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Abstract of Thesis

With the advancement of robotics technology, a large number of robots co-exist with humans, integrating into the everyday
human life where they are required to interact with people continuously. As communication capabilities of robots improve, the
robots would require being responsive not only through speech but also through more natural physical motion. Such cases would
require the robots to navigate in collaboration with a human partner in a real environment. The successful operation in a real
environment requires additional knowledge of the environment due to its continuously changing nature and the prevalence of
other stakeholders. Thus how a robot can function both as a navigational partner and environment observant remains a core

challenge.

Humans are proficient at executing interactions that appear simple but are inherently complex such as walking together which
requires an understanding of the environment. Thus the robots in real environments need to conduct similar interactions. I propose
to improve the robot’s interaction by developing a walking partnership interaction and interpret relationships between humans
and environment allowing the robot to function as a dual framework. Such development could enable a robot to function as a
walking partner or a personal trainer to walk and motivate an older adult. During the interaction, the robot could continuously
observe and record data on the environment and identify various environmental changes and relationships that could positively

affect the interaction between the robot and the human. To demonstrate this approach, I have conducted three studies.

In the first study, I analyzed human-human interactions and found that human pairs sustained a side-by-side walking formation
even when one of them (the follower) did not know the destination and when multiple path choices exist, the follower walks
slightly behind his partner. The side by side motion allows the walking partners to maintain communication through eye contact
and personal space. | modeled this interaction by assuming that one needs knowledge from the environment, like the locations
to which people typically move toward subgoals. The evaluation experiment conducted in a real shopping arcade revealed that
the proposed model replicates much more natural side-by-side motion better than other simple methods in which the robot moved

to the side of a person and without the human tendency for choosing the next appropriate subgoals.

For the second study, I extended the system to demonstrate that a robot with navigation algorithm proposed in the first study
could function as a walking partner with older adults and the robot could positively motivate the older adults to walk. I compared
situations where they walked alone and with a robot. The robot navigated autonomously to form a side-by-side formation where
I observed and interviewed the participants. The results revealed that the elderly adults accepted the robot walking partner,

preferred walking with the robot than walking alone and wanted to walk with the robot again.

In the third study, I investigated how much information could a communication robot understand from the environment. The
robot recorded environmental data by a traversing a shopping mall environment using onboard sensors. The environmental
changes and human trajectories were extracted and were consistent with visual observations. The results revealed that changes
in shops configuration in the environment attracts people. Finally, information obtained was used to categorize the shops
according to similarity. With today’s trends towards big data, I believe this approach of using data observed by the robot shows

great promise as a method learning and identifying relationships in a real environment.

With the results obtained, I believe these three studies demonstrate that a service robot could be used for a dual service where it
will interact with people and interpret their operational environment. In future, there will be various robots in various
environments interacting with people. Some would function as a walking partner. In combination, in the future, there will be

various observations from all the different robots. Thus robots would be utilized as a dual service.
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