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The	  GSFC	  Explora,on	  Telerobo,cs	  Symposium	  
•  Goal:	  Assessment	  of	  opportuni,es	  &	  challenges	  of	  telepresence	  for	  space	  explora,on	  

–  Science,	  Human	  Space	  Flight,	  Technology	  

•  ARendence:	  Approximately	  100	  professionals	  
–  “NASA	  not	  just	  talking	  to	  NASA”	  -‐	  NASA	  discussing	  with	  the	  community	  –	  	  science	  &	  

technology	  experts	  ;	  small/large	  industry,	  academia,	  internaXonal	  space	  agencies	  

•  Output:	  Report	  to	  NASA	  and	  outreach	  to	  greater	  community	  
–  Findings	  and	  observaXons	  delivered	  to	  HQ	  (in	  progress)	  
–  AddiXonal	  presentaXons	  to	  professional	  conferences,	  engagement	  with	  media	  

	  

–  Science,	  human	  space	  flight,	  technology	  
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Symposium	  Outreach	  
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Human	  Explora,on	  Spectrum:	  Presence	  to	  Telepresence	  
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Three	  Essen,al	  Capabili,es	  Enable	  	  
Effec,ve	  Telepresence	  

	  

– Low	  communica6on	  latency,	  	  
	  	  	  	  	  	  	  comparable	  to	  human	  response	  2me	  
	  

– High	  bandwidth	  
	  	  	  	  	  	  	  	  	  	  	  	  	  comparable	  to	  human	  eye-‐brain	  (~10	  Mb/s)	  
	  

– High	  capability	  ac6on	  surrogates	  (advanced	  
robo6cs)	  

	  	  	  	  	  	  	  	  	  	  	  	  mobility	  and	  sensing	  comparable	  to	  human	  
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Why	  Explore	  via	  Telepresence?	  
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•  Entry, Descent, and Landing (EDL) and ascent are risky and expensive.  

•  Low latency, advanced robotics, and high bandwidth are independently 
enabling. Applied together, a powerful new capability for human exploration.  

•  Humans may be severely constrained in current EVA suits. 
 

•  Key technologies for are at hand or in the near future. 
 

•  Human surface exploration requires special ECLSS systems. 
 

•  Surfaces of other worlds - contamination issues complicate human operations. 

•  A human can be only in one place at a time at an exploration site. 

•  Planetary protection issues make humans potentially harmful or harmed.  

•  Opens up destinations humans may never directly visit (e.g. Venus, Titan)  

•  Build upon terrestrial experience, make field science “as if we were there”. 

Exploration telepresence can lower cost and risk to humans,  
increase capabilities, amplify science return and even create new science. 



Selected	  Breakout	  Session	  Findings:	  Science	  
•  Examples	  of	  scien,fic	  explora,ons	  where	  telepresence	  may	  be	  enabling:	  

–  Vola6les	  on	  the	  Moon	  par6cularly	  within	  permanently	  shadowed	  regions	  
–  Lunar	  farside	  astrophysical	  observatory	  and	  surface	  geophysical/interior	  network	  	  
–  Mars	  surface	  biogeochemical	  sampling	  as	  part	  of	  search	  for	  signs	  of	  ancient	  life	  
–  Mars	  sample	  return	  

•  New	  science	  can	  be	  enabled	  via	  telepresence	  at	  places	  that	  are	  
–  Distant	  (e.g.,	  Mars,	  Titan)	  
–  Hos6le	  to	  humans	  (e.g.,	  cold	  lunar	  polar	  regions	  ,	  surface	  of	  Venus,	  Titan,	  etc.)	  	  	  	  	  	  	  	  	  	  	  	  

•  Contemporary	  commercial/defense	  telepresence	  	  	  	  
	  	  	  instrucXve	  with	  regard	  to	  space	  science	  exploraXon	  

	  
•  As	  latency	  reduced,	  natural	  breakpoint	  for	  science?	  

–  For	  Moon:	  	  if	  seconds,	  do	  from	  Earth;	  
	  	  	  	  	  	  	  	  	  if	  frac6onal	  seconds,	  do	  from	  orbit	  nearby	  
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Selected	  Breakout	  Session	  Findings:	  Human	  Space	  Flight	  

•  Human	  space	  flight	  capabili,es	  enabled	  by	  telepresence	  
–  Enables	  opera6ons	  in	  hos6le,	  inaccessible,	  or	  limited-‐access	  environments.	  
–  Expands	  the	  range	  of	  environments	  in	  which	  human	  ac6vity	  can	  be	  undertaken.	  
–  Enables	  improvisa6on	  in	  response	  to	  changing	  condi6ons,	  unexpected,	  unplanned	  	  
–  Reduces	  mission	  risk	  via	  improved	  situa6onal	  awareness	  
–  Offers	  opportuni6es	  for	  public	  involvement	  in	  par6cipatory	  explora6on	  

•  Human	  space	  flight	  scenarios	  that	  will	  be	  enhanced	  by	  telepresence:	  
–  Opera6ons	  from	  orbit	  or	  on	  the	  surface	  remotely	  from	  the	  local	  explora6on	  site	  
–  Assembly	  opera6ons	  of	  large	  space	  structures	  	  
–  Safe	  NEO	  proxops	  with	  stand-‐off	  human	  crew	  
–  Service	  opera6ons	  by	  spacecraU	  crew	  
–  Robot	  assistants	  controlled	  from	  Earth	  
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Selected	  Breakout	  Session	  Findings:	  Technology	  
•  Manipula,on	  capabili,es	  to	  advance	  telepresence	  

–  Bilateral	  force-‐reflec6on	  to	  feel/sense	  objects	  in	  remote	  environment	  
–  Grasp	  planning	  in	  unstructured	  environments	  benefits	  from	  direct	  teleopera6on	  	  
	  

•  Mobility	  capabili,es	  to	  advance	  telepresence	  
–  Move	  “like	  a	  field	  scien6st”	  and	  adapt	  op6mally	  ques6ons	  and	  discoveries	  
–  Super-‐human	  mobility	  (e.g.,	  flying)	  provides	  different	  perspec6ves,	  scales,	  venues	  
	  

•  Sensing	  and	  percep,on	  capabili,es	  to	  enhance	  telepresence	  
–  High-‐data	  volumes	  provide	  situa6on	  awareness	  for	  real-‐6me	  decision	  making	  
–  Hap6cs	  do	  not	  need	  low	  latency	  or	  high	  bandwidth	  

•  Human-‐systems	  integra,on	  for	  telepresence	  
–  Mul6ple	  control	  modes	  -‐	  humans	  in	  proximity	  
	  	  	  	  	  	  	  	  and	  on	  Earth	  (e.g.	  MSL)	  aUer	  humans	  depart	  
	  

•  High-‐bandwidth	  and	  telepresence	  
–  An	  enabling	  capability	  independent	  of	  latency	  
–  May	  mul6ply	  value	  of	  low	  of	  latency	  
	   11	  



Suggested	  Next	  Steps	  
 

•  Identify analogs for telepresence exploration on Earth as guided by NASA HQ and 
consistent with community priorities,  
–  Determine value and decision matrix of cost/benefit for science, exploration 

•  Organize workshops and other similar organized interactions with the community 
-  Topic- and scenario-specific 
-  Continue assessment of telepresence: low/high-latency, low/high-bandwidth 

•  Organize field-based multi-scale human-robotic interactions with multiple latencies 
at analogue sites and small mission test-beds, including ISS 
–  Includes evaluations of operations, control systems, displays, etc 
–  Leverage ongoing field studies liking to existing SMD-HEOMD joint efforts 

•  Identify and advocate investments in relevant robotics technologies 
–   sensing, mobility, manipulation, human systems integration, autonomy 

•  Enable discussion on international collaboration and public/private partnerships 
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