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Introduction 

ÅMotivation: The Rise of LEO economy 

ïOvercrowded SSO and polar orbits due to legacy 

ïCubesat and nanosats for technology testing 

ïMegaconstelations 
10 000+ smallsats deployment expected within 10 years 

  

ÅOpportunity: Standardization of Cubesat parts 

ïDesign 

ïRecycling and servicing 

ÅSolution of Cubesat constellation for ADR is 
addressed 
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Introduction 
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Unclassified data from www.space-track.org 

Space debris are localized in orbit space 

LEO space junk 



Introduction 

Space debris forecasts 
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Business as usual Compliance with Law of space 

Each curve represents a prediction scenario 
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Mission requirements 

ÅMultiple debris collection and 
release 
ïDebris tracking 

ïOn-orbit rendez-vous with non-
collaborative target 

ïHigh ɲv maneuvers 

 

ÅDocking on inflatable mothership 
ïDebris temporary storage 

ïEnd-of-life 
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Bigelow capsule (Bigelow 
Aerospace, Nasa) 



Technical solutions 

ÅOff-the shelf parts 
ïAttitude control 

ïSolar panels ~ 120 W 

ïAntennas 

ïOn-board electronics 

ÅPlasma propulsion 
ïCathode-less RF ion 

thruster 

ïIodine for compact storage 
under solid state 

ï Specific impulse > 3000 s 
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ThrustMe TRL 5-6 

PEGASES TRL 2-3 (LPP) 



Technical solutions 

ÅGrabbing device 
ïExpandable loops 
ï3 electric motors + 3 for 

redundancy 

 
ÅTracking 
ï3D viewing using 

stereoscopic cameras 
ïLow power LIDAR  
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Structure Core Occipital 3D camera 



Cubesat maneuver 
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Phase angle 



Cubesat maneuver 

ÅVis-viva equation 

 

 

ÅTsiolkovski equation 

 

 

ÅFrom 500 km: 
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Orbit raising 



Cubesat maneuver 
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Orbit plane 
 
Angle shift 

Å Very high propellant requirements 
Å Iodine plasma propulsion with high specific impulse 
and high storage density lead to a total angle over the 
mission: 



Cubesat maneuver 
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Low thrust orbit transfer 
9ŘŜƭōŀǳƳΩǎ equation for circular orbits: 
 
 
 
 
 
Å Accounts for altitude and  
orbit plane variations 
 

SMART-1 mission design (ESA) 



Constellation management 
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Geometry  of the constellation  

 
n: number of debris removed by 

each Cubesat 

p: number of Cubesats in the 

constellation 
 

p ҭ n ?  



Constellation management 

Multiple debris collection 
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Constellation management 

Simplified model for mission design requirements 

ÅAssumptions 

ïOnly orbit plane variation maneuvers are included 

ïN debris spread uniformly in a square-like domain of solid 
angle ʍ 

ÅResult 

ïNumber of SC required: 
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Constellation management 

SSO debris spread in phase space 
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Sat. 1    Sat. 2    Sat. 3   etc.  

Application to SSO debris 

1937 debris 



Constellation management 

Application to SSO debris  
ïInclination between 98° and 99.5° 

ïAltitude between 750 km and 850 km 

 

Constellation of 38 Cubesats 

ÅLow-thrust orbit transfer with optimized domains 
ï1075 removed debris 

ÅGlobal formula 
ï1937 removed debris 

 

 Approximate formula provides a fair order of magnitude 
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Conclusion 

Achievements 
Å First guidelines for multiple debris removal using a constellation of 
Å Cubesats  
Å Propulsion requirements and technical solutions 
Å Return of experience from debris removal demonstrators (e.deorbit, 

RemoveDebrisΧύ 
Å Low-cost approach 

ï Standard parts 
ï Terrestrial technologies 

 

Future work 
Å Collision modeling for long-term risk prediction 
Å Database merging 
Å Subsystem validation (visualization, attitude control, communication) 
Å System integration 
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Thank you for your attention!  

 

Questions? 
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Annex 
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Annex 

Atmosphere density 
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