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Abstract

Recently, the academic field called “real-world haptics” has been developing. The research
field aims to establish the methodologies to handle the tactile sensation of human following to
the audio and visual information. The bilateral control consisting of master and slave systems is
treated as the fundamental technology in real-world haptics, and especially the remote
communication of kinesthetic sensation using electrical motors has widely been researched up
to now. On the other hand, the thermal sensation is also the one of the important elements for
haptic sensation, and the researches on rendering the sensation using the thermal actuators have
been reported. However, these elements are researched almost independently and the framework
for the haptic communication has not been produced yet.

This research aims to establish the unified control framework of haptic transmission system,
regarding the haptic sensations such as kinesthetic and thermal sensations as the phenomena of
stimulation by the physical interaction involving the exchange of physical power.

Chapter 1 explains the background and objectives of the research, with the introduction of
previous researches related to this dissertation.

In Chapter 2, the unified control device is treated, and the robust control of across variable
flow (AVF) is proposed as the key technology for the haptic communication. Regardless of the
kinds of physical systems, the robustness is improved by implementing the observer for
disturbance through variables. The validity of the proposal is verified by experiments using
motor and Peltier device.

Chapter 3 describes the generalized control framework of haptic communication, and
AVF-based 4ch bilateral control is constructed. The proposed system enables the reproduction
of haptic power interaction with high performance, and the system is analyzed using
generalized intermediate impedances, power flow represented by bond graph and pole
movements of control system. The experiments using mechanical and thermal systems show the
reasonability of the analyses, and the validity of the proposal is confirmed.

In Chapter 4, communication delays between the haptic systems are focused. For addressing
the problem of performance degradation caused by the delays, the compensation filter for haptic
communication is proposed. The compensator is designed on the basis of hybrid parameters of
bilateral control system, and the algorithm for adapting to the status of operation is constructed.
Simulations and communication experiments show the effectiveness of the compensator.

Chapter 5 handles the haptic communication between systems with different control
performances. In order to compensate for the performance degradation due to the difference of
bandwidths, the compensator based on the analyses on the modal space is proposed. The
compensator reduces the interference between the controls of across and through variables, and
its effectiveness is confirmed by experiments of mechanical and thermal communications.

In Chapter 6, observer of heat inflow for thermal haptic display is proposed. By omitting the
heat flow sensor, thermal capacitance of system that induces the response lags is reduced. For
constructing the estimation observer, the distributed parameter model of the system is made.
The validity of the proposal on the bandwidth enhancement of the thermal system is confirmed
by thermal bilateral control and mixed rendering of mechanical and thermal sensation.

Lastly, this dissertation is concluded with the prospects in Chapter 7.




