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Flexible	
  Path	
  



The	
  Cult	
  of	
  ISRU	
  
� According	
  to	
  expert	
  Craig	
  Ferguson	
  
A	
  cult	
  becomes	
  a	
  religion	
  when	
  it:	
  
1.  has	
  been	
  around	
  long	
  enough.	
  
2.  has	
  enough	
  followers.	
  
3.  has	
  mysterious	
  symbols.	
  
4.  has	
  a	
  few	
  Hollywood	
  Celebrities.	
  



3	
  down,	
  	
  

  I S R 
U  

1	
  to	
  go!	
  









Takeaways	
  from	
  workshop 	
  	
  
	
  
� A	
  lot	
  of	
  interesting	
  science	
  in	
  most	
  places	
  

�  Geology	
  –	
  everywhere	
  
�  Biology	
  –	
  areas	
  with	
  past	
  history	
  of	
  water	
  

�  LZ/EZ	
  choice	
  will	
  be	
  determined	
  by	
  the	
  ISRU	
  
Resources	
  

� Will	
  be	
  in	
  sight	
  of	
  Phobos	
  and	
  Deimos	
  as	
  free	
  orbital	
  
assets.	
  	
  (Comms,	
  navigation,	
  space	
  station-­‐like	
  role)	
  

� Not	
  solar	
  powered.	
  	
  ISRU	
  requires	
  constant	
  POWER	
  



ISRU	
  Terran	
  History	
  



Scarab

RESOLVE
 Regolith and   
Environment Science 
and Oxygen and Lunar 
Volatile Extraction



Juno	
  Rover	
  2010	
  



Artemis	
  Jr.	
  on	
  Mission	
  sor.e	
  	
  
2012	
  



ROxygen

Cratos



PILOT
Precursor ISRU Lunar Oxygen 
Testbed





JSC-­‐Mars-­‐1A	
  Mars	
  Simulant	
  (2005)	
  



HI-­‐SEAS:	
  Hawaii	
  Space	
  	
  
ExploraQon	
  Analog	
  &	
  	
  
SimulaQon	
  



HISEAS	
  Analog	
  Test	
  



ISRU	
  ConstrucQon:	
  	
  Lunar	
  Sidewalk	
  



ISRU	
  –	
  Dust	
  MiQgaQon	
  	
  	
  
EDS	
  system	
  –	
  KSC	
  Swampworks	
  



Field	
  staff	
  and	
  volunteers	
  



SSERVI	
  course	
  

Need	
  a	
  similar	
  
semester	
  course	
  
devoted	
  to	
  ISRU	
  



Why	
  are	
  we	
  going	
  to	
  Mars?	
  
�  Something	
  for	
  NASA	
  to	
  do?	
  
� Test	
  technology?	
  
�  Interesting	
  Geology?	
  
� Human	
  colony	
  backup?	
  





ISRU	
  Processing	
  of	
  Glacier	
  Ice?	
  
�  Scanning	
  electron	
  
microscopy	
  of	
  samples	
  
reveals	
  the	
  presence	
  of	
  
distinct	
  bacillary	
  
particles	
  in	
  an	
  Antarctic	
  
glacier	
  (red	
  arrows),	
  
suggestive	
  of	
  intact	
  
microbes	
  interspersed	
  
with	
  mineral	
  granules.	
  

Mass	
  Spectrometry	
  for	
  direct	
  identification	
  of	
  biosignatures	
  and	
  	
  
microorganisms	
  in	
  Earth	
  analogs	
  of	
  Mars,	
  	
  Garcia-­‐Descalzo	
  et	
  al,	
  Planetary	
  
and	
  Space	
  Science	
  Nov	
  2012	
  





[BASALT] 

Biologic Analog Science Associated with Lava Terrains	
  

PLANETARY SCIENCE AND 
TECHNOLOGY THROUGH ANALOG 

RESEARCH (PSTAR)  
 

NASA AMES RESEARCH CENTER 
2014-2019 



BASALT	
  

�  4	
  year	
  grant	
  
� Two	
  Analog	
  Sites	
  

�  Craters	
  of	
  the	
  Moon,	
  Idaho	
  (late	
  Mars)	
  
� Hawaii	
  Volcanoes	
  National	
  Park,	
  Hawaii	
  (early	
  Mars)	
  

� Develop	
  astronaut	
  sampling	
  protocols	
  for	
  Geology	
  &	
  
Biology.	
  	
  Sometimes	
  orthogonal.	
  

� http://spacescience.arc.nasa.gov/basalt/	
  



Similar	
  to	
  DRATS	
  



Sampling	
  vs	
  ProspecQng	
  
�  Is	
  a	
  scientific	
  sample	
  useful	
  for	
  ISRU?	
  
� Will	
  prospecting	
  destroy	
  science	
  samples?	
  

�  Particularly	
  in	
  (ex)	
  water	
  areas	
  (fossil	
  destruction)	
  
� Can	
  one	
  prospect	
  from	
  orbit?	
  

�  Resolution	
  
�  Spectral	
  characteristics	
  
� Overburden	
  



PerspecQve	
  



Remote	
  Sensing	
  vs	
  ProspecQng	
  
� Remote	
  sensing	
  utilizes	
  a	
  variety	
  of	
  sophisticated	
  
technology	
  to	
  record	
  the	
  interaction	
  between	
  matter	
  
and	
  electromagnetic	
  energy.	
  	
  

� Remote	
  sensing	
  images	
  are	
  used	
  for	
  mineral	
  
exploration	
  in	
  two	
  applications:	
  	
  
�  (1)	
  map	
  geology	
  and	
  the	
  faults	
  and	
  fractures	
  that	
  
localize	
  ore	
  deposits	
  

�  (2)	
  recognize	
  hydrothermally	
  altered	
  rocks	
  by	
  their	
  
spectral	
  signatures.	
  



New	
  meaning	
  to	
  a	
  new	
  slogan	
  



Geologic	
  Maps	
  





� MRO	
  HISRISE	
  	
  resolution	
  0.3	
  meter	
  per	
  pixel	
  at	
  a	
  
height	
  of	
  300	
  km	
  

� CRISM	
  18m/pixel	
  





BEYOND	
  MRO/CRISM:	
  A	
  HIGH	
  RESOLUTION	
  COMPOSITIONAL	
  IMAGER	
  FOR	
  MARS,	
  
Murchie	
  et	
  al	
  International	
  Workshop	
  on	
  Instrumentation	
  for	
  Planetary	
  Missions	
  (2012)	
  



BEYOND	
  MRO/CRISM:	
  A	
  HIGH	
  RESOLUTION	
  COMPOSITIONAL	
  IMAGER	
  FOR	
  MARS,	
  
Murchie	
  et	
  al	
  International	
  Workshop	
  on	
  Instrumentation	
  for	
  Planetary	
  Missions	
  (2012)	
  



Future	
  needs 	
  	
  
� More	
  orbital	
  assets	
  with	
  ultra	
  high	
  resolution	
  
� Aerial	
  or	
  balloon	
  borne	
  instruments	
  
� A	
  swarm	
  of	
  small,	
  cheap	
  ground	
  robots	
  	
  

�  Von	
  Nueman	
  machines?	
  

Soon	
  and	
  Cheap	
  



Laser	
  Comm 	
  	
  





	
  	
  	
  	
  Current	
  NASA	
  Deep	
  Space	
  Demo	
  



Future	
  Deep	
  Space	
  
Ground	
  Terminal	
  



Benefits	
  beyond	
  bandwidth	
  



SCAN	
  press	
  



LASERS	
  everywhere!	
  



I	
  wish	
  I	
  had	
  studied	
  
ISRU	
  




