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A Study on acquisition and analysis of environmental
data in exploration areas for polar underwater robots
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SUMMARY

[. Title

A study on acquisition and analysis of environmental data in exploration areas

for polar underwater robots
II. Object and necessity

The objective of this study is to be necessary to analyze the environment of the
exploration area to be used for the polar underwater robot and the existing
robot technology and necessary technologies in the design of the polar
unmanned underwater robot. Environmental data acquisition and analysis data
on the area to be used are reflected in the design of the unmanned underwater
robot for polar exploration, and the existing technical analysis and research on
the necessary main functions are necessary for the development and design of
the unmanned robot to secure the ICT source technology.

. Contents and Extents

O Acquisition and analysis of polar environment data considering polar
exploration environment
O Analysis of original technology of underwater robot for polar exploration and

review of technology adequacy

IV. Result

O Environmental analysis for polar exploration areas
O Analysis of underwater robot technology using polar regions and analysis of

underwater robot exploration cases using technology
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A}
ZEZTH 54
A 7]
1972 UARS 450m depth,50kHz LBL, acoustic positioning and communication
system
1982 ARCS DVL, Gyrocompass, LBL, Obstacle avoidance sonars
1989 ACTV 3axis(non-gimbaled) magnetometer, depth, pitch/roll sensor, CTD
2004/ Fiber-optic Gyroscope(FoG), upward-downward DVL
2005 AutoSub2 Greenland landfast sea ice 450km mission success
Trapped under ICE(2005)
2009/ AutoSub3 increased attention to robustness and redundancy of critical system
2014 6 times(2009),4 times(2014) in the Antarctica, 511km survey
Lake Bonney, Taylor Valley, Antarctica
ENDURANC . . .
2008 E DVL-aided Inertial Navigation System(INS), USBL system, Custom
magnetic beacon system
2010 REMUS 100 | Around Barrow, Alaska Arctic Deployments(4 times)
AUV LBL USBL, OWTT acoustic systems
2010/ ISE Explorer Canada’s High Arctic
2011 AUV
German
2013/ Research LBL, USBL, OWTT navigation, upward-downward looking DVL,
2017 Cent.e.r 'for FoG
Artificial Maybe only test
Intelligence
Teledyne
2014 | Gavia—Class | around McMurdo, Antarctica
AUV
AutoSub
2018 Long Range | Filchner and Ronne Ice Shelves, Antarctica
AUV Boaty | Magnetic compass, upward-downward looking DVL
McBoatface
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2018/ . K Sdrsdal Glacier Antarctica
nupiri muka
2020 P Thwaites Glacier Antarctica(6 times launch and recovery)

2019 | Hugin AUV | Floating tongue of Thwaites GlacierAntarctica

Tethys—class
AUV b
2020 v lake ice in northern Maine, US
MBARI and

WHOI

O Tethered Vehicles
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Tether7t AAE EF}e FAWEE S AUV B8] ddjd oz ApAut f49]
ol Aa wjel] we} AAoE HolEE AT & 7] Wl Fg-ol wt
Me 9 F83 497 Be otk 19921 Theseus AUVE AUVolX|WE
Al AUVHAF-H 2 3l tethers AANA EALE stdlon FHZodl= AUV
HALE QA tetherE A4St AMESHA= & Wolt). tetherBlY <

ABE BAA RE 20139 20154 2018 20190 AA &3k @
AHg AEHo=z #3¥3d" BRUIE(Buoyant Rover for  Under—Ice
Exploration)[13]:= NASACA 2025d%¢] EuropatldATE &l 7123
o WEskt Ak BAF A AIRS Q8] 4zt 2A AEAoE BALE
g FAFFEIet. e AUVRY So| BRUIEZF 5®¥E & 7]Eo|
gld dFatiol 2o AEAAd vy 4 AME F3l HelsHE g
= 2o e dad 2oM vd F de FH= Lol
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Theseus . . .
1992 AUV laid a fiber-optic cable from Ellsmere Island, Canada

1993/ | ROBY | inclinometers, magnetic compass, angular and linear accelerometers.
1994 ROV Terra Nova Bay, Antarctica

Modified Phantom S2 ROV, SHARPS Short Baseline(SBL)

1 TROV
993 RO McMurdo Sound, Antarctica

1997/ | ROMEO | DVL,Gyroscope,Compass,inclinometers
1998 ROV Terra Nova Bay, Antarctica

2008 SIR deployment beneath Antarctic Ice Sheets

2012~ SCINI LBL,SBL,USBL
2015 McMurdo Sound, Antarctica
2012/ MSLED just under 2.0kg, MEMS IMU
2013 McMurdo Sound successfully tested. (Target:SLW, Antarctica)
2014 D
/ ceep Ross Iceshelf, Antarctica
2015 SCINI
2014
5 i only test(2014)
2017 Icefin . . . -
2020 redeveloped Icefin vehicle around McMurdo station(201772020)
2013/ a prototype of future rovers
2015/ BRUIE 3 times tested in the Arctic(2013/2015/2018), 1 time tested in the
2018/ Antarctic(2019)
2019 Europa Clipper orbiter will be lauched in 2025 to study Europa

O Hybrid Tethered Vehicles

W S8E @Ak Ad3o]l & Hybrid Tethered VehicleZ2&
ARTEMIS (Autonomous Rovers/airborne—radar Transects of the
Environment beneath the McMurdo IceShelf)”} 1t} ARTEMIS[14]& ROV
9} AUVE Z3tsh HybrldE}o’ olgt7] Hue FAOlE tetherd AL&3t< EFY
o= FACER HolHEFETAS 3 HHEFFL HA T SolAlEow
T AFE 2 deTHs Sdl HE ol E uE kA gAbstal oA Eotbst
A docking system© = ZoletA wiE g T & A HANE & 5 e B
do=m 7|EHY F ¢ E"E FHY —’F%‘E%O]‘jﬂ olgf1H-2  docking
system@ % dockingdsle AL HOFE IHOoR EHHuAR ZdHT)
dockings 913 W= docking barg 1A(1)3stal LA 7HA] o5 & UF-F
docking barell ¥i1(2) docking barel] A== ol & o]F F(3) 90E=
A3}l docking barell miEE] Al ®v}(4). docking bars =& 2Hd u}
539 9] bot house® E0] A H}(5).

o
=
3]
el
=
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HW 19939 Odyssey 9 AUVI[15]1EAE =
B ES SdEta )l QoA AFd AAY o
|4 olFAAL s & F Aok SEve A

[e)
o
MBARI®} Z5AT7E 3] 201739 R BA 2 3 Ho] gu}. oy W

o) MAF AW FEZ A8 AUVZF o] WA o olabe] BAE Fg
shA] Skt ATk
13 16 MBARI AUV
AL e S -
7] TFETEE T 54
Odyssey II-class . . .
1993 . magnetometer, six-axis IMU, depth,LBL/USBL, Arctic
vehicle
AMTV (Autonomous
1998 Microconductivity based upon the REMUS vehicle by WHOI, Arctic
Temperature Vehicle)
2001 | MBARI ALTEX AUV | Arctic
2001 Autosub?2 Antarctic sea ice edge(2005 missing)
2002 Martin 150 AUV Marginal Ice Zone(MIZ), Arctic
two seabed-class
2007 AUVs Gakkel Ridge, Arctic
Jaguar and Puma
first digital terrain mapping of the underside of
. drifting pack ice.
2007 Gavia AUV Although operating autonomously, the vehicle was
tethered to aid recovery.
DVL,USBL/LBL-aided INS, RF-based under-ice
Kongsberg HUGIN .. .
2008 localization and communication system at 60m beneath
1000 AUV .
sea ice
10 | ™ ISEU%Xplorer DVL-aided INS, USBL, Canadian Arctic
2010/ WHOI seabed-class Weddell, Bellingshausen seas, east Antarctic
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2012/ Ice-relative navigation system, Arctic marginal Ice
2015/ AUVs .
2017 Zone(2015), Ross Sea ice pack(2017)
PAUL(Polar
Autonomous
2013 Underwater Fram Strait, Arctic
Laboratory) Bluefin 21
AUV
2017 MBARI's Dorado class | iceberg mapping work was conducted near sermilik
AUV Greenland

O Tethered Vehicles
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ROVAHES dlWell AlF3& ¥ F o2 ROVE Yol HAlst:E A9k Ho
Bglom o] f-o ALEEE ROVE F2 43o] Wo| Abg"d. 201640l
299l Ocean Modulesoll A AZFgk V8 M500 ROVE & oA EALS 42303}
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=
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32 |

a9 17 V8 M500 ROV

_23_




T4
A7) TEEE TW 54
2002/ ROV Global Explorer Arctic Ocean

2005

2005/

2008/ | Modified Phantom S2 ROV | Antarctic

2009

2011 V8 Sii ROV Arctic

2016 V8 M500 ROV Arctic

O Hybrid tethered Vehicles

sfolp =g SR or Bole Folzio] O‘Ob} SA AP A B
AeS A e AL F2E A TFA(WHOD S =257 o] ¥
To 7 JNale] 852 NUI(Nereid Under— Ice)[16]7} 893l NUI=

Hybrid ROVZ E# HROVIIZE B Edoa TS 37| s} 22 2
AFgE mlell o)eb F+9] Polar ARV[17]7F AA5S Hojgl ot} NUIAHE ROV
o} AUV A& Astst g2 ofyr

NUIE= Addto] HE 4 = HEAeA Adig Waoly s 77k 327t
A o]%F 5 ROVEER st dZ4d FAlolES S 20km7HA ® &0}
R EE-Z o]Fo] 7Msslth 7] ROV 4% 2" AlolE Aot 20km7HA]
7Vsetr] flEA e AolES 7 = AA 7] wzo] *&AHA
7} AA e th NUIE 20kmZAolo] FA|o] &5t ALE-387] wjio] -39} FAHo|
A S HAA "k 20km7bAL Al o] Bl
251 AgEd e FA )l Egle] AUVEER 731
282 Tow Bodyel AZ¥ Micro—Tether7} Egj¥o] WHE wEHES &g
do=z st Ao r EF A Hrt. NUI= 4 o], o 38, ¥ WA

HE S EIEAES A2 Hek 9

713 18 NUI HROV[16]
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A7
2014/ NUI(Nereid lightly-tethered hybrid AUV/ROV(HROV) for under fixed
2016 Under-Ice) or moving ice, Arctic

lightly tethered vehicle, 6" Chinese National Arctic

2014 |  Polar-ARV
oAt Research Expeditions(CHINARE)

O Underwater Glider

ToFolds U4 AFE ROV AUVeR: g2 do s [A1E 517] 94
Zedy FA7IE AR B H5I FFREST shtolth 1960d W A&
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}\] 7] N o T 10
2010/ Slocum P
2011 Glider[18]
2014/ . : . : . .
2016 Seaglider[20] Davis Strait, Antarctic. SODA experiment, Arctic
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