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Abstract: TELESAR VI (TELExistence Surrogate Anthropomorphic Robot VI) is a newly developed
telexistence platform for the ACCEL Embodied Media Project. It was designed and implemented with a full

body mechanically unconstrained master cockpit and a 67 degrees-of-freedom (DOF) anthropomorphic slave

robot. The system provides a full-body experience of our extended “body schema,” which allows a human to

maintain up-to-date representation in space of the positions of his/her various body parts, including his/her

head, torso, arms, hands, and legs.
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Fig. 1 General Plan of Haptic Media Project
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Study on Telexistence XCVII: Full-body Master-slave Control of 67DoF Telexistence Robot including Five-finger
Robot Hand and Leg Mechanism

Lz Y,
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Yasuyuki INOUE, Fumihiro KATO and Susumu TACHI

D) HRRT milit

ARG WIS
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Abstract: A telexistence robot which has human-resemble body structure and works under master-slave control

can reproduce human’s complex body movements for performing many kinds of teleoperation like a real human.
In this peper, a full-body robot control system for the latest model of the telexistence robot “TELESAR VI” is

shown. One of the main features of this robot control system is that the five-finger robot hand is precisely

controlled by using newly developped finger measurement system. Also, this control system manages a pair of

6-DoF leg mechanism which can copy the leg posture of the robot’s operator sitting on a chair. Owing to these

features, the opeartor can achieve fine manual operation as if the robot hand were own, and the appearance of

robot’s body such as arms, hands and legs synchronizing with own body is expected to bring whole-body transfer

of bodily consiousness.

Key Words: Telexistence, robot hand, master-slave control, presice hand manipulation
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Study on Telexistence XCVIII - Haptic Primary Colors Sensing System for TELESAR VI

TEESEE D, Rz Y, Y
Fumihiro KATO, Yasuyuki INOUE, and Susumu TACHI

1) BORRY mlith i ot e

(T 113 BRSO XA 7-3-1,

{fumihiro.kato,

y-inoue, tachi}@tachilab.org)

Abstract: We propose a tactile measurement system based on the tactile primaries (HPC) of TELESAR

VI. We have developed a finger tactile sensor that incorporates sensors that measure three physical

quantities: force, vibration, and temperature. We also developed five fingers for both hands. These
tactile measurement data can be taken into the PC through the tactile mother board mounted on the
back of the hand and transmitted to the master glove to display haptic. The fingertips consisted of a
hard base bone such as the phalanx and a flexible surface material to make it easier to grasp the object,

so that the master operator are able to respond to fine manual work.

Key Words: haptic primary colors, tactile, telexistence, humanoid robot
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Study on Telexistence XCIX Haptic Master Glove for TELESAR VI

IEESEE D, Rz Y, Y
Fumihiro KATO, Yasuyuki INOUE, and Susumu TACHI
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{fumihiro.kato,

(T 113 BRSSO XA 7-3-1,
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y-inoue, tachi}@tachilab.org)

Abstract: We propose a haptic master glove for TELESAR VI operation. The force was presented
without the conventional sticky gel pad, and the fingertip was pinched by a thread drive to enable the

presentation of a deep sense to the finger. A master glove that can present continuous force from the

force of the tactile area to the to the deep sensation was constructed. The haptic master glove was

synthesized with the finger position / posture sensing system. In addition, it was shown that tactile

presentation corresponding to the tactile primary colors is possible by combining with the tactile

(vibration / temperature) presentation module.

Key Words: haptic display, haptic primary colors, humanoid robot, telexistence
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Study on Telexistence C:

A Telediagnosis Platform based on Telexistence:

Investigation of the Roles of Presence and Tactile

Information in Telemedicine

Junkai Fu", Fumihiro Kato® , Yasuyuki Inoue?, Susumu Tachi ?
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This paper proposes a telediagnosis system that allows medical staff to examine remote

patients through telexistence robot system with tactile sensor/display. The system consists of three

components, an audio-visual telexistence system for telecommunication, a skin-like tactile display

equipped with thermal and heartbeat display devices, and body temperature and heartbeat

measurement equipment. In comparison with conventional telephone and videophone, this VR

system is expected to allow the medical staff to examine the patient more carefully as if he or she is

observing the patient face to face. To test this, 10 medical doctors and 2 nurses evaluated this system.

According to the results, the influence and effect of telexistence and tactile display on telediagnosis

are discussed. Also, the feasibility of the system for improving the reality of telediagnosis is verified

and discussed.

Keywords : Teledignosis, Telexistence, Haptics, Mixed reality

1. Introduction

In recent years many countries have come into an aging society.

The cost for the elder to have a diagnosis always spends a lot no
matter the time or money on the trip. Hence the health care
targeted at the aged is an urgent matter. Telemedicine is suitable
to do this. Traditional telemedicine concentrates on using
information technology such as audio, video to provide medical
diagnosis and other treatment from professional doctor to the
patient. It can reduce the cost of medical treatment and the risk
of cross-infection for infectious diseases. However, the
conventional telemedicine system through IT systems such as
videophone is not an efficient way, which limits the transmitted
information for a doctor to diagnosis. By using telexistence, this
research is devoted to enhancing the communication between
doctor and patient and narrow the gap like in the same room. By
using a surrogate that can simulate the patient’s pulse and
temperature, the doctor's side will feel like palpating directly.
2. Telemedicine System

Combining virtual reality (VR) with health care has been
proposed for decades of years. Early surveys reported that
research using virtual reality to do surgery, medical education

can go back to the 1990s[1].
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With the development of VR/AR/MR, more and more
applications and research in telemedicine emerged. Telepresence
surgery has already commercialized for many years. Also, due to
the high accuracy, this kind of surgery system such as the da
Vinci telerobotic surgical system, has been increasingly used[2].
Moreover, palpation based on VR simulation has also been
proposed. Timothy et al. use artificial force to simulate the
feeling of human skin and apply the system into the palpation
and insertion training[3]. To achieve telemedicine, a robot own
partial function as a human is also a viable way. Garingo et al.
apply a mobile robot into neonatal intensive care to help people
from a distance[4].

This research targets the daily diagnosis, which is before the
confirmation of the disease and surgery. The frequency may be
very high and last for a long time. To makes the palpation
between people in different places possible, we propose a
telediagnosis system with a tactile display. We hope this tactile
display can be used in diagnosing a difficult illness, which cannot
be determined without touch and some illness transferred into
data in number is obscure to understand, but once being touched,
these symptoms can be easily judged. In this way, the system
shortens the distance between the patient’s home and medical



institution. There is no need for the aged to stay at the hospital
every day. With this, he/she can accomplish a diagnosis just at
home.

For that purpose, we choose a surrogate robot and use a
surrogate arm to achieve the system. The system must follow
these principles[5]. It must be real-time to ensure communication
quality. A doctor can see, hear, and touch the patient to judge the
condition, and able to see his body in the virtual space to ensure
immersion and make interaction. We choose pulse and
temperature to measure from the patient and reproduce to the
doctor precisely and realistically because it is comfortable for
reproduce but always essential in all the diagnosis. If this idea
works, the more bio-signal can be added to the system to enlarge
its usability.

The human’s regular pulse is between 60~120 bpm. The
disease may cause the heart rate beyond the range. For example,
paroxysmal supraventricular tachycardia (PSVT) is the most
common symptom of tachycardia. The pulse can reach 140~180
bpm. Besides, the temperature and pulse are in positive
correlation. Usually, pulse increases by 10 bpm when the
temperature rises by 0.5°C. Therefore, in response to possible
occasions, we need to set the reproducing pulse range between
40~200 bpm on the surrogate arm to simulate arrhythmia.

3. System Design & Implementation

The system consists of two parts. One is the patient-side, the

other is the doctor-side.
Patient-side: The patient is supposed to wear a glove with
sensors and sit in front of a 6 DOF robot. With the sensors
embedded in the robot and glove, the audio-video information
and bio-signal of the patient are recorded and transmitted to the
doctor-side. This part is made up of two components: (1) A
doctor-surrogate robot is supposed to perceive the surrounding’s
information including the patient’s appearance, voice, and

replicate the voice and gestures recorded from the doctor-side. (2)

Sensors on the glove measure the pulse and temperature of the
patient. The sensor data are stored and processed in a micro
control unit (MCU), and then the bio-signal information is
transmitted to the doctor-side.

Doctor-side: The doctor wears a Head-mounted display (HMD)
connected to the surrogate robot in the patient-side, which
reconstruct the surrounding of the patient’s room. Also, the HMD
is equipped with a stereo camera for achieving video-seethrough;
that is, the doctor can recognize his/her own hands overlapping
in the image of the patient-side. The doctor-side’s image except
for the hands is eliminated by using chroma key screens in a
Unity project. This method realizes the mixed reality.
Furthermore, a patient surrogate arm equipped with many
devices is placed in front of the doctor to reproduce the bio-signal
information of the patient. Owing to the system, it is expected
that the doctor can feel as if he/she were diagnosing the patients

face to face.

‘ Surrogate robot

Chroma key screen

L

Surrogate Arm |

Figure 1: System schematic diagram

3.1 Audio-video Reproduction
3.1.1 Surrogate robot at patient’'side
The robot (RT-Telbee) used in patient-side equipped with a

stereo camera, a binaural microphone, and a speaker, making

Patient-side Doctor-side
RT-Telbee
i ) Hand position
3DoF neck Video/Audio + Stereo camera
3DoF body Video/Audio
. > - PC — Oculus rift ——— .
Microphone | Audio/Movement Audio/Movement
Speaker
Stereo camera Surrogate arm
T | eses2  [PYSe | servomotor
Pulse
\ Thermistor T t cool . | Peltier element
' - ESP32 T |
Pulsesensor | pulse hot | Heater
T Thermistor
Figure 2 : System data diagram
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itself able to communicate like a human. It also has a 6-DOF
mechanical system, which allows the doctor-side connects it with
an HMD (Oculus Rift CV2, Facebook Technologies, LLC)[6] to

control its movement.
Stereo camera
6 DOF head

Figure 3: Construction of 6 DOF robot RT-Telbee

3.1.2 Mixed reality at doctor-side

To increase the realistic feeling and maintain the presence of
the doctor-side, we attached a stereo camera on the HMD and
extract the doctor’s hand from the surrounds in the local by
using chroma key composing. The doctor is able to see his hand
while wearing the HMD, and the hand is overlapped with the
background transmitted from the patient-side. Because the
HMD is tracking by sensors and connected with the surrogate
robot at the patient-side, while he moves, the vision in the
HMD will also change like figure 4.

Figure 4: MR environment in the HMD

3.2 Bio-signal reproduction
3.2.1 Detecting glove
Patient-side uses a glove equipped with a pulse sensor

(PulseSensor, World Famous Electronics llc.)[7], A negative
temperature coefficient (NTC) thermistor (56A1002-C3, Alpha
Sensors, Inc.) and an MCU (ESP32-WROOM-32D, Espressif

Systems Pte. Ltd) to detect the pulse and temperature.

Figure 5: Bio-signal detecting glove

3.2.2 Surrogate for reproduction

Doctor-side receives the bio-signal and reproduces the pulse
and temperature on a surrogate arm like figure 6. Under the
artificial skin(a mixture of silicone and Al.O3 powder), there are
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a heater and flexible tube to generate heat and pulse.

Touchable area

p— :
SA—
Rubber
tube 2
P
AT

Generate pulse

Figure 6: Mechanism of the reproduction system
But we found the surrogate in what kind of shape does not
matter, so we developed a smaller one with a cooling module to
replace the surrogate arm like figure 7. A heater cooperates with
a Peltier element to keep the temperature the same with the
patient. A mechanical crank system is responsible for applying
pressure to the liquid in the tube to imitate the pulse.

[Film heater

Peltier element

Heat sink & fan

Tube }

Figure 7: New surrogate with a cooling module

Temperature: 3
= Q20 .

Figure 8: System in two sides (upper) and the view from the
doctor/patient (below)

4. Experiment

To test this telediagnosis system is useful or not. More
specifically, compared to the traditional telediagnosis system,
this system can provide a better reality or not. Can the tactile
display bring more clues and do benefits to the telediagnosis. We
did an experiment with 12 medical experts. The participants were
required to make a complete diagnosis like a real medical
examination by using this VR system and the traditional
videophone separately. The procedure is almost the same except
for that in the videophone method; there is no palpation on a
tactile display.

After the experience, they are asked to answer two



questionnaires to evaluate the system. At last, we had an
interview to listen to their comments.
5. Results

After using each system (VR and videophone), there four
questions as follows:

Q1. I felt as if I were actually in the room where the patient is in.

Q2. I felt as if the patient were actually in front of me.

Q3. I felt as if the medical examination was actually performed.

Q4. I felt tense while performing a medical examination.

The score is shown as follows:

Evaluation of User Experience (N=12)

p=13 (NS) p=.022*

p=042*

r
© ok

lSeIf

p=.023*

.
-

Average Score

Patient’s Reality of Tense of
0.5 - - - -
Presence Presence Examination Examination
H Skype mVR

Figure 9 : Evaluation of User Experience

From figure 9, we can see that the scores for the VR system
were significantly better than the videophone system except for
the Q2 “patient’s presence.” We had an interview after the
experiment and know that they are particularly dissatisfied with
the image quality. Compared to the video in skype, the image
quality in HMD is very poor. The patient’s image isn’t clear
enough, so the patient’s presence will also be damaged. The Q3
shows a positive overall judgment. It means that, by using VR
system, the participants could have a more realistic feel for the
examination. Finally. for Q4, the VR telediagnosis brings more
tension. As our thought, it means the experts treat it more
seriously and more like the actual diagnosis.

After all the experiments, they were required to answer about
the impression of the VR diagnosis system.

Table 1: Answer of questionaire2

YES NO
Ql: Have you ever experienced another | 1 11
telemedicine system?
Q2.1: If Q1 is “YES,” do you think the VR system | 1 0
is more real?
Q2.2: If Q1 is “NO,” do you think the VR system | 10 1
is real?
Q3: Do you think VR experience is useful for the | 12 0
examination?
Q4: Do you think the tactile display is useful for | 10 1
the examination?
Q5: Do you want to use a VR telediagnosis | 11 1
system?

The results are shown in tablel. Most of them agreed that this
VR system is presented with a realistic experience like an actual
examination. Furthermore, all of them agreed that the VR system
and the tactile display is useful while performing a clinical
examination. But after the interview, they also said a lot about
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the system defects, such as image quality, and the limitation to
determine disease just by pulse and temperature.
6. Conclusion

In our research, we proposed a telediagnosis system based on
Telexistence. This system contains a surrogate robot and a tactile
display. By using this system, the medical staff can palpate the
patient like face to face. Then, we did an experiment to compare
this system with the traditional telediagnosis system. This
telediagnosis system performed a better ability in diagnosis,
according to the medical experts. But there are also many defects
that need to be improved. In the future, the most urgent need is
to improve image quality. Secondly, the tactile display should
provide more information such as blood pressure or other bio-
signal to enhance its usability. And versatility should also be
considered, other parts like neck or foot also can be developed in
the tactile display. Finally, due to the high reality, this system also
can be used in medical training to improve the practical skills of

medical staff.
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Abstract :

Fusion is a novel Telexistence system that enables shared body frame for mutual

collaboration and tasks sharing. Fusion enables upper body sharing over a remotely operated

wearable system, allowing one person “Operator” to dive into someone’s else body “Surrogate”.

The system extends the limbs mobility and actions of the operator using two robotic arms mounted

on the surrogate body. These arms can be used independently of the surrogate arms for collaborative

scenarios or can be mounted as exoskeleton to surrogate’s arms to be used in remote body assisting

or as motion guidance. Using Fusion, we realize three levels of bodily driven communication: Direct,

Enforced, and Induced. We demonstrate through this system the possibilities of truly embodying

and transferring our body actions from one person to another, realizing on body communication.

Key Words:

1. Introduction

In collaborative and cooperative tasks, effective com-
munication plays an important role in bridging the skills
and knowledge between multiple people. Wearable telep-
resence systems enables remote communication between
two or more remote parties to gain awareness of a single
space, and a shared perspective for collaboration. During
our daily communication with others, we rely on direct
communications, such as verbal and body language, to
express the internal thoughts and experiences. Telexis-
tence and Telepresence systems addressed remote collab-
oration and mediating one person’s actions to another
via several approaches, such as head-mounted displays
[1], body image projection [9], and wearable omni di-
rectional cameras [12]. Such approaches enable remote
activities: e.g. touring for mobility impaired people [3]
or sharing experiences in outdoor activities [2].

In scenarios which involve motor skills learning and
body postural adjustment (e.g. dancing), a trainer would
adjust physical the postural of the trainee by enforcing
his body to the correct posture. Also, the trainer might
guide the body movement by inducing forces to direct the
trainee to follow a certain route or sequence of actions.
These three levels of communications: Directed, Enforced

and Induced are bodily driven, which means they require
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the active involvement of body actions to communicate
our intentions. In remote situations, such collaborative
tasks become more challenging due to the lack of means
to represent our body actions.

In this research, we present “Fusion”, a novel wear-
able system that can be used to achieve full body sur-
rogacy, producing effective body driven communications.
Fusion enables two people to share the same point of view
with the capacity to reproduce body motion of an opera-
tor into the surrogate, enabling the operator to effectively
communicate and collaborate remotely. Figure 1 shows

the three levels of communication achieved using Fusion.

2. Related Work

A body of work has explored the use of shared the
same point of view of other people for the purpose of re-
mote collaboration. [4] realized the concept of Jacking
In' into someone else’s point of view using a mounted
omnidirectional camera, allowing others to access one’s
visual feed and used verbal communication for collabo-
ration. [5] uses a similar concept, but also adding the
ability to share non-verbal cues in communication us-

ing Mixed Reality visual feedback. Such systems provide

I Referring to the term used by William Gibson’s in “Neu-

romancer” .



lightweight solutions for direct communication, however,
they do not provide body driven actions towards the re-
mote user. Body action synchronization and matching
systems were also proposed to enable muscle control and
mapping, such as [7]. Although Electro Muscle Stimula-
tion (EMS) based solutions are promising for motor skills
learning and control, however, they still lack the ability
to produce continues motion trajectory. Also, such so-
lutions are not suitable for long use due to the fatigue
caused to the muscles.

In this work, Fusion, we addressed the previous limi-
tations, while maintaining a high level of portability and
accessibility of shared actions for remote collaboration
and effective body communication. We also derive from
supernumerary robotic limbs research body [10, 8] in the

concept design of the system.

3. Fusion Overview

Fusion, as shown in Figure 2, consists of an opera-
tor and a surrogate that are spatially separated. The
operator uses off-the-shelf HMD enabling him to access
surrogate body.

The proposed system enables three levels of commu-

nication as shown in Figure 1 and described as follow:

e (A) Direct Actions: The arms are independently
controlled by the operator without linkage to the
surrogate arms. This level is aimed for collabora-

tive aspect at which co-working is needed.

¢ (B) Enforced Posture: Fusion arms are mounted
as an exoskeleton to the surrogate arms, forcing his
arms posture. We target in this level to embodied-
communication aspect and muscle motion transfer.
Also, it may have applications relevant to physical

rehabilitation and remote therapy.

e (C) Induced Motion: This level allows the oper-
ator to induce motion in the direction of the arms.
Here the arms are also mounted as exoskeleton, but
since their length is longer than the surrogate, it
induces pulling perception on the wrists. We ex-
perimented both to direct the walking of the sur-

rogate, as well as the direction changes.

The surrogate mounts a backpack that consists of
three axes robotic head with stereo vision and binau-
ral audio, and two anthropomorphic robotic arms (Seven
Degrees of Freedom) with removable hands shown in Fig-
ure 1(D). As shown in the figure, the robotic head is
placed on the shoulder of the surrogate user, on the same
eye level. We considered to use a head mounted camera

system similar to [4] however since it is important to

Exoskeleton
Drive

Induced i
Motion :

Figure 1: “Fusion” used as a wearable Telexis-
tence system for embodied and physical commu-
nication. (A-C) Three levels of communication
are realized: (A) Direct Actions, (B) Enforced
Postures, and (C) Induced Motion (blue arrows
represent the induced motion).

(D) End effector can be either a humanoid hand

or exoskeleton mount
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perceive feedback.

maintain stereoscopic vision, an anthropomorphic head
design was required. The design of the head and the
Telexistence system is based on previous work, Telexis-
tence Toolkit [6]. Due to the shift of the head position to
the side, the hands were shifted accordingly to maintain
eye to hand mapping. Thus the hands are not perfectly
centered, but rather shifted 30cm to the right side.

The system is mobile, allowing the surrogate to freely
move and walk while wearing the backpack, enabling out-
door applications. The overall weight of the system with-
out a battery is 10k.g, with a Li-ion battery is 12k.g which
let the system to operate for an average of 2 hours con-
tinuously. The system operates over the network, and is
designed with low latency communication. The end-to-
end stereoscopic visual feedback latency does not exceed
100ms for stream of 1280x720@Q60FPS per eye.

Figure 3: An example of co-working on the same

task between surrogate and remote operator (pic-
ture from United Nations AI for Good Summit

2019).
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»

2: Fusion system overview, an operator (left) can access a surrogate (right) to control and

As the system is wearable, the remote operator may
feel motion sickness due undesired motions and move-
ments caused by the surrogate user. To address this issue,
the 3 DoF head is implemented with active stabilization

on the pitch and roll axis, and a damped yaw axis.

4. Discussion

Although Fusion was not formally evaluated whether
it enhanced the quality of collaboration, or the skill trans-
fer aspect, however it was publicly exhibited at various
venues such as SIGGRAPH 2018 [11], Amazon MARS
2019, United Nations Al for Good Summit 2019, and sev-
eral public open-lab events. Operators ages were ranged
from 13-year-old up to 70-year-old from both genders.

Our empirical use of Fusion showed the effectiveness
of sharing the working space and that remote operators
were able to co-work with surrogate users for simple tasks
and operations Figure 3. The remote operators did not
require training to operate the system, and were capable
to do pointing, grasping, waving, and handshaking within
5 minutes of operation. One drawback of the operation
is the use of VR controllers instead of dataglove system,
which was not very intuitive for some users.

Fusion was also tested as exoskeleton mode for En-
forced Postures. Users had to relax their muscles in order
to effectively drive their posture. Several remote opera-
tors reported that when they look at their hand (which
as the surrogate hands in respect), they feel as their body
was substituted. This is due to the correlated motions
between the surrogate and operator’s body. This could
be interesting approach for understanding how to be in

someone else s body.



5. Conclusion

In this work, we proposed a body sharing platform
named “Fusion” to allow two participants to share the
same point of view and collaborate together designed in a
shape of a backpack. With two anthropomorphic robotic
arms, the remote operator can co-work with the surro-
gate wearing the robot, or the robot can be mounted as
exoskeleton on the surrogate arms. Depending on how
the backpack robotic arms are used, the system would
enable three types of communications between the opera-
tor and the surrogate: Direct Actions, Enforced Posture,

and Induced Motions.
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