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Abstract

Human beings use tactile sense to sense and recognize various motions in daily life. There will
be little time which tactile sense is not utilized. However, technologies about tactile sense are
less developed compared to technologies about acoustic sense and visual sense. This is caused
from characteristics of tactile sense. Bilateral motion is needed to receive tactile sense. One is
adding the action force by touching the object. The other is receiving the reaction force from the
object. Thus, touching motions should be considered to handle tactile sense. ““Haptics" is
defined as the research field applying tactile sensation and control to interaction with computer
applications.

The objective of this research is to establish fundamental technology of motion control for
haptics.

Chapter 1 presents the background and the objective of this dissertation. This chapter explains
tactile sense and introduces research of haptics.

Chapter 2 describes fundamental technologies of motion control.

Chapter 3 verifies the position and the force transfer characteristics of the thrust wire. From
the verification results, the flexible actuator was considered to be valuable for robot hand
mechanism for haptics. Moreover, as one of the application of the flexible actuator, the
experimental results of the bilateral teleoperation system with the flexible actuator are shown.

Chapter 4 proposes a method for abstraction of environment based on frequency
characteristics. The force response and the position response of environment were transformed
from time domain to frequency domain. Then, frequency characteristics of environment are
abstracted. A method for reproduction of environment using Finite Impulse Response (FIR)
filter is also proposed. Desired frequency characteristics are approximated by using FIR filter.
This method is valuable for abstraction and reproduction of real environment based on
frequency characteristics.

Chapter 5 defines human action mode and environmental action mode. A measured haptic
motion is divided to each human action and environmental action by human action mode and
environmental action mode. Furthermore, two types of haptic motion display system are
designed. One is based on human action mode. The other is based on human action mode and
environmental action mode.

Chapter 6 modifies a structure of time delayed control system with communication disturbance
observer (CDOB) considering unstable time delay. As the nonlinear effect like communication
packet dropouts or jitter can deteriorate the total control system with integrators, a case study
has been accomplished considering allocations of the system model in CDOB. Then, the more
robust CDOB structure against packet dropouts and jitter is designed.

Chapter 7 proposes model-free time delay compensator. The proposed control system does not
utilize the time delay model and the plant model, but the position control and the force control
of the bilateral control system are stabilized. A bilateral control system to synchronize haptic
and visual sense is also proposed. Moreover, allocations of high pass filter (HPF) are studied to
attain the almost same performance with systems which do not include time delay. By allocating
HPF correctly, the performance is improved with keeping the stability.

Chapter 8 summarizes and concludes this dissertation.




