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For the future manned space missions, a space robot which helps or alternates astronauts
works is required for reducing costs and risks and a self-configurable tether robot called as 
the Astronaut Support Robot (Astrobot) is expected as an mobile robot which realizes a 
spatial locomotion which achieves a mobile range as well as astronauts and ensures a safety, 
a redundancy and an acceptance of failure enough to avoid or to work through a hazard. 
Therefore, an orbital robot experiment mission named  Robot Experiment on JEM (REX-J)  
has been conducting by Japan Aerospace Exploration Agency to demonstrate a spatial 
locomotion concept using self-configured tethers in space facility, named  Tether based 
locomotion .  
To accomplish a  Tether based locomotion  mission in REX-J and to realize a spatial 
locomotion using tethers, this research proposes a tether control method for space robot 
suspended by the minimum configuration of tethers in microgravity environment which can 
avoid hazards for robot and reels caused by slacks of tethers. 
This thesis is composed of six chapters. 

Chapter 1,  Introduction , describes the research backgrounds, purposes and scopes of paper.
Chapter 2,  Tether based locomotion , discusses a mathematical model for the tether based 
locomotion draws as an under-actuated Cable Driven Parallel Manipulator (CDPM) which is 
less tethers suspended model than common models. 
Chapter 3,  Control method , proposes a model based control using statics analysis to avoid 
slacks of all tethers. Then trajectory-based control method for autonomous control system and 
simple feedback control method to assign target velocities and currents for tele-operation are 
proposed and verified in CDPM dynamics simulator. 
Chapter 4,  Ground experiment , shows demonstrations of intra-vehicular activity to verify 
the proposed control methods using a tether robot mockup which is located on gravity 
canceller system. Locomotion is measured by imagery analysis and results are evaluated. 
Chapter 5,  Orbital experiment  , shows the details of REX-J experiments. In REX-J, 
proposed methods are demonstrated to verify the space robot mobility using self-configured 
tethers. REX-J analysis model are developed and the results evaluated by CDPM dynamics 
simulator and a REX-J ground test bed are discussed. Then the results of orbital experiments 
are shown and evaluated.  
Chapter 6,  Conclusion , summarizes conclusions and future tasks of this thesis. 
 
Finally, this research realizes a tether control method for  Tether based locomotion  and 
makes contributions to the future manned space missions by demonstrating locomotion of a 
self-configurable tether robot in REX-J missions. 
 


