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(Contract Research)
— FY2022 Nuclear Energy Science & Technology and Human Resource Development Project —
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Fukushima Research Institute, Sector of Fukushima Research and Development
Japan Atomic Energy Agency
Tomioka-machi, Futaba-gun, Fukushima-ken

National Institute of Maritime, Port and Aviation Technology
(Received March 25, 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 FY2020, this report summarizes the research results of the “Research and
development of the sample-return technique for fuel debris using the unmanned underwater vehicle”
conducted from FY2020 to FY2022.

The present study aims to develop a fuel debris sampling device that comprises a neutron detector with
radiation resistance and enhanced neutron detection efficiency, an end-effector with powerful cutting and
collection capabilities, and a manipulator under the Japan-UK joint research team. We will also develop a
fuel debris sampling system that can be mounted on an unmanned vehicle. In addition, we will develop a
positioning system to identify the system position and a technique to project the counting information of
optical cameras, sonar, and neutron detectors to be developed in this project onto a virtual reality system,
which will contribute to the improvement of remote-control technology.

In the development of the fuel debris mapping tool that the Japanese side performed, the micro-structured
semiconductor neutron detector (MSND) was characterized and a dedicated integrated circuit, ASIC was
developed. The interface between the communication control system and the UUV platform was developed
to link the fuel debris mapping tool components (neutron sensor, underwater camera, sonar, LIDAR). Gamma
rays and neutrons inside the primary containment vessel were simulated using radiation particle transport
Monte Carlo calculations by changing the fuel debris characteristics. In addition, a neutron detection test
using a time-integrating dosimeter was conducted to confirm its applicability to realistic situations.

Keywords: Fuel Debris, Microstructured Semiconductor Neutron Detector, End Effector, Manipulator,
Unmanned Underwater Vehicle, Virtual Reality, PHITS, Bubble Detector

This work was performed by National Institute of Maritime, Port and Aviation Technology under contract

with Japan Atomic Energy Agency.
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(Molten Core Concrete Interaction : J&Rl4F.Ly - 27 U — NMEEAEH) T7 V) %
DOEEZEZEZ T2V 2 b—1 3 U EITV, POV PN R OUUE B D o~ 8 M OVt

TRRORE (FREE, A7 b, BRI E R ) ZHUS L, 1IF B TP I 5
TSRS DIEHR-CA D70 BE T 7V o 5k % BEE & & TR oo B HH R BE 58 K O
R ARy FBARE & ILAET D,

(4) BREFF 7 U Y Y — L BR%E (SEEMHEY)

WELT 7 VYY) oy — e LT, B LN RIS A A o= R 7 =
I REZOMNEEZHIET A=V 2 L — 222 NZENRET D, v=E =2 b—XI%, KE
10 m, 24 FEIBEENATREC, 6 HHEZ R, 10 o= AiE2 AT 2 b O 2R T 5,
S N T EHEET A0 T AT AL EFREF L VAT AICHEET D,
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2. FEXSEHE
2.1 ZREHH
AREZEORMRFEXEZX 2. 1-1 1277, 72, EEMOSEFEEKZX 2. 1-2 125R7,

EiEER S 2 A &) 3 € S0 4 AT
ﬁm’]‘ T T T T T T T T T
RUE Rt T | PHEFIFRME|  PHETRE S ETE | W&
He o pgRe . . .
(BIRED I I I | | | ASIC SUfE - BFME. ULV §&
| ESNIEERE ESUBERRE | L
| I | | | | | | I
I I I | | | | | I
20N TS5y | | | [ . Ty Y=l
b A — LD RUEYTY—IL B Sy sy s, ik
i [Rveysy—e| ZUPTY—IBERE | i madinm et
() VRIEE 7 e 2 | TY A7 LBERR
| | | B AT LBR - kS | | |
EHYTNTY—IVE | TS5k k —LDE
| s 25 Laast | #akst # & ARE RS R
I [ I | I | | I
I | | | | | | | |
3. HsER b H<k - TS | MOX Biedkist iRy
FEal—vs3 p— R4 SRR e
D Summan|  OvTHmster | FEL | |BRMORE,
e At O | | | | | | BERMFEES |
ET{ ) ) , EEER, ULV S
(EF ) [ R T R R AT | #ias |
e 1 1 e — T B o e B I
BJ2.1-1 AZEBEORAEEHEX
Start date: November 2020. Duration: 30 months
Year 1 Year2 Year3
Tasks

Q1|Q2|Q3|Q4|Q1]|Q2|Q3|Q4|Q1]Q2

WP1: Development of robotic arm and end effectors
Design and integration of actuation systems

Cutting tool development and integration

End effector development

Instrumentation development
WP2a: Development of UUV platform and sonar localisation system

Integration of ultrasonic transponders into UUV

Development of VR system and mapping interface
Validation of localisation system and interface

WP2b: Development & testing of the integrated probe
Development and integration of neutron detector

Testing of detector in high-dose fields

WP3: Control algorithm development and implementation
Development of data processing system

Development of dry test rig

Development of control algorithms of manipulator
Development of control algorithms of end effectors

WP4: Underwater processing implementation
Integration of manipulator onto UUV

Testing of arm under realistic conditions

Integration of arm with interface

Operation testing of integrated system in NARREC, Japan
Radiation resistance testing of the integrated system
Reporting

2. 1-2 EMIOSEEEE (WP1, 3, 4 Z2EENHHY . WP2a, b & HANHY,)
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2.2 EhERH]
EhaEm 2 2. 2-1 1I2RT,

=k S0

RESAORY o8 WA (25%) |,

(1) SMBREHRNE SR
PEFE YT O

FFE— (20 %) I

NUFI—7ER

| =Fa— s %) [T

- ERZ (15 %)

i

- P (15 %)

bt s

YZ2al—-¥3v
___________________________________________________

PCV AT ViR - PEFRIFIEEE i EHEPMEFRES UUV 75y k7

(2UUV 735w bk — A

DFAF
HREBAI (25 %) ;B

B0 (20 %) |

(3) BEHGBBY S 1 L—Y AL

WAl 3V RUBEDEFSEHD e b

et Sz ansh
BREA (10 %) o

|

85— (10 %) | [raPn (10 %) [ w48 10 %) |

77 FETILEE. REETILIERE
MEHRER AR
MERETRERHR

FEE | smE240EY £E® : David Cheneler | Bttty

MOX B STHRER

Y —)LDFFE

David Cheneler

AHIRFTVOYTUYT | amsmns :

l

|

Stephan Monk

Allahyar Montazeri

YZKal—#%
IvKkI7z V9%

HEME7P LT X LEgsEt

2.2-1  FEJEAHx

2-2
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2.3 W4 FEEDORIRO B AR K OZER 0 i 51k
TN 4 FEFE DR O BAE K OS5 D FEfi 7 1E OB 2 L TR,
(1) iR N E R e OB (&L © B 1)
IS 7215 75 Z 3 5 1 2B MSND O FHIINZ I L 7215 5L BR A1 8 o> SR B E % 52
M L. BRFEMZR VUV #EHIC AT 7o BRD v AT A a ity 5, £z, ENO TR
ZRIH LTRSS AT AR EFISE ORI 21TV, Bk R £ &0 5,

(2) UV 7T v FaR— L DBR%E
O BEF 7 = v B0 7 — L DOB%E

WELT 7 )~y B THERRESR BRT LMY, Kb AT V) N
42720 DBERERZIERT 5, SHIZ, UV 77 v bai—2A & BEER ThvE+
HBEEGDle~e oy B T — VDN T — 2 EBETEDLLOIBA L H—T = — A%
ER L. ARBRE T 5,

@ UV 77 v hAR—LOB%

PCV N T D UUV DAL E &2 K ET 5 B CHINL Y AT A OREERGERRZED 5, & 512,
BFONDAEEHRN 2 QOREL T 7V~ B 7Y —)L & VR VAT ATHEIT 514
H—T7 2 —AREER L, AR EIET D,

Fz, BIGEEEE LT, BELT 7 U B ) RO EEMEIAE A RTRE 22 ULV % 5 [E{
EEAE ALY e N HEBT 5,

(3) HUHHRREREE Y R = L — 3 v R OV HVE R St O FRIE R4

(HHESE © JRF JIHEAE)

HFHCYRFD 1F 3 SHEIZIE MOX BB SE  2efif ST e 2 &b, MOX RS U0, 184
BFOBRBERRR (BETHRIE) DEVNTHE B L, MOX R SR DKL T 7 U 2 8% 5 FiED
BA¥E A HE Lo fRtT AR S 217 5,

SR 3FEICH Ehi X, FEETE TR EFORKN S22 E U7 B2 Ehid 5,
F o, I E D REPERE ORGT b S £ x| FERE HYE AR RO UV ~ O G 1L
BRET D,

(4) WFITHELE

WFZE 338 O F CAMFZEIE B 6 ONT CLADS 45 & #2212 L ¢, e 2D 5, £
7o, WFZE NG E & HEHE T 2 72 O DOF H A bR % 2 EAEEE & 0T b A b
TaEw, FET 5,
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3. EHENE K OB
3.1 AR N ES R P OB (FEFEL « | i)
(B0 2 FREE~BF 4 )
(50 3 4R E CoMEE]

Foxix, MRS E U CTCRED U ARZICB W CHFEE Sz, #A PIN U
2RO R A A b7 A RIS T L, ZOBRMIC LiF kT N —%
ZBliE L7222 MSND IZE H L7z, B 3FEE T, /MNEDORKRIHER Y AT L2 FEBLT 5729
(2. POHIEEREIR S 7 e 2 A & W CHRUE L 7= ASIC (Application Specific Integrated
Circuits: {5 5 AVEE I 55 FHAEAEIRIEE) OMEREREAM 2 S/ L . MSND & > #fiakit 2 52k L 7=,
I EWAT LT, ENOHMETFRESZFIH L CrUL 2 FHELD MSND & o 0 i 1
DF A T 7o, Flo, 2V AFHAEA L g LT, L0 S EEREICEH & 5 alhgtk
D& 5 EAFESIRIO MSND & 2 BH%E LT, &&IC, BN “Co AR ZFIH L, =ik
BT COMHEIGE O FAMNG & Fhi L 7=,

(5 4 41 D FERENE L OER ]

S0 3 D ASIC OVEREFHAMRGE B4 Sl /K ROV (Remote Operated Vehicle : [
PEEE \EERE) ~OHH A AE L7232 ASIC (LTARS16A) A %ah - fEL/-, # 3.1-1
IZA M OFREF T L7z CMOS (Complementary Metal Oxide Semiconductor : FEfHM:4)E
PRl -E8R) o 20EE2 F &b, 53 FEEE TO Silterra 4L CMOS 71 &
AlE, HR A a T A VA DB O FERAR R OE T, RIEY— EROF A AME L
L=z, A3, RE7at' 2L LT TSMC 4£0 180 nm CMOS Pt 2 ZfEH LT, 27 &
7257 u R VICE L QI en bk 21T o 7,

% 3.1-1 CMOS 7' 1 & A DAk

Technology TSMC 180 nm CMOS

Chip size 5000 pm X 5000 pm

Supply/Power consumption 1.8 V (core), 3.3V (10)

Process options 6 metals, deep N-well, high-R, MIM

(1) E#EF >~ (LTARS16A)

3. 1-112, ASICOT vy 7 XAT 7T LEmrt, 1 FyIlid, B dnb0Ess
16 F v U RGNS 57 u rie . TOMNET VX NVLET 5T VX VERE N
T 5, 7T a7 ORT v o R T ENARAIEIERIE & 2 FEO 7 A VR RO
[E1# (HG : High Gain., LG : Low Gain). # L C ADC (Analog to Digital Converter : 7+
07— VA NVERER) TR SN TWD, R D ) A RFFHERF A FI v 7 b
YU, A3 FEEETICELNLT T SRR AEENRT S L O ICEEI LTS, TV
VR CIE, HG, m@?%uﬁﬁﬁ#ﬁ%@ﬁm 8 bit ADC TT VX /ML ENT=T —X
VTN T MENT D, T O FEE LTCTE, ROV A TOMHAEZEEL, [ K
U A— %w%J&F$M%wa@2@ﬁ%£Kwaéoh)ﬁw%wh@\mmﬂﬁ
N M) T—EEEANLIZGE DR, At LRI, VT F7A4F—T 1y
IRV TNy Ty b T —2 RO L, U7 ML T —2 %275, Zhix
MSND PAZF DR EHIZ £ D A X2 R AR, ROV DAL E G & RERFEIMI T2 2 L 24E L T
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W5, T — FOHEIE, 16 FY R b2 5 bOERLI 2 F v o 2AOh, KFH
BHEHIZ T — &%ﬁ:yJTmeTMﬁié%%hfﬁé
Frovse FUHLE
:\:‘:&EL:‘IWHH <IJ — @_ ] _IBOH‘H
16ich, (25MEE~10MHz] SYSTEM C1K
mﬁq [l> |l'_°~'F {100MHz)
D_FPGA,

Data Store

AQ=aO—/LHMN
o_Ms

< e <H

FrosEmm
D_AsC_*

] 3.1-1 LTARSI6A D7 v 7 XA T 75 A

B3.1-2, 3.1-312, 7T e HOEERBKEEOY I 2 b—a URERERT, [
D typ, fast, slow [T HEEROEGERE CTHEL DT 3, AREOIE L& 2EE LT
M C, nmos, pmos [Mj 5D kT > VA X DEHERHENEE slow DA TH-> THKFEOE
—F T HALN T us BEEIZINE D KO ICRFFESNTWD Z L2355 5, HG TIL 80 fC
FCTOATEMITK L TR EEORIED IR ST Y, L6 TiX 1600 £C F THEfR L
TW5%, LTARSI6A T 7 CTT Fua VRO 7 A % 2 FEEHAE L7 OiX, MSND 226 DfF
IR IR TN B DA X NIZT Tl T~ OA XU b EENDT2H, WP
DI BT S PHT A X FOBREHETAVENH LT Th 5.

typ

fast

oN_HG
slow  mwmonwe

[ R R L R U R R L L U R U LU R UL N N U R e
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 1.5
time (us)

[X] 3. 1-2 LTARS16A @ HG O 7 F v 7%
(ANJTEBIZIZ. MSND DR HHZRZA & 300 pF 2 Mz CTnb, ¥ = b—i g 3fEEs
DEXEEBBLIZN TV VAF NG A—TDENVERLTEBY, £E typical, fast,
slow DEERT ANEMIAFEEZASILTEBY (typ ZHICE D &L 20 FC(T ),
40 fC (&k), 60 fC (wE> %), 80 fC (HF)E AL TN5D,)

3-2
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Name
M-ON,LG c o —
Won o
Mo E \ —
typ = o \ PH (+yn)-2R80.0 \ 400 fC
. MON_LG . \ PHA(typ):269.0mV @40
A\
. \\ PH.(fast):318.1 mV @400 fC
o7 PH (slow) 2315 mV @400 fC
0.5
0.3
15 |
13 =

09 E|

_—
-

[ I I I I I I I I I 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10
time (us)

3.1-3 LTARSI6A ® LG O 7 F v 7k
(ASJERIT L, MSND DR SR &8 300 pF 212 T\ 5, AJIEMIL 400 fC (HLR),
800 fC (&), 1200 fC (%8), 1600 fC (#fk) AN LTW5S,)

3. 1-4 |[Z LTARS16A T 7 & §HMi R DB H 277§, G IZIL MSND % 2 F 52k
LTHY, ENEIASIC & DC #EE/AC #EE THEE S AL TUW D, ASIC ITELZR /S A T A
FBEEINLT T T v Nr—T )V THFES L5 FPGA (Field Programmable Gate Array (i
TEX X ATRE/R KMIBEREEEE) ) R— REROT X7 2 R— Ronbifftsns, 25 L
ToAEIEIZ L > T MSND & ASIC D BURBRTHPERERC, ROV ICHEH 2 72 dIcER & 5 =
VR N EEGTETZENTE D, K 3.1-5 12, ASIC HA & FPGA S, =L T2 5%
Petgi 27 X7 B — T AT, ROV O OT=0 07 7 ) v (B 10.14 cmé .
F&X30 cm) I3 FEHEHOEKRTRTHRNEDL L IR >TWD, ¥ 2lb— a3 TH
5 AU72 LTARS16A OPEREMEICEI L Cik, 3. 1-212F DTV 5,

F

COCCOLEOLEEC R

InEEAn lll;!'l j

3.1-4 LTARS16A F v 7" & Gl et D B HE

3-3
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3.1-5
(/2 ASIC Jebi, . 7 & 72 —HMr. 45 : FPGA HHR)

UV (SR 2 R DGR

% 3.1-2 LTARS16A OPERED E L
Channel s 16

Shaping time 1 ps
Power consumption 4.71 nWW/ch
Minimum signal charge 10 fC

Dynamic range

+£80 fC for HG,

+£1600 fC for LG

ENC 3000 e~ for HG, 10000 e~ for LG
10 mV/fC for HG, 0.5 mV/fC for LG

Voltage gain

(2) EEPEAEY MSND HME 7t o D g o O #2CT R A& F O 7 A1 B G 5 R

AN 3 AEREIZBR%E L 7= B MSND Tt o OME R FEM L7-, AR 3 AREEIC BT
L7cHiEE o hid, MSND O U — 7 & A BRET 57212, MSND & 53 #sf 2 AC f5 A &
L. BRSO @il SRR E LT, —J5, &0 3 EE O RHEERFEA TR+ R
SFFSEHT ©Co PRETERR COMKRERICIHB W T, ZOMOBIEATIE, 1 Sv/h YO E#
BEREL T T, BB L 2R T < BRI L 720 | U — 7 B E FIERIC
PRESNDT-OICHIERREIC2 D Z EBNHA L, ZOoRBERE2 2T, S/ 4 FHEIC
E. FEFE T EESR O AC #EG & DCREAIZAR Lz, ZOMARERICE Y MSND D U
— 7 BIRIIRE SN2 R DN, Y — 7 BROFEIRETMT 5 Z ENAEETH D7
W, FEH EOMEIT RV EE X T,

S DITAF A R IIE, BB EA IR S DR B S E BN 5 Z L
2. Ao 0ns 1Eo,L 2 (TTL (Transistor Transistor Logic : T P&
e hTooAZ -avy 7)) BHAODEND L) IcdEa Lz, UWHEH T2 L5 7%
RO R ZTUE L, ERROAEE 2 0 U725 MSND (2% L C, PEEEe A5
AT (LR FERRAIF & W58, ) DFEATH ) 0 T T 220 RRIFIC K 5 k1 MR A 3Rk 2 520 L 7=,
AREERCIE, % OB MSND F1ME 1 o 0 Hik: 7-FRETIEEIC 35 1) 2 B ERER 21T 9
ELbic, VAL — MDY IREICS S 72D OWE EROEH 23R A7,

3-4
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X 3.1-6 |2, AFEBROBEIARRDERZ/RT, MSND F{E SRR &2 Ry r—2 0 7
LB iR =FLroryny 7288, 7r vy 7 B2 220 P #RIR AR E L
oo ARV ZF LT my 7%, EoRPET 200l U TV T2 AR S 5 7201kl
L7, 7eds, PECF PR RO MR 7. 36 X106 s (RFN S £ 3 A 16 HEF
R Tho,

252C iR

RYITFLY
JOvs

EREMSND
ey

X 3.1-6 A7 HREHA R

A3 ARG B IR AT L SIS AP L E MSND & AR Sy ET#E 2 Y
W LE=4—fL, BHRIO) Y bL PC~DOTF =2 HANEMI A F =T 2 =R
#(IF) TR SN D, T EM IR O HAE 51T USB 240 LT PCImE T 52 &
MTE D, 3. 1-T 12, T HEERH IS T DR BB RS IE R O O E 5 Ol 2R,
BRI 3 HEEREATIET /) — RS L Th o720y, B4 FEED ACFEE~OETIT
Y= Rt L e ot ZAUCKY | BB RS O HIES IR L TV 5,
AR T, B B EREIRG Y £ > NEEZ D BfE A 4000 mV IZBGE LT, F72,

- U

O EMEIEZSO(E 5252 mV N9 2 Z LI 1 HO TTL 2V R 2325 K 5 ICiRE
L7,
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-250-]
-500-]
~750-]
1000+
~1250-
-1500-
-1750-
_20:0-
-2250-]
-2500-
-2750-
—3000-]
-3250-]
-3500-]
-3750-]
.—4c00-
-4250-1 . : ; . ; . . ; ; i
65127911 65129000 65130000 65131000 65132000 65133000 65134000 65135000 65136000 65137000 6513791
Time [me]

X 3.1-7 A MSND & W DB MRS 2D H I E R

i

¥ 3.1-8 |2, PHITS TaEfi L 7= MSND 7 & CTO hEF 27 ML &R, ZOHPET 2
R MAFDCd Ay bFTZRAXF— (0.5 eV) UUTOHF T IREZMES LT, Zofi
F AT "D B ARRBR OB ME TR 8. 04 X 10* em! s & FEHl S 7,

B 3. 1-9 12, F UKD e O ) SV 2B OHER &, BRI BRS
D F179L 2 L— 1% 4.81+0.02 pulse s ' Tholz, KIS, P20 k- HRTR A K&
L. BRI LOSFETFTY — 7 BRICE DMV ABERE LIZEZ A, 7L A
L— FE 4.40+0.03 pulse s ' Thote, 2D D, Bt RENZ LD LA L —
MEBREH D 2 LD FTHEI LA L — FDOFELSENLIETE 5 2 &340 -
77

Fo. KBRoOEaERE EoEMA-2 0V ENT 5 T8I 1 HOVAEZ M NT 5L
WO RRTE) O FTIE, AFEFE VOV 2 L — R EREFREEZ R T 572
WOWRTERIL 1. 96 X 10* neutrons/pulse &3 STz, Z OHEERIL, AR DER
HpE 1R (8. 04X 10" em! s7) &, 175V A L— h~OBHET- O % 545 (0. 41 pulse
s ThRI&ZETEHLR,
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3.1-8 MSND (B2 1T B M+ A7 hLVEHFE

X 3.1-9 i FHREEE OB HER MSND & o DS TTL 7SV 2O HER

® L
WERIE S AT A METE o MSND OEFHANCE L 7~ 15 54U ] 1% 0 FE kg A BI7E L
77o EHIT, BFEMICUIVICHERH T D L) IC&KF Lz, £7-. MSND i +E VD EH
RIEZ T, —EOREE O FMET-H THME T2 458 T & 2 EERBF O H M 1R Y IR B it 5% A&

3-7
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FIHL CTRt# > A7 AOHMETIRE LM L, @R ET o~ BB T A% L 72 58
F— FHEIZBIT 2 EE - PHEFiRERREAA T LT,

ARAFZETIE, A0 2 FEEE ISP AR & o ~#RZ T, Sk T > a Z (2 S
EIEZEH L TT—ZWNE T A —F OFEIE NS MSND O HPET- & T o~ e inEn
XS DINEDEMET — 2 G Uiz, E72, MSND OSBRI R b U 72 A AR AEfs ]
BARG Lo, & HITIE, MSND DKH TOHFMEFISE 27T 5 72 D ORI A 35 - BAE
L7,

B3 FEITIE, A2 FEOREDEH Uiz, 55 AL EIE O R EHIZ IS0
T, PEMMEO P2CF BRI & 3R - BUE L 72 /KAE 2 T MSND O 1 T H Iz )T 2 IR
ZEHl L7z, & 51T, FESKFPES R DEFARIERT O “Co MAHERRIZH VT, 1 Gy/h 12
FEDH o~ R ERTIZBWT, FHETRIEN L OREEBHIL, T & T~ RoFf
BIFREME 2R Lz, £72. DAKFFTOT 7 U HETRIEMEICB T OMEEN VI =
L—a il V@Ea10 Gy/ hfRETHDHZ L&, 2)MSND DFE VA XN 1.2 emATHY
Co x4 28nD 1/10 i3 4 om T, FRHERATE 2 o F N3 556 O MRk E &5 70
g FRETHDI-ORENEEZ KD ED 2 1D, PCVNOKETOH < BEREIZ T
LT T IVNEOHRMET « o wBpEE +21T2 52 & m Lz, EHIT, MSND OfF
FALERIZ AL U T S AR RE R A M A S o 72 “Figs” & LCoEfEZ /R L, %
RECCEEZ (AT 7o FE2E 1L IRE F D U i 72 E OFEE I S v, mftE N CORG#
MR BV TIX, Bz kT 57200 BRI EROEHRE . LV
1B BRI M 2 SR B9~ B T2 D O F LA 157,

AR AFEIIL, SOICEMREICRD Z LI 2. MSND OEJRE— NI X 2 HEFEIC
DWTHIRET L, B 25 - BUE L., FERIFO 22CF BRIFIZ L 2 BB 5 ) & Bt - ik
FIREHARARE A G LTz, — 05, A RRERRIRIC OV TIE, B 3 FEETILED
NI R ERIEE - BRZET TECTHo7M, FilaaF oA /L ADELE L5 5}
Fy 7 A S OEEIZ Ko T, A 3B £ CRIBBUEZ BT AT (T DA S
EEFESH550L 70, SHICPanb0RBERHEZESD2HR2L o2 L T
HOKIEREND Do Tz, 7272, AR MEREME CTIX, MR EET25 2 & 3R T
Tz, R LI/ VSRR PR EBITE L F 25,
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3.2 UW 77 v hAR—LO¥E (5F02 FE~5F 4 F5)
PCV NGO UV DN B EEET A H RN VAT MM LT, EflL 72 5% >0 [ 2l
PEEIZDWT POV NIZHEH L. £ OBEOREBE R R 42 R, BN E R B R Z5E T T,

3.2.1 BT 7V = B 7Y — L OB% (B 2 A~ 4 )
(570 2 A O]

B2, BT LR OERAEE LCOKFIRAT AT, VI —la Lk
OEE) A& STEIC, W - FEEIEIE NS, v F —T 2= ADRGF AR LTz, Elii L72H
HOME A LL N IZRT,

(1) PCV NI D~ > ¥ 7 %4T 9 T2 DIKH LiDAR OEERERE

PCV NODOIRILE ~ v B T T DR ER D 1 DL LT, VT —OfiZ/KH LiDAR O
HZEBRE L, BaRsE 2 £ L7,

(2) BREVF T U~ v B 7 — L oi@(E - IR

PHASEFIZ OV TIX, AIREZRIR Y UV ## O NNy 7 U — TS TE 5 L 9 7pflfk e L
Too W —NVERERRT D' Y OHIE S OBEHIE I, BEM & U0V S T
FHAT — 2 LHET — 2 OXFFERET 572010, FEEEBENAL v F U I ANT RN
L CHAEMIO PC TEMETE 5L 91T, UV D ZF AT TCP/IP v MU —7 4T
HEEE L, B FORBERICHOWTIE, & 2B T 5 fdE 71 2
B EALEREERE N L O A BIE T OMER D o770, RS E D RERFTT S 2
il Oy e
(B) f v H—T x—ADiKE

B2 FEX, IFOT T M ORE, W& & ST — X IZEH| LI VR 20T v
VT =B EEA L, UV ORLEFERD S UV BSLE T 5 BN OBECHE) &~ K~
VITF A4 AT VLA ET VR BHERETIEZUAT A, VT DT =2 B T —Z I
TR, T HHEREAZ BN LT, ZHICE - T, M3 2. -1 TR T L 9 ICHERYIZ L
DONLEEREZ AT LTZBRC, ALEEBEIC RG5> — 07 — X ZFFOH L C, @y 722l
HTVR AT L RIIEET LI Ex2AREIC LT,

¥ 3.2.1-1 ROVALE (f5) & ROVAIBICRE Lz —rF—x (f) B2t
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[5Fn 3 4R B D]
SR 3FEZ, BET T U~y B 7Y — L OiEfE - HEEIEE OERIZ OV T, AF 2
FEREIZ | & fe R & e 7o,
(1) LiDAR A% ¥ UM DU BT A X ¥ T — X2 0B O 3D JABET — 2 ERR T IE O
o
LiDAR (Light Detection And Ranging : YT X Bk & HIEE) A% v RIS L
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2iZ. AR Work Package (WP) ZH:Y4 L7~
WP1 : Development of robotic manipulator and end effectors (UK Team - months 1-12)
WP3 : Control algorithm development and implementation (UK Team — months 6-21)

WP4 : Underwater processing implementation (Japanese and UK Team - months 12-30)
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