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In recent years, there has been an increase in the number of people experiencing difficulties with
walking or moving freely. This is due to a number of social factors, including an ageing population,
the prevalence of disease, and the impact of pandemics. Walking plays a crucial role in both mental
and physical health, so solutions that can provide walking experiences without actual physical
movement are needed. In this study, we developed a virtual walking system that does not require
limb action, using visual and tactile stimuli, and evaluated its effectiveness through experiments.
We aimed to investigate methods to provide users with realistic virtual walking experiences by
combining observation of a self-avatar from first-person and third-person perspectives, foot
vibrations simulating footsteps, the introduction of realistic virtual environments using
omnidirectional movies, and comparisons of observation postures.

First, we evaluated the effects of avatar type (full-body avatar, hands-and-feet-only avatar, no
avatar), observation perspective (first-person perspective, third-person perspective), and
synchronization of foot vibrations (synchronous, asynchronous) on sensations of walking, leg
action, and telepresence. The results revealed that the combination of presenting a full-body
avatar from a first-person perspective and synchronous foot vibrations most effectively enhanced
sensations of walking, leg action, and telepresence, highlighting the impact of observing one's own
body avatar. The hands-and-feet-only avatar also showed a certain degree of effectiveness.
Conversely, presenting the avatar from a third-person perspective did not enhance these
sensations and tended to impair sensations of self-motion and telepresence.

Furthermore, in the virtual environment using omnidirectional movies, projecting the cast shadow
of the self-avatar onto the ground improved telepresence and leg-action sensations, and reduced
symptoms of cybersickness, particularly nausea and disorientation sickness. The presence or
absence of the shadow functioned as a visual cue, suggesting it enhances the user's
self-recognition.

Additionally, in the virtual walking environment using omnidirectional movies and foot vibrations,
we examined the effects of congruency between vibration patterns and visual scenes on
walking-related sensations and ground material perceptions. The results indicated that when the
vibration pattern matched the visual scene—such as indoor corridors, snowy grounds, and gravel
paths—the sensations of walking and telepresence were strengthened, and ground material
perception was also enhanced. In contrast, when the vibration pattern and visual scene were
incongruent, ground material perception became confused, diminishing the effectiveness of the
virtual walking experience.

We also explored the effects of user posture (standing, sitting, lying) on the virtual walking
experience. Standing posture yielded stronger results in sensations of walking and telepresence
compared to sitting and lying postures. However, the difference between sitting and lying postures
was small, clarifying that a certain degree of virtual walking experience could be obtained even in
the lying posture. This is considered to be because the synchronization of foot vibrations functioned
effectively regardless of the user's posture. It was also suggested that illusory body ownership and
sense of agency were maintained even in the lying position.

From the above, it was demonstrated that combining visual presentation of a self-avatar, foot




vibrations synchronized with walking, and appropriate viewpoints effectively generates virtual
walking experiences without physical body movement. In particular, presenting a full-body avatar
from a first-person perspective and synchronizing foot vibrations significantly enhance sensations
of walking and telepresence. Furthermore, incorporating the avatar's cast shadow and
scene-congruent vibration patterns enhances presence and realism within the virtual environment
and contributes to reducing cybersickness. These findings suggest that our system can provide
virtual walking experiences even to users with physical constraints or in situations where physical
movement is discouraged.
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