
Through-the-ground Communications for Subterranean Robots

Overview:  This thesis aims to design and prototype a solution for  through-the-ground
communications  for  robotic  systems  deployed  to  explore  subterranean  environments
such as cave networks and underground mines. Such underground environments can be
several meters to hundreds of meters below ground level thus rendering communications
to  an  operating  autonomous  from  extremely  challenging  to  impossible.  Traditional
through-the-ground  communications  are  typically  bulky  and  heavy  as  they  rely  on
extremely long antennas  due to the necessary long wavelengths involved. At the same
time such communications come with additional limitations (e.g., in terms of the possible
bandwidth).  In  this  work  we seek to  investigate  the design space that  would allow to
realize a reasonably lightweight communications solution enabling through-the-ground
communications with sufficient bandwidth to exchange minimalistic messages relating to
a) the current robot pose, b) possible detections of objects of interest, and c) issuing of
emergency  commands  to  stop  the  robot  or  request  it  to  return  to  home.  Prototype
realization of the envisioned solution is an essential component of this work, including the
modules onboard robotic systems and the module on the ground, alongside their possibly
different antennas. The design space is completely open as generally there is no magical
solution to this problem. The student is invited to consider what base frequency should be
selected, if communication breadcrumbs should be dropped by the robot and what is the
feasible bandwidth to be achieved.  But  broadly,  a  minimum range of  100m inside the
subterranean environment given portal access is expected. 

Instances of  subterranean exploration  based on lab results  in  the framework  of  the DARPA Subterranean
Challenge and preparations for its Circuit events. Generally, communication systems capable to penetrate
layers  of  soil  are  extremely  bulky  as  they  rely  on  low  frequencies.  Trying  to  establish  a  high-bandwidth
communications network  our  team has utilized droppable  communication nodes,  while  relying on 5.8GHz
radios. Yet this is eventually not a scalable solution for very long-range exploration. In this thesis we seek to
develop a viable alternative. 


