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https://sites. google. com/a’/ira. ee. ntu. edu. tw
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(=) 2017 IEEE// SICE II

http://www. s112017. org/

PR R AR

Smart machinery industry personnel training, MOEA, Taiwan
Taichung, Nov. 3, 2017

Societal Dissemination of Robot Technology
for Disaster Prevention and Response

Hajime ASAMA
Dept. of Precision Engineering, The University of Tokyo, Japan

Japanese Government and TEPCO: Council for the Decommissioning of TEPCO's
Fukushima Daiichi NPS, member
Nuclear Damage Compensation & Decommissioning Facilitation Corp. (NDF),
Expert Committee on Fuel Removal member
International Research Institute for Nuclear Decommissioning (IRID), TC member
Japan Atomic Energy Agency(JAEA): Working Committee on Remote Control Equipment
and Device Development Facility (Mock-up facility), Chair
s, Hajime Asama
:‘. Dept. of Precision Engineering

(¥ THE UNIVERSITY OF TOKYO 2

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 1 Jhie Unfuersity of Tokyo
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Service Robotics Laboratory

http://www.robot.t.u-tokyo.ac.jp

Make research on service robotics to meet the social needs by solving
societal problems such as aging, safety, etc. and to create new value.

Keywords: Robotics, Human Interface, Embodied-Brain Systems, Service Engineering

Main subjects:
Fundamental Research (for knowing human)
Motion measurement, modeling of embodied-brain system modeling, sense of agency, etc.
Development Research (for interacting with human): Robotics and ubiquitous systems
Motivation induction with dynamic interaction, emergence of cooperative behavior of robots, etc.
Application Research (for use by human): Health-care and assist, rescue, security, etc.
Elderly assist & rehabilitation, decommissioning, disaster response, inspection, skill education, etc.

& y = N
Safe motion control of mobile robots
interacting with persons

by motion capture, force plate and EMG by camera and pan-tilt projector  in human-robot co-existing environment

Measurement and synergy analysis
of standing-up motion

[ = p.
Motion detection and guidance
of walking persons

Maintenance Robot for Nuclear Power Plants
(1980, Toshiba Corp. and Univ. of Tokyo)

9 DoF AMooty

Metamorphic Manipulator Maintenance Robot for NPP
Hajime Asama
(¥ THE UNIVERSITY OF TOKYO =22+ Dept.of Precision Engineering
- Copyright () Hajime Asama, Univ. of Tokyo. All rightsreserved 2017~ 4 Jhie Unfuersity of Tokyo
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Market forecast in the future of robot industry for 2035

Trilion yen (NEDO/METI April 23. 2010)

100
80
80
70
60
50

40

30 -

20

10 jpunt

00 A Y N TR Y T SRRy .‘ Sy g
2010 2015 2020 2025 2030 2035

Personal Services
» Medicine (for surgery, therapy)
» QoL Assist (for elderly, disabled,

handicapped)
» Security,
» Home services,
) > Guidance,
i;:’c'f;ure > Education,
forestry » Amusement and Entertainment, etc
and fishery

RTproducts  pyplic Services
Maintenance of facilities

Manufacturing >
» Disaster response
» Construction
> Agriculture, forestry, fishery
» Demining, etc
year

The market in 2035 can expand up to 9.7 trillion yen by the spread of the robot to a new field
including the service field in addition to the growth of the manufacturing field where the market is

formed now .

(\’ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved2017 5 The University of Tokyo

~ Hajime Asama
s" Dept. of Precision Engineering

RT (Robot Technology)

Technology that includes

sensing system, intelligent control system, and driving system

(METI, Japan)

IT (Information Technology)

RT (Robot Technology)

Technology on information processing
and communication in information
(virtual) world

Synthetic Technology on detection,
measurement, recognition, control,
motion, task in physical (real) world

(\, THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017 6

~ Hajime Asama

s" Dept. of Precision Engineering
The University of Tokyo



Robot vs RT(Robot Technology)

RT (Robot Technology)
Robot e System integration (not components)
e Synthesis and design

e Machine that moves ; ;
according to requirements
e Solution derivation

T—LEMEY LIfE—F
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wE
LED BB —TNFAK
S I T .
! Kttt 48 BEr—o  BREME
KEMEAMYNAS BmyE—4 SR7-IL
p3oiie T WMHAS
T—LREE—2
(87— (500m)
$7o0—-5 ~
Qvys47 - )2 —

A2ty —7 1L (50m) NI =2z AME
% '

7=y

LEDAI/ ST

Hajime Asama

ept. of Precision Engineering
"% The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017

RT as technological infrastructure of
mechanical systems

Tra nsportation vehicles )

qndustrial device?

Automobiles )

/Medical & assistive
devices

\_ Sushi machine )

\Industrial robots  Service Robotsj

|

Robot Technology(RT): Technological infrastructure)

Hajime Asama

Dept. of Precision Engineering
The University of Tokyo

Prosthesis

o

(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017 8
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METI Roadmap of Robot Technology, Roadmap of Technological Strategy, 2005

Life Support Robot/Environment
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R EERCRES
T8
ARE IR TR

. 50
9% Uy-3040 -5 FORVPIDIrFal -
| HR MK BR 53O0 RE
AREER £

BEERTE
& || emmwa

Ak DI UL
BR{FR=E
Ann FRE ORI
AgiLE 0T RAR
Thef LR ) FUL Y
A8 F, ROR A

ORwbA-H LA 5 TL-5

~. Hajime Asama

Dept. of Precision Engineering
The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO e

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017 9

METI Roadmap of Robot Technology, Roadmap of Technological Strategy, 2005

Independence Support Robot/Environment
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~. Hajime Asama

-~ i . .
Dept. of Precision Engineering
The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO
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Concept of Serwce Media

Serwce information provision B
“ by using mobile projectors and speakers = Human behawor

Mobile Projector ~ Speaker measurement Serv

@ ASS|st|ve Systems

| Rescue Systems
CCD sensor !

; Security Systems
% Intelligent Artificial Environment @
(Ambient Intelligence) e —
E Services

Intelligent Channel

Intelligent Data Carrier
Sensor nodes ;

Mobile Robot

Serwce provision Security / Search and rescue
by service robots by using home server and IDCs

g% THE UNIVERSITY OF TOKYO

2 Hajime Asama

d Py - :
~.*s" Dept. of Precision Engineering
®  The University of Tokyo

The Great Eastern Japan Earthquake and the Tsunami

Earthquake

e 14:46, Mar 11, 2011

e Magnitude: M9.0

e Maximum Seismic
Intensity Scale v,

[#23worpI HIsn0 T H [

Tsunami
¢ 30-60 min later
e Maximum Wave Height: 40.5[m]

‘AWaji Earthquake, 1995
M7.3 *' Dead and Missing: 6437

!dhﬂ!*li’\{/ e
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ae . Hajime Asama

o it " o
* Dept. of Precision Engineering
The University of Tokyo

g% THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017 13

Accident of Fukushima Daiichi Nuclear Power Plant

Earthquake (1 4: 47) Fukushima Daiichi Nuclear Power Plant

Loss of Power Supply

Activation of Emergency Diesel
Generator

SCRAM
Stop Reactors
Tsunami

Damage of Fuel Tanks and
Generators

SBO (Situation Black Out) (15:39)

Failure of Cooling System of Reactors
and Fuel Storage Pool

Loss of Cooling Water
Melt down

Hydrogen Explosion (Mar. 12-15, Unit
1,3,4

Seismic Center

LEs
g% THE UNIVERSITY OF TOKYO  Dept.of Preciion Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved2017 14 o The University of Tokyo

e’
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Major Accidents of Nuclear Facilities

e Three Mile Island
— Mar. 28, 1979
— Level 5 (Accident of coolant loss)
e Chernobyl
— Apr. 26, 1986
— Level 7
e Tokai
— Sep. 30, 1999 -
— Level 4 (Criticality accident in fuel processing)
e Fukushima
— Mar. 12-15, 2011
— Level 7

. Hajime Asama

o - " .
-, Dept. of Precision Engineering
L4 The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017 15

Location of Fukushima NPP

Fukushima
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C, THE UN'VEKS'TY OF T()KYO e Dept. of Precision Engineering
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Radiation level

= -1 (MEXT)

July, 2011

= Hajime Asama

PN 2
g7 THE UNIVERSITY OF TOKYO S A——

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved2017 17 o~ The University of Tokyo

Explosion of the Reactor Building

S Hajime Asama
= iz ¥ o
g% THE UNIVERSITY OF TOKYO Dept. of Precision Engineering
Copyright () Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 18 Jhie Unfuersity of Tokyo
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Recent View

Japan News: {8 E58—ERI S JE TIFE TOE1573<73%(2017.7.19)
https://www.youtube.com/watch?v=dmvFur8C4DM

Hajime Asama
:'. Dept. of Precision Engineering

& THE UNIVERSITY OF TOKYO oo

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 19 o~ The University of Tokyo

Overview Image of BWR-4

. Narrow, obstacles, dark,
Reactor Building stairs, ladders,
R/B water, radiation

Containment Vessel (PCV)

Pressure Vessel (RPV) "4

Turbine Building
(T/B)

Steam Turbine

l—‘
Steam
I Condenser I

Chamber Cooling Water

. Hajime Asama

& THE UNIVERSITY OF TOKYO 2 Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 20 o The University of Tokyo
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Current Situation of 4 Units

Fuel Debris (Melt-down Fuel)

Spent Fuel and New Fuel in Spent Fuel Pool

7 0-FORN 38
(BERT) - MEmYHLMAA — =

RYHLETEEGD |
1533/1533* ~ |

(2014/12/22BBYHLTT)

g THE UNIVERSITY OF TOKYO 22 Dept of prciion ngineeing

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 24 o The University of Tokyo
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Survey Map (2011.3.23)

H23.3.208 21l
| #fz:mSvh
| : -

' j l e aan

35 0.10 S " 525 700 ¥ 7% 030 | October 2011 l-
a0 : : 3 i

& THE UNIVERSITY OF TOKYO 7.7 Dept.of Precision Engineering

5C) Fo
Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 26 o The University of Tokyo

Basically < 2mSv/hr except for some hot spots
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Current Status of “Roadmap towards Restoration from the Accident
at Fukushima Daiichi Nuclear Power Station, TEPCO” (Revised edition)

Red colored |etter; newly added to the previous version,

October 17, 2011
Nuclear Emergency Response Headquarters
Govemment-TEPCO Integrated Response Office

¥ already reported to the government, Green colored shading: achieved target

Step 2 (through the end of this year) Mi i
id-term issues
it stat
Issues | As of Apr. 17 Step 1 (around 3 months) s ae. (around 3 years)
a 3 Cooling by minimum injection rate Circulating| Siraiai g
I I T ot L irculating : 3
105 {njeclion cooling) cv;gl(;'g water cooling Continuous cold shutdown
= | H Consideration and preparation of (start) % (continued) condition
Pz reuse of accumulated water
o f =
SO’. 2 Nitrogen gas injection # Nitrogen gas
= Q ; Protection against corrosion
o § mprovement of $ cracking of structural materials®
‘g work environment ¢ ~partially ahead of schedule
250 s 2 bility improvement in injection opera Remote-controlled
< =2 @ remote-control operation *ahead of schodul injection operation
;g g z Circuin Start of removal work of fuel
8 C /
H = 3 ] alla!;mlges:mﬁmger)& of heat exchanging function
) i Expansion ¥ / consideration of Installation of
.-3. i stallation of storage / processing facilities full fledged processing facililies full-ledged water processing facilties
> with high radiation Decontamination ¥ / desalination Continuous processing of
g level rocessing (reuse), etc accumulated water
2 Storage / management of Storage / management of
8 sludge waste etc, sludge waste etc.
2 Installation of storage facilties / Research on processing of
5 Storing water with low decontamination processin: sludge waste etc.
-1z radiation level Mitigation of contamination Mitigation of contamination
= = in the ocean in the ocean
a4 Mitigation of contamination (Restoration of sub-drainage pumps vith Yo Mitigation of contamination in
§ 5 % in groundwater oxpansion of storage / processing ﬁ:u-um ¥ aroundwater
Qlzs Consideration of method of Design / implementation ; :
o3 B in?;es'nneraab,l‘:nvyall’?gainslo / of im%evmeﬂ:le wall Establishment of impermeable wall
o S groundwater against groundwater against groundwater
=
= Di rsion of inhibitor (continued; itor
é Removal / management of d Removal / management of debns (continued) wval / management of debr
§ n of reactor
r (Unit 1) &
% emoval of del fémoval of debris / instalialion
s sideration of reactor Start of installation work of
§ Installation of PCV gas Installation of PCV gas
control system control s‘:lem
Current Status of “Roadmap towards Restoration from the Accident R l
at Fukushima Daiichi Nuclear Power Station, TEPCO” (Revised edition) Gttt ePC0 bgred Regonte OMce
ed colored letter. newly added to the previous version already reported to the government, Green colored shading: achieved objec
Red colored letts vy added to th ¥ alread! d to th t, G lored shad h d object
Step 2 (through the end of this year) Mid-term issues
Issues As of Apr. 17 Step 1 (around 3 months) current status d3
W (ssofOct 17 {around 3 years)
6
g’— X , enh and e of radi dose in and out of the power station Continuous environmental
g ? monitoring
% o B 55 gfalsl‘_d”:r:;::;:::hmma“n I Continuous decontamination
2

219 '$%00ysIaYe 10}

Enh of h

against aft
for

and tsunami,

preparation for various

(Unit 4 spent fuel pool)
Installation of supporting structure 4

Improvement of workers' living / working environment

Consideration of
‘ reinforcement work of
h Unit %

Reinforcement work of each Unit :
U

‘ ‘

Improvement of radi:

Improvement of radiation control /

ation control / medical system medical system

|

o e

g 2 Systematic implementation 2 Systematic implementation

2 : of staff training / personnel ¥ of staff training / personnel

E g allocation f allocation

2] ;

Government's concept of >

Action plan for securing safety Response based on the plant
mid-term issues| operation plan

plan
pt

ing plant
based on the safety conce,
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Special Project Teams (Japanese Gov. and TEPCO)

SpeCIaI prOJect tears |
- Containment of radload‘ivé s'dﬂét ﬂces/cb an‘n

- Removing fuel rodsiand transﬁr L™
- Remote control/robot|cs :

- Stable cooling system establishment

- Radioactive water processing

- Evaluation of environmental effects

(¥ THE UNIVERSITY OF TOKYO

=X

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017

Hajime Asama

20 ® The University of Tokyo

Mid-and-long-Term Roadmap Summary

Present (Completion of Step 2)

Within 2 Years

(TEPCO)

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
) i from the spent fuel pool removal d.camnlllblilg
-Condition equivalentto cold | (Within 2 years) (Within 10 years) (After 3040 years)
shutdown
-C the removal of fuels from | -Complete the fuel removal from the spent
o the spent fuel pools (Unit 4 in 2 years) | fuel podis atall Units
of Emissions

-Reduce the radiation impact due to
additional emissions from the whole
site and radioactive waste g

-Complete preparations for the removal of
fuel debris such as decontaminating the
insides of the buildings, restoring the
PCVs and filling the PCVs with water

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.

in stable reactor cooling and
accumulated water processing and
improve their credibility.

-C R&D and decor i
towards the removal of fuel debris

-Commence R&D of radiocactive waste

processing and disposal

Then the | of fuel
debris (Target: within 10 years)
-Continue stable reactor codling
-Complete the pr g of d
water

-Continue R&D on radiocactive waste
processing and disposal, and
commence R&D on the reactor
facilities decommission

-Complete the decommission
(in 30-40 years)

-Irmlcmont radioactive waste
processing and disposal

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

P

30
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Needs for Robots

e For Operation in Nuclear Power Plants

— Missions
e Stabilization of the cooling systems
¢ Containment (Coverage of Reactor Buildings)
e Decommission (Extraction of fuel debris (melt-down fuels))
¢ Reduction of radiation exposure of workers

— Tasks
e Debris removal

e Surveillance and mapping outside and inside of the buildings
(Images, radiation, temperature, humidity, oxygen
concentration, etc.)

¢ Instruments setup, sampling
e Shield and decontamination

¢ Handling, removal, construction, transportation of materials
and equipments, etc.

=5, Hajime Asama

“oreglers” . < "
~%s" Dept. of Precision Engineering
® The University of Tokyo

g% THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 31

Automated watering by concrete pumping truck
From Mar. 22, 2011
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Remotely controlled Unmanned Construction System for Debris Clearing-up
From Apr. 6, 2011 TEPCO

!..‘.

i
w €~ » i)

Ry2Ey s

re—=g¥r71H

TiZeiA 200 L

. Backhoes & Iron Forks

FREGAF) 2.5mSv/h)

GURRNEA R

BRREERICIINUFRMENSRE

(AvF+:32%1.6% 1.1m, #4m’)

=R % SFEREN E)

(EREDREM

w Hajime Asama

Dept. of Precision Engineering
 \RBORMBRITS) . The University of Tokyo

<
‘¥ THE UNIVER¢
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Unmanned Construction System

Used in response against explosion of volcano (Unzen-Fugen Mt.), in 1991
- Pyroclastic flow (Flow of heated rocks and volcanic ash)
- Avalanche of earth and rocks (Flow of debris)

Hajime Asama

Dept. of Precision Engineering
The University of Tokyo

¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 33

Unmanned Aerial Vehicles T-Hawk (Remotely controlled)
From Apr. 10, 2011

-

R/B Unit 4

e

Top View of

~. Hajime Asama
‘;’ THE UNIVEK“TY OF TOKYO o0 Dept. of Precision Engineering

Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017 36 Tha Lniversity. of Tokyo
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Mobile Robots (Remotely controlled)
From Apr. 17, 2011 TEPCO

1st floor of R/B Unit 1 1st floor of R/B Unit 2

Dept. of Precision Engineering
The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 37

)
)

Operation Vehicle(TEAM NIPPON)

JAEA (Japan Atomic Energy Agency)

e Radiation measurement and robot teleoperation
e Operation box shielded by iron plate of 80mm thickness

e Equipped with Gamma camera, monitoring camera, lightening
devices, tele-operated survey meter

e Localization of radiation source by the Gamma Camera
¢ Confirmation of safety by measuring radiation level

Hajime Asama

=
Dept. of Precision Engineering
The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 38
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Localization of radiatio_n source and
measurement of radiation level
by the Gamma Camera
- O

SO
SRS . i .
(¥ THE UNIVERSITY OF TOKYO 222" Dept. of Predision Engineering
- Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 39 The University of Tokyo

Debris Removal

inside of Reactor Building Unit 3
May 10-June, 2011

Talon & 4 Brokk-90

(QinetiQ) (Brokk)
Bob Cat Brokk-330
(QinetiQ) (Brokk)

B Hajime Asama

(¥ THE UNIVERSITY OF TOKYO 222" Dept. of Precision Engineering

> Oy
Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017 40 Jhie Unfuersity of Tokyo
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Sampling of contaminated water
and setting up of water level gauge by Quince
from June 24, 2011

. Hajime Asama

ept. of Precision Engineering
? The University of Tokyo

¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 41

Modified Quince

. Hajime Asama

o Dept. of Precision Engineering
? The University of Tokyo

¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 42
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Operator Training of
Narrow Stair Climbing by Quince

(¥ THE UNIVERSITY OF TOKYO Dept. of Precision Engineering
= Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 43 The University of Tokyo
igation insi i TEPCO
Investigation inside R/B unit 2 b DB ik 11, 2g1
on July 8 by Quince —  HASOBM '
M VRACKRAEN B2 2 P o s OBLIMRN  SRHERERN

aA=yMMtE AENRIBZRSE

21mSv/h 50mSv/h 27mSv/h 40mSv/h 10~12mSv/h

rll o ol | M
N [] _‘ D
4} ['te=s0mswm Q 2omewn | F

KA D

e C::

e
[1l= 1 [ ]
(1R (2] (3R] =
BEBREBIIAA—Y (BRVEELCEZXEETEHYEEA)

37



Investigation of 1s-5% floor inside Unit 2 R/B
on Oct. 20, 2011 by Quince

= Quece Sbcawier
.....

“%. Hajime Asama

J . . .
* Dept. of Precision Engineering
The University of Tokyo

¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 43

Cleaning inside of reactor building unit 3
using the Warrior
July 2, 2011 TEPCO

“%. Hajime Asama

J . . .
* Dept. of Precision Engineering
? The University of Tokyo

¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 46
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Inspection of Soundness of CS System

by Packbot and Quince
July 22, 26, 2011

e Soundness of CS system was
checked.

e It made it possible to cool down
the core directly from inside of the
pressure vessel

._-‘:,gg;:.;::“ Hajime Asama
(¥ THE UNIVERSITY OF TOKYO 225" Dept.of Precision Engineering

g% Oy
Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017 47 Jhie Unfuersity of Tokyo

Inspection inside of Reactor Building Unit 3
(2 Packbots and 1 Warrior)
Nov. 16, 2011

._-‘:,gg;:.;::“ Hajime Asama
(¥ THE UNIVERSITY OF TOKYO 225" Dept.of Precision Engineering

> Oy
Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017 48 Jhie Unfuersity of Tokyo
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Results of Radiation Measurement

st : TEPCO
at 1t floor of Unit 3 Nov. 16, 2011
MR ]
O =|_] [T ,‘j e Y 12 | 1.7
HI= s 870 370 255
P, B I:I "1 2 | s0 | a5 | 290
b 3 750 420 | 280
4 650 40 | 210
13 5

5 380 200 130
6 180 190 180
e/ / 7 | 10 190 | 180
O 8 145 180 180
N — /“: o 120 105 105
| 10 180 200 200
r 180 220 | 210
2 | 190 210 | 205
13 | 170 190 185

AR 7 (B YT ZESREREER[MSV/)]

HKL—ILB RO KA MR REFITIARL—ILREESHICHLTH1,300mSv/hERER

¥ THE UNIVERSITY OF TOKYO Z5%oe” Dept. of Precision Engineering

= L
Copyright () Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 49 The University of Tokyo

Wiping Floor by a Robot

By AR

HBN\YFEITUT
REMNRSVIAR KEAEEH

B g : "
k] .-;u” / s X
L—ILik RERY L—Lik RERVE RERYEDODITX
( , IHE UNIVEKM T Y UF TUKYQ °27¢" Dept.of Precision Engineering
- Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 30 The University of Tokyo
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Inspection inside PCV of Unit 2
Jan. 20, 2012

TEPCO

Industrial Endoscope
and Thermocouple

72.9Sv/h was observed
At the 2nd entry in Mar. 27, 2012

Hajime Asama

t. of Precision Engineering
The University of Tokyo

& THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 51

Mapping of Debris in the Fuel Storage Pool in Unit 4 Mar, 2012

EAFEME T —)L L 28> T\ D 0— FEEDROBID SROVXZFEAFENRE
T=IVRICEA L. ARV —F« YT 2707 L TRIEZETE.

¥ROV : Remotely Operated Vehicle GERRKDPIFEER)

ROVIR(EE, 1BE e

D BREHEF

{aEmEHIHT— I

*Remotely Operated Vehicle
GRAK S R W)

#11.5m
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Mapping of Debris in the Fuel Storage Poon in Unit 4
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Investigation of Suppression Chamber Room
in Unit 2
Apr. 18, 2012

Survey Runner
TOPY Industries

Radiation dose: 186mSv
For three hours mission

Suppression Chamber SE

& THE UNIVERSITY OF TOKYO Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 534 Jhie Unfuersity of Tokyo,
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55

Debris Clearing-up of Operation Floor
Using Remotely-controlled Machines
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Debris Clearing-up of Operation Floor of Unit 3

=~ Hajime Asama

SR
(¥ THE UNIVERSITY OF TOKYO 222*" Dept.of Precision Engineering
- Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 35 The University of Tokyo

Radiation Source Localization & Radiation Measurement

of Unit 2 and 3 Using y Camera and Dosimeter
July 5, 2012 (TEPCO)

A DBGRIEATT —4 (DH108)

S
T —FBGHIERIT—5 (RO

Packbot+ Hitachi y Camera 55, Haime Asama
(¥ THE UNIVERSITY OF TOKYO 225" Dept. of Precision Engineering
= Copyright () Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 36 Jhie Unfuersity of Tokyo
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Investigation of operation floor
of R/B unit 1 using balloon
Oct. 24, 2012 (TEPCO)

I\IL Jﬂﬁi‘h!ﬁl!l ................................

(Z’\?DR&)IJ“:Z& Smﬂ)lﬁﬁ)
37.1mSv/h

ANL—-T1 VO7078E
(AN OXDH S 1mDMm)

4 Cameras
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SE
Balloon
\ $2m™H5m
4F
-/ Monitor

3F
—— BR53.6mSv/h
/ Tethers
P aE) S
BFFrRR4uen
‘/ . BA20.1mSv/h
- Truck bay -

I —

BFERE 3SR
®%33.6mSv/h

. | seoumonen ——— o
i @ a_g__s g \ R B&150.5mSv/h d & § of
Equipment hatch i

’ THE UNIVERS'TY OF T()KYO * Dept. of Precision Engineering

% Rl
Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 57 The Univeesity of Tolyo

Inspection of S/C vent pipe leakage

of R/B unit 2 using quadruped robot
Nov. 22, 2012 (planning) (TEPCO)

Quadruped robot Quadrupedrobot Small vehicle

Small vehicle ORy SRR

._:.;":f“%‘\ Hajime Asama
(¥ THE UNIVERSITY OF TOKYO 72255 Dept.of recison Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 38 Universiy of Toloe,
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Results of vent-line inspection
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Investigation of Personal Airlock Room
Apr. 9, 2013

(Mitsubishi Electric TOKKI Systems & TEPCO)
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e ‘;‘:'f‘\ Hajime Asama
(¥ THE UNIVERSITY OF TOKYO 225" Dept. of Precision Engineering
- Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 60 The University of Tokyo
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Inspection by
Inspection Robot for high location

June 13, 2013 (Honda & AIST) (TEPCO)

NEEET—4
~ — = =
VAT LRERE
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£ 770mm
W& #9800kg

BROE=S2)T BH:

% Hajime Asama
C’ THE UN|VEKS|TY OF T()KYO #.%s" Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 61 Jhie Unfuersity of Tokyo

Automated system for debris transportation
June 24, 2013

(Kajima Corp.)

3 A A B8 5 L
Destruction site e, snem
==
@ «<—

22 -2 HRORAR TR

1km (SR 800m)

Automatic transportation

by a crawler damp truck (2m)
Ao

Temporal |, »| Final storage
storage 20?”1 et Hati
-1:. utomatic transponation
facility by forklift

(¥ THE UNIVERSITY OF TOKYO
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Removal of debris and obstacles by
dual arm construction machine ASTACO-SoRa
Hitachi Engineering & Services (TEPCO)

i;m _3 b‘ ~-‘.;\:‘

(June 24, 2013)
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Hajime Asama

ept. of Precision Engineering
L4 The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO
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Remotely controlled robot
for inspection and maintenance
Mitsubishi Heavy Industries

MHI-MEISTeR (TEPCO)

.
S —
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Hajime Asama

ept. of Precision Engineering
L4 The University of Tokyo
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Investigation around Lower Parts
(Nov. 13, 2013) of Unit 1 Vent Pipes (TEPCO)

Left side of the vent
pipe (when facing
toward SIC) at [4]

Radiation: ]
0.9-1.8Sv/h |

e
¥ THEL

Copyright ()

Decontamination of 1st floor of Unit 2
(Nov. 28-, 2013)

Raccoon: Decontamination Robot (ATOX, Japan)

SBe i “%. Hajime Asama
(g THE UNIVERSITY OF TOKYO 772254 Dept. of Precision Engineering
N The University of Tokyo

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 66
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Decontamination of Operation Floor of Unit 3
(Nov. 22-, 2013)

Moose+Attachments (Dozer, Vacuumer, Scabbler: Pentek, USA)

~ Hajime Asama
'® ’ THE UN'VERS'TY OF T()KYO Dept of Precision Engineering

®
*d
Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 67 Jhie Unfuersity of Tokyo

3D laser scan and 3D model construction inside unit 2
(Dec. 26, 2013)
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3-1. ERBREXEDHE (15H#) (4]
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3-2. ERBREEEDHE (25H#) [5]
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ERAI - EBVITYTHEADT—2ERG (Bl EFFAE) [13]
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Water-level Measurement of
S/C of Unit 2

(Jan. 14-15, 2014) (TEPCO)

ATOXtt 5
FEOR

28 WMFPRE1BRLAIL
OP10. 200mm

) (LR CLTED) A1 68

5/ CRn BOPA 210w WOP 3. 160 wen WOP3. 150 mer

ST

,,:1.. - BOPS. 230 wen BOP3, 190 wm BOP3, 160 mm
cn 2 0mm B3 0mm 1 0men
wens scesnceusars

CADADS. H-SINNESSDORLORESS 216N

| e
- S/CHiE OP1., 900mm

28 BRFFREINT 1R (BT
OP-3, 360mm

AT DOIRR

~ Hajime Asama
o Dept. of Precision Engineering

<l
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Contamination Inspection
in South Area in Unit 1

(Jan- 17/ 2014) Inspection Area (R/B 15 Floor) (TEPCO)

WEBH | THR25%128228~248(38M me——1 1t ol ==
IWETUP 1 SHR/B1RHN @]

WS : O EEME K EScmRU1 50cm!
273RNASHE
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i Important Anti-Seismic
| Building

Inside R/B

?" P System Configuration

J=FPC
(BIINADM)

¥ GARRANLE
MEOM> PROMY - DRRP UFT
Warrior) Packbot! 1FRRT Y FO-0RK

(¥ THE UNIVERSITY OF TOKYO
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Hajime Asama

Dept. of Precision Engineering
L4 The University of Tokyo

Contaminated Water Leakage Detection

near MSIV Chamber in Unit 3
(Jan. 18, 2014) (TEPCO)

Inspection by ASTACO-SoRa
MSIV Chamber ' f

X \lfjll

. Hajime Asama

=N
3

(_" THE UN|VEM|TY OF T()KYO Dept. of Precision Engineering

‘s 0
> L
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Core Sampling and Fence Removal

in Operation Floor of Unit 2 (TEPCO)
(Mar. 13-14, 2014) (Mar. 21-22, 2014)
W= P ) - , Investigate how much

«==- contamination or radiation
soaks into concrete floor

Warrior

J. s T g ¥ ) TI
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E Warriockz BB |5

= f
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=
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T a2 s ajime Asama
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Inspection of High Location Area in S/C of Unit 1

(May 27, 2014) (TEPCO)

RWEAGE ARt

BERE (RPCVH)

Aftvar2-)
SIC_L BRI A 24— ' :

EaxE (BIIGE 7V1-)

PRRE(S-VR

Hajime Asama
o Dept. of Precision Engineering

CORENSMAVENE
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Investigation of Walls in Torus Room in Unit 2

om0 by ROVs (TEPCO, IRID)
L y (July 28, 2014)
,&’E,Bi L*/LU /7, N N\ \’tl _______________________________________________
L 0 il \ \) W WEEG N2 mANd mase MAS |
ﬁl “ [ ) \l | CuwWAT) | (ROW.20 «Msc—m:wx:v.r—zgﬂrpc-u)i
R ~—
*g‘ )\ gp—

R/BIR (MEXERAQ)

RB-tAE | e

Kb SR

C’ THE UN'VEKS'TY OF T()KYO o Dept. of Precision Engineering
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“x. Hajime Asama

Investigation of Bottom Outer Surface of S/C

in Unit 2 by Underwater Wall Climbing Robot
(Sep. 30, 2014) (TEPCO, IRID)

B Hajime Asama

C’ THE UN'VEKS'TY OF T()KYO o Dept. of Precision Engineering
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Development of technology for investigation inside the PCV

[ Investigation methods and remotely operated devices are now under developmentto

identify conditionsinside the PCV and determine the situationregarding fuel debris.
Tharmometer
Camera Small size crawler (Unit 2)

: : G
Shape-changing crawler (Unit 1) ;L’}‘;h?

Camera
& Light

g . § Dosimeter - AT -
Shape changin - - ’
u Moving along Coming in the inside of the pedestal
flat surfaces via CRD rail
' < lunic1] [
X-100B 2

enetration

F¢115mm)

K.Oikawa ‘Robot TechnologiesDeveloped for the Decommissioning ofthe Fukushima Daiichi

s g Nuclear Power Station’ at the German-Japan ese Symposium on Technological and Educational
http://irid.or jp/en/reports/20150421/ Resources for the Decommissioning of Nuclear Facilities, April 21,2015

Inspection Robot inside PCV
(Hitachi-GE Nuclear Energy)

- i 15 #X100BA
25 HX-61 5 X-100B f o)%aﬁﬁﬁ
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A 4 W

2B HEX-65E ik
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BOEAL

HEED; EEHEEBED BAFE) 1 S HX-100B
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BfF- SR ET— L 25/ FHBLR(BIE) B

~ Hajime Asama

s" Dept. of Precision Engineering
The University of Tokyo
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Inspection inside PCV
(operated by IRID/Hitachi GE and TEPCO)
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Inspection inside PCV
(operated by IRID/Hitachi GE and TEPCO)

Ma il Camera (3l BFH A5

e -
WIS .S v/ 189 C—
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Apr. 19 b 2015 i, Hajime Asama
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Leakage Investigation of Equipment Hatch of Unit 3 PCV
by Crawler robot with Smartphone
(Nov. 27, 2015) (TEPCO)

https://www.youtube.com/watch?v=11jlirSNFrQ

S Hajime Asama

(;’ THE UN|VERS|TY OF T()KYO .'. Dept. of Precision Engineering
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Decontamination Machine for Upper Levels
(IRID)

Press announcement:

Dec. 16, 2015
BRNR 2 IMOEERURE (HE#2m) ’
Best BB TSAM FSATARTSAM,
BEKTToRDHN
LEM7Ot | REYDS(RATEE) TRERA
AEE QYR A
HRNER | FRARBSLUERER
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B3I-7F AR ERRL-EER

- y-renang FNawere

B3| TSRM FSATARTSAMD VAT LERER

-

BEXCzIMDLATLEER
s, Hajime Asama
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Fuel Handling Machine for Unit 3
(Toshiba)

Press Announcement: Jan. 18, 2016

Tensile Truss (PaR Systems, Inc.)

http://www kahoku.co jp/tohokunews/201601/20160119_61009. htri i r
Suspension-type parallel manipulator

~ Hajime Asama

* Dept. of Precision Engineering
The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO
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Investigation of Operation Floor of R/B of Unit 1
By Using Active Scope Camera

(Mar.-May, 2016) (TEPCO)
o' Active Scope Camera \ —
(Tohoku U. & Shimizu Corp.) i WL N o2 54T

x5

!
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Results of Preliminary Investigation of Rubbles___

~ Hajime Asama
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Inspection inside PCV in Unit 2
(operated by IRID/Toshiba and TEPCO)
Jan. 26, 2017 (IRID, TEPCO)
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Inspection inside PCV in Unit 2
(operated by IRID/Toshiba and TEPCO)
Feb. 2, 2017
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Inspection inside PCV in Unit 2

(operated by IRID/Toshiba and TEPCO)
Feb. 9, 2017
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Inspection inside PCV in Unit 2
(operated by IRID/Toshiba and TEPCO)
Feb. 16, 2017 (IRID, TEPCO)
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Inspection inside PCV in Unit 3

(operated by IRID/Toshiba and TEPCO)
July 19-22, 2017

Mola Mola
Mini Mola Mola (Sunfish)

o Structures
e Melt
e Deposits

e, Hajime Asama

< o
(¥ THE UNIVERSITY OF TOKYO “222*" Dept.of Precision Engineering
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Remotely controlled machines utilized for
the response of accident of nuclear power plant
(Foreign Machines)

-

¥4 Brokk-90

Brokk-330

iRobot Packbot

Putzmeister
Concrete Pump Truck

Vgt

QinetiQ Talon

Honeywell s
T-HAWK iRobot Warrior

QinetiQ Bob Cat Pentek Moose
Loereeeseese Hajime Asama

-, ~
o

(;’ THE UNIVERS'TY OF T()KYO * Dept. of Precision Engineering
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Remotely controlled machines utilized for
the response of accident of nuclear power plant
(Domestic Machines)

Remotely controlled
construction machines

Remotaly Operated Vehicle
nnnnn

Quince Quince 2

Water Surface
Inspection Robot

RARER

Quadruped Robot

& Inspection Robot Inspection robot

for high location

- Ratiot for Inspection Robot
Inspection Robot for  pecontamination inside PCV
Lower part of S/C 1

Robot for Measurement of
S/C Water Level Inspection Robot

@ Of upper part of S/C
(_ ’ THE UNIVERS'TY OF T()KYO ‘. Dept. of Precision Engineering

o .
°°
Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 11 The University of Tokyo

Hajime Asama

Rosemary

o0
S

Needs for Robots

e For Other Disaster Response
— Victim search and rescue
— Inspection, diagnosis and recovery of plants and
facilities
— Surveillance of coast underwater
— Mapping of the damaged area
— Power assist for heavy load tasks
— Mental care of evacuees

s Hajime Asama
(_ ’ THE UNIVERS'TY OF T()KYO ecoes Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 12 The University of Tokyo
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Achievements of Disaster Response Robots

Investigation of Building Investigation under Water Investigating under Water
(Kohga3: Matsuno, Kyoto U.)  (Anchor Diver I1I: Hirose, TITech.) (Remote-Controlled ROV: Ura, U. Tokyo)
§ el S I .

= f / -5 &
9 ] 2
8

N\, UAV
. (Nonami, Chiba Univ.)

Assist of Heavy Load Task [g8
(Smart Suit Light:
Tanaka, Hokkaido U.)

Active Scope Camera
(Tadokoro, Tohoku U.)

Mental Care in Refuge

Mapping of the Destroyed Area (Paro: Shibata, AIST) [

(Omni-directional Camera on a Vehicle
Tkeuchi, U. Tokyo, Deguchi, Tohoku U.)
C’ THE UN'VEKS'TY OF T()KYO * Dept. of Precision Engineering

> Oy
Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 13 Jhie Unfuersity of Tokyo

Phases in equipment utilization

Complex, diverse, and dynamic requirements in
tasks and environment

Phase 1: Utilize off-the-shelf robots and equipment
(for general purpose)
Phase 2: Modify developed system and technology
Phase 3: New development
(for specific use)

;;-::';:;5'5\3‘:':'& Hajime Asama
(¥ THE UNIVERSITY OF TOKYO “7272%" Dept.of Precsion Engineering

o L
Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 14 e Unfversity of Tokyo
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What have achieved so far

Exploration, investigation & measurement

— States, Spatial Radiation Dose (Level & Distribution),
3D data, etc.

Rubble removal

— On Site Field (Outdoor), Inside R/B, Inside Spent Fuel
Pool, on Operation Floor

e Decontamination
— Limited
e Sampling
— Dust, Water, Core Samples, etc.
— Limited
(g THE UNIVERSITY OF TOKYO 3;8”'2??%::99

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017 15

For future

:,:;_:,1;\ Hajime Asama
(;’ THE UNIVEKSITY OF T()KY() Tf’:’. Dept. of Precision Engineering

Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017 16 Tha Lniversity. of Tokyo
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Lessons Learned

e Causes of failures
— Loss of communication
— Poor situation awareness
— Malfunctions by radiation

e Common fundamental technology

— From specific system development to
standardized components

e Improvement of Efficiency
— Fast, Reliable, Dependable

_-_.,5;:_:::“ Hajime Asama
(-" THE UN|VEK§|TY OF T()KYO 5 '::’:'. Dept. of Precision Engineering

> Oy
Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017 17 Jhie Unfuersity of Tokyo

Unrecoverable Robots

',./-( ——_J
Y -
- e e
s, Hajime Asama
o0 0 oy . .
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Factors for Failures in Operation_,
e Prototypes (not products) =
— Risk assessment for failures
— Testing
e Misoperation
— Training
— Improvements of Human Interface
e Unknown environment
— Advance investigation
— Assumption of various situation

.,;::..1;\ Hajime Asama
(;’ THE UNIVEK“TY OF TOKYO sooe® Dept. of Precision Engineering

Copyright (c) Hajime Asama. Univ. of Tokyo. All rightsreserved 2017 19 The University of Tokyo

Needs for Robots

e For Other Disaster Response
— Victim search and rescue
— Inspection, diagnosis and recovery of plants and
facilities
— Surveillance of coast underwater
— Mapping of the damaged area
— Power assist for heavy load tasks
— Mental care of evacuees

.,;::..1;\ Hajime Asama
(;’ THE UNIVEK“TY OF TOKYO sooe® Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 20 The University of Tokyo
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Achievements of Disaster Response Robots

Investigation of Building Investigation under Water Investigating under Water
irose, TITech.) (Remote-Controlled ROV: Ura, U. Tokyo)
)

(Kohga3: Matsuno, V°t,° U)  (Anchor Diver III: H

UAV
(Nonami, Chiba Univ.)

Assist of Heavy Load Task
(Smart Suit Light:
Tanaka, Hokkaido U.)

Active Scope Camera
\ (Tadokoro, Tohoku U.)

& TSR

Mental Care in Refuge
(Paro: Shibata, AIST) |

o3352e,

Mapping of the Destroyed Area
(Omni-directional Camera on a Vehicle

Tkeuchi, U. Tokyo, Deguchi, Tohoku U.)
(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 21

S

~ Hajime Asama

Dept. of Precision Engineering
b ® The University of Tokyo

Diversity of Disasters

1923.9.1

SEP N

Great Kanto Earthquake
KKK DHBEE

Burned to death by fire

19951.17.3.11
R A B AR
Great Hanshin-Awaji Earthquake

EVOHEICKLHESE
Crushed to death by the collapse of the building

2011.3.11

FEARER

Great Eastern Japan Earthquake
ERICKDBERE

Drowned to death by tsunami
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Japan MEXT DDT Project on Rescue Robots

REE™

2002-2007, PI: Prof. S. Tadokoro, Intl. Rescue System Inst., Budget: US$20M

Information Integration

Protocol and Database

- Protocol standardization (MISP)
- Disasterinfo. database (DaRuMa)
(Network integration and operation

Overview Info. Gathering

Surveillance from Sky

e Femr——— 1 (V54
- Small-size helicopter
(automatic surveillance)™ =

o |
» InfoBalloon

(monitoring from fixed points)
Distributed Sensors

- Rescue
Communicator
(victim search
sensor)

J

Advanced Rescue Instruments

Surveillance in Rubble Pile - ActiveScope Camera
— - Integrated serpentine robot
- Rescue tools (jacks, search
cam, power tools, etc.)
+ Wireless triage tag
(for rescue logistics)

Multi Functional
Range Finder

HS7 USEES L Utlizing Past Image - Integrated UGV
Multi-Camera System . .
g . - Connected mobile mechanism
Surveillance in Underground - Jumping robot

- Human interface for teleop.
(virtual bird-eye view, 3D map,
standardization, etc.)

- UWB human body sensor

- Adhoc network

=/

- Tokyo FD training site
- Niigata Chuetsu EQ.
- JICA Intl. Rescue training

- FEMAtraining site

- Collapsed House Simulation

Facility in Kobe Lab.
- Firefighters unit, IRS-U

Prototype robots developed by 33 teams
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N International Rescue Sustem Institute
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Glnhal Victims Search using Intelliaent Data

)y ~Nr

‘ Autonomous Blimp ‘

- o -

Intelligent Data Carriers
(Ubiquitous Devices)

L

Anybody

-. N - [ ]
— | Ad-hoc sensor network

Autonomous Blimp Operation & Search
(Autonomous blimp and a rescue communicator)

. Hajime Asama

ept. of Precision Engineering
The University of Tokyo

¥ THE UNIVERSITY OF TOKYO
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NEDO Strategic Robot Elements
Search Robots for Confined Space

PI Satoshi Tadokoro

IRS, Tohoku U, NICT, AIST, NEDO

NEDO Strategic Robot Component Tech. PJ {{. 3
Search Robots for Confined Space (2006-2010) '3
insufficient TonRY
complexity mobility in rough terrain,
fivitostion cl>f stairs, collision avoidance,
commanding high-speed, door opening
Human —— Behavior ———3 Wireless ==> Mobility
Interface Planning ﬁ
limitation of heterogeneous data, GIS
hort-term _GIS realtime, error, ... Semi- Environment
memory Semi-Autonomy Autonomy

com&ity, m ‘ﬁ‘

IirfnitatiofHuman = Environment _ wireless <== Sensing
g Interface Recognition

recognition . instability, insufficient
insufficient cut, delay, sensors
resolution, low latency,
accuracy, narrow band
dimension,
FOV, etc.

o 5 3 2 || )
N International Rescue Sustem Institute .Lﬁb

70



NEDO Strategic Robot Component Tech. PJ "

Search Robots for Confined Space (2006-2010) .

N International Rescue Sustem Institute

The World's Window on Japan

The JapanTimes

ONLINE
Friday, Jan. 6, 2012

NUCLEAR AWAKENING
Domestic robots failed to ride to rescue after
No. 1 plant blew

By HIROKO NAKATA
Staff writer
Last of five parts

After the March 11 tsunami slammed into the Fukushima No. 1 nuclear plant
and wrecked three reactors, many people expected the nation's cutting-edge
robotic technologies to come to the rescue.

That, however, turned out
to be wishful thinking, and
the public was left
wondering why Japanese
robots, such as Honda
Motor Co.'s Asimo
humanoid, weren't sent to
the power plant to assist
firefighters and workers
trying to bring the crippled
reactors under control.

In the early stages of the
nuclear crisis, many
people actually sent
messages to the Asimo
Twitter account run by
Honda Motor Co., asking
why the robot wasn't
participating in recovery
efforts led by the
government and plant
operator Tokyo Electric
Power Co.

The reply they received,
however, said only that

(¥ THE UNIVERSITY OF

Slinky move stairs at Chiba Institute of Technology

OKYO

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017

£5%
&%

2%

TOHOKU

e

"Quince" at Disaster City (3/9/2011)

e Responsibility of robot
scientists

e Why Honda Asimo
cannot be used?

e Disappointment to
know RT is not useful
in real situation when
it is demanded

% Hajime Asama
S * Dept. of Precision Engineering

30 ® The University of Tokyo
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Expectation to Robot Technology

. o

Reality

« There are few robots and remotely controlled
machines which have sufficient function to be
used in the real disaster sites.

« Most of the robots developed in Japan were just

prototypes developed by researchers, and there
are few products.

-,-:;':';i?i‘;‘ft‘\ Hajime Asama
RSO e . .
(¥ THE UNIVERSITY OF TOKYO 222" Dept. of Predision Engineering
= Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 31 The University of Tokyo

Robots developed in projects for nuclear facilities

For Maintenance

For Maintenance 3 X T
| G i .. For Emergency Response
, R ,—' - (JCO Criticality Accident)
« A - f ‘\,I\t
—

Inspection Robots (for specific use)

i, 2 .
Hazard Environments Robot ; = MENHIR R@C @
Maintenance Robot (for general use)

-,-:,-’:'f?i‘;‘ft‘\ Hajime Asama

T es®e® . " ¢
'® ’ THE UN'VERS'TY OF T()KYO "-:::‘ Dept._of Precision Engineerin
= Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 32 The University of Tokyo
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Needs of Robots and Remotely Controlled Machines

Response for The Great Eastern Japan Earthquake, Preparation for natural disasters and accidents of social
Tsunami and Accident of Fukushima Daiichi N.P.S. infrastructures and facilities
+ Victim search and rescue » Threats of natural disasters (Earthquake, typhoon, volcano
» Response and decommission of N.P.P explosion, etc.)
» Recovery and restoration including » Threats of disasters of artificial systems

decontamination — Obsolescence of social infra. (tunnels, highways, bridges,
+ Preparation for possible nuclear accidents etc.) and facilities (plants, complex, etc.)

# A

R om Increase of
1 Threats of Disasters and Accidents

4 e Difficulty and danger in tasks and environment
for human

\h*

¥

Anchor Diver Il

pt. of eering

¢ University spdekyd Robot 33

® Productivity improvement of monitoring, ——
s N inspection and maintenance '
eu ntoﬂed {
construction machines
Mg

bl Utilization of
2 M robots and remotely controlled machins

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 33

Accident in a highway tunnel (Sasago Tunnel)
Dec. 2, 2012

Concrete roof panels over 130m length fell down suddenly.
Several motorcars were crashed and 9 persons were lost.
The first human-loss accident related to maintenance in Japan.
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Deterioration of Social Infrastructure

e Bridges
— 700,000 bridges in Japan (more than 2[m])
—43% will be more than 50 years in 10 years
—67% will be more than 50 years in 20 years
e Tunnels
— 10,000 tunnels in Japan
— 34% will be more than 50 years in 10 years
—50% will be more than 50 years in 20 years

_-_.,5;:.:::“ Hajime Asama
(;’ THE UN|VEK§|TY OF T()KYO 5 '7:_’:'. Dept. of Precision Engineering

. “eg% Oy
Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017 35 Jhie Unfuersity of Tokyo

Objectives

To discuss and put together the diverse knowledge of
Japanese industry, then propose scientific and technological
policies leading to solution-driven innovation and related

industrial policies, while clarifying the role of governmental
and private sectors.

To make proposals from industrial sectors to the government
and then promote measures to be implemented.

2011-2017 Project on disaster-response robot technologies

_-_.,5;:.:::“ Hajime Asama
(;’ THE UN|VEK§|TY OF T()KYO 5 '7:_’:'. Dept. of Precision Engineering

o Oy
Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017 36 Jhie Unfuersity of Tokyo
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Why is social dissemination of DRR difficult?

€ Small demands
+ Mainly public demand (FF, Defense, Police, MLIT) B
+ Low frequency of disasters b

# Biased investment of government ,

« R&D ,
Eackbor + Practicalization and Commercialization Quince
;Rogoét Chiba Inst. Tech., Tohoku Univ.
(Prodich Difficult only by effort of industry (Prototype)
militarv applications in US Unmanned construction system \
4 R&D investment and procurement € Usage of DRR for dangerous
@ Test field and standardization tasks in normal situation
* Disaster City (Texas A&M Univ.) _ @ Utilization and testing of new tech.
+ Standardization of Functional Evaluation of DRR _

. Hajime Asama
(;’ THE UN'VERS'TY OF T()KYO i s" Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 37 Jhie Unfuersity of Tokyo

Robot Technology
Required in Disaster Prevention and Response

[/ am]
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(¥ THE UNIVERSITY OF TOKYO
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Operation Phases in Disaster Response

- Phase 1
(S 5E

Fire Extinguishing/Search & Rescue

Phase 2
[§rs=Fs=:0:)]

‘ Phase 3I

3 G R

bisaster*’

r:

=

Until 24 hrs. Until 3 days

& THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 39 ©

Until a month/year

After a year

. Hajime Asama 5

The University of Tokyo

Projects and programs for RT system R&D
» Fundamental technology development (10 years)
+ Practical technology development (5 years)
»  Competition-type development of system technology and
solution design

Strategy planning
RT business promotion
Loop formation between R&D
and utilization
International cooperation

Standardization
Evaluation of function
Interfaces

RT testing facility for disaster prevention and response
» Operation test and operator training
» Testing fields, mockups g
Construction fields
Mockups (Fukushima model, etc.)
» Functional evaluation & certification
» Organization of evaluation center
» Management of technological information of RT
+ Information provision services on demand

ﬁ + Disaster City, Japan
» Explosion proof, radiation proof, safety proof, etc.
- Emergency response with device deployment and operation

Regulation design

Regulation relaxation
Authorization of exceptional zones

Regulation strengthening
Mandatory preparation

Taxation system design
Taxation exemption, etc.
Infrastructural improvement
Preservation of radio frequency
for robots, etc.

e =

Utilization in ordinary situation
+ Inspection/Maintenance » Disaster response
+ Operation in dangerous situation * Accident response

Utilization in emergency situation

e University of Tokyo

PYrrEan(ey Ty o =X

76
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Practical Disaster Response Robot R&D
for Social Resilience

Needs-oriented R&D projects for fundamental &

practlcal tech.
Technology for mobility and access in extreme environment
» Technology for stable communication
« Technology for situation awareness in remote control
» Technology for autonomy to facilitate remote operation
» Sensing Technology for inspection, diagnosis and maintenance

Projects for system integration
» Challenge or competition for solution derivation

l l _____________ = Utilization
in ordinary situation
' Disaster response robots |
I
RRD canter (Test fields, ockups)

| “o; Uept. of Precision £ng
Copyright (¢) m,m Asanm, Univrof Tokyo -an-ngms dserved 2017 41 The Univesity of Tolyo

Unmanned Disaster Response System Research and
Development Project R
<Objective>
Research and development of unmanned disaster response system to swiftly grasp the situation,

transport equipment and carry out relief activities, when houses, industrial and public facilities, etc.
are damaged by disaster or a major accident and it is difficult to send workers inside.

<Development content and structure>
Develop unmanned system for operations at industrial facilities with limited space under harsh
conditions where it is difficult to send workers inside.

Super Giraffe

= -

Radio
Repeater
Image of utilization of project deliverables
- HAL for Hajime Asama
¢ H ) F decommission . o Dept. of Precision Engineering
ommon riuman Asama, Univ. of ToL:vo All rightsreserved 2017 42 Jhie Unfuersity of Tokyo
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Concept of Bird-eye view Display

» Production of Virtual bird-eye camera image by integrating Multiple
Fish-eye cameras
» Obstacle detection by LRF

. Virtual
1 Camera ;

Image
Processing

Concept of Bird-eye View Multiple Fish-eye Camera Images

Hajime Asama

-~
“».*s® Dept. of Precision Engineering
The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 43

Outcome of the Project

Narrow Passage (Maze) Bird-eye View Image

Hajime Asama
Dept. of Precision Engineering

(¥ THE UNIVERSITY OF TOKYO

) 252
Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017~ 44 Jhie Unfuersity of Tokyo
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Superimposition of Obstacle Information
Bird-eye View Display (Camera+RFS Images)

Bird-eye Obstacle Detection

=3 Hajime Asama
(_" THE UN|VEI{S|TY OF T()KYO g® Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 45 Jhie Unfuersity of Tokyo

Application to Robot for Decommissioning of NPS
MHI Super Giraffe MHI MEISTeR

------

. Hajime Asama
(_" THE UN|VEI{S|TY OF T()KYO :‘. Dept. of Precision Engineering

Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017~ 46 Jhie Unfuersity of Tokyo
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Application to Unmanned Construction System

2 v >
- e I ¥
B P oy
— . L

Construction machine Teleoperation by an Operator

Front View Bird-eye View

* Dept. of Precision Engineering
L4 The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 47

Concept of proposed method(1)
m For real time visualization,
using pre-defined shape model S
= Surrounding environment hemisphere visualization
= Blade pre-defined 3D model

Surrounding
environment

Visualization of blade

“oeisssn,. Hajime Asama

2R
* Dept. of Precision Engineering
48 ® The University of Tokyo

(¥ THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017
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Generation of robot view from arbitrary viewpoints

Hajime Asama

b .
g% THE UNIVERSITY OF TOKYO 2225 Dept. of Precsion Engineering

<‘\_;7

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017~ 49 Jhie Unfuersity of Tokyo
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Gamma irradiation experiment

»The gamma irradiation was conducted in the
Technology Development Center of ATOX Co., Ltd.

Camera model : AXIS M3007-PV

Radiation source (¢°Co)

Radiation
¥ source 800 mm
Camera 2 Camera 1
600 mm Box made with
aluminum frames
Camera 3

600mm Camera4

Experimental layout seen from above

. Dept. of Precision Engineering
",®  The University of Tokyo 2016/4/5
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Gamma irradiation experiment : Movie

S, % . Camerai
»After 23 min irradiation (malfunction after

Camera2 23 mjnutes)

Camera 3 Camera 4

Bird's-eye view generation
corresponding to
camera malfunction

2016/4/5

The University of Tokyo

Gamma irradiation experiment : Result(1)

»Camera 1 malfunctioned after 23 min irradiation (Integral dose: 192.1 Gy)
Camera2 Camera 1

4 cameras Camera 1 proposed method Camera 3 Camera 4
malfunctioned
»Camera 2 malfunctioned after 54 min irradiation (Integral dose: 141.3 Gy)
Camera 2
|
s m e »
el . -
_3 cameras Camera 2 Proposed method Camera3 Camera4
s malfunctioned
Dept. of Precision Engineering 2016/4/5

The University of Tokyo
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Gamma irradiation experiment : Result(2)

» Camera 4 malfunctioned after 82 min irradiation (Integral dose: 224.1 Gy)

Camera 3 Camera 4

2 cameras Camera 4 Proposed method
malfunctioned

»Camera 3 malfunctioned after 94 min irradiation (Integral dose: 162.9 Gy)

Camera 3
2016/4/5

@ The University of Tokyo

Program Structure

Systems Engineering BO1

N

Muscle synergy control model Cognitive body model

- " Q -
Wk M | > B
=)=
!'I ! Y S R
.....
m \
Model-bas@ rehabilitation

£ Neuromodulation
Cl N i & Decoding :
8 L £% ¥ Embodi «d Neural o

B ap e
e | ~ A Systen Science ff-'-' - l

R X >
Synergy Analysis & Imaging !@ [ Motor control
\ A ‘ 0y g (
|
on

Verification

Verification

\ J
Rehabilitation Medicine Brain Science. )
seesn, Hajime Asama
'@ ’ THE UN|VEKS|TY OF T()KYO -,:. Dept._of ?recision Engineering
NS The University of Tokyo

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2017
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Systems
engineering

s S
@‘k H ?ﬁ

Embodied-Brain

BO1 Project
Modeling of Mechanism Generating Body Representation
based on Slow Dynamics Driven by Body Consciousness

Hajime Asama
Department of Precision Engineering
the University of Tokyo

Modeling of Mechanism Generating SoA & SoO

based on Perception Modified by Body Representation in Brain
4 N\

Brain Fast dynamics
Motion Generation

R
or motion

SR

Slow dynamics Generation Physical
Update World
(
Conscio Percep |_| || Organs for
usness -tion \ ) | perception
SoA Perception Generation
So0 Fast dynamics
. J
Body Modified Conditions for SoA generation:
Consciousness Noise reduction - Time delay )
Interpolation - Consistency of multimodal sensory feedback
¥ Integration - Intention <o, Hajime Asama
g THE UNIVERSITY OF TOKYO 772" Dept. of Precision Engineering
Copyright () Hajime Asama, Univ. of Tokyo. All rights reserved 2017 @ [ ThaUniversityofTokyo
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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

my motion.
Z

Comparator Model
= AT S \
) g
&5 Parietal Lobe
NG5 Predicted
a sensory feedback
, Forward Dynamic
Efference Model
copy
Sense of Agency
Motor
> Motor System Sensory System
command Aetiial
sensory feedback

(Blakemore, 2003)

Difference is small: Motion is attributed to “self”

58
Difference is large: Motion is attributed to “others”
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Rubber Hand Illusion (RHI)

e Synchronized stimulation provides illusion to
think a rubber hand as their own hand

e Clarification of Sense of Ownership

Rubber Hand Own Hand

The Influence of High-level Cognitive Process on SOA

+ Modified Comparator Model

Internal level V| Perceptive level | | External level
Distal Motor ' | .
- 5 — : i Actions
intention intention !

vel| | :
/ actions

| High-level | Low-le Perception on
Expectation Prediction
Sensory e
feedbacks o Effects

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

o 3 Wen Wen, Atsushi Yamashita, Hajime Asama: "The Influence of Goals on Sense ¢»
., ¥
rmsoetsran CoONtrol”, Consciousness and Cognition, Vol.37, pp.83-90 (2015).
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Study 1: Influence of Goals on SOA  soa was impaired

)

- (as the goal was
. difficult to achieve)
’ 100% ntrol
o .‘~\£ Agency :(S::rotr\g goal
0= ."‘: E:t— ratlng 80% | Weak goal I
- (1-9) 60%
BE B c

Task: Changiﬁg the direction of dot by
pressing the left and right keys

L I
40% | =
20% Ijlx
0%

20% 50% 80%  100%

Rating of self-control effectiveness

Independent variables Effectiveness of key presses
+ Effectiveness of key presses (20%, Multivariate Analysis 86
50%, 80%, or 100%) [ \

+ Existence of goal 14 33 Actual

S0A — ~—1 effective-
) ) ) Performance

Goals: directing the dot into the i

square (the strong goal), or keeping ~ ©2. . ED

the dot in the central area of the | Existence of goal and feedback of

screen (the weak goal). i goal-achievement significantly

{Linfluenced SoA.

“\ﬁ’ Wen Wen, Atsushi Yamashita, Hajime Asama: "The Influence of Goals on Sense
"‘\ Control", Consciousness and Cognition, Vol.37, pp.83-90 (2015).

Study 2: High-level vs. Low-level processes

¥ 1 No effect of assistange ..o
7+ « / Dassisted

= SoA was improved
=1 the assistapce
ol - § 4 /
Task: Direct the moving dot into the O 3
square as quickly as possible. o
Independent variables '
+ Delay in response (100, 400, or 700 ms) 9 o e e
» Assistance of computer (Improving task Delay in response (ms)
performance by ignoring erroneous
commands) e
. . ESoA are influenced by both the |
Assistance: Promotes high-level process ' high- and low-level processes, and
(performance-based inference) while Ethe high-level process would bé
impairing low-level process (action-effect Emore dominate when the low-level
comparison) | process is less reliable.

il ~ ~Continuous Action: Performance is More Important than Action-Feedback Association",

e

tmeodiecsran PLOS ONE, vol. 10, no. 4, e0125226, pp. 1-16 (2015).
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Cognition Performance

- in Passive Condition
+ Cognition from Perception

+ Prediction only based on Perception

* In Active Condition
+ Cognition from Perception
+ Prediction based on not only Perception

but also SoA Automatically Driven
by Active Interaction

65

Hypothesis

+ An operator’s sense of agency has a positive effect on
his/her cognitive performance.

Objective

+ Clarification of the relationship between the sense of agency
and task performance in human-System interaction with

temporal delay between human input and its feedback.

66
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Experiment: Condition

Participants
Searchlight

21 healthy volunteers (¢ = 80)
20-28 years, mean=22.5 ‘

12 men, g women

Experimental Set-up
Visual stimuli

Created using Visual C++ and OpenGL on a Windows PC.

Displayed on a 24-inch computer screen.
Input device

Joystick (Cyborg evo Force, Saitek)
Equipped with a trigger to input user commands.

Experiment: Visual stimuli

Searchlight Target
- Yellow circle with radius 40 mm - Red dot with radius 4 mm
- Speed: 60 mm/s - Randomly located and invisible

without the searchlight

Searchlight
(¢ = 80)

320

o

500 (mm)

90



Experiment: Task

The participants were required to pull the trigger as soon as
they detect the target.

om =

Search Stimulation Detection Reaction
(Pull the trigger)

\ J
|

Reaction time

69

Experiment: Video

70
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Activeness vs. Reaction time (without time delay)

Active: Participants use the joystick to control the searchlight.
Passive: The searchlight moves automatically.

*k

600 | |

Participants:
21 volunteers (12 men, 9 women) 500 |

' _ s —
The experiment consists of 4 blocks 400 \;’ :

(2 active + 2 passive conditions)
In each block, 20 trials were conducted.

Reaction time (ms)

300
200 Paired t-test:
There were significant
differences between active and
0 passive conditions (p<0.01).
(o]

active passive
71

In order to prepare for emergency,
Use robots in ordinary times

1. In testing
2. In training
3. In usage in
* recovery sites
» Inspection and maintenance
of social infrastructures or
facilities
« tasks in dangerous fields

,_.:_.:-'322“‘-:':;‘ Hajime Asama

o it " o
* Dept. of Precision Engineering
L The University of Tokyo

g7 THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2016 72

92



Disaster City
TEEX (Texas A&M Univ), Texas, USA

= ¢ (ZZEHem) KL R —h)

g THE UNIVERSITY OF TOKYO “zege bept.or viecaon thgmeering

o 01§
Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2016 73 o The University of Tokyo

Test fields and Mockup facilities

(1) Mockup facility for robots in indoor environment

1A "-Z'-:-.::?f‘:* Hajime Asama
(" THE UN]VERS”‘Y OF T()KYO Tatoes Dept._of _Pre(ision Engineering
N The University of Tokyo

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 74
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Mockup and instrumentation
tools to be installed (2)

g

L

Demonstration test area for the technique to repair a water leakage at the PCV and
development and demonstration test area for the remote controlled devices are
prepared in Test building

Test building
(V60mx<P80mXxE40m)

Research

i

Motion capture camera RobotSamuktor

=

Mock-up staircase

Water pool

Test fields and Mockup facilities
(2) Robot Test Field for field robots

N Hajime Asama

’C i THE UNIVERS'TY OF TOKYO -’ * Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 76 Jhie Unfuersity of Tokyo
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Fukushima U. Fukushima Innovation Coast Vision
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THE UNIVERSITY OF TOKYO : Dept. of Precision Engineering
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FUKUSHIMA Robot Test Field (Scheduled to open in FY 2018)

wms0itmT | M el

WROA Y 75508 FIURNE3 E TS BRE8- ZOD Ky MO—ARIARE L THEBRREVBEIC [0 Y hF 2N T4 —IURIHBELET:
Infrastructure Inspection and Disaster
Drone Area ~- —
B Runway Dm‘y FTZ |§7 = Response Area
- Airfield with safety net

-Drop test field
-Heliport

-Tunnel and bridge
-Debris and landslides (Damaged road)
-Mock-city area: residences and buildings

ROV, AUV and Unmanned ship Area
-Flooded town

-Large outdoor water tank :
-Deep indoor water tank with water flow >

-Indoor water tank with turbidity control EsERE

Necessity of explosion-proof function

Amagasaki Rail Crash
(JR Fukuchiyama-Line derailment)
Apr. 25, 2005

Niigata tunnel gas explosion
May 24, 2012

. i e 1

Petrol leakage in parking Outbreak of natural gas

Evaluation and certification of explosion-proof function

. Hajime Asama

s" Dept. of Precision Engineering
The University of Tokyo

g% THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2016 80
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Japan Revitalization Strategy

Three pongs or “Arrows” r
e Aggressive monetary policy
e Flexible fiscal policy

e New growth strategy “Japan Revitalization
Strategy”

— SIP (Strategic Innovation Promotion Program)
¢ Tech. for Maintenance/Upgrading/Management of
Infrastructure (PD: Prof. Yozo Fujino) [REESRtEEEt:

— ImPACT (Impulsing Paradigm Change through
Disruptive Technologies)

¢ Tough Robotics Challenge (PM: Prof. Satoshi Tadokoro)
Disaster Response robot P

oo Hajime Asama
(¥ THE UNIVERSITY OF TOKYO

o ept. of Precision Engineering
Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 81 Jhie Unfuersity of Tokyo

SIP (Cross-Ministerial trategic nnovation Promotion rogram )

- Program Directors for SIP -

Innovative Combustion structural Materials for Energy Carriers Next-Generation Next-Generation Power
Technology Innovation (SM*I) Technology for Ocean Electronics
Resources Exploration
;: } -

- / L K >

Masanori Sugiyama Teruo Kishi Shigeru Muraki Tetsuro Urabe Tatsuo Oomori
Toyota Motor Corp. Univ. of Tokyo, NIMS Tokyo Gas Co.,Ltd. Univ. of Tokyo, JMEC Mitsubishi Electric Corp.
- A d Driving z .
Infrastrqctur; dm enance, System Enhancement of Societal Cyber-Security for

Resiliency against

Critical Infrastructures
Natural Disasters

&

"

5 . : Atsuhiro Goto
Yozo Fujino Seigo Kuzumaki Masayoshi Nakashima Institute of
Yokohama National Univ. Toyota Motor Corp. Kyoto Univ. Information Security

Tech. for Creating Next- Innovative
Generation Agriculture, Design/Manufacturing
Forestry and Fisheries Technologies
CTrY
JAA

=4

re A

Noboru Noguchi Naoya Sasaki
Hokkaido Univ. Hitachi Ltd.
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SIP: R&D in Infrastructure Maintenance, Renovation and
Management

ria

. nivs | Technology | zus
o bOt ICS Te Ch no I ogy Tl oBSE. HEFE IR, S

TR | (A | [RAR | [ 1. STast. BEATED 7)) —

85 B T FBRATN || LS
]

Intrastructure manag nt
0ads, Highways, Rallways, Bridges, runnles

Ports, Harbour,Dams, Water facilities,
Embankments,Soil strctures Agricultural

Eacilitie

UoT KyotoU TIT Kanazawa ©

EETAW 7
ection a - Information and Communication

3 s : BE-IBRAS ) —= Ui, mdE
~%_Monitoring = T - B
X-ray, Laser Micro waves, 3[(]!33_'5 i R{SREL
s -
Mogwetic ol Euwee | | morEe | [
A=W E?Ef;:‘ EINIES Tt Bir

Universities, Governmental Institute and Industry.
Approx. 60 projects. More than 1000 researchers/engineers

Inspection of bridges

/4 Hands-on inspection
for every 5 years was
| mandated.

o Machine-assisted
Use of Robots

W

M8pection

Flying robot
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Most vulnerable element in bridge: slab

Damage Area Estimation By Hammer test

Serious [
damage [

i

E Lane restrlctlonsfor Iongtlme

*Labor cost

*Should remove pavements
0:Zmm~1mm . g *Results depend on labor capacity

Horizontal crack

Bridge slabs
in USA

Damage of Concrete Bridge Slabs need be detected.

SIP NEDO JAPAN

Development of UAV for Bridge Inspection
Tohoku Univ., RICOH Co., Chiyoda Eng. Co. JAST, Tokyu Cons. Co.

Passive Rotational Spherical Shell (PRSS) UAV:

+ PRSS UAV can enter beams under the bridges and take close
images of slabs and beams instead of human workers.

- It can reduce cost of safety facilities for workers and traffic control.

Damage Report Software for PRSS UAV ‘s Camera Images

1'

e i 2. T
& “g%ggiﬁ — - AT

&, SIREES (3%
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Two-wheeled flying robot for bridge inspection

* |t can taka proximity-images with constant distance to bridge surface.
* It is robust against windy condition because of skin friction of the wheels.

Type Specifications

Large size two-wheeled [Target] High pier bridge \ |
multi-copter )
4_"' —=n

[Features]

v’ External power supply via cable for
long-time usage.

v’ Equipped with closed-circuit
camera for real time monitoring.

' Proximity camera

Power supply cable and
optical fiber for image
transmission

Small size two-wheeled [Target] Narrow space (shoe, and so on)
multi-coper

[Features]
v' Quadcopter in ‘cage’ for protection.
v' It can run on a pier to take a picture of shoe.

&

e S —

Demonstration of Small size Two-wheeled multi-copter
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Current Research

+SIP Fujitsu Project — Bridge Inspection

« Difficult for humans to inspect, so inspect using robots
=> Create 3D Model with texture for easy offline inspection

012

Current Research

Spherical Cameras to see in all directions

Equirectangular Image Spherical Image

3D Reconstruction using Spherical Cameras

013
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Current Research

(a) Translation (spherical) (b) Rotation (spherical)

\' ¢ £ Dense Optical Flow (75712 L IS E1E3R)

e Y ¢ .

Ciick multiple images (?’Ei’ﬁ{%}%%)

Camera Positions
And 3D Model

(=R TTFAAET A
ENASBEER)

Split rotation and translation flow R S B s
(B85& BHED 70— 451 3) a4

Current Research

*Spherical Image Stabilization — Virtual Camera
Rotation-less Camera ([a[fizdE A £ )

o015
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Inspection data management using 3D-CAD model

Geotagging technology
Estimate camera’s pose using sequential Omni-
directional images to add geographical data to

Proximity image

Geotagged
proximity

yimage

Inspection data management using
3D-CAD model

proximity images.
)
VT

Pose estimator

Omni-directional image

Inspection
a

;| dat

Y

3D-CAD model generation technology

Semi-automated generation of 3D-CAD model from
3D point cloud.

Automatic principal
plane detection

Automatic registration

103

(- B

Application software example

A bridge inspector can refer past inspection data on
3D-CAD model using tablet PC.




Defect Detection with Estimation
of Material Condition
Using Ensemble Learning for Hammering Test

Department of Precision Engineering,
The University of Tokyo, Japan

Hiromitsu FUJII,
Atsushi YAMASHITA, Hajime ASAMA

97
Motivation: Automation of social infrastructure inspection

B Hammering test is a non-destructive inspection method

@ high accuracy by listening for difference of impact sounds
@ high efficiency by using no contact sensor

B Essentials for the automation
is auto-diagnostic system
® to detect defects accurately
® to estimate defect condition
from hammering sound

2016/5/18 ICRA2016@Stockholm
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98
Purpose and our contribution

Construction of accurate diagnostic algorithm
using acoustic impact signal
with function to estimate defect condition

Defect material condition

€.9. Crack depth estimation, which is important

- to find the extent it progress to :
- to select the repair method Deep <_i_’ Shallow
depending on the depth. $ e
"~

99
Proposed method: Defect detection
1. Pattern recognition in the time-frequency domain
Pipeline of our system Pattern matching in sub-bands
- e Tajrget signal C‘Iean template
Tralr.mg i Detection flow (online) ) | E— <=8 | e—
|STFT+preprocess|ng|| FFT E——r or [E——
1 | + preprocessing £ £
; = ow [b
: : »
E 1 Time Time
i I
j—_Detection Preprocessing for noise reduction
) ) Down Up
Swmg motion = P |
C
(<)
‘ spectrum
Condition-labeled Clean templatization £ B
defect | e
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100
Proposed method: Condition estimation

2. Obtaining probabilistic expression of defect condition

Pipeline of our system Clustering-based expression of
posteriori probability of defect condition
[ Acoustic measurement I 1.0
Training flow B Samples of
i Detection flow (online) L
i 5 os ® clean
| STFT + preprocessing | FFT o
! + preprocessing =, b @ cluster |
? ' cluster 2
7 5 2.
Multi labeling | ‘g 05 o @ cluster3
w defect ® cluster4

-1.0 -0.5 0.0 0.5 1.0
Similarity to clean

et

Detection

m “shallow”

m “deen”
o 0.6 P
Condition-labeled Clean 0.4
defect e
0.0 I _ I
‘cluster |

cluster 2 cluster3 cluster4

P(L | C)

Proposed method: Improvement of accuracy

3. Integration by our ensemble learning algorithm

Pipeline of our system Accuracy of defect detection and
condition estimation are improved by
| Acoustic measurement | combining boosting and bagging

Training flow

Detection flow (online)

v
. + preprocessing samples
Data augmentation K

Multi labeling I
No
Detection

=7 Weak learners

templatization
R gy
g 8
e g
o5
4 e
I

Subband

In(x) Iy (x),
| J Prilnlx)

a, | o, ay Posteriori probabilities
l aggregation

Condition-labeled Clean Boosting based majority vote
defect H(x)  P(Lalx)

2016/5/18 ICRA2016@Stockholm
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Experiment and result

@ clean @ “shallow” @ “deep”

concrete test pieces

2016/5/18 ICRA2016@Stockholm

103

Experimental results
Defect part and the depth are correctly identified.

diagnosed as clean
detected as deep

shallow:part deeppart « detected as shallow
A

600 600

400 400f -
= = R
E E s A S
-~ -~

200 200 N

0 , 0 —_—
0 200 400 600 800 0 200 400 600 800
X [mm)] X [mm)]
Ground truth Estimation result

2016/5/18 ICRA2016@Stockholm

107



oo

Outline of Development Project for
Infrastructure Maintenance and

Disaster Survey
AISHBRER - EHSED
HEBERELRATLARTIOCIINOBE

New Energy and Industrial Technology Development Organization
WIRANF— EEHHRSHREE (NEDO)

Robot and Machinery System Technology Department (oot iliigs, 25 2.8
Yusuke Yasukawa (21l #40

Collaborative Activities Between Japanese L2
Ministries & a0k

pmurr METI
© BEsEs Fy maERs

Evaluation and Test Use of the Robotic
System at the Real Site of Maintenance Development of R°b,° ¢
and Disaster (based on Public Offering) Technology ind Sysiems via NEDO
RE-——Z 1VISBYATLADRERE
ERERIBPADIEH
BE%EY 27 A oo
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ERRGE BRI el
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ImPACT e o il Y i :ﬁzﬁﬁ?
I m pu |Si ng Pa rad ig m Kohzo Ito Keisuke Goda Yuji Sano
Change through
Disruptive
. ITDevicas with loagusage  Sysiemfora ZERO pssdanechoaronty
Technologies b e Trmterm e b
Society
2014-2018, 55BY(440M$) hiSahashi  Yoshiyuki Takane Su
Tough ana Ultra high-speed
o st bneadscttets (i oot
Satoshi Tadokoro Reiko Fujita Reiko Miyata
Life by o
i
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Overview

Japan is one of the most disaster-prone countries in the world. A large-scale earthquake is predicted to occur directly beneath the Tokyo
metropolitan area in the near future, and there is an urgent need for measures to reduce the risk. Although the usefulness of robots in a
disaster was recognized during the Great East Japan Earthquake, robots that can actually be used in unknown extreme environments
where the situation is always changing are still a work in progress. The goal of this program is to develop essential technologies for remote
autonomous robots that are tough and can function without faltering even in an extreme disaster conditions. At the same time, this

research provides key fundamental technologies for outdoor service robots for establishing foundation of the future advanced outdoor
robot services.

s

D e
Helicopter

Tough Robotics

Rescue Team

S Teleoperation \

Rescue operations in disaster situations are extremely
difficult. In many cases, it is difficult to approach disaster
sites by the risk.

Robots, drones and cyborg K-9s support rescue teams
at difficult disaster sites

Disruptive Innovation

Keys to breakthrough

« Advance three technologies of active robustness, large-scale real time information, and bio-machine Fusion. Integration with five
types of robot bodies. Establish remote autonomous robotics that can operate robustly in extreme environments, implement
commercialization and create a foundation for social implementation.

Soft flexible systems Active Robustness Discontinuous
Redundant distributed cooperation full of wastefulness Bxtre To

Micro high-power actuators e M@hn@%
Design and planning tolerant of failures » Accessibility

Robust solutions » Sensing, Perception

! e . Tou h and Estimation
B, O R:e % — g . Re_covery from

JInformation” " Robotics Failures

5" Ot JN© Noninvasive animal interface Enwron!n?.ntal

Fused human in loop Compatibility

Bio-machine Fusion

~ Hajime Asama
¥ THE UNIVERSITY OF TOKYO Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 109 o The University of Tokyo
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The Challenges for the Impact of Success

» Jointly research and develop the key fundamental technologies for outdoor robots (accessibility, sensing and perception, recovery
from failure, and environmental compatibility) in a cooperative competitive environment, with the aim of achieving remote
autonomous robots that can work robustly without faltering even in the unknown, time-varying extreme disaster environments.
Conduct focused field evaluations to make robot technologies and their performance visible, and lower the barriers to social
application.

Background

« In recent years, large scale disasters have occurred frequently. Application of robot technologies to improving disaster response,
recovery, preparedness and mitigation capabilities, improving efficiency, and at the same time ensuring the safety of responders is
an urgent issue. However, current robots are delicate goody-goodies that cannot show the same performance of work in the
extreme environment of disasters as they can indoors. Their ability to respond to unexpected situations is low.

Impact on industry and society in the event of achievement

« Application of robots to emergency response, recovery, preparedness and mitigation of disasters to contribute the world safety
and security. Furthermore, pave the way to commercialization of advanced outdoor robot services by promoting technology

spillover.
N <,
e D [Aerairoos ‘
| L7 I—— -8
a f
‘4N
X g 1e Asama
(;’ THE Ur“ VLN 1 1 "1 IJIN IS %" ;h-ez.,“i;:"i:lyi?lz:;r g ing

Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2017 110

Robots developed in Tough Robotics Challenge Project

: : o s . ~. Hajime Asama
(;’ THE UNIVERS'TY OF T()KYO X Dept. of Precision Engineering

Copyright (c) Hajime Asama, Univ. of Tokyo. All rights reserved 2017 111 Jhie Unfuersity of Tokyo
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Committee for the Realization
of the Robot Revolution

Y.

@) OECD

\OECD WEEK 2014

« New Industrial Revolution by
robots

+ Incorporation of robot revolution
in the Growth Strategy

» Showcase of robot applications

Robot New Strategy

(¥ THE UNIVERSITY OF TOKYO

.f‘:* Hajime Asama
* Dept. of Precision Engineering

25 ) 2GR
Copyright (c) Hajime Asama, Univ. of Tokyo. All rightsreserved 2016 112 " The University of Tokyo 12

Overview — Background and attitude about “Robot Revolution”

<{ Japan as "a Robotics superpower”
® The world biggest number of shipments and operating units of industrial robot in the world

<{> Japan is "an issue advanced country” for such as low birth rate and longevity, aging
infrastructure, which is expected to utilize robot technology.

Europe and the United States are catching up with the new production systems with digital
and network technology as a key to advancement. China and developing country are also
accelerating investment to robots. (Chinese robot introduction amount outnumber Japan )

» Lead the world by intensive utilize of robot in data-driven era.

What is Robot Revolution? Three Pillars realizing the revolution

1. Dramatic changes in robot (“autonomy”, 1. Becoming the robot innovation hub of the
“being information terminal”, “networking”) world,
Even car, consumer electronics, mobile 2. th Ad’s leadi b izati -
phone and house become robots owal SEhe Wo) s £ading: TOD0! Mtiization Socicty,
S _ g (SME, nursing/medical care, infrastructure,
2. Utilizing robot in various fields from R°°°. etc. )
Revolution 2

manufacturing to daily life 3. Leading the world with robotics in loT era

3. Through the resolution of social issues and (Robot with IT utilizing big-data, network and
strengthening of international Al)
competitiveness, realizing a society in
which the robot creates new value.

B Hajime Asama
* Dept. of Precision Engineering
The University of Tokyo

¥ THE UNIVERSITY OF TOKYO

- Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2014
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Action plan - Cross-cutting issue (1) the foundation of “Robot Revolution Initiative” -

<{> Based on the results of "the robot revolution realization council”, establish a promoting organization that
involves the industry, academia, and government to realize robot revolution in actual fields. Considering
discussion on Al and loT in Industrial Competitiveness Council and the Council for Science, Technology and

Innovation. ( = — 1
i Robot Revolution Initiative S iiatanis
External = Other
Organizations O Major Efforts Countries

projects, utilizing national institutes, use of Obs, international standardization,
security issues and etc.

|
|
Matching seeds to needs, sharing and diffusing best practices, driving international :
|
|

<Expected structure> <:|:>
Management Committee ’
(key stakeholders) plogh Lo

Industrial

OMember Internet
- Major industrial association (Robot, parts, users (automobile, agriculture, Consortium
(United States)

medical/nursing care, infrastructure, etc.))
- University, research institutes (NEDO, AIST, NII, etc.)
- Cooperation organization in local area

Industry 4.0

3. Hajime Asama

Dept. of Precision Engineering
The University of Tokyo

& THE UNIVERSITY OF TOKYO

Copyright (c) Hajime Asama. Univ. of Tokyo. All rights reserved 2014

Action Plan - Cross-cutting issue (2) Technology development towards next generation -

<{> Need to promote research and development for core element technologies and/or innovative next-generation
technologies in order to win the data drive society.

<{> The next-generation technologies (Al, sensor and cognition systems, mechanisms/actuators and its control
systems and platform technologies to integrate these core elements) that give a significant impact when
implemented in industry and society must be developed.

<{> Research and develop t of el t technologies must be performed with collaboration and information

8
sharing among researchers by workshops, promoting competition among research institutes by contest and
award scheme, and introducing the open innovation.

Expected technologies to be developed Scheme for Research and Development

Curert magr s

Reasonng AN 1 somtie b roviie e e 10 20w

Inieligence @ a0 T iy o T et
U Cireanatin ek o 1y e beteman T J
R o b

automated
Behavior cased LOIMAG ey eneed movermom cun be mde, b £
on human Aot e mnoman o e e iy
nacaten ane s 1 17 o 1 Y 0 B mOES

¢
uitirn o rvs @ Somcartribon @ researh a0 o 5% 300 Narsaare

I

1
|
H
i
l
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L3 H ll
jil |
Various research and development by
Industry, academia, and government
< of o o of of =f o]
(.
Workshops/challenge programs.
St ] P ENd 9

Workshops/challenge programs
Workshops/challenge programs

[y

== :
& m—

i Gevesopm ent by workshops snd
Technologies from other fields. e l I Crelenge programs

w

3. Hajime Asama

Dept. of Precision Engineering
The University of Tokyo
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Action Plan - Cross-cutting issue (3) Standardization and Field-Testing -

<> Act from cross-cutting and medium-long term prospective such as international dardization, Field-Testing
of Robots which is valid for acceleration for development and introduction, human resource development
who progress the introduction and expansion of robot.

<{> The executive committee will be started within this year to establish the system, the concrete style and
competition items will be determined by 2016, and also a preparatory competition will be held in 2018. And
then, the Robot Olympic will be held in 2020.

L tional dardizati 4 Field-Testing of Robots
- indisp ble for expanding our rob hnology to the -> Valid for I for develog t and d
world = Stable operation