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Figure 1. ScalableBody: A Telepresence robot with a vertical actuation mechanism enables to communicate similar to face-to-face communication. (a)
The remote user can make eye-contact even though they’re using telepresence robot. (b) The remote user can connect the robot to look around the place
with 360-degree view. (c) Adjusting its height according to communication contexts.

ABSTRACT
We propose a novel telepresence robot called ScalableBody,
which can change the height dynamically and enables remote
users as same height. ScalableBody can adjust its height
according to the local users context like standing or sitting,
and users can have a conversation with their face positions
matched. Moreover, ScalableBody provides unusual sensa-
tions like being a giant or a dwarf when extends or retracts
extremely. Meanwhile, remote users are hard to understand
the surrounding environment with a front camera because of
the narrow-angle of view while it extends extremely high. So
ScalableBody has an omnidirectional camera. In this study,
we report the system design and architecture of Scalable-
Body.
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INTRODUCTION
Most of the telepresence robots which combine video-
conference system and remotely controllable robot represent
different height from the remote user. This difference makes
local users who meet the robot different impression between
face-to-face communication, and it decreases persuasion and
interpersonal dominance of the remote user who controls the
robot. These studies [2, 5] suggest the height of a robot is
an important social cue for having communication. Thus, it
is assumed that adjusting the height of the robot between the
remote user is an important factor for remote communication.

However, with typical telepresence robots, a remote users ex-
pressions are not well conveyed for the following reasons.
First, such a robot does not reflect the remote users actual
height because a typical telepresence robot cannot change its
height. Second, it is also difficult to make the same face po-
sition in different conversation contexts. For example, when
a person is sitting, it is natural for the other person also sit
down to join a conversation to enable the same face position.

To deal with these problems, we designed and implemented
a telepresence robot called ScalableBody with the ability to
change its height dynamically and produce social equality be-
tween remote and local users through eye contact (Figure 1).
It is also possible to adjust its height according to communi-
cation contexts such as standing or sitting. Furthermore, the
robot has a 360-degree camera so the remote user can look
around the place easily without any extra control to move the
camera. Further still, by augmenting their eye position, the



remote user can see the world from a giants or a dwarfs point
of view.

SCALABLEBODY

Figure 2. A detail of our telepresence robot, ScalableBody. (a) The verti-
cal actuation allows to change the height dynamically. (b) Changing the
height of body, it enables to reflect the same height of remote user.

We use an iron reel to implement the vertical actuation mech-
anism. It is inspired by the dynamic structure of Kinereels,
which is developed by Takei et al. [6]. This technique en-
ables high extended ratio with small size and light weight,
so it is easy to adapt to the robot with limited payload and
size. Alternative mechanisms, such as a leadscrew, a rack-
and-pinion or a scissor lift needs a lot of space. It enables the
robot to change its height within a greater range while keep-
ing a small size, so as to quickly move around indoors. Our
robot can adjust height from 65cm to 200cm (Figure 2-a), the
range is 135cm, while for a conventional telepresence robot,
such as Double [1], the range is just 30cm (120cm to 150cm).

The robot has an iron reel sitting on an omni wheel robot base,
a 360-degree camera and a display (Figure 2-b). The camera
and display are lifted by the vertical actuation mechanism.
To push up or pull down the iron reel, we use four motors
and one motor driver. For the base of the robot, we use the
omni wheel robot 1. The omni wheel robot and motor driver
are operated by Arduino Uno. The robot is controlled wire-
lessly by a PC on the same network via the UDP protocol.
We describe the benefit of the vertical actuation and using a
360-degree camera in the following sections.

Face position matching with vertical actuation
With vertical actuation, changing the height provides the fol-
lowing benefits. First, the robot can adapt its height to the
context, like standing up or sitting down (Figure 1-c). It can
make eye contact and conversation which is similar to face-
to-face communication. Second, the user can extend the body
by the user’s height. These represent the actual height of a re-
mote user Third, users can have an extraordinary experience
such as taking the viewpoint of a giant or a dwarf by stretch-
ing the robot to very high or very low height (Figure 1-b).
The vertical actuation also enables human augmentation.

Free viewpoint through 360-degree camera view
Remote conversation is typical in collaboration work, and
previous studies [3, 4] show that 360-camera views are use-
ful to understanding a local environment. So we added the
360-degree camera and its wide omnidirectional view allows
1http://www.nexusrobot.com/product.php?id_product=
87

the remote user to overlook the local environment easily (Fig-
ure 1-b). The camera streams live view to the remote user, and
the user can change the angle at will. c

CONCLUSION AND FUTURE WORK
In this study, we propose a novel telepresence robot using
vertical actuation. It allows for matching the face position be-
tween remote and local users. Besides, this actuation enables
extraordinary experience from very high or low viewpoint.

Our system has the following limitations. First, the display
sways when the body is extended since its mounted on the
top of the robot. We noticed that the swaying pattern and
natural frequency is different depending on the length. This
may cause motion sickness, but some types of image stabi-
lization technologies can resolve this issue. Second, because
of weight limitations, there is a performance limit of the cam-
era and display. When the robot has too large display or cam-
era, the vertical actuation mechanism breaks when the robot
is changing its height or moving. We will overcome these
limitations in the next version.
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