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The latest space debris related research and technology 
activities in the European Space Agency 

 
Holger Krag, ESA 

 
This talk will address ESA’s progress in space debris research and technology in 4 domains: 
 

1. ESA operates a conjunction analysis system and currently monitors 10 satellites. The system uses 
the JSpOC CDM data. A number of novel techniques have been developed including automation in 
the processing of the data, new algorithms for low delta-v approaches and independent manoeuvre 
screening. ESA’s conjunction assessment system and related statistics and highlights will be 
presented. 

 
2. Since many years, ESA develops object databases, as well as risk assessment and mitigation 

analysis software. Methods for the verification of the compliance to on-ground risk and orbital 
lifetime assessment have been developed. ESA, as an operator of objects in very unusual orbits 
such as high-eccentric and Lagrange Point orbits has developed novel disposal options which have 
been validated with these new means. The means and related technology will be presented along 
with recent examples. 

 
3. Further, ESA runs an ambitious SSA program, for which a system architecture has been designed 

and a demonstrator phased-array radar has been developed. In addition to this, it operates its own 
1m-telescope on Tenerife which has discovered a population of high area/mass objects. Recent 
radar and optical as well as laser ranging measurements concentrate on the identification of the 
attitude motion of uncontrolled objects, like Envisat. An overview over the current measurement 
systems and recent results will be presented. 

 
4. Finally, ESA has been investing in the technology for rendez-vous and capture of uncontrolled 

objects. Various solutions have been scrutinized in system studies. In parallel, the effect of active 
removal and the criticality of a given objects in LEO orbit has been studied. This presentation will 
show ESA’s analysis results and the recent plans for the e.Deorbit mission for the controlled 
removal of an uncontrolled target in LEO. 

 
 

 

ESA’s e.Deorbit mission 

 

ESA’s SSA demonstrator radar 
  

This document is provided by JAXA.
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The latest space debris related 
research and technology 

activities in the European Space 
Agency 

 
 

Holger Krag 
ESA/ESOC 

 
6th Space Debris Workshop 

JAXA Chofu Aerospace Center, December 17-19, 2014 
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• Collision Avoidance 
• DISCOS Database 
• Compliance Analysis 
• Mitigation Technology and Re-entry Assessment 
• Space Situational Awareness and Measurements 
• Space Debris Modelling 
• Attitude Measurements of uncontrolled objects 
• Active Removal (e.Deorbit) 
 

Outline 

This document is provided by JAXA.
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GOCE 

Swarm A,C 

Swarm B 

Sentinel-1 

Cryosat-2 

ERS-2, Envisat 

Monitored Missions 
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Collision Avoidance System (2004-2013) 

This document is provided by JAXA.
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 Monge tracking ship 

 Tracking and Imaging Radar 

Orbit Refinement by Tracking 
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Impact of Orbit Accuracy on Conjunction Analysis 

 
– Establish new Collision Avoidance Procedures based on the CSM: 

– New threshold collision probability 
– Additional minimum (geometry-dependent?) fly-by distance 

 
 
 
 
 
 

AC

p(Δr)

This document is provided by JAXA.
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Features: 
•Several Collision Probability Algorithms: 

• Alfriend Akella 
• Maximum Probability  
• Algorithms for low delta-v approaches 
• Monte-Carlo 

•Cross-sectional projections 
•Manoeuvre planning: 

• Sampling of several desired radial fly-by distance 
•Covariance scaling 
 

 

CORAM 

This document is provided by JAXA.
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PREEMPT 
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PREEMPT 
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PREEMPT 
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Statistics for ESA Satellites 

This document is provided by JAXA.
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Envisat Conjunction Jan.  21st, 2010 
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The new DISCOS Web Frontend 

Launch Number 
 

This document is provided by JAXA.
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Catalogued objects in orbit 

– December 2014: ca. 40000 Objects have been catalogued, of which about 17000 
are in orbit 
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Distribution of drifters 
(TLE only) 

This document is provided by JAXA.
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EoL statistics 

• Average of 16 annual disposals 
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Manoeuvre Detection from TLEs 

METOP-A between 21/1/2011 and 9/8/2011 

This document is provided by JAXA.
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Orbital Lifetime Prediction from TLEs 
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Destination orbits of spacecraft 

This document is provided by JAXA.
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Destination orbits of upper-stages 
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SPADES 

Solid Propellant Autonomous De-orbit System  

Accomodation on LEO Satellite 

Accomodation on Ariane 5 
GTO state 

This document is provided by JAXA.



宇宙航空研究開発機構特別資料　JAXA-SP-14-01346

Space Debris  in ESA | Krag | 17.12.2014 | Pag. 23   ESA UNCLASSIFIED – For Official Use 

V2.0 Graphical User Interface 

 
– Windows, Linux, Solaris, Mac-OS 
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The DRAMA 2.0 software suite 

ARES: Assessment of Risk Event Statistics:  
To consider the possible requirements for collision  
avoidance manoeuvres during a mission. 
 

MIDAS: MASTER (-based) Impact Flux and Damage Assessment Software: To model the 
collision flux and damage statistics for a mission. 
 

 
OSCAR: Orbital Spacecraft Active Removal: To analyse the disposal manoeuvre 
performed by a space system at the end of its useful lifetime. 
 

 
CROC: Compute projected cross-sectional areas of complex bodies 
 

 
SARA: Spacecraft Entry Survival Analysis Module (SESAM):  
To model the re-entry of a space system into the Earth’s atmosphere. 
Spacecraft Entry Risk Analysis Module (SERAM):  
To assess the risk on-ground of objects surviving re-entry. 

This document is provided by JAXA.



第 6回 「スペースデブリワークショップ」 講演資料集 47

Space Debris  in ESA | Krag | 17.12.2014 | Pag. 25   ESA UNCLASSIFIED – For Official Use 

New Presentation of Results 
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Task #2: Solar Flux Prediction Methods 

Nominal and Confidence interval Specific Constant (STELA) 

MC Sampling ECSS Reference Cycle 

This document is provided by JAXA.
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WP 3500: Removal Options 

Removal Options 

Chemical 
Propulsion 

Electric 
Propulsion 

Electrodynamic 
Tether 

Drag 
Augmentation 

Direct  
De-Orbit 

Delayed 
De-Orbit 

Re-Orbit 

Delayed 
De-Orbit 

Re-Orbit 

Delayed 
De-Orbit 

Re-Orbit 

Delayed 
De-Orbit 

same as in DRAMA v 1.0 
modified 
new 

Removal Options Analysed by OSCAR 
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Cross-Section Computation 

This document is provided by JAXA.
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Cluster-II Re-entry 
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Cluster-II S/C 1 

This document is provided by JAXA.
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Cluster-II S/C 2 
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Cluster-II Line of Apsides and On-ground Risk 

Cluster-2/3/4 in 2024-2026  

Cluster-1 in 2038  

This document is provided by JAXA.
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Determining Break-Up process and Survivability 

S/C modeling 
 simplified model 

Aerodynamic analysis 
 forces and torques 

Dynamic analysis 
 trajectory and attitude motion 

Aerothermal analysis 
 heating and melting 

Fragmentation analysis 
 structural fracture and 
separation due to melting 
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Modelling 
Cluster-II – SCARAB Model 

This document is provided by JAXA.
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Simulation for Cluster-II Spacecraft 1 
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Observations of the ATV-5 Shallow Re-entry 

– Re-entry Trajectory: 190km x 75km  (normal trajectory:  400km x 0km) 

Observation results of ATV-1 

This document is provided by JAXA.
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NASA DC-8 Research Aircraft 

ATV: Re-entry observations (1/3) 
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This document is provided by JAXA.
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Surveillance Performance (LEO) 
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FGAN TIRA radar  

Required System Sensitivity (2/2) 

– 98% coverage correspond to the follow radar performance envelope: 
– 32cm @2000km altitude, 8cm @1000km altitude 

This document is provided by JAXA.
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Loss due to Selected Sensor Latitude 

– Loss of another at least 5% due to selection of a site on European mainland 
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Demonstrator radar in Santorcaz (Spain) 

This document is provided by JAXA.
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ESA Space Debris Telescope Tenerife/Spain (EU) 

– Zeiss telescope of 1m aperture and 0.7º field-of-view, Tenerife (lat = 28.17º N, 
long = 16.30º W) 

– Detection threshold: mag 19 - 21 ( ~ 15 cm objects in GEO), 120º of GEO ring 
visible 
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ESA Space Debris Telescope Tenerife/Spain (EU) 

This document is provided by JAXA.
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Beampark experiments 
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March 2006, 

18th-21st  

June 2007, 

4th-7th  

Time [d]  

Impact of Jan. 11 ASAT test  

EISCAT Svalbard radar (lon: 16.029°, lat: 78.153°)  

(42m and 32m UHF antennas)  

FY-1C ASAT (2/2) 

This document is provided by JAXA.
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Comparison to measurements (2/2) 

– Plane dispersion: COSMOS is faster than Iridium 
 

– Comparison: EISCAT / PROOF: EISCAT is looking at pinch points 
 
 
 

EISCAT Svalbard Radar 

SDM Training | Krag | 2013 | Pag. 48 

MASTER-2009 Application 

This document is provided by JAXA.



第 6回 「スペースデブリワークショップ」 講演資料集 59

Target orbits 

Space Debris  in ESA | Krag | 17.12.2014 | Pag. 49   ESA UNCLASSIFIED – For Official Use 

Space Debris  in ESA | Krag | 17.12.2014 | Pag. 50   ESA UNCLASSIFIED – For Official Use 

Environment Projections 

• DELTA 

– Debris Environment Long-Term 
Analysis  

– 3-D time dependant semi-
deterministic model 

– Traffic models (launch cycle of the 
past 8 years) 

– Debris mitigation measures  

– Simulation of environment 
response to active debris removal 

 

This document is provided by JAXA.
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DELTA results: Future evolution of the 
environment 
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Analysis of different historical populations 

No further release: 

•  No launches 

•  No explosions 

This document is provided by JAXA.
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Branch 4 Space Debris Remediation
Roadmap
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This document is provided by JAXA.
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Orbital regions of interest (1/2) 

Space Debris  in ESA | Krag | 17.12.2014 | Pag. 56   ESA UNCLASSIFIED – For Official Use 

Attitude Measurements 

[CNES] 

[Volkssternwarte 
München] 

This document is provided by JAXA.



第 6回 「スペースデブリワークショップ」 講演資料集 63

Space Debris  in ESA | Krag | 17.12.2014 | Pag. 57   ESA UNCLASSIFIED – For Official Use 

Identification of attitude motion from ground (TIRA 
imaging radar) 
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Laser Ranging for Attitude Measurements 

[Kucharski, Kirchner] 

Laser Retroreflector 

This document is provided by JAXA.
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Capture (controlled re-entry): Robotic Arm 

Space Debris  in ESA | Krag | 17.12.2014 | Pag. 60   ESA UNCLASSIFIED – For Official Use 

Capture (controlled re-entry): Tentacles 

This document is provided by JAXA.
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Capture (controlled re-entry): Net 
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Back-Up Slides 
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1. Determination of combined 
target+chaser cross section 

2. Combination of the two error 
covariance matrices into a 
single one (3D ellipsoid) 

3. Projection of ellipsoid onto 
the B-plane  

a. ║distance vector  
b. ┴ relative velocity 

vector 
4. Integration of projected 

probability over cross-
section = collision probability 
 
 

 
 

Rt

Rr AC

B-plane

AC

Combined position 
error ellipsoid

θ

Δvtca

Δrtca

Collision Probability Algorithm 
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Approaches to describe criticality 

ESA approach considers:  
•the risk of this object to collide with other objects,  
•the impact a fragmentation of this object would have on the overall population  
 
 
 
 

 
 

Other approaches:  
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Envisat Break-Up Consequences 
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Envisat Break-Up Consequences 

This document is provided by JAXA.
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Zenith Break-Up Consequences 
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Technology Required for Remediation 

This document is provided by JAXA.
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Re-entry Removal List 
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Situation before CSM 

– Example: Envisat: 26m span, 8t mass, initial covariance ca. 10m x 56m x 14m 
– TLE screening (initial chaser covariance ca. 225m x 750m x 195m) 
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Situation with the new CSM 

– Example: Envisat: 26m span, 8t mass, initial covariance ca. 10m x 56m x 14m 
– JSPOC screening (CSM chaser initial covariance ca. 23m x 75m x 20m) 
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Analyses with DISCOS 

Re-entering mass per year (uncontrolled) Number of events per year 

This document is provided by JAXA.
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– Model built from “primitive 
shapes” 

– Modelling approachare subject to 
a shadow analysis based on 
geometric area projections in flow 
direction. 

– No flow expansion behind 
shadowing panels (Ma∞, S∞ → 
∞) 

– Tank bursting analysis 
 
 
 

SCARAB modelling principles 
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Understanding catastrophic break-up 

This document is provided by JAXA.
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No further release scenario 

 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 2020  2040  2060  2080  2100  2120  2140  2160  2180  2200

N
um

be
r o

f O
bj

ec
ts

 >
 1

0c
m

Year

Intacts
Explosion fragments

Collision fragments

ATV-1 DC-8: different fragmentation model 

DC8 airplane, Camera mounting: AZ=100deg, El=0deg.  
Camera properties: FOV=40deg, Lpix=0.02mm, D=0.3m, Npix=125 

Solar panel break-off altitude = 95km. Explosion altitude = 78km. 
Evolve Model ACTA Model 
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Latest Envisat ISAR observation 
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