
265

2023 IEEE 29th International Conference on Embedded and Real-Time Computing Systems and Applications (RTCSA)

2325-1301/23/$31.00 ©2023 IEEE
DOI 10.1109/RTCSA58653.2023.00040

20
23

 IE
EE

 2
9t

h 
In

te
rn

at
io

na
l C

on
fe

re
nc

e 
on

 E
m

be
dd

ed
 a

nd
 R

ea
l-T

im
e 

Co
m

pu
tin

g 
Sy

st
em

s a
nd

 A
pp

lic
at

io
ns

 (R
TC

SA
) |

 9
79

-8
-3

50
3-

37
86

-0
/2

3/
$3

1.
00

 ©
20

23
 IE

EE
 |

 D
O

I: 
10

.1
10

9/
RT

CS
A5

86
53

.2
02

3.
00

04
0

2023 IEEE 29th International Conference on Embedded and Real-Time Computing Systems and Applications (RTCSA)

Investigating Requirements and Expectations of
Wearable Telexistence Robotic Systems

Abdullah Iskandar
Dept. of Computer Science and

Engineering
Waseda University, Tokyo, Japan
a.iskandar@dcl.cs.waseda.ac.jp

MohammedAl-Sada, Osama Halabi
Dept. of Computer Science and

Engineering
Qatar University, Doha, Qatar

{mohammed.alsada,
ohalabi}@qu.edu.qa

Tatsuo Nakajima
Dept. of Computer Science and

Engineering
Waseda University, Tokyo, Japan

tatsuo@dcl.cs.waseda.ac.jp

Abstract- Telexistence refers to various technologies that
enable a high sense of embodiment and interaction capabilities
with remote environments. Although numerous telexistence
systems have been explored in previous works of literature, no
prior studies have investigated the usability of telexistence
systems for daily use. Therefore, this study focuses on Piton,
which is a novel wearable telexistence robot which has a high
degree of freedom in a snake-shaped design. Piton offers a
unique opportunity for remote interaction and manipulation in
diverse environments, owing to its flexible movement, which
enables users to adapt to various scenarios with ease. The
robot's wearability is also an essential feature that allows the
user to wear it as a backpack. However, despite its promising
features, deeper investigation is necessary to explore potential
use cases for Piton in users' daily lives and the challenge of Piton.

Keywords---telexistence, shape-changing, wearable robot,
snake-shaped

I. INTRODUCTION

The ongomg COVID-19 pandemic has disrupted
traditional modes of communication and collaboration,
creating an urgent need for alternative methods that can
mitigate the risk of infection. In this context, various
technological solutions such as online meetings and
telepresence systems, which enable remote communication
with auditory and visual mediums [I]. While these solutions
have helped to bridge the gap in audio/visual communication,
they fall short in providing a truly immersive experience that
conveys high sense of presence, body ownership, and physical
interaction with remote environments that are integral to
physical communication.

Telexistence refers to a group of technologies that enable
high sense of presence, user embodiment and real-time
physical interactions with remote environments [2]. Despite
the advancements in telexistence, existing studies have
primarily focused on developing human-like robots with
limited flexibility of movement (e.g., TELESAR VI) [2].
These systems make it difficult to deploy in various contexts,
such as daily use, due mobility, and cost limitations. Emerging
works in telexistence have introduced low-cost and wearable
robotic systems that can be used for daily use or industrial
contexts [3][4]. However, while these works introduce novel
robotic systems, they do not evaluate how users may use these
wearable telexistence systems within their daily lives.
However, the usability requirements and expectations of
wearable telexistence systems are not explored in any research
literature. Therefore, this paper takes the first preliminary
investigation to bridge this gap by conducting a series of focus
groups to explore the usability and applicability of
telexistence systems, and Piton challenge within our daily
lives and professional contexts, similar to previous approaches
[4][5] that focused on novel systems.

To facilitate the focus groups, we used a proposed
wearable snake-shaped wearable telexistence robot, called
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"Piton" [4], which enables a variety of collaborative scenarios
in different application contexts as shown in Figure 1.
Accordingly, we used Piton within the focus groups to explore
how participants would want to use telexistence systems, with
emphasis on three aspects: 1) How do users would want to use
Piton for within daily-life and for professional/work related
contexts? 2) how do users want to use Piton in various
locations, including indoor, outdoors and within professional
and work locations?

Our results show that participants think that Piton is
suitable for work-related context and essential for knowledge
transfer task. In addition, there is a need for improving Piton's
design to fulfill daily usage requirements. Overall, we intend
to expand our findings by conducting further studies to
explore deeper requirements and expectations of telexistence
for daily use.

Fig. 1. A surrogate user wears Piton on his shoulder

II. Focus GROUPS

A. Procedure

We conducted a series of four focus groups involving a
total of ten participants. Participants were 3 males and 7
females, came from 3 nationalities, the university and outside
the university. Participants came from various disciplines and
backgrounds and were aged between 22 and 30 years (M=24.1
STD=2.38). The study started with a demographic
questionnaire, after which the concept of telexistence is
introduced alongside Piton. Phase 1 (40 minutes) started with
an introduction of Piton's specifications, movements, and the
method of control. Next, in pairs, they were introduced Piton
and its control. After that, participants were instructed to
ignore all technical limitations with relation to Piton's
implementation, and they were instructed to discuss and ideate
potential use cases of Piton both as a controller and as a
surrogate (30 minutes). Phase 2 was started by showing a
video about Piton and how it can be used [24], followed by an
explanation of potential applications contexts (10 minutes).
After that, we started the ideation and discussion about Piton's
use cases, while focusing on the three contexts of use, lasting
30 minutes.
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B. Preliminary Result andAnalysis Questionnaire Re sult
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Fig. 2. Piton use case distribution based on five categories. Fig. 3. Qualitative results of participants's impression and opinions to
Piton.

We extracted a total of 131 use cases as shown in Figure
2. We classified the use cases into 5 main categories based on
the type of task conducted in each use case, including the
following: Social Embodiment and Experiences, Basic
Instructions and Guidance, Knowledge Transfer, Sharing
Activities and Enjoyment, and Remote Professional
Assistance andMonitoring.

(1) Knowledge Transfer comprises 35 use cases (26.72%
of the total use cases) for tutoring, teaching, or training
someone on a task or skill by professional or expert. (2)
Professional Assistance andMonitoring includes 30 use cases
(22.90%), for assisting or monitoring someone while
conducting work at a remote location. (3) Basic Instructions
and Guidance included 29 use cases (22.14%), for providing
simple instructions and guidance to remote users. (4) Social
Embodiment and Experiences comprised 23 use cases
(17.56%), for providing users with physical embodiment for
use in social communications with other remote users. (5)
Sharing Activities and Enjoyment included 14 use cases
(10.69%), for watching concerts, enjoying hobbies, events,
stage-shows, or physical activities together.

We asked participants to vote for the most suitable use
case contexts of Piton. 60% of participants voted for work
related contexts as the most suitable category for piton, while
home and outdoors received 20% each. In addition, we asked
the participants to rank the use case categories from least (3)
to most important (1). The result showed that in the work
category is ranked first (M=1.6, STD=0.6), home category is
second rank (M=2.2, STD=0.92), and outdoors as last rank
(M~2.3, STD~0.64).

We asked users several questions (l. Q1: "I am satisfied
with Piton", 2. Q2: "I do not feel embarrassed / discouraged
when using Piton robot outdoor", 3. Q3: "I think Piton robot
is useful for me", 4. Q4:" I think the robot is not dangerous",
5. Q5: "I think Piton length is suitable", 6. Q6: "I think Piton
width is suitable", 7. Q7: "I think Piton weight is suitable",
and 8. Q8: "I think Piton robot has high degree of
movements"). All the questions were measured using a six
point Likert scale. The results of the study revealed that
participants generally held positive views regarding Piton as
shown in Figure 3, with high mean scores observed for Q1
(M=4.6, STD~1.l7), Q3 (M=4.9, STD=0.74), Q5 (M=4.6,
STD~0.84), and Q7 (M~4.9, STD~1.20). However, moderate
mean scores were reported for Q2 (M~3.8, STD~1.62), Q4
(M=4, STD=1.56), and Q8 (M=3.8, STD=1.3), indicating a
lack of agreement among participants regarding these
aspects. Additionally, the mean score for suitable weight was
relatively low (M~3.5, STD~l.2), indicating that participants
did not find the weight of Piton to be ideal for their needs.
Overall, these findings suggest that while Piton may be well
suited for certain use cases, further design considerations are
needed to address concerns related to Q2, Q4, and Q8.

III. DISCUSSION AND FUTURE WORK

Suitable use cases: The result shows that the participants
most likely choose the work-related context as the most
suitable use cases in daily use. Based on semi-structured
interview user thinks Piton telexistence robot is useful to use
in collaboration work or teaching someone else to operate a
machine or train them some skills.

Essential use cases: The study findings suggest that the
Knowledge Transfer category is the most important use case
category for Piton followed by professional assistance and
monitoring, as it provided the highest number of use cases in
this category, as confirmed by user preferences. The result
also showed that the users tend to propose professional
assistance and monitoring use cases during work-related task.

Design improvements: The result shows Piton requires
several improvements regarding its design to make Piton more
safety and lightweight to use for daily purposes. In addition,
an improvement in its degree of freedom is essential to make
users able to reach larger workspace. Overall, having an
excellent design allows users to utilize Piton for daily fashion.

The present study provides an initial overview of the
diverse use cases oftelexistence wearable robots in everyday
settings. Through this initial investigation, it is evident that
there is a need for significant enhancements in the
requirements and design of telexistence robots, particularly
focusing on the Piton model and other similar variants for each
use case. These improvements are crucial to effectively
address the challenges that may arise in the context of
numerous envisioned use cases, with particular emphasis on
Knowledge Transfer.

REFERENCES

[1] v. O. Ballano, "COVID-19 pandeuric, telepresence, and online masses:
Redefining catholic sacramental theology," Int. J. Interdiscip. Glob.
Stud., vol. 16, no. 1, pp. 41-53, 2021.

[2] S. Tachi, Y. Inoue, and F. Kato, "TELESAR VI: Telexistence
Surrogate Anthropomorphic Robot VI," Int. J. Humanoid Robot., vol.
17, no. 5, pp. 1-33,2020.

[3] M. Al-Sada, T. Hoglund, M. Khauris, J. Urbani, and T. Nakajima,
"Orochi: investigating requirements and expectations for multipurpose
daily used supernumerary robotic limbs," in AHs, 2019, no. March.

[4] R. Al-Remaihi, A. Al-Raeesi, R. Al-Kubaisi, M. Al-Sada, T. Nakajima,
and o. Halabi, "A Cost-Effective Irnmersive Telexistence Platform for
Generic Telernanipulation Tasks," in HCI International 2021 - Late
Breaking Papers, 2021, pp. 197-208.

[5] H. Jiang, S. lin, V. Prabakaran, M. R. Elara, and 1.. Sun, "A Survey of
Users' Expectations Towards On-Body Companion Robots," in
Proceedings ofthe 2019 on DIS, 2019, pp. 621--{)32.

[6] A. Iskandar, M. Al-Sada, T. Miyake, Y. Saraiji, o. Halabi, and T.
Nakajima, "Piton: Investigating the Controllability of a Wearable
Telexistence Robot," Sensors, vol. 22, no. 21, 2022.

266

Authorized licensed use limited to: Qatar University. Downloaded on December 13,2023 at 10:03:00 UTC from IEEE Xplore.  Restrictions apply. 


