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ABSTRACT
The paper presents the results of a detailed design,
evaluation and trade-off of a potential European Space
Surveillance and Tracking (SST) system architecture.
The results have been produced in study phase 1 of the
on-going "CO-II SSA Architectural Design" project
performed by the Astrium consortium as part of ESA’s
Space Situational Awareness Programme and are the
baseline for further detailing and consolidation in study
phase 2. The sensor network is comprised of both
ground- and space-based assets and aims at being fully
compliant with the ESA SST System Requirements. The
proposed ground sensors include a surveillance radar, an
optical surveillance system and a tracking network
(radar and optical). A space-based telescope system
provides significant performance and robustness for the
surveillance and tracking of beyond-LEO target objects.
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INTRODUCTION

Phase 1 of the CO-II project tackled the consolidation of
the system requirements; the definition and trade off of
potential sensor-networks and non-sensor infrastructure
options and the selection of a baseline architecture
design. In the following phase 2, this baseline
architecture will be further detailed to include the
development of a programmatic roadmap which will
then be presented to the Agency. Although the top-down
architectural design is also performed for the Space
Weather (SWE) and Near Earth Objects (NEO)
segments of the programme, this paper addresses only
the SST segment. The activity is one of two ESA
contracts running in parallel and it is anticipated that the
results of the two contracts will be consolidated in order
to obtain a final target architecture.
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KEY DRIVERS AND METHODOLOGY
FOR ARCHITECTURE DESIGN

Well before the start of the SSA Preparatory
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Programme, architecture studies to size and design the
European Space Surveillance and Tracking (SST) were
carried out within the framework of technological
studies. Several sensor network architecture concepts
with different levels of performances were proposed,
see e.g. [1], [2], [3], [4], [5].
Within the scope of the SSA Preparatory Programme,
the requirements for an SST system were elaborated,
shaping the main features of the services it intends to
offer with the associated expected level of
performances. These requirements paved the way for
the design activities.
A thorough review of these requirements was performed
at the start of the study, bringing understanding,
quantification and confirmation to the essential
performance
requirements
and
allowing
the
identification of key design drivers.
A ‘lethality’ study was included to assess the size of
objects leading to a lethal collision. A lethal collision is
defined to be a collision between any space object and
an operational satellite which ends the satellite’s
mission. In order to reduce the probability of lethal
collision by the required 90% compared with the
probability without a system, the study concluded that
LEO objects of the size of about 5.7 mm must be
catalogued. Feasibility of mass cataloguing of the lethal
debris was clearly questioned by the tremendous
sensing sensitivity required and the subsequent amount
of detections to be processed and further correlated. In
consequence it was decided not to consider the lethal
requirements in the design and sizing of the SST
capabilities, but to aim at a full compliant system with
respect to mitigation of the catastrophic collisions. A
catastrophic collision is defined as a collision with
Energy to Mass Ratio (EMR) greater than 40 J/g. This
threshold allows to determine the collisions that could
potentially produce a very high number of objects in
orbit.
Simulations were performed to define the different key

later on (constellation of two s/c as mentioned above)
can lead to increased performance.
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Main
characteristics

Parameter

Mission Baseline

Telescope aperture 30 cm (operational)

# telescope s/c

1 (operational) + 1 (demonstrator)

Detection principle Visible spectrum, passive optical detection
Telescope orbit

LEO, 750 km reference altitude (600–900
km), SSO; LTAN 18:00–20:00

Operational modes Surveillance; Tracking; Small Debris

20 cm (demonstrator)
Telescope Fieldof-View

5°x5° (operational)

Optical design

TMA (Three-Mirror-Anastigmat)

Platform

3-axis stabilized

Orbital regions for Emphasis on GSO objects; plus: beyondsurveillance
LEO (GTO, MEO, HEO, Molniya)

Detection of small debris in LEO

Pointing modes

Active pointing of telescope via platform

Observation
strategies

For GEO/GSO belt: GEO Fence; phaseangle optimized close to the Earth shadow
Non-GEO: Tasked tracking;

Although the SBSS can provide significant
performance, a jointly and complementarily operated
ground-based optical system is deemed favourable in
order to achieve full compliance to the ESA SST system
requirements. First of all, SBSS concentrates on the
coverage of the GEO belt. Possible remaining accuracy
or coverage gaps can be closed from ground along with
more frequent follow-ups. Of course, larger apertures
for higher detection sensitivity (smaller objects) can be
implemented more cost efficient on ground.
The proposed 30 cm telescope with 5° field-of-view
(compact TMA design for large FOV and aperture) for
the operational SBSS has been derived in order to
catalogue GEO objects down to 70 cm in nominal
operations. This includes the “catastrophic” object
population > 1 m and parts of the “Mission Related
Object” (MRO) population. However, sensitivity can be
improved for adapted observation strategies which aim
at decreased observed angular rates of the target objects.
The 40 cm sizes threshold of the ESA SST requirements
could therefore be achieved.
For other orbit regimes like GTO, Molniya, and in
particular MEO, one SBSS can detect and catalogue
only parts of the population. The remainder should be
covered by telescopes on ground, as a larger number of
sensors might be required in order to implement an
efficient strategy (which might still remain challenging
for some populations).

3°x3° (demonstrator)

/DXQFKPDVVNJ RSHUDWLRQDO
Launch mass NJ GHPRQVWUDWRU

Orbital regions for Emphasis on MEO objects; plus GSO,
tracking
GTO, HEO, Molniya, LEO (tbc)
Other regions

Parameter
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PERFORMANCE ASSESSMENTS

A preliminary assessment of the different subarchitectures in terms of detectability and cataloguing is
provided in the following. It has been done by
simulating the observations of a given sensor network
for a given object population. The simulations are
evaluated afterwards to provide two different indicators,
the number of objects detected as a function of time, and
the number of objects revisited at a given rate (e.g.
every 24 h), as a function of time:
1.

2.

An object is considered GHWHFWHG by an optical
device if its apparent magnitude (computed as a
function of albedo, distance and phase angle) is
brighter than the threshold of the telescope (which
is a function of the relative velocity). This
definition ignores important effects like the
identification of the object in a star field,
correlation between consecutive images, etc.
Detectability with radar is fulfilled if the RCS of
the object is bigger than the radar´s minimum RCS
at the object´s distance (radar SRZHUIRXU law is
applied to computed the detectable RCS at a given
distance).
&DWDORJXLQJ means that it is possible to perform an
orbit determination that fulfils the required
accuracy. The simplification applied in the
simulations is by means of UHYLVLWLQJ: If an object
is observed every some hours, it should be possible
to catalogue it. This approach ignores a number of
real-world issues, in particular correlation and the
initial orbit determination.

For the purposes of this initial analysis, the following
re-visiting criteria have been used:
7DEOH&DWDORJXLQJFULWHULD
Orbital Regime

Maximum re-visiting period

LEO

24 hours

Low MEO

30 hours

High MEO

30 hours

GEO

36 hours

HEO

36 hours

JURXQGEDVHG WHOHVFRSHV after simulating 15 days
around March´s equinox and June´s solstice. The blue
bars correspond to the first system, which have four
telescopes per site with smaller field of view, while the
red bars correspond to the system with two telescopes
per site with higher field of view. This higher field of
view can be seen in the higher detectability and revisiting in MEO and HEO.

Three different sub-systems will be analysed: The
ground-based network of telescopes, the space-based
network of telescopes, and the ground-based radar.
For the JURXQGEDVHG QHWZRUN two different options
were evaluated. Both uses the same network of sites
(7HQHULIH 0DUTXLVHV ,VODQG &\SUXV and 3HUWK), but
differ in the number of telescopes per site, and the
characteristics of the telescopes.
7DEOH&KDUDFWHULVWLFVRIJURXQGEDVHGWHOHVFRSHV
4 fences

2 fences

Number of telescopes per site

4

2

Field of view of the telescopes

Û

Û

-Û-Û
ÛÛ

-ÛÛ

Declination stripes surveyed (phase
angles)

For the VSDFHEDVHG QHWZRUN, Two different options
were evaluated: Either to use one or two Sunsynchronous satellites at 750 km altitude. They are
continuously scanning a declination stripe in the GEO
ring, a strategy similar to that used by the ground-based
telescopes. The angular separation between the
declination strips is ±Û w.r.t. the centre of the Earth
shadow, and the field of view of the telescopes is 5
degrees.
Finally, for the radar system, five different designs were
tested, which differ in its capabilities defined in Table 5.
The radar is located in Spain and it is scanning a fence
between Û WR Û LQ HOHYDWLRQ DQG Û DQG Û LQ
azimuth.
7DEOH&KDUDFWHULVWLFVRIWKHUDGDU
1200
km6cm

1200
km4cm

1600
km6cm

2000
km8cm

2000
km4cm

Minimum
size (cm)

6

4

6

8

4

RCS (m2)

2.21E3

7.19E4

2.21E3

3.3E3

6.47E4

2455

2455

3084

3672

3672

Reference
distance
(slant range)
(km)

Fig 8 and Fig 9 show the coverage obtained by the

)LJXUH'HWHFWDELOLW\FRYHUDJHRIJEWHOHVFRSHV

)LJXUH5HYLVLWLQJFRYHUDJHRIJEWHOHVFRSHV
Fig 10 and Fig 11 show the results of the VSDFHEDVHG
WHOHVFRSHV after simulating 15 days around March´s
equinox and June´s solstice. Blue bars correspond to one
satellite while red bars to two satellites. The clear
advantage seen with the two satellites is the re-visiting
where in some cases is significantly higher.
It is emphasised, that the reference population included
objects down to 40 cm size, which cannot be detected
by the SBSS in nominal mode as explained above. This
explains why 100% coverage is not reached. Moreover,
the simulated FOV has been simulated not rectangular
but circular (but same area), hence some “leakage” is
expected between observation fields.

)LJXUH'HWHFWDELOLW\FRYHUDJHRI6%66

)LJXUH5HYLVLWLQJFRYHUDJHRIUDGDU
This preliminary results shows that it is possible to
detect 99% of all LEO/GEO objects with very high revisiting characteristics. In MEO the results are more
complex to assess, indicating that it would be needed to
combine optical and radar measurements.

)LJXUH5HYLVLWLQJFRYHUDJHRI6%66
Finally Fig 12 and Fig 13 show the results of the
different radar systems after simulating. The main
differences are clearly seen in the high MEO region,
where obviously the more powerful is the radar, the
more objects it can detect.
It is important to note that for the radar simulation, the
population of objects used included objects in LEO with
sizes bigger than 4 cm, so the effect on smaller objects
cannot be assessed in these figures.

These results are being refined to include other effects,
like realistic conditions under which an object can be
said to be pre-catalogued and then accurately
catalogued. Also it is expected to include degradation
factors like weather conditions on the JURXQGEDVHG
WHOHVFRSHV, failures on the detection and correlation of
the objects, etc. This additional constrains will have
significant effects in the final system.
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TRADE-OFF CRITERIA AND METHOD

In order to further compare the potential architecture
options against each other, a set of trade-off criteria was
identified and applied. These criteria were chosen in
order to support a decision that takes both technical and
programmatic aspects into account and include amongst
others performance compliance and scalability,
robustness, development, programmatic and political
risks, system autonomy and cost. Besides the sensor
network but beyond the scope of this paper, the data
centre and processing infrastructure has been traded and
baselined in a similar fashion.
6

CONCLUSION

A baseline architecture for the sensor network of a
European SST system has been derived during Phase 1
of the CO-II study with the goal of enabling a system
design that is fully compliant with the ESA SST
requirements. For all orbital regimes the main sensor
system characteristics and associated performances were
preliminarily defined and assessed via simulation.
)LJXUH'HWHFWDELOLW\FRYHUDJHRIUDGDU

The evaluation of the trades-offs and the performance
simulations lead to the following baseline configuration:
-

A radar surveillance system (1 site at low-medium
latitudes) with extended range capability enables
full coverage of the LEO population.

-

-

-

-

An optical surveillance system (4 sites distributed
at different longitudes near the equator) to cover
beyond-LEO orbits.
A space-based surveillance and tracking system (1
SBSS demonstrator, 1 operational SBSS) to cover
beyond-LEO orbits. It significantly enhances
robustness and operational flexibility.
The space-based and ground-based components of
the optical surveillance system are operated jointly
and complementarily in fulfilment of the mission.
A follow-up and tracking system (radars and
telescopes) is needed to complete coverage,
timeliness and accuracy, as well as support high
fidelity screening of all orbit regions.

During the second phase of the study, the performance
of the proposed architecture will be confirmed and
detailed, with the final goal of demonstrating the
required collision risk reduction (along with other key
requirements). Sensor characteristics and locations will
be iterated accordingly. Simulations will be refined in
order to include real-world effects like weather
conditions.
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