Design and Modeling of the Polar Seismic TETwalker Mobile Robot
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Based on the TETwalker mobile robot architecture developed at NASA/Goddard Space Flight Center (GSFC), the Center for Remote Sensing of Ice Sheets (CReSIS), headquartered at the University of Kansas, has designed and modeled the integration of seismic sensing equipment into the TETwalker robot architecture for use in polar environments. The TETwalker was originally developed for deep space exploration and data acquisition. Employing multiple Seismic TETwalker robots will allow gathering of polar seismic data in previously inaccessible or unexplored terrains, as well as help significantly reduce human involvement in such harsh environments. These robots will also help CReSIS collect data faster and more efficiently than planting and arranging geophones by hand. NASA/GSFC and CReSIS hope to test this technology in extreme environments on Earth in the future.
The TETwalker’s dynamic node-and-strut robot architecture is unique in that it can be constructed to assume nearly any shape in order to move along a certain path by changing its center of gravity to topple over. It uses a complex form of mobility, employing extending struts and nodes to tumble across the surface and manipulate its tetrahedral shape over obstacles. This robot therefore does not suffer the fate of other wheeled and tracked robots if tipped over. Of the many platforms the TETwalker architecture can form, the 4-TETwalker robot (consisting of four outer nodes, a center payload node, and interconnecting struts) has been the focus of current research and design.
A seismic sensor (geophone) is a sensitive device planted in or on the surface that listens to ground vibrations and transforms them into analog data. Several are typically aligned in a uniformly-spaced line or grid for 2D or 3D “imaging” of the subsurface. Applying an explosive charge in the ice near an array of geophones, seismic waves travel through the subsurface, reflect off of layers, and reach the geophones. Then, by using algorithms and computer visualization, scientists can deduce information about the composition of subsurface regions or layers.
The 4-TETwalker’s center payload node has been chosen for geophone deployment, designed to allow geophone placement using any “face” of the robot’s structure. As the robot comes to rest at the deployment location, one of its faces will rest on the surface. Regardless of the face it is resting on, a geophone spike or plate will be perpendicular to this face and an extending strut will be vertical for pushing the unit onto or into the ground. Lengthening and shortening struts allow the deployment node to precisely place the geophone, as well as vertically orient it for proper data acquisition on tilted surfaces.
The development of ideas and concepts of this research will be explained in detail, including the modeled designs of proposed data acquisition systems for the 12-TETwalker and 4-TETwalker mobile robots. Simulation details as well as preliminary investigations of potential power options will be briefly introduced. These models and simulations helped us learn more about the dynamics of the mobility system, as well as how to design seismic integration with respect to it.
Principal Presenting Author Biography: Christopher M. Gifford
Christopher M. Gifford is a Ph.D. Candidate in Computer Science at the University of Kansas, where he also received his B.S. and M.S. degrees in Computer Science. He is currently studying heterogeneous collaborative learning for robotics and applied artificial intelligence. While a research assistant and robotics team lead at the Center for Remote Sensing of Ice Sheets, he has worked with several commercial and custom robot platforms, designed polar seismic streamers, and supported the CReSIS polar robot. He has 14 publications, 9 of which are conference papers and abstracts. His other research interests include space robotics and multi-agent machine learning.
