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Abstract

Recently, aging of the population and declining birthrates have progressed in some developed
countries. In such a society, motion control technologies for robots as a substitution of human
workers will become important. Especially, a precise trajectory/force control for contact
motions is required to preserve and reproduce the human motions. There are a lot of researches
that deal with compensation of unknown disturbance and sensor noise. However, motion control
systems should have ability to consider higher-order dynamics of disturbances. The purpose of
this dissertation is to establish strategies for the estimation and compensation of high-order
disturbance in motion control systems for solving the problems described above.

Chapter 1 introduced the background and objective of this dissertation.

In chapter 2, models of the high-order disturbances with considering stochastic behavior in
actuators and environments were defined to clarify effects of noises in the estimation. In
addition, this chapter showed that a high-order disturbance observer based on Kalman filter
which is known as an optimal filter becomes easy to design by including a process noise in
highest order of the time derivative of the disturbance as a model. Additionally, the proposed
observers were applied to force control systems and the performance was investigated.

Chapter 3 showed that the force control systems by considering the similarity between a
two-mass resonant system and a force control system with a contact environment. Additionally,
high-order compensation of an environmental disturbance was attained by considering the
variation of stiffness and viscosity. The proposed method achieved the simultaneous attainment
of maintaining an ideal characteristic of force control and stable contact motions.

Chapter 4 showed that a decoupling control of a hybrid position/force control for precise
attainment of control performance. Furthermore, a method for suppressing a particular
disturbance in hybrid controller was proposed by extending an acceleration controller with
respect to the work space of a robot to a hybrid position/force control. The performance
enhancement of the proposal was confirmed.

Chapter 5 showed that an adaptation method for environmental variation between the motion
extraction phase and motion reproduction phase. By formulating the characteristics of tracking
performance with respect to the motion reproduction control, the analysis and performance
evaluation methods were shown. Furthermore, by regarding the environmental variation as the
environmental disturbance in the motion reproduction, motion reproduction compensators were
proposed to suppress the environmental disturbance. The proposed method achieved the
simultaneous attainment of the precise motion reproduction and flexible adaptation to
environmental variation which were difficult for the conventional method.

Chapter 6 described the proposed method for extending the general versatility of the saved
human motion information. By integrating and applying the methods shown in the former
chapters to a motion reproduction system, the flexible and robust motion reproduction was
attained against the environmental variations and effect of noises.

Finally, this dissertation was concluded in chapter 7.




