
≤	
  200	
  Day	
  Missions	
  

If	
  an	
  object’s	
  albedo	
  is	
  unknown,	
  it	
  is	
  assumed	
  to	
  be	
  15%	
  to	
  es9mate	
  the	
  diameter;	
  Objects	
  with	
  diameters	
  of	
  100	
  m	
  or	
  larger	
  are	
  highlighted	
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Introduc3on	
  

On	
   April	
   15th,	
   at	
   the	
   Kennedy	
   Space	
   Center,	
  
President	
  Obama	
  announced	
  new	
  goals	
   for	
  NASA’s	
  
human	
   spaceflight	
   ac7vi7es.	
   	
   One	
   of	
   the	
   most	
  
exci7ng	
   challenges	
   that	
   he	
   gave	
   to	
   NASA	
   was	
   a	
  
human	
   journey	
   to	
  an	
  asteroid	
   in	
  2025	
  as	
  part	
  of	
  a	
  
path	
  to	
  human	
  Mars	
  missions	
  in	
  the	
  2030s.	
  

This	
   poster	
   presents	
   the	
   results	
   from	
   a	
   trajectory	
  
search	
   for	
   candidate	
   asteroids	
   for	
   human	
  
explora7on	
  missions	
  in	
  2020-­‐2035.	
  	
  This	
  search	
  was	
  
conducted	
   using	
   independent	
   methodologies	
   by	
  
astrodynamics	
   researchers	
   at	
   the	
   NASA/JPL	
   and	
  
ESA/ESTEC	
  research	
  centers.	
  	
  	
  	
  

Not	
  much	
  is	
  known	
  about	
  the	
  physical	
  proper7es	
  of	
  
many	
   of	
   these	
   asteroids,	
   and	
   it	
   is	
   hoped	
   that	
   the	
  
asteroids	
  iden7fied	
  in	
  this	
  search	
  can	
  be	
  targets	
  for	
  
both	
   ground-­‐based	
   and	
   space-­‐based	
   observa7ons	
  
that	
   will	
   help	
   to	
   iden7fy	
   the	
   most	
   scien7fically	
  
interes7ng	
  targets	
  for	
  future	
  human	
  missions.	
  

Search	
  Parameters	
  

Launch	
  Years:	
   	
   	
  2020-­‐2035	
  
Maximum	
  Launch	
  V-­‐Infinity:	
   	
  5.5	
  km/s	
  
Maximum	
  Return	
  V-­‐Infinity:	
   	
  5.5	
  km/s	
  
Maximum	
  Deep	
  Space	
  ∆V:	
   	
  5	
  km/s	
  
Minimum	
  Stay	
  Time: 	
  30	
  days	
  

≤	
  400	
  Day	
  Missions	
  

About	
  the	
  ACT	
  

The	
   advanced	
   concepts	
   team	
   (ACT)	
   is	
   part	
   of	
  
the	
   European	
   Space	
   Agency's	
   Future	
   Studies	
  
Office	
   (DG-­‐PF).	
   The	
   team	
   is	
   essen7ally	
   a	
  
channel	
  for	
  the	
  study	
  of	
  technologies	
  and	
  ideas	
  
that	
   are	
   of	
   strategic	
   importance	
   in	
   the	
   long	
  
term	
   planning	
   of	
   the	
   Agency.	
   Placed	
   at	
  
corporate	
  level,	
  it	
  serves	
  the	
  func7on	
  of	
  a	
  think	
  
tank	
  providing	
  decision	
  makers	
   the	
   support	
  of	
  
a	
  highly	
  mul7disciplinary	
  research	
  group.	
  

JPL	
  Acknowledgment	
  

Work	
  described	
  in	
  this	
  poster	
  was	
  carried	
  out	
  at	
  
the	
   Jet	
   Propulsion	
   Laboratory,	
   California	
  
Ins7tute	
  of	
  Technology,	
  under	
  contract	
  with	
  the	
  
Na7onal	
  Aeronau7cs	
  and	
  Space	
  Administra7on	
  
(NASA).	
  

ACT	
  (ESTEC)	
  Methodology	
  

We	
   op7mize	
   the	
   total	
   DV	
   of	
   the	
   whole	
   mission,	
   which	
  
includes	
  the	
  DV	
  to	
  rendezvous	
  with	
  the	
  asteroid,	
  the	
  DV	
  to	
  
depart	
   the	
   asteroid,	
   the	
   first	
   DSM	
   on	
   the	
   Earth-­‐Asteroid	
  
leg,	
   the	
   second	
   DSM	
   on	
   the	
   Asteroid-­‐Earth	
   leg,	
   and	
   any	
  
excess	
  launch/arrival	
  V-­‐inf	
  (more	
  than	
  5.5	
  km/s).	
  	
  

We	
   employ	
   a	
   parallel	
   global	
   op7miza7on	
   strategy	
   to	
  
search	
   for	
   op7mal	
   round	
   trip	
   trajectories	
   to	
   asteroids	
  
taken	
  from	
  the	
  Minor	
  Planet	
  Center’s	
  MPCORB	
  database.	
  
A	
  preliminary	
  filter	
  is	
  put	
  on	
  the	
  asteroid	
  semi-­‐major	
  axis	
  
so	
  that	
  only	
  orbits	
  with	
  a	
  <	
  1.8	
  AU	
  are	
  considered	
  (~4000	
  
asteroids).	
   In	
   total	
   ~16000	
   global	
   op7miza7on	
   problems	
  
needed	
  to	
  be	
  solved.	
  Our	
  search	
  strategy	
  employs	
  as	
  main	
  
algorithms	
  are	
  Differen7al	
  Evolu7on	
  and	
  Nelder-­‐Mead.	
  In	
  
par7cular,	
  eight	
  popula7ons	
  of	
   trajectories	
  are	
  op7mized	
  
by	
   Differen7al	
   Evolu7on	
   with	
   migra7on	
   allowed	
   along	
   a	
  
ring	
  topology	
  (that	
  is,	
  individual	
  can	
  migrate	
  only	
  between	
  
adjacent	
  islands).	
  Aker	
  each	
  migra7on,	
  the	
  best	
  individual	
  
is	
   sent	
   for	
   op7miza7on	
   to	
   an	
   instance	
   of	
   Nelder-­‐Mead.	
  
The	
   different	
   op7mizers	
   are	
   all	
   running	
   asynchronously.	
  
The	
  op7miza7on	
   is	
   lek	
   running	
   for	
   ten	
   seconds	
   for	
   each	
  
target	
   asteroid	
   in	
   an	
   eight	
   processor	
   architecture.	
  At	
   the	
  
end,	
   the	
   best	
   individual	
   across	
   all	
   popula7ons	
   (generally	
  
the	
   one	
   coming	
   from	
  Nelder-­‐Mead)	
   is	
   stored	
   and	
   a	
   new	
  
op7miza7on	
  (next	
  asteroid	
  in	
  the	
  database)	
  is	
  started.	
  All	
  
the	
  code	
  is	
  available	
  in	
  open	
  source	
  as	
  part	
  of	
  the	
  PaGMO	
  
SourceForge	
  project.	
  The	
  code	
  used	
  for	
  the	
  computa7ons	
  
is	
   included	
   as	
   one	
   of	
   the	
   example	
   files	
   contained	
   in	
   the	
  
main	
  distribu7on	
  and	
  named	
  hm_2_asteroids.cpp	
  

JPL	
  Methodology	
  

We	
   conducted	
   an	
   exhaus7ve	
   search	
   of	
   return	
   trajectories	
  
across	
   ~10,000	
   asteroids	
   classified	
   as	
   Near	
   Earth	
   Objects	
  
(NEOs).	
   	
   This	
   is	
   done	
   using	
   a	
   series	
   of	
   Lambert	
   fits	
   to	
  
conduct	
   a	
   broad,	
   non-­‐op7mal	
   search	
   for	
   trajectories.	
  	
  
These	
   trajectories	
   were	
   than	
   filtered	
   for	
   the	
   lowest	
   ∆V	
  
cases	
  within	
   a	
   flight	
   7me	
  bin	
   (e.g.	
   200	
  days	
   or	
   400	
  days).	
  	
  	
  
These	
   cases	
   were	
   then	
   op7mized	
   using	
   Sequen7al	
  
Quadra7c	
   Programming	
   method	
   to	
   solve	
   the	
   constrained	
  
op7miza7on	
  problem.	
  


