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Although robotics has shown rapid progress around the industrial field, robots are expected to
improve our quality of life by supporting human motions in the future. Therefore, it is quite
important to analyze and understand human motions. Furthermore, the obtained knowledge can
be a key technology to make robots acquire human-like ability.

The objective of this research is to realize human manipulation on the basis of haptics, which
is a research field to deal with haptic information.

Chapter 1 presents the background and the objective of this dissertation. This chapter also
presents previous studies on realization of human motions.

Chapter 2 describes fundamental technologies of motion control.

Chapter 3 explains the research field of real-world haptics; it reviews the progress of research
on real-world haptics. The following chapters are on the basis of the real-world haptics. In
addition, chapter 3 shows a decoupling strategy for position and force control on the basis of
modal space disturbance observers. This chapter also shows analytical results of the
performance and the stability. The utility of the proposed method is experimentally verified by
using a multi- degrees-of-freedom (DOF) manipulator.

Chapter 4 describes a developed 11-DOF master-slave robot hands using tendon-driven
mechanisms. Furthermore, a bilateral control system for tendon-driven robots is proposed. The
transmission performance of the proposed system is experimentally verified. Chapter 4 also
explains compensation of joint angle error caused by tendon elongation. This proposal is
applied to a bilateral control system, and the validity is confirmed by experiments. In addition,
Chapter 4 shows a bilateral control technique facilitating intuitive operation. The technique is
based on motion features of an operator expressed by principal component analysis.

Chapter 5 presents a recognition method of human motions using dynamic programming
pattern-matching algorithm. The validity of this recognition method is experimentally verified
by using a 5-DOF master-slave robot hands. This chapter also describes an application of
above-mentioned recognition method to modal space. In the experiments, the proposed method
is applied to grasping motions. It is confirmed that the proposed method can trigger scaled
bilateral control and assists grasping force of the operator in real-time.

Chapter 6 explains a proposed stiffness estimation system using scaled bilateral control. The
utility of the proposed method is experimentally verified by using a haptic forceps robot. This
chapter also shows a method to clarify the features of human motions by elementally separating
haptic information on the basis of the principle of motion control.

Chapter 7 presents a time-scaling technology to adapt to different location of target objects.
This proposal shows usefulness especially in duration of the contact and amplitude of force.
Furthermore, chapter 7 describes reproduction method of human actions. The utility of the
proposed method is experimentally verified by applying to a removal operation of a nut. It is
confirmed that the realized motion can remove the nut regardless of the size and shape.

Chapter 8 summarizes and concludes this dissertation.




