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Serenading   the   Stars 

 

“The  reasonable  man  adapts  himself  to  the  world; 
the  unreasonable  one  persists  in  trying  to  adapt  the  world  to  himself. 

Therefore,  all  progress  depends  on  the  unreasonable  man.” 
George  Bernard  Shaw 
 

Invention  has  freed  the  brain  from  its  bodily  constraints,  leaving  the 

imagination  unencumbered  to  envision  paths  that  lead  to  obtaining  even 

our  wildest  dreams. Like  a  shark,  the  brain  never  stops  swimming  in 

thought  (Leher,  2010),  and  as  it  seeks  new  discoveries,  the  brain’s 
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architectural landscape becomes reshaped. Recent innovative tools 

capitalize  on  the  brain’s  adaptive  malleability,  blurring  the  separation 

between  nervous  and  cyber  systems  and  in  effect  creating  a  symbiotic 

relationship.  It  is  this  interconnection  that  will  enable  humans  to  thrive  on 

other  worlds. 
The  human  brain  reached  its  current  size  more  than  250,000  years 

ago,  yet  it  was  less  than  40,000  years  ago  that  human  innovation  began  its 

leap  from  “stone  to  silicon”  (Husick,  2008),  excelling  beyond  even  our 
Neanderthal  cousins  whose  cranial  sizes  exceeded  our  own. While  the 

precise  mechanisms  that  facilitated  this  profound  change  are  still  unfolding, 
it  is  clear  that  the  brain’s  characteristic  malleability  was  a  contributing 

factor, which ultimately may help us survive on our inhospitable 

neighboring  planet. 
Compared  to  the  physical  attributes  of  our  nonhuman  brethren,  we 

are  dawdling,  hairless,  gravity-bound  creatures. Yet  it  is  our  shared  and 

uniquely  human  characteristic  –  the  libido  sciendi,  or  the  ‘lust  for 
knowledge’  –  that  enables  us  to  overcome  our  limited  physical  capacities 

and  frontiers. Driven  by  curiosity,  creativity,  and  dreams,  the  highly 

adaptive human brain nourishes the ingenuity needed to thrive in 

environments  exceeding  our  corporeal  limitations. From  molecules  to 

Mars,  we  not  only  imagine  unseen  worlds,  we  invent  the  tools  so  that  we 

may  experience  them. For  in  the  words  of  John  Updike,  “Dreams  come 

true.  Without  that  possibility,  nature  would  not  incite  us  to  have  them.” 

Archeologists  unearthing  artifacts  and  stone  tools  suggest  that 
Neanderthals  and  early  humans  intelligently  and  creatively  developed 

techniques  for  survival. However,  from  the  time  when  the  Aurignacians 

began  to  replace  Neanderthals  in  Asia,  Europe,  and  North  Africa  40,000 

years  ago,  early  consciousness  shifted  from  survival’s  immediacy  to  realms 

beyond  Earth’s  atmospheric  edge. The  earliest  evidence  found  so  far  of 
this  shift  is  engraved  on  a  sliver  of  woolly  mammoth  bone  depicting 

Orion’s  outstretched  arms  and  legs,  the  most  visible  cluster  of  stars  in  the 

night  sky  (Rappengluek,  2006). Humans  have  continued  to  close  the 

distance  between  Earth  and  Cosmos  by  maintaining  a  steady  gaze  on 

naked-eye  celestial  bodies  –  from  Cro-Magnon’s  planetary  maps  on  the 

walls  of  Lascaux  caves,  and  the  astronomical  alignments  of  Stonehenge 

and  Egyptian  pyramids,  to  the  current  Mars  Exploration  Rovers,  so 

appropriately  named  Spirit  and  Opportunity. 
Our  glowing  red  planetary  neighbor  has  especially  dominated  the 

human  imagination  for  millennia.  Early  Romans  worshipped  Mars  as  the 

god  of  fertility,  but  paradoxically,  its  bloody  appearance  was  later 
associated  with  the  god  of  war,  and  offerings  of  human  sacrifice  prior  to 

combat  were  hoped  to  ensure  success  (Barbree,  Wright,  &  Caidin,  1997). 
But  until  recently,  humans  could  do  no  more  than  dream  of  life  on 

other  planets.  Now,  tool  development  has  advanced  to  the  extent  that  we
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may  not  only  travel  to  these  worlds,  but  by  integrating  them  with  our  active 

nervous  systems,  we  can  thrive  under  the  most  difficult  conditions. 
 
 

Physiological   Challenges   of   the   Martian   Voyage 

“Every  great  advance  in  science  has  issued  from 

a  new  audacity  of  the  imagination.” 
John  Dewey 
 

Today,  many  of  the  international  community’s  intellectual,  financial, 
and  creative  resources  are  focused  on  establishing  Mars  as  the  first  space 

settlement. Although  we  now  have  the  technological  capacity  to  push 

against  Earth’s  gravitational  force  with  enough  velocity  to  escape  into  the 

vacuum  of  space,  our  bodies  are  severely  stressed  as  they  endure  the  long 

trip  without  gravity. 
Travel  to  and  from  Mars  is  dependent  on  the  orbital  coordination  of 

Earth  and  Mars.  While  both  planets  revolve  in  the  same  direction  around 

the  Sun,  the  elliptical  trajectory  of  Mars  is  a  little  more  ‘stretched  out’  than 

Earth,  doubling  the  length  of  its  orbital  circumference.  The  paths  of  Earth 

and  Mars  converge  only  once  every  25  months,  creating  a  small  window  of 
opportunity  to  return  home  (Stern,  2004).  Martian  explorers  will  need  to 

time  their  launches  perfectly  so  that  the  spacecraft  reaches  Mars  when  the 

planets  are  along  aligned  paths  to  keep  transit  down  to  seven  months.  After 
landing  on  Mars,  Martian  explorers  will  have  to  remain  on  the  planet  for  11 

months  before  the  window  reopens  for  the  optimum  seven  month  trek 

home.  This  prolonged  duration  of  weightlessness  while  journeying  to  the 

planet  (in  space)  and  Mars’  relative  microgravity  upon  arrival  (1/3  Earth’s 

gravity)  will  permanently  weaken  the  bodies  of  the  space  faring  travelers. 
Healthy  human  development  relies  on  the  only  Earthly  constant  –  the 

downward  pull  of  gravity. Weight-bearing  postural  muscles  in  the  legs, 
hips,  feet  and  shoulders,  use  gravitational  resistance  to  facilitate  bipedal 
navigation,  which  requires  the  rhythmic  oscillation  of  opposable  actions 

(LaMothe,  2010). To  move,  our  bodies  must  have  something  to  push 

against,  and  before  we  can  jump,  we  must  bend.  Resistance  helps  to  guide 

and  strengthen  the  clarity  of  our  movements,  but  our  postural  muscles  are 

rendered  useless  over  time  without  gravity  (Williams,  Kuipers,  Mukai,  & 

Thirsk,  2009). 
Although  rigorous  exercise  in  space  will  prevent  excessive  loss  of 

muscle  mass,  the  bones  that  cling  to  these  muscles  require  additional 
gravitational  resistance  to  maintain  their  strength. Like  most  cells  in  the 

human  body,  bone  cells  go  through  a  cycle  of  regeneration,  resorption  (or 
degradation),  and  formation  of  new  cells,  and  bone  mass  regeneration  is 

activated  in  response  to  weight-bearing  signals. Hormones  and  growth 

factors  stimulate  osteoblasts  to  produce  the  collagen  that  forms  a  new  bone
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matrix. But  in  weightless  conditions,  resorption  occurs  faster  than  the 

formation  of  a  new  bone  matrix,  resulting  in  net  bone  loss. 
A  four-year  study  found  that  space  farers  on  the  International  Space 

Station  lost  as  much  lower  body  bone  mass  in  one  month  as  an  elderly 

woman  loses  in  an  entire  year  (Roy,  2007).  Hence,  traveling  to  Mars  for 
seven  months  in  this  weightless  condition  would  presumably  reduce  bone 

mass  by  one-third.  Although  bone  mass  can  be  replaced  within  one  year 
after  return  to  Earth’s  gravity,  the  bone  structure  and  density  in  the  weight- 

bearing  bones  cannot  recover,  leaving  the  bones  more  massive  than  before, 
yet  permanently  more  prone  to  fracture  even  though  bone  structure  in  the 

non-weight  bearing  upper  body  remains  intact  during  prolonged  weightless 

conditions  (Roy,  2007). 
Bone  density  will  be  further  compromised  by  radiation  exposure  in 

space  and  on  Mars.  Earth’s  magnetosphere  (which  Mars  lacks)  shields  it 
from  the  torrential  million  miles  per  hour  solar  winds.  As  space  farers  leave 

Earth’s  protection,  they  become  vulnerable  to  the  bombardment  of  bone- 

stripping,  cancer-inducing  radiation. 
Further,  landing  on  the  lonely  planet  will  be  less  welcoming  than  the 

chasm  of  space  for  the  space  traveler.  Beginning  when  Mars  is  closest  to 

the  Sun  in  the  southern  hemisphere,  highly  oxidized  dust  storms  with 

surface  wind  speeds  ranging  from  67  to  111  miles  per  hour  rage  for 
months,  leaving  behind  rusty  global  skies  (Kahn,  Martin,  Zurek,  &  Lee, 
1992).  Polar  temperatures  average  -80  F  and  frequently  dip  below  -195  F 

in  the  extreme  atmospheric  conditions  of  95%  carbon  dioxide  and  only 

.13%  oxygen.  The  weakened  and  brittle  Martian  explorer  will  be  reliant  on 

protection,  and  yet  will  be  unable  to  physically  support  the  spacesuits 

designed  for  navigation  on  Martian  terrain. 
While  grounded  on  Earth,  space  farers’  boots  and  suits  weigh 

approximately  255  lbs,  and  are  virtually  weightless  once  in  space.  The 

gravitational  pull  on  Mars  is  1/3  the  pull  on  Earth,  which  will  reduce  the 

suit  to  a  mere  85  lbs.  However,  the  frail  Earthling  will  crumple  under  the 

burden  of  even  this  weight. 
If  these  travelers  were  to  remain  orbiting  in  the  vacuum  of  space,  the 

resultant  physiological  changes  would  be  less  bothersome,  as  gravity’s  pull 
would  not  challenge  their  weakened  bodies. In  fact,  astronauts  have 

reported  that  in  weightless  conditions,  their  legs  ‘just  get  in  the  way.’ 
We  can  therefore  conceive  that  generations  of  weightless  humans 

may  evolve  along  the  path  of  the  whale. Ambulocetus,  the  genus  of  the 

whale  ancestor,  were  dog-sized  land  animals  that  evolved  into  buoyant 
ocean  creatures  to  compensate  for  their  growing  brains  and  bodies.  Their 
forelimbs  maintained  their  mammalian  bones  in  the  arms  and  hands,  but 
their  weight-bearing  hindlimbs  became  useless  and  inarticulated. Small 

‘floating’  vestigial  reminders  of  life  on  land  are  all  that  remains  (Gatesy  & 

O’Leary,  2001).  However,  while  humans  could  possibly  float  perpetually
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in  space,  this  does  not  address  the  inherent  challenge  of  Mars  colonization, 

so  we  must  assume  that  it  will  be  necessary  to  compensate  for  humanity’s 

physiological  limitations. 
The  brain  is  a  tremendously  adaptable  system,  and  it  readily  adjusts 

to many environmental demands despite the body’s limitations. 

Neuroprosthetic  devices  and  virtual  reality  technology  are  two  exciting 

tools  that  will  make  space  exploration  possible.  These  tools  involve 

directing  movement  of  remote  devices  through  thought  alone  and  operate 

by  harvesting  the  brain’s  natural  energy  resources.  But  to  understand  the 

technology  behind  these  neurologically  controlled  devices,  one  must  first 
understand  brain  functions. 
 
 

The   Resilient   Brilliant   Brain 

“It’s  the  mind  that  makes  the  body.” 

Sojourner  Truth 
 

Just  as  each  new  generation  of  astronomers  seems  to  discover  that  the 

universe  is  much  vaster  than  previously  imagined,  technological  advances 

continue  to  reveal  layers  of  brain  complexity,  like  a  set  of  never  ending 

nested  Russian  dolls.  The  most  resilient  and  adaptable  human  attribute  is 

the  brain,  which  constantly  strives  to  optimize  function  and  efficiency  by 

fine-tuning  its  internal  communication  in  the  context  of  environmental 
input. Unlike  plastic  that  stretches  and  returns  to  its  original  shape,  our 
brains  respond  to  the  environment  like  malleable  thermoplastic;  they 

change  and  continue  to  change. Neuronal  networks  are  modified  to 

accommodate environmental changes, and it is this capacity for 

modification,  or  neuroplasticity,  that  offers  our  greatest  potential  for 
Martian  survival. 

Although  encased  in  bone,  the  power  of  the  human  brain  is 

uncontainable.  This  tofu-textured  three-pound  ball  consumes  an  enormous 

20%  of  its  body’s  fuel  to  sustain  itself  and  manipulate  its  environment  to 

suit  its  needs  and  wishes.  Atop  a  brainstem  stalk  and  subcortical  bulb  (a 

phylogenetically  old  bit  of  brain),  rests  a  highly  wrinkled  mass  called  the 

neocortex.  Ironed  flat,  the  neocortex  is  the  size  of  an  open  newspaper  three 

nickels  thick,  and  contains  more  neurons  (i.e.,  nerve  cells)  itself  than  the 

stars  in  our  Milky  Way  Galaxy. Never  quiescent,  the  brain  hungers 

constantly  for  input.  Even  as  early  as  28  weeks  before  birth,  the  brain 

dreams  and  creates  increasingly  more  elaborate  connections. In  fact,  the 

number  of  connections  among  neurons  (i.e.,  synapses)  in  the  human  brain 

is  truly  astronomical  –  far  exceeding  the  number  of  stars  in  our  known 

universe. 

Adaptive  change  predominately  takes  place  within  and  among 

neurons. Repeated and persistent stimulation strengthens synaptic
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connections  among  neurons  to  form  integrated  functional  systems,  and  to 

promote  increasingly  more  efficient  cortical  processing.  An  example  of 
neuronal  networks  changing  to  accommodate  environmental  input  was 

provided  by  a  series  of  experiments  on  the  Space  Life  Sciences  Mission 

flown  on  the  Shuttle  in  1991.  These  experiments  were  designed  to  identify 

what  specific  nervous  system  changes  permit  space  farers  to  adjust  to  the 

feelings  of  nausea  and  disorientation  associated  with  ‘space  sickness.’ 
In  terrestrial  gravity,  the  brain  receives  information  about  balance 

and  orientation  from  the  vestibular  apparatus  in  the  inner  ear.  Continuous 

reference  signals  are  also  gathered  from  our  eyes,  muscles,  tendons,  joints, 
and  tactile  receptors  for  accurate  information  concerning  body  position. 
Removing  gravity  creates  conflicting  signals,  causing  feelings  of  nausea 

and  disorientation.  However,  within  three  to  four  days,  astronauts  become 

less  nauseated  and  are  able  to  adapt  to  the  zero  gravity  atmosphere. 
Ross  (1996)  found  that  rats  residing  in  zero  gravity  for  a  prolonged 

period  of  time  developed  much  denser  and  more  elaborate  neuronal 
connections  at  approximately  the  same  rate  that  the  rats  adjusted  to 

weightlessness.  This  finding  suggests  that  new  neuronal  connections  (i.e., 
synaptogenesis)  are  the  nervous  system’s  method  of  adapting  to  shifting 

environmental  conditions. 
 
 

Neuroprosthetic   Devices 

“Great  ideas  originate  in  the  muscles.” 

Thomas  Edison 
 

How  can  we  take  advantage  of  the  brain’s  adaptive  resilience?  Despite  the 

daunting physiological challenges of the Mars voyage, advanced 

technological  devices  capitalizing  on  this  capacity  of  the  brain  will  permit 
humans  to  pioneer  Mars.  Neuroprosthetic  devices  and  virtual  reality,  two 

astonishing advancements that play on the brain’s neuroplasticity, 

will  facilitate  survival  on  Mars. 

Neuroprosthetics depend on electronic devices that sense the 

complex  neuronal  signals  and  movement  intentions  within  the  brain.  These 

signals  have  been  recorded  by  deeply  penetrating  brain  tissue  with  needle- 

like  electrodes,  but  the  sharp  electrodes  may  create  tissue  damage  and 

inflammatory  responses,  and  the  inflexibility  of  the  electrodes  cannot 
accommodate  the  occasional  shifting  of  the  brain  in  its  skull  which  can  lead 

to  further  damage. 
In  response,  Brian  Litt,  M.D.  and  his  colleagues  recently  developed  a 

silk-based  microelectrode  array  that  molds  to  the  brain  like  shrink-wrap. 

As  the  silk  dissolves,  the  attached  metal  electrodes,  no  larger  than  the 

thickness  of  five  human  hairs,  hug  the  intricate  contours  of  the  brain, 
capturing  a  more  robust  set  of  signals  that  can  control  refined  prosthetic
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movements.  John  Rogers,  Ph.D.  suggests  that  it  may  be  possible  to  further 

reduce  invasiveness  by  compressing  the  silk-based  implants  and  delivering 

them  into  the  brain  through  a  catheter. 
Advances  like  these  lead  us  forward  to  more  complete  integration  of 

the  body  and  prosthetics,  outside  of  body  devices. Such  integration  also 

requires  changes  inside.  The  brain  and  body  are  unequivocally  connected, 
and  any  changes  occurring  in  one  can  affect  the  other.  Both  thinking  and 

moving  provide  the  brain  with  stimulation  that  changes  neural  circuitry. 
Movement  is  etched  into  the  brain  with  practice,  like  a  carving  on  a  tree, 
creating  bodily  skills  that  require  little  effort  to  enact. This  kinesthetic 

intelligence  allows  us  to  use  our  bodies  in  skilled  ways  by  continuously 

integrating  patterns  and  sensations. 
Simply  thinking  about  movement  activates  neuronal  circuits  involved 

in  physically  creating  these  etchings,  and  visualizing  movement  improves 

motor  performance  because  skill  and  coordination  originate  in  the  brain. 
While  there  is  an  obvious  difference  between  thinking  and  acting,  from  the 

brain’s  perspective  the  two  are  essentially  the  same. 
It  was  through  a  demonstration  by  Pasqual-Leone  that  the  brain’s 

ability  to  change  shape  merely  by  activating  the  imagination  (mental 
practice)  was  revealed.  He  split  musical  novices  into  two  groups,  physical 
players  and  mental  players,  and  introduced  them  to  the  fingering  and  sound 

of  a  piano  piece  in  five  sessions.  Scans  of  the  participants’  brains  after  the 

fifth  session  revealed  the  same  pattern  of  neuronal  changes  in  the  motor 
regions  of  both  groups.  Remarkably,  when  the  mental  practitioners  were 

asked  to  physically  practice  for  one  two-hour  session,  their  musical 
performance  was  equal  to  the  group  who  physically  practiced  for  five 

sessions. These  findings  clearly  demonstrate  the  capacity  of  the  human 

brain  to  change  its  structure  simply  through  imagination. 
Technological  advances  have  capitalized  on  the  findings  that  physical 

and  imagined  experiences  activate  nearly  identical  neuronal  patterns. 
Perhaps  reminiscent  of  the  malevolent  machines  that  harvested  electrical 
currents  from  active  human  brains  in  the  film  series  The  Matrix, 

researchers  have  found  a  way  to  intercept  and  translate  the  electrical 
language  of  the  brain  into  movements  that  control  remote  robots. Given 

the  loss  of  structural  integrity  in  the  weight-bearing  postural  muscles  and 

bones  from  reduced  gravitational  signals,  these  neuroprosthetic  devices 

eventually  could  enable  space  farers  and  Martian  dwellers  to  compensate 

for  the  debilitating  effects  of  muted  gravity  by  controlling  remote  robots 

with  the  power  of  thought. 
Miguel  Nicolelis,  codirector  of  the  Center  for  Neuroimaging  at  Duke 

University,  developed  an  organic  robotic  neural  interface  between  the  brain 

of  a  macaque  monkey  named  Aurora  and  a  prosthetic  arm.  Eventually,  as 

Aurora  imagined  herself  walking,  the  sensory-motor  signals  from  her 
cortex  were  captured  and  used  to  control  a  bipedal  robot  10,000  miles
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away,  and  in  real  time,  demonstrating  that  the  actions  of  a  robot  can  be 

directed  by  merely  interpreting  the  thoughts  of  the  brain  as  expressed 

through  its  own  electrical  activity.  Visual  feedback  has  been  used  to  close 

the  loop  between  the  user  and  the  machine,  but  because  vision  is  processed 

more  slowly  in  the  brain,  Nicolelis  is  devising  a  sensory  feedback  loop  that 
Aurora  (and  those  who  follow)  can  use  to  optimize  control  over  devices. 

The mechanism behind neuroprosthetic devices requires a 

reorganization  of  the  body  schema.  Of  all  our  sensory  modalities,  the  most 
persistent  and  yet  least  conscious  is  proprioception,  or  our  body  sense. 
Blending  vision,  touch,  balance,  and  weight,  proprioception  allows  us  to 

“feel  our  bodies  as  proper  to  us,  as  our  property,  as  our  own”  (Sacks, 
1987,  p.30).  From  this  fluctuating  mosaic  of  brain  activity,  our  sense  of  an 

embodied  self  emerges  (Ramachandran  &  Rogers-Ramachandran,  2010). 
Constant  low-priority  signals  from  the  body  create  an  enduring  impression 

of  where  the  body  ends  and  the  world  begins,  establishing  a  sense  of  self- 

awareness  and  body  schema. As  the  brain  activates  body  movement, 
feedback  loops  return  somatic  sensations  to  the  brain  for  a  visceral  sense  of 
body  position.  For  example,  sensory  feedback  allows  us  to  adjust  our  grasp 

of  that  piping  hot  cup  of  coffee,  and  we  can  offset  tactile  silence  (e.g.,  from 

a  sleeping  arm)  with  visual  input  (but  the  odds  the  coffee  will  not  burn  our 
laps  are  slim). 

Our  brain’s  capacity  to  expand  its  body  schema  allows  us  to 

manipulate  tools,  reflected  in  larger  brain  region  activation.  By  extending 

our  self,  we  can  sense  food  texture  with  fork  prongs  instead  of  fingers,  and 

skillfully  manipulate  keys,  cars,  and  electric  guitars. 
This  body  schema  even  endures  after  quick  amputation.  Persistent 

sensations  from  missing  limbs  enable  amputees  to  more  effectively  use 

prosthetic  devices,  compared  to  those  who  do  not  experience  these 

phantom  limbs.  When  long-term  interactions  with  a  prosthesis  occurs,  the 

brain  devotes  cortical  space  to  it,  and  learns  to  interpret  its  tactile  feedback, 
allowing  individuals  with  phantom  limbs  to  feel  the  prosthetic  as  an 

extension  of  the  body  schema,  as  part  of  themselves. Neuroprosthetic 

devices  capture  the  electrical  activity  of  extended  body  signals  to 

manipulate  robotic  limbs,  as  seen  in  the  macaque  monkey. 
“If  an  arm  can  survive  physical  annihilation,  why  not  an  entire 

person?”  Ramachandran’s  intriguing  question  has  practical  implications. 
With  less  gravity  to  counteract  the  decline  of  their  wasted  muscles  and 

delicate  bones,  travelers  will  necessarily  encase  themselves  in  full-body 

mobile  neuroprosthetic  devices  to  navigate  the  Martian  frontier. Using 

these  technologies,  pioneers  will  be  able  to  climb  over  rocks  and  through 

unlit  caves,  and  to  brave  the  dust  winds  to  explore  and  discover  the 

uncharted  landscape  of  the  planet,  all  the  while  remaining  under  full 
protection.
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To  achieve  optimal  manipulation  of  neuroprosthetics,  the  brain 

requires  a  way  to  ‘hear  back’  from  the  device.  Researchers  are  working  on 

embedding  ‘bionic  neurons,’  or  sensors,  to  achieve  mutual  communication 

between  the  device  and  the  nervous  system.  These  sensors  will  be  designed 

to  amplify  the  existing  neuronal  signals  to  the  prosthetic  limbs,  which  in 

turn  will  send  a  flurry  of  signals  back  to  the  brain.  The  wearer  could  then 

monitor  the  degree  of  pitch,  force,  thrust,  and  orientation  of  the  prosthetic 

for  smoother  mobility. Researchers  are  also  working  to  design  bionic 

neurons  that  return  signals  from  other  sensory  modalities  as  well,  including 

sound,  smell,  and  taste,  to  brain  regions  that  can  interpret  them. For 

example,  cochlear  implants  stimulate  once-nonexistent  auditory  signals  to 

endow  hearing  in  the  deaf. 
And  of  course  the  full-body  exoskeleton  does  not  have  to  abide  by 

the  normal  range  of  human  capabilities.  With  practice,  the  brain  could 

actually  control  a  Martian  neuroprosthetic  device  with  many  360  radial  leg 

extensions  and  panoramic  visual  fields  to  navigate  the  rocky,  slippery, 
windy  terrain. 

Already  a  cathedral  of  complexity,  synaptic  connections  within  the 

brains  of  Martian  adventurers  will  increase  in  complexity  through  the  use 

of  such  tools. It  will  be  particularly  fascinating  to  note  how  brain 

architecture  changes  to  accommodate  the  new  body  schema,  but  it  must 
also  be  made  clear  that  as  their  physical  bodies  become  more  debilitated  in 

reduced  gravity,  they  will  become  more  reliant  on  these  technologies,  with 

all  of  the  attendant  risks. 
 
 

Virtual   Reality   and   the   Martian   Doppelgänger 

"I  am  a  brain,  my  dear  Watson, 

and  the  rest  of  me  is  a  mere  appendage." 
Sherlock  Holmes 
 

The  long,  confining  trip  to  Mars  will  be  psychologically  and 

physiologically  challenging.  Today,  cosmonauts  prepare  for  the  journey  to 

Mars  by  utilizing  virtual  reality  to  simulate  the  roundtrip  flight  and  the 

exploration  on  the  planet  in  ‘real  time.’ Their  hope  is  to  uncover  key 

factors  that  mitigate  the  psychological  challenges  inherent  in  the  arduous 

journey.  It  appears  that  virtual  reality  technology  may  ameliorate  many  of 
the  physiological  challenges  as  well. 

Virtual  reality  systems  apply  a  high-end  user-computer  interface  that 
immerses  users  in  a  realistically  interactive  environment. Goggles 

covering  each  eye  project  slightly  different  images  to  produce  perceptions 

of  three-dimensional  space,  while  a  computer  tracks  the  motion  of  the  head. 
An  interface  device  covering  the  body  tracks  position  and  motion,
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combined  with  continuously  updated  images  as  the  head  swivels  and  tilts, 

giving  the  viewer  a  sense  of  living  in  a  vividly  lucid  dreamscape. 
Researchers  are  working  toward  integrating  neuroprosthetic  and 

virtual  reality  technologies  to  control  doppelgängers,  or  mechanistic  alter 
egos,  from  afar. Users  with  doppelgängers  will  have  the  capability  to 

explore  and  to  work  without  leaving  their  Martian  settlements,  or  their 
spacecrafts,  and  thus  avoid  risking  harm  from  radiation  and  injury. 

Remotely  controlled  technology  exists  in  its  embryonic  form  today. 
Individuals  unable  to  move  or  talk  can  now  mentally  control  a  cursor  to 

type  their  thoughts.  This  technology  is  also  used  to  train  autistic  children  to 

establish  neuronal  connections  that  are  characteristically  underactive  for 
social  communication.  By  sustaining  specific  brain  oscillations,  they  learn 

to  move  cars  and  planes  on  the  computer  screen  through  thought  (Pineda,  et 
al.,  2008). The  gaming  industry  has  enhanced  virtual  reality  to  such  an 

extent  that  individuals  have  a  first  person  interactive  experience. 
The  greatest  challenge  of  this  technology  is  adequately  deceiving  the 

brain’s  perception  of  self,  so  as  to  leave  its  host  body  and  ‘merge’  with  its 
remote  doppelgänger.  To  date,  virtual  reality  researchers  have  induced 

sensations  of  disembodiment  into  doppelgängers  for  moments  at  a  time. 
When  a  user  is  filmed  from  behind  in  a  simulated  room,  a  3D  decoder 
inserts  the  image  into  virtual  reality  goggles. The  user  then  sees  his/her 
image  several  yards  in  front.  When  the  backs  of  the  virtual  and  real  selves 

are  stroked  synchronously,  the  brain  confuses  where  the  signal  is  coming 

from.  There  is  often  a  sense  of  awkwardness,  followed  by  a  sense  of  being 

pulled  toward  the  doppelgänger. Some  users  have  felt  that  they  became 

their  doppelgängers  for  a  moment,  until  the  real  body’s  gravitational  and 

visceral  signals  brought  them  back  to  their  more  conventional  orientation. 
Space  farers  who  do  not  receive  gravitational  signals  aboard  a 

spacecraft  may  make  these  leaps  into  their  phantom  selves  more  readily. 
They  will  not  be  bombarded  with  proprioceptive  feedback  from  their  own 

bodies,  allowing  them  to  immerse  more  fully  into  their  doppelgängers. 
And  perhaps  a  sustained  illusion  of  becoming  a  living  doppelgänger  can 

occur  if  the  doppelgänger’s  ‘experiences’  can  signal  visceral  sensations  in 

the  user  simultaneously. 
As  more  people  remotely  control  their  doppelgängers,  they  will  rub 

shoulders  with  other  doppelgängers  while  collaborating  to  build  the 

Martian  settlement  infrastructure.  As  social  creatures,  people  certainly  will 
enjoy  controlling  their  doppelgängers  during  playful  interactions  with  each 

other  as  well,  perhaps  creating  sub-societies.  However  the  forms  these 

doppelgängers  take  may  change  the  quality  of  these  social  interactions.  We 

tend  to  connect  more  deeply  with  animate  and  inanimate  beings  that  can  be 

anthropomorphized. Therefore, non-anthropomorphized doppelgängers 

may  have  strictly  utilitarian  value,  and  those  that  represent  human  qualities
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may  be  cherished  for  the  ease  in  which  they  enable  people  to  connect  with 

the  doppelgängers  and  each  other. 
Until  doppelgängers  can  achieve  perfectly  realistic  human  features, 

they  must  remain  less  realistic  than  current  technology  can  produce. 
Roboticist  Masahiro  Mori  found  that  humans  are  receptive  to  lifelike 

robots,  up  to  a  specific  point.  A  virtual  face  that  is  90%  lifelike  is  great.  A 

95%  lifelike  face  is  the  best. However  once  the  realism  reaches  96% 

lifelike,  people  become  disturbed,  a  threshold  known  as  the  ‘Uncanny 

Valley’  (Steckinfinger  &  Ghazanfar,  2009). 
The  sophisticated  computer  animators  who  created  the  Shrek  movies 

inadvertently  stumbled  into  this  Uncanny  Valley  with  the  first  version  of 
their  Princess  Fiona,  as  her  nearly  perfect  face  actually  frightened  an 

audience  of  children  (York,  2010).  Missing  or  distorted  facial  expressions, 
so  subtle  that  in  most  cases  they  are  perceived  only  unconsciously,  create 

discomfort  in  others.  Seemingly  false  smiles  and  dead  eyes  trigger  a  sense 

of  caution  when  the  intricacy  of  musculature  and  reflected  light  are  absent. 
The  reason  the  Uncanny  Valley  exists  is  due  to  the  silence  of  specific  cells 
called  mirror  neurons.  Normally,  when  people  communicate  with  us,  our 
mirror  neurons  become  active  so  that  we  may  mimic  these  facial 
expressions  unconsciously.  As  we  move,  the  brain  interprets  our  own  facial 
expressions  as  emotional  experiences  inducing  an  empathetic  bond.  Thus, 
mirror  neurons  dissolve  the  barrier  between  self  and  others. 

Because computer animators and roboticsts do not have the 

technology  to  make  exquisitely  realistic  facial  expressions,  we  cannot  fully 

empathize  with  their  creations.  The  Uncanny  Valley  can  be  avoided  by 

resisting  the  desire  to  make  perfect  human  doubles.  Placing  function  well 
above  form,  the  design  of  the  Martian  doppelgänger  even  can  transcend 

human  shape. 
The  brain  can  certainly  accommodate  wild  distortions  into  the  body 

schema,  a  benefit  for  better  control  of  unusual  Martian  doppelgängers. 
Cyber  pioneer  Jaron  Lanier  devised  one  of  the  earliest  nonhuman 

doppelgängers  in  the  early  1980s.  While  he  wore  virtual  reality  goggles,  a 

computer  tracked  the  movements  of  his  real  body  as  he  looked  down  at  a 

virtual lobster body making jerky mimetic responses. The motor 

combinations  used  in  his  real  body  to  flex  his  lobster  joints  were  too 

complex  and  subtle  to  master  at  first,  but  practice  and  intuition  eventually 

led  him  to  incorporate  this  strange  new  body  into  his  sense  of  self.  Like 

those  using  prosthetic  devices,  Lanier  unconsciously  learned  to  manipulate 

the  extra  legs  and  claws  as  his  own. However,  without  tactile  stimuli  to 

close  the  sensorimotor  feedback  loop,  the  illusion  was  intermittent. 
One  way  of  sustaining  tactile  illusions  is  to  create  sensations  that  are 

spaced  and  timed  at  exacting  intervals  such  that  a  sensation  in  the  gap 

between  the  two  original  points  will  occur.  For  example,  Lanier  learned  to 

wriggle  a  short  tentacle  growing  from  his  doppelgänger’s  navel. Well-
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timed  buzzers  fooled  his  brain  into  feeling  this  tentacle  from  tip  to  base. 

He  noted  that,  “When  you  get  the  visual  and  tactile  experiences  going 

together,  it  becomes  just  astonishingly  convincing. When  you  combine 

somatic  illusions  with  visual  feedback  like  that,  you  just  get  to  this  whole 

new  level. It’s  like  your  [body  schema]  is  maximally  stretched  at  that 
point.” As  scientific  machinery  is  designed  to  perfect  the  timing  of  this 

illusion,  tricking  the  brain  to  embody  Martian  doppelgängers  will  become 

quite  natural. 
The physiological struggles that await Martian voyagers are 

formidable.  However,  as  we  have  seen  here,  merging  the  brain’s  ability  to 

extend  its  sense  of  self  through  neuroprosthetic  devices  and  remote 

doppelgängers  will  make  life  in  the  extreme  Martian  environment  possible. 
The neurotechnology available today, combined with the radical 

improvements  envisaged  for  the  future,  may  enable  the  space  explorer  to 

capitalize  on  the  most  adaptable  human  attribute  to  inhabit  and  control 
otherworldly  bodies. 

Academic  researchers  and  intrepid  entrepreneurs  are  already  working 

on  these  technologies.  The  application  of  these  tools  and  methods  to  space 

travel  and  the  colonization  and  development  of  worlds  beyond  Earth  seems 

only  a  matter  of  time. Their  use  in  space  will  improve  their  efficacy  on 

Earth,  just  as  the  countless  technologies  of  Mercury,  Gemini,  Apollo,  the 

Space  Shuttle,  and  the  ISS  have  done.  Science,  technology,  commerce,  and 

the  human  imagination  remain  inextricably  linked.  With  each  new  tool  that 
stretches  the  mind,  we  realize  there  are  no  dreams  too  large,  no  innovations 
unimaginable,  and  no  frontiers  beyond  our  reach. 
 

“Only  with  the  freedom  to  dream,  to  create,  to  risk, 
Man  has  been  able  to  climb  out  of  the  cave  and  reach  for  the  stars.” 

Igor  Sikorsky,  aviation  pioneer 
 
 
 
 

•••
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