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Abstract: We have achieved full upper body telexistence experience with highest control fidelity in a

teleoperation through visual, auditory, fingertip haptic and kinesthetic sensation provided to the operator.

However to feel the remote existence over time, operators body schema and robot’s body schemas unity is

important. In this paper, we report important design considerations of designing a master-slave system that

transfers human body schema in Telexistence. With this design considerations we developed “TELESAR V”

where user can experience the sensation of transferring body schema in full upper body through visual,

fingertip haptic and kinesthetic sensation while performing remote tasks using head, arm and hand.

Furthermore the effective of this implementation has been evaluated through several experiments.

Key Words: Telexistence, Haptic Telexistence, Body Schema, Robotics, Kinematics

1. INTRODUCTION

Humans experience their presence, which is known as the
sense of being at some place everyday. Human brain and senses
provide this experience of presence in terms of actuation and
sensations like colors, sounds, movement, texture, feelings etc.
However until recently humans only experience the actual
presence, but the concept of virtual presence has developed over
the past decade to be considered by many researchers as the
essence of any experience in a virtual environments. Advanced
human-centered virtual reality interactions would provide users
with a sense of being there, close to if not equivalent to the
experience of actual presence.

As one of the advanced virtual reality technologies,
Telexistence enables a human to have a real-time sensation of
being somewhere else and to interact remotely with real or
virtual environments [1]. Telexistence in real world experience
was shown in 1988, an exoskeleton type master-slave system
called TELESAR I [2]; 2005, a mutual telexistence master-slave
system called TELESAR II [3]. These multi-DOF systems have
human-like head, arm and hand movement and functionality to
perform conventional bi-directional verbal communication with
a remote participant as well as nonverbal gestures such as
handshaking. However, the operator needs training to perform

manipulation using these systems due to the difference

dynamics between once own body and the robot body.
Furthermore, it is difficult to perceive that the body that he sees
is his own due to the inconsistencies of the motion unity. As
shown in Fig.1, a user will be able to use his tiny finger
movements to perform precise manipulations, but when it
comes to use a remote robot for manipulation it needs lot of
training. In this paper, we discuss about how to overcome these
differences of dynamics and body perception through building

and transferring “Body Schema” to a remote robot.

Fig.1. TELESAR V, picking up a 3mm diameter stick

The “Body Schema” allow us to keep an up-to-date

representation of the positions of the different body parts in



space [4]. This can be further divided in to “postural schema” [5,
6], the awareness we have of our bodies position in space, and
“surface schema”, our capacity to locate stimuli on the surface
of the skin. These two functional elements used by humans to
understand and perform actions with the awareness of a body’s
position at any given moment.

Being able to perceive the hand, fingers that he sees, the head
that he moves he will understand that the hand that he sees is his
own. If the awareness is kept continuously throughout the
teleoperation, users will no need any rehearsal to perform tasks
remotely. He can use his muscle memories, previous memories
or even try things for the first time with confidence. Finally it
will be a new experience that he will not have gained in
teleoperations so far. This design has been applied in the latest
Telexistence work “TELESAR V”. [7, 8]

2. BODY SCHEMA
2.1 Modeling Body Schema

In order to build the body schema we have to maintain the
postural schema as well as surface schema. The postural schema
can be achieved if the robot body is moving exactly the same
way at every joint synchronized with the user. Surface schema
can be achieved by providing the same haptic sensation, which
the operator would expect during a teleoperation at the right
place of the body. Ideally to model the body schema, it is
necessary to consider the entire body. But this will be
impossible at today’s technology as not all the sensory can be

artificially created and reproduced on human body.

BODY SCHEMA

coherent relationship

‘\|||||||l||l,“

REMOTE
KINESTHESIA

Fig.2. Body Schema Transfer Model

However, if we define the required manipulation type, it is
possible to consider only that environment and model a body
schema transfer model. Body schema transfer model directly
associates with the sensory being used in the manipulation. For
Ex: As shown in Fig. 2, if the operator is viewing the
manipulation, visual-kinesthetic sensation has to be modeled.

This can be achieved by transferring the user kinesthesia to
the robot as joint movement, and the result of the remote

environment should be feedback to the user as visual sensation.

User will then perceive the Body Schema in his brain if the
coherent relationship between visual and kinesthetic being kept
along the time. This can be called as visual-kinesthetic temporal
unity. If the user does not need to see the entire operation, he
should see the body schema is same at a given time. This can be
called as visual-kinesthetic spatial unity. Thus a spatial and
temporal unity has to be kept between the sensations associated
with the manipulation task.

Let’s consider a typical remote manipulation task where the
user has to feel the sensation of body schema.

1.  Operator will be watching the operation from his eyes
where he can control the head, neck, spinal movements to
have greater visual feedback or move independently as he
wish to explore 3D space and perceive the same vision
sensation as he would experience naturally.

2. Operator should be able to move his arm and fingers for
object manipulation and at any given time, user should be
able to see his hand and forearm at space where exactly he
perceives his real hand through kinesthetic sensation.

3. Finally when he touches remote objects, he should be able
to perceive the same haptic sensation, as he would

experience naturally.

In above manipulation task 1, 2 belong to postural schema
and 2, 3 belong to surface schema. Let’s look at each schema

separately.

2.2 Postural Schema

Ideally to build the postural scheme for associated sensations,
we would have to model the respective posture. However, since
the operator does not see his body, upper arms or head it does
not matter how some parts move or the shape. For Ex: chest,
upper arms etc. Thus the postural model can be simplified as
below.

As shown in Fig. 3, the most important condition in a
teleoperation is to have the users to eye-target vector mapped to
slave robots eye-target (Tey k- Trarcer) all the time. This way
user will see the robot hand coordination same to your
kinesthesia. A robot being able to the torso at a 6 DOF and a
separate 3 DOF freedom in Head motion provides even more
great possibilities such as using natural spinal movements
(extension, flexion, lateral flexion, and axial rotation),
individual head rotations etc. With multiple body parts moving,
it is a challenge to keep the spatial and temporal unity w.r.t
operator’s kinesthesia. Thus a rule based set of priority driven
algorithms are used to model the posture as described below.

First, the users spinal vector (Tsp ) - Tsu () is calculated.
Then a secondary tracker keeps tracking the head motion of the
user and generates the users shoulder to head (Tsu ) - TevE @)

vector. Next, the users arms are tracked at the palm of each



hand. From this calculated user vectors head/eye position (Tgyg
@ - TTarGET (u)) Will be determined and robots eye will exactly
follow the users eye. Thus, any spinal or head movements that
the user does will reflect in the robot’s head and spinal
movements. This can result in slightly different spinal
movements due to robot size and dexterity. However the arms
are directly attached to the shoulders, thus a compensation is
necessary to correct the error generated by the shoulder. To
solve this issue, using the tracking data we real-time generate
the (Teye ¢ — Tsu () for the robot and shared with the arm

kinematics.

Ty T
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Fig.3. Postural Schema Model

Secondly, since the Tgyg ) - TrarceT () should be equal to
Teve i — Trarcer ), With the help of Tgyg ¢y — Tsu () required
robot vector Tsy ) — Trarcer ) is generated. This will input to
the arm kinematics. But there needs to be few more conditions
to feel the actual visual-kinesthetic effect. Thhe parts that user
can see forearm arm, wrist should be with the same posture of
the users’. Thus, Tgr - Twrist, Twrist - Tt arcer has to match
with the users and robots. In order to do this, we use the
remaining extra DOF of spine and upper arm to compensate for
any error.

In the above method explained for compensation, it is
important to nearly match the master torso and slave torso
posture. If the posture is different, due to the mechanical
limitations of joints, the level of dexterity will reduce and
resulting a very narrow space constrain to the operator. We
solve this issue by measuring the shoulder rotation (roll, pitch,

yaw) of master and model a close possible upper body match.

This method was really effective when the operator tries to
rotate his spine clockwise and counter clockwise. With this
setup, we have achieved a high level of dexterity and less
complexity in object manipulation.

Once the body posture is mapped, next most important task is
modeling grasping that is the most important feature in remote
manipulation. Even though the robot can reach the target
accurately, if it is not possible to grasp manipulations with
grasping cannot be done. Thumb, index finger and the
abduction is mostly used in grasping because they have the
highest Dexterity in human hand. It is very difficult to
implement the same dexterity in a robot hand due to the
complexity of the mechanics and the smaller size. Thus we
focus on increasing the Index, Thumb finger dexterity while
giving the ability to control the abduction. As shown in Fig. 4
(Right), we use a custom-designed 15 DOF human sized
anthropomorphic robot hand. It’s Thumb has 5 DOF, Index
finger 3, all other fingers 2 DOF, and the abduction. This gives
great flexibility to move fingers independently on the robot side

and grasp many objects.

Fig.4. Master Hand vs. 15 DOF Robot Hand Posture

However, capturing finger movements on the user side was
very the challenging part, as it has to be done with a non
mechanical constrained way to overcome the temporary
conflicts which might occur at visual and/or kinesthetic
sensation. After many considerations, we use an optical bend
based finger tracking system (5DT 14 Data Glove), which
captures each finger with 2 DOF accuracy and the abduction. In
addition it can track Thumb movements with 3 DOF accuracy.
Since, the dexterity is not enough to map to the slave robot, we
added 1 additional optical bend sensor and increase the
capturing accuracy. As shown in the Fig. 4 (Left), the Data
Glove is very small, wearable and lightweight, so that the user

do not feel any mechanical constrains.

2.3 Surface Schema

It is obvious that the ultimate requirement is to mimic the
exact human sensation. However todays’ technology isn’t
enough to produce same hand haptic sensation. But in a
teleoperation it is not necessary to have lot of feedback, but
what is important is to produce the same sensation that the user

would expect. For example, force sensation is very important



when the user picks objects, needs to handle delicate or fragile
objects. This also allows the user to understand the objects and
hard or soft by squeezing. Also when force is very minimum,
stroking, gentle touch, it is necessary to understand the tactile
sensation. With tactile feedback, user can understand if the
touched surface is rough or smooth. Finally thermal sensation is
necessary to understand the touched object is cold or hot.

Thus, In TELESAR V, this surface schema is build based on
the force, tactile and temperature sensations. More details of this
implementation have been discussed in previous papers. [8, 9,
10]. Remote robot contains the sensors to detect the force,
tactile and temperature information and that information is

reproduce using haptic displays on the operator’s fingertips.

3. BODY SCHEMA EXPERIENCE

In “TELESAR V” user can experience the combination of
postural and surface schema and experience the sensation of
transferring body schema in full upper body through visual,

fingertip haptic and kinesthetic sensation while performing

remote tasks using head, arm and hand.

Fig.5. Body Schema Experience

As shown in Fig. 5 the operator can mimic any gesture when
interacting with opponents as well as perform complex tasks
without even have to practice. The unique experience and
novelty has been demonstrated to general public several times
including internationally at Siggraph Emerging Technologies
2012.

ACKNOWLEDGEMENT
This project is supported by JST-CREST Haptic Media

Project.

REFERENCES

[1] S. Tachi, Telexistence. World Scientific, 2010.

[2] S. Tachi, H. Arai, and T. Maeda, “Tele-existence
master-slave
Proceedings. IROS '90. IEEFE Interna- tional Workshop on,
jul 1990, pp. 343 —348 vol.1.

[3] S. Tachi, H. Arai, and T. Maeda, “Tele-existence
master-slave
Proceedings. IROS '90. IEEE International Workshop on,
jul 1990, pp. 343 348 vol.1.

system for remote manipulation,” in

system for remote manipulation,” in

[4] Guiseppe Riva. From Communication to Presence:
Cognition, Emotions, and Culture Towards the Ultimate
Communicative Experience: Festschrift in Honor of Luigi
Anolli, volume 9. Ios PressInc, 2006.

[5] Henry Head and Gordon Holmes. Sensory disturbances
from cerebral lesions. Brain, 34(2-3):102-254, 1911.

[6] Giuseppe Vallar and Gilles Rode. Commentary on bonnier
p. lasch'ematie. rev neurol (paris) 1905; 13: 605-9.
Epilepsy and Behavior, 16(3):397, 2009.

[7] C. L. Fernando, M. Furukawa, T. Kurogi, K. Hirota, S.
Kamuro, K. Sato, K. Minamizawa, S. Tachi “TELESAR
V: TELExistence Surrogate Anthropomorphic Robot”, In
ACM SIGGRAPH 2012,
pp-23:1-23:2, Aug. 2012.

[8] C. L. Fernando, M. Furukawa, T. Kurogi, S. Kamuro, K.
Sato, K. Minamizawa, S. Tachi “Design of TELESAR V
for transferring bodily consciousness in telexistence”
Intelligent Robots and Systems (IROS), IEEE/RSJ
International Conference on Intelligent Robots and
Systems, pp.5112-5118, Oct. 2012.

[9]K. Sato, K. Minamizawa, N. Kawakami, and S. Tachi,
“Haptic telexistence,” in ACM SIGGRAPH 2007 emerging
technologies, ser. SIGGRAPH ’07. New York, NY, USA:
ACM, 2007.

[10] K. Minamizawa, S. Kamuro, S. Fukamachi, N. Kawakami,

Emerging Technologies,

and S. Tachi, “Ghostglove: haptic existence of the virtual
world,” in ACM SIGGRAPH 2008 new tech demos, ser.
SIGGRAPH ’08. New York, NY, USA: ACM, 2008, pp.
18:1-18:1.



\! &/

THE VIRTUAL REALITY SOCIETY OF JAPAN

F2ETLATORE VAR (2013F 7 A)

BEYEMERRCE T D IREFIFEZ AWM RTFE

A design method of vibration waveforms to present geometric surface shape while tracing a flat surface
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Abstract: An undulating sensation arises when the finger receives a vibration while tracing a flat surface. We

have developed nail-mounted tactile display by using this tactile illusion to present not only boundaries but

also several textures on a smooth surface. In order to expand the function of our display, we considered to

present geometric surface shape by vibration from nail while tracing. In this paper, we proposed and evaluated

a new design method of vibration waveforms based on perceptual quantity. Our experiments clarified the

validity of our method in exact presentation of geometric surface shape by verifying that it satisfies additivity.

Key Words: Nail-mounted tactile display, Active touch, Perceptual quantity, Weber-Fechner law
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Neural Decoding of Sensory and Perceptual Information from the human brain activity
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Abstract:

The human brain encodes sensory and perceptual information as patterns of neural activity. Neural decoding is

a technique to read out, or “decode,” sensory and perceptual information from the neural activity patterns.

Using this technique, we have succeeded in reconstructing visual images that a person sees from the brain

activity patterns measured by functional magnetic resonance imaging. The technique could be applied to

predict higher and complex perceptual contents. This article introduces the technical basics and recent

progresses of neural decoding technique, and discusses further application in the field of Telexistence.

Key Words: Sensation, Perception, Human brain, Neural decoding, functional magnetic resonance imaging
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Abstract : We propose a telepresence system with a real human face-shaped screen. This system

tracks the remote user’s face and extracts the head motion and the face image. The face-shaped

screen moves along three degree- of-freedom (DOF) by reflecting the user’s head gestures. We expect

this system can accurately convey the user’s non-verbal information in remote communication.

In the result, it could transmit the user’s gaze direction in the 3D space that was not correctly

transmitted by using a 2D screen, which is known as ”the Mona Lisa effect”. LiveMask solves the

Mona Lisa effect problem even when screen size is reduced.
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Substitutional Reality: As a Methodology to Smoothly Connect Real and Virtual Worlds
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Abstract: We developed Substitutional Reality (SR) System, an immersive human interface in which users
experience 1) real-time scenes happening in their surrounding environment and 2) pre-recorded ones in indistinguishable

manner. In this presentation we introduce various kinds of virtual scenes, in addition to pre-recorded ones.

Key Words: Panoramic Video Camera, Head mounted Display, Virtual Reality
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Development of the Mobile Tele-handshake Device Generating Realistic Sense of Touch
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Abstract: Cell-phones enabled people to enjoy voice and video chats at any time and any place. However,

audio-only communication has a problem in that social telepresence, which is the sense of resembling

face-to-face interaction, decreases. Furthermore, it is known that a small-size video of the conversational

partner decreases social telepresence. We thought that users would feel higher social telepresence if

cell-phones could reproduce body contact with their conversational partners. This paper shows the concept

and prototype of the mobile tele-handshake device, and the experimental design clarifying the factors

generating higher social telepresence of a conversational partner.

Key Words: Robot hand, handshake, haptic device, social telepresence
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Hyper-aged Society and Teleexistence Technology
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Abstract: In this paper we describe the importance of teleexistence technology in hyper-aged society, which

is one of the major issues that Japan is facing. Teleexistence technology has a capability to provide chances

engage into working society for senior citizens in the way that is suitable for their lifestyle after retirement.

We introduce teleexistence systems that are designed in accordance with application needs in potential fields.

Key Words: Hyper-aged society, Teleexistence, Telework, Human-Robot Interaction.
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