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Capabilities: submesoscale processes @ITIN=RIS
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Falkland Islands . .
LS Important processes driven by dynamics on:
-horizontal scales of less than 10km

- temporal scales of hours

Submesoscale filaments
and cddies (1-10 km)

Few observations exist for such a complex system!

Swart et al., 2023 Uchida et al., 2020; Nicholson et al., 2019




Capabilities: submesoscale processes @ITIN=RIS
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Falkland Phytoplanton
alkland Islands . .
blooms Important processes driven by dynamics on:

-horizontal scales of less than 10km
- temporal scales of hours

Submesoscale filaments
and cddles (1-10km)

What about Argo floats ?

Swart et al., 2023 Uchida et al., 2020; Nicholson et al., 2019




Capabilities: submesoscale processes @ITIN=RIS
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-horizontal scales of
- temporal scales of

Falkland Islands

What about Argo floats ?

Swart et al., 2023 Uchida et al., 2020; Nicholson et al., 2019




Observational needs:

submesoscale processes

Radiative Forcing
A3 POLAR
Northward { FRONT

2lnky Sratifed | Temperat

>

Gille et al., 2022 (https://doi.org/10.1016/b978-0-12-821512-8.00019-0)
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Surface forcing from storms
0O(10 km-1000 km)

Wind-front interactions
O(1 km-100km)

Submesoscale eddies & jets
0(0.1 km-10km)

Downward propagating
internal waves
O(10m-100m)

Near surface shear & mixing
O(10m-100m)

Heat loss, brine rejection & deep
convection in polynyas & leads
O(10 m-1000 km)

Langmuir Circulation
O(10m-100m)

Wave breaking
O(Im-10m)




Example of fine-scale observations during storms @ITIN=ERIS
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Capabilities of underwater gliders @ITIN=RIS
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Example of Zooplankton classification @ITIN=RIS

Underwater Vision Profiler

¥
» Designed for large (>80 um) particles : -
and zooplankton (> 700um) = N
‘e ".
* Real time processing of images — { = = ol
f'; o [ gy - S
e Compatible with ECOTAXA and ECOPART ’V Ale I N i

Images gathered with the UVP6-LP mounted on the SeaExplorer
Glider and taxonomically classified through the ECOTAXA
automatized application

https://www.jasco.com/oceanobserver-slocum-glider
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Acoustic capabilities

lce Wind

Drilling

Mammals

Earthquake

- / Piston

Atoustic pressure ( Pa)
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Air bladder
and Glider Surfacing
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Mammal monitoring & tracking @ITIN=ERIS

Passive Acoustic Monitoring:
-WHOI DMON Sensor
-JASCO Ocean Observer

MIUTARY

SENSORS




Mammal monitoring & tracking @ITIN=ERIS

Passive Acoustic Monitoring:
-WHOI DMON Sensor
-JASCO Ocean Observer




Mammal tracking with backseat driver

Passive Acoustic Monitoring:
-WHOI DMON Sensor
-JASCO Ocean Observer

@ITIN=ERIS

What is backseat driving

All modern gliders are split into a multiprocessor architecture

e Managing flight
Dynamics

e Navigation

e Surfacing

e VVehicle safety

e Manages science
sensors
e Updates science

parameters for
storage in archive




Mammal tracking with backseat driver

Passive Acoustic Monitoring:
-WHOI DMON Sensor

@ ITIN=ERIS

-JASCO Ocean Observer
r : )
Backseat Driver Computer (@ ™
Mission Controller
current time e N | low ‘
Heading Controller | BOWEL
desired heading Control the heading leak
sci_water_temp \ /
upward altitude
— current time (7 S (o il )
é Backseat Driver A GPS signals L g:{:::’:ﬂnie S(::f;rcomger leak
. L E—
Interface ‘\'111‘7:(‘ cing trieger by the ice SeHSing
Build the S \_ algorithm J
-5 communication m_dep(;h titud s
—| between the science upwaicalude Depth Controller leak
computer and the < Change the dive depth [§—
backseat driver desired max/min depth and climb depth
\_ computer ) desired battery position
desired pump value J
- )
power Hardware risk monitor
leak sensor measurements Monitor the state of the glider
L that will bring risk )
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Hurricane observations and forecasting @ITIN=RIS

Hurricane Idalia - Stage 3
USF Slocum Glider Gansett on the West Florida Shelf
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Polar missions: Multi-glider survey in 2024 with 3 different gliders covering ~700 km

r

1

11500 Glider operation overview

Ross Ice Shelf <. | $ 4 a) SeaExplorer 18-21 Jan
e N ' CTD, Oxygen, Fluorometer
L4000 "~ 77 km; 48 cycles; ~900m

b) Seaglider 27 Jan-9 Feb
CTD, Oxygen, Fluorometer
s00 200km; 116 cycles; ~750m

c) SeaExplorer 27 Jan-9 Feb
CTD, Oxygen, Fluorometer
~407 km; 241 cycles; ~670m

d) Slocum 2 Feb-6 Feb
CTD, Oxygen, Fluorometer
| s00 PAR, CDOM, Backscatter
~70 km; 62 cycles; ~430m

L
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Polar missions: Multi-glider survey in 2024 with insight into key water mass properties on the continental shelf
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Polar missions: At ice shelf fronts

ice draft [m]
<100 150 200 250

g

Friedrichs et al. (2022)

b |
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= ‘ 1000
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longitude longitude

OPEN
Observations of submesoscale eddy-driven heat Microstructure turbulence at the Nansen Ice Shelf calving

transport at an ice shelf calving front front

Drew M. Friedrichs® "2*, Jasmin B. T. Mclnerney1'2'3, Holly J. Oldroyd® T Won Sang Lee® 4 - y
Sukyoung Yun® 4, Seung-Tae Yoon®, Craig L. Stevens® 3, Christopher J. Zappa® ’, Christine F. Dow® 8, - ROCkla nd SCientiﬁC Micro Rider

Derek Mueller?, Oscar Sepllveda Steiner® '°© & Alexander L. Forrest'2




Polar missions: Under icebergs

Zhou et al. (2018) off the coast of Newfoundland, Canad:

Received: 15 September 2018 l Revised: 15 March 2019 l Accepted: 4 April 2019 Tri lCCh M icron “ T()p-\' iC\\' ()f lhc Nnose
DOI: 10.1002/r0b.21873 - —

mechanical scanning

REGULAR ARTICLE WILEY

Mapping the underside of an iceberg with a modified
underwater glider

Mingxi Zhou'® | Ralf Bachmayer?® | Brad deYoung®

.
= . Audio/
visual

Weather \, / Signaling

e \ ”
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AlS % /\ 3 :
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INS LI 3602 Camera
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Camera Radar Radar
* . Integration of a mechanical scanning sonar (Tritech
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Polar missions: Underneath ice shelves (unplanned)

Team of Karen Heywood, University of East Anglia, UK Figure from P. Sheehan
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» Warm, fresh surface water subducted
beneath the ice shelf along isopycnals

An unauthorized 3-day expedition underneath the Ross Ice Shelf




Polar missions: In MIZ and underneath ice shelves (planned)

The University of Washington’s Applied Physics Laboratory

Seagliders in Davis Strait (2010-
Lee et al. (2024) 2020)
Dotson Ice Shelf (2018-2019)

with a range of acoustic
communication and navigation
sources

10 kHz: short-range com. and localization
260 Hz, 780 Hz: Fixed sources, geolocation

35 Hz: Fixed sources, long-range geolocation

900 Hz: Fixed and mobile sources, geolocation, limited com.

Ocean Robots Beneath Ice Shelves (ORBIS)
Seaglider and EM-APEX profiles Jan. 2018 to Jan. 2019

73°15'

sea ice

73%45'

74°15' |

74%45 ¢ | £ :
-~ Dotson ice shelf ‘ 8 Feb 2018
Wk I N ENTINEL-1 level-1 image produced from
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] AOPR\ YA UNIVERSITY of WASHINGTON
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. . PAUL G. ALLEN
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Luc Rainville/University of Washingtof
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Step-changer in ocean observing capabilities @ITIN=RIS

Polar front profiling the Antarctic Circumpolar Current at 2-4km
Surface geostrophic currents
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Preparations & practices for a succesful mission @ITIN=ERIS

Before you get even close to the water... do all the test you possibly can on land !

1. Ballasting and compass calibration

2. Functional tests and checks

3. Mission preparation based on area of interest
4. Plan deployment & recovery

5. Pre-deployment tests

6. Maintenance




Before the deployment

PLOCAN

/ A = S
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nive'rsit of Las Paimas de Gran Canaria




Before the deployment

1) Ballasting before compass calibration

* Fresh or saltwater tank

* External weights or syntactic foam for a neutral buoyancy in the
* targeted water density sea surface

* Find the linear position for a neutral pitch

https://drive.google.com/drive/folders/1boaKly6UGxLf74Q6v5ZBxqU1900IjSCs?zx=avigu68vc27|

@ITIN=RIS




Before the deployment

1) Ballasting before compass calibration Why?

* Fresh or saltwater tank

* External weights or syntactic foam for a neutral buoyancy in the
* targeted water density sea surface

* Find the linear position for a neutral pitch

https://drive.google.com/drive/folders/1boaKly6UGxLf74Q6v5ZBxqU1900IjSCs?zx=avigu68vc27|

@ITIN=RIS




Before the deployment

1) Ballasting before compass calibration

* Fresh or saltwater tank

* External weights or syntactic foam for a neutral buoyancy in the
* targeted water density sea surface

* Find the linear position for a neutral pitch

Buoyancy and Trim Spreadsheet
N© !SEMSQ_MOlS S/N

v;.s.o..:[s-zs/ns/zms adapted from ALSEAMAR

Otsect | Sea Explorer buoyancy and Trim setting

Ballasting

https://drive.google.com/drive/folders/1boaKly6UGxLf74Q6v5ZBxqU1900IjSCs?zx=avigu68vc27|

@ITIN=RIS




Before the deployment @ITIN=ERIS

2) Compass Calibration

* Non-magnetic environment Every time there is a change in the configuration
» Show different headings to the compass of the glider or a change of mission location!
—
CR Compass Calibration ::: s
Ploceol;le reference l SEA06-50-MUM. B8
ethemet cable 7 "/"’/;/I:/:':’*u‘:':llhlﬂ‘. N s

https://drive.google.com/drive/folders/1boaKly6UGxLf74Q6v5ZBxqU1900IjSCs?zx=avlgu68vc27|




Before the deployment

3) Functional tests and checks

e Set up the configuration files of the navigation and payload
» Test actuators and navigation sensors (pressure, voltage...)

using tester mode
* Run a simulation with actuators and check data

lefault configuration nput files seapayload.cfg: configuration parameters

Qutput files
Output files seaSSS.M.pldN.raw.Y.gz: complete science datafile
seaSSS.M.pldN.sub.Y.gz: reduce science datafile
(sent to glider)

BITIN=RIS




Mission planning

4) Mission preparation based on area of interest

We are going to deploy a glider

What is the most important thing that we need to know
to prepare a safe mission plan ?

@ITIN=RIS




Mission planning factors
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Mission planning factors in polar regions @ITIN=RIS

What about polar regions?




Mission planning factors in polar regions

@ITIN=RIS

Bathymetry profile with additional transect points

150
Distance along transect (km)

1500

" Ross Ice Shelf

1000

-1000
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Mission Planning Tools

@ITIN=RIS
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Glider Software: Slocum Fleet —
Mission Control (SFMC)
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Comprehensive Slocum Fleet Mission Control (SFMC) software suite allows glider

tracking, mission planning, and piloting from around the world

e = . -




Mission Planning Tools @ITIN=RIS

RALSERAMAR S A A 161800UTC XS~ krauzign v

.

Pilot

Control your gliders

Smart Planning

Plan and simulate your mission




Mission Planning Tools @ITIN=RIS

RALSERAMAR S A A 161800UTC XS~ krauzign v

.

Smart Planning

Plan and simulate your mission
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Mission planning
with the GLIMPSE
simulation softwarél




Mission planning & simulation @ITIN=ERIS

ocenn Prepare a mission (offline mode)

Ocean Engineering
Ycrlume 269, 1 February 2023, 113514 &

during the execution of the mission (online mode)

A simulator of underwater glider missions for

path planning * Environmental data from the Global Marine

Copernicus Forecast 8 days ahead

Aurélien Merci 22 ¢ O =, Cédric Anthierens b Nadege Thirion-Moreau ¢, Yann Le Page *

Show more Output of high level path planning algorithms (i.e.
Hamiltonian path Rahman and Kaykobad, 2005)

+ Addto Mendeley of Share %9 Cite

https://doi.org/10.1016/j.oceaneng.2022.113514 - Get rights and content

« SeaExplorer glider trajectory simulator.

“ -
g~
Highlights o M (
_ [=]E

» Modeling in a time-varying marine environment.

= Experimental validation.

+ Vehicle routing problems.

https://doi.org/10.1016/j.0ceaneng.2022.113514




Mission planning & simulation @ITIN=ERIS

OCEAN
EGEERNG

Ocean Engineering - 4D time-varying environment

Ycrlume 269, 1 February 2023, 113514

e Mission duration prediction
* Glider trajectory simulation
* Distance estimation

* Battery estimation

* Fleet coordination

A simulator of underwater glider missions for
path planning s

Aurélien Merci 22 ¢ O =, Cédric Anthierens b Nadege Thirion-Moreau ¢, Yann Le Page *

Show more v/

+ Addto Mendeley of Share %9 Cite

https://doi.org/10.1016/j.oceaneng.2022.113514 - Get rights and content ~

Highlights

= SeaExplorer glider trajectory simulator.
» Modeling in a time-varying marine environment.
= Experimental validation.

» Vehicle routing problems.




Mission planning & simulation video @ITIN=RIS

RLSERAMAR B & A A 123640UTC < v krauzign v

Smart Planning
Plan and simulate your mission




New mission planning & simulation tools

typically 5-7 mins

Upload
Science Data

Plan Next Dive

in the cloud

Automatisaton to remove/reduce human error

Action:
deg: 0, yo: 5,
depth: 150m

Planning

Action:
deg: 0, yo: 5,
depth: 150m

Prediction
via simulation

@ ITIN=ERIS

Action:
deg: 30, yo: 5,
depth: 150m

- o




Take-home messsage

Only trained personnel should operate and maintain a glider !

@ITIN=RIS




Glider Training @ITIN=RIS

——_ Glider Technology
Camp

Uncrewed Maritime Systems (UMS)
Certificate Programs

HH

e
Glider School =

N BU;D

7@ ROCKLAND
BISoEHNe ALSERAMAR N L e e

ALCEN —




In-field testing and deployment

5) Plan deployment

@ITIN=RIS

30m dive with rope and buoy when possible




In-field testing and deployment @ITIN=RIS

5) Plan recovery

* Handle at the back of the glider and telescopic pole
* LARS (Launch and Recovery System)

* Rinsing the glider

* Download full data with Ethernet

* Cleaning the sensors




Deployment & recovery years ago @ITIN=RIS

Day Before Deployment...




Questions?




Quiz 3 @ITIN=ERIS

Are You QRious ? e

. ‘
 Mentimeter =P

= https://www.menti.com/al2pkzjuc8vg
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Offline quiz DITIN=ERIS

What factors must be considered when planning an underwater glider mission?
Select all correct answers.

a)
b)
c)
d)
e)
f)
g)

High-resolution bathymetry to plan profiling depths conservatively

Ocean density profiles to optimize buoyancy adjustments

Potential sea ice coverage for navigation and surfacing considerations

Daily diver availability to adjust sensors during the mission

Vessel traffic to avoid collisions during surfacing and to ensure operational safety
Ocean currents to plan the glider’s trajectory and energy efficiency

Exact locations of marine mammals to avoid collisions
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