VR Z8f#R Vol.20, No. TXOT1
ISSN 1343-0572

BERN—=F¥I)LITI)TAFEHAERE

The 6" Workshop on Telexistence

W6 AT VAT AR AN

201546 A5H

BERN—F¥ILYT)T4FE



ARN—=F ¥ LU T U T ¢ gk Bk

CONTENTS
FOET LA T UAK L AMIELE The 6th Workshop on Telexistence

(Efe - T LA T AE A EFRER)
[(Organized by Special Interest Group on Telexistence]

20154 6H5H (&) 14:00—17:00 (KPKK)

TX01-1 REA 2 DIERDOIED J5

kﬁ%i(kﬁ&j{?) ...................................................... 1
TX01-2 JE D G 72 fE o & B FE L 72 BE SRR A 0 R SR oo I e
FEPHEER (LR ICER) v vverrre e 5

TX01-3 R AR BAE 2 W T2 R 7 B

Bl RS (BT CEE) vvvveeesrmreeesinee ettt 9
X014 EEERYREN O EOEDOERT CH=2—n

74— RNy 7 FA

f%" Eﬂ(jﬂ}&j@?) ...................................................... 13
TX01-5 Mutual Body Communication in Telexistence using

Virtual Embodiment
MHD Yamen Saraiji (%ﬁl@%%&kr—%‘») ................................. 17



A &/

‘THE VIRTUAL REALITY SOCIETY OF JAPAN

BeRITLAITIRY Y AHRES (2015 F 6 A)

FFeBASERDEY

Making Virtual Time Machines Real
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Abstract : This paper introduces two approaches to actualize virtual time machines with photo-

realistic real-world textures: 1) photorealistic virtual object superimposition onto virtualized real

environment using image-based rendering, 2) season transfer using unified color and texture trans-

fer. The first approach, which input omnidirectional images captured from an unmanned airship,

enables us to explore ancient ruins by superimposing virtual buildings. The second approach selec-

tively modifies the color and texture in a still image by analyzing training images to present the

appearance change between seasons (e.g. leaves).

Key Words: Mized reality, Texture synthesis, Color transfer
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Measurement of Property of Wind Direction Perception for presenting wind in accurate way

B Y,
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Abstract: Recently, several VR systems that use wind to enhance users’ sensation of presence have been built.

In typical systems, simple fans are often used as wind sources and those wind sources are arranged rather

sparsely. However, it is not known whether the wind direction is presented precisely enough with such a

configuration. In order to find a guideline for optimal arrangement of wind sources, we examined the

properties of wind direction perception at the head. We measured the just-noticeable difference (JND) on the

perceived wind direction at the face using a method of constant stimuli.

Key Words: Wind direction perception, JND, wind display.
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Modifying Shape Perception Using Visio-Haptic Interaction
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Abstract :

In our research, we aim to construct a visuo-haptic system that can provide users

with the sensation of touching virtual objects of varying shapes, using visuo-haptic interaction. We

compose a video see-through system through which we can change the shapes of objects the user is

visually touching, and displace the visual representation of the user * s hand and modify its posture

as if s/he were touching the visual shape although in actuality s/he is touching another shape.

Using this system, we perform experiments to investigate the effects of visuo-haptic interaction for

altering the perception of curvature, angle and size of shape. These results prove the possibility for

constructing a novel visuo-haptic shape display system.

Key Words: Shape Display, Visuo-Haptics, Virtual Reality
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Abstract: Learning the speech sounds of a foreign language is difficult for adults, and often requires
significant training and attention. For example, native Japanese speakers are usually unable to differentiate
between the “I” and “r” sounds in English; thus, words like “light” and “right” are hardly discriminated. \We

(2015 % 6 A)

previously showed that the discrimination ability for similar pure tones can be improved unconsciously using

neurofeedback (NF) training with mismatch negativity (MMN), but it is not clear whether it can improve

discrimination of the speech sounds of words. We examined whether MMN Neurofeedback is effective in

helping native Japanese speakers discriminate ‘light’ and

‘right’ in English. Participants seemed to

unconsciously improve significantly in speech sound discrimination through NF training without attention to

the auditory stimuli or awareness of what was to be learnt. Individual word sound recognition also improved

significantly. Furthermore, our results indicate a lasting effect of NF training.

Key Words: Unconscious learning, Language learning, Neurofeedback, Interface
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Abstract: In this paper, we addressed the lack of physical representation of human’s avatar robot arms and

hands in Telexistence systems by substituting them with virtual representation. \We propose using user’s hands

captured images from his first point of view (FPV) and superimposing them locally in user’s view as well as

projecting them remotely in robot’s location. Using this method, it is possible to provide mutual awareness of

user’s intended body actions for remote participants, as well as increase the level of presence for the user in

remote place. This paper discuss the proposed system, and evaluation of the proposed method.

Key Words: Mutual Body Representation, Augmented Reality, Communication, Telexistence.

1. Introduction

Telepresence systems have evolved in social activities and
day-to-day communications. However, not all the telepresence
robots provide a sense of presence to the user who is
controlling. Furthermore, these type of robots provides
minimum representation of the operator's body and state in the
remote place and usually provide limited representation using a
front display showing user's head only. Though for social
oriented applications, our bodies are considered as an effective
communication tool that embodies internal mental states to the
others [1]. Previous works addressed the physical body
representation for telepresence and [2][3].
However, these approaches are not portable, too pricey and not

telexistence

efficient for mobile social contexts. Image based embodiment
for collaborative screens has been proposed previously [4][5],
however they do not apply for mobile telexistence applications.

A previously proposed mobile telexistence system [6]
provides operators own hands visuals by segmenting them from
the background and superimposing them on to the remote
environment from the FPV. It was found out that providing the
virtual hands improved the sense of body presence in the
lacked the
representation in to the remote place. As a result, the remote

remote place, however it mutual hands

participants were not aware of user's hands and actions with
respect to his avatar body. Therefore, sometimes the remote
participants get confused due to lack of visual clues of the
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Figure 1. Remote participant interacting with user’s actions

operator interactions.

To address these limitations, we propose a mutual virtual
embodiment method for lightweight telexistence robots that
lacks physical arms. This method uses virtual hands that are
captured from user’s side, and present those hands in user’s
view as superimposed pictures on the remote images. Also, the
hands are projected remotely using a small projector mounted
on the robot head and aligned with head movement. The virtual
hands can be projected onto a physical table, remote user, or to
any remote surfaces in order to provide the clue of user's hands
interaction and intended actions. These virtual hands also
provides the awareness for the user about his body, which are
necessary for the sense of body presence. Figure 1 shows an
example of the proposed method where the user interacting
with remote participant.



The proposed method can be used in many applications to
enhance the arms and hands representation of the operator at a
remote place. With the proposed method, the remote
participants can understand the intended interactions clearly
although the operator does not have physical representation of

his arms and hands

2. System Implementation

2.1 System overview

Pico Projector

HMD & I
Leap motion Qi R -
[t
\ - &

A 2

Display

Prajected Hands

Robot Base

d|

Master Side (Local) Slave Side (Remote)

Figure 2. System overview

The developed system is divided into a typical Master-Slave
Telexistence systems as described in Figure 2. The master side
is the operating side where the user is located, and it contains a
set of tracking tools that are used to capture user's head
movement (Oculus DK2) as well as hand movement and visuals
(Leapmotion). Robot movement is controlled using user’s body
movement with no physical joystick been used.

In the robot side (slave), a 3 Degrees of Freedom (DOF) head
is used to physically map user's head rotational motion at the
remote place. FullHD stereo cameras and binaural microphones
are used to enable bidirectional visual and auditory
communication to the user from robot side. The robot provides
to the remote participants user's video and voice in the remote
place via a LCD display and a speaker mounted on the front
side of the robot. The robot designed with fully wireless and
mobile platform that allows free motion in remote places.

The captured Hands movement and visuals are used to
provide visual feedback to user's side, as well as to be projected
in the robot's side. The user observe his own hands motion over
robot's vision. To present user's hands in the remote place, the
captured images using the mounted camera on the HMD are
first segmented to isolate the hands from the background. Then
those segmented hands are superimposed on the visual stream
from the robot side, so the user can have awareness of his hands
presence. The position and size of the captured hands are
preserved in the FPV with his hands, so the pointing remains

natural. Those hands are sent to the robot side and projected

using a pico projector (Model: Lumex Beampod) that is
mounted on the head module.

2.2 Hands Capturing and Segmentation

In the user side, the hands are captured using an IR camera
mounted on the front of the HMD. The camera provides
110°field of view which covers HMD FoV, and thus it is
possible to capture user hands with no cropped areas. Though
the resolution of the cameras are relatively low (640x240), up
sampling step is necessary to smooth out the edges.

Figure 3. Hands IR images before and after segmentation

from the background.

The advantages of using IR camera compared with RGB
camera is the possibility to capture objects close to the camera
using the returned intensity, in our case we capture hand visuals
effectively. However there is a resulting noise from the
background. We apply a nonlinear filtering function on the
captured images, this function removes the pixels which color
intensity are below a certain threshold. The results of applying
the filter can be seen in Figure 3.

2.3 Hands Presentation

2.3.1 Presenting to User

The processed hands are used locally in the user side by
superimposing them over the remote visuals of the robot side.
By doing this, the user stays aware of his body though there is
no physical representation in the remote side. Also, since the
hands are image-based captured from his FPV, the user knows
that the presented hands are his own. Figure 4 shows what the
user sees when he uses his hands.

Rewd | ng\."}F\
:, :n\ Projected Hands
A b 8 In Remote Place

% Qy a1

lNQ FPV Superimposed
: Hands
m

Figure 4. User’s hands being super imposed locally




2.3.2 Presenting to remote participants

User hand images are streamed remotely to robot side, and
are projected from robot’s point of view using a pico projector
mounted on its head. Due to the displacement between the
projector and the eyes, a calibration step is required for the
projector/camera, more details will follow.

Those hands are aligned with user hands position and motion,
and allows the remote participants to see the gesture of his
hands. Figure 5 shows the hands being projected on a trivial
surface, where user hand gesture can be seen remotely

Figure 5. User hands being projected on remote objects

2.4 Projector Calibration

Due to the displacement between the projector position and
the camera position in the robot side, and the difference
between both fields of view, the projection of the hands directly
will result mismatch scale and position when observed by the
operator from the FPV. Thus it is necessary to measure this
displacement and scale by calibrating the projector with respect
to one of the cameras.

The goal of the calibration process is to determine the amount
of displacement (dx,dy) between the projected image and
camera’s captured region. Also to extract the relative scale
between the projected image and the field of view of the camera
(Rw,Rh). This process is done at a projection distance (D).

Figure 6 shows an illustration of the top and side views of
calibration setup. The parameters (Wp,Hp), (Wc,Hc) represents
the size of projection and capture for the projector and the
camera respectively. An automated process is done to extract
those parameters by projecting a chessboard image into a
specific distance (D) which is set to 100 cm as representation of
hands reach. The relative scale of the projected images (Rw,Rh)
is calculated as the ratio between (Wp,Hp) and (Wc,Hc). This
ratio is used as a cropping factor for the projected hands, and
the displacement (dx,dy) is used to shift the cropping region of
hands images.

This calibration gives matching results for images projected
at the calibrated distance (D). However it is affected when the
images are projected at different plane, resulting mismatching
size and shift of hands position. To improve the results, a depth
sensor is necessary to be used to calibrate the projected images.
For our application, with projections within the range D + 50cm,
no significance distortion and misalignment of the projected
hands was observed.
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Top View Side View

Camera
Camera

ijen:tcr'

Plojector:

Figure 6. Top/Side views of camera/projector FoV and
projection size

3. User Study
3.1 Experiment setup:

To evaluate the effectiveness of using virtual embodiment
method, we conducted a study using the proposed system. Our
hypothesis for this study was:

Ho: The addition of the virtual hands will increase the sense
of presence the user in the remote place, and makes the
experience more engaging.

The experiment was conducted in living room like, which the
room contained several colorful objects and set of chairs and
tables. This setup reflects the intended application of the system,
which is adapting telexistence systems into our daily life. The
user sits in a separate room that is isolated from the one that the
robot moves in. In operator’s room, a camera is installed to
capture their behavior during the experiment, and the videos are
used later for analyze purpose only.

3.2 Experiment Procedure:

Basic data are acquired from each participant about their
physical and psychological state before starting the experiment.
After that, each participant is asked to operate the system for
five minutes in order to get used to operating the motion of the
robot in the remote place. The participant experiences the
mobility and head motion of the system during this step.

The experiment has two conditions to evaluate the system:
Condition 1: No hands are being displayed to the user.
Condition 2: Hands are provided to the user.

After each condition, set of questions were asked based on a
previous study about measuring the presence in virtual
environment [7]. The questions are summarized in Table 1.

The experiment is conducted for 20 minutes per participant,
including the five minutes training. Each participant was
instructed briefly how to operate the system. And asked during
each condition to try to grasp objects in remote place, as an
indirect instruction to use their hands.

To avoid any bias in the evaluation, the users were randomly
divided into two groups: GroupA and GroupB, and the order of
the conditions was different for each group.



Table 1. Set of questions after each condition

Questions

How natural the interaction was?

Level of presence for your body?

Level of involvement?

How much disturbed or confused did you feel?

3.3 Results:

Ten first time users participated (8 Males, 2 Females) in this
experiment with age ranged between 22 and 32 years (Mean: 26
— SD: 3.6). 3 out of the 10 participants reported before the
experiment that they have stereo sickness in general (unable to
see 3D digital contents).

Result data from both groups is summarized in Figure 7. It
can be seen that adding the hands has decreased the level of
confusion for the participants, and increased the sense of being
bodily present in the remote place.

 No Hands

E With Hands

Natural
Interaction

Disturbed or
confuesed

Body presence Involvement
level

Figure 7. Results of the evaluation

3.4 Discussion:

On one hand, participants of GroupA showed higher level
toward the natural interaction and body presence compared with
GroupB. GroupA was mainly affected by phase 3 (with hands)
after experiencing phase 2 (no hands) which explains the higher
results in the answers. On the other hand, GroupB participants
showed less involvement and higher level of confusion and
disturbance compared with GroupA because the hands were
removed. Some participants of GroupB expressed that they “felt
as a part of their body is being missing”.

4. Conclusion

In this paper, an image-based approach was used to provide
mutual visual information of operator hands in Telexistence
robots. The hands are captured from the user side using an IR
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camera mounted on his HMD, and then superimposed on the
remote images inside user’s FPV. Those hands are also
streamed to the robot side and projected using a pico projector
mounted on the head of the robot. The experiment was
evaluated via a user study, and it showed an increment in the
sense of presence for the participants when they can see their
own body remotely. Using this method, it is possible for the
participants to understand where the user is pointing at or what
the user is intended to do with his hands in the remote
environment.

Acknowledgement

This work was supported by JSPS KAKENHI
#26240030

Grant

References

[1] Jonathan Benthall, and Ted Polhemus. “The body as a
medium of expression”. 1976.

[2] Daniel Leithinger, Sean Follmer, Alex Olwal, and Hiroshi
Ishii. "Physical telepresence: shape capture and display for
embodied, computer-mediated remote collaboration.”
In Proceedings of the 27th annual ACM symposium on User
interface software and technology, pp. 461-470. ACM, 2014.

[3] Charith Lasantha Fernando, Masahiro Furukawa, Tadatoshi

Kurogi, Sho Kamuro, Katsunari Sato, Kouta Minamizawa,

and Susumu Tachi. "Design of TELESAR V for transferring

bodily consciousness in telexistence.” In Intelligent Robots
and Systems (IROS), 2012 IEEE/RSJ

Conference on, pp. 5112-5118. IEEE, 2012.

Hiroshi

seamless medium for shared drawing and conversation with

International

[4

—_

Ishii, and Minoru Kobayashi. "Clearboard: A

eye contact." In Proceedings of the SIGCHI conference on
Human factors in computing systems, pp. 525-532. ACM,
1992.

[5] Andreas Kunz, Thomas Nescher, and Martin Kuchler.
"Collaboard: a novel interactive electronic whiteboard for
remote collaboration with people on content." Cyberworlds
(CW), 2010 International Conference on. IEEE, 2010.

[6] Mhd Yamen Saraiji, Charith Lasantha Fernando, Yusuke

Mizushina, Youichi Kamiyama, Kouta Minamizawa, and

Susumu Tachi. "Enforced telexistence: teleoperating using

photorealistic virtual body and haptic feedback.” In

SIGGRAPH Asia 2014 Emerging Technologies, p. 7. ACM,

2014.

[7] Bob G. Witmer, and Michael J. Singer. "Measuring presence

in virtual environments: A presence questionnaire."
Presence: Teleoperators and virtual environments 7, no. 3 pp.

225-240, 1998.



HARN—F¥)LYT ) T4FESWEHE VREBH4E  Vol.20, No. TXO1
%6 BTFLAYT SRV AHRS

©2015 by the Virtual Reality Society of Japan ( VRSJ )

ATHE AARAN—F L) 7 U T (%
T113-0033 HUFER S XAYS 2-28-3 LBk /L 301
TEL 03-5840-8777,/FAX 03-5840-8766

e-mail office@vrsj.org
The Virtual Reality Society of Japan

Yamakoshi Bld. #301, 2-28-3 Hongo, Bunkyo-ku,
Tokyo, 113-0033 Japan

ERIEWTHRE. - dnil




	表紙 - コピー
	表紙 - コピー
	目次
	all
	TX01-1
	TX01-2
	TX01-3
	TX01-4
	Chang Ming, Hiroyuki Iizuka, Yasushi Naruse, Masahiro Furukawa, Hideyuki Ando and Taro Maeda
	謝辞
	本研究は総務省戦略的情報通信研究開発推進制度（SCOPE）により行われた．
	参考文献

	TX01-5
	MHD Yamen Saraiji 1), Charith Lasantha Fernando1), Kouta Minamizawa1) and Susumu Tachi2)
	1. Introduction
	2. System Implementation
	2.1 System overview
	2.2 Hands Capturing and Segmentation
	2.3 Hands Presentation
	2.3.1 Presenting to User
	2.3.2 Presenting to remote participants
	2.4 Projector Calibration
	3. User Study
	3.1 Experiment setup:
	3.2 Experiment Procedure:
	3.3 Results:
	3.4 Discussion:
	4. Conclusion
	Acknowledgement
	References





