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Abstract

This paper will report on the results of proposals and evaluations of the effectiveness of an operation
support system at the International Space Station (ISS) using a spoken dialogue agent.

The Japan Aerospace Exploration Agency (JAXA) has promoted paid utilization projects on the ISS’
Japanese Experiment Module “Kibo,” but occasionally there have been interruptions or mistakes in work
performed by astronauts receiving instructions from staff on the ground. For example, with the KIROBO
project that was implemented primarily with Toyota Motor Corporation, trouble occurred that forced an
interruption of about seven hours during an experiment on December 6, 2013. In private sector use there
have not only been delays, but also enormous losses in terms of cost as a result of these interruptions.
These kinds of trouble were caused by the physical blackouts in communications that occur over ten
times a day, and by the form of communications with the ISS that must pass through several people.

Therefore, for this study, I decided that establishing an operation support system at the ISS using a
spoken dialogue agent, one that can provide support during communications blackouts and enable
assistance according to the progress of work, would be effective. Currently there is no dialogue agent on
the ISS with functions such as voice recognition and speech synthesis; there are only manuals to follow
during times of communication blackouts. Therefore I decided that it could be possible to build a new
operation support system that could compensate for the areas not supported using current measures, by
adding a spoken dialogue agent that can answer work-related questions. In addition, by conversing with
astronauts the agent can help them organize their thoughts and check on the state of their progress. For
these reasons, in this study I considered the use of a spoken dialogue agent as an operation support
system.

To begin, upon analyzing the operational and communications environment on the ISS and studying
the spoken dialogue agents that had become prevalent on the ground, I decided that the concept for this
operation support system would be “a spoken dialogue agent that could make suggestions through
inference and understanding of work progress.” Then I conducted requirements analysis for the
stakeholders -- astronauts, controllers, and experiment supervisors -- and designed an architecture for an
operation support system that was considered most appropriate for the ISS, and designed an operation
support system that would also be effective in times of communications blackouts and could be completed
within the ISS. To evaluate the effectiveness of this system, I conducted an evaluation experiment using a
prototype on the ground. In the experiment, a subject performed tasks and compared the results of work
assistance based on whether a dialogue agent or a manual was used.

As a result of the experiment, despite the inarticulate pronunciation and the unfamiliarity of users’
speech dialogue, there were significantly positive responses to a survey in categories such as “I could do
my work efficiently” and “I was not frustrated.” I also saw a promising trend in shortening of task
completion time, with a relatively large number of tasks completed. There were also comments praising
the benefits unique to the spoken dialogue agent, such as “I could tell it things that I could not say to a
human partner.” In terms of issues, there were many instances of misunderstanding of speech from the
dialogue agent, so I realized that “read again slowly” and other features would be necessary. Based on the
above results, this study indicated the possibility for a new system for assisting the operations support
system on the ISS.
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