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ABSTRACT
Walking is a daily activity for most people. Lack of opportunities
or inability to walk may cause both mental and physical health
problems. However, in some circumstances, such as during a global
pandemic, fear of heights, or withdrawal from society (hikikomori),
people tend to walk less. To overcome such issues, we developed
a walking rehabilitation system, Action Reproducer, to encourage
people to walk in a virtual environment, e.g., around sightseeing
spots, or to train walking on a high building. The proposed system
comprised a motion seat to present vestibular sensation to the waist,
slider-pedal devices to provide motion sensation to the lower limbs,
wearable pseudo force devices to pull sensation to the fingers, and
an avatar in the virtual environment to hold the user’s hand during
walking. This system can reduce user burden because the user
simply sits on the motion seat and perceives multiple sensations
that allow them to enjoy walking activities for long periods of time.
During the virtual conference, we will conduct a live demonstration
and present the details of our system with some interactive content,
such as virtual traveling and walk rehabilitation between high
buildings.

CCS CONCEPTS
• Human-centered computing → Virtual reality; Haptic de-
vices.
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1 INTRODUCTION
The coronavirus pandemic has significantly affected many people’s
daily lives. For example, it has made many people unable or afraid
to walk outside. Consequently, the number of people who have
withdrawn from society (hikikomori) has increased. However, it is
considered that virtual reality (VR) can overcome such issues by
allowing people to walk safely inside virtual spaces.

Redirected walking is a well-known phenomenon that allows
people to walk in a large virtual environment when, in fact, they are
actually walking in narrow space [Steinicke et al. 2010]. Some stud-
ies have developed walking rehabilitation systems for lower-limb
impaired patients (e.g., [Colombo et al. 2000]). These technologies
allow people to walk freely in virtual spaces; however, users cannot
sustain the experience for long period of time due to the burden
of real walking. Moreover, multiple stimulations are required to
encourage someone who is afraid of walking to start the activity.

In this study, we developed a prototype VR rehabilitation system
to encourage people to walk outside around sightseeing spots as
well as walking through two high buildings to reduce a fear sen-
sation (Fig. 1 ). A user can experience the stimuli of vestibular at
the waist, lower-limb motion sensation at the feet, and a pseudo
pulling force at the fingers. In addition, the proposed prototype has
an avatar in the virtual space that holds a user’s hand to encourage
and guide them.

2 SYSTEM
2.1 Vestibular at the waist and lower-limb

motion sensation at the feet:
The stimuli in the proposed system generate walking-like sensa-
tions. A user sitting on the motion seat can perceive waist motions
with four degrees of freedom (e.g., lift, yaw, pitch, and roll) (Fig.
2 (left)). The system has two pedals, each with three degrees of
freedom, to move the heels up and down and move the feet forward
and backward. In addition, the pedals move around the seat’s axis to
provide the sensation of turning while walking. These motions not
sufficient, but they are basic motions and are important to generate
various walking activities.
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Figure 1: Virtual reality hand-holding walking system

We conducted an experiment that showed that the stimuli re-
quired maximum amplitudes of lift, pitch, and roll (i.e., .26 mm,
0.13 degrees, 0.15 degrees, respectively), which are approximately
1/20-time lower than those in real walking due to the high sen-
sitiveness of passive stimuli. The up and down movement of the
heels and the forward and backward movement of the feet were
also low compare with those in real walking. In the prototype, these
movements were 24 mm and 93 mm, respectively. In real walking,
these values were approximately seven times higher. These results
allowed us to design the system with smaller actuators.

The proposed system is similar to our previous system that
was presented at Siggraph Asia 2018. During the demonstration
of the original system, we receive mostly positive feedback from
the audience, and we received the Best VR/AR award from the
committee [Shimizu et al. 2018]. In the present system, we added
more three degrees of freedom of the motion (yaw to the waist
and rotation of each foot around seat’s axis), which made system
suitable for various walking rehabilitation activities.

2.2 Pseudo pulling force at the fingertips and
hold-hand walking with a virtual avatar:

Our previous study confirmed that a DCmotor can provide a pseudo
force sensation to the fingertip when the input signal is saw-tooth
waveform voltage [Yem et al. 2016]. We used this phenomenon to
include a new external stimulus in the form of wearable device that
provided a pulling force sensation to the fingers to represent the
force of a virtual partner who is holding the user’s hand during
walking (Fig. 2 (right)). The ability to use a wearable device made
the prototype system more compact.

A virtual avatar representing the user’s partner is shown in a
HMD to encourage user to walk. The pseudo pulling force sen-
sations on the fingertips are presented simultaneously with the
periodic swinging of the avatar’s arm.

3 LIVE DEMONSTRATION
During the virtual Siggraph 2021 conference, we will conduct a
live demonstration of the system and describe our research. The
live presentation will involve multiple cameras to demonstrate the
system from various angles. Three of the authors will be involved

Figure 2: (Left) Design of the motion seat and pedals; (right)
pseudo pulling force haptic device

in the demonstration. One author will sit on the motion seat, put
their feet on the pedals and wear haptic devices on their index
and middle fingers. Another author will operate the system. When
the system is functioning, the operating author will have access
to an emergency stop button in case the system goes wrong. The
third author will give a talk to explain our work. The authors who
attend participate in the live demonstration will wear face masks
and maintain a social distance greater than two m.
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