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Introduction 



ECOCEL 
Exploitation des Ressources des Corps Célestes 

 

 

 
 

 

First French interdisciplinary study on the space mining 

Law and 

regulations 
Engineering and 

Planetology 

Economics Geography Political 

sciences 
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ECOCEL Objectives 

for the French 

Government 

 

 

SaCLaB study: 

• Ressources 

• Accessible objects 

• Technology 

• Timeframe 

Space mining 

Overview  

Recommendations 

Space Advanced Concepts Laboratory 

Engineering and 

Planetology 
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Asteroid selection database  



Asteroid 
selection 

Accessibility Composition 

Valuable 
ressourses 

Scientific 
samples 

Time of flight Delta-v budget 

Database content 

Valuable metals 

(platinum, cobalt) 

Raw material for space 

construction and 

propellant 

Carbon-rich (mineral and 

organic components of 

Solar System) 

 

                 Mission analysis 

Departure / Arrival options: 

Earth, cis-lunar space, Sun-Earth Lagrange point orbits 
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Database creation  

Step 1 

Collect available data 

 

Basic orbital and physical 

parameters of near-Earth asteroids 

(NEAs) are collected from JPL 

Small-Body Database [1] 

  

Step 2 

Complete by composition data 

 

The composition is inferred from 

asteroid-meteorite samples link 

from literature. 

Step 3 

Compute mission opportunities 

 

For each object in database we 

computed mission opportunities 

for one-way and round trip 

missions from Earth. 

[1] https://ssd.jpl.nasa.gov/sbdb.cgi 
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Step 1: data from JPL Small-Body Database  

[1] https://ssd.jpl.nasa.gov/sbdb.cgi 
[2] Tholen, D. J. (1989) 

[3] Bus, S. J., & Binzel, R. P. (2002) 

 

Selection constraints 

 

1. NEAs 

→ 23340 objects 

1. Defined Spectral 

class Tholen [2] 

or SMASSII [3] 

→ 326 objects 
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Step 2: Composition data 

Asteroid’s composition  

Chemical composition from [5]: 
● Fe 
● Ni 
● Au 
● Pb 
● Is 
● Rh 
● Re 
● Ge 
● Si 
● Al 
● H20 

 
→ Estimated surface composition 
→ Internal structure and composition 
are undefined 

 
 
 

 

Meteorite samples Asteroid’s spectral type 

● Spectroscopy technique  for 

asteroid observations  

 

→ Classifications: 

Tholen [2] or SMASSII [3]  

 

● Established asteroid–

meteorite links [4]  

● P 
● Ga 
● Ge 
● Cd 
● Cu 
● As 
● Sc 
● In 
● Sb 
● Te 

 

[4] Cloutis, E. A., Binzel, R. P., & Gaffey, M. J. (2014). 

[5] McSween Jr, H. Y., & Huss, G. R. (2010). Cosmochemistry. 
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Step 2: Composition data 
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Step 3: Mission 

opportunities 

Tools 

Sun Earth Moon dynamics python package 

Mission analysis 

 

 

 

  
  

  Sun 

  
  

    

Asteroid 

at arrival 
Asteroid at 

departure 

Earth Orbit 

Asteroid Orbit 

Earth at  

Departure  Earth  

Return 

○ One-way mission 
○ Round-trip mission 

○ SEMPy 
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SEMPy mission analysis tools 



Ephemerides Earth’s and asteroids ephemerides from JPL Horizons system [9] 

SEMPy: mission analysis methods 

SPICE Kernels 

Source: https://www.cosmos.esa.int/web/spice (c) 

Stardust-R Workshop 7 Sep 2020 Irina Kovalenko, ISAE-SUPAERO 

14 



Lambert’s problem 
 

Lambert’s problem solutions for Earth→ Asteroid and 

Asteroid→ Earth (if round trip).  

Ephemerides Earth’s and asteroids ephemerides from JPL Horizons system [9] 

SEMPy: mission analysis methods 

Lambert’s problem 
 
Given: 
- 𝐫𝟎 position at time 𝐭𝟎 
- 𝐫𝟏 position at time 𝐭𝟏 

 
Find: 
a conic trajectory between  
two positions 
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Lambert’s problem solutions for Earth→ Asteroid and 

Asteroid→ Earth (if round trip).  

Patched conic 
approximation 

Two body approximation for departure from a low-Earth orbit (LEO).  

Delta-v:  

- the Earth departure maneuver from a circular parking orbit 

- the maneuver to match the NEA's velocity at arrival 

- the maneuver to depart the NEA (if round trip mission) 

Ephemerides Earth’s and asteroids ephemerides from JPL Horizons system [9] 

SEMPy: mission analysis methods 

Sphere of 

Influence 

Lambert’s problem 
 

Lambert’s problem solutions for Earth→ Asteroid and 

Asteroid→ Earth (if round trip).  
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Lambert’s problem 
 

Lambert’s problem solutions for Earth→ Asteroid and 

Asteroid→ Earth (if round trip).  

Patched conic 
approximation 

Two body approximation for departure from a low-Earth orbit (LEO).  

Delta-v:  

- the Earth departure maneuver from a circular parking orbit 

- the maneuver to match the NEA's velocity at arrival 

- the maneuver to depart the NEA (if round trip mission) 

Constraints 

Precomputed trajectories 

- launch interval 2020-2050 

- mission duration 450 days 

- stay at asteroid at least 10 days (if round trip mission) 

Ephemerides Earth’s and asteroids ephemerides from JPL Horizons system [9] 

Output 
Optimal delta-v and TOF solutions 

+ associated all the maneuvers and  Lambert’s solution values  

 

SEMPy: mission analysis methods 

SEMPy Tools: 
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Input: Constraints 

● Launch interval 2020-2050 

● Mission duration 450 days 

● Stay at asteroid at least 10 days (if round trip mission) 

● Departure LEO (optional) 

Output 

Optimisation parameters choice: 

● Time of flight (TOF) 

● Total delta-v 

● Departure/arrival delta-v 

● Hyperbolic excess velocity 

 

 

SEMPy: mission analysis methods 
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SEMPy database tools 



SEMPy database tools 

 

User interface 

 

 

• Environment for code and data 

• Consistent with Python methods in 

SEMPy 

• Flexible for new functions, new data 

• Open source 
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SEMPy 

database tools 

Functionalities: 

● Multicriteria target 

selection: 

○ mission parameters 

(TOF, delta-v, …) 

○ composition 

○ diameter 

○ ... 
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SEMPy 

database tools 

Functionalities: 

● Multicriteria target 

selection: 

○ mission parameters 

(TOF, delta-v, …) 

○ composition 

○ diameter 

○ ... 

● Mission opportunities 

for each object 

○ precomputed one-

way 

○ and round-trip 
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SEMPy 

database tools 

Functionalities: 

● Multicriteria target 

selection: 

○ mission parameters 

(TOF, delta-v, …) 

○ composition 

○ diameter 

○ ... 

● Mission opportunities for 

each object 

○ precomputed one-

way 

○ and round-trip 

 

● Data visualisation 
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Conclusion and future work 



Comparison with other databases 
NASA Ames [6] JPL MDT [7] CNEOS [8] ECOCEL 

Asteroids type NEAs All NHATS [12] 
NEAs 

with Tholen/SMASSII class 

Launch interval 2020-2045 2020-2040 2020-2040 2020-2050 

Mission duration 10 years 2000 days 450 days 450/900 days 

Delta-v limit 10 km/s 12 km/s (optional) 

Flyby authorized 

One-way flight 

Roundtrip flight 

Parking orbit 200 km 400 km (optional) 

Composition 
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Mission analysis tools 

SEMpy preliminary mission analysis: Earth-Asteroid mission 

Nov 2019 

Database creation 

Composition: chemical elements, water 

Precomputed trajectories 

June 2020 

Database extension 

Lunar flyby opportunities 

Multiple targets mission 

  

Oct 2020 

Data analysis 

Data interpretation and visualisation 

Statistical analysis 

… 2020 

ECOCEL Final report 

Overview and recommendations for the French Government 

2021 

Future work 
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Thank you for your attention! 

Any questions? 
     

Corresponding author 

 

 

Follow the ISAE-SUPAERO on the social media 

Facebook Twitter LinkedIn Youtube Instagram 

https://fr-fr.facebook.com/isae.supaero
https://twitter.com/isae_officiel
https://www.linkedin.com/school/isae/
https://www.youtube.com/user/ISAEcom
https://www.instagram.com/isae_supaero/
https://www.linkedin.com/in/irina-kovalenko-240689147/


References 

[1] JPL Nasa. Jpl small-body database search engine. 

[2] THOLEN, David J. Asteroid taxonomic classifications. In : Asteroids II. 1989. p. 1139-1150. 

[3] Bus, S. J., & Binzel, R. P. (2002). Phase II of the small main-belt asteroid spectroscopic survey: A feature-based 
taxonomy. Icarus, 158(1), 146-177. 

[4] Cloutis, E. A., Binzel, R. P., & Gaffey, M. J. (2014). 

[5] Harry Y McSween Jr and Gary R Huss. Cosmochemistry. Cambridge University Press, 2010. 

[5] Rivkin, A. S., Howell, E. S., Vilas, F., & Lebofsky, L. A. (2002). Hydrated minerals on asteroids: The astronomical 
record. Asteroids III, 1, 235-253. 

[6] Nasa Ames Research Center. Trajectory browser. 

[7] Nasa JPL. Jpl small-body mission-design tool. 

[8] Nasa Center for Near Earth Object studies. Accessible neas. 

[9] SPICE Kernels https://naif.jpl.nasa.gov/naif/spiceconcept.html 

 

 

  

 

Stardust-R Workshop 7 Sep 2020 Irina Kovalenko, ISAE-SUPAERO 

28 


