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Thesis Summary

Recently, control of multilateral systems is attracting attention. In this system, both of the motions
that expresses the overall position of a system (COG motion) and that describes the position between
systems (relative motion) are controlled; however, it is difficult to separately place controllers for each
motion because of a delay that exists in a network. Therefore, this dissertation designs the connectivity
between systems to decouple the controllers for each motion. The connectivity stands for the mode
that can be defined in network systems. It will realize to separately control each motion by using the
delay in the network or a delay time model.

Chapter 1 introduces the background and objective of this dissertation.

Chapter 2 proposes the method to design the connectivity of the relative motion so that the COG
motion gains the characteristics of a double integrator in multi agent systems through a network. This
dissertation shows it can be realized by designing the connectivity of the relative motion to set the
determinant of a graph Laplacian that contains delay elements as 0.

In Chapter 3, the design method of the COG motion in order not to affect the relative motion in
bilateral control is proposed. It can be realized by using a buffer to a control input for COG motion.
Also, controllers are designed so that an operator can operate the system with small operational force in
a low-frequency area. Both the performance and stability is analyzed.

In Chapter 4, this dissertation discusses the unified design method of both connectivities for
bilateral/multilateral control. Each motion can be decoupled by mapping the response in the work
space to a virtual space. The space transformation matrix is newly proposed, and it is designed to
contain the delay element between the systems.

In Chapter 5, bilateral control using a flexible manipulator is conducted. By modeling the manipulator
using the wave equation, the system can be viewed as an equivalent time delay system. The
transformation matrix is applied to realize the motion decoupling.

Chapter 6 proposes a design method of the relative motion topology in multilateral control. This
dissertation reveals that the eigenvector of the maximum eigenvalue of an adjacency matrix expresses
the equivalent amount of influence that each system contains. The value is used to optimize the
topology to regain the tactile sensation transmission performance.

In Chapter 7, this dissertation proposes the method to present thermal and tactile sensations using
multilateral control simultaneously. The additional buffer is used to correct the difference in the time
constant of a robot manipulator and a Peltier device.

Chapter 8 concludes this dissertation.




