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Need
Space debris pose growing threat to LEO and MEO space infrastructure and operations due to the large
uncertainty of their population, trajectories, mass, size and etc. Any collision event with a several-millimeter-
sized object traveling at orbital speed may cause irreversible damage and further avalanche multiplication of
debris. The known number of space debris has increased substantially over the last decades and it is expected
to grow further at a nearly exponential rate due to the increased human activities in space in the 21st century.
At  the same time, efficient methods have not  yet  been developed for  real-time detection and complete
characterization of space debris with good accuracy as well as for their deorbiting. The large spread in space
debris sizes and trajectories makes their  collection and removal  a very challenging task, which requires
complimentary activities  such as accurate detection and classification,  threat  analysis  for  LEO objects,
prediction of debris orbits evolution and, finally, debris removal at low cost, in a large volume of space and
in short response time.     
Mission Objectives
Our mission aims at implementing a complete approach for reducing the risks from space debris in LEO by
addressing all the required steps – starting from debris detection, through their classification and analysis
and, finally, their aggregation in appropriate orbits. We have identified the following objectives 1-5 bellow,
listed in their desired order of achievement. Each of them is equally important for mission success.   

1. Detection and surveillance of LEO debris larger than 1cm in diameter in the most contaminated
Earth orbits in the range of 500km -1500km using small satellites with appropriate payloads for space debris
detection. Such payloads can be optimized LIDAR system(s), telescopes and/or multispectral cameras.

2. Establishment, population and maintenance of an accurate database on the ground allowing for
real time space debris classification, analysis and modeling of their long term behavior. Such a database
should be able to handle a few million records (Big Data) and rely on data both from our small satellite
sensors and also processed from existing EO satellites or ground space surveillance systems. Space debris
are to be classified based on their orbital parameters, size, mass, spin, albedo and spectral characteristics
allowing to determine the debris material type. Such a database would be the backbone of an information
system allowing for both estimation of space debris threat and planning of dedicated satellite missions for
their removal. 

3. Quick implementation of dedicated space debris removal missions by using novel, efficient and
short response time (a few days) small satellite launch systems, such as air launch. Such systems would
provide the capability to execute small satellite launches from nearly any location on Earth, to any necessary
orbit.

4. Aggregation of space debris from a preliminary chosen sector of LEO space to a lower Earth orbit
using an intelligent swarm of 5 small satellites launched together as a single unit of total mass ~ 50kg, which
deploys an optimized net for space debris gathering, and has a dedicated orbit profile.

5.  Provision of possibilities for subsequent removal of aggregated space debris by slowing down
their orbital speed or their collection by a dedicated LEO space mission.
Concept of Operations and Mission Elements Description
Space  segment: To achieve  the  above objectives,  two complimentary types of  sub-missions  are  to  be
implemented using two different small  satellite designs. We define them as  'Observer'  and  'Aggregator'
correspondingly. The Observer sub-mission, which could be defined as a long term mission (3-5 years of
operation), is meant to achieve the above Objective #1 a. In it, a dedicated small satellite caring a space
debris sensor payload – e.g. a LIDAR system as the one in [1], or an optical telescope described in [2], or a
new multispectral sensor allowing for determination of debris material, is deployed in a dedicated LEO
suitable for space debris detection. According to ESA and NASA studies shown in Fig1(a,b) bellow, the
space debris population in LEO is not uniform. This requires careful orbit planning for the Observer in order
to ensure space debris detection. For the example of a LIDAR sensor with detection range of ~400km, Fig.2
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nanocomposites based on proteins, organized in a fractal structure. A specially optimized structural design of
the net is implemented to achieve best possible strength/mass ratio. An exemplary design would aim at
producing a net of up to 15kg mass, area of ~3km2 and having unit cell size ~10cm. The fractal structure of
the net would allow for production of any other nets of different total area and dedicated unit cell sizes
without  major  re-design.  The single  unit  modular  satellite  is  launched into  a target  orbit  dedicated  to
aggregate debris from a pre-defined sector of the near Earth LEO space. The Aggregator flight profile could
be explained as follows:1)Based on data about the trajectories of the target for removal space debris flux, the
5 unit Aggregator is launched into an orbit of higher altitude than the target space debris flux to be captured.
(the latter could also be e.g. a single piece of a larger derbies or a 'cloud of debris traveling with approximate
the same orbital parameters, etc.). The Aggregator's orbit inclination and velocity vector is approximately the
same as the average values of the ones of the target debris, thus a relative low relative speed between the
Aggregator and the derbies is achieved- see Fig. 3a. (It is worth to note that for every 1km difference in orbit
altitudes, there is about 2km/h difference in the linear velocities between the objects, and the objects at lower
orbits have higher linear speeds). 2) The 5-unit satellite is separated into 1 autonomous unit in front and 4
autonomous  units  in  the  back,  forming  a  'swarm'[4]  and  deploying  the  net  payload  in  its  operational
configuration, as illustrated in Fig.3b. For example, a target operational configuration is to achieve e.g. 1km2

capture cross-section of the net, requiring ~1km separation of the units. Each of the 5 units is to have its own
propulsion and AODCS systems, enabling the 'swarm' to dynamically keep its operational configuration -for
example, the units at higher altitude will tend to lag behind the units at lower altitude, thus specific dynamic
orbit correction shall be implemented to keep the formation as a whole. Self-control and coordination of the
units ('intelligent swarm') shall be implemented as described in [4] . This 5-unit configuration will allow for
achievement  of  good control  of  the net  and the center  of  mass for  the entire  formation 3)  The 5-unit
formation with deployed net is to start gradual reduction of its orbit altitude, thus intersecting the orbit of the
debris, aimed for interception, and maintaining at the same time low relative speed between the Aggregator
and the debris. 4) Later, space debris fragments are to be captured by the net during the formation maneuver.
It is interesting to note that derbies are expected to 'fill' the net from behind due to their higher speeds. The
mass of captured debris (in the case of a debris 'cloud' or stream) would depend on the time of having the net
exposed to the debris flux and the density of debris in the area of operation. The captured mass is to be
substantially  increased  when  the  Aggregator swarm  is  brought  to  an  orbit  in  the  vicinity  of  large
concentration of debris. When a target volume of debris is collected by the net, the 4 units of the swarm fleet
are  to  close  the net  by an  orbital  maneuver  to  avoid  debris  spread,  as  illustrated in  Fig.3c.  Thus,  the
Aggregator's mission is to be generally completed. A more detailed analysis and simulation of the different
flight stages is to be presented in the full paper 6) The 'packaged' debris shown in Fig3c could either stay in

Space Debris Identification, Classification and Aggregation with Optimized Satellite Swarms                3/5

Fig 3 Qualitative illustration of the different phases of aggregating space debris using intelligent satellite swarms. The
scale, position and shapes of the objects shown is for illustrative purposes only.



orbit  for  a  subsequent  collection,  or  be  brought  to a  lower  orbit  allowing  for  their  burning in  Earth's
atmosphere. In case of using a conductive net (e.g.based on graphene), another possibility is to rely on the
torsion effect of the Lorentz force caused by the conductive net interaction with Earth's magnetic field. This
would further slow down the debris package and possibly cause its dive into Earth's atmosphere. All these
would allow to achieve our above Objective #5.

Ground segment: The ground segment consists of satellite command and control units (for both the
Observer and the Aggregator), for high – volume data reception from the Observer (s) sensors, and of units

-part  of  an ICT infrastructure for  space debris  database management,  trajectory analysis,  modeling and
simulation (the so-called 'user segment'). The radio-communication part of the ground segment is to be build
on the basis of using novel compact low-profile VSAT antenna terminals operating in the X-band [3].

It is important to mention that the user-segment part of the ground segment is to be responsible for
providing mission planning information of the  Aggregator's satellites. This information is to be provided
both from the analysis  and modeling of  space debris data from the  Observer's  missions but  also from
dedicated analysts of data from other existing space debris sensor on Earth. A novel approach would also
involve processing of existing imagery or radar data from the Earth observation and meteorological satellites
in LEO/MEO, which may contain information about space debris located in lower orbits. The Aggregator's
missions are planned based on the following example considerations: density of space debris, if the target is
a cloud of debris or a single bigger object; if the target debris are traveling at similar speeds and directions;
speed of self-rotation of debris (e.g.  debris larger than 15cm should not rotate at a speed higher that 2
rotations per second; possibility to achieve low relative speed between the  Aggregator and the cloud of
debris in order to minimize the risk from collision for the  Aggregator's  units.  The ground segment will
continuously process the received data, thus ensure a continuous improvement of the accuracy of information
about  the  space  debris  trajectories,  population,  etc.  Semantics-based  approach  for  data  extraction  and
manipulation from distributed sources is to be used thus allowing to efficiently handle a few million records.

Launch: We propose to use a system of air-launch for implementing Aggregator's and Observer's
sub-missions. This is motivated by several objectives such as: achievement of low cost for launch and quick
response for implementation of Aggregator's mission with different mission parameters defined by the orbit
properties  of  the  targeted  for  aggregation  space debris.  Air  launch makes  possible  to  use  almost  any
geographic location for satellite launch and achieve the most optimal orbit altitude and inclination for the
particular mission. At present, there are several promising developments of air-launch systems using a high-
speed jet fighter which launches a dedicated rocket satellite carrier at altitudes above 10km reaching orbits
~1000km.
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GOLauncher 2(USA)-45kg payload using a modified LearJet35,possible orbits ~1000km, inclination 0-98.7 deg

Fig 4 Ground segment top-level architecture and principal operation. It consists of novel compact high-speed antenna
for radio communication with the satellites (TTC and data) and of ICT infrastructure for space debris data manipulation
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