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Market forecast in the future of robot industry for 2035

Trillion yen (NEDO/METI  April 23. 2010) >
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Maintenance of facilities
Disaster response
Construction

Agriculture, forestry, fishery
Demining, etc

In 2035, the market can expand up to 9.7 trillion yen by dissemination of the robot technology in a

new field including the service.
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Trends of Robot Industry

e From Human-exclusive system (automation)
to Human-inclusive system (co-existing)
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RT for public services
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Robot Technology
Required in Disaster Prevention__anc_;l__ Response
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Operation Phases in Disaster Response

Prev./Prep. Phase 0 ' Phase 1 Phase 2 Phase 3
(RAXEL) (Ea R EH) u

Supervisory Control and Management

Inspection/Monitoring Information Collection/Investigation/Evacuation Guidance
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Until 24 hrs. Until 3 days Until a month/year | After a year



Remote Technology
for Decommissioning of NPS
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Accident of Fukushima Daiichi Nuclear Power Station

® Earthquake (14:47) Fukushima Daiichi Nuclear Power Station

® Loss of Power Supply

Seismic Center
® Activation of Emergency Diesel '

® Muclear plagts in Japan

Generator .'Hunleareme. ency situation” declargd
® SCRAM S
Stop Reactors o
® Tsunami Nortr Japan |\ ;
® Damage of Fuel Tanks and i \,n_ o\
Generators Korea  » *
: . LR =TT
® SBO (Station Black Out) (15:39) SRS : P
® Failure of Cooling System of Reactors East ‘o, ) Pacifi
and Fuel Storage Pool Sea :
® Loss of Cooling Water 7 e
® Melt down ’ N " Miles
® Hydrogen Explosion (Mar. 12-15, Unit Sotross: Tho Federaton of EocicPower
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Mid-and-long-Term Roadmap Summary
(TEPCO)

Present (Completion of Step 2) Within 2 Years Within 10 Years After 30-40 Years

Step 1, 2 > Phase 1 > Phase 2 > Phase 3 >

<Achieved Stable Conditions> | Period to the start of fuel removal Period to the start of fuel debris Period to the end of
from the spent fuel pool removal decommissioning
-Condition equivalentto cold | (Within 2 years) (Within 10 years) (After 30-40 years)
shutdown
-Commence the removal of fuels from | -Complete the fuel removal from the spent | -Complete the fuel debris removal

-Significant Suppression ; :
- “ the spent fuel pools (Unit 4 in 2 years) | fuel pools atall Units (in 20-25 years)

of Emissions
-Complete preparations for the removal of -Complete the decommission
fuel debris such as decontaminating the (in 30-40 years)
insides of the buildings, restoring the
PCVs and filling the PCVs with water
Then commence the removal of fuel |-Implement radioactive waste
debris (Target: within 10 years) processing and disposal

-Reduce the radiation impact due to
additional emissions from the whole
site and radioactive waste generated
after the accident (secondary waste
materials via water processing and
debris etc.) Thus maintain an effective
radiation dose of less than 1 mSv/yr at
the site boundaries caused by the
aforementioned.

-Continue stable reactor cooling

-Complete the processing of accumulated

water
-Maintain stable reactor cooling and
accumulated water processing and -Continue R&D on radioactive waste
improve their credibility. processing and disposal, and

commence R&D on the reactor

-Commence R&D and decontamination Tagilitzsdecammission

towards the removal of fuel debris

-Commence R&D of radioactive waste
processing and disposal

Actions towards systematic staff training and allocation, improving motivation, and securing worker
safety will be continuously implemented.




Needs (Tasks) for Remote Technology

e Water injection

e Removal and transportation of rubbles, fuels (including
fuel debris), and contaminated water, etc. (Cutting,
suction, handling)

e Investigation, measurement, and mapping (images,
radiation, etc.)

e Sampling (dust, contaminated water, concrete core, fuel
debris, etc.)

e Decontamination and Shielding

e Fixing of contaminated water leakages

e Handling, transportation, removal, setup of devices,
instruments, equipments, etc.

e Waste and contaminated water management

e Dismantling of facilities
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Remotely controlled Unmanned Construction System for Rubble Clearing-up
From Apr. 6, 2011 TEPCO
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Sampling of contaminated water
and setting up of water level gauge by Quince
from June 24, 2011




Investigation inside R/B unit 2 on Oct.20 by Quince
(TEPCO Oct. 21, 2011)
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Investigation of 1st-5t floor inside Unit 2 R/B
on Oct. 20, 2011 by Quince

LED Lhs Qurce Subcrawier
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Robots newly developed for Investigation of inside PCV
Two types of shape-changing, remote-controlled, crawler robots for investigation

Investigation of outside the pedestal (Unit 1)

Investigation of inside the pedestal (Unit 2)

‘Whenidriving v @0 0 C i ; During invesgigation
the narrow pares” " ._ "

Advancin
‘dir‘e?:ﬁ#é =

Rear camera /

Iighting-r',.--.-.

: 1 e A .. \"'\.
Dw Crawler
investigation

Front #&mera and lighting

thruster

Hanging camera
Light on extension rod
(Telescopic type)

Front

©International Research Institute for Nuclear Decommissioning



Arm Type Access Device

B An arm type access device has been produced, which can
access on a wide range through the penetration of the
primary containment vessel (X-6 penetration) for control
rods maintenance.

® Total length of the arm: Approx. 22m
® An investigation device up to 10kg can be loaded.

«©
ok Boom

Telescopic arm
Tilt mechanism

Two-axis joi

Mounted sensor at the tip of the arm *An alternative tool can be mounted.

Arm type access device

Olnternational Research Institute for Nuclear Decommissioning



Inspection of Social Infrastructure
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Bridge Inspection
e Drone (collaboration work Fujitsu,

Nagoya Inst. Tech., Hokkaido Univ.)
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Bridge Inspection

e Problem
— GNSS signal is unstable under bridges.
e Approach: Localization using camera images

— Estimate the drone pose (position and orientation) is
only by the mounted camera on drone

Ricoh Theta
(Wide FOV camera)
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Robot Localization

e Localization result only by using images of
spherical camera mounted on the drone
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Bridge Inspection
e Generate database of bridge inspection

alization resul\

éOl6 FUJITSU LIMITED
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Bird-eye View
e Robot visualization method using third person view

— Bird-eye view (third person view) are virtually created
from four fish-eye (wide FOV) cameras on the robot.

— We can easily understand the relation between the robot
and the surrounding environment only from one bird-eye

view image.
Create VIRTUAL Fish-eye Bird-eye
Fish- eye camera Bird-eye vi%w image ' ‘

Fish-eye camera

Robot Operator

-,
.vy. .‘
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Bird-eye View
e Real-time visualization from top view using
image processing technique.

e Peaan.
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Application to Unmanned Construction System

Front View Bird-eye View
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Teleoperation of Robot Using Bird-eye View

Third Person View Using Multiple Cameras
@ Robot visualization method using third person view without

external cameras
@ Bird-eye view (third person view) are virtually created from

multiple wide-FOV (fish-eye) cameras equipped on the robot

3D reconstruction of surrounding environment is required

Virtual camera

f Flsheye camera

Teleoperated robot Operator

Third-person view
from virtual camera

A2

Teleoperated robot Concept of proposed method



Teleoperation of Robot Using Bird-eye View

3D Reconstruction of Indoor Environment Using LRF
@ Using assumption that walls are perpendicular to floor
@® LRF is used to measure distance between robot and walls

Visualize in real-time: 25 fos (=0.04 s)  Vaio Z Core i7-6567U




RT for personal services
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Assistive System for Rehabilitation
(Stand-up motion)
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Background

@ Problem of Aging Society —>

* Increased social security cost l \
. Burd.en to care givers - alkindia
* Declined QoL of the elderly Cle_élljfromg il

@ Standing up motion is an important basic activity
- Starting motion for activities of daily living curamikm ‘95]




Development of Assistive system for standing-up motion

Measurement system for standing-up motion Assistive motion by an expert
(Motion Capture and force measurement) FORMS—ERYED
HEEICKYHrHEEED
EIEFEXRE

Yt —

Dynamic simulation of standing-up motion
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Background

@ Problem of Aging Society —>

* Increased social security cost l \
* Burden to care givers A

. — Walkin ’
* Declined Qol of the elderly Cle_él\]r;)lng il

@ Standing up motion is an important basic activity
- Starting motion for activities of daily living curamikm ‘95]

b

Necessary to understand
mechanism of standing-up motion




Muscle Synergy Hypothesis

For target motion, humans do not control individual muscles,
but control modules of simultaneous muscle activation (synergy)

» Reduction of control input for redundant body DoF  Bem*<"

-Muscle synergy in human walking, grasping, and posture control
[lvanenko ‘05, Torres ‘07, Weiss ‘04]

Motion Synergy Muscle Activation

Synergy A

\[ )
J

Motion




Objectives (Topics)

@® What synergy structure humans have in
standing-up motion

@ Clarify how muscle synergies change in
motor impaired patients

@® How rehabilitation improves synergy structure



Muscle Synergy Hypothesis

@ Coordination of synergies generate complex motion

Spatial Pattern

Activation

W11 W21 W3q -+ Wpg

Muscle Synergy Model

Weight Coef.

Temporal Pattern

¢ (t) _‘
Time [s]

(1)

=

Wiz Wiy W3y o0 Wpp

\

X

Wiz W33 W33 *-+ Wp3

Muscle Activation

Musculoskeletal Model

Skeletal Model




Experiment Setup

@ Recorded muscle activity, kinematics and reaction force

@ 7 Healthy male (24.3+2.1 yrs, 1.73+0.05 m, 71.7+10.3 kg)
- 5 trials for every condition

12 muscles extend or flex
ankle, knee, hip, and lumbar

1\ EMG Sensor
- [S&ME]

force Plate
f[Tech Gihan]




Number of Muscle Synergy

@® ANOVA (Analysis of Variance) + post hoc test
statistical significance between: 1~2, 2~3, 3~4 (p <0.05)

@ Satisfies threshold of previous study: R? >0.95 ring s

Coefficient of determination

Determine muscle synergy number as 4
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* % % \
A

e

123 45678 910M1

Number of Synergies /

* % % Low
10 rr
- [//X/?—"""H

0.0

12345678 910M1
Number of Synergies

HIGH
*

* %
//f__,_(_“;_x_x
0.0

& 05

123 456 7 8 91011
\ Number of Synergies/

Explanatory Variables

@

e 0.5

0.0

1.0

& 05

+ » % SLOW
i

123 45678 910M1
Number of Synergies

FAST
* % %
A

12 3 456 7 8 91011
Number of Synergies/

e - 3




Muscle Activation
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Spatial Pattern
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Temporal Patterns
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Muscle Synergy Structure of Stroke Patients

Aim: Clarify muscle synergy structure of stroke patients

@ Measure stroke patient with motor impairment

- Stroke Patient : 26 people (Morinomiya Hospital)
+ 58.9+12.7 yrs (22 male, 4 female)
* Moderate-Mild (FIM: 74.3+8.4/91)
- Analyze paralyzed side

- Healthy Elderly: 8 people
* 64.4 years+3.3 years, 8 male

divided into clusters based on temporal patterns



Cluster Analysis

@ 26 patients are divided into 4 groups
considering clustering performance

,o | Patients (26 patients)

=
21.0
()]
=
0.0
0.0 ] 3.0
Time [s]
croup | Group 4
o 20 2o
)
g 10
0.0 : 0.0
0 1 2 3 . 1 ;
Time [s] Time [s]




Muscle Synergy in Stroke Patients

@ Stroke patients have different synergy activation
Group 1: Relatively healthy group

bod b ad

Group 2: Longer activation of synergy 1

k)

Group 3: Longer activation of synergy 2

4

—_—
Group 4: Merged activation of synergies 3 and 4

b b




Intervention of Physical Therapist

@ Physical therapist (PT) intervenes the affected side:

- Distal front of thigh
- Posterior pelvis




EMG Measurement of PT

@ Analyze EMG from upper limbs of physical therapist
p Clarify how and when they intervenes patients




Effect of PT Intervention

@ PT intervenes the patient as follows
- Pulling the distal thigh before buttocks leave

- Extending the knee and supporting pelvis

i

@ PT Intervention improved muscle synergy structure
- change activation timing earlier
- shorten activation duration properly

45



Sense of Agency (SoA)
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Temporal Delay in Tele-operation

Sensor data

Communication

o Control command . A

. Operator |

[T

71 or | s Garer 33:56




SIS
Sense of Agency (SoA)

- The sense that the subject is the one who is causing or generating
an action.
- Generated in the brain
- Associated to the active motion of the subject

[Farrer 2002]

O

Somebody
disturbed




Results

No. of
Self-attribution

32 ¢

24

16

TD
0 80 160 240 320 400[ms]

Total of 8 subjects



Comparator Model

i

Parietal Lobe

Predicted
3 ) sensory feedback
Forward Dynamic Forward Output
Efference Model Model
copy ) )
®—> Sense of Agency
A )
Motor
—_— Motor System Sensory System
command Actual
- sensory feedback

(Blakemore, 2003)

Difference is small: Motion is attributed to “self”
Difference is large: Motion is attributed to “others”



The Influence of High-level Cognitive Process on SOA

* Modified Comparator Model

Internal level ' Perceptive level ' External level
Distal Motor B .
. . & . . .. = Actions
Intention Intention L Do
1 High-level Low-level || Perceptionon
o4 actions
Expectation Prediction
1 Sensory
rte feedbacks Effects

grgration
® (based on Bayesian ®

______________________________________________________________________________________________________________

Sensory processes mentioned in the comparator model
—> High-level cognitive process (the present study)

o i Wen Wen, Atsushi Yamashita, Hajime Asama: "The Influence of Goals on Sense
Embodied-Brain Control", Consciousness and Cognition, Vol.37, pp.83-90 (2015).



High-level vs. Low-level processes

* 1 No effect of assistangg.ouri

Tr / Dassisted
> SoA was improved
T!"'\\]'I'.'IlIL'.\[L"IH\‘»n!'-ill'l%‘.t'll'"l -— byt @ aSS'Sta ce
under your control? E 5
| 5 o
Task: Direct the moving dot into the N
square as quickly as possible. <.l
Independent variables ‘
» Delay in response (100, 400, or 700 ms) 0 0 ™ -~
» Assistance of computer (Improving task Delay in response (ms)
performance by ignoring erroneous
commands) o

SoA are influenced by both the

. high- and low-level processes, and
. the high-level process would be

. more dominate when the low-level
. process is less reliable.

Assistance: Promotes high-level process
(performance-based inference) while
impairing low-level process (action-effect
comparison)

. N\ A Continuous Action: Performance is More Important than Action-Feedback Association",

Etr)badiéd:Brajti PLOS ONE, VOI 10, no. 4, 90125226, Dp 1‘16 (2015)



Rehabilitation taking account of SoA
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The role of sense of agency in motor rehabilitation
(Aoyagi et al., 2020)

Internal reward
Motor

intention

a

Action selection
y Internal model Prediction of sensory

Motor feedback
command | Efference copy Sense of

agency

A

y

> Action

Sensory feedback

p=.007

Effect of visual modification
Target p=.001 '
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Smartphone Zombie
Detection and Avoidance
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Pedestrian trajectory data from Lidar data

- Thresholding z direction
(eliminate ground)

- Project 3D point could to X-Y
plane

- Quantize the point could to
2D grid map (an image)

- Human trajectory is
recognizable

- Tracking pedestrian in global
view confront too many noise
(leaves or other artifact)

Thresholding x, y direction to
reduce noise

- Create a sliding window
centered at robot

Fig. 5 projection of Lidar point cloud on x-y plane



Mapping

8/12/2021

57



Overview of smartphone zombie detection

Detectionresult [~

. % Pedestrian -
Tracking . Cointcloud . Support vector machine
result | o classification for each cluster

e —
\'. I
e

l \
(¢
|

Pedestrian _,% . Smartphone
trajectory == zombie
— Point cloud — v )
\ \ transformation “ .
w pr— g
¢/ | Feature - .7 @
/ d extraction = .




Data collection for training
smartphone zombie detector

New dataset collected from two stations at 2019.2.21 and 2019.7.3

Osaka ! & |

Abenobashi FSESEEE— e E Other OI‘I;)JECt

station ‘ ‘ Smari;p one
zombie

 Point cloud:
Velodyne LiDAR
i © Image: spherical
camera (Ricoh
s Theta V)
« Label: manual
annotation

o/12[/20Z21



Experiments

* The robot moving inside Hongo campus Observed trajectory
Approximately 15 minutes of LiDAR stream | —— Predict trajectory
were used in evaluation smartphone zombe
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Video recorded during experiments — trajectory prediction

Observed trajectory
Predict trajectory
Smartphone zombie

Building 14




Video recorded during experiments

— smartphone zombie detection




Needs of RT for
response to COVID-19

* Avoid the Three C’s
 Reduce contacts for
Infection prevention

(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2021

Important notice for preventing COVID-19 outbreaks.

Avoid the “Three Cs™!

1. BIGSEII Sllaces with poor ventilation.
2. ﬂl’llWllﬂll Illacﬂs with many people nearby.
3. Close-contact Settings Suchas gose-range

*’ é 'x\\/
oo sl \_03

- ‘_,

a5 rp 'h n r‘r iin

One of the key measures against COVID-19 is to prevent occurrence of clusters.

Keep these “Three Cs" from overlapping in daily life.

The risk of occurrence of
clusters is particularly high
when the “Three Cs” overlap!
In addition to the “Three Cs," items used

by multiple people should be cleaned with
disinfectant.

oy .' Dept. of Precision Engineering
¢ The University of Tokyo



Needs of Robot Technology
for Pandemic Disasters

Providing services without physical contact

e Direct Needs (Medical)
— Medical treatment
— Specimen collection, test, inspection
— Transportation of patients, monitoring
— Disinfection, sterilization, cleaning, pollutant treatment, disposal
— Transportation (meal, medicine)

e Indirect Needs
— Delivery, serving, transportation (meals, medicine)
— Remote communication (including customer service, monitoring)
— Disinfection
— Temperature measurement

oo Tase®,
B
Toole an™

(; ’ THE UNIVERSITY OF TOI(YO “s2%" Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2021 The \niversinyof Tokyo



Case study of |ntroduct|on / demonstration test

Measure-
ment

Dlsmfectlon cleaning

Delivery, transportation

Specimen

Monitorin
coIIectlon Test 9
ﬂ ::,:@
(¥ THE UNIVERSITY OF TOKYO 7222 Dept.of precsion Engineering
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RT System Required at the Sites

Remote Technology (Remotely operable RT System)

(Distributed System, Human I/F, Communication)

(Measurement, Visualization) (Mapping, Localization, Planning)

[ Situation Awareness ] [ Autonomy }

(Sense of Agency, Sense of Ownership)

[ Body Consciousness }

=
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oesceinn

¥ THE UNIVERSITY OF TOKYO 2252 Dept.of Predision Engincering
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Intelligence required for robots

e Can intelligent robots be realized only by mounting Al on

the robot platforms?
— Ill-defined, ill-structures, adaptive response to unknown situation

— Noises, real-time
— Blackbox, explainability, overfitting

e Intelligence required for motion control dependent on body
— Is human brain functional if transferred on bird, cat, or fish?

(g% THE UNIVERSITY OF TOKYO 2% Dept. o Precision Engineering

Copyright (¢c) Hajime Asama, Univ. of Tokyo. All rights reserved 2021 A ntversiny o Tokyo



£ MOONSHOT

RESEARCH & DEVELOPMENT PROGRAM

Moonshot Research and Development Program

The Moonshot Research and Development Program sets ambitious goals to attract
people, and promotes challenging R&D projects with the aim of resolving difficult
societal issues while bringing together the wisdom of researchers from all over the world.

e Moonshot Goal #3 (PD: Prof. Toshio Fukuda)

e Realization of Al robots that autonomously
learn, adapt to their environment, evolve in
intelligence and act alongside human beings,
by 2050.

e Innovation in Construction of Infrastructure
with Cooperative Al and Multi-Robots
Adapting to Various Environments (PM: Prof.
Keiji Nagatani)

e Robot Technology for Dynamic Collaboration




Robot Technology for Dynamic Collaboration

(Infrastructure constructlon on Moon/NaturaI Disaster Response)

v ..,

- Open self-orgamza‘tlon
* Domainsfree physmal Al -

5. Cooperative swarm teleoperation

Coopgratlve sW’érm teleoperatlon

=
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Simulation

Swarm w

management Physical Al

Cyber Al

dat?
Mathematlcal
model

Underwater excavator



Summary

e Derive solutions (Needs-oriented R&D is necessary)

e Understand human (Humanity & social science,
medical science)

e Systems theory and engineering (Means to design
systems)

e Physical AI (Autonomous systems)

e Humanitarian viewpoint vs economic viewpoint

o International cooperation (Concentration of wisdom,
Solidarity - Harmony)

(g% THE UNIVERSITY OF TOKYO 2222 Dept.of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2021 The \niversinyof Tokyo
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Qi@ 22" IFAC World Congress 2023

Venue: PACIFICO Yokohama
> Dates: July 9t (Sun) — 14" (Fri), 2023
Tokyo x;( I e — I
Yokohama

PACIFICO Yokohama
(All-in-One Venue)




Control for Solving Societal Problems and Creating Societal Values

1 (wa)

Harmony
Peace
Calmness

& (Wa)

Community
Sustainability
Circle

Pandemic
.0 o > pe .0 )

IR (Wa)
Feedback

Communication
Network

Harmony

Realization of
expected states
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__ Congress Highlights: Industry

IFAC 2023 Industry Group (Chair: Kazuya Asano)
0 17 subgroups on various technical areas

including more than 100 members

(about half are affiliated with industrial

companies in Japan)

0 Goal: To identify societal problems that the
industry faces and find control oriented
solutions enhanced by new tools from Data

Science, Al, DX, ...

0 Approach
- Advertise IFAC activities to the industry

- Encourage their participation in organizing events with TCs
- Support presentation of their current problems and new

developments

K. Asano (JFE Techno-Research Corp)

17 subgroups

1. Mechatronic Systems (M. Hirata)

2. Power and Energy Systems (Y. lino)

3. Machinery and Robotics (K. Osuka)

4. Steel Manufacturing Processes (H. Kitada)

5. Chemical Processes (H. Tanaka)

6. Automotive Control (Y. Yasui)

7. Smart Cities (M. Kohno)

8. Control in Agriculture (S. Hidaka)

9. Control in Construction (K. Nagatani)

10. Aerospace Technology (M. Sato)

11. Marine Systems (H. Yoshida)

12. Environmental Systems (M. Hashizume)

13. Biological and Medical Systems (K. Kawashima)
14. Systems Science and Technology (T. Kaihara)
15. Internet of Things (S. Takai)

16. Artificial Intelligence (K. Nakadai)

17. Measurement and Instrumentation (T. Tanaka)

[ In collaboration with Tarig Samad and Industry Committee of IFAC



[l  Congress Highlights: Program

International Program Committee (Chair: Hideaki Ishii, Co-Chair: Yoshio Ebihara)
[ Submission categories

0 Regular, Invited, Open invited tracks

O Extended abstracts, Demonstrator - :
Hideaki ISHII Yoshio EBIHARA

O Discussion papers

O For discussing specific topics by non-academic participants
[ Late deadline in February 2023

0 Dissemination papers

[ Papers recently accepted by IFAC journal can be presented at the congress

[ Special sessions on the Congress Vision “Wa” in collaboration with the Industry Group
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20 July, 2020  22nd IFAC World Congress Promotional Video is now released. Y[]KUH AM A
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9 July, 2020  22nd IFAC World Congress Official Website is now launched.

www.ifac2023.org



Thank you for your attention!

Hajime ASAMA

Dept. of Precision Engineering
The University of Tokyo, Japan
asama@robot.t.u-tokyo.ac.jp
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