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National Institute of Maritime, Port and Aviation Technology
(Received October 26, 2021)

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 FY2020.

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 in FY2020.

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.

Keywords: Fuel Debris, Microstructured Semiconductor Neutron Detectors, 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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: Japan Atomic Energy Agency (ENZAWFZEBAZSTEN H AR T JI0F5EER A )

: Collaborative Laboratories for Advanced Decommissioning Science

(BENA BRI [E R IL R IE & o 2 —)

CHORBIIR—NT 4 v T AR SR S R R RT
: Fission Product (#4524 mkn)

: Primary Containment Vessel (JHEFIF N RL)

: Reactor Pressure Vessel (JR¥4F/EJ1E%)

: Suppression Chamber (F 77#7if]=8)

: Particle and Heavy Ion Transport code System

(Ki T - Bif A R o — )

: Unmanned Underwater Vehicle (fAMiAAR)

: Micro—structured Semiconductor Neutron Detector

(oA 12 - B AR R Ve )

: Virtual Reality ({RAEIHEE)
: National Institute of Standards and Technology

(7 AU 1 E AR HER AT FERT)

: the Stopping and Range of Ion in Matter

: External Vision Localization System Characterization
: Global Positioning System

: Long Base Line (FEIiHR)

: Short Base Line (%HEEHE)

: Super Short Base Line (#B%EELER)

: Inertial Navigation System CIEEMTES)
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: International Research Institute for Nuclear Decommissioning

(Bt FERE & [EI BB I I SEBR JE B A
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: Radiation Detection Technologies, Inc
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B AR BRI CEEB N EHET 7 B A TE RUVMEEBICB W T, EEM LR E M E
SHELH7HO UV B WAL AT A & VR Heffr 2 BEfE U 72 R E B i 2 B 4 5,
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WMGOWERSCEN 2T 7 ) Ba k%, REZ G MR O MRS K OER e A > b
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RANT v T L DGO BEEZET 5 L HESORMIBIZE T UZE WG S E L
WV, RSB ORFER 2 KE T D LR XTI BT 58, HAEED
RFRMEIX R < 22 D7, T« T~ & AT » TR B E LI (55 0P A #
DEEICRIVETH 5,

B4 3. 1. 1-4 X°[4 3. 1. 1-5 |27~ MSND SR+ 2 LG BALBR[E R 1T Hefe 5~ 5 72D, [X13.1.1-6
(a) MR T T Y > FEBITEDY £F1F72 MSND % BNC a7 ZAE DT VI =T L7
— AN LT O ZER L, BB P —& L TR 2, MSND (ki 72 I I IE O I
ERERET D200, RBRHYE o —2 K 3. 1. 1-6 (o) (TRl E R, B
MR 2R, W BT R S 72 DI A RE BB L, tE RIS A o ~ i & F N 7= R
R AAT o7, X 3. 1 1-T [CE 1K O RTE IR SR H G 5 & T >~ Bk K o pifE g
g g NG 5 OB &, WRIE 2B 1K OfF 513 0 o =R OfF B2~ T 4 %
YL EOB @i Z > T D,

(c)
HV source
ISEG, NHR 22 20r
l z : MCA
Detector Preamplifier Amplifier
RDT, MSND| | ORTEC, 142A] | ORTEC, 5724 | jabtek ™ PC

X3.1.1-6 REHEP—
@AW, )TN r—2AET I LT, (o) I &0 AR E W 7= 1 5] 5

3.1-5
-31 -



JAEA-Review 2021-049

4 3. 1. 1-7  MSND OHTEHIELR H 15 5
FERFFETRNOE S, AR o~ BRERORE %

(2) BAFPEFAEHES IC 31T 2 HRGRRR

BT R OB VEFIEHELS  (KEK FBER/SA L) I3 TEVRYE 7 oD BUN AR 2 520 L 72,
X 3.1.1-8 |29 300 HO RSN T 0 v 712k » THERESN-. KEK BE 1L (B &4 190 X
EAD 260 X AT &4 190 cm®) OAMBLZ R, AR TIEL, LR ORI S2 12 L b E S
ROHNZ 2 Am-Be (37 GBq) HPETFHRRIR A A L CAR S 5B 145 % vz,
AR o —IZ B S A A 2 S UMD 10X 10 em OfEHEFEAFL (Central
hole) (AL, B ONE CTHH L, ZOME TORFMEFHRIE PHITS 2 H W T
1.39X10° em? s' &R L7z, X 3. 1. 1-9 [CH IR BT AR 2R DR E SR %2 0. 5~10 ps ICE X
THIE LI E ST 2R d, “An-Be (37 GBq) 7O FVEF7217 T/ 4.43 MeV DT v~ 4
Lk &Sm0, FHETFRROEFZT T EEEEDICH v~ RRER OE 5 b N
ENd, WREEHEEGROREEEE 0.5 ps &L THE LN E O ITARE Sl & &
M ~EH 72 i R L TR Y . BIBRZ2 T v~ A R R E T A XY N OFRBIITEE LW
ZEWGMD, —F, BERERE 1 ns YLERIZT 5 & ARE D S & il o [ B g
ARG, FHETERKOE SO ESMEICK LT, Ty ~iEROE SO EIZ/NE 72
EIZMmz 6N TWD, (- T, 1 ps ML EORER CHEYIZRMIEICH R LEVEEHET D 2
LT, FHFRERNOESOREZRBT DL ENTRETH D, BT & FHERND MSND
OBEF A HZNERIT 1. 3X 1072 eps/nv ERO BT~

3.1-6
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2500

Unit: mm —

f—

Source slot (S2)

Detector position _ Am-Be, 37 GBq

3.1.1-8  HEn A N DaEL L ~HE

3.1-7
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Counts/ch/s

Counts/ch/s

Counts/ch/s
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10 T T T T T 3 107 g T T T T T
Shaping time : 0.5 ps E Shaping time : 1 ps
10" B
w H
5 i
3 1
£ 1
=1
F H
o
10* H
1 uQ 1 1 1 1 1
1] 500 1000 1500 2000 2500 3000
Channel
10° T T T T T 10° T T T T T
Shaping time : 2 ps F Shaping time : 3 us
10.] 1 10-1 I:_
g
2 1
[—
=1
a U
o
1024 102
10° 1 1 1 1 1 10° 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Channel Channel
10° 3 T T T T T 3 10' F T T T T T
Shaping time : 6 us Shaping time : 10 us
10° 3
£
4
5
]
[&]
10° 1 1 1 1 L 10° L 1 1 1 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Channel Channel

3. 1. 1-9  BUPRIE RS O ERUI R 2 B M R 5238 1T D m 4 Ah

3.1-8
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(3) Wi, mi - AR

MSND & 77 /Vn"? ZRFT DINEOFAMIZIE ¥ Cs (1 MBq) KOV ®Co (1 MBq) #RIR %, A
FOISEDOFAMIZIEL, *'Am-Be (37 GBq) #MEZMH L7,

FRIR & MR OB, T RN OGE T4 en, HEFMEFRHFOHE T4 ecm & L
hoﬁ¢ﬁ%%%d\%W?ﬁﬁéﬁf@m“’A%?é¢ﬁ%@#5%miék N
L—F IR ETIT o272, K 3. 1.1-10 (PP MREHAZR 2R, $ﬁ%#%@t@@&m
L & VMERETH >~ SR IS ﬂuﬂcmfﬁé LNy I T, T O 5IR
INEL L Ao~ R E ARSI EmARBINARETH V. ¥Cs & Co TIE, o ~BOZFILF—
DiE (P0s: 662 keV & PCo: 1173 keV, 1333 keV) (2L V. *Co DA @ @ T — /L
DIERND Z EN otz (K31, 1-11 BR),

X 3.1.1-10 A7 BREHA R

3.1-9
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Response [cm’]

Response [cm’]

Response [cm’]
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1i.')4 T T T T T E T T 3
Shaping time : 0.5 ps 7 Shaping time : 1 s 3
10° —Cs137 — Cs-137
— Co-60 3 — Co-60
] «
10° { & E
i 8
i i
i o
10° E 3
10-9 ‘”l 1 | 1 1 1 [ 1 1
0 500 1000 1500 2000 2500 3000 1500 2000 2500 3000
Channel
10" 3 T T T T T 3 10"‘ 3 T T T T T 3
3 Shaping time: 2 us 7 1 Shaping time: 3 us 7
- —Cstar —Cs137 ]
— Co-60 E — Co-60 3
3 — Am-Be
{1 &
10° 1 & 3
i 8
1% ._
i o
10* 3 E
10-9 ’ | ﬂl | 1 ‘ 1 1 ] 1 1
0 500 1000 1500 2000 2500 3000 1500 2000 2500 3000
Channel
10" 3 T T T T T 3 10* 2 T T T T J 3
i Shaping time: 6 us 7 3 Shaping time : 10 us 7
10°k —Cs-137 | 105k —Cs-137
: — Co-60 ] — Co-60
1 = 4
10° 4 B 10° 4
1 8 3
1 -7 g g’ 1 -7 -
V] 1 & 0 E
10‘ 3 1()'e =
10-’ ‘ | 1 1 1 ] 10-0 | 1 1 ] ]
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Channel Channel

31111 H <R, BRPE TR G D MSND 0D i 43 A

3.1-10
_36_



JAEA-Review 2021-049

3.1.2 MO BREERE RIS D FaGT

ARHEZETH T 2 KE RDT £ MSND 1% °LiF ZHtEF oo —& L Lzttt Th
V. Li(n,*H) a S THEREIND abi b LI °H %2 v U o U 8RR SR TRt 3
%o MSND DR LCIiE, = F U ZHIFIC K » T o723 U 3 U 8RR HEs O SLiF
ERESETCND0, BFREFORIEERL D L1 2 BAERK S D MERL T O IR A K
T, PPEFRHEEE LTORENRBY, LLAaRb, ZOREICER L TRIERA RN
REL D1 DIEFLBEROFRFHITERE 2 ET 2, BRHBAROHENEIE F—DF
BN T DT AR S, B —NICER SN2 EMOERMEZEZELE D, 2
AV RS 2 72 812 MSND (ZHFE L 7= Mt O R B AL BR R 3 LB L 72 B,

3. 1L 2-1 [CBIREE 2T, MHEHEAEIZMSND O, 7 ZAEEIEFE L TV D729 100
pF 235 300 pF £ TOMWEEFF>, —HRHENLDEB X aBOKHT R LT =0 bR KT
64 fC LREMLOND, ZOREEZMRISMET L7201, BIEHEE 2 FMMESTER & L
TFETHAfRE T 5000~10000 B LA F EF%E Lz, EEIL, FrErar =2 nhbEkEn
HIER X Y — I AR T2 ETICHETa N —F AHEOWE & @il L =L ¥ —
BEETL20T, B —ItESNDEFEMREIIROMEEIV /NI RHIENZZLN
%o ETAE ST E Y —ITHHT 5310 7 RBEOWIEIEKGFET D720, VAT L2k
ODHHEZRTEEOLND LI ELLOMETHFmAHEIMLEEE L, ¥4 TFIv s L0y
HLHPET I R—=E D DESPBRIETE, o/ A ARl S ATRE R L D ISR EE L=,

ZOAARIZESE MSND JHOE S RBEMRIR Z5%Gt L, v 2 b—ra VA T o 72
FERAZX 3. 1.2-1 RO 3. 1. 2-2 12”3, X 3. 1. 1-1 [3AfEHIC A )& o5t d 5 H RS
ZRLTESLDT L o7 AT 7 RUIMIEDO X A I v 7 LU VHATIRA LD Z &3
% K03, 1 2-2 [ XS B & & AR EOR AR LI b DT, MHERA EOHM
T 3000 electrons LA TFIZ/2 > TEVAEREZ +DITWT-T B2 N5, EEOMH HERE
TN KRMEEFEDIRA LB ZONDT2D, B VAT AR THEEORAZIMZALZ L bR
AT AOMERD D,

FETR L7k EHERIO & & MSND FH OfE B ALEEERE R O E2 1T > 72, X 3.1.2-3 [
A OR— FOFEEZR Lz, TREHFOOKNICAEEME L - SRR A FEE S TR
0. ZEBIOANENIZ MSND 25T 5 Z LM AREL 72> T D, HlOax 7 X357 — XY
ERPHEZITOR—REEHRTLH7-2O0LDOTHY . Z 2RI TWARWFE R YT —
ZUWER DR — FIZE L IR Z R AR 72 > TV, SF0 3 R, AREMRIEE O
%4795,

3.1-11
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2 3.1.2-1 MSND FHRREERERI I o BE & (1kE
HHEFa o R—=2Z 50 o BOEE 400000 electrons, 64 fC
e A 100~300 pF

S HES A (REHE)

10000 electrons => S/N~40
5000 electrons => S/N~80

FAFI v vy ()

+80 fC

pEE (S/N Z2 T&E 572 fifk)

~1 ps

1200

1000

[+-]
[=]
o

Output [mV]

40 60

Input [fC]

20

80

100 120 140

3.1.2-1 MSND HO(E S BB DO XA T v 7 L v DFE

4000

3000

2000 -

ENC [e7]

1000

2 Simulation

0 100
Cdet [pF]

1 1
200 300

3.1.2-2  MSND H D15 B AL EREEFE R D e = Rk

3.1-12
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)
<
)
o 4

4 3.1.2-3 MSND FH D5 5 R ERARFR R B D RF A AN — N

3.1.3  JKHI A AR U 7o e - RS O e i

BN 3 ARBELIRRIZ M9 D K P AR L7z i - IRETRBR O BRI & LT KPIciRA
FREZR T 1 b A T Y — ORIE, PR RRIR & R FTREZR 6 5 KIS 2 B D
ELbiT, KTFEE T AN RAOMBKEOET ) & 72 T, PCf BHFIC X 208
BB ORI 21T o 72, AN, 0 MR ZBHBIEA L. &= 30 O BRI IC B
THYEF S O 2 Ei 2 T E CTh o7y, PCf BIROIBEIN OMitE R D 7=,
PPCF MR OB AIIWT S L. 2O SRz fRA L T 2 [ENZOFIERH S 1A N PEZE B B F7E
At (BUF, TPESEENFe S MITERT) LIE9) (CH i 2 L, PERHA S FEET O
PO MR E RN o 2 & & Lz,

(1) MSND Z#FEEEL7=7'a v & A T e o —DBa%

3.1 1IECHENME L 7= H1E S QUEE a1 3812 I 2 MSND B34t 22 o LT, 7k hakBRs AT RE
RREEOTm A TR —E2RIE LT, e A A TR D fE S AL
HERO 72y 7MEK 3.1.3-1 IZ7-%, B —F 1L RDT -5 MSND (A%
MSND. S17. CRFS) ZHiEHIEZ (7 U 7 /UL ARS8 CSB16-2, JmiZfii 4.7 GQ . JaiE
a5 0.3 pF) ICEH#ET D L &bk —OHIREEIXATERER A O AFTEFR S
2.5 V&SI SHMIET 5 X 91 Uiz, IPEHEIEZR DR EENX 0. 5~10 ms OHLPH THNES
BIIAMAREZ D Z ETRIEE L, TORE LB ERIESRH OB E L& WERL
DIEHE /XL —2 TlBI L CHJMER (AD TTL, BAER 7 ns) Z4AKT 5, AL
EVMEIX N ~ART v a A—F CHEERREE L, 72, RIKEMEMRA L LT, AiEHE
I g-OW TR RS O D D M2 L 912 Lie, EIFIT+H12 V/57 mA, —12 V/43 mA %
D-sub 9 pin 7 —7 V&N L THAET D, X 3. 1.3-2 (233 & 9 (2 MSND MG 5 4LEE[A] 5 % /%
V= 7 LT RO ST 110X80 X 40 mm, B EITK 340 ¢ TH D, ERBRIZBL AL
FRCIEWno T, EEOKPRERTIX, ERZBIOKERGRICAI, KERLZ &RFICE
ATHTFETH D,

3.1-13
_39_



Package case
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Test
Pre amp.
Detect Ch Buff J_Sh' Amp.
etector rage - urrer aping . .
(MSND) [T Amp. Amp. Amp. %%Dm“‘
—Thr.
Generate
POWER
+2.5V *12V)
3.1.3-1 u " A FHETE o —DEBBER T v v 7

3.1-14
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AMP. DISCRI.

PREAMP.

TEST

FOWER

40
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Unit: mm

21.

80
14

guoyg

: Shaping amp.

5.1.3-2 70 kXA S

tEO+FRIREBFPO

14

W

L

 cuteramp.

Y — ORI L B TR

3.1-15
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(2) HR MRS 18 5 KRl D H A

Hhp - PR SRR 181 2 KAl O BE i 1. PEE AT S IR JEPT IS Bl i ) 2 (i L . PEZE BT
BARFZEFT D 220f $RAE AW CERT 5 2 & & Lz, HTE 5 %0f ST, ik
N 3.19X107 st (B 3141 H 17T BRER) Th Y . HEINDBELT 7 U b ok
WEHBLTH o2& THD.

B2 L, PHETFRIR AN RTRE R S K S A5 & L bIT, Rkt 7
AN FEHOEGKEDET Y o 7 21TV, P5CF BRIFIC £ 2I8E B DR 217 - 72,
B3.1.3-3 |[ZPHITS TEFT VY 7 LZEAE 1 mXES 1 m DKM & ZDJEIC P20 IR 2 il &
U CRHA L 72K N OB Y A A2 n T, E7o, 3. 134 IZR UIRRTREAE LT
~HREEFEF b E O RPHF O AT, PO BRI 2 MeV ICE—2 2 b Do~ v 7
AT 2V Hi kT DT, %< OBRMEIIK E OBELC X - TERT D, X 3.1.3-4 TR
T LR FFEZO/NIVKF T, T ~BBOBEHI/NI VR, FEFORETIRE <,
FRIRD> B 50 emDALE THPEF I 3 HTLL EOES & 72 5, Bk 3ol fh o F D EELIC
LoTAERSN, TOEFNIEPETOREITTLY b RE W=, K 3. 1.3-3 Bk 730 h
XX 3. 1. 3-4 OEFVETAR L RIEkO A & 70D, BVRYET O3 H1E 30 cm DALE THI 2 #7
INENWZEMDB, AU R T DL I EBE L, REETIERT 56 5K ORIL 30
em & U7z, X 3.1.3-5 ({2 PHITS TET U7 LIZERAE 30 enXEX 1 m OKMEEZDEIC
PO MR A B E U CRER L 7o KRN OB IR 2 T, BEE30 em DA CTHRE X 1
m JF A OBPMHEF ML, B L m OKEERESEDLLRNWI & 2R TE 7, EERIC
SUWEL 7oK DT E LT 2 #Cf RO E 2[4 3. 1. 3-6 127, KEDJEEICHEI L
T2 PO FHRERAT 2 Z & T, B 1 m £ TOKRFTOFPETFRETFER 2 F2hE nT
HEIZ e o 72,

L i - 10!
50 40 H
. H e ' I 10°
=

| 20 1 -
P 107
E I air ,g, e . H a
CONC - e
AS) 0 Ff L PuMA O, 0 - H 102 E
x H water = - =
x
=
i

b |
&

T T I N T I T [N |

0 20 40 60 80 100 -50 0 50 100
z [em] z[cm]

[X3.1.3-3 PHITS ICLABER 1 mXEX 1 m OAMET /L L BFM: 7157

3.1-16
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10°
10*
g‘ 10°
2 F 10°
P
= x 10'
&
10°
107"
107
-50 0 50 100
z [cm]

3.1.3-4 PHITS IC X AERE 1 mXEE 1 mOAMEFT LD T o~ & 2P MET RS
TERN AT v~ fp, AR D2V R1 A

Flux [1/cm¥source]

0 20 40 60 80 100
z [em]

3.1.3-5 PHITS IZ X AEL 30 ecnX £ X 1 m O EF L LB M7 515

3.1-17
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3.1.3-6 BEL7ZER30 cm XEX1 mOKMOEE L AT 5 220f HIROX M

3.1-18
_44_



JAEA-Review 2021-049

3.2 UW 77 v N7 4—LORFE
3.2.1 BB 7Y <~ o B 7Y — L DOBR%

UWOBHERDKFAAT VF—IZ L 5EGER, P2 —OFEE#RE VR A
TLANRET Oy T VBT D, SHI, vy BTy — ey oy
—LNEENT D KO ICEERES AT AEBHE LUV ICEET LT TV T
VIV AT NOBEE B EXE S,

BT 2t b —OERHIEEZKPIRA AT, VI —% L OEEZZEIC AN
RO L, BE RS A X —T 2 — ADORFREEEE LT, SDIT, KPR T,
VI —OWRBT — X 2 VRIZHET HT-0O0Y — Vi L,

(1) =y B 7Y — O - HIEEE & A ¥ —7 = — AOKFHRG

Bl —DEZr —7 AN UV R0 7Y o 7 — LEREVEIR T & — 7V & ffd
5 E2HOr—TNFESIET D LRV KFTORENRSLY S5, ZDH, v v E
7= b OFH - FEEHERICOW TR, RS 7T UV ##l oy 7 U — TS TE S
LI Uiz, BREFHEHT. FRk 30 FEENDBMA Lz, JEmEsE [mshlsfoms
TREBLT D @M BERET 77U & o — OWFFEBSE ) CHREAF S S eI L72N
K[3.2. 1-1JIT KN TW 5,

O #EEfER

B2 BEIX, vy 7Y —ON, FETEUY— KFHT AT ROYJEICE L

TR EZIToT-, £72. 5%, Vo7V U ZOHBERRE SN, oA v 7y —

NERENT 5720 OBIBHE R E R 2 MERNH D20, S 3 EE LR D,

@ o —HiEER

UUV [ ZHAHE PTRE 70 815 I R FE - RIS B AR O fiefifi 2 38 U, #RFERI & oV $5diit o9 —

M CRMT — & LT — 2 OB G HEET 2o 0@fE FiEERTF Lz, Zibizon

Tk, EARMIZ, UV O 27 LANT LAN (TCP/IP) Ry MU —7 ZfA, FEEEEF1X

AA o F U T A=Y Ry bNTEHET & TEIEMO PC TENETE D X5 ntikke 325,

@ HE7E o —AEFBESR

P P —OBRIEFIZOW T, @) 0BT 3 2 M7 s G 50 sisg

FEARIC X > TRIEEIE SN D, ZHICHOWTIE, S0 3 EEUEERERRE 5720, Ik

FORERFTT 5, AW, FEOTDIT, MBSOV AICEBR LGEERT 2265252 T

W5,

(2) =y B —ILDOB%

IF O 7 NNERORE, HEW % mBET — X ICEH LT VR 20T YT —2 2L,
UUV DALEE A S UV HILE T 5 JE L OBECHEE &~y R~ T v b T 4 A7 LA TH'E
WRETR Y 7 NEMET S, £~y R UV T A AT VA EH W VR arT Y v—y
klz, VI —®H25WIE Lidar O /17— 2887 — X IZEW L, BT 284287 5,

D VR 27 Y Ok

JAEANSAEFA L2 1IF 2 B¥ED VR 207 Y5 — % % Unity bE~A VR — F&2470, B

B REARIUC G 21T o 72, A VAR — M &{To 7 —XId, VR 227 Y SREREZ AR

FICHEB CX 5 L 9o —r T — X AR L, 3 RTJERE FICRE Lz, TOBE, R0

3.2-1
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G R ORERR, PCV NEDIED ® SFEZHX, 7T —FNEFRTHLZ L 2R LI, Fio,
VR 27 7 — & ZRlE LIORCIEAR 2295 2 & T& ez, Unity BT
IR (RA > bTA L) ZEETHZ LKLY, LS EEHRLT,

@ Y —L O

MERREMBRE Y —ouRy NRBHAKECER LB 7YY F—F7—4
EEHL, Fov 7 HOERET—2 L LCTHO TR Lz (X3.2.1-1 2),

SRET — 2 D XYZ JEREZ CSVI B EUS L, RGB A 77— (255, 255, 255) ZffhH L. Unity
WAV AR— b TEDRNICER LT, EONTAHT— X2 Ttk L7z a7/ T AT
T 47— NICHE S E 5 TETUnity Bic&RZ L (X3.2.1-25H),

KT X Z 35 OlfgET — X122\ TCIE, Unity @ VideoPlayer #REZ W TIERE S
DL aER LT,

3.2.11 MBEF—HITEM LY F—F—4

B 3.2.1-2 VR a7 U VINIRE LTo Rl — 4

JAEA 2MERL L7z IF 2 SHET 2 X VB A EAIT O R BN T — 2 2% Uiz
(JAEA W HERREL B S & o 2 — DA 15 T LiEH)

3.2-2
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3.2.2 UWW 77 > M7 +— L D%

PCV N T UV DALEZ 4 ET 5 E OB 2T L8 LT, fEko B CMINED POV N~
A LR o EZ i U, BIAEREEE ) 7R &5k Uz,

(1) fEkm B HINES AT 20 PCV PN R H

O FFERWNL T AT A

WEEFE, SEEH~ T = A X —KRFEHFAPINL > A7 & (EVLS : External Vision
Localization System Characterization) [3.2.2-1]. [3.2.2-2]ZdL[EIBHZE L7-, M4zl
Py AT ME, aRy NaRBUKROTE BICRE L= A7 TIRET 2B L. ROV ##
DHEELED v —H—, KDY 7> Tk Lz~ — 3 — KO ROV OIRE A LT
ROV O 3 WRITAIE & REAA IS 5, ROV DKFONE ZHERT 2 720/ NI A T % KKl
HFLoKE LY EEICEREL (K 3.2.2-1[3.2.2-2]), /NMiH 25T ROV OALE & HEFR
KD DI ROV NIZY o 74kod LED SR bk, 77) BT TH L (K 3.2.2-2[3.2.2-
21), 728, WINFEHORIE S & UKL OKIE F 2 m ONEIC~— 0 — &R O E
WZENEI A ERRE LT,

IR BRI & v 7 — ORI 5 FEFERBROFE R, ROV O E LR LT, T
B ~150 mm CHNLCTE 7=, LovL, REDA TV — N —OFREEPLERZ L T
TV OV T OVE UCHEIOBEN ES L, AFiie o —MEHTE RN L&)
5. WAL 2T 2 1F D PCV NBREE St~ 3 F 738 L v,

@ WHETHEH SN TR AT A

Hi E2Z2 i OALE ST TIE GPS (Global Positioning System) DOF|HANE K& L TW\5,
B ORMEIC L VEF COMANREETH D720, BUEEE COMBERE L, B2 R
To BN — R T 5, HEARMZFEIL GPS L [FIERIC, HUESZRET H 2 L TR
T 5, HUYESOBRE L FHHGIECE > T, FICEREMR LBL (Long Base Line), %R SBL
(Short Base Line) & #BEEEL#E SSBL (Super Short Base Line) @ 3 2D HFR3H 5,
LBL |35 ORI 2 . SSBL IZ & DO RIZEAI A 7222 F N 5 25, SSBL 1% 2 J7iE D HL iy 72
MAEALTRY, KEREERO T T U OFEEEZMET S LW HEAR1H 5, &
MEORHEW LBL OURDEE SRS BV, 3 X MOEESEV, WEEHETIEIIh
b DOFEAL O T HIKEEEIL 10~15 %FEE & Sbh T\ [3.2.2-2],

Z O UV ZEOBEVADEMZFICB W TINEE 21T 5 & ZOBEE Eomikic
IRIER BT D720, ZORIMERTIOREEITR, IEEST MLaRDDH Z &0
TE 5, MEEZKFMAIC 2 BRES LT, BEEOME 2 KD B EMEHE (INS
Inertial Navigation System) H3 b &2, MHETHEH I T2 FERINL & BPERTED
BINLRFE DO LS 2 3R 3. 2. 2-1 W\ g, (EMEMUEITRIRM:, 2 X b2, ¥V 7 L—
voa OEENE, FHOYHRESCEEDRREIC BRI RWVMREESARN—T7, F
U 7 NAEDHUER & IRITHEAE R D L WO EFTNH 5 [3.2.2-1],

3.2-3
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}3.2.2-1 RIEI AT &~—h—DKE [X] 3.2.2-2 ROV N U > 7R LED R (k. 7R)
(Hidh : [3.2.2-2]. MDPI Japan ® (Hi#h : [3.2.2-2]. MDPI Japan D# %
FFRE & 15 Clindk) 15 Clind)

7% 3. 2. 21 K FR AL BLIR L 0 Ryt b i

A7 = S INETG: SFS WEE  EEY
LBL © A A A A
SBL O A O O O

SSBL O A A A O
INS A O A O O

2T, ARWFFETCIE, SBL FREFESHIAI S AT A MAMEEE LT, fifEMES 2 2 R
D@L DS SBL /77D Underwater GPS WL-11001 (Water Linked f1:f#) Z5gE L. AKREIC
BOWTHREZME L, ZOTAT NMIEERBESR (mFr—%) 1 ., ZHEHE (VAR
V) A, T H BB R, T2 O EEEEFET D Y T ME TR SR
TU 5%, Underwater GPS DI Tlix, Hl 21EK 3. 2. 2-3 [Z/RT K D ICTOMERD LK
AZENST7 B — RO FICAHO VAR FEFHE L, 07 —Z LK FIZdHDH VAR
VB ASOFE W ORI 2 HE LTS O EERERL, R2, R3, RAH R —XHA1H UV O
FEXTHO 22 f & 2 R 3%, UV @ PCV NCTO H CHINL > AT AORPINAEE 2 iR T 5729,
WISEFHITE ¥ —ou Ry FNBRHAM CEERBRZEm L=, VAR X EK
HWOEED 4 JICEE L, v —Z Z/KERLICEE L (K 3.2.2-4 2, vF—%
NEZEN LN, E=XICHEhD el —2 ONEEHRZ ML L1,

3.2-4
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¥ 3.2.2-3 ki b7 ue—k (&) ROUKFoar—& L L AR ZOMERE )

ZOFEFR, v —20FR7R (K3.2.2-5 Z) 1%, EBEOwr—20E L 1T ERD
FHaEMEICHENTZ, it KEO X D ICETH ENTZGHT TRV AR ZORELEIC X
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