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Autonomous Underwater Vehicle, Exploration Beneath Ice Shelf,
Navigation System of underwater Vehicles, Ice Sheet melting,

physical ocean properties
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SUMMARY % KEYWORDS

(4 & 2 o B)

Autonomous underwater vehicles(AUVs) enable us to explore extreme regions previously
untrodden by man, and the cutting edge technologies are applied to the next generation
AUVs to explore to the most challenging and harshest regions, under ice in the Polar
region. Exploration beneath ice is the most important key to expect how fast and how
much the ice sheet in the Polar regions will melt. However, operating AUVs in the
Polar regions is not easy. Low temperature can cause fast battery discharges, and weak
GPS signals and big magnetic declination require more developed navigation system. Sea
ice and its melting water also threat safe operations. In this study, we will present
characteristics of polar environments, such as physical ocean properties, currents,
acquired from past Antarctic surveys by icebreaker RV ARAON and will share the
process and results of the AUV survey performed in the Ross Sea, Antarctica. These
will contribute to reducing trial and errors in developing AUVs and its navigation
systems for exploration under ice in the Polar regions.

(KEYWORDS : F1%&+4, W&t gAh, #3548 &3H, 9488, =83Y54, Autonomous
Underwater Vehicle, Exploration Beneath Ice Shelf, Navigation System of underwater Vehicles, Ice

Sheet melting, physical ocean properties )
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(a) Observed globally averaged combined land and ocean
surface temperature anomaly 1850-2012
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Contributions to Sea Level Rise
1993-2008 average
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Under-Ice Mission Requirement
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Icefin Design Solution

Subfreezing water temperatures

(-5°0)

Hovering capability; six DF vehicle
control; nonprotruding thrusters or
control planes

Limited power budget; onboard battery
power

Remote vehicle control and
communication; deployment and
recovery of the vehicle

Small-diameter deployment hole in
ice; difficulty avoiding snags during
deployment/recovery

1,500-m depth mission requirement;
3-km range requirement

Reliable vehicle navigation and position
information;

vehicle control and sensor data
management

Human-partable vehicle mission
requirement

Need for both ice and seafloor data
collection

Icefin, SeaBED, Autosub, ALTEX,
ENDURANCE, NUI, ARTEMIS, Seagliders,
Bluefin, Theseus, SCINI, Deep SCINI

Icefin, SeaBED, ENDURANCE, NUI, deep
SCINI, ARTEMIS

Icefin, SeaBED, Autosub, ALTEX,
ENDURANCE, NUI, ARTEMIS, Seagliders,
Bluefin, Theseus, Deep SCINI

Icefin, NUI, Deep SCINI

Icefin, SCINI, Deep SCINI

Icefin, SeaBED, Autosub, ALTEX, NUI,
Theseus, Deep SCINI

Icefin, SeaBED, Autosub, ALTEX, ENDUR-
ANCE, NUI, ARTEMIS, Seagliders, Bluefin,
Theseus

Icefin, SCINI, Deep SCINI

Icefin, SeaBED, ENDURANCE, NUI

Vertical deployment configuration of vehi- Icefin, SCINI, Deep SCINI

cle but horizontal mission configuration
DoF: Degrees of freedom.

Battery temperature kept ideal;
temperature-rated sensors

Four nonprotruding directional thrusters
over two modules, along with main rear
thruster

Ability to switch power ON-OFF to each
sensor from the surface control station in
the software

Kevlar-reinforced single-mode strand of
optical fiber for vehicle tether

Constraints on vehicle diameter design;
no protruding sensors nor actuators

Cylindrical pressure vessel for main
electronics module (rated to mission
depth); pressure-rated sensors and
actuators; >3-km tether

Greensea Balefire software to estimate
position and record sensor data

Modular design of vehicle; size/weight
constraints in the vehicle design

Modular sensor bay that can be rotated
to face the ice or seafloor

Frangibolt [3] drop-weight system at the
front of the vehicle

(%), Icefin
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SeaBED ’'Jaguar’ AUV (https://www.whoi.edu/news-release/SeabedAntarctc).
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Salinity (ppt) Temperature (°C)
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ISE’s Explorer family of AUVs are the result of 35 years of AUV development and provide unprecedented stability and
adaptability for subsea survey missions. Explorers are outfitted with forward and aft control planes, providing unmatched
stability and delivering high quality data in the most challenging environments. The Explorer also offers the largest dry
payload volume in its class — allowing for simple integration of payloads and electronics. Explorer is the most effective
tool for delivering your payload to the ocean floor, anywhere on the planet.

Depth rating 5000 m

Power pack 18 kWh lithium lon (11 x 1.6 kWh)

Dimensions' 0.74 m @ x 6.25 m long

Weight in air' 1500 kg k.o

Cruise speed 3 kts 5000 m Explorer
Maximum speed 5 kts

Cruise endurance’ 25 hours

Cruise range’ 140 km

Maneuvering 2 x fore planes + 4 x aft planes

Stability 0.2° per second roll, pitch and yaw

'Final weight, dimensions and endurance are dependent on vehicle configuration

INU iXBlue PHINS

Velocity sensor RDI Workhorse DVL/ADCP x 2
Acoustic telemetry Sercel MATS (with up & down facing modems)
Acoustic positioning iXBlue GAPS transponder
Surface pbsitioning GPS

Depth sensor Paroscientific Digiquartz
Operating system ISE ACE

Surface communication 2.4GHz Ethernet radio
Beacons Iridium and strobe Light
Ballast 50 kg actively variable + fixed
Emergency ascent Drop weight

Obstacle avoidance sonar Forward loocking multi-beam
3D Mission planning tool

Pop-up buocy Explorer charging
Emergency battery beneath Arctic ice
Cradle and carriage

Battery charger

VARIABLE PRESSURE  ETH+GPS ANTENNA—,
BALLAST SPHERE HULL IRIDIUM BEACON g

— POP-UP BUOY

DEPTH SENSOR
DVL/ADCP x 2

FORE PLANES x 2

58S + BATHY + SBP

AUV cross section
a9 10, ZF A= 2018/19 H= &HAl AlSdd ®HAME Fste AE BEE HAE SO

21+ Explorer AUV e A4l A 4.
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¥ 3. CTD/LADCP #= A=A A1

StN Date (UTC) Latitude Longitude Total depth Deployed
(m) depth (m)

6 Dec-11-2015 9:30 77° 41.597'S 178° 20.620'E 745 734

7 Dec-11-2015 15:40 77° 45.172'S 178° 26.222'W 685 674

8 Dec-12-2015 1:55 77° 42.273'S 178° 54.893'E 720 709
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