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« 2 X Pressure Vessel
N © 38kWhrs Primary
LTC Batteries
« 6000m depth rating
« Mass = 800 kg
* Length = 3.5m
« Top Speed = 1m/s
Max Range ~ 2000km

* 1 x Pressure vessel

* 95kWhrs Primary
LTC batteries

« 1500m depth rated

y ltflasst: 8%05kg 3 X Autosub Loh
° en ~ o9.9M
o S o s _Range1500 (ALR1500)

« Max Range = 6000km



RECENT ALR MISSIONS

LONG DISTANCE PROVING TRIAL (LDPT)

BIOGEOCHEMISTRY (DY149) APRIL 22
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Al ALR2

T E— 7 T
6000 m (Nominal) Currently de-rated 1o 800 m
for sensor payload
Lithium Thiony! Chloride (~10 Days)
* 300 kHz RDI ADCP
PNI Magnetic Heading Sensor
CTD SBE 52
CTD SBE 52 MP + DO
ADCPs as per system ADCPs
DO SBE 43F
AutoNuts — Nutrients
LOC N
Locs
LOC iron (Chemiluminescent)
LOC tron
LOC Nitrite
LOC Phosphate
Carcass - Carbonate
LOC pH
LOCTA
LOC DIC
ANB pH
Stafes-App ~ Frimary Productivity

Muiti-day deployment of ALR1 from the Nathanial B Paimer under Dotson
Glacier as part of TARSAN International Thwaites Glacier Collaboration

Longest track was 40km in under the ice flying at circa 100m altitude
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OCTOBER 2023 Lol University of
CENTRAL FLADDON MPA SURVEY ge, southampton E

University of National
INSITE ATSEA (SEPT/OCT 2022) @Southampton @c”m"‘“’i

SR A R

+ ALR4 was deployed from Lerwick on the 4" October,
Lo following a short tow the AUV traversed 110 km to the

+ INSITE is an independent sclence programme examining the effects of
man-made structures in the North Sea

< The Techniques for ic Structure Ecological F— Central Fladdon MPA.
hssessment ATSEA project s aiming to assess the feasiity and efficacy
i of fuly autonomous monitoring of multiple decommissioning-related sites + Within the MPA the system took ~1M images with the

separucnee | without the aid of a support vessel by demanstrating the use of an existing
shore-aunched, long-range, fully autonomous undenwater vehicle for

marine environmental survey.

BioCAM imaging system flying between 3.5m and 4.5m

altitude from the seabed.

« Having completed the survey the AUV transited back to

Lerwick. Recovery was delayed by strong Autumn

gales which the AUV waited out loitering subsea.
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WHAT IS HAPPENING NOW (ISH)

Fleet Finder

Home  About  Stats Last year of operations

DENMA

GERMA

. Last 6 months

WWW.mars.noc.ac.uk



MOGLI - UK MET OFFICE GLIDER PROJECT

CONTINUOUS PRESENCE ON THE JONSIS LINE Met Office
» Patrolling Western end of the JONSIS Line for last 21 months sj;frrlj;gizal?d°§r:§:;’fif?\:Zt(;’fz:;"ide

» Providing Near Real Time Conductivity, Temperature, & Depth |

(CTD) Data that is fed into the AMM 15 ocean model.

NOC
Pilots

CTD DATA

Met Office

Auto m_ated STATUS/ QC DATA T
Metrics

Reports




MOGLI - THE GOOD AND THE BAD

Met Office
The Good — positive impact on model The Bad — We lost a glider
performance

ZMetofice ~ AMM15 Results — surface temperature
field difference over time

experiment-control 20221028 model run: -36

We had factored a loss into the project
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BIOPOLE (DEC 23-FEB 24) tromene (O Rrisesurr

NATURAL ENVIRONMENT RESEARCH COUNCIL

« BIOPOLE is an interdisciplinary NERC programme 0 400
examining biogeochemical processes and

ecosystem function in polar ecosystems. X ' e

South  * ay 4
5 America i _—
« An Observational campaign in the Weddell sea B - i “}
using of ships, moorings and gliders
* Gliders made short duration missions under o\ =
: : : . ©
retreating sea ice using a Backseat Driver and e 5
# E ——— Sampling
upwards altimeter to enable this capability. heta 1160 & NSO reneed
aN % A Moorings
o
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BIOPOLE — GLIDER BACK SEAT DRIVER

Goal

Develop ice coping strategies and add to a
“backseat driver” to control the gliders under
ice

Aft Hull Sectian

Aftitude Maln controller
Sensor

Pressure
Sensor

Sclence/Payload Bay Mid-Hull Section

Lat, Long,
Pitch, Rall,
Yaw

Sclence Bay
Computer

Parameter
Updates

UIce sensing strategies

Backseat Computer

Lat, Long,
Pitch, Roll,

Parameler
Updates

* Median temperature

+ Ice draft

v Iceedge

|
‘Water surface

Ice: Median temp < Thresh temp
Noice: Median temp > Thresh temp

Figure 5. Measuring the median temperature of mixed
layer.

=

The ice draft D; 15

Dy =D, — D, +cos(8) € {
D,: CTD depth

D, : Upward-looking altitude

8- Angle of the upward-looking altimeter
b: The minimum detectable ice draft

(=00, b), uncertainty
(b,+o0), icearea

Figure 6. Ice draft which is the difference
between CTD depth and upward-looking
altitude.

Ice area

Pomnt 1

7 Point 2

* Point n-1

* Point n

Boundary points location

d = f(mission time, ice edge)

Figure 7. Ice edge for defining the boundary points

between ice area and open water area.

Courtesy of Yaomei Wang

*\, Boundary points




GLIDER OPERATIONS - IT WAS VERY DIFFICULT i

Piloting using satellite data to get into and out Gliders just before being “munched” by the ice

of the marginal ice zone

P o
> 0. ..-\
. _“.Ar’ A
-

Lots of lessons to learn about the
environment and best approach to it
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How does marine life affect the ability of seawater
to absorb carbon dioxide, and how will this change?

How will the rate at which marine life consumes
carbon dioxide change?

\
How long can marine life store carbon in the @BIQCARBUN

ocean and how will climate change affect this?

Focussed on understanding role of marine life in ocean carbon storage
and how this will alter under climate change
Baseline information necessary for many mCDR discussions

Strategic Programme, £10.3M, spanning ~6 years, started 2022

Nine projects already funded, including a gap analysis (BRICS)

Three fieldwork projects - 6 months of activity just begun

Final stage will be aimed at modelling and synthesis
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Fieldwork

Spring cruise — DY180 BIO-Carbon-FMRI ALR mission Autumn cruise — JC269
21 May _ 27 June

June - August 6 September - 13 October
FUTURE i D~ WYy
MARINE
RESEAREH

4 gliders and ARGO floats deploye:
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BIOCARBON ALR4

Natural
Environment
Research Council
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MiXed Layer ALR (ALR4) 3]
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TRIOS RAMSES hyperspectral radiometer: LaC:
ACCVIS (320-50nm) i PR

5p
NQRTEK
A

Nertek 500 DVL/ADCP: down
CUFTENT MEeasUrement
https:{www.nortekgroup.co
mprodusts/dviS00-6000-
mipdf

CTD+D0: SBE 52MF CTD and 43F
disselved ooygen sensor,

https./fawiw seabird.comisbe-52-mp-
meared-profiler-ctd-and-optional-do-
sensar/product PideG0TE2467T06

B inter TR

v

AgquapHOw-LX [standalone)

SEABIRD

‘wco-triplet: BEFLCD [chlorophyll, backscatter
F00nm, fdam)

v product fwet-labs-eco.
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UVPE: The Underwater Vision Profiler or VP (CHRS patent]is designed to study
large (=100 um|} particles and zooplankton simultane ously and to quantify them

in a known volume of water. The UVP system makes use of computerised optical
technaologywith custom lighting te acquire digital images of zooplankton INSITU
down to depths of GO00m,

hitp:/Awwew. hydroptic comindes. php/public/Page/product_item/UVPE-LP

o ews

Sport g Weather 13 layer A

Down into the ocean's 'twilight zone'
with Boaty McBoatface

BIOCARBON ALR-4 OVERVIEW

S S al | 1
First Trans-Basin Autosub Deployment

>56 days on Mission 64% incre on previously demenstrated Endurance
=25 days energy remaining

>2500km / 1350 Nautical Miles Travelled - Z increase on previous best

Shore Recovered

>250 Dives -
05.08.2024
] " .
Shore Launched 59 Over-the-Horizon Missions Commanded and Controfied via Satefite Leverburgh, Harris
09.06.2024 United Kingdom
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Payload: K - L) 0 %
CTD, Cond *. Temperature® and Pressure*, + Dissolved Oxygen® \\ B o Ay )
6x in-situ M rised Chemical Analysers; DIC*, TA*, pH* Si0,*, PO,*, & NO;* A 4 e S
Laser Zooplankton Imaging system UV > L& T X
Hyperspectral Radiom / A ' &
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Up & Down ADCP, Acoustic Doppler Current Profiers // P by d
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BIOCARBON ALR 6
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Research Council

( FUTURE
. Natural | IABINE
Profiling ALR (ALR6 jBI0 Emiranment ARINE
g { :l = CARBDN y A Research Council rr'."rjil ! CTURE
(]
T
TRIOS RAMSES hyperspectral radiometer: ‘j SEABIRD
ACCVIS (320-950nm) ’ eco-triplet: BBZFL (with chlorophyl, backscatter

éorg
NORTEK
g j

Maortek 500 DVL/ADCP: down
CUTFENT Measurement
hitps:wwew_nertekgroup.co
i/ preducts/dvis00-6000-
i/l

532nm and Flnmm|
ht B3 catshol

firtd-flyarometer)
i@l ROCKLAND
# SCIENTIFIC
MicraRider:
Turbulence Probse.
https:frocklandscien
AUTOSUB LONG RANGE tific. com/preducts/m
1500 [R— odular-
. . 3ok systems/microrider
‘e’ v
HvorarmC
“_\}. SEABIRD UWPE: The Underwa t_er\.l'i'sion Prafiler or UVF‘ |CHNRS patent) isdesisned.t.o'stud\l
s aT large [=100 pm| particles and rooplankton simultanecusly and to quantify them
st i in a known volume of water, The LIVP system makes use of computerised optical
CTO+DO:SOE S2MP CT0 and 43¢ technalogy with custom lighting to acquire digital images of zooplankton IN SITL
dissolved oxygen sensar. down ta depths of G000m
hitps:!fwww seabird com/sbe-52-mp- http:/fwwaw. hydreptic. cemvindex. php/public/Page/product_item/UVPE-LP

maocred-profiler-ctd-and-optional-do-
sensor/predust Hd=6075246T 708

BIOCARBON ALR-6 OVERVIEW

Shore Launched
11.06.2024
Vestmannaeyjar,

Heimaey, Iceland 56 profiles to 500/750m
> 430 km
20 Missions
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WHAT’S HAPPENING NOW?

@ Oceanids Piloting ¥ SELECT PLATFORM

Platforms

Q Search Platforms
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unit_397 1,200
— ;\:‘::: :::h s 31/5 10/6 20/6 30/6 10/7 20/7 30/7 9/8 19/8 29/8 8/9 18/9
2024

B

rrs-james-cook
No connection history
Status: unknown

argo_7902223
No connection history
Status: unknown

unit_405
3.7 hours ago
Status: pitch not commanded

unit_398
1 day ago
Status: unknown

unit_345
21 minutes ago
Status: pitch not commanded

argo_6990636
No connection history
Status: unknown

argo_1902695
No connection history
Status: unknown

argo_4903659
No connection history
Status: unknown

rrs-discovery
No connection history
Status: unknown

argo_3901581
No connection history
Status: unknown

Map +

ICELAND

Iceland

Slocum Unit 397 (Nelson) Temperature and Conductivity
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4229

2024
Fol | OW p ro g reS S O n Time: = sci_water_pressure: 3= sci_water_cond:
https://bio—carbon.ac.uk Condumny(S/m_
3.317 4187

https://mars.noc.ac.uk/

Pressure (dbar)
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FINAL THOUGHTS — AND LESSONS LEARNED

* Marine Robotics are just other tools in the toolbox they don't

replace ships but augment them
* You will lose them at some points

* To get the best out of marine robotics you need to have:
- Staff with a deep understanding of the tech
- Detailed knowledge of the environment you are operating in
« Good processes and tools to support the staff
* Luck is also always useful

« Combined ship operations and autonomy provide interesting

opportunities
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