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Space debris, introduction



Spacedebris, 
definition

ÅòAll the man-made objects which are orbiting the Earth and 
have no further application.ó
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Small debris

NaK droplets ïRORSAT project

(16x in 1980s)

West Ford Project

(1960s)

Al2O3

(od 1958 till early 2010s, ~50x/year)





Space debris, 
history



Space debris, 
spatial distribution
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Space debris, 
sources

Credit: ESA



Space debris, 
sources
Åat present (2019 -11-05) 

Åcatalogue 18291

- satellites

- functional (~1000)

- non-operational

- space debris (> 5 cm)

- upper stages

- fragments

- mission related debris

- anomaly debris

Source: Orbital Debris Quarently News, 2017, issue 2



Space debris, 
sources

Credit: ESA





Sentinel 1A event, 23 rd of August 
2016



Indian ASAT,
March 2019

Source: ODQN 22i1

Figure: Indian Anti -

satellite test, 2019 -03-27

Credit: AGI

Indian Anti -satellite test performed in

27th of March 2019, ~ 270 fragments

reported by US Airforce, candidate

Microsat -R satellite .

Fengyun 1C ASAT
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Starlink launch,
May 2019

Source: NASA Orbital Debris Quarterly News issue 22i1

Credit: Lowell Observatory

Credit: SatTrackBlog /Marco Langbroek



Starlink launch,
May 2019 Oneweb

Source: NASA Orbital Debris Quarterly News issue 22i1



Tiangong 1 reentry

ÅIn spring 2018 uncontrolled re -entry of Chinese space station 
Tiangong 1

ÅAccording to space-track.org (ref. date 2018 -02-21) reentry 
expected 2018-04-10, according to ESA the reentry window (ref. 
date 2018-02-23) is 2018-03-24 ð2018-04-19

ÅStill large error margin of ~2.0 weeks

ÅPossible period of re -entry 2018-03-24 ð2018-04-19

ÅReentry 2 nd of April 2018

00:15 / 00:16 UTC



Active debris removal

ÅActive removal of the large compact object by decreasing its 
mean altitude, decrease lifetime from centuries to 10 -20 years

ÅMost popular concepts:

¶Net

¶Robotic arm

¶Harpoon

¶Solar sail

ÅMost feasible concept combination with commercialization, 
e.g., mission service, refueling

ÅCurrently demonstration on net, harpoon ( RemoveDEBRIS )



Space debris, observations



Research & development , 
main questions

ÅWhere i s i t?
¶Surveys

¶Catalogues

¶Population models

¶Dynamical models

¶...

ÅHow to protect against it?

¶Collision predictions

¶Shielding

¶Removal

¶...

ÅHow it behaves?

¶Rotation properties

¶Change of rotation

¶Space weathering

¶...

ÅWhat i s i t?
¶Material composition

¶Origins

¶Reflectance properties

¶Model for acting forces

¶...



Observations techniques
ÅSurvey observations used to discover new objects, to model space debris 

population (including small particles e.g. <1mm) spatial distribution

ÅTracking observations used to investigate the physical and dynamical 
properties of space debris

ÅOptical (ground -, space-based)

¶Optical passive ðoptical telescopes (e.g. AGO 60cm and 70cm telescopes)

¶Satellite Laser Ranging (SLR) (optical active) ðdebris SLR systems

ÅRadar (ground -, space-based) ðtracking and survey radar systems

ÅIn -situ (space-based) ðin -situ probe, surface

Figure ðLDEF experiment .
Figure ðTIRA radar .

Figure ðAGO70cm telescope.

Figure ðZIMLAT SLR .



United States Strategic Command
ÅUS governmental network USSTRATCOM

ÅConsists from 29 optical and radar 
systems

ÅFull coverage from LEO to GEO

ÅMore that 16,000 orbits in form of TLEs 
(Two Lines Elements) available to public 
and scientific community 

Åwww.space -track.org
Figure ðUS space surveillance network (Jakhu et al., 2017).



ISON network
ÅThe former International 

Scientific Optical Network ISON

ÅOperated by the Keldysh institute 
of applied mathematics, Russian 
academy of sciences

Å90 telescopes in 16 countries

ÅCovered all regions from LEO to 
GEO, also NEA

ÅFocus on cataloguing and research
Figure ðISON surveillance network (Mokhnatkin et al., 2017).



Optical (passive) observations
ÅSpace debris not emitting own radiation (!)

ÅInterested only in the sun (visible) light reflected from the object

Figure ðSchematic demonstrating sun light reflected from the object (satellite) toward observer.

Sun

Sun light

Reflected light

Earth

Observer

FoV

Target



Optical observations
Å Surveys ðto discover new objects for cataloguing and modeling

Å Astrometry ðfollow -up (tracking) observations, to obtain the astrometric positions (apparent 
position of the object on celestial sphere) to be used for orbit determination and  improvement

Å Photometry - to get properties of the sun light reflected from the object toward observer
¶Attitude related information, light curve, rotation axis direction and rotation period size, e.g. ADR application

¶Attitude change over time monitoring, e.g., ADR application, monitoring of the near Earth environment

¶Reconstructed phase function, shape of object, e.g., object identification, type identification

¶Colors, color indices, surface properties, e.g., space -weathering, surface composition, origin identification

Å Reflectance Spectroscopy ðto get solar spectrum reflected from the objectõs surface, e.g., 
surface composition Č source/origin identification

Å Spectrocsopy ðto get the spectrum of an object during reentry Č fragmentation modeling



Space debris on 
FMPI and AGO
ÅAGO ðFMPI CU Astronomical and geophysical observatory in Modra , 

Slovakia

Figure ðAGO Modra main dome. Figure ðAGO Modra small upper dome.



FMPI/AGOõs 70cm telescope

Figure ð

AGO 70cm telescope.

Figure ðAGO 70cm telescope installation (left), mount (middle) and 

70 cm primary mirror (right).

Telescope design Newton

Mount Equatorial 

(Open fork)

Camera CCD

Dimension 1024 x 1024

Primary mirror diameter [m] 0.7

Focal length [mm]; focal ratio 2962.0; f/4.2

FOV [arc -min] 28.5 x 28.5

iFOV [arc-sec/pix] 1.67

Table ðAGO70 telescope configuration.

Å Main objective: 

Perform tracking to space debris in order to support European 
space debris cataloguing, physical characteristics of debris

Å Former ESA PECS HAMROptSen dedicated to the main objective, 
cooperation CU (SK, prime) + AIUB (CH)

Å Currently ESA PECS ImpEuroLEOTrack , cooperation CU (SK, prime) 
+ AIUB (CH) + IWF (AUT)

Å Activities cover all aspects ðlow-level control , planning S/W 
improvement, observation planning, data acquisition, data processing, 
image processing SW improvement, tracklet building, object 
identification, orbit improvement, cataloguing, data format conversion, 
etc.



ESA PECS ImpEuroLEOTrack

Figure ðGeographical distribution of sensors to be used during the activity for LEO tracking, namely FMPIõs AGO 70cm 

telescope (Slovakia), AIUBõs ZIMLAT telescope and SLR sensor (Switzerland) and IWFõs Graz SLR station (Austria). 

Character (*) indicates optical passive sensor (telescope) and character (ô) indicates optical active (SLR) sensor.



ESA Plan for European 
Cooperating States (PECS)
ÅEuropean Space Agency Plan for European Cooperating States - main 

objective to prepare Slovakia to be become competitive within ESA once 
full member.

ÅSince the beginning of ESA PECS for Slovakia in 2015, 4 ESA PECS calls have 
already taken place. 

ÅThe ministry responsible for the PECS activities is the Slovak Ministry of 
Education, Science, Research and Sport. 

ÅIn Spring 2018 a 3rd call was closed and winners were announced in summer 
2018. Fourth call closed in Feb 2019, winners still to be announced.

ÅEvaluation of results, outputs in the early 2020s, to decide whether SR to join 
ESA or not.



FMPI/AGO instruments,
AMOS cameras
Å AMOS (All -sky Meteor Orbit System) of Comenius University in Bratislava

Å Originally developed optical system for intensified video night sky observation focused on meteors

Å Network of 8 AMOS cameras in Slovakia (4), Canary Islands (2), Chile (2),

plan to expend the network to USA (HI), Australia and Namibia

Å AMOS at AGO, Tenerifa and Chile accompanied by AMOS -Spec cameras

Å Currently several different national funding available for improvements

Å Properties:
Å Automatic detection S/W

Å Own astrometric reduction S/W, astrometric accuracy around 4' -10õ, expected after improvement 1.8õ (Ą 0.5km for 1000 km range )

Å Limiting magnitude comparable to the naked eye, ~ 5 mag

Figure ðAMOS in Chile .



AMOS network

Distribution of AMOS 

cameras as per current 

status (red cross) and as 

planned (blue cross).

4th International Workshop on Space Debris Re-entry, 28 February & 01 March 2018, ESOC, Darmstadt, Germany

2 x AMOS

1 x AMOS-HSpec

2 x AMOS

1 x AMOS-HSpec

4 x AMOS

1 x AMOS-HSpec

Planned 2020-2021
Planned 2020

AMOS network

2 x AMOS

1 x AMOS-HSpec



FMPI/AGO instruments,
AMOS cameras

Amos -Spec
Amos -Spec



AMOSCHI-SP 2016/06/07 05:02:24



Observations planning



Observation planning
Å In space debris community used so -called Two -Lines Elements format for geocentric orbital 

elements

Å TLE fully compatible with the Simplified General Perturbation (SGP) model developed by US 
Department of Defense in 1980s

ÅOriginally Fortran code, now available from Vallado (2013) in JAVA, Python, C++, etc.

Å FMPI has two major sources of TLEs:

¶US www.space-track.org

¶ESA/AIUBõs internal catalogue

¶Alternatively Russian ISON network or US NASA

Figure ðExample of TLE format for the International Space Station . Reference epoch 12008.47339243,

which corresponds to date/time 2012-01-08 11:21:41.11 and MJD = 55934.47339243 days.



Observation planning
Å Currently for space debris observations at AGO is used FMPI õs JAVA S/W tool SatEph (Satellite 

Ephemeris)

Å SatEph reads TLE and uses SGP to calculate the ephemeris of selected objects for given observer 
and observation time

ÅGraphic User Interface (GUI) available

Å Program provides several different functionalities and outputs:

¶ Topocentric coordinates of the objects, horizontal and equatorial

¶Visualization of the field

¶Output files such as ephemerides file and field emulation image

Figure ðExample of SatEphõsGUI main window . On left are plotted 2051 objects assuming and FOV=180deg in

horizontal coordinates . On the right is plotted one object assuming FOV=0.5deg in equatorial coordinates .



Object identification

Figure ð Visual real time

object identification by using

SatEph program .



Thank you for your attention.

Break?
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