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Abstract. Robot avatars are attracting attention as a means of remote communi-
cation. In this study, a tele-immersion system was developed in which the user’s
own body transitions into the body of a robot avatar, enabling communication
with a remote person as if they were in the same place. Its use of a VR headset,
360-degree camera, and motion tracking is in contrast to systems where a robot
avatar is operated using a PC. A prototype of this system was developed and tested
through evaluation experiments. As a result, users of the remote avatar felt as if
they were in the same room with and collaborating with the other person, con-
firming the system’s effectiveness as a tele-immersion system. In addition, users
generally felt a sense of body ownership and a sense of agency towards the robot
avatar, suggesting the generation of a sensation that their own body is transferred
to the robot avatar’s body.

1 Introduction

One approach to communicating with people in remote locations is to use robot avatars.
Robot avatars are a technology for remote communication that utilize robots with phys-
ical entities as their own alter egos (avatars). For remote communication using avatars,
methods using CG avatars in the metaverse have attracted attention and been actively
researched in recent years [1-3]. However, robot avatars can interact with people and
objects in real space because they have physical entities and are expected to be used in
a variety of situations and applications.

For example, one currently commercialized robot avatar service is “newme” by
avatarin Inc. [4]. This robot avatar is a combination of a display and a mobile robot and
is capable of conversation and remote-controlled movement while projecting the user’s
face on the display. Users can visit and communicate in various remote locations via
this robot avatar. Other research is aimed at supporting remote employment of disabled
people by utilizing robot avatars to remotely transport goods and serve customers. With
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this robot avatar, users operate the robot “OriHime-D” with a mouse or gaze input
depending on their own disabilities, and actual remote work can be performed [5]. As
described above, robot avatars are expected to be a means of changing the way people
move and work in the future, and various studies and services are being conducted.

On the other hand, a common feature of current robot avatars is that the user often
communicates by remotely operating the robot avatar on an information terminal such
as a PC. Therefore, it is difficult to say that there has been sufficient discussion about the
sense that one’s own body is transferred to the body of the robot avatar in the process of
communication.

Therefore, the purpose of this study is to realize a tele-immersion system that allows
users to communicate with remote people as if they were in the same place, with the
sensation that one’s own body is transferred into the body of the robot avatar. In this
study, a prototype was developed, and evaluation experiments were conducted. In the
following sections, the concept and system design of a tele-immersion system using
robotic avatars, as well as evaluation experiments using the developed prototype are
discussed.

2 Tele-Immersion System

2.1 Concept and System Design

The concept of the system proposed in this research means that instead of remotely
operating the robot avatar on a PC, the user can see the information captured by the
robot avatar’s eyes and express one’s own will to move, as if one’s own body were
transferred to that robot avatar’s body. Therefore, in this system, it is necessary to have
the sensation that one’s own body is transferred to the body of a robot avatar. In other
words, it is necessary to generate a “sense of body ownership”, in which one feels that
the body of the robot avatar is one’s own body, and a “sense of agency”, in which one
feels that one is moving the robot avatar’s body [6, 7]. In addition, free viewing angles
and speech were also required, and the following functions were necessary to realize
this system.

e A function that allows the robot avatar’s body to move freely as if it were the user’s
own body: motion function.

e A function that allows 360-degree free immersive viewing in the direction one wants
to view: viewing function.

e A function that allows one to speak freely about what one wants to speak about:
speech function.

The design of the components of this system to realize these functions will be
described. First, for the motion function, we designed the system to be realized using
Pepper [8] (Fig. 1(a)) and Azure Kinect (Fig. 1(b)). Pepper is a 121 cm-tall humanoid
communication robot with actuators on its head, shoulders, elbows, wrists, hips, and
knees, allowing it to perform a variety of human-like behaviors and gestures. There have
been several studies on human interaction with Pepper [9-11], which led to this study
choosing Pepper’s use as an avatar. Azure Kinect can be used for body tracking and
can acquire three-dimensional coordinate information of the user’s joints. Based on the
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three-dimensional coordinate information of the user’s joints, we designed to link the
user’s own motions with Pepper’s motions.

Next, for the viewing function, we designed an immersive 360-degree free viewing
angle for the user using a THETA V 360-degree camera (Fig. 1 (¢)), and an Oculus Quest
2 head-mounted display (HMD) (Fig. 1 (d)).

For the speech function, since the specification of Pepper is to output speech from
text data, and it cannot directly output the user’s voice, we designed Pepper to speak
freely by acquiring the user’s voice with a microphone, converting it to text data, and
then having Pepper speak.

(b) Azure Kinect (c) THETA V (d) Oculus Quest 2

Fig. 1. System Components

2.2 Prototype

Figure 2 shows the system configuration of the prototype developed in this study.

In this system, when the user stands in front of Azure Kinect, the three-dimensional
coordinate information of the user’s joints is acquired by the body tracking function.
The roll and pitch angles of both shoulders and the roll and yaw angles of both elbows
are calculated from the acquired three-dimensional coordinate information of the user’s
joints and sent to the server via HTTP communication. Through the Pepper control
software Choregraphe, the roll and pitch angles of the shoulders and the roll and yaw
angles of the elbows are read from the server, and by controlling Pepper’s shoulders and
elbows, the user’s arm motions and Pepper’s arm motions are linked to each other. In
this prototype, considering that Pepper does not have two legs, only Pepper’s arms are
linked to the user, without any lower body movement or mobility.

For voice, the user’s voice is collected by the PC’s microphone, converted to text
data by the Web Speech API, and sent to the server via HTTP communication. The text
data of the voice sent to the server is read through Choregraphe, and the voice is output
in Pepper’s voice.

For the viewing, the THETA V camera is attached to Pepper’s chest, and real-time
360-degree video acquired from the THETA V is displayed on the Oculus Quest2 HMD
using an application created with the game engine Unity. Specifically, a sphere object is
created in Unity, and real-time 360-degree video acquired from the THETA V is pasted
onto it. Itis designed to allow the user to view a 360-degree image from inside the sphere,
and to realize 360-degree free viewing. By building this Unity application on the Oculus
Quest2, users can freely view the scene where the THETA V is located through the
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HMD. The THETA V has the internal capability to communicate with devices in a local
environment via wireless LAN and can display real-time 360-degree images directly to
the Oculus Quest2. In this study, a prototype was developed using the wireless LAN
communication feature of the THETA V, since it was decided to experimentally use

different rooms in the same building as remote locations.

Server

Joint angle data

myS

&

Acquiring Voice
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(a) User side (b) User's point of view (c) Robot avatar side

Fig. 3. Prototype of the developed tele-immersion system

3 Evaluation Experiment

As an evaluation experiment of this system, an experiment was conducted in which
subjects performed collaborative tasks with the other person via a robot avatar. In this
experiment, the effectiveness of the developed system and the sensation that one’s own
body is transferred to the body of the robot avatar were evaluated.

3.1 Experimental Environment

Figure 4 shows the experimental environment. The experimental environment consisted
of two rooms, one with an experimenter and a robot avatar (Fig. 4(a)), and the other with
a subject (Fig. 4(b)). As shown in Fig. 4(a), the experimenter and the robot avatar faced
each other across a 70-cm-high table with six files of six different colors. The distance
from the file to the robot avatar was 1 m, and the six files of six different colors were
placed on the table at intervals of 50 cm.

' i
.

(a) Room on the robot avatar side (b) Room on the subject side

P

Fig. 4. Experimental Environment
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3.2 Experimental Method

Specific experimental methods are described below. First, the experimenter and the
robot avatar begin the experiment facing each other across the table. The experimenter,
by voice, instructs the subject’s robot avatar to select a file of a particular color. The
subject selects a file of the proper color and makes a gesture pointing in the direction of
the correct file. For example, when the experimenter says, “Please select the red file,” the
subject, via the robot avatar, points with a gesture in the direction of the red file, and the
robot avatar’s voice says, “The red file is this one.” This trial was performed three times,
which constituted one set. The experiment was conducted in two sets, with participants
completing a questionnaire after the first set and a questionnaire after the second set.
The experiment was conducted on a total of 10 subjects. The questionnaire items are
shown in Table 1, with a 7-point Likert scale (1: “Strongly disagree”, 2: “Disagree”, 3:
“Slightly disagree”, 4: “Neither”, 5: “Slightly agree”, 6: “Agree”, 7: “Strongly agree”).

Table 1. Questionnaire items

Q1. Did you understand the instructions?

Q2. Did you feel as if yourself was in the room with the other person?
Q3. Did you feel as if the robot you were operating was in the same room with the other
person, and not you?

Q4. Did you feel as if yourself collaborated with the other person?
Q5. Did you feel as if the robot you were operating collaborated with the other person, and
not you?

Q6. Did you find yourself communicating easily with the other person?
Q7. Did you find the robot you operated easier to communicate with the other person, and
not you?

Q8. Did you feel the robot's body like your own body?

Q9. Did you feel like you were moving the robot body yourself?
Q10. Did you feel like you were being a robot?

QI11. Did you feel like you had moved like a robot?

4 Results and Discussion

Figure 5 shows the results of the experiment. First, from the evaluation of Q1, regarding
the understanding of instructions, it can be seen that the subject was able to communicate
while understanding the experimenter’s instructions through the robot avatar.

Next, a t-test was performed to compare the evaluation results of the two counties
in terms of whether the subjects feel the sense of being in the same room (Q2, Q3), the
sense of completing a task collaboratively (Q4, Q5), and the ease of communication (Q6,
Q7), either for themselves or for the robot they are operating rather than themselves. The
comparison of Q2 and Q3 by t-test showed a significant difference (p = 0.020), and the
evaluation of the sense of oneself being in the same room with the other person in Q2 was
higher than the sense of the robot I am operating being in the same room with the other
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person in Q3. The comparison of Q4 and QS5 by t-test showed a significant difference
(p = 0.006), and the evaluation of the sense of oneself collaborating tasks with the
other person in Q4 was higher than the sense of the robot I am operating collaborating
tasks with the other person in Q5. The comparison of Q6 and Q7 by t-test showed a
significant difference (p = 0.003), and the evaluation of the sense of oneself being easy
to communicate with the other person in Q6 was higher than the sense of the robot I am
operating being easy to communicate with the other person in Q7. From this, it can be
said that this system enabled communication with a sense of oneself being in the same
room as the other person and a sense of collaborating with the other person. In other
words, the results suggest that this system is effective as a tele-immersion system.

Evaluations for the sense of body ownership in Q8 and the sense of agency in Q9
were over 4.5, indicating that the subjects generally felt the sense of body ownership and
the sense of agency. In short, the robot avatar’s body felt like one’s own body, and one
could feel that one was moving that body, and it is thought that there was the generation
of the sensation that one’s own body was transferred to the robot avatar’s body.

In Q10 and QI11, the evaluations were also over 4.5, indicating that the subjects
generally felt as if they were being a robot and that they were moving like a robot. The
Proteus effect [12—15] is the effect of the avatar’s appearance and physical characteristics
on the user’s psychological state and behavioral characteristics. It can be suggested that
the Proteus effect was at work in this system.
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5 Conclusion

In this study, we aimed to develop a tele-immersion system that allows users to commu-
nicate with remote people as if they were in the same place, with the sensation that one’s
own body is transferred into the body of the robot avatar. In addition, a prototype was
developed and evaluated it through evaluation experiments. As a result, users felt as if
they were in the same room with the other person, and as if they were collaborating with
the other person, and it was confirmed that this system was effective as a tele-immersion
system. In addition, it was found that the user generally feels the sense of body owner-
ship and the sense of agency toward the robot avatar in this system and that there is a
generation of a sensation that the user’s body is transferred to the robot avatar’s body.

This system has the potential to be applied in various services and environments in the
future. For example, it is expected to be used as a tele-immersion system in train stations,
airports, tourist attractions, etc. In this case, the implementation of a mobility function
for the robot avatar and its application to multilingual services are future prospects.
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