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This research aims to develop optimal control problems for underactuated

systems with multi-point boundary values and their real-time solver algorithms. In order to do that,
the motion control of the quadcopter is considered as well as the return ball control of the table
tennis robot, then their formulations are generalized to more general control problems. The obtained
results are that (a)two kinds of formulations are derived for optimal control problems for
underactuated systems with multi-point boundary values have been introduced, (b) as their solvers,
real-time processing algorithms have been introduced, (c)some relationship between the rotor
arrangement of the quadcopter and its motion constraints have been clarified, (d)in the table tennis
robot, it has been clarified how the racket"s return speed and posture influence the ball’ s
position and speed at the opponent court. d. The experiments were generally successful, however
hardware improvements remained the future issues.
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