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Thesis Summary

With the recent development of automation in human—machine systems, the decline in arousal levels
has become a challenge given the monitoring-centered control, and accidents might occur in a
semi-automatic system that requires user intervention during emergencies. As conventional methods to
maintain arousal levels, simple external stimulations have been studied and incorporated in addition to
sleep and fatigue management. However, although changes in human psychological states are known
to affect arousal levels, methods for maintaining arousal levels that focus on such changes have not yet
been established. This study aimed to develop a new method for maintaining arousal levels by the
incorporation of support for the subfactors of the sources of intrinsic motivation into human—-machine
systems based on psychological and physiological theories.

First, assuming application to autonomous driving (SAE level 2), we structured an information
presentation with the aim of supporting the subfactors of the sources of intrinsic motivation, such as
voice information that support driver independence, realization of ability, and good relationship with the
system (automobile). When this information is presented, the brain regions associated with intrinsic
motivation tended to be activated, and the tendency of arousal was seen in physiological indices.
Second, after constructing a model for estimating five-stage arousal levels based on face images, we
examined the arousal levels at which information presentation would be effective, suggesting that
information presentation was effective at least before level 4 (level 1 is the highest arousal). Third, we
examined the effectiveness of the proposed method and compared it to simple external stimulations
(sound, vibration, scent, and gum chewing). Information presentation aimed at inducing intrinsic
motivation is as effective or even better at maintaining arousal levels than existing methods, with the
added advantage of being less annoying and having decreased attenuation of effects.

It suggests that the proposed method can be used for maintaining arousal levels as a third

method after fatigue management and the simple external stimulation.
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