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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, sea ice and its
melting water also threat safe operations, and weak GPS signals and big magnetic
declination require more developed navigation system. The exact estimation of AUV's
location is very important not only for its safe operation but also for scientific data
calibration. 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 show recent polar AUV exploration and techniques. These will
contribute to reducing trial and errors in developing AUVs and its navigation systems for
exploration under ice in the Polar regions.

(KEYWORDS : 7154, W&, FAd4 3H, 9488, =8Y54, 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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By 2100 sea level could overtake low-lying coastal areas
Much of the land of the Maldives and Kiribati is about 2 meters above present-day sea level.
Below are three predictions for how many meters the ocean could rise this century.
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Sea level rise by 2100:
Thies woosieing Scenario two: 0.8-2m*
This higher estimate from
W.T. Pfeffer, et al., Includes

possible contributions () -
from melting glaciers and
ice sheets and from Scenario three: 0.5-1.4 m*
1 meter changes in ice fiow. This estimate from
"""""""""" ‘oeceanographer Stefan ‘(3 o
Rahmstorf is based on how °
Scenario one: 0.2-0.6m™ = rising temperatures will
This IPCC estimate is warm water and meit ice.
based largely on thermal ol
expansion of seawater
and doesn’t account for SOURCES: -t{'ﬁn&mmm ON CLIMATE CHANGE FOURTH
e : ASBERSMENT T: *W.T. FFEFFER OF THE INSTTTUTE OF ARCTIC AND
melting ice sheets. ALPINE RESEARCH AT THE UNIVERSITY OF COLORADO AT BOULDER; *STEFAN
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Climate-related Contributions to Global Sea Level Rise

o 28 B Thermal expansion
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ANTARCTIC ICE SHEET AND SEA LEVEL'”

How does small-scale morphology in subglacial and continental shelf bathymetry affect Antarctic
Ice Sheet response to changing environmental conditions? (Cross-cufs "Dynamic Earth”)

. What are the processes and properties that control the form and flow of the Antarctic Ice Sheet?

How does subglacial hydrology affect ice sheet dynamics, and how important is it? (Cross-cuts
“Dynamic Earth”)

How do the characteristics of the ice sheet bed, such as geothermal heat flux and sediment
distribution, affect ice flow and ice sheet stability? (Cross-cuts Dynamic Earth”)

What are the thresholds that lead to irreversible loss of all or part of the Antarctic ice sheet?
How will changes in surface melt over the ice shelves and ice sheet evolve, and what will be the
impact of these changes?

How do oceanic processes beneath ice shelves vary in space and time, how are they modified by sea
ice, and do they affect ice loss and ice sheet mass balance? (Cross-cuts “Southern Ocean”)

How will large-scale processes in the Southern Ocean and atmosphere affect the Antarctic Ice
Sheet, particularly the rapid disintegration of ice shelves and ice sheet margins? (Cross-cuts
“Antarctic Atmosphere” and “Southern Ocean”)

. How falst has the Antarctic Ice Sheet changed in the past and what does that tell us about the

future?

. How did marine-based Antarctic ice sheets change during previous inter-glacial periods?

How will the sedimentary record beneath the ice sheet inform our knowledge of the presence or
absence of continental ice? (Cross-cuts “Dynamic Earth”)

5. SCAR Horizon Scans &3] T&d H¢AHo =z sldsojorst F= ®d7 3
HE A A& (Kennicutt IT et al., 2014).
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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 s

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 DROP WEIGHT

FORE PLANES x 2 DVL/ADCP x 2 AFT PLANES x 4 _/

58S + BATHY + SBP

AUV cross section
¥ 10, SFdA = 2018/19 TS Al AlSo "©AME FdcEte AS HRE OHAE F

of 9l Explorer AUV Y AHA A4,
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Exploring under Antarctica’s ice

Philanthropist Paul Allen is bankrolling a high-risk UW project
to improve sea-level-rise projections by using robots to probe

ANTARCTICASS nder ice shelves. The Seagliders and floats
©gouth Pole transmit data using an Iridium satellite phone Pine Island
when at the surface. Glacier
Ice shelf

= fceberg — *_4__-:; ICE FLOW

Grounding zone
Where glacier

is in contact
_with ground.

Sea ice

CONTINENTAL

[=
SLOPE aom

inflow

GPS
@ Seaglider —— Extemal sensor —_ o e ﬂt_’at _antenrey
l = i ! Four floats will be
WIM Wing_, ; Wing deployed to measure
Wing ) ‘T temperature, salinity
LENGTH: 5.5 foet DIAMETER: and currents under
Three Seagliders will probe deep under the 11.8 Inches the ice shelf. The ﬂ'::,{f:,em
ice shelf. The robotic vehicles use small changes floats drift with the = .00
in buoyancy to dive up to 3,000 feet. They will travel into currents while =
caverns beneath ice shelves more than a thousand feet thick moving up and
to collect data on how the warm inflow affects the melting down in the water LENGTH:
of the glacier. Unable to surface frequently in icy waters, column and can 50 inches
Seagliders and floats will navigate using signals from dive to 6,000 feet. DIAMETER:
submerged acoustic beacons rather than from GPS. ~ 6.5inches
Sources: antarcticglaciers.org, University of Washington, fastwave.com.au MARK NOWLIN / THE SEATTLE TIMES
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Under-Ice Mission Requirement

EREE

Q3

71 (&)

Ta % 714 () (Spear et al, 2016).

Capable Vehicles

A 7les

Zt&= JiitE AUV

o

Icefin Design Solution

ofN
=l
of\

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
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Table 1: AMIGOS-II at Nansen lce Shelf Components

Structure, Power, and CPU
«CPU: Triton-3 single-board computer, internal ethernet,
serial, and USB ports; Linux OS, watchdog function;
+Iridium modem and antenna;
+10 cm tubular design, 3 m sections, total 8 m installed
{0.5 m sub-surface, 5.5 m exposed);
8 x 100 amp-hr Pb gel-cell batteries

Imaging: Surface /Sky condition
*Camera system, Mobotix

Weather / Climate
“Vaisala WXT520 weather station;
*R. M. Young propeller wind-vector system at top of mast

Ice Motion and Basal Melting
*Dual-Frequency GPS — Topcon GRS-1
*BAS ApRES and GPS (provided by KOPRI / C-K Les)

Snow-Firn Energy Balance Sensors
-Albedometer (dual Apogee SP-212 all-sky lightmeters);
«36-meter PRT string; sensors at 1,2, 4, 8, 12, 18, 24, 36m

Sub-lce Ocean Sensors
-DTS laser fiber optic cable thermal profiling system;

+2 SeaBird MicroCAT SBE-37IMP CT sensors, w/ press. port;

+2 SeaBird Agua-Dopp Doppler current meters;

uich
[\
=

AMIGOS-II at Nansen Ice Shelf
IRIDIUM

Camera, Prop. Wind Sensor
@]

snow height, @—— —— Wx35m
IRIDIUM
albedometer Bokar B )
i CPU, GPS
air D ; APRES and
8x100 amp-hr | GPS pole
28 m norih)

vatizres N | E

DTS ~750 m
fiber optic cable
{20m on surtace)

HEm
8PRTs

ice shelf

MicroCAT
wi presa

420 m (22 m below ice base)

ocean
MicroCAT
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Project

N Activity feed @ Delete project [# Edit project

RIS-ID

11104

FUNDAMENTAL TECHNOLOGY FOR UNDERWATER POSITIONING USING
ACOUSTIC SOURCES AND MARITIME NAVIGATION IN POLAR
ENVIRONMENT

Developing fundamental technology for estimation of positioning using acoustic sources and navigation of
autonomous vehicle/ships considering polar regions environment ((high latitude, low temperature, floating
ice etc)

BOOKINGS
There are no active or future fieldworks for adding a new booking.

Start editing your project to add fieldwork periods.

| ID 11136: 2018-08-06 -> 2018-08-09 - Ny-Alesund - Approved |

Type Period From To Coordinates Statlon Location

4 8762401 KOPRI-Korea Ny—;\lesu nd
8.916663°N, 11.933325°E

Fieldwork 1 2018-08-06 2018-08-09 E
i

SUMMARY

7 Fundamental technelogy for underwater positioning using acoustic sources in polar regions environment
(high latitude, low temperature, floating ice etc) - Positioning in LBL{long-range) navigation system
constructed anomalously in polar regions environment - Characteristic analysis of navigation core sensors
(IMU, DVL, etc.) in polar regions and elemental technique of integrated navigation for polar navigation -
Survey and introductory experiment to perform navigation experiment of marine robot in polar ?
Fundamental technology for maritime positioning and navigation in polar regions - Survey of user
requirements and limitations for maritime positioning and navigation in polar regions - Testbed based on
simulation for maritime positioning and navigation in polar regions - Study on fundamental technelogy for
maritime positioning and navigation in polar regions using testbed 7 Fundamental research on motion
behaviour and technology for path identification of a slowly moving object in polar sea - Technology
development trend analysis on prediction for drift routes of ice floes and ice management in polar sea -
Basic research on motion behaviour of a slowly moving object and experimental techniques in ice tanks for
positioning of in polar sea with ice - Basic research on towing stability in polar sea and feasibility study on
utilization of related technologies for development of an ice management model

24 25. KRISO HAb71 A GPS A A A RIS ¢ W9
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