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The development of robots is entering a new stage where the focus is placed on interaction with people in their
daily environments. The concept of service robots is rapidly emerging. Service robots will act as peers providing
mental, communicational, and physical support. Such interactive tasks are of importance for allowing robots to take
part in human society. Many robots have already been applied to various fields like hospital, school, day care center,
museum and so on in daily environment. In museum context, guide robots need to interact with visitors in a natural
way. Although much research has already been conducted in the area of non-verbal communication between a guide
robot and human, such as about facial expression, eye-gaze, and gesture commands, how to create and control spatial
formations with multiple visitors is also a fundamental function for museum guide robots that remains unexplored.
Drawing upon psychological and sociological studies on the spatial relationship between humans, it is considered that

museum guide robots should have also the capability to create and control spatial formation in various situations.

The research questions that we seek to address in this area are as follows. What are the constraints to create spatial
formations with the visitors? How does a guide robot create a spatial formation with the visitors before starting its
explanation of any exhibit? Can the robot attract visitor’s attention to create a spatial formation properly? Can the
guide robot indentify interested bystanders and invite them into an ongoing explanation session and thus reconfigure
the spatial formation? Can the robot reconfigure the spatial formation during explaining multiple exhibits collectively?

How does the guide robot initiate conversation with the multiple visitors?

This dissertation seeks to find answers to these questions by incrementally exploring the constraints to create spatial
formations and developing an integrated model to configure spatial formations with the visitors in various situations.
We began by observing and videotaping scenes of actual museum galleries where human guides explained exhibits to

multiple visitors. Based on these analyses of the videos, we developed a mobile robot system able to create and control




spatial formations while guiding multiple visitors inside the gallery from one exhibit to another. We evaluated the guide
robot system in a series of studies that focus on different situations where the guide robot creates spatial formations
with the visitors. The first study focused on designing a model to create spatial formations by analyzing the constraints
of spatial formations before starting the explanation by the guide robot. The effectiveness of the guide robot system was

confirmed through the experiments.

In a museum context, when a guide explains any exhibit to a small numbers of visitors, many other visitors who are
not participating in the current explanation may stand around the explanation area. Those who demonstrate interest
in the explanation among them are considered to be interested bystanders. Museum guide robots need to identify
interested bystanders and invite them into ongoing explanation session. To deal with such bystanders, we extended
our model and evaluated its performance through a series of experiments. These experiments focused on designing the
process of identifying and inviting interested bystanders into ongoing explanation session.

Change of robot’s body orientation plays an important role to reconfigure the spatial formation again. This
dissertation also seeks to find the answer how the robot changes the position and orientation of the visitors by rotating
its own body from one exhibit to another while explaining multiple exhibits collectively. Experimental results suggested
that repositioning and reorientation of the visitor’s body are reasonable indications of the visitor’s intention of spatial
reconfiguration.

Finally, we presented a model to initiate conversation with the visitors. Museum guide robots should observe visitors
to find those who may want to be guided and initiate conversation with them. We developed a model that describes the
constraints and expected behaviors in the phase of initiating conversation. We conducted an evaluation experiment that

demonstrates that our model significantly improves the robot’s performance in initiating conversation.

This research contributes to the design of mobile museum guide robotic systems that can create and control spatial

formations with multiple visitors in different situations.
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