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Novel Mechanical Manipulator for Efficient Fuel Debris Retrieval
(Contract Research)
— FY2022 Nuclear Energy Science & Technology and Human Resource Development Project —

Collaborative Laboratories for Advanced Decommissioning Science,
Fukushima Research Institute, Sector of Fukushima Research and Development
Japan Atomic Energy Agency
Tomioka-machi, Futaba-gun, Fukushima-ken

The University of Tokyo
(Received March 19, 2024)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2022.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2021, this report summarizes the research results of the “Novel
mechanical manipulator for efficient fuel debris retrieval” conducted in FY2022.

The present study aims to the development of a collision-tolerant robotic manipulator with mechanical
variable impedance actuators in an unknown environment. Another research target is the system architecture
of an artificial intelligence-based control method for efficient exploration and decommissioning. In addition
to investigating the area deep inside the aperture, which has been difficult with conventional investigations,
we aim to retrieve pebble-shaped fuel debris at the bottom of the pedestal using a gripper at the tip of the
manipulator. We will establish a manipulator mechanism and remote-control system to cope with the
environmental constraints inside the pedestal.

In the fiscal year, we focused on designing optimal parameters for a robot arm and developing navigation
algorithms. Collaborating with RITECS Inc, we determined ideal dimensions, velocity ratio, and grasping
force using a simulation environment. The obtained information was shared with the UK, and we proposed a
position-sensor-independent method for arm manipulation which exploits the operator input from 2D images.
The method is based on machine-learning techniques such as Deep Deterministic Policy Gradient (DDPG) .

The research was promoted in close collaboration with the UK team and external advisors, including bi-
weekly meetings. At the end of the fiscal year, an oral presentation introducing the project was given at an
international workshop organized by the University of Tokyo and Technical University of Munich (TUM).

Keywords: Decommission, Manipulator, Debris, CVT, VIA, Navigation, Visual Servo, Artificial Intelligence

This work was performed by The University of Tokyo under contract with Japan Atomic Energy Agency.
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RS ZEEHT2ET L EWTIC, vy ML HAM~= o L—y g VETHRIZE
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IROS 2022 WS “Robotics for nuclear environments exploration and decommissioning:
challenges and emerging techniques”

ORT 47 ASHICBITAS Ny TEHESHEDO > THD IEEE IR0S (International
Conference on Intelligent Robots and Systems) |ZBIFAEef TV —7 g v 72 BfE LT,
X 3.4-1 1T L 91T, Yo WIcB T 2PEF R OEMEA TIFEE I L DIEE g m /e S
niz,

3.4-1 TROS 2022 Workshop Ok

Tu 7T MNILUTO®E) Th b,
09:00 - 09:10
Angela Faragasso, “Workshop overview and introduction”

09:10 - 09:40
Rich Walker, ”What can human-like dextrous and tactile telerobotics offer nuclear
decommissioning and operations?”

09:40 - 10:10
Romeo Glovnea, “Variable Impedance Actuator based on a Toroidal—-type CVT”

10:10 — 10:40
Robert Skilton, “Robotics challenges for fusion energy”

10:40 — 10:47
Fujino et al., “Radiation Source Localization via a Mobile Robot by Integration of
Filtered Back-projection”

10:47 - 10:54
Wood et al., ”A Systematic Database Search Method for Goal Selection in Redundant
Manipulator Path Planning Tasks within Nuclear Gloveboxes”

10:54 — 11:01
Navarro et al., “Complete Coverage Planning in Nuclear Environments Using Off-Center
Contact Sensors with 3D Obstacle Geometry”
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11:01 - 11:08

Farinha et al., “Optimal Sensor Launching with UAVs for Monitoring of Hazardous
Environments”

11:08 — 11:30

“Coffee break with discussions”

11:30 - 12:00

Kostas Alexis, “Autonomous Mapping and Spectroscopic Analysis of Distributed Radiation
Fields”

12:00 - 14:00

“Lunch break”

14:00 — 14:30
Fabio Bonsignorio, “Reproducibility and Benchmarking in Nuclear Decommissioning”

14:30 — 14:37
De Schepper et al., “Design and Comparison of a Passive and Active Multiple
Radiological Point Source Localisation Algorithm”

14:37 — 14:44
De Mari et al., ”Nuclear Plant Containment Building Inspection via Long—Reach Cable-
Driven Hyper—-Redundant Robot”

14:44 - 14:51
Liu et al., “Viewpoint Presentation for Teleoperation of Robot Manipulation in Fuel
Debris Removal Task with 3-Dimensional Obstacles”

14:51 — 14:58
Parween et al., “Design of a Continuous Variable Transmission based Nuclear
Decommissioning Robotic Arm”

14:58 = 15:10
“Coffee break with discussions”

15:10 — 15:40
Tain Darby, “Model Behavior of Radioactive Particles”

15:40 - 16:10

Kaspar Althoefer, “Eversion and Growing Robots: Pipe Navigation, Inspection and
Characterization”

16:10 — 16:40

Hajime Asama, “Development of a Novel Robotic System for Nuclear Decommissioning”

16:40 — 17:00
"Best paper award - Panel discussion and Closing Remarks”
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Y HOBARIT, LLTFD Web A4 MIH# STV 5D,

http://www. robot. t. u—tokyo. ac. jp/Robotics_for_nuclear_environments/
TUM-UTokyo Excellence, Diversity, and Mobility Workshop 2023

TUM & IR KRZO-ET — 7 23 7 (TUM-UTokyo Workshop) I C7ay =2 MRIZOWWTO
RKFHEITHT-, 7Tad T LELLTITRT,

10:30 — 10:40
Prof. Sakuma, Prof. Liith and Prof. Malte, “Opening”

10:40 - 11:00
Sun Yilun, “Design of soft robotic structures using multi-objective topology

optimization method”

11:00 — 11:20
Chen, Tong (M1), ”SLS Printed Volute Springs and Application in Quadruped Robots”

11:20 — 11:40
Keitaro Shimada(D1), ”“Picosecond-resolution single—shot electron density imaging in

ultrafast laser ablation plasmas”

11:40 - 12:40

”Tunch”

12:40 - 13:10
Prof. Atsushi Yamashita, ”“Real-world robotics based on intelligent sensing and Al

technologies”

13:10 — 13:30
Mikihiro Tkura(D3), ”“Spiking Neural Networks for Robust and Efficient Object Detection

in Intelligent Transportation Systems With Roadside Event—-Based Cameras”

13:30 — 13:50
Shinsuke Nakashima (Project Assistant Prof) , “Decommissioning Robot Manipulator for Fuel

Debris Retrieval”

13:50 — 14:10
"Break”
14:10 — 14:30

Angela Faragasso (Project Assistant Prof) , “Towards multi-camera system for Minimally

. ”
Invasive Surgery
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14:30 — 14:50
Kunio Kojima (Assistant Prof), “Design of jumping humanoid robots based on the

relationship between frames and drive—-trains”

14:50 - 15:10
Prof. Kei Okada, “Socializing Robots: Towards Everyday Life with Robots”

15:10 — 15:30
"Break”
15:30 — 15:50

Felix Fellner, “Load exchange improvement for passive pre—chamber igniters”

15:50 - 16:10

Michael Stark, “0il film visualisation during transient operation”

16:10 - 16:30
Koyo Horie(M1), “Analysis of Carbon Dioxide Emission Mechanisms of a Hybrid Vehicle in

On-Road Driving Using Machine Learning”

16:30 — 16:50
Yoneya, Mitsufuji, Miyamoto and Kumano(Hitachi), “Investigation of Ignition

Specification for Lean Limit Expansion of Pre—chamber Combustion”

16:50 — 17:00
Prof. Asama, Prof.Ltith and Prof. Malte, “Closing (Photo)”

18:00 - 19:00

“Dinner: Augustiner, Freisinger LandstraBe 4, 85748 Garching bei Minchen”
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4. FEE

IF IZ3\W\ T POV NI ORISR ELT 7 U DR ENR A DIRZIZH B2 720 D2 H 503,
MR TE CTWRWEEIBNFIE L TR Y . WHREDOERRRIZITE > TW R W TH 5,
FRIZART A Z L ONEIZEB WL, B OEMAE0Z OBE MMHEE TIC LRENMThbL Tk
53, TNUANAOB ALY b EOMERKICE L AL EEThHD, £o, EEOE
T 74—V RO XD RO FIREFT ORI EICBWTH AR v MR OTE AN S
NTW5D, T2 TAIETIE, MRAIES L E—F VAT 7 Fax—F 2Ry k
~ = Vo L—Z O3 X USRI RA - BEF O 7= O O N THIBE % i o 7= il # Tk O £
ZFEfEL TV 5,

PAFIZ, 3 WFEE D 2 FH TH L0 4 FEOHRIME LB D,

(1) R~V =tal—FO/NRT7A—=FFi (FKRKT, Ltk 7947 v 7 X)
AMEEEICBRAR Lc v I a2 b—ra VREAZTEMA L, BFRHEICRER~Y =2 L—2T 7 F
2T —HDRTA—=ZDOHFFETAT v 7 AL ETIT ol R LIV I 2 b— 3 VEREEIC
BWCH L7c~v=t 2 b—XOHE - HERZELS L ORI RER D OHEEZ B LT,
BONTER R~ = 2 L—F DO/NT A — 2 TREMOEENFTE & E R 325 2
LT, R~ = 2 L— 2R~ E B ST,

2) v=¥Fal—FOFEesr—rar T3] XLAOME RS BELL: 7947 v 7 R)

O FFMERICBIT S~ =t o2 L—X Om[FEERIEL AT ADOB%

AR I Yl L2 Bt B S 2iE L, e =2 a o T3 ) RADREETA T v 7 A Lt
[FCHED T, R, B TS 2T L BIEOE, RGNS 0 BEROA XL —
AERICESCEEBEEE Y 27V —R0EEZ B LT,

DDPG 7T Y A LIp B _N—2 L LT FELREL, (MEE - FICELR Y= 2 L —X
BEERTTREL T 5 B/ — a U FRIEEBE LT,

(3) WFZEHEE

WFFEARFE O F CHAFZEE H 72 5 ONT CLADS 45 & i 2 52 LT, M atEni=, F7-,
TFZE Efi 718 & HEHE T 2 72 O DT H A bR E S 2 B Lz,

MRl CHREMEDI—T 4 7 E2FE Lz, £/, AAIOI—T 4 > ZIZBWTHEG LD
HEEAZ I L CRECEmAIT o 70,
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(4) JEEMRID AR

CVT Z W72 VIA OFSHE T MZWNT T, BREt2iTo7, IFBLUOETZ7 74—V RV
BIOSUTEREND b7 OFREB IO CVT-VIA DIEEORT 21T -7,

PLE, 3 WFEEO 2HFEH THLHH 4 FEOMICIHE #EM L, BELEER LT,
AS%OFEE LTiX, UTOMEOEE BIEE 35,

FT. B A FERRFICHE DX COVI-VIA DEFERFT 21T, XA =R T7 7 F =
T—ZIIRKMT 5, £z, BEEIO 72O OET AAEELHIE T L T Y X A ORREHESL R L ORHEF
EORGETZ1T 9,

DT, REF LM FEICESE, v =2 L—X OO MEITH>, Il —
2 BTN EDOHE A EEED D, BRI L U CNARREC FE21EH L, FEREFEREZ1T O,

Z LT, Witk & LT, fFFRIREE O N CAMFFEE H 72 5 NS CLADS % & O & 51 L
T, MR EED D, £z, MRERFEZHET 27200 HLEbECREE L MBS 5,
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52019,
https://www. meti. go. jp/earthquake/nuclear/decommissioning/committee/osensuitaisaku
team/2019/02/3-3-3.pdf (&M : 20234-3 H 5 H) .

Blender Online Community, “Blender — a 3D modelling and rendering package” ,
Stichting Blender Foundation, Amsterdam, 2018.

Jay Versluis, “Rock generator for blender” , 2018,
https://github. com/versluis/Rock—Generator (accessed : 2023/03/05)

Shogo Makino, Kento Kawaharazuka, Ayaka Fujii, Masaya Kawamura, Tasuku Makabe,
Moritaka Onitsuka, Yuki Asano, Kei Okada, Koji Kawasaki, and Masayuki Inaba,
“Five—fingered hand with wide range of thumb using combination of machined springs
and variable stiffness joints” , 2018 IEEE/RSJ International Conference on
Intelligent Robots and Systems (IROS), 2018, pp.4562-4567

Coumans, E. and Bai, Y., “PyBullet, a Python module for physics simulation

forgames, robotics and machine learning” , http://pybullet. org (accessed : 2022/04/05)

Cretu, 0. S. and Glovnea, R. P, “Constant power continuously variable transmission
(CP-CVT) - Operating principle and analysis” , ASME Transaction, Journal of
Mechanical Design, 127(1), 2005, pp.114-119.
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