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Introduction:  A long term approach to effectively 
develop  and  use  quantum  algorithms  in  order  to 
replace  classic  computation  usage  and  to  attack 
certain  optimization  areas  in  space  exploration  and 
replace  with  a  far  better  alternative  of  quantum 
computation or at the very least, a Quantum-Classical 
approach.  As  future  space  explorations  are  clearly 
targeted far away from Earth,  there is a very logical 
reason  that  these  explorations  will  have  to  be 
conducted  by  autonomous  rovers  and  unmanned 
spacecrafts  that  will  have  to  make  split  second 
decisions  with  little  to  no  human  intervention.  We 
will target different applications like Asteroid mining, 
image  processing  where  pattern  matching  plays  a 
major  role,  quantum simulations  and  take a  look at  
each  of them  and  assess  how quantum  computation 
will  help and  what  are long term targets  to achieve 
them. We will also look at a framework so to speak for 
the achieving the same. Emphasis will also be laid on 
quantum  algorithms  that  will  have to be developed. 
Current advancements on the topics will be discussed 
and extrapolated to arrive at a better model.

We will also review the applications of quantum 
annealing algorithms in satellite image processing and 
planetary  object  identification  in  an  unsupervised 
condition.  Asteroid mining  and colonizing  will need 
swarm of robots with a higher AI and decision making 
abilities.  Also,  the  decision  making  will  have  to  be 
true  realtime  and  cannot  afford  a  turn  around 
communication  time as the robots will be that much 
farther  from Earth.  In other terms, the missions will 
have to be pre-planned for all posibilities arising and 
thats  exactly  the  realm  where  quantum  computing 
shines  and  so it  makes  sense to employ them.  One 
example would be the travelling salesman problem in 
picking the shortest and best path between asteriods. 
One  has  to  keep  in  mind  that  unlike  conventional 
shortest  path  algorithm,  the  distance  between 
nodes(asteroids) may keep changing due to collisions 
within  asteroids  or  external  space  object  and  each 
node has a weighted value as to the minerals that they 
contain,  the effort  needed to mine each mineral  and 
also the battery usage that will have to be traded as a  
result.  All  these  will  have  to  be  added  into  the 
algorithm developed. 

References: 
Rosenberg, G.; Vazifeh, M.; Woods, B.; and Haber, E. 
2015.  Building  an  iterative  heuristic  solver  for  a 
quantum annealer. arXiv preprint arXiv:1507.07605.
Choi,  V.  2008.  Minor-embedding  in  adiabatic 
quantum  computation:  I.the  parameter  setting 
problem. Quantum Information Processing 7(5):193–
209.
Venturelli, D.; Marchand, D. J.; and Rojo, G. 2015.
Quantum  annealing  implementation  of  job-shop 
scheduling.
arXiv preprint arXiv:1506.08479.
Benedetti,  M.;  Realpe-Gomez,  J.;  Biswas,  R.;  and 
Perdomo- ´
Ortiz, A. 2015. Estimation of effective temperatures
in  a  quantum  annealer  and  its  impact  in  sampling  
applications:
A case study towards deep learning applications.
ArXiv:1510.07611.

8219.pdfPlanetary Science Vision 2050 Workshop 2017 (LPI Contrib. No. 1989)


