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Abstract—  This thesis presents humanoid robot systems which aim to communicate with
humans, which I have developed for use in investigation of human-robot interaction design.

Many studies about interactions between humans and artifacts have been conducted in the
field of human-computer interaction. However, I consider that humanlike behaviors rather than
other artifacts are needed for humanoid robots with humanlike appearance. This research aims
to contribute to the development of a humanoid robot system which will be most adaptive
interactive system to humans by investigating of interaction design between humans and robots.

There are two main research problems which need to be addressed. The first is development of
a teleoperated semi-autonomous robot system which can interact with humans, and the second
is the design and evaluation of interactions between humans and the robot system.

Regarding the first problem, I propose a model for a teleoperated semi-autonomous robot sys-
tem to be developed as a tool for human robot interaction research. Although a wide variety of
robot systems has become available, the task of natural conversation is beyond the capabilities of
any of these systems. If the robot systems used in human-robot interaction research experiments
are unable to effectively engage in high-level conversation with humans, the experimental results
will not be able to contribute to future communication robot research. I propose a model of a
robot system that addresses this problem. The key principle of this system is its partial auton-
omy; the operator does not directly specify all of the robot’s behaviors and actions. When the
robot is able to solve a problem by itself, it does so autonomously. However, modern autonomous
dialogue systems have great difficulty in processing natural conversation. My system addresses
this problem by delegating the conversation part of the robot’s interactions to a remote operator,
while handling other functions autonomously. Thus I describe this system as a “teleoperated,
semi-autonomous robot system.”

Next, I conducted three studies addressing the second problem, that is, the design and evalu-
ation of human robot interaction dynamics employing my proposed robot system. This study is
presented in three research areas: “embodied communication,” “social attitudes” and “the robot
as a telecommunication medium”.

The first study was about “embodied communication,” based on the principle that users will
expect humanlike behavior from a robot with a humanlike appearance. In this study, I conducted
an experiment to verify the effectiveness of embodied behaviors of a robot, that is, humanlike
joint movements generated by exactly reproducing the body motions of a subject. The robot
was remotely controlled by switching its behaviors. Experimental results confirmed that these
embodied behaviors evoked emotional responses in the subjects, who felt more comfortable with
the naturalness of the interactions.

Another important element of human robot interaction is the expression of “social attitudes.”
For this reason I conducted an experiment to verify the effect of a robot expressing different at-
titudes in robot-mediated communication between two humans. Experimental results confirmed
that the robot’s attitudes had an effect on the impressions the subjects formed of each other.

As robot systems continue to improve, humanoid robots will attain the capacity for humanlike
communication in the near future. It will be possible to develop robots which mimic a person ’
s outward appearance as well as personality and mannerisms. As described above, the influence
of the robot as a medium was demonstrated in human robot interaction. We need to consider
the implications of these findings for communication with highly realistic and individualized
humanoid robots in the future.

Finally, I conducted experiments to investigate the effects of a humanlike android robot. An
experimenter communicated with two humans through the android. This means the subjects who
faced the android were communicating with a robot which had the same level of conversation
ability as humans. Experimental results confirmed that users felt the presence of the experimenter



more strongly when he talked through the android than when he appeared on a video monitor
in a video conference system.

These studies show the effectiveness of embodied communication in robots and the importance
of the social attitudes of robots. Furthermore, the ability of robots to serve as a communication
medium was demonstrated through an experiment that is with the ultimate android robot.

Thus my research has demonstrated a fundamental element of the interaction design of hu-
manoid robots.

Keywords: Human Robot Interaction, Interaction Design, Teleoperated Semi-autonomous
Robot System, Embodied Communication, Sociability of Robots, Telepresense
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