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OPPORTUNITIES 

THE NEO SYSTEM 

SPACE SITUATIONAL AWARENESS 

OBSERVATIONS 

GAiaFUNSSSO_System.pptx
GaiaFUNSSO_SSA.pptx
EPerozzi_GaiaFUNSSO_Observations.pptx


The aim of the ESA Space Situational Awareness 

Programme is to support the European independent 

utilisation of and access to space for research or 

services, through providing timely and quality data, 

information, services and knowledge regarding the 

environment, the threats and the sustainable 

exploitation of the outer space surrounding our planet  

NEO 

meteoroids 

space weather 

space debris 

SSA PROGRAMME 



SSA SEGMENTS 
 
SST: Space Surveillance and Tracking of man-made space objects 
 

SWE: Space Weather monitoring and forecast 
 

NEO: Near-Earth Objects hazard monitoring 



NEO SEGMENT 
a little history 
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 2009-10: Enabling Technologies                                             
design the NEO Segment                                                                      
SBDC, Collaborating Observatories, Wide Survey 

        NEOCC 

 
 2011-12: SN-III Precursor Services                                            

establish the NEO System                                                         
Web Portal, Database, ESRIN Office 

 
 
 2013-14: SN-V Precursor Services Operations                                 

operate the NEOCC                                                                           
System Maintenance & Improvement, Astronomical Observations, NEO Ops 
 
 

 2015: P2-NEO-I Operations                                               
nominal NEOCC operations                                                                          
System Maintenance & Improvement, Astronomical Observations, NEO Ops 

 
 



26/11/2014 

NEO Coordination Centre inauguration 

22 May 2013 



 C
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Minor Planet Center 

(US) NEOs 

Political entities 

General users 

National research 

expertise 

F 
- Risk assessment 

- Obs. Planning 

- Phys. Properties 

SSA-NEO CC 

- Databases 

- Light curves 

- Shape models 

NEO  

System 

Space 

mission 

studies 

Front Desk Operator 

OVERVIEW 
NEOCC Context Diagram 

//upload.wikimedia.org/wikipedia/commons/f/fb/Esoc_kontrollraum.jpg
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The NEO SYSTEM 



WEB PORTAL 

neo.ssa.esa.int 
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http://neo.ssa.esa.int 

RISK PAGE 

neo.ssa.esa.int 



 

http://neo.ssa.

esa.int 

CLOSE APPROACHES 

neo.ssa.esa.int 



HORIZON 2020 NEOShield-2 project 
NEO Physical Characterization 

cumulative distribution of 2012 close approachers observation 
opportunities as a function of their visual magnitude 
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visual magnitude 

18 

21 

need of a rapid response network for physical characterization 

V=18 is the typical 

magnitude limit for 

physical 

characterization from 

a 1m class telescope 

V=21 is the typical 

magnitude limit for 

physical 

characterization from 

a 4m class telescope 

the possibility of pushing the limiting magnitude to 21 allows to encompass the 

vast majority of the 2012 Earth approachers population  

Call: PROTEC-2014 
Topic: Access technologies and 
characterisation for Near Earth 

Objects (NEOs)  
Proposal number: SEP-210130790 
Proposal acronym: NEOShield-2 

present discovery rate dominated by small Earth approachers 
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http://neo.ssa.

esa.int 

PRIORITY LIST 

neo.ssa.esa.int 
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http://neo.ssa.

esa.int 

PRIORITY LIST 

neo.ssa.esa.int 

NEOCC Priority List can be used as a real-case Gaia alert simulator 
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neo.ssa.esa.int 

SUMMARY PAGE 



ORBIT VISUALIZATION TOOL 
Apophis perturbed trajectory 

16 

2029 Earth encounter 

C:/Users/eperozzi/SSA/SNV/CCN/apoAVI.avi.avi
C:/Users/eperozzi/SSA/SNV/CCN/apoCAAVI.avi.avi


ORBIT VISUALIZATION TOOL 
Apophis perturbed trajectory 

17 

2068 
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Fireball database 

debiased  NEO  

population model 

SN-III SN-V 

openAM authentication 

NEO SYSTEM 
An evolving environment 

Search for  

precoveries 



NEOCC OBSERVATIONS 

COLLABORATING OBSERVATORIES 

OBSERVING CAMPAIGNS 

 

Marco Micheli 
 
Detlef Koschny 
 
Fabrizio Bernardi 

 

add image 
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COLLABORATING OBSERVATORIES 
ESA Optical Ground Station (OGS) 
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A 1.0 meter ESA telescope in Tenerife, Canary Islands. 

Originally designed for satellite optical communication experiments 
 

The OGS is one of the few follow-up facilities that can reach 

magnitude 22 
 

We have 4 to 8 nights per month, around new Moon 
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 ~4 nights per month 

 ~180 NEO observed in 2014  

 ~10-15 NEO candidates every night (~50 % actual NEOs) 

 85% success rate (= target located) 

  5 NEOs discovered (10th most successful discovery station in 2014) 

 1 Virtual Impactor discovered: 2014 QN266 

 Hundreds of new Main Belt asteroids  discovered 

 1 comet discovered in 2014: C/2014 C1 (TOTAS) 

 1-2 NEO or Comet recoveries per month 

ESA OGS (TENERIFE) 
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Four large 8.2 meter telescopes at Cerro Paranal, Chile 

We use the FORS2 camera on the first telescope, 7 arcminutes field 

 

We have ~11 hours per semester to observe Virtual Impactors, thanks 

to an agreement with ESO 

 

COLLABORATING OBSERVATORIES 
ESO Very Large Telescope (VLT) 



 

  ~20 NEO observed in 2014 (all VIs), including a few 

recoveries 

  ~50 % removed from the risk list 

 > 90 % success rate (= target located):  

 Targets as faint as V=26 successfully observed 

 

ESO VERY LARGE TELESCOPE (CHILE) 



2

4 

 

 

 

 

 

 

 

Two twin comounted 8.4 meter telescopes 

Two wide field cameras, 27 arcminutes field, different sensitivities 

 

We have reached an agreement with the Italian partnership (INAF) for 

rapid response DDT time 

COLLABORATING OBSERVATORIES 
INAF Large Binocular Telescope (LBT) 



 
   Large Binocular Telescope (LBT) 
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Faint large-uncertainty NEOs 

 

We can use LBT for wide field faint recoveries 

 

2014 KC46, one of the faintest NEOs ever seen! 

 

 

 

 

 

Future improvements: the two sides allow for simultaneous 

color observations 

 

 

 

We recovered it in October 2014 

V=26, uncertainty spanning the whole field 

First-ever NEO observation with LBT! 

Published on MPEC 2014-V35 

All impact solutions were removed 

 



ENEAS – design  
   NEO CC Observation Campaigns 

 

Asteroid 2002 GT, a relatively large object a few hundred 
metres across, made a distant flyby of Earth on 26 June, 
passing us at almost 50 times the distance of the Moon. 

 

Yet the encounter sparked intensive worldwide 
observations because the asteroid is the target of NASA's 
Epoxi mission in January 2020. 

 

By alerting and then collating observations from diverse 
European teams, ESA’s NEO Coordination Centre was 
able to provide a comprehensive set of results back to the 
scientific and space exploration communities 

 

 

 

 

 

OBSERVATION CAMPAIGNS 
2002 GT 



Infrared observations from the Campo Imperatore Station 
of the INAF Rome Astronomical Observatory.  
Even under bad weather conditions, it was possible to spot 
the asteroid 20 days before Earth flyby. 
 

 

 

2002 GT 
OBSERVATION CAMPAIGNS 
2002 GT 



ENEAS – design 

Photometry and light-curve data from the 1 m-diameter C2PU 
telescope at the Observatoire de la Cote d'Azur allowed 
calculation of the rotation period (3.77 hours). 
  

The shape of the light curve is compatible with the presence of a 
satellite. 
 

 

OBSERVATION CAMPAIGNS 
2002 GT 



ENEAS – design 

Spectra and photometric data from Asiago Observatory (University 

of Padova and Observatory of Padova) allowed determination of the 
asteroid type (Sq), in agreement with other observations. 
 

OBSERVATION CAMPAIGNS 
2002 GT 



ENEAS – design 

Astrometry from Gaia-FUN-SSO: Six telescopes observed 2002 
GT providing astrometric measurements. These were sent to the 
Minor Planet Centre and processed at  IMCCE for computing orbital elements. 

OBSERVATION CAMPAIGNS 
2002 GT 



On August 23rd an unusual object was spotted in the sky: 
provisionally named 2013QW1 it was moving on a faraway 
geocentric orbit, thus puzzling astronomers on its own nature: 
natural or artificial? 
 
 
The ESA NEO Coordination 
Centre has promptly sent an 
alert to collaborating 
observatories to contribute to 
the worldwide efforts to solve 
the ridde. 
 

The challenge was taken over by a joint team from INAF - 
Osservatorio di Roma and the Observatoire de Paris Meudon who 
succeeded to obtain Director's Discretionary Time at the Italian 
Telescopio Nazionale Galileo, to obtain a visible spectrum 
 

OBSERVATION CAMPAIGNS 
2013QW1 



ENEAS – design  
   NEO CC Observation Campaigns 

 

This provided evidence of the artificial nature of 2013 QW1 - possibly a booster of a 
lunar mission  - now removed from the NEO catalogue and included as 2010-050B in 
the Minor Planet Centre DASO (Distant Artificial Satellite Observations)  list. 

. 
 
 

The outcome does not resemble at all an asteroid spectrum, being 
similar to that of "space junks" found in the literature 
 
 

OBSERVATION CAMPAIGNS 
2013QW1 
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If the object is already gone, and lost we can search for 

precoveries in existing data 

 

 

 

 

 

 

 

Main sources: 

 Archives from large telescopes (e.g. CFHT, DECam) 

 Archives from asteroid surveys (e.g. Pan-STARRS) 

 Internal archive from cooperating observatories 

PRECOVERIES 

2008 CK70, top-10 in the list of VI 

5-day arc, would have been lost 

We found precovery images in CFHT 

One month before (arc extension) 

The impactor was removed 
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Object Date PS0 Telescope Instrument Archive 

2007 UW1 2013-11-28 -3.4 CFHT MegaCam - 
2013 XE2 2013-12-10 -4.0 PS1 GPC PS1 

2008 CK70 2013-12-18 -3.1 CFHT MegaCam CADC 

2013 BP73 2013-12-20 -3.8 SDSS SDSS CADC 

2013 YC 2014-01-22 -2.9 VLT (UT1) FORS2 - 
2014 BD33 2014-01-29 -4.2 PS1 GPC PS1 

2004 BX159 2014-02-18 -4.5 CFHT MegaCam CADC 

2014 AF16 2014-03-11 -2.4 VLT (UT1) FORS2 - 
2012 HP13 2014-04-09 -6.6 VLT (UT1) FORS2 - 
2014 DN112 2014-05-01 -3.6 VLT (UT1) FORS2 - 
2014 HM129 2014-05-22 -4.2 VLT (UT1) FORS2 - 
2014 HM187 2014-05-28 -4.5 VLT (UT1) FORS2 - 
2012 VU76 2014-06-09 -6.1 VLT (UT1) FORS2 - 
2013 YD48 2014-06-30 -4.8 VLT (UT1) FORS2 - 
2014 LU27 2014-07-17 -2.4 PS1 GPC PS1 

2014 PB58 2014-08-12 -4.5 PS1 GPC PS1 

2014 QF392 2014-08-14 -8.0 PS1 GPC PS1 

2014 QJ392 2014-08-14 -6.1 PS1 GPC PS1 

2014 RC 2014-09-04 -7.0 PS1 GPC PS1 

2014 KC46 2014-10-30 -4.1 LBT LBC - 

NEOCC 
One year of objects removed from the Risk List 

20 objects 

in less than one year 

 

and counting… 



OPPORTUNITIES 
 

35 

 
 NEO System as an evolving environment: (e.g precoveries, short-

arc orbit determination algorithms, imminent impactors) 

 
 NEOCC Priority List as a Gaia simulator 
 
 Collaborating observatories and observing campaigns for 

follow-up observations (e.g. faint large-uncertainty objects, rapid 

response systems) 

 
 Physical Characterization: Synergies with other projects (e.g. 

Horizon 2020 NEOShield-2) 

 
 SSA Fly-eye prototype 

 
 

- automated telescope for all sky survey 

- splits image in 16 subfields 

- equivalent to a 1 m-diameter telescope,  

- very large field of view: 45 square deg 

- 21.5 limiting magnitude 

- detect objects >40m at least 3 weeks 

before impact 

- detailed design on-oing  
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ESRIN 
MAGELLAN ROOM 

18 NOVEMBER 2014 
9:00 

 

FINAL PRESENTATIONS DAY 

KEEP ON ROCKING ! 

thank you! 


