables have been added to DISCOS:  

x ALL_ORGANISATIONS contains a 
numerical identifier and a short code for each 
organisation, plus the organisation information 
(host country, type of organisation, begin and 
end epoch and complete name).  

x ALL_ORG_RELATIONS is a table providing 
the relations between different organisations 
and the epochs of validity. For example, ESA 
is an international organisation, and it is 
possible to recover each of its member states 
and the date when they joined from this table.  

This new schema opens new analysis capabiliti es, e.g., 
to identify which objects have been built  by research 
institutions or universities and in which countries they 
are based. As an example, a simple query returns that 
there are in total 105 cubesats payloads which weight 
less than 200kg, and that were launched by universities. 
Eight of them were launched as a cooperation between 
two organisations. The other ones originate from 27 
different countries, with US and Japan (with 24 and 15 
objects, respectively) being the leading nations in small  
university missions.   

The new organisation identif ier is a property of  each 
object in DISCOS, as well as of all launch vehicles and 
launch sites. This improvement is transparent to the 
users as only extra information was added to the 
database with no changes in tables names or resulting in 
removed content.    

5 ON-GOI NG REPL ACEM ENT OF DI SCOS 
WEB FRONT-END 

The current DISCOS Web Interface becomes obsolete 
due to the technological improvements of the last 15 
years. A replacement is designed, implemented and 
tested currently. The new interface will  provide a 
modern look and feel supported by the most common 
web browsers and which is in line with ESA corporate 
branding based in the latest state-of-the-art technologies 
for web applications. 

The developed solution is modular and flexible enough 
to support an advanced interface for user and contents 
management and for the addition of new features, such 
as new data analysis, inspection and visualization 
improvements, and is full y compliant with changes to 
the hosting architecture. This capabilit y is easy enough 
to be used by a non-software skill s person. 
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Figure 5 shows the context diagram of the 
implementation. The rationale behind this diagram is the 
following: 

x End-users or administrators of DISCOS web 
interface access the DISCOS front-end from 
their own computers using a web browser.  

x DISCOS web interface and DISCOS url-based 
API backend services are installed in separated 
servers but within the same secured zone. 

x The DISCOS backend services perform the 
necessary SQL queries to DISCOS database 
retrieve their data and return that information to 
the user. 

DISCOS front-end user interface and back-end services 
are designed as a distributed system composed by 
independent modules, which can be installed in dif ferent 
locations. The interaction between both uses well -
defined interfaces. All  these interfaces are implemented 
as RESTful web services to allow remote access to the 
components and to provide user authentication and 
secure protocols to guarantee the confidentiality of 
private data. 

The following capabilities are accessible through the 
interface:  

x Authentication and authorization mechanisms 
that allow managing dif ferent users and their 
associated metadata and roles 

x Simple wizards allowing users to build and 
store for future re-use their own queries 
considering applicable access levels and quotas 

x Pre-built queries (i.e. analysis paths) that users 
can apply to retrieve information from different 
related tables in an easy way 

x Provision of DISCOS information 
(visualisation via selected plots, tables/lists, 
statistics) together with basic searching 
capabilities 

x Content Management System managed by the 
database administrator 
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The following technologies are used in the 
implementation of the new solution: 

x Web-interface based on Liferay 6.1 framework 
together with a set of HTML5/AJAX libraries 

x Business layer composed by a set of RESTful 
web services based on JAX-RS 2.0 and a 
persistence layer based in Hibernate 3.0 

x Deployment using Glassfish 3.1  engine 

Figure 6 gives a pre-view of the new front-end based on 
the current development status. 

6 CONCL USI ONS 

DISCOS is a workhorse in the dail y activities of ESA’s 
Space Debris Off ice. The systems is essential for 
supporting operational activities, such as collision 
avoidance and re-entry prediction services, as well as in 
supporting various research activities, such as for 
assessments of the stabilit y of the space debris 
environment and the development and validation of 
space debris environment models. DISCOS is available 
to support academia and European industry in their 
projects. 

Annual reports based on DISCOS data show (as 
example for DISCOS’ reporting capabilities) that the 
implementation of mitigation guidelines for GEO end-
of-li fe operations is a clear success. The vast majority of 
providers attempt re-orbiting and in 2/3 of all  cases 
IADC-compliance is achieved. 

DISCOS is regularly maintained. Updates to the 
li fetime estimates based on TLE data (LASCO), to the 
shape modelli ng, as well  as a new owner/operator 
model were introduced recently. 

The hosting infrastructure also undergoes changes and a 
new web-based front-end is currently under 
development. 
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